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1. INTRODUCTION

1-1- General

At the beginning of 1977, following on the "Administrative Arrangement" be-
tween the Governments of Tanzania and The Netherlands, the International
Technical Assistance Department of the Ministry of Foreign Affairs of the
Netherlands charged DHV Consulting Engineers with the execution of the
Morogoro Domestic Water Supply Plan (MDWSP). The Tanzanian Government ap-
pointed the Ministry of Water, Energy and Minerals as executive authority
for the implementation of the project.

The aim of the MDWSP is to study the possibilities for improvement of the
rural water supply in the northern part of the Morogoro Region.
Carrying out a Domestic Water Supply Plan, instead of a Water Master Plan,
implies that the study has to be focused on the supply of drinking water
for the villagers only. During the discussion with the Tanzanian and
Dutch Governments on the determination of the Terms of Reference, the need
was felt to incorporate an implementation component in the study. Based on
information derived from earlier studies in the Morogoro Region it was de-
cided to incorporate a drilling programme for exploration and exploitation
of deep ground water in the survey.

A first report "Identification of the present conditions and problems of
rural water supply in the northern part of Morogoro Region" was issued in
December 1977.

In September 1978 a Progress Report was presented, dealing with the surveys
and studies carried out during the period end May- end August 1978 and pre-
senting the plan of operations of the team for the following months.
A first review of available and collected data concerning existing water
supply systems, water quality aspects, hydrology and hydrogeology was pre-
sented in the interim report, which was submitted in April 1979.

The domestic water supply plan is presented in this final report. The
report consists of six volumes.

Volume
Volume
Volume
Volume
Volume
Volume

I
II
III
IV
V
VI

Main Report
Water Supply
Hydrology
Hydrogeology
Water Supply
Village Data

Conditions

Development
Handbook.

1.2. Aim

The hydrological studies presented in this volume were performed to obtain
a basis for the estimation of the surface water potential in respect to do-
mestic water, supply in the project area.
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The study aims in particular at identifying sources of surface water situa-
ted at a reasonable distance from the demand area and having a sufficient
yield and acceptable quality.

In combination with the results of the hydrogeological studies concerning
deep and shallow groundwater, basic data are provided for the design of
alternatives for domestic water supply systems.
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2. APPROACH

2.1. General

Data collection, fieldwork, processing and evaluation of the findings are
determined by the surface water sources under consideration and the re-
quired reliability of the source and the system attached to it. In the fol-
lowing paragraphs these points will be discussed.

2.1.1.• Types of surface water sources

The different sources to be considered initially are:
a. springs
b. rivers (including small reservoirs fed by rivers and creeks)
c. lakes and swamps

For obvious reasons, springs above the level of the demand area are the
most preferred sources for domestic water supply in rural areas, because
in most cases spring water requires little or no treatment to make it suit-
able for consumption. Unfortunately only few possibilities for the supply
from springs are present and most of the attention is paid to rivers. In
general river water needs treatment except if the river emerges from unin-
habited area. In this case river water is comparable with that of springs.
Lakes and swamps are usually fed by rivers, but especially if the lake is
remote from sources of pollution and the size of the lake is large in com-
parison with the amount of river water flowing into it, the long detention
time of the water in the lake will cause a natural process of self-purifi-
cation and the water can be of a good quality. No further attention has been
paid to this subject, because no large lakes and swamps are found near de-
mand areas.

2.1.2. Reliability

Reliability is related to two parts of the proposed system:
a. reliability of the source (safe yield)
b. reliability of the system to convey water from the source to the

demand area

The reliability of the source is typically a hydrological problem; the fol-
lowing approach has been pursued with regard to minimum flows.
Rivers and springs have the advantage of not being easily exhausted by
human interference, although the possibility should not be excluded. As the
cost of construction of large storage reservoirs is prohibitive for pro-
jects of the size of the one being studied, the minimum flow of the river
mainly dictates the water available for the future systems.
Such minimum flows are not an absolute minimum but one still has to accept
a certain chance of failure. For a water supply system drawing from a single
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(river) source, the safe yield recommended for the design is the river dis-
charge which on the average is exceeded in 19 out of 20 years by the actual
river flow.
Under certain circumstances it pays to combine low flows of several rivers
(e.g. Gairo area). It is possible to enlarge low flows or zero-flows of the
rivers by reservoirs created by small earth dams. Some attention will be
paid to this aspect, although small reservoirs are easily polluted.
As regards reservoirs the reliability of the yield can be concluded from a
water balance study of the reservoir, as e.g. in the case of lakes and
swamps, or even of the catchments feeding the sources.
Complete (long-term) observations for the different items such as infiltra-
tion rates and soil moisture retention which are required for a detailed
calculation of catchment water balance, were neither available nor required
within the scope of this study.

The reliability of the source is strongly related to the variability of pre-
cipitation to which much attention has been paid. Rainfall-runoff rela-
tions have been studied to distinquish areas of different surface water
potential.

Item b, the reliability of the system, is only partly related to hydrology.
A gravity system is, for instance, usually more reliable than a pumped sys-
tem under present Tanzanian circumstances. This subject will be discussed
in detail in part E on water supply. Much attention has been paid by the
Consultant to the siting of water sources above the demand areas.

2.2. Data collection

2.2.1. General

The data collection aims at collecting hydro-meteorological and flow data
in order to give:
a. a general review of the hydrological conditions of the project area
b. specific information about the water sources that can be used for

domestic water supply

The data collection can be divided into two parts:
a. collection of existing data (including reports)
b. data collected during fieldwork, carried out by the Consultant

Paragraph 2.3. discusses the fieldwork approach, while the following sub-
par, discusses which available data were worth collecting for the present
study.

2.2.2. Earlier studies and reports

A collection of all available reports and memoranda related to the hydro-
logy of the project area was carried out. The following libraries and
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institutes were consulted: University of Dar es Salaam, BRALUP Research
Institute, Meteorological Department, Agricultural Department and the li-
braries of the Water Department at the Headquarters and at Morogoro. Some
reports were obtained from other Consultants. A reference list can be found
in paragraph 2.7. Not all these reports will be quoted in the following
study but for the sake of completeness the whole list is given.

2.2.3. Hydro-meteorological data

In view of the scope of the study, monthly data were sufficient in most
cases, while from the daily data only annual daily minimum flow data seemed
important.

a.

All monthly flow data and annual daily minimum and maximum flows of
gauged rivers in the Morogoro and Kilosa Districts, published in the
three hydrological year books covering the years 1950-1970, and un-
published data, covering the years 1971-1975, obtained from the Water
Department at Ubungo, have been collected.

All monthly rainfall data from 1950 onwards have been collected at the
East African Meteorological Service (EAMS) in Dar es Salaam. Note that
the year 1950 corresponds with the beginning of the first flow measure-
ments. From selected stations longer records were collected, which were
used in time series analyses.

c. Other_dat§:

Recent monthly data, required for evapotranspiration calculations,
were collected at the existing Meteorological stations in the Region.

2.3. Fieldwork

2.3.1. General

The following approach was pursued: a survey was carried out to obtain a
general idea of:
a. quantitative and qualitative problems of the existing domestic water

supply
b. hydrology of the project area
c. potential and availability of surface water for domestic water supply

These surveys were carried out either in areas where villages are located
or in areas where the possibility exists to convey the water to inhabited
areas. Surveys in other areas were not considered necessary. Based upon
this general survey, a regular flow measurement programme was devised, in
order to give more insight into the low-flows of ungauged rivers.
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2.3.2. Regular measurement programme

Based on the general survey, a number of rivers were selected and incorpor-
ated into a regular measurement programme which started in August 1978
and which has been carried out, on a monthly basis, up to the end of the
dry season, medio November 1978.

The programme involved:
a. rivers which are used for existing domestic water supplies
b. rivers which are potentially usable for gravity water supplies
c. rivers which may give specific information on the hydrology of parts

of the project area
d. rivers which will be used for specific purposes as e.g. for the Mindu

dam development

The measurement programme included data collection of discharge (either
measurement or estimation), salinity, and water levels. At first the tem-
perature was also measured, but the data obtained did not seem to be of
great value, because they only reflected the average air temperature of the
surrounding area.

To gather specific information on the feasibility of small reservoirs in
the Ngerengere valley for water supply purposes, one reservoir in this area
has been studied in detail. Because of the importance of the Mindu dam pro-
ject, the Upper Ngerengere River was studied in more detail. Regular meas-
urements were carried out upstream and downstream of the proposed dam site.
Detailed flow and sediment measurements were carried out in the Kikundi
River.

2.3.3. Equipment and measuring methods

2.3.3.1. General

A short resume will be given of the most important equipment used in the
office and the field. If not stated otherwise, equipment was purchased by
the Consultants on behalf of the project. In some cases advantages or dis-
advantages of the equipment used will be discussed. An outline of the
applied discharge measuring methods and discharge calculation method is
included in this paragraph.

2.3.3.2. Equipment

All calculations were carried out with Hewlett Packard pocket calculators
(model HP 25c and HP 69).

For studying aerial photographs a Topcon mirror stereoscope was used.
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Levelling was carried out with a Wild (NAK 2) levelling apparatus, while
for determining approximate altitudes in the field a Thommen pocket alti-
meter was used.

Electrical conductivity (EC) of water was measured with an EC-meter develop-
ed by the Free University of Amsterdam, the Netherlands. (IVA-VU-EC-meter)

An Ott-planimeter was used for measuring areas on maps.

Low flows up to approximately 0,75 m water depth were measured with two Ott-
Laboratory-Minor Cl propeller current meters on wading rods. Flows above
this water level up to about 1.50 m were measured with an Ott-universal pro-
pellor flow meter C31 on wading rods.
For higher water levels the same current meter was used in connection with
a cable, boom and winch to measure from bridges. All Ott-meters, were attach-
ed to Ott-41 counters to count revolutions. By means of a rating formula,
revolutions per second were converted into velocities.

Two pneumatic Van Essen continuous water stage recorders were installed.
Leaks in the system made the recorders work very erratically and not much
use could be made of the output.

Use was made of a compound Crump weir (three 1.0 m sills), a stilling well
and an Ott continuous water stage recorder, installed by the University of
Dar es Salaam (Morogoro-Campus) in the Kikundi River. It should be noted
that the Crump weir is very sensitive to sediment. Not until measures were
taken to clean up sediment after every flood and the intake of the stilling
well had been changed by the Consultant, did the weir function properly.
The Consultant installed a standard 90°-V-notch weir in the Kikundi River.
The weir was washed away at the beginning of the rainy season.

The Consultant was responsible for the operation of one recording and one
manual rain gauge, borrowed from the Water Department at Ubungo. The re-
cording gauge is a syphoning type, with weekly charts and a 5 inch aperture.
The manual gauge, which was used as a control gauge, was of the standard
EAMD type, also with an aperture of 5 inches. Both gauges were located in
the catchment of the Kikundi River.

Sediment samples were taken by means of two point-integrating hand sediment
samplers. The US DH 48 hand sampler with a 0.47 (1 pint) glass container
was borrowed from the Water Department Morogoro, while a Nilsson type was
borrowed from the Eng. Depart, of the University of Dar es Salaam (Morogoro
Campus). Dry weight of the sediment of the samples was determined in the
laboratory of the University.

2.3.3.3. Flow measuring methods

The following methods were used to determine mean velocities in a vertical
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line with the current meter:
1. six-tenth depth method
2. two-point method

The six-tenth depth method consists of measuring the velocity at 0,6 of the
depth from the water surface (0,4 of the depth from the bottom) and was used
for shallow flows up to 0,6 m depth. The velocity measured at this depth is
considered to be the average velocity.

The two-point method consists of measuring the velocity at 0,2 and 0,8 of
the depth from the water surface and using the average of the two measure-
ments as the mean velocity of the cross section.

Usually a cross section perpendicular to the axis of the river was chosen.
The propellor axis was taken parallel to the axis of the river. The type
of propellor used was not sensitive to small deviations of the stream flow
from the axis of the river.

The cross section was divided into 10 to 20 sections, and the discharge was
computed by means of the midsection method.
In using this method, the depth at each vertical is applied to a sectional
width, which extends halfway to the preceeding vertical and halfway to the
following vertical to develop a cross sectional area. The product of the
mean velocity at a vertical and the corresponding cross-sectional area
gives the discharge for the elementary area. The sum total of all elemen-
tary discharges gives the total discharge.

For very small discharges the bucket-stopwatch method was used. The flow
was diverted into a bucket of known content, while the stopwatch was used
to measure the filling time.
For gauged rivers the discharge was measured at or as close as possible to
the site of the gauge. Under certain circumstances it was impossible to
carry out the discharge measurements at the site of the gauge itself e.g.
when flows were too high for wading, and once wild bees had their nest near
the gauge! Measurements were then carried out some distance up or down-
stream from the gauge. If the water level changed during measurement,
measured flows had to be adjusted for the flow entering or leaving the
section between gauge and place of gauging e.g., if the water table dropped
by 0.02 m per hour during a gauging, which was carried out 100 m upstream
from the site of the gauge, while the average width of the river was es-
timated at 15 m, then the actual measured flow had to be increased by:

15 X ^ X °'°2 = 0-083

In the case of water level rising, the calculated adjustment had to be
subtracted from the measured flow, if measurement was carried out upstream
from the gauge. With downstream measurements, adjustments had to be rever-
sed.
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2.4. Data processing and evaluation

2.4.1. General

To facilitate evaluation, all data collected were converted to the metric
system and tabulated.

2.4.2. Flow data

There was some confusion as to which hydrological year should be used in
the tabulation. Originally the Water Department used the period of November
1st - October 31st. The latest hydrological yearbook (1965-1970) [40] uses
the period of January 1st - December 31st.

The logic behind a hydrological year is the state of the catchment. The
more uniform the state of the catchment at the end of a hydrological year,
the more homogeneous the annual data will be, which makes data analysis
more reliable. For certain types of analysis, such as water balances, the
storage term can be neglected if the state is constant at the end of each
period. For this kind of study the hydrological year should end with the
end of the dry season, October or November. In October or November, the
small rains usually start, having a peak in December. They merge into the
large rains, generally from January-May with a peak in April. In this case
tabulation was carried out using the November-October hydrological year. If
analysis of extreme values is to be carried out, periods from which the ex-
tremes will be selected should be independent. The annual low flows occur
in the period of October-January. For the hydrological year chosen, the
possibility exists that dependent values will be taken. Low flows at the
end of October could be related to low flows in November, the beginning of
the next hydrological year. No great problems occur in selecting the high
flows, because these appear in the February-April period. The flow data
were compared with rainfall data, to check their reliability. Annual and
monthly means and standard deviations were calculated from reliable records.
Low flows were subjected to a thorough analysis.

2.4.3. Rainfall data

Collection of rainfall data in Tanzania was started at the beginning of
this century, from which date the network has slowly been expanded. The
earliest streamflow measurements started in 1950.

It was decided to collect rainfall data for the majority of the stations
starting from this year. Longer series of some specific stations were col-
lected for a time-series analysis.

Annual and monthly means of stations with reliable data were calculated. In
some cases area averages were calculated and compared with flows emerging
from these areas, in order to estimate the surface water potential of these
areas on an annual basis.
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2.4.4. Other data

As mentioned in par. 2.2., meteorological data are mainly required for eva-
poration calculations. Their variation is much less than that of precipi-
tation. Therefore only monthly data of the most recent years were collected,
tabulated and used for potential-evaporation calculations. Calculated poten-
tial-evaporation of recent years was compared with potential-evaporation
estimated by former studies.

2.4.5. Data collected in the field

From published flow data, the relation of rivers with perennial flows to
specific source areas, usually mountain ranges with high rainfall and some-
times dense forests, could be detected.
These areas are:
a. Uluguru mountains
b. Nguru mountains
c. Rubeho mountains
d. Kaguru mountains
e. Migomberame mountains

Perennial rivers rise from all these mountains. The regular programme of
measurements was concerned with these rivers, because if quality and low
flow quantity are sufficient, they may be suitable for gravity supply. More
details of the programme have already been given in par. 2.3.
It has to be noted that the sub-areas mentioned in this paragraph are main-
ly confined to the foothills of abovementioned mountains, where the rivers
are easily accessible. An exception are the measurements in the Upper
Msowero catchments in which some measurements are carried out far upstream,
at a height which is sufficient to design a gravity supply for villages in
the Berega catchment.

2.4.6. Statistical methods used in data analysis

The final result of data collection is in many cases a sequence of values
arranged in order of their occurrence, so called time-series e.g. annual
precipitation, January flows, etc. One may be interested in a mean value
of this series but in many cases extreme values as in this study, are of
more interest e.g. which annual minimum flow will not be exceeded once
every twenty years. Frequency analysis deals with this type of questions.

Other questions that may be posed are: "Is there a relation between stream-
flow and precipitation" or "Does streamflow in the preceeding year influence
stream flow in the present year". The question of correlation comes in here.
The statistical methods used are described in Annex 1.
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2.4.7. Hydrological models

The origin of the runoff is precipitation, which, after substraction of
losses, becomes runoff. The transformation of precipitation into runoff
takes place in the drainage basin, which is defined as the area drained by
a stream in such a way, that all stream-flow originating in the area is
discharged through a single outlet. Figure C 2.4-1 is a diagramme of the
processes which are involved.

1

Figure C 2.4-1 Flow chart of the hydrological cycle.

Understanding of these processes can be useful in an optimal management of
the water resources. The translation of above diagram into a mathematical
formulation is called a hydrological model, or expressed differently:
"a hydrological model is a simplified representation of a complex hydro-
logical system".
In a paper presented at the Tanga Hydrological Seminar of 1978 (Msuya and
Balaile, 1978) [48], it is even stated that one of the main tasks of a
water master plan is to create a hydrological model, though no mention is
made of the required complexity. Although models can be useful in assessing
the proper management of a drainage basin or in extending flow series, the
consultant thinks that at present even simple models cannot replace a pro-
per stream-flow measuring network to assess the water potential of an area.
Simple models however can be of great use if applied correctly, but they
cannot be better than the initial measurements, which are used for calibra-
tion.

For more details see the hydrological handbooks [27] and the Tanga sym-
posium mentioned before.
The hydrological models which are used in this study are described in
Annex 2.

2.5. Special studies

Special studies were set up to examine in more detail subjects to which too
little attention was paid in the approach outlined above. They are:

a.
b.

Detailed study of the Kikundi River
Flow analysis of the Ngerengere River
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Objectives of the Kikundi River study are:
1. to determine the water resources potential of a mountainous catchment
2. to obtain a better insight into rainfall-runoff-sediment relations of

the Kikundi catchment in particular and the Morogoro Region in general
3. to promote hydrology research at University level

The objectives of the Ngerengere River study are:
1. to review and extend surface-hydrology data series of the Ngerengere

River in connection with the Mindu dam, to see if there might be a
surplus available for water supply of villages below the dam

2. location of water sources to supplement inflow into the dam from other
catchments

The reports on the studies are presented in Annex 3 and 4. The results are
included in chapters 4 and 5 on the hydrology of the project area and the
establishment of the surface water potential.

2.6. Transfer of knowledge

Involving the staff of the hydrology section of the Water Department of
Morogoro was considered one way of transferring knowledge. Some flow meas-
urements were also carried out together.

The Kikundi-catchment study was made in co-operation with the University
of Dar es Salaam (Morogoro Campus), thus transferring the Consultant's
knowledge to local University staff and students.
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3. DATA COLLECTION AND EVALUATION

3.1. Precipitation

3.1.1. Available precipitation data

Precipitation observations have been made in the area since the beginning
of the century. However, systematic collection and scrutiny was started in
1929, when the East African Meteorological Department (EAMD) was establish-
ed. Thus the international standard thirty-year period 1931-1960 is the
first such period of which systematic rainfall data are available in Tan-
zania. Regular annual publishing started in 1960 with the summary of rain-
fall of the year before. From these summaries (last one published in 1974)
the Consultant has selected the stations in the area and has obtained all
available monthly data from 1950 onwards from the EAMD at Dar es Salaam.
All these data up to the end of 1977 are presented in the Data part of this
volume. Monthly data of some stations from before 1950 were obtained from
NEDECO (1974) [49]. Some stations are run by EAMD itself, many are run by
sisal estates, while the Ministry of Water Energy and Minerals also runs
18 stations.

In the 1950-1977 period approximately 150 stations were in operation, many
however intermittently. Half the stations were in operation in the year
1977. The stations are shown on map C 1. The data are presented on a monthly
basis in the data part of this volume.

The rain gauge used is a model of the EAMD, having a collecting aperture
with a 12.7 cm (5") diameter. The rain gauge is installed with the rim
30 cm above the ground level. This model is commonly used in East Africa.
Readings are done in the early morning and related to the day before. Be-
sides these manual rain gauges, 10 automatic gauges were installed in the
area.
Only monthly and annual data will be discussed. Precipitation fallen over
shorter time periods will be touched on in the detailed study of the
Kikundi River (annex A3).

3.1.2. Representativeness of the precipitation network

The average network density in the whole project area, counting only the
gauges in operation in 1977, is approximately 400 kmz/rain gauge. Although
high according to international standards for tropical regions, (the World
Meteorological Organisation advises 600-900 kmz/station in flat tropical
zones (WMO 1970) [68]), the distribution over the area is very uneven,
which makes the network efficiency very low. Many gauges are situated
around Kilosa and Morogoro and in the Uluguru Mountains, while the other
mountain ranges and the Wami valley have hardly any. This is related to
population density and areas of agricultural interest.
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The optimal density depends on the need for the data, the error tolerated
and on cost of collection. If daily rainfall is of interest, a very dense
network is required, because of the patchiness of daily rainfall, to obtain
a sufficiently accurate picture of the rainfall distribution. Sugar estates
have about 1 gauge per km2. If longer time intervals are considered, the
network can be less dense. Figure C 3.1-1 (after Desi, 1965) [7] relates
network density and time interval to percentage error of areal depth of
precipitation for zones of mainly convective precipitation. E.g. for areas
of 1000 km2, about 14 gauges are necessary, if on a monthly basis an areal
precipitation depth within 10% of the true depth is required. If a season
or a year is considered, 2 gauges are sufficient for the same area. If rain
is affected very much by difference in exposure and altitude, many more
gauges will be required than indicated by Figure C 3.1-1. For most mountain-
ous catchments in the area, five to six rain gauges above the river flow
measuring station seem a minimum to obtain a meaningful rainfall-runoff
relation. This is usually not the case. Hence, from the hydrological point
of view the network is insufficient.

3.1.3. Annual precipitation

The annual precipitation was calculated according to the January-December
calender year and the hydrological November-October year.
Annual Isohyetes for the area can be seen on Figure C 3.1-2 copied from
the EAMD rainfall map of East Africa and based on all available data in
1966.

Statistical parameters of 10 precipitation stations, of which 8 inside the
project area, one coastal town (Bagamoyo) and one station in between, are
presented in Table C 3.1-1. The calculation period used is 25 years
(1953-1977), except for the Ukaguru forest station, for which only 20 years
are available. Note that the means vary considerably, but that the coeffi-
cient of variation (Cv) mainly varies between 0.2 and 0.3. The variability
of stations with low rainfall and high rainfall is about the same. As was
expected the coefficient of skewness (Cs) based on only 25 years of data
varies considerably. The average Cs value of the hydrological years is much
lower than the Cs value of the calender year. However, this must be so by
chance. Most Cs values are positive, indicating that the annual rainfall is
slightly skew and that the assumption of normality for these data is only
approximately true.

The probability of non-exceedence of the preceeding hydrological year
(1977/78), the year in which the Consultant measured flows, is slightly
above average for the stations of which the data already could be collected.
The hydrological year was wetter than normal with respect to annual total
precipitation, as is shown in Table C 3.1-1. This table also shows the
lowest three years of the last 25 years. The year 1974, which was con-
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Table C 3.1-1 Precipitation parameters of 10 selected stations in and near the project area

Station

Bagamoyo Agricultural

Office

Mandera Mission

Singiza Mission

Kienzema Mission

Tegetero Mission

Mo rogo ro Agricultural

Office

Mtibwa Sugar Estate

Kilosa Agricultural

Office

Berega Mission

Ukaguru forest

Mean

Number

963800

963804

973705

973713

963720

963700

963742

963701

963703

963618

Distance

from coast
as the crow

flies (km)

1

55

160

170

160

160

130

220

180

210

Altitude

<m)

10

210

460

1680

990

580

460

490

850

1680

Mean*

(mmt

1021
1021

1101
1103

1454
1443

1351
1340

2619
2616

937
927

1183
1175

1057
1050

778

773

1461
1460

1297

1291

Standard*

deviation

(mm)

298
246

348
315

286
250

272
226

755
707

218
175

289
225

226
208

169
170

337
333

320

285

Coefficient*

of
variation

( - )

0,29
0,24

0,32
0,29

0,20
0,17

0,20
0,17

0,29
0,27

0,23
0,19

0,24
0.19

0,21
0,20

0,22
0,22

0,23
0,23

0,24

0,22

Coefficient»

of
skew

( - )

+ 1,68
+0,72

+ 1,05
+ 1,26

-0,07
+0,21

+0,37
+0,12

-0,55
-1,25

+0,77
+0,16

+0,70
+0,92

+0,44
+032

+0.17
+0,84

+0,67
-0,09

0,52

0,37

Analysed, ob-

servation
period and

number of years

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1953-77
25

1958-77
20

Lowest years*

1st

11960 •

64/65

1958
69/70

1964
64/65

1959
76/77

1976
75/76

1953
52/53

1954
74/75

1954
64/65

1974
73/74

1974
69/70

2st

1971
70/71

1973
70/71

1966
76/77

1976
58/59

1977
76/77

1976
58/59

1958
57/58

1955
74/75

1960
62/63

1975
74/75

3st

1965
74/75

1976
54/55

1969
53/54

1960
53/54

1974
73/74

1959
75/76

1975
53/54

1962
55/56

1966
68/69

1970
64/65

Rainfall*

1978
or 1977/78

-

1106
1061

—

_

—

—

1256
1009

„

—

843

991

1087
875

1800

1625

Prob. of non-

exceedenoe

of

former value

—

5 1 %

45%

-

—

—

93%
68%

—

97%
61%

97%
73%

84%
6 9 %

The first row refers to the January-December year, the second row refers to the November-October year



Table C 3. 1 - 2 Frequency analysts of annual precipitation

Station

Bagamoyo Agricultural

Office

Mandera Mission

Singiza Mission

Kienzema Mission

Tegetero Mission

Mo rogo ro Agricultural

Office

Mtibwa Sugar Estate

Kilosa Agricultural

Office

Berega Mission

Ukaguru forest

Year

—-^Drobabil ity

number ^ ^ ^ ^ ^

963800

963804

973705

973713

963720

963700

963742

963701

963703

963618

Annual precipitation* (mm) equal or less, when return period is in years or %

1 0 0

1 %

326

448

290

369

779

709

717

813

860

969

429

519

510

651

530

565

384

377

676

684

2 0

5%

529

615

527

S83

973

923

902

967

1373

1449

577

638

706

804

684

707

499

493

905

911

10

10%

640

706

656

700

1088

1123

1003

1051

1653

1711

658

703

813

887

768

784

562

555

1030

1034

5

20%

771

814

809

838

1204

1178

1122

1150

1985

2022

754

780

940

986

867

875

638

630

1178

1180

2

50%

1021

1021

1101

1103

1454

1443

135t

1340

2619

2616

937

927

1183

1175

1057

1050

778

773

1461

1460

80%

1271

1218

1393

1368

1685

1708

1579

1530

3253

3210

1120

1074

1426

1364

1247

1225

920

916

1744

1738

90%

1402

1336

1546

1506

1820

1763

1699

1629

3585

3521

1216

1151

1553

1463

1346

1316

994

991

1892

1886

95%

1513

1427

1675

1623

1917

1963

1800

1713

3865

3783

1297

1215

1660

1546

1430

1393

1057

1054

2017

2009

99%

1715

1594

1912

1834

2111

2177

1985

1867

4378

4263

1445

1335

1856

1699

1584

1535

1172

1169

2246

2236

* The first row refers to the January-December year, the second row refers to the November-October year
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sidered a rather dry year in Tanzania appears as a rather low year in only
3 of the 19 stations. However the distribution over the year has not been
considered in these figures. The rain might have fallen in the wrong period,
causing the planting and growing period to be too dry.

The distribution of the calender year values of the stations Morogoro-
Agricultural Office and Berega Mission are presented on Figure C 3.1-3,
while Figure C 3.1-4 shows the graphical frequency analysis of the two sta-
tions. Morogoro calender year data seem quite skew on these graphs. Data
according to the hydrological year might have given a better graphical
representation, judging from the lower Cs value.
An analytical frequency analysis was carried out for all 10 stations.
Frequencies of non-exceedence between 1% and 99% are presented in Table
C 3.1-2. The differences between calendar year values and hydrological
year values are not very large. Values below 5% and above 95% should be
considered carefully.

Trend analysis of the normal-year values was carried out for the stations
Kilosa Agricultural Office, Morogoro Agricultural Office and Berega Mission.
All three stations have records dating back to the 1930's. The first part of
the record was compared with the second part and a t-test was carried out on
the differences of the means of the two periods (Table C 3.1-3). For all
three stations the mean in the second period is somewhat higher, but the
differences are not significant.

For the 1946-1977 period 5-year running means are plotted, starting in 1950
with the 1946-1950 mean. (Figure C 3.1-5). All three records show a slightly
upward trend, with low-flow periods between 1950-1955 and rather high means
between 1964-1970. The last 5-year mean can be considered average. Correla-
tion coefficients r were calculated between year and precipitation in that
year.
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Table 3.1-3 Data used in trend analysis

PERIOD I
number of observations
mean (mm)
standard deviation (mm)

Cv

PERIOD II
number of observations
mean (mm)
standard deviation (mm)

Cv

Correlation coeff. r
between year and preci-
pitation in this year
(period 1953-1977)

Kilosa
Agr. Off.
(963701)

1931-1952
22

1003
248
0.25

1953-1977
25

1057
226
0.20

+ 0.30

Morogoro
Agr. Off.
(963700)

1931-1952
22
918
214
0.23

1953-1977
25
937
218
0.23

+ 0.23

Berega
Mission
(963703)

1933-1952
20
740
200
0.27

1953-1977
25
778
169
0.22

+ 0.20

Remarks

t-tests for testing
differences in
means did not show
any significant
difference (5% level)
between period I and
II for each station

In none of the cases
the r is significant
at the 5% level

All r values are positive. In none of the 3 cases the r was significant at
the 5% level, which indicates that the upward trend in the data can be con-
sidered accidental.

Other tests were carried out to discover cycles of dry and wet years, but
none of the tests indicated any.

An analysis of three stations cannot be considered conclusive, but they do
indicate that precipitation changes in the project area are not very likely.
The results also support the much broader statement of Dalby and Harrison
Church (quoted from Jackson, 1978 [13]), that there is no conclusive evi-
dence of cyclic or permanent change in climate on a continental scale.

3.1.4. Monthly precipitation

Monthly precipitation parameters of the same 10 stations as those used in
the former section on annual precipitation were calculated and are presented
in Table C 3.1-4.

The means clearly reflect the high rainfall peak around April, while a
second peak, although less distinct than the former peak, can be distin-
guished at the end of the year (see Figure C 3.1-6).
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The coefficient of variation Cv changes in reverse to the rainfall amount,
meaning that lower rainfall is much more variable. The high Cv of the months
in which the second peak is found, clearly reflects the fact of uncertainty
of this second peak, which means that high rainfall cannot always be expec-
ted in this period. This is also reflected in the occurrence of lowest
annual flows, which usually occur in October or November, but sometimes
also occur in January or February.

3.1.5. Spatial variation of precipitation

Because of the lack of sufficient rainfall stations in the northern moun-
tain ranges, isohyetes on Fig. C 3.1-2 are only approximately true, e.g.,
Ukaguru station, situated on the 800 mm isohyete receives a mean annual
precipitation of 1460 mm.
The data however indicate in general, that:
1. rainfall at stations with the same altitude decreases further from

the coast
2. rainfall at stations with the same exposure increases with altitude,

up to an altitude of 1500 to 2000 metres above MSL after which it de-
creases again because of less moisture in the air

Due to the very marked influence of exposure (rain shadow effect) general
rainfall-altitude relations are not very relevant. The mean annual rainfall
at Tegetero Mission is for instance double the amount recorded at Kienzema
Mission. Both stations are situated in the Ulugurus, while the former sta-
tion is 700 m lower. This also means that a rather dense precipitation net-
work is required in the mountainous areas to make a proper estimate of
areal-depth of rainfall.

Despite the fact of patchiness of rainfall caused by a convectional type of
storms, the whole area is usually influenced by the same air flow pattern,
causing a wet season or a dry season throughout the Region. As a result the
annual correlation coefficients, based on 17 years of observations, of sta-
tions at a distance of up to 100 km, are all significant (Table C 3.1-5).
Distance between stations does not affect correlation very much as can be
seen in Figure C 3.1-7. However, this does not mean that if at one station
the season is very dry, a very dry season will also be experienced at an
other station, as clearly appears from Table C 3.1-1, in which the 3 years
with the lowest precipitation of the last 25 years are presented. These
years are in many cases different for the different stations.

The correlations on a monthly basis are somewhat lower for the months with
low rainfall than for the months with high rainfall.However the same ten-
dency is shown as with the annual values.
Except for the nearby station, which can be very highly correlated, again
distance does not influence correlation very much, as can be seen in
Figure C 3.1-8.
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Bagamoyo Agr, Office 96 3800
X953-77 period, annual mean 1022 mm
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Mandera Mission 963804
1953-77 period annual mean 1102 mm
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Tegetero Mission - 9637020
1953-77 period, annual mean 2619 mm
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Figure C 3.1-6 Monthly precipitation (mm)
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Seven-year annual and monthly precipitation data of three nearby stations
(2-3 km distance as the crow flies) near and in Morogoro Town are presented
in Table C 3.1-6. From the calculated ratios of the precipitation of the
different stations in the same time period, it can be concluded again that
yearly and monthly values can differ very much from each other. However, in
general the tendency for wet or dry years or months is the same for the
three stations.

3.2. Meteorology

3.2.1. Available meteorological data

In the project area four meteorological stations are located (see Map 1).
Two stations just outside the Region: Kilombero and Kongwa. Kilombero is
just South of the Ruaha River, while Kongwa is located between Gairo and
Dodoma. The parameters measured at Kongwa, located at 1021 m above MSL will
be more representative for the western parts of the area, especially the
Berega catchment, than the other stations which are all located below 550 m
above MSL.

In many cases instruments are out of order or charts are out of stock. Se-
lected monthly data of stations run by EAMD and the Department of Agricul-
ture, have been collected from 1970 onwards at the EAMD office. Kongwa and
Kilombero data have not been processed yet. The available data are given in
the data part of this volume.

3.2.2. Meteorological parameters

The meteorological characteristics of tropical areas, rainfall excepted, do
not change very much over the years, as is illustrated by Morogoro-Meteoro-
logical Station (Table C 3.2-1). Sudden jumps in records are usually related
to observation errors. Note that the radiation figures increased after a
different instrument had been installed in 1975. The figures in the last
column date from before 1970, when the station was located elsewhere.
The meteorological characteristics of the area itself change only with alti-
tude and exposure, which is illustrated by Table C 3.2-2, presenting monthly
parameters of Kongwa, Ilonga and Morogoro. It is noticed that the mean tem-
perature of the latter two stations is the same, while at Kongwa which has
a much higher altitude (the difference is approximately 500 m), the mean
temperature is 2.2°C lower. However there are more hours of sunshine, which
is related to the decrease in cloudiness and rainfall further away from the
coast. Except for those in rainfall, monthly differences are not spectacular
for any stations . The temperature and humidity are higher during the rainy
period. The number of hours of daily sunshine is highest just before the
beginning of the short rains, which reflects the fact that the days are at
their longest and not many clouds are present. During these months too, the
highest evaporation occurs.
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Table C 3.1-5 Correlation coefficients of annual precipitation of Morogoro
Agricultural Off ice and Morningside (1961-1977)

ii

o
d!

Hi 22
E
§ S

§i 09 C

Morogoro Agricultural
Office
(963700)

0,77 0,71
3

0,80
11

0,69
46

0,85
76

0,66
74

0,58
98

Morningside
(963742)

0,77 0,87
9

0,74
8

0,50
40

0,80
82

0,79
75

0,66
103

* Upper figure is the correlation coefficient, the lower figure is the distance in km between stations, as the
crow flies. All r values are significant at the 5%level.

Figure C 3.1-7 Correlation - distance and annual precipitation
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Table C 3. 1-6 Comparison of rainfall at three stations around Morogoro

Period

Year 1971
„ 1972
„ 1973
„ 1974
„ 1975
„ 1976
„ 1977

Mean

Jan 1971
„ 1972
„ 1973
„ 1974
„ 1975
„ 1976
„ 1977

Mean

April 1971
„ 1972
„ 1973
„ 1974
„ 1975
„ 1976
„ 1977

Mean

November 1971
1972
1973
1974
1975
1976

„ 1977

Mean

Morogoro
Agricultural
Office
(963700)

839
1357
1276
739
826
671

1186

985

120
117
252

36
86
89

152

122

342
230
478
348
218
176

(160)

279

0
130
94

2
31

7
32

42

Morogoro
Meteorological
station
(963776)

600
1046
956
587
774
618
945

790

124
109
248

27
104
106
137

122

227
166
291
279
198
157
123

206

4
71
48

1
29

9
45

30

#

0,72
0,77
0,75
0,79
0,94
0,92
0,80

0,80

1,03
0,93
0,92
0,75
1,21
1,19
0,90

1,00

0,66
0,72
0,61
0,80
0,91
0,89
0,77

0,74

0,55
0,51
0,50
0,97
1,29
1,41

0,75

Morogoro
Water
Department
(963752)

616
928
843
433
681
583
948

719

138
96

219
23
68
54

169

110

161
149
249
227
193
142
136

180

3
48
31

2
10
11
57

23

*

1,03
0,89
0,88
0,74
0,88
0,94
1,00

0,91

1,11
0,88
0,88
0,85
0,65
0,51
1,23

0,90

0,71
0,90
0,86
0,81
0,97
0,90
1,11

0,87

0,75
0,68
0,65
2,00
0,34
1,22
1,27

0,99

Note: Value in brackets is estimated value.
* Figure indicates ratio of precipitation with precipitation of proceeding station.
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Table C 3. 2-1 Climatological parameters of Morogoro Meteorological Station (963776)

Mê in Temp. (°C)

Rel. Humidity (%)

Sunshine (h/day)

Radiation**
(langleys/day)

Wind (km/day)

Total A-pan svap.
(mm)

Total rainfall (mm)

1971

23,9

79

7,3

-

-

2138

600

1972

23,9

84

6,6

348

168

1792

1046

1973

-

82

7,1

360

183

1809

975

1974

24,4

79

7,2

-

-

2221

587

1975

24,3

80

-

-

_

2075

775

1976

24,4

79

7,3

437

215

-

618

1977

24,4

81

6,9

423

-

-

945

1978

24,3

52

7,0

438

171

1975

1166

Average

24,2

77

7,1

401

184

2002

837

EAMD (1975)*
values (1)

24,5

69

5,1

-

139

-

908

* Statistics from publication of the EAMD (1975) [1 ]
** From 1968 to Oct. 1974 a Gunn Bellani Radiation integrator had been in use. From July 1975 to present a Kipp-solari-

meter has been added and only data of the latter instrument are processed.

Ô

April

July
January
October

0.2

0.1

70 80

Figure C 3.1-8 Correlation - distance and monthly precipitation
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3.2.3. Evaporation

Evapotranspiration is one of the main causes of water losses out of the
catchments. It is rather difficult to estimate the evapotranspiration under
circumstances of water shortage.One is usually referred to a reference va-
lue, which can be calculated from the different climatological parameters
or which can be measured directly in an evaporation pan. Crop factors are
used to modify this reference value.
The terminology used will be explained below. A full discussion can be
found in a F.A.O. paper of 1975 [19].

Eo = Open water evaporation
ETo = Reference crop evapotranspiration
Epan = Pan evaporation
Ecrop or Ep = Potential evapotranspiration
Ea = Actual evapotranspiration
Kc = Crop factor
Kp ~ Pan factor

(E values are expressed in mm over a certain period)

At present the method most often used to calculate ETo (or Eo, which is al-
most the same), is the Penman method.

This method is based on mean 10-day values or monthly values of radiation
or duration of sunshine, air temperature, temperature of dew point or
humidity and of wind speed. If not all of the above data are available,
more empirical but less reliable formulas can be used. ETcrop can be found
out by multiplying ETo by a crop factor Kc, which varies between 0.1 and
1.5 and depends on the type of crop or vegetation and the stage of growth.
Epan is measured in Tanzania with a standard A-pan, usually fitted with a
screen to prevent animals from drinking out of it. Multiplying Epan by Kp
gives ETo. Kp depends on type of pan, month of the year and location. It
varies usually between 0,6 and 0,8 for unscreended A-pan1s. Hence Epan is
higher than ETo. However, a screen can reduce Epan by 10% or more. The most
useful factor for a water balance is Ea, the actual evapotranspiration,
which is always lower than Ep, in times of water shortage.
Eo values for Tanzania have been calculated by Woodhead (1968) [21] (Table
C 3.2-3). Figure C 3.2-1 shows annual Eo contours, also obtained from
Woodhead. Mean annual values do not differ very much in the area and vary
mainly between the 1800-2000 mm contours. Hence, average daily Eo is slight-
ly above 5 mm/day.

Note from Table C 3.2-3 that at Kongwa which is located west of the pro-
ject area and which has a much lower temperature than the other stations,
a similar Eo is recorded. The lower temperature is compensated by higher
incoming radiation.
The low Eo value for Morogoro calculated from data before 1970 (EAMD, 1975
[l]) is suspicious. However before 1968 meteorological parameters were
measured at the Agricultural Office. The station was closer to the moun-
tains and close to buildings, so that there was less wind and less incoming



48

Table C 3 . 2-2 Monthly Meteorological Parameters of three stations in Morogoro Region
(after EAMD, 1975 [1])

Kongwa (963603)
Monga (963732)
Morogoro (963776)

Mean temp. (°C)

Rel. Humidity (%)

Daily Sunshine (hrs)

Daily Radiation

(langleys/day)

Daily Windrun (km)

Monthly Evap.
Apan (mm)

Rainfall mean
(mm)

Rainfall Highest
(mm)

Rainfall Max. 24 hrs
(mm)

Period
of

observation

1954-70
1947-70
1946-60

1954-70
1947-70
1946-60

1954-70
1963-70
1946-61

1967-70
1963-70

1967-70
1963-70
194760»

1967-70
1964-70

1953-70
1944-70
1906-70

1953-70
1944-70
1906-70

1953-70
1944-70
1906-70

a

23,6
26,2
26,2

67
72
69

7,1
6,5
5,7

522
520

124

115
128

132
171

116
137
95

248
322
301

105
106
63

.Q
V

U-

23,2
26,0
26,2

71

72
70

7,2
7,2

5,9

509
532

116

100

120

119

149

103
132
102

234
254
261

57

105
100

23,4
26,0
26,1

69

72

73

7,1
7,0
5,9

514
526

127
103
120

138

166

104

215

167

317

486

500

82
143
93

a.

22,7
24,9
25,0

67

73
80

6,8
5,9
4,3

455
456

132

92

104

104

131

67

216

215

194

402
386

57
144

64

21,4
23,5
23,5

62
72
79

7,8
6,3
3,9

454
423

160

111
112

133
122

6

67

91

37

219
402

9

73

40

19,9
22,0
21,6

56
68
73

9,0
6,4
4,3

490
416

178
121
128

134
126

0

10

26

4

35

143

2
20

23

19,3
21,7
21,1

55
64
70

9,3
6,5
4,1

501

403

177

126
128

148
138

1
9

15

5
41

119

4
18
38

A
ug

.

20,1
22,5
22,1

52
63
66

9,6
6,7
4,2

513
423

220
137
128

166
148

1
14

11

13
75
79

12
31
34

21,6
23,6
23,2

51
60
63

9,6
6,4
4,7

584
466

262

162

160

193

167

1
15
18

10
68

110

10
43
62

ë

23,2
24,8
24,6

46

60

61

9,9
7,2

5,7

632
514

278
177
192

235
205

1

35
29

8
160
168

6
51
72

N
ov

.

24,6
26,0
25,6

48
62
63

9,6
7,5
6,2

590
523

260

160

176

218

201

16

81

61

88
314
320

42
104
88

s,
a

24,3
26,8
26,5

59

67

63

7,6

7,0
5,8

544
531

155

129
176

153
183

124
145

78

354

379

258

96
95
77

S

22,3
24,5
24,5

59
67
69

8,4
6,7

5,1

525
478

183
128
139

1873
1907

540

1076
908

—

—

_

• Daily Windrun from Woodhead (1968) [21]



Table C 3. 2-3 Open water evaporation Eo {after Woodhead, 1968 [21])

Station/number
period

Kilombero
973729
1961-1964

I longa
963732
1963-1965

Mo rogo ro
963776
1947-1960

Kongwa
963603
1960-1966

Altitude

ma MSL*

300

500

580

1021

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec.

mm/day
mm/month

5,5
171

6,3
194

5,6
173

5,3
163

6,0
171

6,5
185

5,6
159

5,3
150

5,5
170

6,1
189

5,4
167

5,0
155

4,9
146

4 ^
147

4,2
126

4,4
132

4,3
133

4,6
142

3,6
111

4,3
133

4,2
125

4,5
136

3,5
106

4,4
131

4,0
125

4,5
140

3,6
112

4,5
140

4,5
139

4,6
144

4,1
126

5,1
159

5,2
156

5,6
167

4,9
146

6,4
191

5,9
182

6,8
210

5,8
179

7,2
223

6,6
197

6,6
199

5,9
176

7,0
210

6,4
199

6,8
210

5,8
179

5,8
180

ANNUAL
Mean 90% lower 90% upper

mm/day
mm/year

5,2
1914

5,6
2061

4,8
1760

5,4
1967

4,9
1803

5,4
1955

4,5
1659

5,1
859

5,5
2025

5,9
2167

5,1
1861

5,7
2075

* ma MSL = meters above mean sealevel
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radiation (see last 2 columns of Table C 3.2-1). Eo for 1978 worked out to
be 2188 mm, being 113 mm above Epan of this year.
Besides annual Eo values. Table C 3.2-4 also shows Epan values. Although
the figures do not all date from the same periods, one is struck by the
fact, that in all cases Epan is lower, which is usually not the case. Some
overestimation of Eo is expected, which under certain meteorological condi-
tions is possible (Doornbos, 1975) [19]. From the above figures it can be
concluded that annual mean Eo for the plains is about 1900 mm. For the moun-
tainous areas with both longer periods of clouds and lower mean tempera-
tures, this figure will be considerably lower, with a annual mean minimum
between 1200 and 1400 mm.

Daily values of the Eo vary between appronimately 4 mm in July and 7 mm in
October for the plains, while for the higher mountains these values will be
1.0 to 1.5 mm less.
From the above Eo and precipitation values it can be seen that water short-
ages always occur between June and October. Vegetation cover will evapo-
transpire less than Ep, which will make it rather difficult to estimate
the actual evapotranspiration Ea, without the help of refined hydrological
models, which take into account soil moisture storage in different parts
of the catchment.

Table C 3.2-4 Annual open water evaporation (Eo) and
pan evaporation (Epan) in mm

Kongwa
(963603)

Ilonga
(963732)

Morogoro
(963776, agri-
cultural station)

Morogoro
(963776, MET)

Eo
and period
of observation

1967
(1960-70)

2061
(1963-65)

1760

(1947-60)

2188
(1978)

Epan
and period
of observation

1873
(1967-70)

1907
(1964-70)

2002
(1971-78)



51

LEGEND

evaporation contours
• villages
— roads
=•: railways

rivers

ombasa

Figure C 3.2-1 Annual open water evaporation distribution (after woodhead 1968 [4] )
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3.3. Hydrology

3.3.1. General

To assess the surface water potential for domestic water supply of various
parts of the project area all available hydrometric data have been col-
lected (sub-par. 3.3.2.). The rating curves, which are used at present, of
all hydrometric stations are reviewed and some have been studied in more
detail and improved if necessary (sub-par. 3.3.3.).
The analyis of the data has been focused on annual and monthly discharges
(sub-par. 3.3.4. and 3.3.5.) to obtain a general picture of the available
annual surface water amounts and their distribution over the year.

For domestic water supply only relatively small amounts of water are re-
quired*, and perennial streams can be used without storage facilities in
the river.
Hence, special attention is paid to the minimum flows (sub-par. 3.3.6).
Some attention is paid to springs as possible sources for domestic water
supply (sub-par. 3.3.7.).

* If about one-day-storage is provided in the supply system, a flow of
1 1/s meets a 30 1/day/cap demand of about 2000 people

3.3.2. Available hydrological data

3.3.2.1. Existing data

Stream flows are determined from water level records of hydrometric
stations by using stage-discharge relationships (rating curves), which are
established for every particular station by a series of current meter
measurements. Water levels are obtained by means of reading staff gauges
and for some stations also from automatic water level recorders. The water
levels by means of staff gauges are collected two to three times a day.

Water level recorders provide continuous data. The observations in the
Region are carried out and controlled by the Water Department. Daily dis-
charge data are published by the Ministry of Water Development and Power.
At present three Hydrological Yearbooks (1950-1960, 1961-1965, 1966-1970)
[40] are available.

Discharge data covering the period 1971-1975 are obtained from the files
of the Water Department at Ubungo, where all water level data are processed.
On 1/1/1979 no discharge data were available from 1976 onwards, because the
processing had not been finished.

In the first and second yearbook a November lst-October 31st period is used
as a hydrological year. In the third yearbook and in recent years, data are
presented for the calendar year. (January 1st - December 31st period).
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On Map C 1 all existing (26) and closed (21) hydrometric stations are shown.
The station numbers consist of up to five numbers and letters, the meaning
of which is illustrated by the following example:

Ngerengere River 1 H A 9 A

1 = Indian Ocean drainage
H = Ruvu catchment
A = Ngerengere
9 = Serial number of station on tributary
A = the station replaces an old station

In this way the following rivers are distinguished in the project area:

1H = Ruvu
1HA = Ngerengere
1HB = Mgeta
1HC = Mvuha

1G = Wami
1GA = Lukigura
1GB = Diwale
1GC = not allocated
1GD = Mkondoa

IK = Rufiji
1KA = Ruaha

All available discharge data are given on a monthly basis in the data part
of this volume.

3.3.2.2. Data obtained by the Consultant during the dry season of 1978

Based on the surveys of the different areas a number of rivers and reser-
voirs were selected and incorporated into a regular measurement programme.
The programme started in August 1978 and was carried out monthly up to medio
November 1978, when heavy rainfall put an end to the low flows.
The collected data are presented in the data part of this volume.
The altitudes of the measuring site and the catchment area are determined
from the topographical maps.
The lowest annual flows which occurred in 1978 are estimated by semi-
logarithmical extrapolation.
The method is introduced in sub-par. 3.3.6.2.
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3.3.3. Rating curve analysis

3.3.3.1. General

A rating curve gives the relation between water level and discharge at a
certain cross-section of the river. If no control is present in the river
channel which could create a unique relation, different relations exist
during the rising and falling limb of a flood.
Because floods are rather flashy, only few ratings of high flows exist.
Hence, no separate rating curves for the rising and falling limb are
established.

The existing rating curves for rivers which are at present incorporated in
the routine programme of the Water Department cover the 1970-1976 period.
Flow data which are collected during the regular measurement programme are
compared with the rating curves. Some remarks are made especially on the
quality of the lower part of the rating curves: This is the part from which
the low flows are derived and which is of the highest importance for the
domestic water supply study.
It should be noted, that rating curves are only valid for limited time
periods and have to be adapted continuously, especially when the river bed
is not very stable.
The remarks collected in Table C 3.3-1 may be out of date, because new ra-
ting curves may have been made by the Water Department but were not avail-
able on 1/1/1979.
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Table C 3.3-1 Remarks on rating curves

River

Wami
Tami

Kisangate
Mziha

Diwale
Mkondoa
Mkata
Ruvu
Ngerengere
Morogoro
Ngerengere

Mgeta

Mvuha

Station
number

1G1
1G5A

1G6
1GA2

1GB1A
1GD2
1GD36
1H5
1HA6
1HA8
1HA9A

1HB2

1HC2

Remarks

data are fitting well
rating curve gives too high values for
low flows
rating curve gives too low values
good fit of high flows, rating curve
gives too low values for low flows
data are fitting well
data are fitting well
data are fitting well
data are fitting well
new rating curve established
new rating curve established
high flows are fitting well, rating curve
gives too low values for low flows,
for flows <400 1/s a new rating curve
is established
large discrepancies between existing rating
curve and recently obtained flow data, new
rating curve proposed
data are fitting well

Some general comments concerning discrepancies between data and rating
curves may be made:
a. ratings of very low flows as the Consultant made, have not been

carried out and the rating curves in the very low flow part have
been obtained by extrapolation (Ngerengere 1HA9A)

b. the accuracy of gauge readings is ~ 1 cm, which can cause relatively
large differences with low flows in wide river beds

c. sandy river beds may change due to scouring or sedimentation with a
corresponding change of the water level-discharge relationship as a
result (Kisangate 1G6)

The rating curves of the Ngerengere at Kihonda (1HA6), the Ngerengere at
Konga (1HA9A), the Morogoro (1HA8), the Mgeta (1HB2) and the Tami River
(1G5A) are discussed in detail below.

3.3.3.2. Ngerengere River at Kihonda (1HA6)

Gauging at the Ngerengere at Kihonda started in September 1950 and discon-
tinued in 1963 when the network was revised. Because the gauging site is
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only 11 km downstream from the proposed Mindu dam site, flows measured at
Kihonda are closely related to flows entering the Mindu reservoir.. Recently
(exact date not known) a i m metric gauge was erected just upstream of the
bridge on the Morogoro-Dodoma Road. The Consultant installed a pneumatic
recorder in August, 1978, which failed in December, 1978, after which twice-
a-day readings were carried out up to April,1979. Water levels up to 1 m
were measured from the gauge plate. Water levels of above 1 m are measured
from the bridge and are recalculated in accordance with the reference level
of the gauge plate.
Flow measurements were carried out during the period with high flows
(up to 19.35 m3/s, see Table C 3.3-2). The data are used to establish a
new rating curve (see Figure C 3.3-1). The rating curve is used in the
detailed study on the Ngerengere River (see Annex 4 Flow analysis of the
Ngerengere River).

The following comments can be made about the rating curve:

Table C 3.3-2 Ngerengere River at Kihonda (1HA6), ratings of 1978-1979
(gaugings carried out by Consultant)

nr.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

data

20/ 6/78
2/ 8/78
28/ 8/78
26/ 9/78
23/10/78
21/11/78
23/11/78
24/11/78
27/11/78
1/12/78
13/12/78
8/ 1/79
2/ 3/79
10/ 3/79

gauge reading

On)
1.120
0.770
0.680
0.600
0.580
3.440
3.360
3.140
2.760
2.390
2.840
1.435
1.800
1.505

discharge
(m3/s)

1.657
0.649
0.371
0.262
0.149
19.350
11.030
7.279
5.394
4.595
6.245
2.304
3.241
2.445

remarks

water level
water level
water level
water level
water level
water level
water level
water level
water level
water level
water level
water level
water level
water level

constant
constant
constant
constant
constant
falling
falling
rising
rising
rising
falling
rising
falling
constant

Table C 3.3-3 Ngerengere River at Kihonda (1HA6)
Rating equations (1978/79 gaugings)

Equations

Q = 4.296

Q = 2.142

Q = 9.606

(m3/

(H-0

(H-0

x 10

s)

.35) 2- 1 7 2

.35) 1" 0 9 8

"4 (H-0.35)8-658

limits

H S 0.

0.80 <

H È 3.

(m)

80

H < 3.11

11
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a. At approximately 0.35 m the river stops flowing.
b. Between 0.80 m and 3.00 m the rating curve is almost a straight line.

The rating equation is very reliable in between these limits.
c. After 3.00 m (6.2 m3/s) the banks of the river start being flooded,

which makes the rating very unreliable as can be seen from the very
flat curve. A slight change in water level creates a rather large
change in discharge. This part of the rating curve is not very reliable.

d. No different rating curve could be distinguished for the rising and
falling limb of the hydrograph.

3.3.3.3. Ngerengere River at Konga (1HA9A)

Ratings carried out by the Water Department from 1968 to 1978 and five
ratings carried out by the Consultant are given in Table C 3.3-4 and
are plotted on Figure C 3.3-2.

Ratings at water levels > 0.2 m seem very consistent, which could be due
to the fact that the concrete bottom acts as a control. Below 0.13 m
ratings become relatively more erratic, because the concrete bottom has
many cracks and little gullies, of which the relative influence becomes
larger with smaller flows. Low flows above 100 1/s were measured with
corresponding water levels of approximately 0.01 m gauge level. It seems
very likely that there will still be some flow below gauge level zero.
Hence, it is proposed to use a different rating formula below 0,13 m,
which also includes flows below zero gauge level. Table C 3.3-5 shows
the present and proposed rating formulas, which are also shown in Figure
C 3.3-2. In future the zero level of the gauge should be lowered.
Rating 18 has been omitted in calculating the new low flow rating equation.
Note that the accuracy of minimum flows will be low, because staff-gauge
readings can deviate ± 1 cm (i.e. 140 1/s ± 20 1/s).
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Table C 3.3-4 Ngerengere River (1HA9A) at Konga, ratings from 1966
to present

nr. data

1 7/12/68
2 15/10/69
3 8/ 4/71
4 9/ 4/71
5 13/ 4/71
6 14/ 4/71
7 19/ 4/71
8 22/ 4/71
9 23/ 4/71
10 24/ 4/71
11 29/ 4/71
12 3/ 5/71
13 18/ 5/71
14 21/ 5/71
15 3/ 6/71
16 9/ 8/71
17 12/ 9/75
18 16/10/75
19 9/ 7/76
20 31/ 7/76
21 24/ 9/76
22 8/10/76
23 2/ 8/78
24 25/ 9/78
25 26/10/78
26 23/11/78
27 14/12/78

gauge
reading
(m)

0.463
0.091
0.226
0.305
0.320
0.290
0.387
0.597
0.533
0.427
0.344
0.229
0.244
0.695
0.186
0.110
0.115
0.085
0.125
0.090
0.155
0.085
0.090
0.040
0.015
0.440
0.400

discharge

(mVs)

3.000
0.273
0.954
1.531
1.612
1.448
2.482
4.276
4.021
2.577
1.863
1.037
1.028
5.224
0.679
0.237
0.367
0.130
0.356
0.291
0.570
0.289
0.234
0.143
0.114
2.833
2.320

remarks

Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Consultant
Consultant
Consultant
Consultant
Consultant
(water level change
0.025 m in 45 min.)
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Table C 3.3-5 Ngerengere River at Konga (1HA9A), rating equations

existing rating
equations
1/6/71-9/7/76

equation
(n>3/s)

Q-13.3 H1"761

Q=9.2 H1*484

limit

(•)

0.27

0.27-5.0

proposed rating
equations
1/6/71-present

equation
(m3/s)

Q=2.5456<H+0.05)1-1545

same as existing
equation
same as existing
equation

limit
(m)

0.125

0.125-0.27

0.27 -5.0

Q = Discharge (m3/s) H = gauge height (m)

3.3.3.4. Morogoro River at Morogoro (1HA8)

A cipoletti weir was erected in March 1954. At a later stage the structure
was completed with an automatic recorder.
The edge of the cipoletti weir has been damaged considerably in the course
of time, which has changed the rating of the structure. On request of the
water department several gaugings were carried out between 4/8/1979 and
19/1/79 (see Table C 3.3-5) and a new rating curve was established.

The following comments can be made:
a. The Crest of the cipoletti weir is badly damaged, hence discharge still

takes place below a level of 0 m at the gauge.
b. Gaugings above 0.14 m match the original cipoletti 15 feet (4.57 m)

weir formula if actual gauge height is increased by 0,05 m in the
formula, (the velocity of approach has not been taken into account)

c. The rating curve was expanded by means of a sharp crested weir formula
up to 1.60 m or approximately 22 m3/s, a discharge which will not be
surpassed very often. The dimensions of weir are given in fig.
C 3.3-3. Without further gaugings at higher stages the proposed rating
curve as given in Table C 3.3-7 and Fig. C 3.3-4 is expected to be
good between 0.00 and 0.45 m (0,025-3,000 m3/s) and fair between 0.45
and 1.50 m (3,000-20,000 m3/s).

d. Gaugings at the site are carried out by wading. The maximum water
level for this procedure is approximately 0.45 m. Gaugings at higher
water levels could only be done at the Morogoro bridge in Morogoro,
1.5 km downstream of the gauge. Therefore high water level gaugings
may not be very reliable.
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Table C 3.3-6 Morogoro River at Morogoro (1HA8), ratings of 1978-1979

nr.

1
2
3
4
5
6
7
8

data

4/ 8/78
1/ 9/78

27/ 9/78
23/10/78
20/12/78
5/ 1/79
15/ 1/79
19/ 1/79

gauge
reading
(m)

0.050
0.020
0.000
-0.030
0.335
0.145
0.190
0.160

discharge

(m3/s)

0.154
0.046
0.027
(0.010)
2.092
0.607
1.011
0.793

remarks

Water level
Water level
Water level
Estimate
Water level
Water level
Water level
Water level

constant
constant
constant

falling
constant
constant
constant

Table C 3.3-7 Morogoro River at Morogoro (1HA8), rating equations

nr. Equations (m3/s)

1 Q = 46.16 (H+0.05)2-52

2 Q = 8.50 (H+0.05)1-5

3 Q = 8.50 (H+0.05)1-5 +

3.89 (H-0.57)1-5

Limits

-0,05<H<0.14

0.14£Há0.57

0.57<H<1.60

Derived from

Derived from 3 lowest gaugings

Derived from Cipoletti-weir
formula

Combination of Cipoletti-weir
formula and sharp crested
weir formula

3.3.3.5. Mgeta River at Mgeta (1HB2)

The staff gauge was erected on 1/6/54. Twice a day readings take place.
In June 1967 an Ott-water level recorder was installed. The highest recorded
peak (Temple e.a. 1973)[65] was 4.11 m and the estimated corresponding dis-
charge was 230.5 m3/s. Usually only very short flash floods surpass the
1.0 m, so the rating curve above 1.0 m will not drastically influence the
total annual volume. Downstream from the gauge are a rock bar and rapids
which seem to make the rating curve rather stable.

The catchment area above the gauge is 101 km2 according to the 1965-1970
hydrological yearbook. However, this includes the catchment of the Mzingu
River, which joins the Mgeta River just downstream of the gauge. In fact
the gauge is above the junction and the catchment area above the gauge is
only 85.2 km2. It is possible that one of the first gauges was installed
below the junction before 1967. However, they were washed away several
times.
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Table C 3.3-8 shows annual flows and low flows from published data up
to 1970 and unpublished data for the 1970-1975 period. The sudden change
after 1970 is remarkable. Annual flows become much higher, while low flows
become much lower. The rainfall has not changed very much after 1970, as
can be seen from the rainfall data at Kienzema, a nearby station (see
Table C 3.3-9).
A further analysis showed, that a temporary water level change between
1971 and 1975, probably created by human influence, could have been the
cause, as will be explained below.

Table C 3.3-8 Mgeta River at Mgeta (1HB2), flow and rainfall data

year

(Nov-Oct)

1959-1960
1960-1961
1961-1962
1962-1963
1963-1964
1964-1965
1965-1966
1966-1967
1967-1968
1968-1969
1969-1970
1970-1971
1971-1972
1972-1973
1973-1974
1974-1975
1975-1976
1976-1977
1977-1978

mean
annual
flow

(m3/s)

2.33
2.33
-
-
2.71
1.99
-
2.53
3.57
2.66
2.60
6.19
5.11
9.88
6.95
7.27
-
-

daily
minimum
flow

(m3/s)

0.78
0.58
1.32
0.66
0.66
0.72
0.90
0.79
0.84
0.61
0.65
0.29
0.00
0.23
0.76
0.76
-
0.77
0.75

total
rainfall
at Kienzema
Mission
(9737013)
(mm)

1212
1461
1369
1574
1791
1209
1422
1464
1752
1147
1286
1100 )
1506 )
1614 )
1232 )
1268 )
1142 )
936

remarks

rejected flow data,
reconstruction
seems very
difficult

- = missing values

Table C 3.3-9 shows the ratings carried out between 1966 and 1978, obtained
from the files of the Water Department of Morogoro. The table also shows
the three ratings carried out by the Consultant in 1978. The rating
equations are given in Table C 3.3-10.



63

Recorder

Rock outcrop /

1.60

Figure C 3.3-3 Morogoro River (1HA8) cipoletti weir
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Proposed rating curve | |
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Q=8.50(H+O.OS) 1 ^ 0,14 m « H « 0.57 m
Q = 8.50 (H + O.OS)1*0 + 3.89 (H-O.57)!-5O,

0.57 m< H < 1.60 m

JJ 020

0 Measurements (numbers refer to table C. 3.3-5 )
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Discharge (m3/sec.) - •

Figure C 3.3-4 Rating curve Morogoro River at Morogoro (1HA8)
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Table C 3.3-9 Mgeta River at Mgeta (1HB2), ratings from 1966 to present

nr. date

1 20/ 2/66
2 5/11/68
3 7/12/68
4 14/10/69
5 4/ 3/70
6 14/ 7/70
7 5/ 2/71
8 11/ 8/71
9 16/10/71
10 29/ 9/72
11 14/ 8/73
12 29/ 8/74
13 16/11/74
14 16/10/75
15 5/10/76
16 7/10/76
17 4/ 1/78
18 1/ 8/78
19 1/ 9/78
20 25/ 9/78
21 26/10/78

gauge
reading
(m)*

0.725
0.330
0.700
0.305
0.640
0.410
0.665
0.550
0.510
0.445
0.570
0.585
0.565
0.600
0.460
0.445
0.760
0.390
0.350
0.315
0.305

discharge

(m3/s)

5.155
0.896
3.998
0.821
3.722
1.285
4.070
0.662
0.875
1.211
0.652
0.997
0.745
0.726
1.867
1.514
5.099
1.289
0.919
0.904
0.754

remarks

Water Department Morogoro
Water Department Morogoro
Water Department Morogoro
Water Department Morogoro
Water Department Morogoro
Water Department Morogoro
Water Department Morogoro

11 ) metric gauges installed
11 )
11 ) period of strange river
" ) regime
" )
11 )
11 )

Water Department Morogoro
Water Department Morogoro
Water Department Morogoro
Consultant
Wat.Dept. Morog.
Consultant
Consultant

During the measurements gauge height changed in none of the gaugings

Table C 3.3-10 Mgeta River at Mgeta (1HB2), rating equations

existing rating
equations
1/1/71-4/1/78

equation
(m3/s)

1 Q - 337. H10"533

2 Q = 9.43 H 2-097

3 Q = 10.5 H 3-02°

limit
On)

0.63

0.63-0.89

0.89-4.0

proposed rating
equations
1/1/78-present

equation
(m3/s)

Q = 5.914 H1"691

Q = 9.681 H2'204

limit
(m)

0.39

0.39-5.0
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Rating curves and data for water levels below 0.39 m are shown in fig.
C 3.3-5, those for water levels above 0.39 m in fig. C 3.3-6.

The existing rating curve is based on all data over the period of 22/2/66 -
1/9/78. Because the erratic data are also included, the curve obtains a
rather flat course. Note also that the existing rating curve is not con-
tinuous at 0.63 m, and that the equation for low flows assumes an increase
in flow from 0.23 m3/s to 1 .55 m3/s, if the water level increases from 0.50
to 0.60 m. This seems hardly possible and is caused by the high power of H,
which is larger than 10. Normally the coefficient of H should lie between
1 and 3. This abnormality is created by the discharge measurements carried
out between 1971 and 1975. Measurements before 1971 and after 1975 can be
fitted nicely. Hence a new rating curve is proposed, using only these
measurements.
The difference between the 1971-1975 ratings and the proposed rating
curve seems so large, that faulty measurements can be excluded.

For some reasons the river level between 1971 and 1975 was 0.20 to
0.40 m higher, however not continuously, which could be explained by a low
diversion dam which was washed away every wet season.
From Table C 3.3-10 it can be seen, that equation 2 of the old set of
equations and the proposed equation 2 of the new set are nearly the same.
Equation 2 of the proposed equations matches the largest flood before 1973
better than equation 3 of the old set. However the influence of the appli-
cation of equation 3 on the total volume discharge is small, because short
flash floods which surpass 1.0 m are rare.

The new rating curve is based on the reliable data only. No rating curve
is proposed for the period 1971-1975 with the unreliable data and existing
flow volume calculations for this period should be rejected. For flood con-
dition (Q>3.5 m3/s) however the new rating curve may provide sufficiently
accurate discharge data for this period.

3.3.3.6. Tami River at Msowero (1G5A)

The ratings of the Tami River at Msowero (1G5A) carried out by the Water
Department from 1971 up to 1978 are plotted in Figure C 3.3-7.
In 1974 ratings were carried out frequently between water levels of 0.68
and 1.18 m. These data are fitted well by the rating curve. The ratings
below 0.68 m water level are not very consistent, which is probably due to
the fact that the sandy riverbed at the gauging site is changed continuously
by scouring and sedimentation. Especially changes of the geometry of the
river bed affect the reliability of the rating curve in the low range.
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Table C 3.3-11 Tami River at Msowero (1G5A), ratings from 1971 to present
for water levels below 0.65 m

nr. date

1 26/10/71
2 21/ 9/72
3 23/ 8/73
4 12/12/73
5 16/10/74
6 4/12/75
7 19/10/76
8 17/ 3/77
9 18/ 3/77
10 5/ 9/78
11 12/ 9/78
12 12/10/78
13 14/11/78

gauge reading
(m)

0.52
0.59
0.64
0.61
0.54
0.44
0.46
0.54
0.53
0.52
0.65
0.64
0.60

discharge
(m3/s)

0.89
1.58
1.51
0.69
(2.04)
(2.48)
0.45
1.28
1.07
0.67
2.04
0.86
0.65

remarks

Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Water Department
Consultant
Consultant

The deviation between the discharges which were measured recently and
the existing rating curve stresses the need for a new rating curve to
be established for water levels below 0.65 m. More ratings are required
to obtain a sufficiently accurate new curve.
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3.3.4. Annual discharges

3.3.4.1. General

From the monthly discharge data, annual discharge volumes (m3 x 106) are
calculated for the calender year period and the hydrological year (November
1st up to October 31st).
The latter data are used to estimate annual discharge volumes during a
"very dry" "dry", "median", "wet" and "very wet" (hydrological) year.
The definitions of these typical years are related to annual discharge
volumes with probabilities of non-exceedence of 5%, 20%, 50%, 80% and 95%
respectively.

3.3.4.2. Reliability and number of data

Generally the reliability of an estimation of a probability distribution is
smaller as fewer data are available. To determine a criterion on the number
of data necessary to obtain sufficient reliability of the estimation, the
series of 21 annual discharge volume data of the Ruvu at Kibungo River
(1H5) is analysed in detail.
From this series (x.) a series of 21 means (m.) is derived according to the
following equation:

I 21 x.

1»
i n

where x. is ranked in chronological order.

The values of m. are plotted on Figure C 3.3-8.

As expected, the deviation of m. from the mean of all data (ni2i) is , _

creasing with an increasing number of data (n).

Noting that the mean (m.) is usually almost normally distributed, that the

annual discharge volumes (x.) are independent and that m2i is almost equal

to the true mean (m ), the confidence interval which contains the true mean

with a probability of (100-a)% can be calculated by the following equation:

S2i
m 2 1 = ± t ^ ^- (m3 x 106) (2)

where tx = a frequency factor which can be obtained from the Student
^ t - distribution for (n-1) degrees of freedom and probabil-

ity level Ha
S21 = sample standard deviation derived from the data xlf X2

X21 (m3 x 106)
n = serial number 1, 2, 3 21
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"Independent" means that hardly any carry over of water from one year to
the next takes place as is the case in an area with flash floods and near
zero low flows.

In Figure C 3.3-8 a confidence interval in relation to a probability of non-
exceedence of 95% is shown.
From this figure it becomes obvious, that the more observations are con-
sidered, the smaller the confidence interval and the more reliable the
estimation of the true mean will be. Five observations and less give a wide
and rapidly increasing confidence interval and hence an unreliable estima-
tion; six observations and more show a confidence interval which is de-
creasing slowly. Consequently records of five years or less are considered
unsuitable to establish a sufficiently reliable estimation of the mean. A
similar exercise could be carried out for the standard deviation. This
being a higher moment, still more data will be required for a reliable es-
timate .
Probability analyses are carried out for rivers with continuous records of
six or more years only.

3.3.4.3. Homogenity of data

Another aspect related to the reliability of data is the instability of the
river bed.
Some years are known in which rivers took a completely different course
after large floods had changed the river bed. One example is the Mgeta River
which, up to 1962, flowed from the escarpment to Nyarutanga and crossed the
road to Kisaki close to Kisaki.
From 1963 onwards the main stream has followed a new course over some 10 km,
passing Sesenga and crossing the road between Milengwelengwe and Gomero. A
recent and similar example is the Mkundi River which changed its course
after high floods in November 1978.
In both cases the measurement of the discharge may be influenced to a great
extent by the point of observation. Due to a lack of data this assumption
cannot be proved to be correct.

In this respect the Diwale River is a better example, because the river
has been gauged continuously from 1953 onwards.
In 1967 the Mjonga River, which was flowing directly into the Wami River,
joined the Diwale River above the gauging station, probably due to a heavy
flood. The effect on the annual discharge is illustrated by Figure C 3.3-9,
where the accumulated rainfall of the nearby rain gauge station on the
Mtibwa Sugar Estate is plotted against the accumulated discharge volume.
As rainfall and discharge volume are related, accumulated data can be fitted
by a straight line, also called double-mass analysis.In Figure C 3.3-9 data
from 1954 to 1974 were used.
The data from 1968 and onwards, which include the flow of the Mjonga River,
are fitted by a line with a flatter slope. Hence, the record of the Diwale
River is split up into two parts, covering the 1953 to 1967 and the 1968
to present period respectively.
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This example should demonstrate the necessity of controlling the homogenity
of the data before a statistical or other kind of analysis is carried out,
when a change of the river bed is expected.

3.3.4.4. Probability analysis of annual discharge volumes

An analysis of seven rivers of which long records exist and which may be
considered representative for the project area, shows that the distribu-
tions of the annual discharge volumes are not symmetrical.
The asymmetry of a distribution may be characterized by the coefficient
of skewness Cs (see Annex 1).
The coefficients of skewness are collected in Table C 3.3-12.

Table C 3.3-12 Coefficients of skewness

River

Wami
Wami
Kisangate
Diwale
Ruvu
Mgeta
Mvuha

Station

1G1
1G2
1G6
1GB1A
1H5
1HB2
1HC2

number of
years

17
18
13
14
21
13
14

coefficient of
skewness (Cs)

+ 0.092
+ 0.115
+ 0.184
+ 0.120
+ 0.044
+ 0.084
+ 0.062

Although the estimation of Cs from small samples (< 30 observations) is
not very reliable, the fact that all Cs-values are positive indicates that
the distributions of the annual discharge volumes are asymmetrical with a
tail to the right (high values). For this reason an asymmetrical distribu-
tion with a lower limit of zero, such as the log-normal distribution, is
preferred to a symmetrical distribution such as the normal distribution.
However, the samples are too small to make an objective choice between the
different asymmetric distributions. In accordance with normal Tanzanian
practice (Water Master Plans) the log-normal distribution is used for annual
flows.

According to Annex 1 the mean and standard deviations of the distribution
are estimated. The distribution and the data are plotted on log-normal pro-
bability paper, using the plotting position formulae proposed by Chegodayev
(Ven-te-Chow, 1964)[27]. The graphs are presented in paragraph 3.3. of the
data part of this volume.
Visually the distributions give a good fit of the plotted data.
From the obtained probability distributions annual discharge volumes which
will not be exceeded by probabilities of 5, 20, 50, 80 and 95% are derived
and given in Table C 3.3-13. In the third column of this table the coef-
ficients of variation of the obtained distributions are given. This coef-
ficient indicates the variability of the data. As dimensionless numbers the
coefficients of variation of different rivers are comparable.



Table C 3. 3-13 Annual Discharge Volumes (x 106 m3)

Rivers

Wami
Wami
Tami
Kisangate
Wami

D i wale

Mkindu
Mkondoa
Mkombola
Ruvu
Ruvu
Ruvu
Ruvu

Ngerengere
Ngerengere
Ngerengere
Ngerengere
Ngerengere
Mlati
Mo rogo ro
Ngerengere
Mgeta
Mgeta
Mvuha
Great Rua ha
Great Rua ha

Station

Dakawa IG1
Mandera IG2
Msowero IG5A 1 '
Mvumi IG6
Rudewa IG8

, >2)
Turiani I G B K A ) , '

OÍ

Mkindu IGB2
Kilosa IGD2
Lukando IGD5
Ruvu Sisal Estate IH2
«¡dunda IH3
Kibungo IH5
Morogoro Road Bridge IH8
Utari Bridge IHAKA)
Kingolwira IHA3
Kilimanjaro IHA4
Kiluwa IHA5
Kirtonda 1HA6
Mlali IHA7
Morogoro IHA841

Konga IHA9(A)
Kisaki IHB1
Mgeta IHB2
Mvuha IHC2
Kidatu IKA3
Yovi IKA38A

Number
of
Years

17
18
6

13
9

14
7

10
16

7
8

11
21
16
18

g
6

13
g
6

12
16
10
13
14
11
8

Coefficient
of
Variation

0.64
0.69
0.86
0.46
0.36
0.32
0.63
0.32
0.54
0.20
0.23
0.17
0.31
0.52
0.60
0.21
0.28
0.51
0.30
0.51
0.33
0.35
0.21
0.5g
0.52
0.42
0.58

Probability of Non-Exceedence

5%

275
638

51
31

100
121
152
81

126
39

1198
761
347
931

61
74
38
54
36

2
10
15

137
48

158
1592

61

20%

467
934
100
46

128
151
228
106
184
47

1451
1050
437

1325
91
87
50
80
48

4
14
20

165
75

238
2268

95

50%

810
1677

203
71

186
192
348
141
273

56
1770
1461

562
1911

140
104
67

119
65

7
18
27

202
118
363

3274
151

80%

1404
2742

410
108
255
243
531
187
406
67

2160
2033

723
2757

213
123

89
177
88
11
24
37

246
185
554

4727
241

95%

2387
4405

807
164
346
306
798
245
594

79
2616
2795

912
3925

321
146
117
260
117

18
32
49

298
287
832

6735
377

1) jan. -december year is used
2) up to 1967
3) 1968 and onwards

River Mjonga joined River D ¡wale in 1968
4) Downstream of intake

Morogoro Town water supply

U l
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3.3.5. Monthly discharges

For six records mean monthly discharge volumes are plotted in Figure
C 3.3-10.
The records are representative for the following areas:

1.

2.

3.

4.

5.

6.

Wami
at Mandera

Kisangate
at Mvumi

Ruvu
at Morogoro Road

Bridge

Ruvu
at Kibungo

Diwale
at Turiani

Ngerengere
at Konga

(1G2)

(1G6)

(1H8)

(1H5)

(1GB1)

(1HA9A)

Nguru, Ukaguru and Rub
mountains, Mkata and W

Ukaguru mountains

Uluguru mountains,
Ruvu Plain

East Uluguru mountains

Nguru mountains

West Uluguru mountains

It is remarkable that the six distributions are very similar. In all cases
the effect of the short and long rains is obvious. The long rains give a
pronounced peak during April and May with a maximum in April. The short
rains ending the dry period cause a second but smaller peak during November,
December and January, without a well-pronounced maximum. Low flows are
reached in February, between the short and long rains, and at the end of
the dry period with a minimum in September or October.

From the fact that the distribution of the Wami River at Mandera (1G2)
does not have significantly lower peaks or higher low discharges in compari-
son with the Kisangate River at Mvumi (1G6), it may be concluded that the
storage capacity of the Mkata and Wami Plains is small in relation to the
monthly discharge volumes of the different rivers entering the plains.
The same conclusion holds true for the Ruvu Plain, when the distributions
of the Ruvu River at the Morogoro Road Bridge (1H8) and at Kibungo (1H5)
are compared with each other.

For the same six records the coefficients of variation (Cv) for the month-
ly and annual discharge volumes are given to get an idea of the variability
of the discharges (Table C 3.3-14). A high value of Cv implies that the
actual discharge may differ relatively much from the given mean discharge.
A low value of Cv means that a relatively small deviation from the given
mean discharge may be expected.



75

25

20

to

se o

©
Wami-Mandera 1G2
1955-1975
mean annual
total = 2005.7x10*

= 63.6m3/s

' : ' • • •

m3

— •

25

20 Kisangate-Mvumi 1G6
1959-1965, 1967-1975
mean annual
total = 88.9 x 106 m3

= 2.8m3/s

J F M A M J J A S O N D J F M A M J J A S O N D

25

20

10

®
luvu Morogoro Roac
Bridge 1H8
1960-1975
mean annual
total = 2210.0 x IO»

= 70.1 m3/s

1

m3

?n

10

0

©
1 1 River Kibungo 1H5 1

1954-1975 j
mean annual
total = 587.7 x 106 m 3 |

= 18.6 m3/s

'''t'i'i

• • •

J F M A M J J A S N O D J F M A M J J A S O N D

25

20

10

Diwale Turiani 1GB1A
1954-1967
mean annual
total = 202.9 x 106 m 3

= 6.4m3/s

70

10

n

erengere Konga 11Ha9
1955-1959, 1963-1974
mean annual
total = 29.2 x 106m3

= O.9m3/s

J F M A M J J A S O N D J F M A M J J A S O N D

Figure C 3.3-10 Mean annual distribution of monthly discharge volumes (in % of the
annual discharge volume)
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Table C 3.3-14 Coefficients of variation of discharge volumes of selected rivers

River

Ruvu
Ruvu
Wami
Kisangate
Diwale
Ngerengere

Station

(1H8)
(1H5)
(1G2)
(1G6)
(1GB1A)
(1HA9)

Jan.

1.28
0.60
1.48
1.11
1.10
0.94

Feb.

0.67
0.47
0.67
0.68
0.61
0.70

Mar.

0.70
0.40
0.72
0.79
0.54
0.69

Apr.

0.81
0.61
0.98
0.64
0.33
0.38

May

0.53
0.34
0.58
0.42
0.25
0.38

Jun.

0.52
0.39
0.83
0.36
0.41
0.49

Jul.

0.36
0.34
0.45
0.55
0.43
0.67

Aug.

0.40
0.36
0.47
0.32
0.49
0.72

Sep.

0.63
0.65
0.60
0.32
0.74
0.97

Oct.

0.62
0.54
0.74
0.38
0.64
0.78

Nov.

1.86
1.02
1.99
0.74
1.14
1.13

Dec.

1.25
0.85
1.48
1.01
0.85
0.94

Annual

0.44
0.27
0.69
0.41
0.27
0.33

November, December and January show relatively high values of Cv which is
closely related to the high variability of the amount of rainfall during
the short rains. The low variability occurs during the months of May up to
October.

3.3.6. Minimum flows

3.3.6.1. Probability analysis of existing data

A probability analysis of annual low flows is carried out of records from
stations which are located along the escarpments of the Uluguru, Nguru,
Ukaguru and Rubeho mountains, which are considered source areas for gravity
water supply. No stations are located in rivers in the Migomberame Mountains.
Only series with six or more years of complete records are considered. For
the shorter series of 6-10 years, estimated low flows below those with pro-
babilities of non-exceedence of 10% are not very reliable.
Several hydrometric stations provide continuous water level data. From these
series absolute minimum flows are selected. From other stations only daily
minima can be obtained. As daily minima do not differ much from absolute
minima, both series are treated as equal values.
Because low flows are limited at low values (ã 0) but unlimited at high
values, skew distributions are obtained. The same approach as the one for
annual discharge volumes is used to estimate the probabilities for annual
low flows. In both cases the log-normal distribution has been applied.

Data are plotted on log-probability paper and seem to fit well (see data
part of this volume).
In Table C 3.3-15 the estimated low flows with probabilities of non-ex-
ceedence of 50% (average year), 20% (fairly dry year), 10% (dry year),
5% (very dry year) and 1% (extremely dry year) are given.

The rivers of Table C 3.3-15 are perennial, and even in an extremely dry
year they carry remarkable quantities of water considering the amounts
needed for domestic water supply.
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Table C 3.3-15 Annual low flows (1/s) of gauged rivers

River

Wami
Tami
Kisangate
Wami
Diwale1

Diwale2

Mkindu
Ruvu
Ngerengere
Mgeta
Mgeta
Mvuha

Station

Dakawa
Msowero
Mvumi
Rudewa
Turiani
Turiani
Mkindu
Kibungo
Konga
Kisaki
Mgeta
Mvuha

1G1
1G5A
1G6
1G8
1GB1(A)
1GB1A
1GB2
1H5
1HA9A
1HB1
1HB2
1HC2

Probability

1%

1040
48
140
787
182
140
252
1811
25
551
462
435

5%

1550
76
199

1075
271
221
319

2163
39
690
533
609

of non-exceedence
10%

1930
117
238
1240
340
282
364

2400
49
780
575
730

20%

2462
190
299
1545
436
382
421
2660

67
897
632
899

50%

4010
500
457
2259
713
672
562

3304
116
1180
754
1355

1968 and onwards (including Mjonga River). Both the old (1GB1) and the
new (1GB1A) gauging site records have been used
upto 1967

The distribution of the lowest annual flows over the months of the year
is given in Figure C 3.3-11. for the Wami River at Dakawa (1G1), the
Diwale River at Turiani (1GB1A), the Ruvu River at Kibungo (1H5) and the
Ngerengere River at Konga (1HA9A). The Wami, Diwale and Ngerengere Rivers
show the effect of the short rains. The occurrence of the lowest flow in
November or December is not very pronounced. The Ruvu river shows less
effect of short rains, because at the S.E. part of the Uluguru Mountains
the two rainy periods are less pronounced. Due to relatively high rainfall
during the short rains and because these short rains merge into the long
rains, the lowest annual flows occur in 75% of the years before the end of
November. This value amounts to 55% for the Ngerengere River, 70% for the
Wami River and 50% for the Diwale.

3.3.6.2. 1978 Field data of gauged and ungauged rivers

Several gauged and ungauged rivers were measured during the dry season in
1978. The first measurements were carried out in June 1978. During the
third week of November 1978 heavy rainfall and accompanying floods through-
out the region put an end to the dry season and low flows.
The rivers which were measured regularly, are indicated on Map 1. The data
are plotted on figures on a semi-logarithmical scale (see data part of this
volume).
As soon as surface run off has stopped, the decrease of the flow may be
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described by an exponential equation as given below:

where

-at

a

discharge at time t
discharge at time t=o
depletion coefficient,
characteristics
time

(8)

(n>3/s)
(m3/s)

which depends on catchment
(I/day)
(days)

As a result, the data will be more or less fitted by a straight line with
slope a on semi-log paper, where the discharge-scale is logarithmic and the
time-scale linear.
Deviations from the straight line are mainly caused by occasional rainfall
and/or important water losses due to artificial extraction or evaporation
in swamps.
The effect of water losses on a depletion curve is illustrated in Figure
C 3.3-12. Examples are the Kiroka River (61 and 65), the Mgolole River (58)
and the Ngerengere River (55), where the numbers refer to the locations
given on Map C 1.

From the depletion curves the lowest flow in the calendar year 1978 was
obtained. The lowest flows in 1978 of the gauged rivers are compared with
the respective probability distributions, showing that the lowest flows
have probabilities of exceedence which are roughly between 40 and 80%
(see Table C 3.3-16). With respect to low flows, the calendar year 1978
may be considered an average year for most of the rivers. Only the low
flows of the Ruvu, Mvuha and Mkindu Rivers correspond with a wet year.
This is in accordance with the findings about rainfall. Due to relatively
large, regional differences in rainfall in the same year, some areas re-
ceived amounts of rainfall above normal.

Table C 3.3-16 Low flows 1978

River

Wami
Tami
Kisangate
Wami
Diwale
Mkindu
Ruvu
Ngerengere
Mgeta
Mgeta
Mvuha

Station

Dakawa 1G1
Msowereo 1G5A
Mvumi 1G6
Rudewa 1G8
Turiani 1GB1A
Mkindu 1GB2
Kibungo 1H5
Konga 1HA9A
Kisaki 1HB1
Mgeta 1HB2
Mvuha 1HC2

Low flows1)
(1/s)

3800
580
450
2000
650
750
4100
110
1250
750
1700

Probability of
non-exceedence (%)

46
55
50
40
43
80
80
47
55
50
68

l) estimated from depletion curves (see Data part of this volume)
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Q. extraction

Q before Q after

linear
time scale

Fig. C 3.3-12 Effect of water losses on depletion curves

3.3.6.3. Low flows of ungauged rivers

Probabilities of non-exceedence of low flows of ungauged rivers are esti-
mated by using the following data:

a. the low flow probability distribution of a gauged river nearby the un-
gauged rivers

b. depletion curves of the gauged and ungauged rivers. (In this case only
1978 depletion curves were known)

The following assumptions are made:

a. the state of the catchments of the gauged and ungauged river at the
beginning of the dry period is identical with respect to ground water

b. the pattern of rainfall on both catchments is identical

As length of rainfall season and rainfall amounts vary with altitude and
location, the catchments should have the same topography and should not
differ too much in size. The remaining catchment characteristics, such as
drainage pattern and soil composition, which are incorporated in the deple-
tion coefficient a of equation (8), may be different.

The applied method is based on equation (8) and illustrated in Figure
C 3.3-13. The method includes the following steps:

1. First an arbitrary starting point is chosen, t=o and Q .

2. From the low flow probability distribution of the gauged river a dis-
charge Q(x%) with a probability of non-exceedence of x% is derived.

3. By means of equation (9) the time period t,«, which is required for

a decrease of the flow from QQ to Q(x%) is calculated.
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Hence :

t = o l n

in which ax

Q

(day) (9)

o

Q(K%) =

Vo) =

depletion coefficient of the gauged
river (I/day)
discharge of gauged river at starting
point (m3/s)
discharge of gauged river with a
probability of non-exceedence of x% (m3/s)
time required from Q at t=o to become
Q(x%) ° (day)

4. The estimation of the discharge with a probability of non-exceedence
of x% of the ungauged river is based on equation (10).

= a e"a2t(x%) (m3/s) (10)

in which q(x%) = discharge of ungauged river with a
probability of non-exceedence of x%

0(2

discharge of ungauged river at
starting point

depletion coefficient of the
ungauged river

time, determined by equation (9)

(m3/s)

(I/day)

(day)

5. If a1=a2 equation (9) and (10) may be combined to a simple expression:

q(x%)

Figure C 3.3-13

0 t(x%)
time (on linear scale)
Definition sketch of low flow estimation method
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The method is tested with two pairs of rivers which have well-defined
probability distributions and meet the requirements of similar topography
and rainfall pattern.
The rivers used are the Ruvu River at Kibungo and the Mvuha River at Mvuha,
both draining the south-eastern part of the Uluguru mountains, and the
Kisangate River at Mvumi and the Wami River at Rudewa, which rise from the
western slopes of the Ukaguru mountains.
The results of the test are given in Table C 3.3-17.
For each river two values for Q(x%) are given.
The first value is determined by using the method described above. The
second value, which is underlined, is derived from the probability distri-
bution which has been established from long records.

Table C 3.3-17 Test results low flow estimation method

River Station

Ruvu Kibungo 1H5

Mvuha Mvuha 1HC2

Wami Rudew 1G8

Kisangate Mvumi 1G6

a
(I/day)

0.0025

0.0041

0.0066

0.0133

Q(l%)
(1/s)

1 775
1 811

450
435

1 122
787

68
140

Q(5%)
(1/s)

2 179
2 163

667
609

1 332
1 075

129
199

Q(20%)
(1/s)

2 763
2 660

846
899

1 634
1 545

264
299

Q(50%)
(1/s)

3 548
3 304

1 204
1 355

2 019
2 259

573
457

The proposed method gives reasonable results between probabilities of non-
exceedence of 5% and 50%. As for the Wami-Kisangate example, the results
for a probability of non-exceedence of 1% differ much. It should be noted,
however, that the probability distribution in this range is obtained by
extrapolation and is therefore not very reliable.

The method described above is applied to several ungauged rivers given in
Table C 3.3-18 below. The rivers with probability distributions of low
flows are underlined. As a starting point the 1st of August, 1978, is used.
In Table C 3.3-18 the time to halve the discharge (T_ 5) is also given.

TQ C indicates the rate of decrease of the flow during depletion.
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Table C 3.3-18 Annual low flows of ungauged rivers

River Station

Ngerengere Konga 1HA9A Í52)
Morogoro above intake (53)
Kiroka above Kiroka (60)
Mahembe Kiroka (62)

Ruvu Kibungo 1H5 (72)
Msuazi Kalundwa (69)
Kisemu Kilangile (68)

Mvuha Mvuka 1HC2 (18)
Ditumi Bonye (79)
Mngazi Mngazi (81)

Mkindu Mkindu 19B2 (24)
Dihombo Dihombo (23)
Chazi Kigugu (26)
Divue Mbogo (29)
Msengele Kwamtonga (30)
Lusonge above Dihinda (35)

Wami Rudewa 198 (45)
Kisungusi above Rudewa (46)
Miyombo Nyameni (49)
Msowero Msowero (93)
Tundu Tundu (94)
Ruembe Kidogobasi Road(92)

Tami Msowero 195A (43)
Milindo Ukaguru Forest (9)

Reserve
Masonbowe Masenge (7)

a

(I/day)

0.0070
0.0062
0.0107
0.0213

0.0025
0.0088
0.0135

0.0041
0.0258
0.0117

0.0068
0.0137
0.0147
0.0127
0.0211
0.0132

0.0066
0.0062
0.0052
0.0054
0.0031
0.0065

0.0111
0.0080

0.0078

T0.5
(day)

100
112
65
33

282
79
51

168
27
59

102
51
47
54
33
52

105
112
132
129
223
107

62
86

89

Q(l%>

(1/s)

25
26
2
0

1811
3
0

435
0
8

252
5
1
16
1
3

787
124
480
157
77
253

48
11

5

Q(5%)

(1/s)

39
38
4
0

2163
6
1

609
0
22

319
8
2
25
1
5

1075
167
617
204
90
346

76
15

7

Q(10%)

(1/s)

49
47
6
1

2400
4
2

730
0
87

364
10
2
31
2
6

1240
191
688
229
96
397

117
25

10

Q)20%)

(1/s)

67
61
9
1

2660
13
3

899
1
67

421
14
3
41
3
8

1545
234
817
273
106
491

190
29

13

Q(50%)

(1/s)

116
100
21
7

3304
27
10

1355
9

217

562
24
5
71
6
14

2259
335
1104
373
127
717

500
59

25

It should be noted that the Kiroka and Mahembe River do not meet the require-
ment of being close to the gauged river. Especially the rainfall may be
expected to be higher than in the Ngerengere catchment.
The values given in Table C 3.3-18 may therefore be considered to be a con-
servative estimate.

The applied method does not give zero flows, because a logarithmical equa-
tion is used. Zero flows are considered to occur when less than 1 1/s is
calculated.
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It turns out that several small rivers are not (always) perennial.
Rivers for which no estimation of Q(5%) is made or which have been observed
only, are considered non-perennial, if zero flow occurred during the dry
season of 1978. Perennial and non-perennial rivers are indicated on the
hydrological map (Map C2) by full and dashed lines.

3.3.7. Springs

3.3.7.1. General

The low flows discussed above must emerge somewhere. The source areas
can be confined to distinct sites, where water is emerging. As has been
observed in the field, source areas are usually large depressions, where
water seeps out of the bottom at many different places. Sometimes the river
acts as a drain and water is seeping out of the embankments of the river.
Geomorphologically, four basic types of springs can be distinguished.

gravity depression spring gravity contact spring

artesian depression spring artesian contactspring

Fig. C 3.3-14 Spring types

Depression springs are rather variable in yield, while in dry periods,
when the ground water table is low, they may cease to flow altogether.
Gravity contact springs and artesian contact springs are more reliable in
this respect, assuming that they are not arising above small perched aqui-
fers. In particular the artesian contact spring with a catchment area at a
large distance is a reliable source. This is especially the case for one
type of artesian contact spring, the so-called fault spring, in which the
artesian water backs up against an impervious bed and rises through the
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fractures in the fault and finally emerges at the surface. This type of
spring is often a hot spring, because it comes from considerable depth.

Climate is the second factor determining the variability of the discharge.
Climates with less pronounced wet and dry periods like that of the eastern
Uluguru Mountains will have less variable groundwater levels, hence less
variable discharges. Minimum spring discharges follow with a certain time-
lag, the rainfall minima, where the time-lag depends on the length of the
rainy season and the permeability of the aquifer.
In contrast with the low flows of rivers, which end at the beginning of
the rainy season, when surface flow and sub-surface flow start adding to
the low flows, springs are less affected by these phenomena and minimum
flows can occur 1 to 3 months after the beginning of the heavy rains, which
also supply the ground water aquifers.
During the fieldwork several small springs were observed emerging along
slopes in the different mountain ranges.
These are possibly all gravity contact springs at the outcrop of layers of
different permeabilities. Thus they drain all small ground water reservoirs
above the spring. Many of these springs dry up after some time. The extended
spring areas, the large depressions mentioned earlier, have no extensive
amounts of water emerging at one point. However, the areas will be rather
well suited for shallow well development, if pumping is used to direct the
water to a central point. Under certain circumstances it might be profitable
ta close part of the whole underground of a valley in order to force the
water up and if possible to transport it to demand areas by gravity. The
following sub-paragraph will discuss well-defined springs only.
Although during the initial field survey considerable attention was paid to
the location of springs, not many viable springs for water development
appeared to exist, except for the springs that appear in the limestone area
in the south-west Uluguru Mountains.

Springs in two different regions will be discussed in the next section.
The method used to determine low flows of rivers, as discussed in the last
section, is also used to determine low flows of springs, although it is
done in a conservative way by extending the low flow period by a month.

3.3.7.2. Springs in the SE Uluguru Mountains

Tambuu springs

The largest concentration of springs was found around Tambuu in the Karst
area. During a visit on 21-7-78 several springs with estimated discharges
of 3-4 1/s (EC 46-48 mS/m) were found in the village, while the largest
spring South of Tambuu had a measured discharge of 10.4 1/s on the same
date. According to the geological map, this latter spring was located at a
Gneiss-limestone transition. The Gneiss could act as an impervious barrier
for the ground water to back up against. This particular spring belongs to
the head waters of the Msonge River. Assuming a similar type of depletion,
the 5% low flow could be approximately 2 1/sec. According to local infor-
mation discharge always remains much higher.
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Mtamba springs

Several kilometres NW of Tambuu, 3 springs were found emerging from a lime-
stone ridge, east of the village Mtamba, presumably gravity contact springs.
Each spring is tapped by a small, closed intake structure, which is connec-
ted with a reservoir and one tap.

Several measurements were carried out in 1978 (see Table C 3.3-19), which
indicate that the southern and northern springs are almost equal in size
and that the middle spring produces only about 20% of each of the others.

Table C 3.3-19

Spring

southern
middle
northern
northern
northern
northern

Springs

Site
number

(74)
(74)
(74)
(74)
(74)
(74)

near Mtamba, Data

Date

21-7-78
21-7-78
10-8-78
7-9-78
5-10-78
2-11-78

Discharge
(1/s)

1.1
0.2
1.0
0.8
0.8
0.5

EC
(mS/m)

_
-

46
47
45
-

Originally the middle spring had a much higher discharge according to local
information. Based on present measurements, the total flow of the three
springs together at the end of the dry period is estimated at 1 1/s. The
5% low flow of the three springs together, based on the same depletion as
nearby little rivers, is estimated at 0.3 1/s. However, by redeveloping
the springs, this figure could possibly be raised to 1 or 2 1/s.

Table C 3.3-20 Springs near Mtamba, potential

altitude supply area
altitude springs
level difference
5% total low flow

(m a.MSL)
(m a.MSL)
(m)
(1/s)

~ 320
~ 340
~ 20
0.25 (before
redeveloping)

Mkuyuni spring

About 40 m above Mkuyuni, SW of the village a small spring emerges from
below a limestone outcrop. Measured flow in 1978 decreased from approxim-
ately 10 1/s to 3 1/s, while the estimated 5% low flow may be roughly
estimated at 0.8 1/s. This spring is just large enough to supply the
village of Mkuyuni. However, the bacteriological contamination of Karst
springs can be severe.
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3.3.7.3. Springs in the Berega catchment

Several small springs were observed at the foot of inselbergs in the Berega
catchment and at the foot of the amphitheatre-shaped escarpment near Kisitwe.
In all cases except two, the discharge was less than 0.5 1/s. The springs
below 0.5 1/s are:

a. two small springs on the W and E side of an inselberg W of Yogwe. Many
years ago the eastern spring was equipped with a V-notch weir, which
was still in a rather good condition. Measured discharge on 6-7-78 was
0,22 1/s. The western spring was tapped and the discharge was just suf-
ficient to supply a nearby mission post

b. one small spring emerging halfway the slope of mountains South of
Ihenje. The discharge is estimated at less than 0.3 1/s (28-6-78).
The spring is situated in a small valley. Hence a closed wall and
collector-well might increase the discharge

c. two small springs emerging at the foot of the escarpment near Kisitwe;
the combined discharge on 12-6-78 was less than 0.5 1/s

d. the Kiega spring is emerging at the toe of mountains South of Kiega.
The discharge is estimated at less than 0.5 1/s (27-7-78). This parti-
cular spring seeps from below big boulders

Unless stated otherwise, an increase of discharge does not seem possible
because catchment areas of springs appear very small and the basement is
close to the surface.
The two larger springs observed were a spring emerging in a swampy valley
near Maguha. This spring was developed for the water supply of this same
village. The other larger spring is found 3 km NE of Mamboya and the Water
Department is considering development of this spring. The spring consists
of two small springs of which the smallest runs dry at the end of the dry
season. The springs are located on the slopes of an amphitheatre-shaped
mountain, with basement outcropping everywhere. The total discharge measured
on 5-7-78 was 3.4 1/s, while at the end of the dry season the discharge of
the still flowing spring was only 0.5 1/s. (see Data part 3.5. site number
(1)). It is doubtful whether this spring will be perennial during drier
years than 1978. Therefore, this spring is not considered suitable for
domestic water supply.

The Water Department (Morogoro files) mentions springs near two other
villages in the Berega catchment, viz.:

a. Ibuti village (from file Kl-15)
Besides 3 very small springs, a spring 2.5 km South of the village
(below village level) exists. Estimated discharge on 28-8-1969 was
1.0 1/s.

b. Mtumbatu village (sub.div. Mamboya)
Springs are observed in Mtumbatu River. Early in 1969 a V-notch weir
was installed. At the end of the dry period the spring did not flow
anymore.
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In the Berega catchment water was also observed seeping out of the beds of
several dry rivers at places where the underground river bed had barriers.
These phenomena are treated in Volume IV - Hydrogeology.

3.4. Sediment

3.4.1 General

In tropical areas with heavy rainfall, erosion of the soil is often an im-
portant problem. When at the end of the dry season most of the vegetation
has vanished or is destroyed by burning, rainfall and resulting surface
run-off may cause heavy erosion.
As vegetation will gradually cover the denudated soils during the wet sea-
son, thus providing a natural protection of the soil, the erosional effect
of rainstorms will decrease during the course of the wet season.
Other factors which influence erosion rates are catchment slope, soil type
and soil conservation measures. As is outlined in subparagraph 4.2.5. -
changes in land use and hydrological effects - conservation may bring about
significant reductions of erosion rates.
It may be obvious that soil erosion and the resulting sediment concentration
in the river are determined by geomorphological and hydrological conditions
which vary strongly throughout the country, but also throughout Morogoro
Region. Besides soil erosion, silting of surface reservoirs and settling of
sediment in intake structures, mains and storage reservoirs of water supply
systems are problems related to sediment.
In the case of surface reservoirs, sedimentation causes a steady decrease
of the effective reservoir volume. Silting of intakes, mains and storage
reservoirs requires continuous maintenance and may affect the reliability
of water supply.

Within the project only a few measurements of sediment transport, mainly
in connection with the detailed study of the kikundi River (Annex 3), were
carried out. Most of the data presented in this paragraph are obtained
from studies carried out by others on rivers and reservoirs throughout
the country.

As the factors which influence erosion and sediment transport of rivers
vary strongly throughout Tanzania but also throughout Morogoro Region, the
results derived from these studies cannot be very specific.

3.4.2. Sediment transport of rivers

The sediment transport of rivers is usually devided into suspended sediment
load and bed load.
It is common to measure the suspended sediment load only and derive the bed
load from semi-empirical formulas using velocity and grain size distribution
of the bed. The bed load may also be taken as a proportion of the suspended
sediment load (5-35%).
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For several rivers average suspended sediment rating curves, where sediment
load is related to discharge, are established. The number of data is too
small to establish separate rating curves for the rising and falling flood
stages.
The sediment rating curves are usually used in combination with flow dura-
tion curves to determine the annual sediment load of rivers. This method is
not completely correct, because daily discharge data have to be used, while
the sediment rating curves are based on point data. Generally however, there
are not enough data available to enable a more detailed determination.
In Figure C 3.4-1 four rating curves for rivers with different catchment
areas, geomorphological conditions and vegetation covers, are shown. »
For a given discharge, the catchment of the Kikundi River which is steep
(24%), small (4.5 km2) and sparcely covered with vegetation, produces re-
latively high suspended sediment loads. The rating curve of the Morogoro
River with a similar slope, but larger catchment area (19.1 km2) and more
vegetation cover has a position which is well below that of the Kikundi
River.
Smaller loads are found for the Yovi River (slope 1.5%, catchment area
610 km2) and the Great Ruaha River (slope very low, size 78 400 km 2).

The rating curves show very low amounts of suspended sediment at low dis-
charges .
According to the rating curve of the Morogoro River the suspended sediment
load at discharges below 1 m3/s, which may be considered to be base-flow
conditions, will not exceed 0.15 g/1 on the average. According to the flow
duration curve (Fig. C 3.4-2) this situation is present during about 80% of
the time. During flood conditions, with high flows, suspended sediment loads
range between 0.15 and 2.5 g/1 on the average. Flood events which lead to
such suspended sediment loads, are short but they occur frequently during
the wet seasons. The occurrence may roughly be estimated at 30-50 times/year.
Occasionally suspended sediment loads which are higher than 2.5 g/1 occur.
The highest load out of 3000 samples collected during the wet seasons in
1969, 1970 and 1971, was 10.6 g/1 (Rapp et al. 1973) [57].
According to several measurements carried out by Rapp et al, during floods
in the Morogoro River, the sediment concentration of the upper tributaries
which drain completely forested parts of the catchment is only about 10-50%
of the sediment concentration found at gauge 1HA8. The catchment above the
gauge also includes grass, bush and cultivated land.

During different stages of one flood on 30th of March 1970, suspended sedi-
ment samples were collected and analysed on their grain-size distribution
(Fig. C 3.4-3). The distributions show particle sizes below 1 mm. At rising
stage (curve 1) relatively coarse material is transported. At peak and fal-
ling stages (curves 2 up to 6) similar distributions are found, which are
shifted towards smaller particle sizes.
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3.4.3. Sediment yield of reservoirs

Although the sediment yield of reservoirs is directly related to the sedi-
ment load of feeding rivers, the estimation based on sediment rating curves
and flow duration curves is annually not possible because of lack of data.

From reservoirs in the South-Western United States of America (Fair et al.
1954) [33] the following relationship between catchment area (A) and the
volume of sediment (V) which is deposited annually is found:

V = C A0"77 (1)

where:
V = the volume of sediment deposited in m3/year,
C = a coefficient,
A = the catchment area in km2.

The value of the coefficient C depends on geomorphological and hydrological
factors and also on vegetation cover. As such the coefficient C is similar
to the curve numbers (CN) which are used to incorporate these factors into
the determination of direct runoff from daily rainfall (see Annex 3).

Sediment yield data for small Tanzanian reservoirs and two rivers are
plotted on double-logarithmic paper, together with straight lines which
represent equation (1) for different values of C (Fig. C 3.4-4). The data
are scattered over a wide range of C values, because of differences in geo-
morphological and hydrological factors and in vegetation cover.
Unfortunately hardly any data of this kind are available. A classification
of the coefficient C and an adjustment of the exponent D which is here 0.77
is therefore not possible.

The reservoirs in Dodoma Region are fed by rivers which drain gently sloping
catchments (1.5-7%) covered with scarce vegetation such as thicket and some
grass. In the catchment high erosion rates are observed. As a result the
sediment yield of the reservoirs is fairly high. A C-value of 1000 may be
considered representative.

In Morogoro Region similar characteristics are found in the catchment of
the Berega River (gently sloping area, scarce vegetation and high erosion
rates). The annual sediment yield of reservoirs in this area may hence be
predicted by using the same C-value of 1000.

In the gently sloping plains of the Wami, Ruvu and Ngerengere Rivers, which
are well covered with grass, miyombo woodland and crops, relatively few
traces of erosion are observed. For the prediction of the annual sediment
yield of reservoirs in this area a C-value of 250 may be applied as a "safe"
estimation.
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Reservoirs based on rivers which emerge from steep catchments in mountainous
areas such as the Morogoro River will receive higher sediment loads. For the
Morogoro River a Ovalue of about 600 is found. The annual sediment yield is
calculated from the mean annual suspended sediment load over the 1966-1970
period, using a ratio between bed load and suspended load of 0.2 and a den-
sity after settlement in the reservoir of 1.5 ton/m3 (Rapp et al.1973) [58].

3.4.4. Recommendations

Gravity and pumped water supply systems should be based on rivers with
catchments thickly covered with vegetation to obtain minimum sediment loads
and to reduce sedimentation of intakes, mains and storage reservoirs. Sedi-
ment loads, which may lead to rapid sedimentation of structures, occur fre-
quently during the wet season. In the design of intakes and mains, sediment
concentrations up to 2.5 g/1 and occasionally up to about 10 g/1 should be
taken into consideration.

The annual sediment yield of small reservoirs may be predicted by using
equation (1). Provisionally the following C-values may be applied to the
Morogoro Region:

Area

Berega River
catchment

Mountainous
area

Wami, Ruvu,
Negerengere
Plains

Characteristics

gentle slopes of 0-10%, scarce
vegetation cover (high erosion rates)

steep slopes of 10-30%, well covered
with forest, grass and partly
cultivated

gentle slopes of 0-10%, well covered
with woodland, grass and partly
cultivated (low erosion rates)

C

1000

750

250

To enable classification of the coefficient C and adjustment of the exponent
from equation (1) for the conditions in Morogoro Region and perhaps for Tan-
zanian conditions in general, the following studies are recommended:

determination of sedimentation rates in about 20 reservoirs selected
from the 350 existing reservoirs in Morogoro Region; the 20 reservoirs
should be based on rivers with catchments of different geomorphological
characteristics and vegetation;
collection of catchment characteristics of the reservoirs mentioned
in Figure C 3.4-4.
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4. HYDROLOGICAL DESCRIPTION OF THE PROJECT AREA

4.1. Description of the project area

4.1.1. Location

The project area lies between Longitudes E 36°30' and 38°30' and Latitudes
S 5°45' and 8°00'. The great Ruaha and the Rufiji Rivers form the southern
boundary. The northern boundary is formed by the Masai plains and,the
Lukigura River. The eastern boundary cuts through the alluvial plains
of the Ruvu and the Wami Rivers, while the western boundary is formed
for a large part by the Upper Wami catchment divide.

4.1.2. Topography

The topography is the final product of geo-morphological processes in the
area, which will be discussed in the hydrogeological part of this study
(Volume IV). However topography together with soil and vegetation are im-
portant factors in transforming rainfall into run-off. Especially vegeta-
tion, which can be changed by human interference, can influence low flows
to quite an extent, as will be discussed in sub-paragraph 4.2.5.

In the area five mountain ranges can be distinguished, the Uluguru
Mountains being the most isolated block, their foothills and several large
plains lying in between, and having only isolated hills and mountains pro-
tuding them.

These mountain ranges are:

a. Uluguru mountains (SE of Morogoro)
b. Nguru mountains (W of Kilosa)
c. Kaguru mountains (S and SW of Kisitwe)
d. Rubeho mountains (W of Kilosa)
e. Migomberame mountains (S of Mikumi)

The largest plains are the Mkata-Wami plains, which are up to 100 km wide,
varying in altitude between 800 m in the upper parts and 400 m in the lower
parts of the region. The altitude of the Ruvu plain in the project area
varies between 200 m and 300 m, while the altitudes of the Berega valley
and surrounding areas in the western part of the project area vary between
800 and 1200 m.

The Uluguru mountains rise from 200 m above MSL in the East and 400 m in
the North to an average height of 1800 m up to 2000 m with individual hills
or plateau remnants along the western backbone reaching to over 2500 m.
The other mountain ranges all rise from the NW of the Mkata-Wami valley,
from levels between 400 to 800 m (sometimes in sheer scarp walls, such
as the Nguru mountains) up to 2000 m with some mountain peaks reaching
to 2500 m.
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4.1.3. Climate

The Region belongs to the tropical rain climate. Climatological factors
depend on air-movements, which in their turn depend on the Inter Tropical
Convergence Zone (ITCZ), a low pressure trough, caused by the warming up
of the earth, and in which air converges. The ITCZ follows the sun normally
with a time-lag of four to six weeks behind the time of the sun's maximum
elevation. The final result is warm north-easterly winds blowing from
October to March and cooler south-easterly winds blowing for the remaining
part of the year. Both winds are rather dry and are not the main cause of
rainfall. Rainfall can be expected near the ITCZ, where decreasing pressure
causes the air to rise and to form clouds. Rainfall is far from being al-
ways associated with the ITCZ but often occurs elsewhere. During the tran-
sitional period around April and October, when pressure and wind conditions
are changing, daily rainfall areas show sudden jumps and irregular short
term fluctuations (Jackson, 1971) [5], while daily rainfalls are extremely
patchy, see also par. 3.1 and 3.2. of this report.

Superimposed on the general air-flow systems are air-flows caused by topo-
graphy and they also influence the rainfall pattern. Mean annual precipi-
tation of over 2500 mm is measured on the eastern slopes of the Uluguru
Mountains. The western Uluguru Mountains lie in the rain shadow and smaller
amounts are measured there, while the mean annual precipitation in the
plains decreases from 800 mm in the eastern plains to 500 mm in the western
plains of the region (Beregera area). Most rain can be expected in April/
May, with smaller amounts in late October/November, although the rain
seasons become less distinct as one comes farther from the coast.

All other climatic factors are less variable in time, while variation in
space is mainly caused by altitude differences e.g. the mean temperature
at 500 m (Morogoro Meteorological Station) is 23°C, but decreases with
0,4 - 0,8°C per 100 m altitude increase. Derived variables like evapor-
ation change likewise with altitude.

4.1.4. Hydrology

As was said before, the project area consists of large mountain ranges and
wide plains. Depending on the position and heights of these mountains and
their latitudes, rainfall patterns vary widely (see par. 3.1.)

Because of this variation in rainfall and moreover because of the various
types of vegetation cover (ranging from rainforest to grassland), and be-
cause of the different slopes and permeabilities of the catchments, the
run-off pattern varies strongly in place as well as in time.

On most slopes facing the East, the rainfall appears to be high in relation
to many other regions and in consequence the run-off abundant. Whereas many
streams have a perennial character, there is flooding in most lower parts
of the valleys.
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The possibility exists that although the upper parts of a river are peren-
nial, the lower parts, often with wide sandy beds, run dry in some years.
The flow of the upper river partly evaporates and partly infiltrates into
the river bed. Rivers taking their rise in the plains are always intermit-
tent, while duration of flow can vary between a few days to several months,
although they often continue flowing underground. Sometimes sub-surface
flow of rivers partly emerges over a certain length near underground
barriers. Seepage zones, indicating emerging ground water, were found at
several places in the Berega-Mkundi River system in the north-western part
of the project area.

Some rivers appeared to become intermittent nearer to the source in more
recent times because of alteration of the catchment vegetation, as has
been the case with the Ngerengere River (Little, 1963) [44].

The three main rivers in the area are the Ruvu River, the Wami River and
the Great Ruaha River, the latter being a tributary of the Rufiji River.
All the water from these rivers eventually runs into the Indian Ocean.

The Ruvu River and its tributaries, the Ngerengere, Mgeta and Mvuha Rivers,
receive their water from the Uluguru mountains and surrounding areas. The
Wami River has its source in the Kaguru and Rubeho mountains and receives
substantial amounts of water from the Nguru mountains too. Another main
tributary of the Wami River, the Mkondoa River, receives water from the
Kinyasungwe River, which drains an area of 1500 km2 west of the project
area. The water enters the Mkondoa River as an overflow from Lake Gombo.
Due to the aridity of the catchment and the retention of the flow by a
string of lakes and depressions, overflow at this point occurs very seldom.
The above mentioned, intermittent Berega-Mkundi Rivers also drain into the
Wami River.

The Great Ruaha River also enters the Region from the West and then follows
the boundary of the project area, thus receiving all the water from the
southern part of the area. A large dam, the Kidatu dam, built for power
purposes, is located 10 km upstream from the village of Ruaha. Water de-
velopment schemes in the area, in different stages of execution, are the
Kidatu dam-stage II just upstream from Ruaha for hydropower purposes, the
Mindu dam for industrial and town water supply and a 2000 ha rice project
near Dakawa, using low flows only.
There are plans for a dam in the Ruvu River at Kidunda, to store water for
irrigation purposes, while there are also plans for dams in the lower Wami
river outside the project area.

An extensive analysis of available river flow data can be found in
par. 3.3.
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4.2. Surface water resources

4.2.1. General

By surface water resources of the project area the total runoff of the
rivers is understood. The total runoff can be split up into direct runoff
(A) and base-flow (B). Most of the groundwater that emerges as base-flow in
rivers will be counted as surface water runoff. The base-flow is usually
the largest part of the total runoff in the rivers of the Morogoro Region.
The Kikundi special study e.g. found 82% base-flow and 18% direct runoff
over the October 1978 - March 1979 period. Pumping from groundwater storage
could mean a depletion of the surface water resources. However this is not
true in all cases. By pumping, water tables could be lowered, and evapo-
transpiration could decrease. Hence, part of the pumped water could come
from decreasing evapotranspiration. In some cases the water which is pumped
out of the groundwater storage is put back into the river, usually somewhat
reduced in quality.

The next paragraph discusses hydrological regions. Rainfall-runoff coeffi-
cients have been calculated for selected catchments in the different re-
gions. These coefficients represent the proportion of the rainfall, which
is converted into runoff. Calculated figures, especially for the western
part of the regions, should be considered indicative only, because the
density of the precipitation-gauge network is not dense enough to allow
estimates within 10% of the true values.
For some areas simple relationships between rainfall and runoff have been
established. A general discussion of this type of models is given in sub-
paragraph 2.4.7.

The last sub-paragraph discusses depletion-characteristics of the region.

4.2.2. Hydrological regions

In the project area several hydrological regions are distinguished, based
on a classification of the runoff-rainfall ratio. The following ranges are
applied: 0-10, 10-30 and 30 - 60%.
In an area within a range of 10 - 30% for example, the mean annual runoff
will be between 10 and 30% of the mean annual rainfall, while the runoff
includes base-flow and direct runoff and the rainfall is averaged over
the area. The November-October hydrological year is used for the analysis.
As is outlined in paragraph 2.4., the difference between the groundwater
storage at the beginning and the end of this hydrological year will then
be small compared with runoff and evapotranspiration components of the
water balance. Hence for instance for the area within the 10 - 30% range,
the remaining 70 - 90% may roughly be allocated to evapotranspiration.
The runoff-rainfall ratio is strongly related to geomorphological char-
acteristics, such as slope of the basin, drainage pattern, vegetation,
altitude.



Table C 4. 2-1 Runoff-rainfall-ratio Ruvu River at Kibungo (1H5)-Uluguru Mountains

(1)
Year

53/54

54/55

55/56
56/57

57/58

58/59

59/60
60/61

61/62

62/63

63/64

64/65

65/66
66/67

67/68

68/69
69/70

70/71

71/72
72/73
73/74
74/75

Mean

(2)
Rainfall

Matombo
Mission
973706
{390 m a.s.U
{mm)

1610

(1628)

1859

1328

2126
1853

2195
(1997)
(2604)

2584

3858

3198

(2961)
(1923)

2736
1572
1784

1445
1631
(2014)

1892
1818

(3)
Rainfall

Kibungo
Mission
973724
(980 m a.s.U
(mm)

(2430)

(2493)
(2420)

(2484)

2612

2298
2292

2869
2780

2235

2479

2048

(2503)

(2548)

(2626)

2443
2399
2136
2447

2595
2283
2109

(4)
Rainfall

Kibungo
973726

(270 m a.s.l.)
(mm)

(1758)
(1662)

(1769)

(1672)

2101

1539
1834

1557

1517

2150

1533

1776

1362
1774

1546
2772
1313

1440
1237
1574

2519
2053

(5)
Rainfall

Tawa Health
Centre
973728
(460ma.s.l.)
(mm)

(1987)
(2084)

(2036)

(2002)

(2034)

(1856)
(2073)

(2039)
(2450)

(2112)

2772
1964

2609

2335
2711

1865
1858
2350

2048
2040

(1785)
1883

(6)
Rainfall

Tegetero
Mission
963720
(990 m. a.s.l.)
(mm)

2750
3071

2711

3038
2477

2086
2557

2603

3527

2366
2632

291S
3196

3360

3788

3068
2794

2887

2932
2594
1808
2507

(7)
Rainfall

Weighted
MeanD

(mm)

2369
2528

2378

2479

2378

2028

2319
2427

2907

2292

2596

2467

2735

2738
3035

2594
2323

2368
2408

2361
2000
2026

(8)
Runoff

Kibungo
1H5(420km2
473 m a.s.l.)

(mm)

1380

1316
1476

1262

1121

758

1078

995

1980

1352
1674

985
2424

1410
2394

1422

1287

1140
1211

1891
1415
908

(9)
Runoff „ „
Rainfallx 1 0 °nainiai i

(%)

58,2
52,1

62,1

50,9

47,1

35,7

46,5
41,0

68,1

59,0

64,5

40,0

88,6

51 ;5

78,9

54,8
55,4

48,1

50,3
80,1
70,7
44,8

56,8

(10)
Remarks

—

-
—

—

-

—

-

—

-

-

—

-

-
—

—

-

-

-
-

-

-

00

1) P 17 = 0,075 P(2) + 0,238 P(3) + 0,105 P(4) + 0,154 P<5) + 0,429 P<6) (Thiessen method)

Note: values in brackets estimated



Table C 4. 2-2 Ru noff-rainf a It-ratio Ngengere River at Konga (1HA9A) Uluguru Mountains

(1)
Year

54/55

55/56
56/57

57/58

58/59

62/63
63/64

64/65
65/66
66/67

67/68
68/69
69/70
70/71

71/72
72/73
73/74

74/75

75/76
76/77

77/78

Mean

(2)
Rainfall

Tangen¡ Mission
963725
<640ma.s.l.)
(mm)

1224

1228
1174

1099

1048

1249

1404

1336
1410
1451

1452

1413
1166
1605

1551

1633
1024

858

851

1217

1120

(3)
Rainfall

Mondo
963745
(1120ma.s.l.}
(mm)

2337

2690
3263

2584

3046

3004

2760
2302
3095

2952
2717

2588

1958
1978
2876

2825

2365

2286
1882

2250

2680

(4)
Rainfall

Weighted Mean 1)

(mm)

1825
2017

2304

1904
2127

2197

2136
1858
(2320)

2262
2135

2048
1594

1806

2267
2277

1748

1629

1379

1775

1862

(5)
Runoff

Konga 1HA9A
(20,5 km2.
530 m a.s.l.)
(mm)

1195
1351
1171

1137
620

2537

2302
1420
(1585)

1259
1702
1478
990

859

1307

1605

(966)
(873)

(678)
(888)

(1405)

(6)
Runoff 1 0 0

Rainfall X 7 U °

(%)

65,5

67,0

50,8
59,7

29,1

(115,5)

(107,8)
76,4
(68,0)

55,6
80,3

72,2
64,3

47,5
57,7

73,9

(55,3)

(53,6)

(49,2)

(50,0)

(75,4)

(7)
Remarks

_

-

—

-

-

> 1007

> 100?
—

—

—
—
_

—

—

-

—

-

-

-
—

—

62,4 (excluding 62/63, 63/64)

\O

1) P(4) = 0,46 x P(2) + 0,54 x R(3) (Thiessen Method)

Note: values in brackets estimated



Table C 4. 2-3 Runoff-rainfall-ratio Mgeta River at Mgeta (1HB2) Uluguru Mountains

(1)
Year

59/60
60/61

63/64
64/65

66/67

67/68

68/69
69/70

Mean

(2)
Rainfall

Bunduki
973715
(1280ma.s.l.)
(mm I

1993
2824

1598

1349

1716

1878

2003
1574

13)
Rainfall

Kienzema
973713
(1680ma.s.l.)
(mm}

1213

1461

1791

1209

1464

1752

1147

1286

(4)
Rainfall

Mizugu
973716
(1100ma.s.l.)
(mm)

1131
1049

1081

911

1062

1040

948

1186

15)
Rainfall

Weighted Mean1)

(mm)

1663
2216

1592

1256

1564

1741

1628
1444

(6)
Runoff

Mgeta 1HB2
(85,2 krr>2.
975 m a.s.!.)
(mm)

867

859

1006

735

981

1295

965

960

(7)
R u n o f f x 100
Rainfall

<%>

52,2

38,8

63,2

58,5

62,7
74,4

59,3
66,5

59,5

(8)
Remarks

O
o

1) P(15) = 0,59 P(2) + 0,29 P(3) + 0,12 P(4) (Thiessen Method)
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The distinguished, hydrological regions coincide with areas with more or
less homogeneous geomorphological features. These are:

the Uluguru, Nguru, Rubeho and Migomberame Mountains,
the foothills of these mountains,
the Ruvu, Wami and Berega Plains.

In most of these regions gauged rivers or sections of rivers exist and in
most of the regions rain-gauges are located, which enables the determina-
tion of runoff-rainfall ratios. If necessary data are missing, a runoff-
rainfall ratio is selected from other regions based on geomorphological
similarity.
The distinguished regions are presented on the Runoff-Rainfall-Ratio
Map C 3.

The Uluguru Mountains

More than half of the Uluguru Mountains is drained by rivers which are well-
gauged and of which the catchments are covered with a sufficient number of
rain-gauges to ensure a reliable estimation of the runoff-rainfall ratio.
The Ruvu, Ngerengere, Mgeta and Mvuha Rivers are studied in detail. The
used data and derived runoff-rainfall ratios are given in Tables C 4.2-1,
C 4.2-2 and C 4.2-3.
The ratio seems to vary roughly between 30 and 80%, and is on the average
about 60%. Of the Mvuha River the ratios are improbably large, which is
probably due to an underestimation of the average rainfall over the catch-
ment.
For the Ruvu and the Ngerengere a usefull correlation could be established
between the average annual rainfall (x) and the annual runoff (y). In both
cases the correlation coefficient (r) is significant at the 5% level. The
equations derived are given below. Data and curves are shown in figures
C 4.2-1 and C 4.2-2.

Table C 4.2-4 Runoff-rainfall relations (mm) - Uluguru Mountains

River

Ruvu
Ngerengere

Station

Kibungo
Konga

n ^

22
18

r

0.42
0.47

r

0.74
0.76

Equation

y = 2.50 x 10 x - 106.9
y = 0.80 x - 348.7

1) n = number of observations
2) r cg. = correlation coefficient significant at 5% level, taken from

' ** statistical tables.

The annual open-water evaporation (Eo) of an average year amounts to
1400 - 1600 mm in the higher and 1600 - 1800 mm in the lower parts of the
Uluguru Mountains. The average value for the Ruvu, Ngerengere and Mgeta
catchments may be estimated at 1600 mm. The annual, actual evapotranspira-
tion which is derived from a simplified water balance (Ea = Annual Rainfall
- Annual Runoff) seems to be about half of the open-water evaporation
(Table C 4.2-5). Note that the potential evaporation (Ep) of short vegeta-
tion, covering most of the ground in the area is about 80% of Eo.
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River Ruvu
Station Kibungo 1H5
Catchment 420 km2

Rainfall stations
Matombo Mission 97 37 06

22ocl_ Kibungo Mission 97 37 24
Kibungo 973726"
Tama health centre 97 37 28

"""j- Tegetero Mission 963720.

1800

woo

1400

1200

1000

1
I

800

5

Period 1953 up to '75 (22 years)
November/October - Year

y = 2,50 x 10~4 x2-106,9
r = 0,74
n = 22

700 S00 300 100 100 300 500 700

(deviations - mm)-*- I
i i I I

Frequency distribution of
deviations from curve

" 2000 2200 2400 2600 2800 3000 3200 3400

Annual rainfall (mm) -*•

Figure C 4.2-1 Runoff-rainfal relation Ruvu River at Kibungo (1H5) - Uluguru Mountains
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Figure C 4.2-2 Runoff-rainfall relation Ngerengere River at Konga (1HA9A) - Uluguru
Mountains
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Table C 4.2-5 Water balance of an average year (mm) - Uluguru Mountains

River

Ruvu
Ngerengere
Mgeta

Station

Kibungo
Konga
Mgeta

Rain-
fall

2470
1900
1610

Run-
off

1400
1180
960

Actual
evapo-
ration

1070
720
650

Open-
water
evapo-
ration

1600
1600
1600

|f X 100%

67
45
41

The Nguru Mountains

Two important rivers, the Diwale and Mkindu, have suitable flow records.
However especially in the mountains, the density of the rain-gauge network
is too small to provide a sound basis for the estimation of the average
rainfall over the catchments.
For both rivers the analysis shows runoff values which are higher than
the corresponding rainfall values. This discrepancy is due to an under-
estimation of the average rainfall over the catchments, and perhaps also
to wrongly defined catchment boundaries in the case of the Diwale River.
As is outlined in sub-paragraph 3.3.4.3., the riverbed of the Diwale is
not stable. As a result it is not known to which extent the Mjonga River
contributes to the flow of the Diwale.
In view of the geomorphological similarity of the higher parts of the Nguru
Mountains to the Uluguru Mountains, a runoff-rainfall ratio of 30 - 60% may
be expected.

The Rubeho Mountains

In the Rubeho Mountains several rivers with suitable flow records exist.
Again the number of rain-gauges in the mountains is small. The isoheytal
method is applied to determine the average rainfall over the catchments.
Although with this method all available information is used in the deter-
mination of the rainfall distribution, the derived values should still be
considered rough estimates. The Wami River, which mainly drains the higher
and steeper parts of the Rubeho Mountains, shows runoff-rainfall ratios of
the same magnitude as is found for the Uluguru Mountains. The actual mean
ratio found is slightly more than 50% (Table C 4.2-6). Lower ratios, within
the range of 10 - 30% are found for the Mkondoa (31%), the Mdukwe (26%),
the Kisangate (18%), the Yovi (17%) and the Tami (26%). Especially, in the
case of the Tami-catchment the ratio has to be considered a composite of
high values related to the steep parts and of low values for the flat parts
of the catchment. Low runoff-rainfall ratios between 0 - 10% are derived
for the Lumuma (6%) and Chali River (5%).
The data are given in Tables C 4.2-7, C 4.2-8 and C 4.2-9.
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Table C 4.2-6 Runoff-Rainfall-Ratios - Wami River at Rudewa (1G8) -
Rubeho Mountains

(1)

Year

58/59
59/60
60/61
61/62
62/63

64/65
65/66
66/67
67/68

Mean

(2)

Rainfall

(Isoheytal
Method)

(mm)

1 150
1 090
1 145
1 385
1 055

700
1 450
1 485
1 675

(3)

Runoff

Rudewa 1G8
(320 km2,

466 m a. MSL)
(mm)

307
483
429
803
827

597
485
985
683

(4)
Runoff
Rainfall x lt)0

(%)

26.7
44.3
37.5
58.0
78.4

85.3
33.5
69.1
40.8

52.6

(5)

Remarks

• 
i 

i 
i 

i 
i 

i 
t 

i
Table C 4.2-7 Runoff-Rainfall-Ratios - Tami River at Msowero (1G5A)

Rubeho Mountains

(1)

Year

65/66
66/67
67/68
68/69
69/70

Mean

(2)

Rainfall

(Isoheytal
Method)

(mm)

1 180
1 480
1 635
1 145
715

(3)

Runoff

Msowero 1G5A
(907 km*,

457 m a. MSL)
(mm)

150
324
891
192
171

(4)
Runoff
Rainfall

(%>

12.7
21.9
54.5
16.8
23.9

26.0

(5)

Remarks

-



TableC 4. 2-8 Runoff-rainfall-ratios at Mkondoa (1GD29}, Lumuwa (1GD30), Mdukwe (1GD31), Yovi (1KA38A)
and Chabi (1KA58A) - Rubeho Mountains

(1)
River

Mkondoa

Lumuma

Mdukwe

Yovi

Chabi

(2)
Station

1GD29

1GD30

1GD31

1KA38A

1KA58A

(3)
Catchment

(km2)

290

502

516

630

559

(4)
Altitude

(m a.s.t.)

1520

1050

767

610

1294

(5}
Year

70/71
71/72

72/73
73/74
Mean

69/70

69/70

58/59

65/66
66/67

69/70

Mean

(6)
Rainfall

(mm)

930

1210
1510

800

777

950

598

765

898

550

(7)
Runoff

(mm)

303
317

482
254

50

247

102

42

42

27

(8)
R u n o f f x 100
Rainfall
(%)

32,6
26,2
31,9

31,8
30,6

6,4

26,0

17,0

5,5

4,7

4,8

5,0

(9)
Remarks

Isoheytal Meth.

M It

It It

„ „

Thiessen Method

Isoheytal Meth.

Thiessen Method

Thiessen Method

„

Thiessen Method
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Table C 4.2-9 Runoff-Rainfall-Ratios - Kisangate River at Mvumi (1G6)
- Rubeho Mountains

(1)

Year

58/59
59/60
60/61
61/62
62/63
63/64
64/65

68/69
69/70
70/71
71/72
72/73

74/75

Mean

(2)

Rainfall

(Isoheytal
Method)

(mm)

1 160
1 120
1 165
1 500
1 100
1 190

750

1 240
930
935

1 320
1 320

700

(3)

Runoff

Mvumi 1G6
(404 km2,

? m a . MSL)
(mm)

80
110
125
334
196
305
137

239
293
150
206
292

76

(4)

Runoff
Rainfall X 1 0 °

(%)

6.9
9.8

10.7
22.3
17.8
25.6
18.3

19.3
31,5
16.0
16.5
22.1

10.9

17.5

(5)

Remarks

-
-

•
-

_

-
-

-

400.

300

HW

10(1

0

River Kisangate
Station Mvumi 1G6
Catchment 404 km-

y = 0,23 n-60,2
r = 0,58

x = 1 3

>

Period 1958 -1965, 1968 -1973, 1974/1975
y- (14 years) November/October - Year

•

•

•

•

•

S*

6ÕÕ TOO BOO 9ÕÕ 1000 1100 1200 1300 M00 1500 «00

Annual Rainfall (mm) -*•

Figure C 4.2-3 Runoff-rainfall relation Kisangate River at Mvumi (1G6) - Rubeho Mountains
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Only for the Kisangate River a usefull correlation could be found between
rainfall (x) and runoff (y). It is presented below.

Table C 4.2-10 Runoff-rainfall relations (mm) - Rubeho Mountains

River

Kisangate

Station

Mvumi

n'>

13

r Z )
rn,5%

0.55

r

0.58

Equation

y - 0.23 x - 60.2

1) 2) see Table C 4.2-4 for explanation

The data and curve are shown in figure C 4.2-3.

All over the Rubeho Mountains the annual open-water evaporation (Eo) of
an average year lies between 1800 and 2000 mm. Just as in the Uluguru
Mountains, the actual evapotranspiration is lower and is approximately
40% of the open-water evaporation on the average.

Table C 4.2-11 Water balances of average years (mm) - Rubeho Mountains

River

Wami
Mkondoa
Tami
Mdukwe
Kisangate
Lumuma
Chali

Station

Rudewa

Msowero

Rain-
fall

1180
1110
1330
950
1110
780
740

Run-
off

620
340
350
250
190
50
40

Actual
evapo-
ration

560
770
980
700
920
730
700

Open-
water
evapo-
ration

1900
1900
1900
1900
1900
1900
1900

|f x 100%

30
41
52
37
48
38
37

The Migomberame Mountains

No flow data and hardly any rainfall data have been collected in this area.
For the higher parts of these mountains the figures may be expected to be
similar to those for the lower parts of the Uluguru, Nguru and Rubeho
Mountains.

Ruvu, Ngerengere and Wami Plains

The Ruvu, Ngerengere and Wami Rivers are gauged at several successive sites
along their courses through the plains. Thus the amounts of water which
enter and leave the plain situated between the gauging stations are calcu-
lated by taking the difference between the total inflow and outflow.
Furthermore the number of rain-gauges is sufficient to estimate the average
rainfall.
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For the Ngerengere River a suitable section is found between Kingolwira
(1HA3) and Kiluwa (1HA5). No rivers from the Uluguru Mountains join the
Ngerengere River between these stations. Therefore the increase of the flow
is due to runoff from the plain only. The runoff-rainfall ratios are below
10% with a mean value of about 4% (Table C 4.2-12).

Downstream of Kiluwa the flow seems to decrease. The annual flows of the
Ngerengere River at the downstream site at Utari Bridge (1HA1A) are lower
than the corresponding flows at Kiluwa (Table 4.2-13). From Kiluwa onwards
the river flows through Karst area. Probably the flow decrease is related
to water losses into the underground, which is a common Karst phenomenon.
When a runoff-rainfall ratio is taken which is equal to the one found for
the upstream section of the river, the total waterloss between Kiluwa and
Utari Bridge can be estimated at approximately 30 x 106 m3 annually.

For the Ruvu Plain between the Morogoro Road Bridge (1H8) and Kidunda (1H3)
or Mikula (1H10) and Utari Bridge (1HA1A) again a low runoff-rainfall ratio
of 1.5% is derived (Table C 4.2-14). It is likely that also in this part of
the plain water losses may occur due to Karst phenomena, and that the
actual ratio may be slightly higher than the established value.

Out of 16 years of records the runoff-rainfall ratio is established as a
mean value of 8% for the Wami Plain between the gauge sites at Dakawa (1G1)
and Mandera (1G2) and the Nguru Mountains (Table C 4.2-15). The inflow at
Dakawa and the outflow at Mandera are well known. From the Nguru Mountains
however many rivers emerge, from which only the biggest - the Diwale (1GB1A)
and the Mkindu (1GB2) - are measured regularly. The total flow from the re-
maining rivers is estimated, based on some short records of the Chazi (1GB3),
the Mziha (1GA2) and the Lukigura (1GA1A) River.

Just downstream of Dakawa the Wami River flows through a flat area where
its course is not very well defined. During high flows this area is inun-
dated, which causes considerable evaporation losses.
The same situation is found regarding the tributaries which emerge from
the Nguru Mountains and enter the Wami River between Dakawa and Mandera.
Although it is difficult to determine the total, flooded area and the dura-
tion of inundation, the average annual evaporation losses may be estimated
at approximately 3 - 5 m3/s (300 km2 flooded during 3 months of the year).
These losses reduce the annual runoff-rainfall ratio by 1.5 to 3% and may
cause negative ratios when the annual runoff is exceeded by evaporation
losses. According to the data in Table C 4.2-15 this situation may occur
in 2 out of 16 years. The results should be treated with caution, because
the flow of ungauged rivers had to be estimated and included in the analy-
sis. However it is obvious, that the runoff of the Wami Plain is slightly
higher than suggested by the figures in Table C 4.2-15.



Table C 4. 2-12 Runoff-rainfall-ratios of Ngerengere River between Kingolwira (1HA3) and Kiluwa (1HA5), Ngerengere Plain

(1)
Year

53/54

54/55

55/56

56/57

57/58

58/59

Mean

(2)
inflow

Ngerengere
Kingolwira
1HA3

doem3)

93,4

108,0

107,8

81,2

77,9
37,1

(3)
Outflow

Ngerengere
Kiluwa
1HA5

<106m3)

114,3

127,6

149,6

115,7

115,8
61,9

(4)
Runoff
(= Outflow-
inflow)

(106 m 3 |

20,9

19,6

41,8

34,5

37,9

24,8

(5)
Plain
Area

<km2>

955
955

955

955

955

955

(6)
Runoff

(mm)

22

21

44

36

40

26

(7)
Rainfall
Kingolwira
Sisal Estate
963715
{460 m a.s.l.)

(mm)

872

753

879

837

938

811

(8)
Rainfall
Ngerengere
Sisal Estate
963801
(210 m a.s.l.}

(mm)

847

715

512

686

775
870

(9)
Rainfall
Weighted
MeanD

(mm)

866
744

790

781

899

825

(10)

" u n ° * x 100
Rainfall

(1%)

2,5

2,8

5,5

4,6
4,4

3,2

3,8

(11)

Remarks

-

-
-

-

—

1) P(9) = 0,76 xP<7> + 0,24 x P(8) (Thlessen Method)



Table C 4. 2-13 Annual water losses of the Ngerengere river in the Karst and between Kiluwa {1HA5) and
Utari Bridge (1HA1A) (1255 km2)

(1)
Year

53/54

54/55
55/56
56/57

57/58

58/59

Mean

(2)
Rainfall
Weighted
Mean

(mm)

856
881

512

686
754

811

(3)
Runoff

Est i mated 1'

(10^m3)

26,9
31,0

35,4

39,7
41,7

32,6

(4)
Inflow
Ngerengere
Kiluwa
(1HA51
(106 m3)

114,3

127,6
149,6

115,7

115,8

61,9

(5)
Inflow
Ngerengere
+ Runoff

(106m3)

141,2

158,6
185,0
155,4

157,5

94,5

(6)
Outflow
Ngerengere
Utari Bridge
(1HA1A)
(106m3)

96,5
147,9
161,3

139,9
100,4

58,1

(71
Water loss
between Kiluwa
and Utari Bridge

<1°6m3)

44,7

10,7
23,7

15,5

57,1
36,4

31,4

(8)
Remarks

_

-

-

—

-

-

1) based on run off-rain fall-ratio derived for the plain between Kingolwira and Kiluwa



Table C 4. 2-14 Runoff-rainfall-ratios of Ftuvu Plain between station 1H8, 1H3 (1H10) and 1HA1 A.

(1)
Year

59/60

60/61

61/62

66/67

Mean

(2)
Inflow

Ngerengere at
Utari Bridge
1HA1A
(IC^m3)

116,1

74,4

372,9

208,0

(3)
Inflow

Ruvu
Kidunda
1H3
(106m3 l

1365,7

981,6

2955,2

-

(4)
Inflow

Ruvu
Mikula
1H10
(IC^m3)

-

-

1504,8

(5)
Outflow

Ruvu Morog.
Road Bridge
1H8
<10«m3)

1552,6

1070,2

3406,1

1913,5

{6)
Runoff
(= Outf low-
Inflow}

(106m3)

70,8

14,2

78,0

200,7

(7)
Catchment
Plain

<km2)

5577

5577

5577

6480

(8)
Runoff

(mm)

13

3

14

31

(9)
Rainfall

Kidunda
973808
OOma.s.l.)
(mm)

806

747

1073

1020

dot
Rainfall

Nshesse
973809
OOma.s.l.)
(mm)

856

891

1202

1018

(11)
Rainfall

Weighted
Meanl)

(mm)

831

801

1138

1019

(12)

" u n ° " x 100
Rainfall

(mm)

1 5

0,3

1,2

3,0

1,5

(13)
Remarks

(%}

-

—

-

1) P(4) = 0,5x P{8) + 0,5x PI9) (Thiessen Method)



Table C 4. 2-15 Runoff-rainfall-ratio of Wami Plain between stations 1G2 and 1G1 (area 4700 km2)

(1)
Year

58/59

59/60

60/61

61/62

62/63

63/64

64/65

65/66

66/67

67/68

68/69

69/70

70/71

71/72

72/73

73/74

Mean

(2)
Inflow

Wami
Dakawa
1G1
(IOS m3)

331,4

679,6

334,9

2049,0

1153,2

1817,1

500,4

956,3

910,1

2774,3

850,4

883,0

537,7

887,2

1259,1

629,2

(3)

Diwale
Turiani
1GB1A
<106m3)

126,3

159,1

164,7

375,3

242,7

249,6

134,6

203,2

195,6

928,9

412,7

318,2

198,6

286,7

380,5

233,2

(4)

Mkindu
Mkindu
1GB2
<106m3)

94,0

111,5

(118)

(191)

(145)

175,1

108,5

163,8

157,7

228,7

177,5

(140)

(124)

(136)

(165)

(134)

(5)

Remaining
Riverai)

(106m3)

(247)

(293)

(310)

(501)

(381)

(460)

(286)

(430)

(414)

(600)

(466)

(368)

(326)

(357)

(433)

(352)

(6)
Outflow

Wami
Mandera
1G2
(106m3)

840,2

1320,5

761,9

4033,8

1972,1

2812,9

957,6

2175,8

2026,0

6332,0

1814,4

1760,9

1054,6

1570,9

2868,7

1475,4

(7)
Runoff
(= Outflow-
Inflow)

(106 m3>

135,5

188,8

-47,7

108,5

195,2

286,2

36,6

586,3

506,3

2028,8

85,3

191,7

-7,7

40,0

796,1

263,0

(8)

(mm)

29

40

-10

236

42

61

8

125

108

432

18

41

- 2

9

169

56

(9)
Rainfall
Kingolwira
Prison Farm
963711

(mm)

719

741

1046

1151

840

928

764

1104

1228

843

693

882

454

1079

737

(600)

(10)

Mtibwa
S. Estate
963742

(mm)

1110

1083

1139

1466

1132

1411

1091

1284

1294

1844

1096

1177

1020

1341

1279

1067

(11)

Wami
Prison Farm
963756

(mm)

(905)

(894)

(926)

(1002)

(935)

(1011)

713

(937)

1187

1313

743

1039

1046

810

1115

829

(12)

Lugoba
Mission
963805

(mm)

1016

818

999

1151

832

980

866

1201

948

1316

1025

721

663

901

770

838

(13)

Kwaru-
hombo
963812

(mm)

901

817

1005

1394

918

(1108)

(1024)

(1240)

(1159)

(1232)

(1076)

<988)

659

1103

1260

1049

(14)

Weighted
Mean2)

(mm)

973

910

1041

1318

974

1166

967

1201

1185

1428

1006

101S

815

1116

1147

967

(15)

í'Vfí.xlOO
Rainfall

(%)

3,0

4,4

—

17,4

4,3

5,2

0,8

10,4

9,1

30,3

1.8

4,0

—

0,8

14,7

5,8

8,0.

(16)
Remarks

-

-

-

—

—

—

-

-

-

-

-

-

-

—

1) Estimation is based on flow data of the Mkindu, Chazi, Mziha, Lukigura rivers.

2) P(14) = 0,07 x P(9) + 0,33 x P(10) + 0,13 x P(11) + 0,13 P(12) + 0,34 P(13) (Thiessen Method)

Note: values in brackets estimated
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400

300

200

Catchment 4 700 km2

Rainfall Station |

Kingolwira Prison Farm 96 37 11
Mtibwa Sugar Estate 96 37 42
Wami Prison Farm 96 37 56
Lugoba Mission 96 38 05
Kwaruhombo 96 38 12
Period: 1958 up to 1974

(16 years)
November/October - Years

_ y = 0,61 x- 574,0

n = 16, r = 0,85

100

o
3
Oí

e
<

fi

4

2

-135 -105 -75 -45 -15 15 45 75 105 135

(deviations, mm) -*•

Frequency distribution of
deviations from line

1100 1200 1500

800 900

Annual Rainfall (mm) -

1000

Figure C 4.2-4 Runoff-rainfall relation Wami plain between stations 1G2 and 1G1
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Between the annual average rainfall (x) and the annual runoff (y) from
the plain a linear relationship is established as best fitting the data.

Table C 4.2-16 Runoff-rainfall relation (nun) - Wami Plain

River

Wami

Station

Wami Plain

n

16

[)
rn,5%

0.50

r

0.85

Equation

y - 0.61 x - 574.0

1) 2) see Table C 4.2-4 for explanation

The data and best fit are given in figure C 4.2-4.

In the plains the annual open-water evaporation (Eo) of an average year
ranges from 2000 to 2200 mm.
The actual evapotranspiration (Ea) is again about 40 - 50% of Eo (Table
C 4.2-17), as is also found for the mountainous hydrological regions.

Table C 4.2-17 Water balances of average years (mm) of Ruvu, Ngerengere
and Wami Plains

River

Ruvu

Ngerengere

Wami

Station

1H8,
1H3 or 1H10
1HA1A

1H3,
1H5

1G1,
1G2,
1GB2,
1GB1A

Rain-
fall

950

820

1100

Run-
off

15

30

90

Actual
evapo-
ration

935

790

1010

Open-
water
evapo-
ration

2100

2100

2100

|f X 100%

45

38

48

4.2.3. Depletion characteristics

4.2.3.1. General

Sub-paragraph 3.3.6 discusses minimum flows. It is stated that the deple-
tion curve or the hydrograph of the base-flow can be represented by a
straight line on semi-log paper, as follows:

«i = Qo e" a t ( 1)

where the symbols have the same meaning as in sub-paragraph 3.3.6.
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The depletion factor (a) is a parameter for the drainage characteristics of
the area. If only one extensive aquifer would have been involved, it can be
reasoned out (De Zeeuw, 1973) [69], that the depletion factor (a) can be
calculated in the following way:

where: K = hydraulic conductivity of aquifer (m/day)
D = thickness of aquifer (m)
|j = effective porosity
L = drainspacing (m)

A denser drainage network and more permeable soil of shallow depth causes a
to be large, which results in very low flows at the end of the dry season.
The opposite is true for a small a.
The diversions of a straight line on semi-log paper can be explained in the
following way:

a. The base-flow is the sum of the contributions of different aquifers.
If all of them discharge according to formula (1), flows will plot
on a straight line, only if a is the same, otherwise aquifers with
smaller a will dominate at the end of the dry season. Usually deple-
tion curves will curve slightly upward.

b. In case a river enters a low-lying swampy area, much water evaporates
and the opposite will happen of what was mentioned before. The swampy
area reacts as a river-diversion, taking water away.
In this case the depletion curve dips downward on semi-log paper, as
has already been explained in paragraph 3.3.

c. A third possibility is that the lower lying areas act as a reservoir
which is constantly filled up at a decreasing rate in the low-flow
period. In case there is a very extensive reservoir and a slow drain-
ing of this reservoir, the depletion curve will follow the depletion
of the lower lying areas again in the long run. And in this case, just
as in case a, the curve will turn upward on semi-log paper.

The different cases will be discussed in the next section. All depletion
curves are based on 1978 flow measurements. Rainfall at the end of the dry
season complicated matters to some extent. Depletion curves start turning
upward, not only because of the causes mentioned above, but also because of
rainfall. As far as possible the rainfall effect has been eliminated from
the a-determination; hence the slope of the recession curve between August
and October seemed the most reliable estimate for a, because some precipi-
tation actually occurred already at the end of October and the beginning of
November, especially East of the Uluguru Mountains, before the heavy rains
after the middle of November started.
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4.2.3.2. Results

Depletion curves are shown in figures C D3.6-1, C.D3.6-5. Depletion factors
(a) can be found in Table C 4.2-18. No a-values have been determined of
rivers that have zero flows. The following comments can be made:

a. Most depletion curves of the flows just leaving mountains and foot-
hills, without being affected by swamps, turn slightly upward.

b. Oi-Values of flows, measured at rivers just leaving the mountains and
not affected by swamps, are between 0.0050 and 0.0100.
Lower values can be found for the larger, deeply incised rivers (e.g.
Ruvu at Kibungo: a = 0.0025), while higher values can be found for
steeper and smaller rivers (e.g. Chazi: a = 0.0147).

c. Flows measured at a distance from the mountains have a-values larger
than 0.0100, partly because flows infiltrate into riverbeds and be-
cause water is used for industrial purposes, hence the depletion curve
dips downward. E.g. compare the Ngerengere River at Konga, Mindu-dam
site, Kihonda and Ubena. While at Konga the Ngerengere is perennial,
further downstream a increases and finally the river becomes inter-
mittent.

d. Mkata at Mkata Ranch and the Wami at Dakawa are examples of rivers,
where the depletion is largely determined by the storage in the swamps.
The rivers flow into swampy areas and only come out of the swamp after
heavy losses. Table 4.2-19 shows water-losses at selected dates in
the low-flow season of 1978. Note that at the end of the season water-
losses above Mkata Ranch and above Dakawa may be both approximately
2 m3/s.

e. It can be concluded that there is no simple method to obtain a, be-
cause riverflow at a certain point in space is an integrated value of
the catchment propertie above the point of observation. Hence dividing
the area in regions of the same riverflow depletion characteristics
can not be done.
If an oi-estimate is required at a certain point in a river, measured
a-values up or downstream of this point, and a-values of nearby rivers
with similar catchment characteristics should be taken as a guideline.
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Table C 4.2-18 Depletion coefficient of rivers in the northern Morogoro
region, measured in the August - November 1978 low-flow
period

River

Ikonde
Kitange
Mahero
Mnibule
Mnyera
Maboto
Masonbowe
Manga
Milindo
Milindo
Milindo
Milindo
Milindo
Milindo
Milindo
Milindo
Milindo

Mvomero
Modenho
Dihombo
Mkindu
Kigugu
Miazi
Kikwane
Mahuvuge
D i vue
Msengele
Mvaji
Diwale
Mjonga
Mjonga
Lusonge
Kanga Creek
Mziha

Mukundi
Chogowale
Kitete
Tami
Kisangate
Wami
Kisungusi
Ilonga
Mkondoa

Site 1) Site location
code

1
2
3
4
5
6
7
8
9
a
b
c
d
e
f

g
h

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

40
41
42
43
44
45
46
47
48

Spring near Mamboya
Kitange I
Masenge
Masenge
Masenge
Masenge
Masenge
Masenge
Mvumi road
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain
Kaguru Mountain

Mvomero
Msufini
Kwadihombo
Mkindu
-
Kigugu
Mbogo
Mbogo
Kwamtonga
Kwamtonga
Kwamtonga
Turiani
Turiani
Kisanga
Dihinda
Kanga
Mziha

Dumila
Nguru Mountains
Kitete
Msowero
Mvumi
Rudewa
Rudewa
Ilonga
Kilosa

Lowest flow
1978 estimate

0
6
7
9
-
-
21
1.5
65

-
-
-
-
-
-

0
_

43
750

9
-
0

330
15
-

650
120
0
25
0
6.5

0
_
0

580
450
2000
300
140

2500

a

N.A. 2)
0.0412
-

0.0092

-
0.0078
0.0143
0.0080
-
-
-
-
-
-
-
-

N.A.
-

0.0137
0.0068
-
0.0147
-

N.A.
0.0127
0.0211

0.0133
0.0143
N.A.
0.0132
N.A.
0.0232

N.A.
-

N.A.
0.0111
0.0133
0.0069
0.0062
-

0.100
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Table C 4.2-18 (continued)

River

Miyombo
Mgeta
Mtali
Ngerengere
Morogoro
Ngerengere
Ngerengere
Ngerengere
Mgolole
Mgolole
Kikundi
Kiroka
Kiroka
Mahembe
Mahembe
Ndege
Kiroka
Isumbisi
Haduma
Mkalazi
Msuazi
Mkungazi

Site
code

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Mkuyuni springs71
Ruvu
Kibangili

72
73

Mtamba springs 74
Tambuu spring 75
Msonge springs 76
Msonge
Mvuha
Ditumi
Bwakira
Mngazi
Mgeta

Ruembe
Ruembe

77
78
79
80
81
82

90
91

) Site location

Ulaya Kibaoi
Mgeta
Mzumbe
Konga
Morogoro
Mindu damsite
Kihonda
DSM road
Magole
DSM road
Morogoro
Upstream Kiroka
Kiroka
Kiroka
Confluence Ndege
Confluence Mahembe
Msumbisi
Kibwaya
Kibwaya
Kalundwa
Kalundwa
Tandai
Mkuyuni
Kibungo
Kibangili
Mtambai
Tambuu
Msonge
Msonge
Mvuha
Bonye
Bwakirachini
Mngazi
Gomero

Mikumi
Last bridge from
Kidata

Lowest flow
1978 estimate

1000
750
-

110
40 - 60
170
140
0
12
0
0,8
19
0
6
-
-
0
0
0
25
58
-
2.2

4100
25
0.4
-
-
30

1700
38
0

420
1250

0

45

a

0.0052
0.0067
-

0.0070
0.0062
0.0166
0.0193
N.A.
0.0092
N.A.
0.0412
0.0107
N.A.
0.0213
-
-

N.A.
N.A.
N.A.
-

0.0088
-

0.0133
0.0025
0.0135

-
-
0.0131
0.0041
0.0258
N.A.
0.0117
0.0074

N.A.

-
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Table C 4.2-18 (continued)

River

Ruembe
Msowero
Tundu
Tundu
Iwembe
Kidodi
Kifinga
Nyarabisi

Wami
Mkata

Site 1

code

92
93
94
95
96
97
98
99

100
101

) Site location

Kidogobasi
Msowero
Tundu
Tundu
Iwembe
Kidodi
Kifinga
Ruaha

Dakawa
Mkata range

Lowest flow
1978 estimate

650
350
120
0
-
-
-
-

3800
1100

a

0.0065
0.0054
0.0031
N.A.
-
-
-
-

0.0066
0.0152

1) For site code see Map G
2) N.A. = not applicable, because river is not perennial

Table C 4.2-19 Waterlosses (1/s) in the Mkata and Wami plains at
selected dates in 1978

River and
site code

Mkata - 101
Mkundi - 4
Kitete - 42
Tami - 43
Kisangate -
Wami - 45
Ilonga - 47

Total
Wami - 100

Losses*

Flows
13 - 14
September

2540
150
0

1124
44 (1100)

3371
( 250)

8535
(6200)

2335

in 1/s
14 - 15
November

(1700)
0
0

646
770
2441
154

5711
(3800)

1911

River and
site code

Myombo - 49
Mkondoa - 48

Total
Mkata - 101

Flows
13 - 14
September

1840
(5400)

7240
2540

4700

in 1/s
14 - 15
November

1093
2600

3693
1700

1993

( ) Flow from rating curve or estimate
* Difference between Wami or Mkata and totals
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4.2.4. Surface water reservoirs

4.2.4.1. General

This paragraph discusses small reservoirs, which can be an alternative for
rural water supply.
Large reservoirs, such as Kidatu dam stage I and II, Mindu dam and the pro-
posed dam in the Mgeta at Kidunda, are excluded from discussion.

Small ponds and artificial reservoirs are no new phenomena in the project
area, but they are only occasionally used for rural water supply. Small
scale irrigation, cattle watering, wild life and fishing purposes, are the
main reason for their construction.
Hsumba (1974) [47] mentions the existence of 450 small reservoirs in the
Morogoro district and about 100 in the Kilosa district. The main objection
against using small reservoirs for water supply is their quality. In most
circumstances, it is almost impossible to keep the water free from pollu-
tion and for this reason other solutions are preferred. In combination with
some treatment however, they can be an acceptable alternative.

Within the project area, as alternatives small reservoirs will be con-
sidered in the lower Ngerengere and Berega catchments. Although a gravity
system has been planned for the Berega catchment, small reservoirs for
cattlewater supply should complement the system to prevent overloading of
the gravity system.

The Water Department in Morogoro has designed and constructed several
reservoirs. The directives for designing are given in a Technical note
(Lucas, 1964) [45], which is available in every regional office.
Hydrological criteria mentioned in the above note will be related to
observations made during the course of this study and elsewhere. Some
attention will also be paid to rainwater collection from impervious areas.

4.2.4.2. Rainwater collection

Rainwater can be collected efficiently, if large impermeable areas are
available e.g. corrugated iron roofs or large outcrops of bare rocks. They
have to be supplemented with devices such as gutters to guide the water to
a storage tank or cistern. Because of the rather large impervious areas
required, rainwater collection seems only suitable for small communities.
Table C 4.2-20 shows the monthly distribution of precipitation of two
selected stations and an imaginary station, representative for the dryest
part of the project area. The rainfall-runoff coefficient can be taken as
80%, while the remaining 20% will evaporate. From Table C 4.2-20 it can be
concluded that for Morogoro town an annual yield of at least 510 mm for 9
out of 10 years can be expected. The same figure for the dryest part of the
project area is 260 mm. For other areas the 9 out of 10 year figure can be
approximated by taking 70% of the mean annual precipitation.

The size of the cistern for storage depends on the distribution of the
rainfall over the year. The distribution of the average rainfall does not
necessarily have to correspond with the distributions of an average year
(see Table C 4.2-20). Low annual rainfall can be caused by absence of the



Table C 4. 2-20 Relative distributions of rainfall over the year of two selected stations (% )
Use has been made of 1950-77 records.

Station and

Number

Mor. Ago. Office

963700

Berega Mission

963703

Imaginary Station

N.W. of Gairo

Year

(Nov.-Oct.)

Average year

1st lowest year

2nd Lowest year

Average year

1st Lowest year

2nd Lowest year

Average year

10%year

N.

6,9

4,4

4,8

4,5

0,3

0,5

4,5

6,0

D.

10,1

1,3

13,4

14,5

15,9

25,2

14,0

6,0

J.

10,8

7,1

12,1

19,0

8,9

17,1

15,0

5,0

F.

10,2

0,6

10,9

18,8

7,6

23,2

15,0

5,0

M.

15,0

14,0

14,5

15,3

4,0

16,9

15,0

20,0

A.

25,7

35,9

17,1

18,1

38,3

12,2

22,0

45,0

M.

9,6

22,7

7,1

9,6

10,4

2,6

10,0

10,0

J.

2,3

0,4

2,1

2,1

0,4

2,2

2,0

0,0

J.

1,7

3,4

1.5

1.8

1.9

0,0

0,0

0,0

A.

u

0,1

9-1

0,5

0,0

0,0

0,0

0,0

s.

2,1

2,0

2,4

0,6

0,0

0,0

0,5

0,0

O.

4,1

4,8

5,1

1,5

2,4

0,0

2,0

3,0

Rainfall (mm)
Year 10% 5%

927 703 638

586

727

773 555 493

572

588

450 306 264

322
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Design Rainfall Distribution

mm
— ^ f ^ ^ ^ ^ ^

J ' J ' A ' S ' O ' N ' D ' J ' F ' M ' A ' M 1

^ — inflow
outflow

100

75

so
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I
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* * •

• • *

J J A S O N

^L

b

^^

^^

J F M

Á

k

_ —̂ max. storage = 50%

Balance of storage tank -*.

Berega 10% rainfall = = 555 mm
Effective 10% rainfall = = 444 mm
Annual demand per capita = 0,03 x 365 = 11 m3
Required impervious area
per capita =11/0,444 = 25 m2

Required storage volume
per capita =11x0,5 = 5,5 m3

Figure C 4.2-5 Rainwater collection, design example
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short rains and/or not very heavy long rains. Visual inspection of monthly
rainfall figures reveals that a conservative design of the volume of a
cistern can be based upon 75% of the precipitation occurring in March,
April and May and the remaining 25% is evenly distributed over the months
of November up to February:

A design example is given in figure C 4.2-5 for an area with a 9 out of
10 year annual rainfall amount of 555 mm e.g. Berega Mission.

4.2.4.3. River flow collection

If large reservoirs are designed, a gauging station will be installed
several years before construction or a nearby gauging station will be used
for yield calculations. This is however not the case for small reservoirs
and one has to rely mainly on precipitation data of nearby stations, which
have to be transformed in one way or other to discharge volumes.
Brokonsult AB (1978) [26] for the Water Master plan of the Mara, Mwanza and
West Lake regions used a computer model based on monthly data including
many different catchment and climatic characteristics for randomly sampled
areas to obtain the water potential of the different regions. The reliabil-
ity of the method however is not known and the method is difficult to apply
without proper computer facilities. For this reason the more lucid rainfall-
runoff percentages mentioned in several reports will be examined and used
in this report.

Lucas (1964) [45] mentions the use of Head Office note nr. 24, from which
Table C 4.2-21 is taken (after conversion to the S.I. system).

Table C 4.2-21 Rainfall-Yield relation (after Lucas 1964) [45]

Rainfall

508
635
762
889
1016
1143
1270
1524

Yield per km2

(103m3)

23.8
47.6
81.0
114.3
154.8
195.3
242.9
338.1

Yield as percentage
of rainfall (%)

4.7
7.5
10.6
12.9
15.2
17.1
19.1
22.2

No catchment characteristics are given. As a shortcoming of this table
Lucas mentions the fact that the size of the catchment area is not included,
because he expects a lower percentage of yield from larger areas. This is
true if the yield consists for the largest part out of surface runoff,
which can infiltrate or evaporate in the lower parts of the catchment. He
also quotes some data from the Mwanza area, with a mean rainfall between
600 - 1000 mm.
They are shown on next page (converted to the S.I. system):



124

Table C 4.2-22 Range of catchment area (A) km2 Yield (%)

Yield-catchment
relation
(after Lucas,
1964 [45])

A Í 2.6
2.6 < A < 13

A Ï 13

15 - 20
7-10

5 - 7

For the Shinyanga area Nedeco (1974) [50] has developed the following
relations, based on observed discharges and monthly precipitation for
catchment areas of 10 km2 (called one drainage-unit in the report in
question)

Table C 4.2-23 Runoff-Rainfall-Ratio for Shinyanga Region
(after Nedeco 1974 [50])

Precipitation range (mm)

P S 90
90 < P < 285
P â 285

Runoff-Rainfall relation (mm)

R = 0 .
R = 0.01 (P-90)
R = (P-158)

where P = the monthly precipitation at a specific raingauge
R = the monthly surface runoff from the surrounding 10 km2

Only surface runoff is considered, because base-flow is negligible in the
Shinyanga area. Larger catchments can be thought to consist of several
10 km2 of drainage units. From the equations it is clear that the monthly
precipitation has to exceed 90 mm, before surface runoff starts.
Based on 6 raingauges, hence for an area of 6 x 10 = 60 km2, the following
results were obtained:

Table C 4.2-24 Runoff-Rainfall-Ratio for an area of 60 km2 with
6 raingauges for Shinyanga Region (after Nedeco
1974 [50])

Rainfall

(mm)

775
580
530

Return Period

(years)

2
10
20

Runoff-Rainfall
Ratio
(%)

11
3
1.5

Runoff

(mm)

85
17
8

For catchments between 200 and 11000 km2 Finnwater (1977) [37], in charge
of the Mtwara-Lindi water master plan, obtained annual runoff coefficients
between 1 and 45%, with an average value of 6%. Minimum values correspond-
ing with approximately a 5-year return-period varied between 1 and 2%,
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while the percentage yield decreased with the increase of the catchment
area. For small catchments (< 1000 km2), the minimum yield is above 20 mm,
while the minimum yield decreases to 10 mm for catchments larger than
15000 km2. The mean annual precipitation in the area in question varied
between 900 and 1200 mm.

Rapp et al. (1973) [58] studying small catchments near Dodoma concluded,
that storm-flow, which constituted the whole of the stream-flow, was direct-
ly proportional to the amount of effective rainfall i.e. rainfall in excess
of the amount needed to satisfy the storage capacities of the catchments.
The runoff averaged 40% of the effective rainfall.
However the first rains of the wet season appear to fill the groundwater
storage in the coarse sand of the river-beds, since they yield little
stream-flow in spite of previous wetting of the soil surface. Rapp et al.
(1973) [58] also guotes Fawley (1956) [35], who found that for five years
out of nine the runoff percentage in December is above 20% for the Msalatu
reservoir near Dodoma. From these data and his own data Pratt quoted by
Rapp et al. (1973) [58] concluded that runoff from semi-arid foothill areas
in East Africa with poor vegetation cover can reach 30 - 40% of the precipi-
tation of a rainy season for catchment areas of the size of only a few km2.
However in larger catchments more of the precipitation infiltrates into the
large areas of sandy rivers, sand fans and mbugas (swamps). From there it
is partly lost by evapotranspiration during the dry season, which reduces
the percentage of runoff that reaches the reservoir.

The above conclusions correspond with observations made by the Consultant.
In sub-paragraph 4.2.1 on surface water resources, yearly runoff-rainfall-
ratios are deduced for the project area (see Map C 4 and Tables in sub-
paragraph 4.2.1). Both the lower Ngerengere and Berega catchments where
the construction of small reservoirs is under consideration lie in 0 - 10%
areas. In some years some stretches of the Ngerengere River even loose
water because of passing through Karst area between Kiluwa (1HA5) and Utari
Bridge (1HA1A). In other parts of the lower Ngerengere catchment, runoff
coefficients between 2.5 and 5.5% have been measured. This means however
that runoff coefficients of the intermittent (seasonal) streams feeding
the Ngerengere River have rainfall-runoff coefficients above 5% in the
gently sloping and hilly upper catchments and below 5% in the flatter,
partly swampy areas.

In the Karst areas different values can be expected. The geological map
should be consulted for the extent of the Karst area. Observations of some
selected reservoirs in the lower Ngerengere catchment confirm these assump-
tions. Table C 4.2-25 shows some details of 4 reservoirs in the Ngerengere
catchment and one former reservoir in the Berega catchment.

Water levels of reservoir 1 at Ubena were regularly observed (see figure
C 4.2-6). From June to the middle of November, 1978, the water level de-
creased steadily, after which it started to rise. On the 5th of December
it started to overflow. The inflow in November was 4,1% of the rainfall,
while for the first four days of December, this was 19,1%.
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Some of the runoff in December however is base-flow, so it is related to
rain in November. Base-flow plays an important part in the Ngerengere catch-
ment, because in the case of the Ubena reservoir, it kept the reservoir
overflowing a long time after the end of the short rains.

For the Kikundu River (see Annex 3) base-flow consisted of 82% of the flow
over the October 1978 - March 1979 period.

From the above observations, an annual runoff-rainfall-ratio of 7 - 8% for
gently sloping to hilly areas in years of low rainfall does not seem un-
reasonable for the lower Ngerengere catchment. For design purposes it can
be assumed that this runoff takes place during the months of March, April
and May, the months of the long rains. If a reservoir fails to supply water,
this is usually not caused by lack of inflow but by leakage out of the dam,
as is the case with one of the two reservoirs at Kingolowira Prison (reser-
voir 4 of the Table C 4.2-25).

Assessment of runoff in the Berega catchment is much more difficult, be-
cause no regular flow observations exist. One reservoir built near Gairo in
the Upper Berega catchment never dried up, but the dam broke several years
ago. Another dam built at Ibuti never held water because of leakage. In
conformity with other semi-arid areas, runoff during low rainfall years can
be estimated at 5% for well-vegetated and gently sloping or hilly areas.
This figure increases to above 10% if vegetation is decreased and signs of
erosion can be observed. However it becomes much lower than 5% if the reser-
voir is built below areas with sand fans, sandy river beds or swamps.

From the above observations it is clear that catchment characteristics and
antecedent precipitation play an important part and only models which take
all these factors into account could solve this problem. As said in the
beginning of this paragraph, mathematical modelling for small reservoirs
does not seem feasible yet, while use of a rainfall-runoff coefficient
seems quite rough. As a temporary solution a multiple regression method or
Curve-Number (CN) Method which is used by the Tanga Water Master Plan [22]
could be applied. Specially the CN Method was encouraged by the partici-
pants of Tanga Hydrological seminar 1978. More details on Curve-Number
Method can be found in Annex 3.
The Curve-Number Method has not been thoroughly tested yet in Tanzania, and
application of the method to the Kikundi catchment did not produce very
good results. Hence the use of a properly selected rainfall-runoff coeffi-
cient seems the best available technique so far.

After having calculated the runoff with the help of rainfall-runoff coeffi-
cients in combination with the 10% or 5% annual rainfall the yield has to
be corrected because of seepage out of the reservoir and evaporation. If
a proper site is chosen for the dam and the dam is properly constructed,
seepage should not be more than 2 to 3 mm a day. Larger values however can
be found for the Karst area. For evaporation of an open water surface see
sub-paragraph 3.2.3. For the lower Ngerengere and the Berega catchment a
mean daily evaporation of 5 mm or a total annual evaporation of 1800 mm is
a fair estimate. For reservoir calculations it can be assumed that total
inflow takes place in March, April and May, supposing that in this parti-
cular year the contribution of short rains to the runoff can be neglected.
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Table C 4. 3-25 Details of some selected small reservoirs

Nr.

1

2

3

4

5

UKStfon

Ubena prison

Fulvw

Kingolwira
prison

Kingolwira
prison

Galro

Coordina tat
dam

Latit. Longitude

SSo39',E38°07

S6°43',e37oBr

S6°441,E37°4S-

S8o44',e37o4S'

S6°10'.E36°52'

Year
finished

1964

bafora 1964

1947

1968

1963

Level at
damsit»
(m.a.m.s.)

270

510

4S0

460

1270

Catchment
area
(kmsq.)

2,3

0.4

6,2

2,1

B,0

Average
slope of
catch mant
(%]

4,2

8,8

6,0

5,0

3,5

Vegetation

95% grail and
scattered trees,
5% Shanba

Heavy bush

Grasi and
light shru he

Gras, and
light shrub»

Grass and
light shrubs

Weter use

some
Irrigation

Wildlife
watering

Ducks
and fish
irrigation

Irrigation

Cattle
watering

EC
ImS/m)

90

10

110

NA

NA

Mean annual
precipitation
(mm) and
coefficient
of variation

900-
0.23

839
0,23

839
0.23

839
0.Î3

500*
0,25

Remarks

Never dries up
Reservoir area at
full supply level
2,6 ha

Never dries up

Never dries up

Dries up 1 to
2 months after end
of long ruins

Dam broken,
Never dried up

10
20

430

420

4.10

400

390

3B0

370

360

350

340

t 3 ,
S

— 320

•a aio

W
at

e

" f '

1
(39,5 mm)
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draw down 5,0 i
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Figure C 4.2-6 Water level observations, Ubena Reservoir June-December 1978
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To obtain an idea of the size of the catchment areas required to fill a
reservoir for a community of 5000 people which needs 40 I/day per capita
at the source, some rough calculations have been made and presented in
Table C 4.2-26. Reservoirs are assumed to be located in the gently sloping
or hilly parts of either the lower Ngerengere catchment or the Upper Berega
catchment. No swampy areas or extensive flat sand bodies are considered to
be present in the catchment area above the reservoirs.

Table C 4.2-26 Catchment area calculations for small reservoirs
supplying 5000 people

Assumption

Mean precipitation
Precipitation exceeded
in 9 out of 10 years
Annual seepage and evap-
oration losses (8 mm/day)
Net annual losses
Net annual losses in m3.
(assuming average reser-
voir area of 2.5 ha for
the Ngerengere and 4.0 ha
for the Berega area.
(Reservoirs in the Berega
area need more space allo-
cated for water storage
and sediment.))
Spill (not applicable
for dry years)
Consumption
Total amount of water
required
Runoff-Rainfall-Ratio
Required catchment area

Lower Ngerengere
catchment

800 mm

0.7 x 800 - 560 mm

365 x 8 = 2920 mm
2920 - 560 = 2360 mm

59.0 x 103 m3

0.0 m3

73.0 x 103 m3

132.0 x 103 m3

7%
3.4 km2

Upper Berega
catchment

500 mm

0.7 x 500 = 350 mm

365 x 8 = 2920 mm
2920 - 350 = 2570 mm

102.8 x 103 m3

0.0 m3

73.0 x IO3 m3

175.8 x 103 m3

5%
10.0 km2

From the above calculations it can be seen that for the same net yield the
required catchment areas in the Upper Berega catchment have to be approxi-
mately 3 times larger than the catchment areas in the Ngerengere area. The
effective capacity of the reservoir has to be sufficient for the consump-
tion between June and February, a period of no or not sufficient inflow,
while the total capacity has to allow for dead storage and sediment.

In the above calculations consumption and losses do not differ very much in
magnitude, which is usually so with water impoundment by small earth dams.
A more favourable ratio between useable water and losses can be obtained
by using charcos. A charco is a sub-surface reservoir. Construction of a
charco is only possible where the depth of impervious material below
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groundlevel is considerable (preferably up to 6 m). More details about the
construction of earth dams and charcos, and a comparison between the two
can be found in the technical note written by Lucas (1964) [45].

From field surveys and inspection of the 1 : 50000 maps it is concluded
that small reservoirs are possible in the area in question, which is also
indicated by the many small reservoirs present in the Ngerengere catchment
and the two dams in the Upper Berega catchment. The construction of these
two dams in the Berega catchment was a failure because of technical reasons
and not because the amounts of water coming out of the catchment were in-
sufficient.

Floods

Usually no flood records are available of small catchments and empirical
formulas have to be used. Lucas (1964) advises the Dickens formula and the
Head Office Sketch no. 200. Both methods provide a so-called maximum flood,
while a flood occurring once every ten years may be of course sufficient as
design criterion. No references could be found about the applicability of
the two methods in the project area. The use of the so-called TRRL East
African Flood Model method, which takes more catchment characteristics into
account than either of the two methods above is encouraged by the Engineer-
ing Department of the University of Dar Es Salaam. For the time being the
use of the TRRL method is advised for calculating design floods of catch-
ments without any records, (see also Annex 3).

If a saddle with crest level below crest of dam can be found as a spillway
section to handle large floods, the exact magnitude of the design flood is
not very crucial. It has to be prevented in all cases that water spills
over the earth dam.

Sediment

The annual sediment yield is a function of climate and catchment-charac-
teristics, such as vegetation cover, slope, soil type and catchment size,
and is thoroughly discussed in paragraph 3.4. and which also gives the fol-
lowing formula for the relation between annual sediment yield V in m3/year
and catchment area A in km2:

V = C A ° ' 7 7

where C is a factor which depends on catchment characteristics. For the
lower Ngerengere catchment it is approximately 250, while in the Upper
Berega catchment it can be as high as 1000.

The sediment trap efficiency depends on the sediment characteristics and
the rate of flow through the reservoir. For reservoirs that do not spill
too frequently it may be roughly between 70 and 90%. Using figures of 250
and 600 for C of the above formula, a lifetime of 30 years and a trap effi-
ciency of 80%, volumes that have to be allocated to sediment in the given
example can be calculated. For the reservoir of 3,4 km2 in the lower
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Ngerengere catchment (Table C 4.2-26) this is 15 x 103 m3, while for a less
vegetated catchment in the Berega of 10,0 km2, this figure is 106 x 103 m3,
the latter figure being higher than the combined annual consumption and
losses. However, if the reservoir only receives diverted low flows, (so-
called off-channel storage) as is the case with some reservoirs in the foot-
hills of the Uluguru Mountains, sediment inflow can be almost neglected.
Some sediment load figures of base-flow can be found in Annex 3.

If under certain circumstances the reservoir is being filled up with rather
coarse sediment with a good permeability an artificial aquifer is built up,
from which shallow groundwater can be extracted.
The useful storage of the sediment filled reservoir is approximately 30% of
the original storage capacity. However the loss of storage will be partly
compensated by a considerably reduced evaporation loss.

4.2.5. Changes in land-use and hydrological effects

4.2.5.1. General

Land-use has become one of the more important items in soil conservation
policies and surface- and groundwater management in Tanzania, since the
large-scale deforestation of mainly mountainous areas has led to disastrous
erosion rates, high peak-flows and low-flow reductions in some parts of the
country. The problems are related to the important role of the vegetation
cover in the hydrological cycle and soil conservation. The vegetation cover
influences infiltration rates, evapotranspiration, retention of groundwater
and controls erosion. Evapotranspiration determines the annual yield of the
catchment, infiltration and retention of the low-flows and peak-flows. Ex-
cessive erosion may lead to high sediment loads and a continuous decrease
of the groundwater storage capacity of the soil, which finally leads to a
reduction of the low-flows.
Several studies have been carried out to quantify the effects of changes in
land-use on these factors in order to provide a sound basis for management
decisions in this field. However the number of data is rather limited so
far. It is obvious that further exploitation of the remaining forests
should be avoided and that in several areas soil conservation measures
should be taken.

In this sub-paragraph some data from research projects in Tanzania are pre-
sented and the TRRL East African Flood Model is applied to illustrate the
effect of land-use on peak-flows of the Morogoro River.
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4.2.5.2. Forest

Some characteristic properties of forests related to the hydrological cycle
may be summarized as follows-.

the annual evapotranspiration is relatively high and as a result the
annual surface water yield from forested catchments is relatively
small;
forest cover favours infiltration and hence groundwater recharge; de-
pletion of the groundwater storage is strongly reduced, resulting in
a slow decrease of the base-flow during the dry season;
the capability of forests to absorb large quantities of rain leads to
small peak-flows ;
consequently forests provide an optimal prevention against erosion,
sediment loads of rivers from forested catchments are consequently low.

In the mountainous areas, where the annual rainfall (> 1250 mm) exceeds
the high evapotranspiration losses, the forested parts provide a reliable
source for storage and supply of clean water throughout the year.

4.2.5.3. Grassland and cultivation

Compared with forest, grassland and cultivated land give smaller evapo-
transpiration losses and hence higher annual runoff volumes.
Groundwater storage and retention are less, causing more rapid depletion
and lower low-flows as well as higher peak-flows. Especially after burning
of grass and cultivated land high intensity rain and subsequent peak-flows
may cause severe erosion and high sediment loads.

4.2.5.4. Waterbalance

The effect of changes in land-use on the evapotranspiration losses and
annual runoff of six experimental catchments areas is investigated by the
East African Agriculture and Forestry Research Organization (Dagg et al.
1965) [28], Three comparisons are made, the first between high montane
forest and tea estates at Kericho (2200 m altitude) the second between
bamboo forest and softwood plantations at Kimakia (1500 m altitude). The
catchments are located in the Western part of Kenya with evergreen, con-
tinuously growing vegetation. The third comparison is made between two
catchments in Mbeya Range in the Southern Highland area of Tanzania (2500 m
altitude). This area shows a rainfall pattern with heavy rain from December
to May and extreme drought for the remainder of the year. Some results are
summarized in Table C 4.2-27 which are self-explanatory.
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Table C 4.2-27 Evaporation tests of catchments with different vegetation
cover (after Dagg et al., 1965 [28])

Site

Kericho1

Kimakia2

Mbeya3

Catchment
vegetation cover

1. high forest
2. tea estate

1. bamboo forest
2. vegetables and pine

1. forest
2. peasant

Annual
runoff

(mm)

698
813

1428
1405

348
589

Annual
evapo-
transpi-
ration

Et
(mm)

1503
1338

1080
948

1280
627

Open-
water
evapor-
ation

Eo
(mm)

1667
1656

1434
1417

1701
1701

Et
Eo

(-)

0.90
0.81

0.75
0.66

0.75
0.37

1
2
3

6-year average
7-year average
4^year average
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Figure C 4.2-7 Change of the Runoff-rainfall-ratio over the 1953 up to
1975 period for the Ruvu River at Kibungo (1H5)

Using the 22-year flow record of the Ruvu River at Kibungo and the rain-
gauges in the catchment the effect of the deforestation of the original
rain forest in the Uluguru Mountains on the ratio between annual runoff
and annual precipitation is studied .

Although the correlation between the runoff-rainfall ratio and time is not
significant (20% significance level), the ratio shows an increasing ten-
dency, which indicates the same tendency of increasing runoffs as found by
the investigations mentioned before (see figure C 4.2-7).
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4.2.5.5. Peak-flows

The effect of changes in land-use on peak-flows is also investigated by the
East African Agriculture and Forestry Research Organization (Dagg et al.,
1965) [28]. The response of the experimental catchment at Kericho before
and after cultivation with different rainfall intensities is shown in
Table C 4.2-28. The cultivated catchment produces peak-flows which are at
low rainfall intensities almost twice and at high rainfall intensities
almost four times the peak-flows from the forested catchment.

Table C 4.2-28 Kericho, experimental catchment investigations (after Dagg
et al., 1965 [28]). Peak-flows as % of incident rainfall

Catchment

1. forested
1957-1958

2. tea plan-
tation
1961-1963

Rainfall intensities (mm/h)
0-12.5

0.57

0.90 ± 0.09

12.5-25.0

0.81

2.14 ± 0.18

25.0-38.0

0.81

2.71 ± 0.36

38.0-51.0

1.05

2.71 ± 0.43

51.0-63.5

1.25

5.58 ± 0.56

Because no such data exist for catchments in the Morogoro region, the
effect of changes in land-use on peak-flow response is studied by using the
TRRL East African Flood Model. The Morogoro River catchment is taken as an
example. The results may be considered typical of similar catchments in the
Uluguru Mountains. The maximum peak-discharge occurring once every ten
years is determined at 32 m3/s, if the catchment area is completely covered
with forest, and increases as more area is being covered with grass or cul-
tivated. A maximum of 146 m3/s is reached when the whole catchment is cul-
tivated (see figure C 4.2-8).
At present the Morogoro River catchment is covered with 39.8% of rainforest,
44.0% of grassland and riverine forest (Rapp et al., 1927) [57].
According to the model the present 1 out of 10 year maximum peak-flow may
be estimated at about 80 m3/s.
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Figure C 4.2-8 Influence of change in land-use on the design flood
discharge of the Morogoro River according to TRRL East
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4.2.6. Low-flows

The effect of land-use changes on low-flows has not been quantified yet.
Generally after clearance of forest a rise of the whole annual hydrograph
including peak-flows and low-flows may be expected initially (Dagg et al.,
1965) [28].
If no proper soil conservation methods are applied and if annual burning of
the natural vegetation is not prevented, the groundwater-bearing soils may
be steadily eroded. Peak-flows will increase and low-flows will be reduced,
until originally perennial rivers may stop flowing during the dry season.
According to an analysis of the flow data of the Ngerengere River (Temple,
1972 [65] referring to Little, 1963 [44]), the river seems to dry up com-
pletely in the dry season with increasing frequency. First recorded in 1930,
this phenomenon recurred in 1934, 1943, 1949, 1953, 1955, 1958 and 1960. It
is not mentioned however from which section the data are obtained, and no
observation was possible after 1963. At the gauging sites downstream of
Kihonda the increasing zero-flow frequency may also be caused by increasing
withdrawal of river water for sisal production. No other rivers with suffi-
ciently long records are available in the Morogoro region to prove the
correctness of the results published by Temple.

4.2.6.7. Erosion and sedimentation

The problem of erosion and sediment load of rivers caused by land-use in
Tanzania is thoroughly studied by various authors. The results are pub-
lished in Research Monograph no 1, 1973, of the Bureau of Resource Assess-
ment and Land Use Planning (BRALUF).
Attention in particular is paid to the Uluguru Mountains as one of the
major stream source areas in Tanzania. Large areas of the mountains have
been deforested over the last one and a half century for the sake of small-
scale agriculture. The crops offer little protection to steep slopes
against heavy rainfall. Landslides and mudflows are identified as a most
serious, erosional threat. After a very heavy rainfall recorded in
February 1970 in the Mgeta catchment 1000 landslides and mudflows occurred
of which about 47% originated from cultivated area, about 46% from grass-
land, about 6% from bare soils, while less than 1% was found in forested
area.

The effect of land-use on sediment yield of rivers was investigated by the
Department of Veterinary Science and Animal Husbandry (Rensburg 1955) [59].
Five experimental plots at Mpwapwa with the same morphological characteris-
tics but different vegetation cover (n2 1 is entirely cultivated, n2 2 is
half cultivated - half grass covered, n2 3 is entirely grass covered) were
studied during eight years. The average erosion in tons of soil lost per
ha. annually was respectively 55.6, 3.2 and 0.7 for the three plots. The
average erosion from forest cover may be expected to be below the amount
of 0.7 tons/ha/annum.
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4.2.6.8 Land-use in relation to domestic water supply, conservation
measures

It may be obvious that domestic water supply systems such as gravity supply
and pumped supply systems based on low-flows of perennial rivers from moun-
tainous areas are extremely dependent on the conservation of vegetation
and soil cover of the catchment. It should be stressed that the present
mountain forests, which were identified as sources of water of sufficient
quantity and quality, should be protected against continuing destruction.
According to the study of Temple [65], reforestation which would help to
reduce and control the present soil erosion, is only possible to a limited
extent in order to prevent disruption of the agricultural economy. For
areas like the Uluguru Mountains the most feasible conservation measures
would be to encourage tree-planting below ridge crests, along roads, above
villages and along river banks in combination with a change towards peren-
nial tree crops instead of annual cropping. Planting of trees would also
meet the demand for firewood, thus preventing deforestation of the remain-
ing rain forests.

Bench terracing to change slope angles has proved to be less acceptable in
the steep parts of the Uluguru Mountains. This method favours conditions
for landslides, as water storage raises pore water pressure, which reduces
the shear strength of the soil (Temple 1972) [65],
Besides conservation of the remaining rain forests, no general recommenda-
tions for soil conservation can be made for the other mountainous areas
without detailed studies of the local conditions.

4.2.6.9. Recommendation

More attention should be paid to the collection of low-flow data, in order
to obtain a basis for quantifying the effect of deforestation on low-flows.
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5. SURFACE WATER POTENTIAL

5.1. General

The surface water potential is a function of the total annual and seasonal
distribution of the runoff, which is related to the distribution of the
rainfall.
Roughly 80% of the total annual runoff occurs from November up to the end
of May. The remaining 20% is accounted for by the runoff during the dry
months. From June up to the end of October there is hardly any rain and the
river flows are decreasing steadily. Some rivers run dry before it starts
raining again. Others stop flowing during a very dry year with a long
lasting dry period and small amounts of groundwater recharge during the
preceding rainy season. However throughout the project area several large
perennial streams emerge from the mountainous areas which carry substantial
quantities of water even during very dry years (see Hydrological Map C 2).

If water is to be used to the fullest extent, water storage is a prerequi-
site. For this reason several large dams are built or planned to be built.
Examples in the project area are Kidatu dam stage I and stage II in the
Great Ruaha River and the Mindu dam in the Ngerengere River near Morogoro.
For financial reasons, the building of storage facilities, which cover the
water demand during part of the dry season, is usually not feasible for
domestic water supply. The surface water potential is therefore generally
determined by the lowest annual flows.

Small earth dams and charcos based on perennial or non-perennial rivers
however are feasible in most parts of the project area and may be used for
cattle watering and possibly for domestic water supply.
The hydrological study has emphasized low-flows, while only minor attention
has been paid to a combination of runoff and storage.

The principal results are listed below and if necessary discussed in more
detail in the following paragraphs:

a. To evaluate trend in rainfall 3 long rainfall series were analysed.
No trend was discovered, which means that in general the project area
neither becomes dryer nor wetter.

b. Rainfall and runoff have been compared in several areas with different
rainfall-runoff percentages. This resulted in Map C 3. where areas
with mean annual runoff-rainfall ratios between 0 - 10%, 10 - 30% and
30 - 60% are shown. Areas with a rainfall-runoff coefficient larger
than 10% also have a rather high rainfall. Building small reservoirs
in these areas will be no problem from a hydrological point of view.
Even in the 0 - 10% area proper catchments may be selected, as will be
explained in paragraph 5.4. Several existing empirical methods rela-
ting surface-runoff, peak floods, base-flow and sediment loads have
been checked, by using data of the small Kikundi catchment (see
Annex 3). The Curve Number method to assess surface runoff did not
yield very good results. The TRRL East African Flood model to convert
rainfall into flood hydrographs performed better. More effort is re-
quired to adapt these methods to local circumstances.
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In the detailed flow analysis of the Upper Ngerengere River (see
Annex 4) a regression analysis has been used to link rainfall and run-
off. The relation has been used to extend the flow series which enable
a more reliable estimation of the yield of the proposed Mindu Reservoir.

Because computer facilities were not available and no extensively
measured catchments are present in the. project area either, no at-
tempts have been made to use detailed mathematical models which dif-
ferentiate between surface runoff, infiltration, actual evaporation,
groundwater-recharge and base-flow.

Assessment of low-flows of rivers and springs in the project area has
been based on existing flow data, and a low-flow measurement programme
was carried out between August and December, 1978, by the Consultant
on a monthly basis. A summary of the results is given in paragraphs
5.2 and 5.3. The surface water potential in respect to domestic water
supply is shown on map C 4.

Land-use in the project is still liable to change and this has also
its impact on the water potential in so far as the total runoff tends
to increase, but the low-flows become lower. The results of the study
are presented in paragraph 5.5.

5.2.

5.2.1.

Supply from rivers

General

Even during extremely dry years the larger (gauged) rivers in the project
area carry amounts of water which are abundant, if compared With the
amounts required for domestic water supply.

Table C 5.2-1 Annual low-flows (1/s) of gauged rivers.

River

Wami
Tami
Kisangate
Wami
Diwale1

Diwale2

Hkindu
Ruvu
Ngerengere
Mgeta
Mgeta
Mvuha

Station

Dakawa 1G1
Msowero 1G5A
Mvumi 1G6
Rudewa 1G8
Turiani 1GB1(A)
Turiani 1GB1(A)
Mkindu 1GB2
Kibungo 1H5
Konga 1HA9A
Kisaki 1HB1
Mgeta 1HB2
Mvuha 1HC2

Probability of non-exceedence

1%

1040
48
140
787
182
140
252
1811
25
551
462
435

5%

1550
76
199

1075
271
221
319
2163
39

690
533
609

10%

1930
117
238
1240
340
282
364
2400
49
780
575
730

20%

2462
190
299
1545
436
382
421
2660
67
897
632
899

50%

4010
500
457
2259
713
672
562

3304
116

1180
754
1355

1968 and onwards (including Mjonga River)
up to 1967
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If 40 I/day per capita is allocated at the source, a flow of 1 1/s may
supply approximately 2000 people. The total demand of all villages in the
project area in 1982 is estimated at 549 1/s (17.3 106 m3/year).
With the assessment of the surface water potential a number of aspects
are involved. The main points concerning pumped supply systems are:

1. sufficient amounts of water at reasonable distance from the supply
area ;

2. a good quality of water is preferred;
3. downstream effects have to be acceptable.

In the case of gravity supply systems the water has to be found at suffi-
cient altitude above the supply area.

On the surface water potential map C 4 the lowest annual flows are indi-
cated which will not be exceeded once every 10 and once every 20 years.
These flows are taken as a design criterion for domestic water supply sys-
tems. The flows are given for possible intake sites, which are in the case
of pumped supply systems as close as possible to the supply area and in the
case of gravity water supply at the nearest location of sufficient altitude.
When average conditions are present the required level difference may
roughly be put at 50 m.

Water quality aspects are dealt with in part B (volume II) of this report.

The acceptability of downstream effects depend on the amounts of water
which are demanded in relation to the available low-flow and the down-
stream use of the river for water supply or irrigation. Generally down-
stream effects seem to be negligible.

The low-flows given in this chapter are mainly based on the results of the
low-flow analysis presented in sub-paragraph 3.3.6. As these flows are most-
ly given for sites which do not coincide with possible intake sites either
for pumped or for gravity systems, the values are adjusted linearly with
the difference in catchment area. If no low-flows are established because
data are lacking, a rough estimate is made based on data of nearby catch-
ments .

Favourable intake sites are selected from topographical maps (scale
1 : 50000), aerial photographs (scale 1 : 20000 up to 1 : 48000) and in
several cases from field surveys.

Possibilities for gravity supply systems are generally found in mountainous
areas and also along the escarpments of mountainous areas. In the steep
parts of the mountainous areas gravity supply systems offer better opportun-
ities than pumped supply systems. Villages along the escarpments require
relatively long gravity supply mains and pumped supply systems become com-
petitive. Most of the villages in the Ruvu and Wami plain are situated too
far from mountains to be supplied by gravity.
Possibilities for pumped supply systems are found along most of the big
perennial rivers, such as the Wami, Mkata, Ruvu and Mgeta. These systems
are therefore not discussed in detail.
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The potential for gravity supply however depends on specific topographical
conditions. The most favourable areas, which are shown in figure C 5.2-1,
are discussed below (par. 5.2.2).

5.2.2. Areas with possibilities for gravity supply

Uluguru mountains

The Ngerengere River above Konga rises from the steep north-western slopes
of the Uluguru mountains. Sufficient altitude is reached close to the sup-
ply area. At present a total of about 1.6 1/s is extracted at two intakes.
The oldest intake is situated in the Tangeni River which is a tributary of
the Ngerengere River. This intake is situated at a level of 640 m above MSL.
The second intake is built at a level of 550 m above MSL, about 2 km above
the present gauging station at Konga.

The low-flows with 5 and 10% probability of non-exceedence are 39 and
49 1/s for the nearby station at Konga. This indicates that more water
could be withdrawn, as is already proposed by the Water Department.

Table C 5.2-2 Ngerengere River, water potential

altitude supply area
altitude possible intake
5% low-flow
10% low-flow
present use
maximum extension of supply

(m a.
(m a.
(1/s)
(1/s)
(1/s)
(1/s)

MSL)
MSL)

520 -
600
39
49
1
37

550

.6

Although many consumers depend at present on the Ngerengere River down-
stream from Konga, no problems will be caused by an increase of water with-
drawal for gravity supply, because the planned Mindu dam in the Ngerengere
valley will provide a considerable increase of the water potential and low-
flows during the dry period.

The Mgolole River is draining a catchment which is similar to that of the
Ngerengere River above Konga. In this case too, the altitude close to the
supply area is sufficient.
However, the potential of the river is almost exhausted due to gravity
supply systems for several villages and institutions (estimated capacity
= 10 1/s). The low-flows with 5 and 10% probability of non-exceedence are
estimated at 14 and 17 1/s, based on the 5 and 10% low-flows of the
Ngerengere River at Konga and the ratio between the catchment areas
(Mgolole catchment above possible intake =7.2 km2, Ngerengere catchment
above Konga =20.5 km2).
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The table below shows that some extension of the gravity supply system is
possible.

Table C 5.2-3 Mgolole River, water potential

altitude supply area
altitude possible intake
5% low-flow
10% low-flow
present use
maximum extension of supply

(m a.
(m a.
(1/8)
(1/8)
(1/s)
(1/s)

MSL)
MSL)

450 -
550 -

14
17
10
4

510
600

No downstream extraction was observed.

The part of the Ngerengere valley roughly between Mkambarani and Kinonko
may be supplied by gravity from the planned Mindu reservoir.
The reservoir is designed for a continuous supply of 720 1/s throughout
the year. According to the feasibility study carried out in Annex 4 there
is still storage left. Therefore sufficient amounts of water are available
for the supply of villages in this area.

Area_4¿_Kiroka_Riyer

The Kiroka River is a small river which is perennial before it enters a
swampy area of about 0.3 km2. The river drains a steep catchment at the
northern part of the Uluguru mountains.
The low-flows with 5 and 10% probability of non-exceedence are estimated
at 4 and 6 1/s, for a site close to a possible intake site (see figure
C 5.2-2). The losses in the swamp were observed to be 22 1/s at the end
of the dry season (see Table C 5.2-4).

Table C 5.2-4 Kiroka River, flow data

date

5 - 1 0 - 7 8
2 - 1 1 - 7 8

discharge above
swamp (1/s)

50
22

discharge below
swamp (1/s)

28
0

loss
(1/s)

22
22

Compared with the losses in the swampy area, tapping of the whole 5% low-
flow (4 1/s) of the river will have no important effect in inhabited area.
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Figure C 5.2-3 Area 5, Msonge River and Springs, Uluguru Mountains
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Table C 5.2-5 Kiroka River, water potential

altitude supply area
altitude possible intake
5% low-flow
10% low-flow

(m a.
(m a.
(1/s)
(I/a)

MSL)
MSL)

390 - 420
460
4
6

The Msonge River and several springs emerge from the foothills of the
eastern part of the Uluguru mountains. According to local information the
river and the springs are perennial, and therefore suitable for gravity
supply to Msonge village (see figure C 5.2-3).
As data on low-flows of similar rivers and springs are missing, only a very
rough estimate of the water potential can be made based on the measurements
carried out in 1978 and on local experience.

Table C 5.2-6 Msonge River and springs, water potential

altitude supply area
altitude possible intake
estimated level difference:
Msonge River
spring A
spring B
5% low-flows:
Msonge River
spring A
spring B
10% low-flows:
Msonge River
Spring A
Spring B

(m a. MSL)
(m a. MSL)

(m)
(m)
(m)

(1/s)
(1/s)
(1/s)

(1/s)
(1/s)
(1/s)

not known
not known

15
15
20

10
0.04
0.08

15
0.05
0.10

Although considerable amounts of water are running down from the south-
eastern part of the Uluguru mountains by way of the Mngazi and the Mvuha
River, the flat slopes of the river beds make it necessary to tap the
smaller upper tributaries in order to obtain sufficient level difference
between intake and supply area. As a result, relatively long supply mains
are required. The Mngazi and Mvuha River drain the central and higher part
of the Uluguru mountains. Due to more rainfall, these rivers are more suit-
able for the gravity supply than the Bwakira and Ditumi River, of which the
catchments cover a lower part of the Uluguru mountains (see figure C 5.2-4).
On 9-8-1978 one of the main upper reaches of the Mngazi River was measured
at roughly 150 - 200 m above the supply area, close to a possible intake
site. As is shown in Table C 5.2-7 the yield (1/s/km2) of the upper Mngazi
is about twice the yield of the Mngazi at Mngazi.
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Table C 5.2-7 Mngazi River, flow data

date

9-8-78

9-8-78

9-8-78

site

Mngazi near Mngazi
below Escarpment
Mngazi between Bwakira
Juu and Singisa
(possible intake)
ratio

discharge

(1/s)

1250

646
0.52

catchment
area
(km2)

215

55
0.26

yield

(1/s/km2)

5.8

11.8
2.03

Based on the data of Table C 5.2-7 and the low-flows with 5 and 10% proba-
bility of non-exceedence of 22 and 37 1/s at Mngazi, the 5 and 10% flows
near the possible intake may be estimated at 12 1/s (= 2.03 x 0.26 x 22 1/s)
and 20 1/s.
It is assumed that the ratio between the yield of the river at both sites
does not change very much.
No measurements of the upper tributaries of the Mvuha River were carried
out, because of the inaccessibility of the catchment area. In view of the
high low-flow of 609 1/s for the station at the escarpment, which has a
5% probability of non-exceedence, and in view of the fact that the catch-
ment is similar to that of the Mngazi River, the upper tributaries will
also have considerable 5 and 10% low-flows (300 1/s and more).

Table C 5.2-8 Mvuha and Mngazi River, water potential

altitude supply area
altitude possible intakes
estimated level difference
5% low-flows:
Mngazi River near Singisa
Mvuha tributaries above escarpment
10% low-flows:
Mngazi River near Singisa
Mvuhu tributaries above escarpment

(m a.
(m a.
(m)

(1/s)
(1/s)

(1/s)
(1/s)

MSL)
MSL)

not known
not known

150

12
300

20
350

Except for domestic water supply no downstream use of the rivers was
observed.

Nguru mountains

Several perennial rivers are running down from the western slopes of the
Nguru mountains between Mvomero and Turiani. Steep river beds provide near-
by locations for possible intakes (see figure C 5.2-5).
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Even in a very dry year (5% probability) one of the main rivers - the
Mikindu River - carries abundant amounts of water, considering the possible
water demand of the population living along the lower slopes. Therefore
downstream effects due to water extraction for domestic water supply will
be negligible.

Table C 5.2-9 Mkindu River, water potential

altitude supply area
altitude possible intakes
5% low-flows:
Mkindu River
Divue River
10% low-flows:
Mkindu River
Divue River

Kaguru mountains

Area 9¿ Upper Kitange_andjlilir

(m a. MSL)
(m a. MSL)

d/s)
d/s)

d/s)
(1/s)

ido River

350 - 380
470

319
25

364
31

The Kaguru mountains form the only area with perennial streams in the
vicinity of Gairo and Mamboya area. The streams are tributaries of the
Kitange and Milindo River which both empty themselves into the Tami River
(also called Msowero River).
The supply area is mainly situated in the catchment of the Berega River.
The high level watershed between the two catchments requires intakes at
a high altitude to enable gravity transport (see figure C 5.2-6).
At present two small tributaries of the Kitange River are tapped at an al-
titude of 1920 m a. MSL. The capacity of the system is too small to meet
the present demand because of the small potential of the streams. Measure-
ments are carried out at both intakes (3a, 3b) and at a downstream location
(7) (Table C 5.2-10).
For the downstream site low-flows with 5 and 10% probability of non-exceed-
ence of 7 and 10 1/s are found.

Table C 5.2-10 Tributaries of the Kitange River, flow data at
existing intakes

date

26-7-78
23-8-78
19-9-78
19-10-78

mean

discharge
at intakes
3a and 3b
(1.3 km2)
(1/s)

7.5
7.3
9.1
7.2

yield
at intakes
3a and 3b

(1/s/km2)

5.8
5.6
7.0
5.5

6.0

discharge
at downstream
location 7
(7.6 km2)
d/s)

68
58
47
50

yield
at downstream
location 7

(1/s/km2)

8.9
7.6
6.2
6.6

7.3
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In view of the yield and catchment area ratios, the 5 and 10% low-flows at

the existing intakes may be roughly estimated at 1 1/s (= j— x J^ X 7 1/s)
and 1.4 1/s.

Two new intake sites are planned by the Water Department at 1700 and 1750 m
a. MSL in the Mnyera and Maboto streams. According to measurements carried
out in 1978 at locations 5 and 6, the potential of these streams is not
much more than that of the presently tapped streams (see Table C 5.2-11).

Table C 5.2-11 Tributaries of the Kitange River flow data at existing
intakes (3a, 3b) compared with those of the Mnyera and
Maboto streams (5, 6)

date

26- 7-78
23- 8-78
19- 9-78
19-10-78

discharge
at present
intakes
(1/s)

7.5
7.3
9.1
7.2

discharge
Mnyera
stream
(1/s)

3.3
4.1
2.9
6.2

discharge
Maboto
stream
(1/s)

4.5
3.2
3.5
4.5

Better opportunities are found in the catchment of the Milindo River. Pos-
sible intakes have to be situated above the lowest, nearby point of the
watershed (1525 m a MSL) to enable transport to the supply area by gravity.
The catchment area above the possible intakes is situated in the completely
uninhabited part of the Ukaguru Forest Reserve.
In September and October 1978 measurements were carried out in the Milindo
River (9, 10) and in the tributaries close to possible intakes (10a up to
lOi). The data are given in Table C 5.2-12 on next page. The tributaries
are ranked from a up to i, starting with the tributary closest to the
lowest point of the watershed.
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Table C 5.2-12 Milindo River and tributaries, flow data

river
or tribu-
tary

trib.a
trib.b
trib.c
trib.d
trib.e
trib.f
trib.g
trib.h
trib.i

total

Milindo (9)

Ratio

catch-
ment

(km2)

0.6
1.6
2.1
0.4
3.7
1.3
0.9
0.9
0.2

11.7

10.8

discharge
20 and

21-9-78

(1/s)

5.8
16.9
29.4
5.0

32.0
13.5
7.9
13.0
2.9

126.4

106.1*

yield

(1/s/km2)

9.7
10.6
14.0
12.5
8.7
10.4
8.8
14.4
14.5

10.8

9.8

1.1

discharge
20-10-78

(1/s)

4.2
18.3
23.9
0
34.0
12.1
8.8
6.4
3.0

110.7

85.9

yield

(1/s/km2)

7.0
11.4
11.4
0
9.2
9.3
9.8
7.1
15.0

9.5

8.0

1.2

The Milindo River at measuring site 9 includes tributaries c
up to i only.

As the catchments of the tributaries are very similar with respect to slope,
drainage pattern and vegetation, the differences in yield (1/s/km2) are ex-
pected to be caused by inaccuracies in the flow measurements (no ideal
cross sections, small amounts) and in the determination of the catchment
areas. The average yield (1/s/km2) of the tributaries is slightly higher
than that of the Milindo River at measuring site 9, as was expected.
Beside most of the tributaries mentioned in Table C 5.2-12, the catchment
of the Milindo River above the measuring site comprises relatively flat
parts which are expected to have a relatively small yield.
In Table C 5.2-13 the low-flows with 5 and 10% probability of non-exceed-
ence are given for the measured tributaries a up to i and three remaining
tributaries j up to 1, which have not been measured.
Based on the 5 and 10% low-flow of 15 and 25 1/s established for the
Milindo River at site 9 and taking account of the relevant area of the
catchments above possible intake sites, and a ratio of 1.15 between the
yield of the tributaries and the Milindo River the flows are estimated.
The tributaries are ranked again starting with the tributary closest to
the lowest point of the watershed, which is the passage of the intake main.
Hence tributary "a" will be tapped first, after which the capacity of the
system may be increased by extending the intake main to the next tributary,
number "b", and so on.

Some additional water may be obtained from the Kitange River, which has a 5
and 10% low-flow of 7 and 10 1/s at measuring site 7, close to the possible
intake.
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Table C 5.1-13 Tributaries Milindo and Kitange River, water potential

River or
tributary

trib.a
trib.b
trib.c
trib.d
trib.e
trib.f
trib.g
trib.h
trib.i
trib.j
trib.k
trib.l

Kitange

catchment area
above possible

intakes

(km2)

0.6
1.6
2.1
0.4
3.7
1.2
0.8
0.6
-

0.9
2.7
1.6

7.6

discharge with 5%
probability of
non-exceedence

accumulative

(1/s)

1.0
2.6
3.4
0.6
5.9
1.9
1.3
1.0
0
1.4
4.3
2.6

7.0 1)

1/s

1.0
3.6
7.0
7.6
13.5
15.4
16.7
17.7
17.7
19.1
23.4
26.0

33.0

discharge with 10%
probability of
non-exceedence

(1/s)

1.6
4.3
5.6
1.1
9.8
3.2
2.1
1.6
0
2.4
7.2
4.3

10.0

accumulative

1/s

1.6
5.9

11.5
12.6
22.4
25.6
27.7
29.3
29.3
31.7
38.9
43.2

2) 53.2

1) Including 1 1/s tapped at existing intakes.
2) Including 2 1/s tapped at existing intakes.

The total area of the Milindo catchment covered by forest may be estimated
at about 80 km2. Considering the fact that the catchment area above the
possible intakes is 16.2 knr and considering the constant yield over the
whole catchment, the flow at the border of the forest may be expected to
be 5 times the total flow of tributaries "a" up to "1" at the possible in-
takes. Hence, even if the total 10% low-flow will be tapped, the resulting
decrease of the flow during the dry months of a 10%-year will be small.

As the catchment area above the possible intake in the Kitange River is the
only source area during a dry period, tapping of the whole low-flow will
cause zero-flow at inhabited areas during the dry months of a 5 or 10%-year.

A summary of the results is given in Table C 5.2-14.
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Table C 5.2-14 Tributaries Milindo and Kitange River, water potential

altitude supply area
altitude possible intakes
5% low-flow:
tributaries Milindo River
Kitange River including
1 1/s at existing intakes
10% low-flow:
tributaries Milindo River
Kitange River including
2 1/s at existing intakes

Rubeho mountains

Area 10A Kisungusi River

(m a. MSL)
(m a. MSL)

(1/s)
(1/s)

(1/s)
(1/s)

< 1325
1525

26.0
7.0

43.2
10.0

Several perennial rivers are running down the south-western escarpment
of the Rubeho mountains between Kilosa and Mvomero (see figure C 5.2-7).
Hence, abundant amounts of water are available even during a very dry
period. Important perennial rivers are, going from the South to the North,
the Wami, Kisangate and Tami Rivers with respectively 5% low-flows of 1550,
76 and 199 1/s.
The Kisungusi River, which is a tributary of the Wami River, seems to be
very useful for gravity supply, in comparison with the other rivers. First-
ly, the river has a relatively steep bed. As a result the level above the
supply area is of sufficient altitude and at short distance.
Secondly, the mica-content of the Kisungusi River water is relatively low,
according to reports of the Water Department. Mica is considered to be a
source for water-related deseases (see Part E, Volume V).
For these reasons the Kisungusi River is already used to feed a small
gravity system of the Kisungusi Agricultural School. Additionally, the
Water Department has planned a large gravity scheme for villages along
the lower slopes from Rudewa to Mandela based on the Kisungusi River.
The low-flows with a probability of non-exceedence of 5 and 10% are esti-
mated at 167 and 191 1/s, which is abundant, considering the amounts which
are usually needed for domestic water supply.

Table C 5.2-15 Kisungusi River, water potential

altitude supply area
altitude possible intake
5% low-flow Kisungusi River
10% low-flow Kisungusi River

(m a.
(m a.
(1/s)
(1/s)

MSL)
MSL)

430 - 450
600
167
191

About 2 km downstream from the existing and possible intakes the Kisungusi
River empties itself into the Wami River, with a low-flow almost ten times
higher. Downstream effects due to water extraction may therefore be con-
sidered negligible.
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Between Muhenda and Kilosa only the Miyombo River is running down from the
Rubeho mountains (see figure C 5.2-8). Measurements carried out in 1978 in-
dicate that the river is perennial and carries abundant amounts of water.
The low-flows with 5 and 10% probability of non-exceedence are estimated at
617 and 688 1/s.
Most of this water originates from the northern tributary which drains a
relatively high and forested part of the Rubeho mountains.
The measurements of 1978 have been carried out at a site near Ulaya village.
In November, 1978, an additional measurement at a possible intake site in
the southern tributary was carried out.
The flows at a second possible intake in a small tributary and at a third
possible intake in the northern tributary are estimated. The results are
shown in Table C 5.2-16.

Table C 5.2-16 Miyombo River, flow data of 15-11-78

River or
tributary

Miyombo
southern trib.
middle trib.
northern trib.

site

Ulaya village
poss. intake 1
poss. intake 2
poss. intake 3

catchment
area
(km2)

362.2
142.0
21.7
138.8

discharge

(1/s) <%)

1093 100
174 16
(27)* (2)

(892)* (82)

yield

(1/s/km2)

3.0
1.2
(1.2)
(6.4)

Values estimated

The estimates of the flow of the middle tributary are based on the same
yield as the one found for the southern tributary (1.2 1/s/km2). According
to topographical maps and aerial photographs the two tributaries have the
same catchment characteristics.
As the flow measured near Ulaya village is determined by the flow from
the three tributaries, the flow of the northern tributary is obtained by
a water balance (1093 - 174 - 27 = 892 1/s).
The ratios between the flows of the tributaries and the flow near Ulaya
village are considered typical of a situation without direct surface run-
off, in this case of low-flows.
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Table C 5.2-17 Miyombo River, water potential

altitude supply area
altitude possible intakes
5% low-flows:
southern tributary
middle tributary
northern tributary
10% low-flows;
southern tributary
middle tributary
northern tributary

(m a. MSL)
(m a. MSL)

(1/s)
(1/s)
(1/s)

(1/s)
(1/s)
(1/s)

480 - 560
600

99
12
506

110
14
564

Because of the large amounts of water compared to the amounts generally
needed for domestic water supply, downstream effects will be small.

Migomberame mountains

Conditions for gravity supply to villages between Ruana and Lomango along
the escarpment of the Migomberame mountains seem to be very favourable.
Several perennial rivers, of which the Msowero and Tundu Rivers are the
biggest, are running down the relatively steep escarpment. Possible in-
takes may be situated close to the supply area (see figure C 5.2-9).

= r o a d s
^-~- rivers
• villages
• measuring sites
A possible intakes

swamp

Figure C-5.2-9 Area 12, Msowero and Tundu River, Migomberame Mountains
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The low-flows with 5 and 10% probability of non-exceedence of 204 and
299 1/s for the Msowero and 90 and 96 1/s for the Tundu River also apply
to the possible intake sites.

Table C 5.2-18 Msowero and Tundu River, water potential

altitude supply area
altitude possible intakes
estimated level difference
intake-supply area
5% low-flows:
Msowero River
Tundu River
10% low-flows:
Msowero River
Tundu River

(m a. MSL)
(m a. MSL)

(m)

(1/s)
(1/s)

(1/s)
(1/s)

--
__

> 100

204
90

299
96

The rivers flow through part of the Kilombero Sugar Estate. No water is ex-
tracted for irrigation yet. Amounts needed for domestic water supply are
small compared to the amounts of water available or to the amounts that may
be used for irrigation purposes in the future.

5.3. Supply from springs

In general, springs are discussed in sub-paragraph 3.3.7. The results were
not very promising. The only springs that could still be developed are
situated in the Karst area of the SE Ulugurus. They are:

a. Springs in Tambuu
The springs lie below village level so that the smaller springs can be
enclosed and covered. They could be considered free-flowing shallow
wells. As an alternative, the largest spring could serve as a water
supply source for the whole village. The minimum flow with a probab-
ility of non-exceedence of 5% is conservatively estimated at 2 1/sec.

b. Springs in Mtamba
Three small springs East of Mtamba are already developed. However, the
discharge has been decreasing over the years, especially the discharge
of the middle one (local information). However, 5% low-flows estimated
at present at 0.3 1/sec, could increase to perhaps 1 1/sec by cleaning
up the discharge area, and subsequent horizontal drilling.

c. Spring South of Mkuyuni
The 5% low-flow of this Karst spring emerging 40 m above village level
is 0.8 1/sec.

All springs are in the Karst area, which means that with these springs
there is more chance of bacteriological contamination than with springs
emerging from other areas, (see Part E on this subject).
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5.4 Reservoirs

As stated in paragraph 5.1 only small storage facilities are feasible for
domestic water supply, and then only if other alternatives are difficult to
realize, as is the case in the Berega catchment and the lower Ngerengere
catchment. Map C 3 indicates areas where the mean annual runoff is between
0 - 10%, 10 - 30% and 60% of the mean annual rainfall. The areas with high
runoff potential, in this case the areas within the 10 - 30 and 30 - 60%-
ranges, also lie in the areas of higher rainfall. No hydrological difficul-
ties exist and sufficient quantities of water are available to fill up po-
tential reservoirs. Geo-technical problems however have still to be inves-
tigated. For the areas designated on map C 3 as having rainfall-runoff co-
efficients between 0 - 10%, too problems may exist from a hydrological
point of view. However reservoirs in this area are still possible, where
the landscape is at least gently sloping, where the basement is not of
Karstic origin (limestone or dolomite) and where no swampy areas or large
flat sand bodies are found above the site of the dam. Hydrological design
criteria and some rough calculations concerning the yield of reservoirs and
required catchment-areas can be found in sub-paragraph 4.2.4. The possibil-
ity of harvesting rainfall from impervious areas in combination with
storage tanks seems to be a rather unattractive one, because large surface
areas and big storage are required. The rainfall in the project area is too
low and too seasonal for this method to be used.

During the field survey some small reservoirs that failed have also been
visited. From the survey it was deduced that the fact that these reservoirs
failed can be attributed to insufficient geological siting or faulty con-
struction.

5.5. The influence of changes in land-use on surface water potential

Land-use has become one of the more important issues of soil conservation
policies and surface- and groundwater management in Tanzania, since the
large-scale deforestation of mainly mountainous areas has led to disastrous
erosion rates, high peak-flows and low-flow reductions in some parts of the
country.
Data to study hydrological effects of changes in land-use in the project
area are scarce, so conclusions are mainly be based on literature.

A dense forest cover is preferred especially in hilly or mountainous areas,
because high low-flows are sustained and soil erosion is minimal. Continu-
ous deforestation in the project area lowers the low-flows due to a steady
decrease of the groundwater storage capacity of the soil. Rivers which were
originally perennial may finally dry up completely as observed by Little
(1963) [44] in the Ngerengere. Quantifying the effects of deforestation on
low-flows is difficult, because not enough reliable, long low-flow series
are available. However it is obvious that conservation of soil by protec-
ting the remaining forests is of vital importance for water supply systems
based on low-flows.
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Because of the high evapotranspiration of forests, the total annual runoff
is less, then that of catchments without forest cover.
Based on Ruvu data at Kibungu, the annual rainfall-runoff ratio has in-
creased annually by more than 0.5% on the average over the last 22 years.
This means that with a mean annual rainfall of approximately 2400 mm, run-
off has increased by 12 mm every year. Hence if storage is not a limiting
factor, more water can be obtained by alternative land-uses.
Besides an increasing average flow after deforestation, higher peak-flows
also occur. No data are available to show changes in peak-flows, but based
on the TRRL East African flood model, the once every 10 year peak discharge
of a mountainous catchment in the Uluguru Mountains could increase 4 to 5
times, if a complete forest cover would be changed by alternative land-use.
The influence of land-use is less drastic on peak-flows in rather flat
areas, as is the case in the Mkata and Wami valley.
Plans exist and are partly carried out at Dakawa on the river Wami to
convert low-lying swampy areas covered with grass and reed into rice-fields.
A partly draining of the lower areas will also decrease sub-surface storage,
and low-flows. The influence on the total runoff will be minor because
evapotranspiration of swamps will be replaced by evapotranspiration of
irrigated crops. This could even mean a net gain of the total runoff.
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ANNEX CAI

STATISTICAL METHODS USED IN DATA ANALYSIS
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CA 1 STATISTICAL METHODS USED IN DATA ANALYSIS

The following paragraphs give a short description of the basic statisti-
cal methods which are used in this study. For a detailed description see
Chapter 8 in Chow: Handbook of Applied Hydrology [27].

Probabilities of time-series can be estimated analytically or graphically.
In both cases an assumption has to be made about the distribution function.
Table C Al-1 shows a hypothetical time-series of 25 values, which could be
considered as 25 years of annual rainfall.
The distribution is shown in figure C Al-la. The area under the curve for
a certain class is an estimate of the probability of occurrence of values
in this class. Note that values smaller than 400 or larger than 2400 have
a very small chance of appearing.

Certain statistical parameters can be calculated from the time-series.
Those used in this report are:

The arithmetic mean (m ) is the value most often used.
It is defined by:

n

where: x. ~ value of time series at time i

N = total number of values in series

1 - summation sign

Sometimes the median will be used, which is the middle value or the variate
which divides the frequencies of a distribution into two equal portions.

Measures_of.variability:

The standard deviation (s ) is a measure of the variability of the data.

It is the square root of the mean-squared deviation of individual measure-
ments from their mean and is defined by:

N
I (x. - m ) 2

x x

SxSx N - 1

(Notation as before)
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The coefficient of variation (c ) is the standard deviation divided by the
mean, hence:

Both s and m have the dimension of the observation. Hence, c is a

dimension-less coefficient, which makes comparison of variabilities of
time-series with different means and standard deviations possible.

Measures_of^skewness:

Some distributions are symmetrical around the mean, others have a long tail
to the right or left (compare figures C Al-la and b). The skewness (3),
which is a measure for non-symmetry, is defined by:

3 = (N - 1)(N - 2) ¿ 1
 (xi - mx>3

(Notation as before)

The measure used in this report is again a dimensionless coefficient - the
coefficient of skewness (c ), where:

S

x

Above parameters will be calculated from the given time-series of size N.
They can be considered as estimates of the true parameters, which could
only be calculated if an infinite number of values of the series would be
available. Shorter time-series give less reliable results.

If above parameters are known and the type of distribution is also known,
frequencies can often be calculated by means of the following frequency
formula, (Chow, 1964):

\ = \ + Vx

where a refers to the probability of exceedence or non-exceedence.
E.g. a non-exceedence of 10% means that values lower than x1f)9, have only

a 10% probability of showing up or will occur once every 10 years,
k is the frequency factor that belongs to a certain distribution.

Frequency factors for the normal distribution are given in table C A1-2.
The normal, bell-shaped distribution is symmetrical around the mean
(see figure C Al-lb). Hence the coefficient of skewness c should be zero.

S
Annual precipitation with mean values of 750 mm or more in tropical regions
are assumed to be normal (WMO 1970 [68]).



Nr: 1

Hypothetical

Series: 735

Transformed

Series: 2,87

TABLE C

2

800

2,90

3

1087

3,04

A l - 1

4

870

234

SERIES

5

1123

3,05

6

1423

3,16

OF HYPOTHETICAL DATA

7

1231

3,09

8

905

2.96

9

1576

3,20

10

1096

3,04

11

1216

3,09

12

1660

3,22

13

701

2,85

14

829

2,92

15

715

2,85

16

612

2,79

17

1444

3,16

18

1276

3,11

19

1694

3,23

20

1155

306

21

1096

3,04

22

565

2,75

23

2126

3,33

24

931

2,97

25

1312

3,12

Figure C Al-1 Frequency distribution of hypothetical and transformed series

8. . . . . . . . . . . . 8
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Hypothetical Series

mean m = 1127
standard deviation s = 382
coefficient of variation cv = 0,34
coefficient of skewness eg = 0,71
median = 109,6

Transformed Series
m = 3,03 ( •>
s = 0,15
cv = 0,05
cs = 0,04 Median = 3,04, «transformed to 1076

(Note median and mean may not differ very much)
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Annual flows in tropical regions are almost always skew with a long right-
tail. There are many skewed distribution functions. The one which is often
used for annual streamflows in Tanzania and which will also be used in this
study is the log-normal distribution, with the left boundary at zero.

If the logarithmic values of the log-normally distributed time-series are
taken, the transformed values are normally distributed, and data can be
treated as such to calculate values with various probabilities, after which
they have to be transformed back.

Table C Al-2: Extreme values of hypothetical series assuming a normal and
a log-normal distribution.

Frequency
factor - k

Normal
assumption

Log-normal
assumption

Difference

Probability of non-exceedence

1%

-2.33

237

479

- 242

5%

-1.65

497

606

- 109

10%

-1.34

615

674

- 59

20%

-0.84

806

802

+ 4

50%

0

1127

1071

+ 56

80%

+0.84

1448

1432

+ 16

90%

+1.34

1639

1702

- 63

95%

+1.65

1757

1894

- 137

99%

+2.33

2017

2396

- 379

The hypothetical series given in table C Al-1 originates from a log-normal
distribution- The transformed values of this series are normally distribu-
ted. Figures C Al-la and b show both the graphs of the original distribu-
tion and the transformed distribution.

In reality it is often rather difficult to differentiate between different
distributions. Table C Al-2 shows what happens to the hypothetical series
of Table C Al-1, if the original series is assumed to be a normal distribu-
tion instead of a log-normal one. The less extreme values (values between
10% and 90%) are reasonably well estimated, while the lower and higher
values differ considerably.

In this report all frequencies for annual flows, low flows and annual
rainfall are calculated with the above-mentioned frequency formula.
The specific flows are assumed to be log-normally distributed while the
annual rainfall is considered to have a normal distribution. Sometimes
graphical plots will be made on probability paper, specially designed for
normally or log-normally distributed values. If the right paper is chosen
for the right distribution, data should be plotted on a straight line. How-
ever this will only be true for the hypothetical case. Usually data deviate
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slightly. If deviations become too large, a wrong distribution has been
chosen. The absciss on the paper gives probabilities, while the ordinate
gives the size of the values. In the case of normal and log-normal prob-
ability paper the abscisses have the same scale, while the ordinate of the
latter paper has a log-scale. To plot data, they are first ranked in order
of magnitude and then given a plotting position.

The best plotting position for the normal or log-normal probability dis-
tribution is the one developed on a theoretical basis by Chegodayew (see
Chow [27]):

Plotting position =
m - 0.3
N + 0.4

x 100%

where m = rank number of value, which is sorted out according to
increasing or decreasing values

N = total number of data

Figure C Al-2 shows a plot of the hypothetical data on log-normal prob-
ability paper.
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Figure C Al-2 Frequency analysis of hypothetical series
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In Tanzania the Weibull plotting position is generally used.

Plotting position = N " 1 x 100%

(Notation as before)

This plotting position is more adapted to extreme distributions which are
not used in this study.

Instead of "probability of exceedence or non-exceedence", the "return
period" will also be used. "Return period" is the reverse of the plotting
position. An annual probability of non-exceedence of 5% corresponds with
a return period of once every twenty years.

For the above analysis homogeneous data are required. Causes of hetero-
geneity could be:

a change of the location of a raingauge which results in a higher or
lower rainfall amount,
a change in the course of the river, which sometimes occurs after
heavy floods. The river discharge may be higher or lower after the
change

Only in those cases where a change was anticipated tests for homogeneity
have been carried out.

To make a statement about the association of two different time-series x
and y, the linear correlation coefficient r is used [27]. r is a dimension-
less measure, and can vary between +1 and -1, while r = +1 expresses per-
fect sympathy between x and y. In that case x and y have a perfect linear
relationship, r = -1 expresses perfect antipathy between x and y, while
r = 0 means that there is no linear relationship between x and y.
Whether r is significant or not depends on the number of data in the series.
For a larger number of data a small absolute r value can already be a sign
of association, as can also be seen in table C Ã1-3. In comparing r's of
different time-series, it has been tried to use series with the same number
of data to facilitate comparisons of r's.

Table C Al-3: Critical values r of the linear correlation coefficient

a
n

5
10
15
20
25
30

10%

0.81
0.55
0.44
0.38
0.34
0.31

5%

0.88
0.63
0.51
0.44
0.44
0.36

2%

0.93
0.72
0.59
0.52
0.46
0.42

1%

0.96
0.85
0.73
0.65
0.59
0.54

n = number of paired observations
a = level of significance
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In this study different tests will be used to examine a hypothesis.
E.g. - "Is the correlation coefficient significant or is the particular
value obtained by chance". The 95% probability criterion will be used.
There is a 5% probability that the value originated by chance.

The presence or absence of trends in time-series was also important for
this study. E.g. "Does the rainfall or streamflow increase or decrease
significantly in the course of time". Different tests were also used to
answer these questions, together with the plotting of running means.
Running means are a series of consecutive averages over a predetermined
number of years, e.g. consecutive means of 5 or 10 years. In this way the
annual peaks are very much flattened, which makes possible trends more
visible on graph paper.

All the tests used are normal statistical tests of which more details can
be found in the usual textbooks on statistics. No further explanation will
be given in this study.
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HYDROLOGICAL MODELS
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CA 2 HYDROLOGICAL MODELS

Models can be classified in two main groups:

a. deterministic and
b. stochastic models.

In the first type of model all variables are free from random variation.
In the second type one or more random variables are involved, which are
defined by probability distributions.
A sub-classification could be made by considering whether the used formulas
are empirical (based on experience) or conceptual (following true laws of
nature).
In many cases a stochastic model has a deterministic and a stochastic part,
e.g. one of the most useful stochastic (empirical) models in hydrology has
the following form:

Qi = a + bPi + ^ (1)

where:

Q. = runoff in period i,

P. = precipitation or a transformed value of the precipitation
1 in period i,

a, b = constants, e.g. obtained by a least square method,

e. = a random variable having zero mean and constant variance
(random component),

Q.1 = a + bP. is the equation of fitted curve (deterministic
1 component).

£. makes the model stochastic. In this case, e. is the variation around the

fitted line. This variation is usually assumed to be normally distributed,
with mean zero and a variance S 2 calculated from the deviations from the

fitted curve. This variance can be calculated in the following way:

£ , _ / a SQa (i - r*) (2)

where:

Q. = observed value,

Q.1 = calculated value from Q.1 = a + bP.,

r = correlation coefficient between Q. and P.,

S 2 = variance of Q.. (= square power of the standard deviation).

(see also Annex 1 on statistical methods)
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Model (1) is useful for the extension of data series and the estimation of
missing data. When only a few data are missing, the deterministic part of
the equation may be applied only. In case of many missing data or if ex-
tension of the data is required, the variation of the data has to be taken
into account. The newly created data have a perfect correlation and their
range is diminished considerably, if only Q.1 should be taken. Hence e, has

to be included. The following method is proposed:

£ i = t i (3)

where e. and S are defined before and t. is a normal random

variate with zero mean and one as variance and can be taken
from random tables or generated by computer or suitable pocket
calculators.

The normality assumptions are sometimes only approximately true, as can be
seen from the frequency distribution graphs in figures C 4.2-1 and C 4.2-4
of chapter 4. Only the latter of these graphs looks normally distributed.

Above models are valid for runoff values where no carry-over takes place,
e.e. annual runoff values, and also for a limited range of rainfall.
The carry-over effect can be checked by correlating the present runoff with
that of the year before.
This excercise has been carried out in table C A2-1 for November - October
hydrological years of selected stations. Only the Ngerengere at Konga shows
an above normal correlation.

Table C A2-1: Lag-one correlation
stations.

of Nov - Oct runoff totals of selected

Station

1G1 Wami
at Dakawa

1G6 Kisangate
at Mvumi

1H5 Ruvu
at Kibungo

1HA9A Ngerengere
at Konga

1HA6 Ngerengere
at Kihonda

1HA1A Ngerengere
at Utari Bridge

number of
observations

15

10

22

17

8

18

correlation
coefficient r

- 0.14

- 0.02

- 0.06

+ 0.37

+ 0.20

- 0.05

remarks

not significant

not significant

not significant

two very high,
doubtful years
were excluded.
Significant at
the 20% level

not significant

not significant
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The precipitation range limit can be explained as follows:

The equation Q.' - a + bP, can be rewritten as:

Qi' = b' (Pi - a
1) (4)

where :

b = b1

a = - a'b1

a' = the initial rain that falls before any runoff occurs.

If all losses are compensated for, and enough water is present for evapo-
transpiration, all remaining precipitation will become runoff. The latter
case only occurs in very limited time periods in the Morogoro Region. In
the first case, if not enough rain falls to meet initial losses, equation
(4) gives a negative value, while in the actual case zero runoff will be
measured.
Figure C A2-1 gives a graphical representation of model described above.

its
o

Precipitation too
small to give
runoff

Part of the preci-
pitation becomes
runoff

All precipitation
becomes runoff

Mean precipitation on catchment

Figure C A2-1: A simple rainfall runoff model.
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This relation will of course be modified by the intensity of rain, dis-
tribution of rain in time and space, etc. The carry-over effect becomes
important when short periods are considered. In that case the following
model becomes useful:

Qi = a + bQi_1 + cPi + ei (5)

where the notation is the same as before and Q. refers to the
runoff in the period before.

This type of model will be more fully discussed in the detailed study on
the Ngerengere River.

By including more and more processes that determine the actual runoff and
by improving the actual relationships, all the processes shown in figure
C 2.4-1 (chapter 2) combined will provide a rather complicated model, such
as the Sacramento-model described in the Tanga Seminar of 1978 (Kobalyenda,
1978 [42]).
This model does not include a stochastic term anymore. These types of
models can be useful to study the influence of parameters related to a spe-
cific property of a catchment, e.g. percentages of different type of veg-
etations. Very well-instrumented catchments are required for testing these
models.

On the other hand it is possible to consider runoff as a random variable
coming from an assumed distribution with parameters derived from the
measured runoff series. In this case input in the model is not rainfall
anymore, but a generated random variable, having the same properties as the
actual measured runoff. In this way very long series can be created, which
are useful for studying proposed reservoir systems for irrigation or hydro-
power .

Often only sub-models are required for specific purposes. A sub-model is
for instance the Unit-hydrograph method, which transforms excess rainfall
into a hydrograph. The unit-hydrograph can be seen as part of a larger
model which first calculates excess rainfall.

Three models will be discussed in the detailed study of the Kikundi River
(Annex 3):

a. the curve number method to transform daily rainfall into direct runoff
(= excess rainfall),

b. the TRRL East African Flood model used for calculating floods from
ungauged catchments, and

c. the Unit-hydrograph method.

The first model is frequently mentioned in the Tanga Seminar, while the
TRRL East African Flood model is extensively studied at the University of
Dar-es-Salaam. The model is more complicated, but more reliable than the
well-known rational method, the Kenya flood formula and the Tanzania flood
formula to calculate floods.
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Depletion curves, which were discussed in paragraphs 3.3 (chapter 3) and
4.2 (chapter 4), can also be considered as sub-models, describing the tail
end of a flood-hydrograph. They characterize the low flow properties of a
drainage basin.
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ANNEX CA3

DETAILED STUDY OF THE KIKUNDI RIVER
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CA 3 DETAILED STUDY OF THE KIKUNDI RIVER

A 3.1 General

The Kikundi River drains a small and steep mountainous catchment on the
north-western slopes of the Uluguru Mountains close to Morogoro Town.
From September 1978 up to March 1979 detailed rainfall-, flow- and sedi-
ment-data have been collected to obtain a basis for the analysis of:

a. the magnitude of the components which are involved in the water
balance (rainfall, direct runoff, base-flow, evapotranspiration,
groundwater storage),

b. the flood characteristics,
c. the sediment load characteristics.

The results may be considered as representative for similar catchments in
the Uluguru Mountains.
The data were also used to investigate the applicability of the TRRL East
African Flood model and the Unit-hydrograph method in combination with the
Curve Number method for flood prediction of small mountainous catchments in
the Uluguru Mountains.

The Kikundi River was selected for this study because of the following
reasons:

a. the small catchment requires a limited number of rain-gauges in order
to provide a sufficiently accurate determination of the areal distribu-
tion of precipitation,

b. the Kikundi River is equipped with a compound crump weir combined with
an automatic Ott-water level recorder, providing continuous flow data,

c. the Agricultural engineering Department of the University of
Dar-es-Salaam, Morogoro Campus, was interested in the study and pro-
vided valuable support during the execution of the study.

Acknowledgement is made to Dr. Tiwari and Mr. Kimboka (University of
Dar-es-Salaam) for their general support of the study and Mr. Materu
(University of Dar-es-Salaam) for his analysis of sediment samples.

A 3.2. Catchment characteristics

The catchment of the Kikundi River is situated south of Morogoro (figure
C A3-1). It covers a steep part of the lower slopes of the north-west
Uluguru Mountains. The catchment is long-shaped with one pronounced main
stream and four minor tributaries. The most important data are given in
Table C A3-1.
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Morogoro Water Depart
963752
53OmaMSL

MOROGORO

MET Morogoro
963776
53OmaMSL "Agricultural Office
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580 ma MSL

Morningsidc Farm

( 1450 ma MSL
catchment boundary
crumpweir

Figure C A3-1 Kikundi River
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Table C A3-1: Catchment characteristics Kikundi River

catchment area
highest point
level at weir
length of main stream
slope of main stream
average slope
average land slope

4.4
1710
535
5

7 - 4 0
24
46

km2
m a HSL
m a HSL
km
%
%
%

The slopes are covered with relatively thin, sandy loams with a reddish
colour. The dark top-soil layer, which is found in forested parts and which
most probably also covered the Kikundi catchment in the past, is missing.
The lower part of the catchment is covered with so-called Miombo woodland,
which is a result of often burning the area (about 60% of the catchment
area). The higher slopes are cultivated with vegetables and maize. A few
scattered trees offer some protection for the thin soil layers against
landslides in this part of the catchment.

A 3.3. Measuring methods

Originally three precipitation stations were located close to the catchment:

a. MET Morogoro (963776, 530 m a MSL),
b. Agricultural Office (963700, 580 m a MSL), and
c. Morningside Farm (963746, 1450 m a MSL).

The MET station is operated by the Meteorological Department, the Agricul-
tural Office by KILIMO and the station at Morningside Farm by the Water
Department. From the MET and Morningside Farm stations continuous 1-day
precipitation records are available, from which start, end and intensity
of individual storms can be derived. The data collected at the Agricultural
Office are on a daily basis only. Therefore and because of its location
close to the MET station these data are not used.

To obtain a more accurate determination of the average precipitation over
the catchment a third automatic rain-gauge was installed by the Consultant
on the 18th of October 1978.
This gauge is located close to the boundary of the Kikundi and Morogoro
River at an altitude of 1000 m a MSL. This gauge provides continuous 7-day
records. The time scale is too rough to determine the intensity distribu-
tion, but sufficient to identify the start and end of the storm.
The gauge is used in combination with a standard manual control gauge.
On the 1st of April 1979 maintenance and operation were taken over by
the Water Department under gauge name "Morningside" (963746A).
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\

Top view

Gauge plates

A

Stilling well with

float-OTT recorder

//////////// r //-7//// / / / / / /

Side view

Gauge plates

Cross-section A-A

Figure C A3-2 Compound crump weir, Kikundi River
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Discharge

The discharge is measured with a compound crump weir installed by the
University in 1973.
The water level is recorded continuously by a floating type Ott-recorder
(see figure C A3-2). A rating curve is obtained from the University. The
curves have been approximated by the following equations:

Q = 3.53 H1"59 m3/s H < 0.23 m (1)

9 07

Q = 7.18 H m3/s 0.23 < H < 1.35 m (2)

(H refers to crest of middle weir. At H = 1.35 m, Q =13.4 m3/s)

Unfortunately the intake section of the weir acts as a sediment trap,
causing high siltation rates. Due to the high sediment load of the Kikundi
River one fully employed person was necessary to prevent clogging of the
weir after several floods.
From the point of view of maintenance and operation the compound crump weir
may be considered to be less suitable for rivers with high sediment loads.
In this respect a flat-V-type weir may provide a better solution.

The accuracy of the compound crump weir in the Kikundi River is small for
low-flows (< 0.15 m3/s). For this range the Consultant installed a tempor-
ary 90°-V-notch below the existing weir.
The notch was used during the low-flow period at the end of the dry season
from the 26th of October up to the 18th of November 1978. Weekly reading
of the upstream water level was sufficient to record the slowly decreasing
flow. After the first big flood on the 19th of November 1978 the notch was
washed away.
The flow was calculated from the upstream water level with equation:

Q = 140 H2'5 m3/s H < 0.45 m (3)

(H lowest point of notch = 0 m)

Sediment

Suspended sediment load samples were taken with two types of point-inte-
grating hand-operated samplers. The Nilsson-type was borrowed from the
Agricultural engineering Department of the University of Dar-es-Salaam,
Morogoro campus. The USDH 48-type was obtained from the Water Department
in Morogoro.
Four measurements at different sediment loads were carried out for compari-
son. It turned out that the Nilsson-sampler gives higher suspended sediment
concentrations.
As the USDH 48-sampler is well standardized and widely used, the data ob-
tained with the Nilsson-sampler have been corrected.

S(USDH 48) = °-75 S(Nilsson) (4>

The bed load is considered to be a relatively small proportion (< 20%) of
the total sediment load and is therefore not measured.



179

The suspended sediment load samples were analysed at the laboratory of the
University. The samples were filtered through Whatman filter paper, numbers
42 and 41. The amount of suspended sediment that passed through the paper
was found to be negligible. After drying the filter paper (air dry, 24 h
at 100 °C in Mammert oven) the concentration of the suspended sediment was
found to be the difference in filter paper weight after and before filtra-
tion related to the sample volume.

The meteorological data necessary for the determination of the reference
crop evapotranspiration are obtained from the MET station in Morogoro.
According to sub-paragraph 3.2.2 (chapter 3) the modified Penman-method
is used.

A 3.4. Data collection

Discharge data are collected from 23/9/78 up to 31/3/79. From 17/11/78 con-
tinuous records are available from the crump weir.
In Table C A3-2 the flow data are presented on a daily basis. The recorder
sheets are not included in the report.
Rainfall data from MET Morogoro (963776), Morningside Farm (963746) and the
new rain-gauge are given in Table C A3-3 on a daily basis for the months of
October 1978 up to March 1979. The data are collected at 9.00 a.m. There-
fore the recorded rainfall concerns mostly the previous day. As usually,
monthly totals are determined on the basis of the sum of rainfall from the
second day of the month up to the first day of the following month. The
average rainfall over the catchment is taken as a weighted mean of the
three rainfall records, based on the assumption that the stations are
representative for those parts of the catchment, which are bounded by
the contours halfway the stations (see figure C A3-1).

P = 0.29 Px + 0.51 P2 + 0.20 P3 (5)

where:

P = the average rainfall over the catchment,
P. = rainfall recorded in station i, where 1, 2 and 3 refer
1 resp. to the lower, the middle and the higher station.

Meteorological data concerning evaporation are presented on a monthly basis
in Table C A3-4. According to the modified Penman-method (Doornbos, 1975)
[19] the reference crop evapotranspiration is determined. Sediment data
derived from samples taken mostly upstream of the crump weir in the Kikundi
River are given in Table C A3-5.



Table C &3-2: Kifcundi River, flow data derived from current meter measurement, V-notch and crump weir, (x 103 m3)
1 = Base flaw 2 = Direct Runoff 3 = Total Runoff

Honth
Day

1
2
3
4
5
e
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Total

September 1978
1 2 3

0.6 0 0.6

0.5 0 0.5
- - -

October
1

0.53
0.49
0.47
0.44
0.41
0.38
0.35
(0.35)
(0.35)
(0.35)
(0.35)
(0.23)
(0.23)
(0.23)
(0-23)
0.23
(0.23)
(0.23)
(0.23)
(0.23)
(0.23)
{0.13}
(0.13)
(0.13)
(0.13)
0.13
(0.13)
(0.13)
(0.16)
0.16
0.16

6.16

2

0
0
0
0
0
0
0
0
. 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

1978
3

0.53
0.49
0.47
0.44
0.41
0.38
0.35
{0.35)
(0.35)
(0.35)
(0.35)
(0.23)
(0.23)
(0.23)
(0.23)
0.23
(0.23)
(0.23)
(0.23)
(0.23)
(0.23)
(0.13)
(0.13)
(0.13)
(0.13)
0.13
(0.13)
(0.13)
(0.16)
0.16
0.16

8.16

November 1978
1

0.20
0.05
0.05
0.13
0.13
0.16
0.26
0.21
0.16
0.10
0.07
0.07
0.07
0.07
0.07
0.07
0.30
0.85
(0.65)
(8.64)
(19.44)
(44.60)
26.18
17.50
14.30
31.72
14.20
12.41
14.77
8.10
-

215.53

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1.00
0.60

(41.52)

3

0.20
0.05
0.05
0.13
0.13
0.16
0.26
0.21
0.16
0.10
0.07
0.07
0.07
0.07
0.07
0.07
1.30
1.45

(42.17)
{102.59)(111.23)
(18.28)
(4.74)
0
0
1.07
0.53
0
1.71
0
4.76
-

176.80

(37.72)
(49.34)
26.18
17.50
15.37
32.25
14.20
14.12
14.77
12.86
-

392.33

December 1978
1

15.53
14.75
14.55
13.77
14.26
18.26
12.53
13.42
11.54
9.76
8.47
9.54
8.17
12.57
12.27
13.94
18.10
8.49
21.54
22.73
27.60
25.73
22.64
19.96
17.68
19.81
16.51
15.60
10.04
11.92
10.45

472.13

2

1.23
0
0
0

19.96
3.18
0
0
0
0
0
0
0

11.28
3.01
0

13.81
0
7.85
0

•11.84

0
0
0
1.10
0
0
0.71
0
0
0

73.97

3

16.76
14.75
14.55
13.77
34.22
21.44
12.53
13.42
11.54
9.76
8.47
9.54
8.17
23.85
15.28
13.94
31.91
8.49
29.39
22.73
39.44
25.73
22.64
19.96
18.78
19.81
16.51
16.31
10.04
11.92
10.45

546.10

January
1

9.76
9.07
8.47
9.07
8.47
7.86
7.26
7.26
6.65
6.65
6.65
6.05
7.26
9.23
10.08
8.94
7.86
6.65
6.05
6.05
5.53
5.53
4.92
4.92
3.97
4.41
3.13
4.84
5.06
3.24
3.97

204.86

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0.44
2.51
0
0
0
0
0
0
0
0
0
0
0
0
0
1.83
0
0

4.78

1979
3

9.76
9.07
8.47
9.07
8.47
7.86
7.26
7.26
6.65
6.65
6.65
6.05
7.26
9.67
12.59
8.94
7.86
6.65
6.05
6.05
5.53
5.53
4.92
4.92
3.97
4.41
3.13
4.84
6.89
3.24
3.97

209.64

February
1

3.58
3.12
4.45
10.51
7.26
5.69
6.51
5.53
3.97
6.05
5.69
7.41
7.26
5.94
7.76
5.27

25.60
21.84
18.23
14.95
16.50
14.02
18.08
13.39
11.92
10.45
9.76
9.07
-
-
-

279.81

2

0
1.56
0

4.48
0
3.13
0
0
0
0
2.79
0
0
0
0
0

19.42
0
0
0
0
0.55
2.73
0
0
0
0
0
-
-
-

34.66

1979
3

3.58
4.68
4.45
14.99
7.26
8.82
6.51
5.53
3.97
6.05
8.48
7.41
7.26
5.94
7.76
5.27
45.02
21.84
18.23
14.95
16.50
14.57
20.81
13.39
11.92
10.45
9.76
9.07
-
-
-

314.47

March 1979
1

8.47
7.86
6.65
5.53
5.53
4.92
4.92
4.92
4.92
3.46
3.02
4.65
8.06
12.43
14.04
12.19
11.51
9.07
7.86
7.86
7.86
7.26
7.26
7.23
6.63
7.23
7.23
6.05
5.50
5.50
4.96

220.58

2

0
0
0
0
0
0
0
0
0
0
0
3.11
6.21
4.14
0
1.02
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14.48

3

8.47
7.86
6.65
5.53
5.53
4.92
4.92
4.92
4.92
3.46
3.02
7.76
14.27
16.57
14.04
13.21
11.51
9.07
7.86
7.86
7.86
7.26
7.26
7.23
6.63
7.23
7.23
6.05
5.50
5.50
4.96

235.06

00

o



Table C A3-3: Daily precipitation data in am, October 1978 - Harch 1979, collected at 9.00 a.m.
1 = MET Morogoro (963776)
2 = new gauge
3 = Morningside Farm (963746)
4 = average rainfall = 0.29 ̂ + 0.51 P2 + 0.2 P3 or = 0.38 Pj + 0.62 P3

Montf
Day

1
2
3
4
5
6
7
8
9
10
11
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Total

1

0
1.4
TR*
0
TR*
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.2
0
0
3.4
0

5.0

October
2

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
_
0
0
0
0
0
0
0
0
0
0
1.0
1.0
0

-

3

0
4.3
2.4
8.1
4.3
0
0
0
0
0
0
0
0
0
0
1.8
0
0
0
0
0
0
0
0
0
0
2.5
0
3.0
4.5
0.8

31.7

4

0.0
3.2
1.5
5.0
2.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.6
0.0
1.1
2.4
0.2

17.8

1

0
0
0
0
0
0
0
0
0
0
0
0
0
1.6
0
0
1.0
24.7
5.4

60.3
29.4
5.1
6.5
4.0
0.3
1.9

10.8
0.3
6.3
0
-

173.6

November
2

0
0
0
0
0
0.5
0
0
0
0
0
0
0
6.0
TR*
0
0

35.0
1.0

(190)
(43)
(49)
(22)
(6)
(1)
7.0
18.5
3.5
9.5
0
-

414.5

3

0
0
0
0
0

18.7
1.0
0.1
1.2
1.0
0
0
0
6.9
0.5
0

31.5
34.5
23.8
275.0
63.0
71.0
32.2
8.4
1.2
16.0
22.2
9.0
31.2
2.2
-

664.9

4

0.0
0.0
0.0
0.0
0.0
0.3
3.7
0.2
0.0
0.2
0.0
0.0
0.0
4.9
0.1
0.0
6.6
31 9
6.6

169.4
43.1
40.7
19.5
5.9
0.8
7.3
17.0
3.7
12.9
0.4
-

399.5

1

16.0
4.9
0.3
2.3
1.2
13.8
17.8
0
0

4.9
0
1.8
6.0
72.1
0.8
17.6
38.2
6.0
18.2
10.7
24.2
0
0
0
0.5
2.3
TB*
0

12.1
0
0

255.7

December
2

22.5
6.0
2.0
9.0
6.0
13.0
8.0
4.0
3.5
5.5
0.0
1.5
1.0

35.5
3.0
17.5
23.5
5 5

27.5
10.0
21.5
0.5
0.0
0.0
0.5
7.5
0.0
0.0
17.0
0.0
0.0

229.0

3

39.8
10.0
5.5
21.2
16.0
33.3
2.5
26.5
13.5
30.4
0.0
7.7
18.2
90.0
2.0
26.0
28.0
6.2
34.0
14.0
27.7
0.5
0.0
0.0
1.0
15.5
0.0
0.0
0.5
0.0
0.0

430.2

4

24.1
6.5
2.2
9.5
6.6
17.3
9.7
7.3
4.5
10.3
0.0
2.8
5.9
57.0
2.2
19.2
28.7
5 8
26.1
11.0
23.5
0.4
0.0
0.0
0.6
7.6
0.0
0.0
12.3
0.0
0.0

277.0

1

0
0
0.6
0
0
0
TR*
7.0
0.1
0
0
1.7
9.0
2.4
10.2
15.0
1.1
6.8
0
0
0
3.2
0
0
0

11.8
12.5
18.0
1.7
TR*
0.7

101.8

January
2

0.0
0.0
0.2
0.2
0.0
0.0
1.0
6.0
0.0
0.0
0.5
8.0
19.0
8.5
14.5
14.5
0.5
4 5
0.0
0.0
0.0
0.0
0.0
0.5
0.0
4.0
0.5
10.0
22.0
0.5
0.0

116.4

3

0.0
0.0
0.3
4.0
0.0
0.0
2.7
13.5
0.3
0.0
5.0
6.5
19.5
25.0
21.5
20.1
5.1
11 0
0.0
0.0
1.3
0.8
0.0
4.5
0.4
3.0
0.0
8.0
1.2
25.0
0.0

180.8

4

0.0
0.0
0.3
0.9
0.0
0.0
1.1
7.8
0.1
0.0
1.3
5.9
16.2
10.0
14.7
15.8
1.6
6.5
0.0
0.0
0.3
1.1
0.0
1.2
0.1
6.1
3.9
10.9
12.0
0.5
0.2

119.9

1

0.7
20.6
1.7

20.3
0
0.2
28.7
TR*
0.0
11.5
7.7
4.2
0.8
0

13.9
0

95.0
1.8
8.2
0
0.6
0.8
16.9
2.1
0

22.9
0
0
-

-

257.9

February
2

1.5
20.5
1.5

28.0
0.0
0.5
19.0
0.0
0.0
2.0
3.5
23.0
2.5
0.0
9.5
0.0
60.0
0 5
9.0
0.0
0.5
9.0
15.0
3.0
0.0
4.0
0.0
0.0
-
-
-

211.0

3

2.1
25.0
1.2
31.5
0.5
1.8
7.4
0.5
0.0
0.0
1.0
39.8
5.5
0.0
16.0
0.0
50.0
1.0
10.8
0.0
0.3
29.5
28.0
5.1
0.0
0.0
0.0
0.0
-
-
-

257.3

4

1.4
21.4
1.5
26.5
0.1
0.7
19.5
0.1
0.0
4.4
4.2
20.9
2.6
0.0
12.1
0.0
68.2
0.7
9.3
0.0
0.5
10.7
18.2
3.2
0.0
8.7
0.0
0.0
-
-
-

233.9

1

0
0
0
0
0
0
0
0
TR*
21.0
0
0

44.9
4.2
29.0
19.8
4.4
TR*
0
4.7
1.6
8.1
0
0.1
8.4
30.3
0
0
0
0.6
0.1

177.1

Harch
2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.0
0.0
38.0
31.0
18.0
5.0
14.0
2.0
0.0

in n
Xi « U

1.0
2.0
1.0
1-5
9.5
0.0
1.2
0
1.4
0.0

137.1

3

2.0
0.0
0.0
0.0
1.0
8.0
1.0
0.0
1.0
1.0

45.8
0.0
31.0
41.3
12.3
15.0
11.8
9.0
1.5
10.8
10.3
1.5
6.6
4.8
4.0
6.0
0.0
8.0
0.0
1.5
0.5

235.7

4

0.4
0.0
0.0
0.0
0.2
1.6
0.2
0.0
0.5
6.3
9.2
0.0
38.6
25.3
20.1
11.3
10.8
2.8
0.1
6.6
5.6
3.2
2.3
1.5
4.0
14.8
0.0
2.2
0.0
1.2
0.1

168.5

00

* TR = TRACE



Table C A3-4: Monthly meteorological data; September 1978 - March 1979, Station HET Morogoro 963776

Mean maximum temperature °C

Mean minimum temperature °C

Dew point temperature °C

Relative humidity %

Sunshine h

Radiation cal/cm2/day

Wind run km/day

A-pan evaporation mm

Reference crop evapo-
transpiration according mm
to modified Penman method

September

31.0

16.5

12.7

36

8.3

468

225.5

198.6

228

October

32.5

18.4

15.1

37

8.7

504

210.7

232.5

251

November

31.7

20.1

18.2

52

7.2

446

190.3

199.3

201

December

27.1

20.7

21.2

66

5.3

428

187.4

140.1

164

January

30.6

20.6

20.6

61

498

169.4

242

February

30.9

20.8

20.3

58

439

123.7

194

March

30.6

20.8

21.9

67

6.1

421

104.0

194

CO
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Table C

Sample
Number

Al
A2
A3
A4
A5
A6

Bl
B2
B3
B4
BS

Cl
C2
C3
C4
C5
C6

Dl
D2

El
E2

Fl
F2
F3
F4
F5
F6

Gl
G2
G3

HI
H2
H3
H4
HS
H6
H7
H8
H9
H10

11
12
13
14
15
16
17

A3-5: Suspended sediment data collected above the crump weir in the Kikundi River

Date

22/11/78
22/11/78
23/11/78
23/11/78
24/11/78
25/11/78

28/11/78
28/11/78
28/11/78
28/11/78
28/11/78

15/12/78
15/12/78
15/12/78
15/12/78
16/12/78
22/12/78

15/01/79
15/01/79

24/02/79
24/02/79

9/02/79
10/02/79
11/02/79
17/02/79
17/02/79
18/02/79

10/03/79
12/03/79
12/03/79

13/03/79
13/03/79
13/03/79
13/03/79
13/03/79
13/03/79
13/03/79
13/03/79
13/03/79
14/03/79

14/03/79
14/03/79
14/03/79
14/03/79
14/03/79
14/03/79
14/03/79

Hour

9.00
21.20
8.15
18.45
12.30
9.30

19.20
19.45
20.05
20.35
20.50

10.00
17.15
17.45
18.15
9.00
10.00

17.05
17.45

10.15
10.15

17.15
9.15
17.00
8.30
9.30
9.30

8.15
14.30
16.30

16.45
17.10
17.30
17.45
17.45
18.15
18.15
18.45
18.45
8.30

17.10
17.25
17.40
17.55
18.10
18.25
18.40

Discharge

1/s

534
515
329
241
201
164

191
230
252
273
295

129
318
917
636
164
284

98
121

146
146

64
64
554
969
769
173

57
105
57

817
969
817
636
636
554
554
477
477
77

679
817
636
636
554
477
442

Sediment
(measured)

g/i

1.09
0.05
0.52
0.20
0.03
1.16

2.31
0.58
0.97
(9.77)
1.03

2.66
7.21
9.55
5.64
0.68
0.37

0.77
0.99

0.48
0.17

0.18
0.21

(15.29)
1.81
1.05
0.05

0.39
1.79
0.39

5.74
5.61
2.99
3.30
2.39
1.79
1.38
(2-17)
1.15
0.08

8.51
6.09
5.35
6.02
2.87
2.83
2.25

Concentration
(corrected)

g/i

0.82
0.04
0.39
0.15
0.03
1.16

1.73
0.44
0.73
(7.33)
0.77

2.00
5.41
7.16
4.23
0.51
0.28

0.77
0.99

0.48
0.13

0.14
0.16

(11.47)
1.81
1.05
0.04

0.29
1.34
0.29

4.31
5.61
2.99
2.48
2.39
1.34
1.38
1.63
1.15
0.06

8.51
6.09
5.35
6.02
2.87
2.83
2.25

Sediment
load
kg/s

0.437
0.019
0.128
0.036
0.006
0.190

0.331
0.100
0.183
-

0.228

0.257
1.720
6.568
2.690
0.084
0.079

0.075
0.120

0.070
0.019

0.009
0.010
-

1.754
0.807
0.006

0.017
0.141
0.017

3.517
5.436
2.443
1.574
1.520
0.744
0.765
-

0.549
0.005

5.778
4.976
3.403
3.829
1.590
1.350
0.995

Type of
sampler

Nilsson
Nilsson
Nilsson
Nilsson
USDH 48
USDH 48

Nilsson
Nilsson
Nilsson
Nilsson
Nilsson

Nilsson
Nilsson
Nilsson
Nilsson
Nilsson
Nilsson

USDH 48
USDH 48

USDH 48
Nilsson

Nilsson
Nilsson
Nilsson
USDH 48
USDH 48
Nilsson

Nilsson
Nilsson
Nilsson

Nilsson
USDH 48
USDH 48
Nilsson
USDH 48
Nilsson
USDH 48
Nilsson
USDH 48
Nilsson

USDH 48
USDH 48
USDH 48
USDH 48
USDH 48
USDH 48
USDH 48

Remarks

Falling limb
Base flow
Falling limb
Base flow
Base flow
Falling limb

Rising limb
Rising limb
Rising limb
Rising limb
Peak flow

Rising limb
Rising limb
Peak flow
Falling limb
Base flow
Base flow

Base flow
Base flow

Base flow
Base flow

Base flow
Base flow
Falling limb
Falling limb
Falling limb
Base flow

Base flow
Peak flow
Base flow

Rising limb
Peak flow
Falling limb
Falling limb
Falling limb
Falling limb
Falling limb
Falling limb
Falling limb
Base flow

Rising limb
Peak flow
Falling limb
Falling limb
Falling limb
Falling limb
Falling limb
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A 3.5. Rainfall

When annual rainfalls recorded at MET, 530 m a MSL, and Morningside,
1450 m a MSL, are compared, the positive effect of altitude on rainfall
amount is obvious (see Table C A3-6).

Table C A3-6: Annual rainfall MET Morogoro and
Morningside (Nov-Oct year)

year

1970/71
1971/72
1972/73
1973/74
1974/75
1975/76
1976/77
1977/78

MET Morogoro
. (963776)

711.3
905.7
961.7
750.2
677.7
655.0
819.0
933.9

Morningside Farm
(963746)

2072.2
2474.1
2699.1
1822.8
1893.1
1786.9
2127.8
2267.4

The same tendency can be observed regarding the monthly precipitation. On
a daily basis however a large variation appears. According to the data from
October 1978 up to March 1979 maximum daily totals occur also at low alti-
tude. Sometimes one of the stations records high rainfall amounts while the
adjacent station does not receive any rainfall at all. Storms sometimes are
very local. For a sufficiently accurate estimation of the average rainfall
over the catchment during a storm, a dense rain-gauge network is required
in such an area. Therefore the additional rain-gauge at 1000 m a MSL was
installed.
The effect on the linear correlation coefficient (r) is illustrated by the
correlation matrix in Table C A3-7. The correlations are based on the data
of all days during the months October 1978 up to March 1979 on which rain-
fall is recorded in at least one of the two stations concerned.
The low correlation coefficient of 0.54 for the MET and Morningside sta-
tions indicates that the original gauge network was insufficient to deter-
mine the average rainfall over the catchment on a daily basis. The newly
installed gauge is better correlated with MET station (r = 0.64) and highly
correlated with Morningside station (r = 0.93).
The accuracy of the determination of average daily rainfall over the catch-
ment may be expected to be within a ± 10% range of the true value.
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Table C A3-7: Correlation matrix daily rainfall

MET Morogoro

New gauge

Morningside Farm

MET Morogoro
(963776)

r * n **

1

New gauge
(963746A)

r * n **

0.65 99

1

Morningside Farm
(963746)

r * n **

0.54 121

0.93 115

1

* r = correlation coefficient
** n = number of observations

The rainfall amounts recorded during the observation period differ strongly
from the average conditions, as is illustrated by the distributions of
monthly rainfall of Morningside Farm and MET Morogoro (see figure C A3-3).
In particular in November and December 1978 both stations recorded excep-
tionally high rainfall amounts.
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Figure C A3-3 Average and October 1978 up to March 1979 monthly rainfall distributions
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A 3.6. Water balance

From the available data a simplified water balance for the October 1978 -
March 1979 period is established. The components which are taken into
account are given by the following equation:

P = R + ka*kc*ETo + A G

where :

(6)

p = average precipitation over the catchment in mm,
R = runoff in mm, measured at the weir (underground out-

flow can be neglected),
ETo = reference crop evapotranspiration in mm,
kc = crop or vegetation factor,
kc*ETo = potential evapotranspiration in mm,
ka = ratio between actual evapotranspiration and potential

evapotranspiration,
ka*kc*ETo = actual evapotranspiration in mm,
A G = change in groundwater and soil moisture storage in mm.

The water balance is established on a monthly basis. P and R are derived
directly from precipitation and flow data. ETo is determined by the modi-
fied Penman-method based on meteorological data from the MET Morogoro sta-
tion, as shown in Table C A3-4. As the catchment has a higher altitude and
is less exposed to wind, the ETo obtained from the MET Morogoro station is
probably a little bit too high.
According to the guide lines for crop water requirements issued by the FAO
[19], kc varies strongly with growth stage, rate of crop development and
other crop characteristics. For the vegetation in the Kikundi catchment the
range of kc is given in Table C A3-8. The low values occur in the beginning
of the wet season (October, November), when grass and crops start growing;
kc increases during the following months (December, January) and is assumed
to reach its maximum during the long rainy period.

Table C A3-8: Vegetation factor for Kikundi catchment

Vegetation

grass
maize
vegetables

weighted mean

% area

60

40

100

kc

0.50 - 1.00
0.30 - 0.45
0.15 - 0.30

0.39 - 0.75

The coefficient ka is more difficult to determine accurately. In fact ka
takes the effect of watershortage on evapotranspiration into account, which
not only depends on precipitation, but also on the infiltration and storage
capacity of the soil and root systems. On these factors no data have been
collected. It is however obvious that water shortage has occurred during
the dry season up to the middle of November 1978, when heavy rains started.
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For the end of the dry season a ka of 0.2 is taken into account. For the
following months ka = 1.0 has been used, based on the assumption, that the
November and December rains provided sufficient groundwater recharge to
cover the crop water demand during the relatively dry months of January
and February.

A G has not been measured, but is obtained from the balance equation (6)
and therefore also incorporates measuring and determination errors.
The results are summarized in Table C A3-9.

Table C A3-9: Water balance Kikundi River.

month

October
November
December
January
February
March

P

mm

17.8
399.5
277.0
119.9
233.9
168.5

R

mm

1.9
89.2
124.1
47.7
71.5
53.4

ka

—

0.5
0.75
1.0
1.0
1.0
1.0

kc

-

0.39
0.57
0.75
0.75
0.75
0.75

ETo

mm

251
201
164
242
194
194

ka*kc*ETo

mm

49
86
123
182
146
146

A G
(terror)

mm

- 33
224
30

- 110
16

- 81

HG
(+error)

mm

- 33
191
221
111
127
96

During October, before heavy rains were present, the losses (runoff and
evapotranspiration) were higher than the rainfall, which results in a
further decrease of the groundwater table.
During the wet months November, December, February and March, rainfall
exceeds runoff plus evapotranspiration, and soil moisture storage and
groundwater is recharged. January received a relatively small amount of
rainfall, while evapotranspiration was high causing a large decrease of
the soil moisture and groundwater storage.

A 3.7. Runoff

The runoff measured at the crump weir incorporates base-flow and direct
runoff, where the latter is determined by surface runoff and interflow. The
daily runoff from the catchment during the study period (see figure C A3-4)
is strongly related to the rainfall (see Table C A3-3 and figure C A3-3).
Up to medio November hardly any rainfall was recorded, resulting in very
low flows of 0.8 1/s only. On the 20th of November 1978 an exceptionally
high amount of rainfall (average over the catchment = 170 mm) was recorded,
resulting in a high mean daily discharge of about 1.3 m3/s and most prob-
ably a peak flow of above 2.5 m3/s.

A typical, single peaked hydrograph is shown in figure C A3-5 to illustrate
the procedure to separate base-flow and direct runoff. Up to the point A
there is only base-flow. Between A and B direct runoff also occurs due to
rainfall. From B onwards again only base-flow is present, but at a higher
level because groundwater is recharged. According to sub-paragraph 3.3.6.
base-flow decreases exponentially. Plotted on semi-logarithmical paper
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this part of the hydrograph is represented by a straight line. The moment
at which direct runoff stops can therefore be determined as the point at
which the curved part of the hydrograph changes into a straight line.
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Figure C A3-4: Distribution of daily discharge volumes.
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Figure C A3-5: Separation of base-flow and direct runoff, definition
sketch.
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Between A and B the course of the base-flow has to be estimated. Because
sub-surface flow is slower than direct runoff, the increase of base-flow
lags behind the increase of direct runoff. More or less arbitrarily the
moment of base-flow increase is taken at peak time. Between A, B and C
a linear change of base-flow is assumed.
The shaded area above ACB represents the direct runoff volume. The area
below ACB is the volume of base-flow during the flood.
The monthly base-flow and direct runoff amounts are given in Table C A3-10.

Even during the wet month of November base-flow exceeds direct runoff:

Table C A3-10: Base-flow and direct runoff Kikundi River,
October 1978 up to March 1979

month

October
November
December
January
February
March

Total

base flow

m3 x 103

8.16
215.53
472.13
204.86
279.81
220.58

1,401.07

%

100
55
86
98
89
94

82

direct runoff

m3 x 103

0
176.80
73.97
4.78
34.66
14.48

304.69

%

0
45
14
2
11
6

18

runoff

m3 x 103

8.16
392.33
546.10
209.64
314.47
235.06

1,705.76

Base-flow

During the observation period two periods without any rain of importance
are available to estimate the depletion coefficient a and the time to halve
the discharge T _ as defined in sub-paragraph 3.3.6 of chapter 3.

Table C A3-11: a and Tn ,- of the Kikundi River

period

23/9/78 - 30/10/78
26/2/79 - 6/03/79

range of flow

(1/8)

< 20
> 20

a

(I/day)

0.052
0.094

T
0.5

(days)

13
7

The calculated a- and T ^-values indicate that the catchment contains

aquifers with relatively high permeability, which are depleted at high rate.
When these aquifers are empty, base-flow is determined by the depletion of
less permeable aquifers.
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Although direct runoff is usually only a relatively small portion of total
runoff, several methods are developed to determine direct runoff from rain-
fall data and catchment characteristics. This is because the direct runoff
volume is a basic magnitude for flood prediction (see next sub-paragraph).
The most widely used method is the Curve Number Method [27], which has been
elaborated by the US Soil Conservation Service. The method is based on the
concept of a limited recharge capacity of the soil, which is determined by
antecedent moisture conditions and by physical characteristics of the
drainage basin. The method may be classified as a preconceived multiple
correlation model.
The method is based on the following two equations for P ã 0.2 S:

= 25400
254 + S

<P - °-2 s>2
P + 0.8 S

/ox
( 8 )

where:

CN = curve number,
D = direct runoff in mm,
P = rainfall in mm,
S = recharge capacity of the soil in mm.

If P < 0.2 S no direct runoff occurs (D = 0).

The one- up to five-day totals of rainfall can be used.
The CN is not a mysterious number, but a convenient transformation of S to
obtain numbers from 1 to 100. The validity of equation (8) is rather doubt-
ful, see the relevant literature [27, 67].

For the United States the method is much refined and the large number of
different soils and vegetation covers is classified.

In the Tanga Water Master Plan [22] the Curve Number Method has been ap-
plied. A simplified soil and vegetation classification for Tanzanian con-
ditions based on the original method is proposed.
Furthermore the effect of slope on direct runoff is introduced, whereas the
original method was developed for gently sloping areas (0 - 5%).
The method is applied to the Kikundi River using the daily rainfall data
from November up to February. According to the Tanga Water Master Plan the
catchment is classified as follows:

a. slope > 20%,-
b. soil group B, which represents soils with moderate infiltration rates;
c. vegetation group C, which includes African cultivation, estates and

grassland;
d. for the three antecedent moisture correlation groups I, II and III,

curve numbers of 47, 67 and 83 are given, where I, II and III resp.
refer to a dry, a moist and a wet condition.
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With these curve numbers the daily rainfall data are converted into direct
runoff. The monthly totals found by adding the daily values are presented
in the table below (Table C A3-12), and compared with the direct runoff
diverted from the hydrograph from the crump weir.

Table C A3-12: Montly direct runoff in mm, comparison
of Curve Number Method with measurements

month

November 1978
December 1978
January 1979
February 1979

CN Method

638.5
74.4
3.6
54.5

Hydrograph

(172.0)
74.0
4.8
34.7

The deviation appears to be very big for the month of November which may
partly be caused by an under-estimation of the badly recorded big flood on
the 20th, 21th and 22nd of that month. However for the month of February
the method also gives too high a value.
In Table C A3-13 daily values of direct runoff are compared.

Also on a daily basis the deviation between direct runoff values determined
by the CN Method and derived from the hydrograph is remarkable. Small
storms seem to be under-estimated. Probably the amount of rain which is
considered to produce no direct runoff (0.2 S) is too high and should be
adjusted at least for areas similar to that of the Kikundi River. The
direct runoff from rainfall above 0.2 S is evidently over-estimated.
Therefore the similarity between the estimated and measured direct runoff
totals for December 1978 and January 1979 has to be considered accidental.

It may be concluded, that the application of curve numbers proposed in the
Tanga Water Master Plan is questionable at least for drainage basins which
are similar to that of the Kikundi River.
More test data for the revaluation and refinement of the method are requi-
red before general application to Tanzanian conditions can be recommended.

As a substitute for the CN Method for the drainage basin of the Kikundi
River a relationship between daily rainfall and direct runoff is estab-
lished based on all available data collected during the months of November
1978 up to March 1979.
According to the CN Method the data are classified, for antecedent mois-
ture conditions and plotted in figure C A3-6.

AMC

I
II
III

5-day antecedent rainfall (mm)

< 23
23 - 40

> 40
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Table C A3-13: Daily direct runoff in mm, comparison of Curve Number
Method with measurements

Date

18/11
29/12
8/01
28/01
29/01
22/02

29/11
14/12
26/12
13/01
14/01
2/02
4/02
12/02
15/02
17/02
23/02

19/11
26/11
27/11
1/12
2/12
7/12
8/12
9/12
16/12
17/12
19/12
21/12
15/01
16/01
7/02

Antecedent
moisture
condition

I
I
I
I
I
I

II
II
II
II
II
II
II
II
II
II
II

III
III
III
III
III
III
III
III
III
III
III
III
III
III
III

Precipitation

(mm)

31.9
12.3
7.8
10.9
12.0
10.7

12.9
59.2
7.6
16.2
10.0
21.4
26.5
20.9
12.1
68.2
18.2

6.8
7.3
17.0
24.1
6.5
9.7
7.3
4.5
19.2
28.7
21.0
23.5
14.7
15.8
19.5

Direct

CN Method

0
0
0
0
0
0

0
32.2
0
0
0
0
0
0
0

48.6
0

0
0
3.3
12.5
0
0
0
0
5.6
20.9
7.9
11.5
1.4
2.2
5.9

runoff

Hydrograph

1.0
0.7
0
0
1-8
0

1.7
11.3
1.1
0
0
1.6
4.5
2.8
0
19.4
3.3

0.6
1.1
0.5
4.8
1.2
1.5
1.7
0
3.0
13.8
7.2
11.8
0.4
2.5
3.1
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The curves, which are fitted by eye, are used for flood prediction with
the Unit Hydrograph Method.
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Figure C A3-6: Rainfall - direct runoff relations for different
antecedent moisture conditions for the Kikundi River

A 3.8. Flood flow

Flood flow is an important phenomenon, which is a design criterion for the
construction of spillways of reservoirs and culverts in roads. Continuous
flow records from which design floods with a 10 or 20% probability of non-
exceedence may be derived by statistical methods are seldom available.
Therefore much effort has been devoted to develop a model for flood flow
prediction of rivers with some flood data or of ungauged rivers.
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Two methods will be applied to the Kikundi River:

a. the Unit Hydrograph Method,
b. the TRRL East African Flood Model.

Unit_Hydrograph_Me thod

The starting point of the Unit Hydrograph Method is direct runoff, which
is converted into a flood hydrograph from which peak flow can be derived.
The basic assumption is that the drainage has a linear and time-invariant
response to excess rainfall. The response in fact reflects all combined
drainage characteristics of the basin such as slope, drainage pattern, soil
and vegetation. The characteristic response of a present amount of rain,
here taken as 1 mm, of excess rainfall of specified duration and uniform
distribution is called the unit-hydrograph of the drainage basin.
Unit-hydrographs for other rainfall durations can be deduced with the
S-Hydrograph Method.
A detailed description of both methods can be found in the Handbook of
Applied Hydrology (Chow) [27].

Two single peaked floods are selected from the hydrograph of the crump weir
in the Kikundi River, with different duration of excess rainfall and uni-
form distribution in time (see figure C A3-7).
For both floods a unit- and S-hydrograph are established, from which a re-
lationship between unit peak-flow (1/s/mm of excess rainfall) and duration
of excess rainfall is derived (see figure C A3-8).
The two curves do not coincide mainly because the requirement of uniformity
of rainfall over the catchment is not met.
The data of nine other floods with less uniform shapes are plotted in
figure C A3-8 for comparison.

With the relationships presented in figure C A3-6 and C A3-8 peak-flows can
be predicted if rainfall data are available. From figure C A3-6 the direct
runoff volume (which equals excess rainfall) is taken for a given rainfall
amount. This amount is multiplied by the unit peak-flow obtained from
figure C A3-8 for a given rainfall duration to obtain the peak-flow
response in 1/s.

For various rainfall stations in Tanzania the Meteorological Department has
established rainfall amount-duration-frequency data [64].
The Dar-es-Salaam station is considered to be most representative for the
Kikundi catchment.
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Figure C A3-7: Average rainfall over the catchment and resulting
single peaked floods recorded at the crump weir in
the Kikundi River.
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The Dar-es-Salaam data are fitted by the following equations:

10
= 55.3 t0-36 nun

P20 =60.7 t
0" 3 8 mm

(9)

(10)

where:

P 0 = rainfall with duration t which is exceeded once
in 10 years (mm),

P = rainfall with duration t which is exceeded once
in 20 years (mm),

t = rainfall duration (h).

Antecedent moisture condition group III is used for the flood prediction.
It is assumed that the highest peak-flows occur during the wettest part
of the year.
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According to Table C A3-14 the maximum peak-flow occurs at a rainfall dur-
ation of 1.5 h and appears to be about 9 m3/s, exceeded once every 10 years,
and about 11 m3/s exceeded once in every 20 years.

Table C A3-14: Design peak-flows exceeded once every 10 and once every
20 years, based on the Unit Hydrograph Method

rainfall

duration

h

0.5
1.0
1.5
2.0

exceeded

rainfall

mm

43
55
64
71

once every 10 years

excess
rainfall

mm

5.2
7.6
9.5
11.0

peakflow

1/s/mm

1260
1150
980
800

1/8

6550
8740
9310
8800

exceeded

rainfall

mm

47
61
71
79

once every 20 years

excess
rainfall

mm

6.0
8.8
11.0
12.9

peakflow

1/s/mm

1260
1150
980
800

1/s

7560
10120
10780
10320

A more reliable and accurate estimation of the maximum peak-flow based on
the Unit Hydrograph Method could be achieved with a rainfall amount-dur-
ation-frequency distribution of MET Morogoro and Morningside stations.
Within the scope of MDWSP this time-consuming work cannot be carried out.
Additionally more unit hydrographs could be established from the flow
record of the crump weir and combined to an average unit hydrograph to
smooth out the non-uniformity of rainfall distribution in space and time.

The TRRL East African Flood Model was developed in 1966 by the Transport
and Road Research Laboratory in co-operation with the Ugandan and Kenyan
Governments. Twelve representative catchments with areas between 0.45 and
171 km2 were studied in detail providing the basis for the model design.
The model is built up out of two sub-models, of which the first simulates
the runoff from the catchment using a linear reservoir analogue. This part
of the model incorporates catchment slope, soil type in respect to drainage
capacity, catchment wetness and land use.
The second sub-model translates this runoff to average outflow of the
catchment during a specified base-time. This sub-model is based on a finite
difference routing technique. It incorporates the rainfall time and the
channel characteristics. The model generates an average outflow which is
finally transformed in peak-flow by a fixed ratio (peak-flow/average flow)
which is 2.8 for catchments with short lag times.
The model can be used to calculate peak-flows which are related to the
return period of the precipitation. Usually the one every 10 years return
period is taken, being a reasonable design criterion for small structures.
The method has been tested for this return period.
Except rainfall all required input data can be derived from a topographical
map and some additional field survey. The maximum rainfall during base-time
which is exceeded once every 10 years is needed. Generally no such data are
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available for an arbitrary catchment and no approach to this problem is pro-
posed in the publications on the model (see publications [36, 46] and also
some papers of the Tanga Hydrology Seminar of 1978).
As rainfall is one of the most important factors in the model, the accuracy
of the peak-flow prediction is affected strongly at this point. For the
Kikundi River equation (9) is used as the most representative estimation.

With the data of Table C A3-15 the model gives a peak-flow of 21 m3/s,
which is exceeded once every 10 years.

Table C A3-15: Catchment data of the Kikundi River used in the
TRRL East African Flood Model

catchment area
average slope
catchment type
soil type
"rainfall zone"
land-use

channel length
Mannings coefficient

4.4 km2

24 %
steep and small
well drained
wet
grass cover, small trees (60%)
cultivated area (40%)
5 km
0.05 for mountainous stream,
cobbles with large boulders

Of the peak-flow of the Kikundi River, which will be exceeded once every
10 years, the estimations with the Unit Hydrograph Method and the TRRL East
African Flood Model differ much: 9 and 21 m3/s respectively. Generally the
Unit Hydrograph Method will give more reliable results, because all catch-
ment characteristics are included in the shape of the unit hydrograph which
is derived directly from the flow records, while for the TRRL East African
Flood Model the catchment factors have to be estimated separately. A cru-
cial point which determines the reliability of the Unit Hydrograph Method
however is the representativeness of the flood from which the unit hydro-
graph is derived. The estimation will be more accurate as the storm which
produces the considered flood is more uniformly distributed in time and
space and has such an intensity and duration that the magnitude of the
peak-flow is closer to that which has to be determined.

In our example the average unit hydrograph is obtained from two floods with
peak-flows of 0.68 and 1.56 m3/s, while the estimated peak-flow which is
exceeded once every 10 years is 9 m3/s. This implies that an extrapolation
with at least a factor 8 is involved. Therefore the true peak-flow may well
be higher (or lower) than 9 m3/s.

According to local information the heavy storm of 8/2/77, which flooded the
market place and damaged the weir, caused a flood which washed over the
edges of the weir. Overtopping was partly due to a big log that jammed the
entrance of the weir which decreased the maximum weir capacity of 14 m3/sec.
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A similar flood occurred in February 1961.
The peak-flow of 21 m3/s determined by the TRRL method is at present con-
sidered a conservative estimate. Practically the design peak-flow with a
return period of once every 10 years may be expected to be between 15 and
20 m3/s.

A 3.9. Sediment load

Suspended sediment samples were taken during several floods and during base-
flow conditions (see Table C A3-5). The measured suspended sediment concen-
trations during base-flow conditions are relatively low: 0.03 - 0.99 g/1.
This sediment originates from scouring and washing out of small particles
of deposited material from the river bed. Contrary to expectations, no
positive relation could be established between base-flow discharge and
sediment concentration, which is probably due to strongly varying compo-
sition of the bed deposits.

Naturally, during periods with floods much higher suspended sediment con-
centrations occur, because the scouring effect is much higher and the
flood-producing rainfall causes surface runoff which carries large amounts
of eroded material into the main channel. The measured concentrations are
generally between 0.5 and 10 g/1.

Four series of samples during floods are shown in figure C A3-9. The series
show identical sequences of events:

a. during base-flow conditions, preceding the flood, the suspended sedi-
ment concentrations are low;

b. the suspended sediment concentration shows a sharp increase simulta-
neously with the rise of discharge; according to Kellerhals, 1972 [41],
this sediment probably originates from eroded streambed material and
incorporates a relatively high content of course particles;

c. during or after peak-flow the suspended sediment concentration drops;
. it is observed that at the falling stage the flow shows a gradual
change to darker coloured, brownish suspension; most likely this sedi-
ment represents newly eroded material from the catchment slopes [57].

For flood conditions a usable relation is found between discharge and sus-
pended sediment load. The number of data was too small to establish sepa-
rate relationships for the rising and falling limbs of the flood. The curve
shown in figure C A3-10 therefore represents an average suspended sediment-
discharge rating curve. A linear regression by the method of least squares
between the log-transformed variables is carried out.
The correlation coefficient r = 0.84 is high, considering the number of
data n = 31. After transforming bach the following equation is obtained:

L = 3.62 Q1-69 (kg/s) (11)

where:

L = suspended sediment load in kg/s,
Q = discharge in m3/s.
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Figure C A3-10
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The rating curve is used in combination with a flow-duration curve for
direct runoff conditions (see figure C A3-11) to estimate the total amount
of sediment which is transported by floods during the six month measuring
period (October 1978 up to March 1979). The flow duration curve is based
on half-hour-discharge observations.
The base-flow suspended sediment load during the period is estimated with
the average concentration of 0.3 g/1 derived from the samples. The bed
load is taken as 20% of the suspended sediment load on the average.
The results of the calculations are presented in Table C A3-16.
During 6.3% of the period, direct runoff occurred, discharging only 18%
of the total water volume but 72% of the total sediment amount.

Table C A3-16: Totals of discharge and sediment load of the Kikundi River
over the six month period of October 1978 up to March 1979.

item

length of period
period with direct runoff
period with base-flow

total runoff
direct runoff
base-flow

total sediment load
sediment load during flood

conditions
sediment load during base-flow

conditions

total sediment load
sediment load during flood

conditions
sediment load during base-flow

conditions

(unit)

(h)
(h)
(h)

(m3 x 103)
(m3 x 103)
(m3 x 103)

(ton) *

(ton)

(ton)

(ton/km2)

(ton/km2)

(ton/km2)

amount

4368
273.8
4094.2

1705.76
304.69
1401.07

167Û

1200

470

380

270

110

%

100
6.3
93.7

100
18
82

100

72

28

100

72

28

* 1 ton sediment (1000 kg) approximates 0.67 m3 in a wet state

Rapp et al. (1972) [57] who studied the sediment characteristics of the
Morogoro River found an average annual suspended sediment load of
390 ton/km2 over the 1966 - 1970 year period. When a bed load of 20%
is included a value of 470 ton/km2 is found.
For the Kikundi River, adjacent to the Morogoro River, a much higher annual
sediment load may be expected, considering the relatively high six month
period value of 380 ton/km2 and the fact that the usually wet months of
April and May are not included in the estimation.
According to the investigations of others (see paragraph 3.4. (chapter 3)
on sediment) the higher sediment load of the Kikundi River in comparison
with the Morogoro River may be due to:
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a. the effect of catchment size, where smaller catchments tend to produce
more sediment per km2 (catchment Kikundi River = 4.4 km2, catchment
Morogoro River =19.1 km2);

b. the effect of land use, where less vegetated catchments produce more
sediment (catchment Kikundi River: 40% cultivated and 60% grassland,
catchment Morogoro River : 40% rainforest, 44% grass and only 10.5%
of cultivated area, 5.7% other).

A 3.10. Recommendations

a. Compound crump weirs for continuous flow measurement should not be
used in rivers which drain steep and scarcely vegetated catchments
in tropical areas because of its high siltation rate.
A flat-V-type weir provides a more convenient measuring device in
this respect.

b. Investigations on the relation between rainfall and direct runoff
should be carried out at University level in order to refine and
adjust the coefficients of the Curve Number Method for Tanzanian
conditions.
Thereafter a wider application of this method may be recommended.

c. The accuracy of the TRRL East African Flood Model for design peak-flow
estimation should be thoroughly tested on a river with reliable con-
tinuous flow records and a well-defined annual maximum peak-flow dis-
tribution.

d. Detailed studies, lasting at least several years, on small catchments
representing typical conditions like that of the Kikundi River and
spread over the project area, should be carried out to obtain specific
information on basic hydrological aspects like water balance compo-
nents, flood and low-flow characteristics and sediment load in re-
lation to catchment and precipitation characteristics.
This knowledge could be used for less gauged or ungauged rivers in
order to predict their hydrological characteristics, required to
obtain design criteria.

e. To complete and affirm the results of this special study data collec-
tion should be continued at least up to the end of October to obtain
a complete record of a hydrological year.
A new V-notch should be installed in July for accurate low-flow
measurement during the dry season, or weekly low-flow measurements
should be carried out with a current meter.
A higher flood from a more uniform storm should be selected (if avail-
able) to derive a more representative unit hydrograph.
A rainfall intensity-duration-frequency relationship should be estab-
lished from the continuous rainfall records of MET Morogoro and
Morningside Farm stations to obtain a more representative design storm
for flood estimation.
Sediment sampling of floods in particular with peak-flows above 1 m3/s
should be continued in order to define the extrapolated part of the
suspended sediment rating curve.
The average suspended sediment concentration during base-flow condi-
tions in the dry season should be determined.
The direct runoff flow duration curve should be updated after one
complete record of the hydrological year.
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ANNEX CA4

FLOW ANALYSIS OF THE NGERENGERE RIVER
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CA 4 FLOW ANALYSIS OF THE NGERENGERE RIVER (ABOVE KIHONDA (1HA6))

A 4.1. General

At present the Hindu Dam near Morogoro is under construction. The dam is
meant to supplement the existing municipal water supply and to make water
available for new industrial development.

The sequential analysis carried out by Sir Alexander Gibbs [71] to derive
the required storage volume is based on flow data of the Ngerengere River
at Kihonda obtained between 1950 and 1960.

The rural water situation in the Ngerengere valley below the planned dam
is rather difficult. The shallow- and deep-wells are often saline, while
except for the rivers Morogoro and Mgolole no other perennial rivers enter
the valley. Part of the difficulties could be obviated if some Mindu Dam
water could be transferred to the valley. The present study will review
flow data and extend existing flow series of in-flow into the reservoir up
to present. From these extended series it will be judged if water can be
spared for rural water supply purposes. Different ways to increase the
yield of the reservoir will also be indicated.

A 4.2. Description of the catchment area

LEGEND
tgauge station

perennial flow
seasonal flow

area

~ " » - - - C ^ 9 " 7 1 7

Lukuyu

Figure C A4-1 Catchment area of the Ngerengere River above Kihonda gauging site
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Figure C A4-1 shows the catchment areas of the Ngerengere River above the
Mindu Dam site and the Kihonda gauging station. Their sizes are 291 and
406 km2 respectively. Hence, the Nindu Dam catchment is only approximately
70% of the catchment above Kihonda. In this latter catchment the 4 main
perennial rivers originate on the eastern slopes of the Uluguru Mountains.
The Uluguru Mountain slopes and foothills cover 50% of the Mindu Dam site
catchment. There are about 12 km2 of rainforest in this area. The other
50% are slightly hilly or flat, except for a minor part in the north being
the slopes of the Mindu Mountains. The hilly and flat parts are heavily
cultivated, the main crops being maize and millet; some of the flatter
areas are very swampy and some rice is grown there.

The catchment between the Mindu Dam site and Kihonda consists of some foot-
hills of the Mindu Mountains and the Uluguru Mountains, the remaining area
being slightly hilly to flat. Most of which is cultivated with sisal.

A 4.3. Available flow- and precipitation-data

Originally 3 hydrometric gauging stations, erected in 1953 and 1954 were
located in the different rivers above the Mindu Dam site. They were 1HA7 in
the river Mlali, 1HA10 in the river Mgeta and 1HA9 in the river Ngerengere
at Konga. 1HA6, started in 1950 and discontinued in 1963 (available pro-
cessed data only till 1959), was the nearest station downstream from the
Mindu Dam site.
Only 1HA9A at Konga, which replaced 1HA9, after it was washed out, is still
being observed. All observations of above stations consisted of twice daily
gauge readings. Annual discharges at the station sites can be found in
Table C A4-1. Monthly flows are given in the data-part of this volume,
while daily flow can be found in the yearbooks of the Water Department [40].
Especially the eastern part of the Mindu Dam catchment is richly endowed
with precipitation stations (see figure C A4-1). Monthly data can be found
in the data-part of this volume. From the present stations, in working
order, only Tangeni-mission (nr. 963725) observations started before 1950.
Observations of all other stations started after 1954.

A 4.4. Flow analysis

A 4.4.1. General

To obtain a fair impression of the discharge into the Mindu reservoir, it
has been decided to extend in the first instance the original Kihonda
1950 - 1959 flow series (station 1HA6) to the present year, using three-
monthly values, mainly by simple regression analysis, with no more than two
independent variables. This type of analysis can be handled by the HP-67
calculator which was available to the project. The same type of analysis
could have been carried out to obtain monthly data, but required many more
hand-calculations, and a computer then becomes a necessity.

For the analysis long data series, overlapping the Kihonda series, are re-
quired. Some of the precipitation stations and the Ngerengere flow series
at Konga were taken into consideration
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A preliminary mass-analysis showed some alarming facts, related to the
Kihonda flow (see figure C A4-2). Flows are decreasing in relation to pre-
cipitation at Tangeni. Tangeni data, when plotted against Morogoro preci-
pitation data, did not show any obvious deviations, hence the Tangeni
series is not considered suspect.

Taking this decreasing flow into consideration, and the rather good re-
lation between Kihonda and Konga flows, judged from annual values, the
Konga flow data seem the best choice for extending the flow at Kihonda.
Figures C A4-3 and C A4-4 show some plots of Kihonda annual flows against
Tangeni precipitation and annual Konga flows.

The next stage of the exercise is to fill in missing data of the Konga
record.

A 4.4.2. Filling in missing values of the Konga monthly flow series

Table C A4-2 gives an updated and completed version of the monthly dis-
charge volumes at Konga. The original station 1HA9 was washed away in
March 1960 and was replaced by station 1HA9A in November 1962. The exis-
ting data have been processed by the Water Department up to 1975. However,
from the year 1974 onwards up to present, the Consultant has processed data
with a rating-curve slightly different from the one used by the Water
Department up to 1975. The present rating-curve is given in paragraph 3.3
of this volume. Hence the 1975 data deviate slightly from the originally
published data.

The missing months have been estimated by regression analysis with rainfall
stations. Three rainfall stations are in or near the catchment above Konga.
They are Luhongo (963748), Tangeni mission (963725) and Mondo (963745).
The Luhongo data had to be dropped because of inconsistencies in the series.
The 1955 - 59 average was 2.7 times the 1960 - 78 average, while for the
other rainfall series this was not the case. Based on the Thiessen polygon
method a series of weighted average precipitation figures of Mondo and
Tangeni has been created and used in the regression analysis. All existing
Konga data have been used, although the October - November totals of
1962/63 and 1963/64 surpass the weighted rainfall over the 20.7 km2 catch-
ment. No obvious errors could be detected in the flow values, while down-
stream flows also showed rather high values (see Table C A4-1) in the first
instance and it was decided to carry out the regression analysis with all
available years and repeat the analysis with the two years deleted. The
resulting equations were not very much different and the ones calculated
from the full records have been used.



Table C A4-1

Year
(Mov-Oct)

Catch.area

1950 - 51
51 - 52
52 - 53
53 - 54
54 - 55
55 - 56
56 - 57
57 - 58
58 - 59
59 - 60
60 - 61
61 - 62
62 - 63
63 - 64
64 - 65
65 - 66
66 - 67
67 - 68
68 - 69
69 - 70
70 - 71
71 - 72
72 - 73
73 - 74
74 - 75
75 - 76
76 - 77
77 - 78

: Annual discharges Ngerengere River and tributaries

Mlali
IHA 7

(km2) 10.1

•
2.4
12.9
10.9
8.0
6.5
4.8

Closed

Mgera
IHA 10

15.5

9.1
4.7
11.3
8.4
3.4

Closed

Horogoro
IHA 8

23.3

19.2
25.9
18.0
11.4
9.5
18.9
16.3
22.6
14.9
24.7
13.0
*
*
30.2

Not
Processed

Konga
IHA 9(A)

20.7

24.5
27.7
24.0
23.3
12.7
(36.5)
(30.5)
(49.1)
52.0
47.2
29.1
32.5
25.8
34.9
30.3
20.3
17.6
26.8
34.5
19.S
17.9
13.9
IS.2
28.8

Kihonda
IHA 6

406

82.0
97.2
60.7
51.0
78.7
86.3
63.6
64.5
29.3

Closed

(x 106 m3)

Kilimanjaro
IHA 4

66.8
78.4
91.2
77.0
69.1
34.6

Closed

Kingolwira
IHA 3

699

119.6
137.8
91.1
93.4
108.0
107.8
81.2
77.9
37.1

Closed

Kiluwa
IHA 5

1665

114.3
127.6
149.6
115.7
115.8
61.9
119.8
80.5
305.3
212.0
174.0
54.4
88.5

Closed

H gude
IHA 15

2370

174.6
(116.7)
9S.6
Closed

Utari bridge
IHA 1(A) IHA 14

2870

109.1
138.6
132.4
96.5
147.9
161.3
139.9
100.4
58.1
116.1
74.4

372.9
150.5
274.1
75.3
149.1
208.0
345.3
133.6

Not
Processed

Precipitation
Tangeni

1085
1193
929
867
1224
1228
1179
1099
1048
1346
1260
1536
1249
1404
1336
1407
1451
1452
1413
1166
1605
1551
1633
1024
858
851
1217
1120

Horogoro

740
1084
586
862
757
1004
843
747
727
1072
897
1073
1062
1176
800
896
997
1231
837
837
990
1105
1273
996
739
693
969
1009

to
o

Figures in brackets = estimated values.



Table C A4-2 Monthly Discharge Volumes (m K 10 ) for the Hgerengere River at Konga {updated and completed) and precipitation data (mm)
of weighted average of Tangeni and Hondo precipitation stations*

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Jan.

0.4
1.6
0.8
0.6
0.6
1.2
(0.2)
(5.3)
4.3
3.8
1.1
1.8
0.4
1.0
0.8
0.7
1.2
0.1
2.1
0.5
0.5
0.6
0.8
2.5
3.6

Feb.

_

1.0
1.5
0.7
1.0
0.4
0.5
(1.6)
(3.6)
2.8
2.2
1.2
2.7
0.5
0.7
1.0
2.6
1.1
0.2
1.3
0.4
0.5
0.3
0.7
1.0
3.5

Mar.

.
1.7
6.2
1.1
2.1
0.7
3.3
(1.8)
(4.0)

4.5
4.0
1.8
2.8
0.4
3.0
3.1
2.9
0.9
0.6
1.5
0.5
1.3
0.9
1.7
2.0
4.3

ipr.

3.6
6.0
7.0
4.0
8.3
3.1

(13.8)
(6.8)
(8.4)
12.0
8.6
7.9
7.5
2.0

10.2
7.1
5.7
5.6
5.5
9.0
8.2
5.0
2.5
5.3
8.1

May

5.4
7.8
4.5
9.2
3.8
2.7
(7.7)
(5.5)
(4.4)
7.1
4.4
5.1
4.8
5.9
5.6
6.2
2.8
4.0
10.3
7.8
4.4
4.9
3.4
3.5
4.1

June

1.5
2.9
1.7
1.5
2.2
0.7
(3.1)
(2.5)
(1.3)
4.1
2.8
3.2
2.8
3.6
5.1
2.1
0.7
1.4
2.5
1.7
1.3
1.7
2.1
1.1
1.7

July

0.6
1.6
0.9
0.8
0.8
0.5
(1.7)
(2-4)
(0.7)
3.9
1.8
1.7
1.5
1.9
1.8
0.9
0.4
1.1
1.0
2.5
0.9
0.8
1.0
0.7
0.8

&ug.

0.9
0.5
0.8
0.6
1.2
(1.2)
(1.6)
(1.2)
3.3
1.3
1.1
0.9
2.1
1.0
1.0
0.3
0.5
0.7
0.6
0.6
0.6
0.6
0.7
0.7

Sept.

0.4
0.5
0.5
2.8
0.5
1.0
(1.1)
(2.8)
(1.3)
2.6
1.1
1.0
1.0
4.9
0.7
0.5
1.3
0.3
1.1
0.4
0.6
0.8
0.7
1.3
0.5

Oct.

0.5
1.8
0.4
1.0
0.3
0.9
(1.4)
(4.1)
(0.5)
1.9
1.5
2.9
0.9
2.2
0.7
0.8
0.4
0.2
2.3
0.2
0.1
0.8
0.7
1.5
0.4

Nov.

0.7
1.1
0.7
2.0
0.3
0.8
(0-8)
(^0.5)
.2.2
9.3
0.9
3.9
1.0
3.1
3.3
1.9
0.2
0.2
3.9
0.8
0.5
0.5
0.6
3.9
3.9

Dec.

0.5
26.2
0.6
1.1
0.6
0.7
(0.4)
(7.9)
3.3
6.4
1.2
2.0
1.0
2.0
3.5
0.6
1.1
0.3
1.9
0.6
0.5
0.6
0.4
3.1
4.3

Jan.-Dec.
Total

-

24.5
26.1
25.8
21.1
13.3
(36.2)
(47.7)
(36.2)
62.2
33.6
32.9
28.7
29.0
36.6
26.0
19.1
16.8
30.1
28.5
19.4
18.0
13.8
24.2
30.0

Nov.-Oct.
Total

_

24.5
27.7
24.0
23.3
12.7
(36.5)
(30.5)
(49.1)
52.0
47.2
29.1
32.7
25.8
34.9
30.3
20.3
17.6
24.8
32.9
19.8
17.9
13.9
18.2
28.8

Nov.-Oct.
Precip.

1825
2017
2304
1904
2127
2445
2647
2814
2197
2136'
1858
2320
2262
2135
2048
1594
1806
2267
2277
1748
1629
1379
1775
1862

( ) = months in brackets estimated by regression anlyses
* = weighted average precipitation = 0,54 x Precipitation of Hondo +0,46 Precipitation of Tangeni Mission
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The regression equations obtained have the following form:

«(i) = a + b*Q(i-D + C'P(i)
where :

0,., = volume of discharge (x 106 m3) in month (i)

Q,._ . = volume of discharge (x 106 m 3) in month (i-1)

P,... = weighted Tangeni and Mondo precipitation (mm)
in month i.

a, b, c = coefficients determined by regression analysis.

Table C A4-3 gives the calculated coefficients using linear regression,
least square techniques, based on 1954 - 78 data. The correlation coeffi-
cients, which are also shown in the table are all highly significant. From
the average monthly discharge volumes Q, .v and precipitation P,., given in

the table, it can be seen that influence of the discharge of preceeding
months is very small in the months with very high rainfall, while the
opposite is true for the months with low rainfall.

The finally calculated missing values are given in brackets in Table C A4-2.

Table C A4-3: Coefficients and correlation coefficients
of Q i = a + b«Qi_1 + c-Pi

Month

January
February
March
April
May
June
July
August
September
October
November
December

n

22
22
22
21
22
22
22
21
21
22
22
22

a

- 0.261
- 0.324
- 0.559
- 1.166
+ 0.268
+ 0.274
+ 0.036
- 0.070
- 0.366
+ 0.031
- 0.757
- 0.233

b

0.564
0.557
0.882
0.920
0.382
0.213
0.506
0.647
0.823
0.285
0.706
0.604

c

0.004
0.005
0.006
0.012
0.013
0.012
0.004
0.004
0.009
0.006
0.011
0.004

r

0.87
0.83
0.76
0.77
0.78
0.71
0.73
0.86
0.92
0.86
0.96
0.94

Q

1.51
1.24
1.11
2.01
6.46
5.35
2.16
1.30
0.95
1.11
1.01
1.93

P

157
150
280
505
245
67
34
47
82
105
186
140

n
a, b, c
r

Q

p

number of observations
coefficients
correlation coefficient

mean monthly volume (x 106 m 3)

mean monthly precipitation (mm)
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A 4.4.3. Completing the Kihonda three-monthly series

Table C A4-4 shows measured monthly volumes at Kihonda. From this table
and Table C A4-2 of monthly Konga volumes, discharge volumes of the two
stations have been assembled and listed in Table C A4-5 and plotted in
figure C A4-5. As has been explained before, three-monthly values have
been chosen rather than monthly values purely in order to decrease the
amount of calculation work. Three-monthly values still show the seasonal
distribution of in-flow into the reservoir.
The wet season is represented by the April - June volume, while the other
three volumes of the year represent the low-flow seasons.

In figure C A4-5 the increasing slope of the curve is striking, because it
means that with increasing flows the ratio Kihonda/Konga also increases.
This can be explained by the fact that losses between upstream tributaries
and the Ngerengere at Kihonda are considerable. The relative influence how-
ever decreases with higher flows. The curve has been fitted with a power
function for Konga flows below 4.0 x 106 m3 and with a straight line above
these values. The functions are shown below:

For Qv Ú 4.0 x 106 m3, Q_.. . = 2.10 x Q_, 1 ' ° 4 4

*Konga ' ̂ Kihonda *Konga

where S = 1.34 i 106 m3

and

For Qv > 4.0 x 106 m3, Q.,., , = 7.04 + 3.99 Qv
*Konga ' ̂ Kihonda *Konga

where S =5.77

Q's are the discharge volumes in 106 m3, while S 's are the standard errors

(measure for deviation of the fitted curve), also in 106 m3.
It can be seen, that for the lower flows, the flow at the downstream sta-
tion is only twice the flow at the upstream station Konga, while this
figure increases to 3 or 4 for higher volumes. The fit becomes also less
pronounced, judging from the S 's. The 1978 - 1979 measurements carried out

by the Consultant are also plotted in figure C A4-5. They do not deviate
conspicuously from the 1954 - 59 values, hence it may be assumed that the
relation between the two gauging sites has not changed in the course of
time.



Table C A4-4 Monthly Discharge Volumes (m x 10 ) for Ngerengere River at Kihonda

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

1978
1979

Jan.

_

1 . 6
9 .7
0 . 6
1.7
0 . 2
5 . 5
1 .2
0 . 9
1 . 4

12.8

Feb.

3 . 0
3 . 7
0 . 2
1.1
7 . 5
5 .6
1.7
1 .3
0 .9

s i n

_
14.9

Mar.

_

2 . 9
3 . 1
0 . 6
3.5
1 . 8
8 . 8
2 . 8
7.2
1.6

I O N

17.2

fipr.

_

21.4
17.5
10.6
10.1
19.2
31.5
14.5
22.8

7 . 4

C L O S

May

29.9
21.2
27.9
23.4
31.2
19.4
30.0
16.6

7 . 1

E D

_,

June

8 . 6
4 .5
5.9
3 . 9
9 . 4
4 . 8
4 . 0
5 . 3
1 .7

July

_

5 . 2
2 . 3
3 . 2
1 . 6
4 . 0
2 . 0
2 . 1
2.i
1 . 4

Aug.

_
1 . 9
1 . 5
2 . 8
1 .1
2 . 1
1 .3
1.7
1 .7
2 . 6

Sept.

3 . 9
0 . 9
1 . 3
2 . 8
0 . 8
1 . 3
1.0
2 . 1
1 .1
1 . 8

0 .7

Oct.

2 . 4
1 . 9
1 . 4
2 . 1
0 . 9
1 .1
0 . 7
1 . 6
0 . 7
1 . 5

0 . 4

Nov.

0 . 8
15.9

3 . 1
1 . 7
0 . 6
2 . 9
1 .1
2 . 5
0 . 8

-

8 . 5

Dec.

3 . 5
15.1

9 . 9
1 . 2
0 . 4
2 . 8
0 . 8
2 . 3
1 .1

-

16.7

Jan.-Dec.
Total

_
108.3

70.2
59.6
49.1
83.5
82.5
66.5
61.6

-

Nov.-Oct.
Total

-

81.6
97.2
60.7
51.0
78.8
86.3
63.6
64.5
29.3

Remarks

Data from
year books

Measured by
Consultant

Ngerengere at Kihonda (10^ m 3) -*-

ft
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Table C A4-5: Three-monthly corresponding river discharge volumes
(x 106 m 3) of the Ngerengere River at Konga and Kihonda

Date

Jan-March '54
April-June "
July-Sept "
Oct-Dec "

Jan-March '55
April-June "
July-Sept "
Oct-Dec "

Jan-March '56
April-June "
July-Sept "
Oct-Dec "

Jan-March '57
April-June "
July-Sept "
Oct-Dec "

Konga

*
10.5
1.5
1.8

3.1
16.7
3.0
3.4

9.3
13.2
1.9
1.7

2.6
14.7
4.4
4.1

Kihonda

*
37.4
3.5
1.9

9.5
59.8
7.4
6.8

19.9
55.7
4.3
2.6

5.7
48.5
5.9
6.4

Date

Jan-March '58
April-June "
July-Sept "
Oct-Dec "

Jan-March '59
April-June "
July-Sept "
Oct-Dec "

Jan-March '78
April-June "
July-Sept "
Oct-Dec "

Jan-March '79
April-June "
July-Sept "
Oct-Dec "

Konga

3.7
14.3
1.9
1.2

1.7
6.5
2.7
*

*
*
8.6

11.4

Kihonda

9.4
44.7
4.9
2.6

3.9
16.2
5.8
*

*
*
*

25.6

44.9

No data available

Based on above relations, Kihonda flows have been extended. They are listed
in column 3 of Table C A4-6.
As for the calculated Kihonda volumes, a random adjustment has been added
or subtracted (see Annex 2 on hydrological models) to maintain the true
variance of the flow volumes. The final, adjusted Kihonda figures are shown
in column 6 of the same table.

A 4.4.4. Adjusting Kihonda flow volumes to flow volumes

at the Mindu Dam site

Both Gauff [70] and Sir Alexander Gibbs [71] assume that throughout the
year the flows passing Mindu Dam site are about 85% of the flows at the
downstream Kihonda station. Noting that the catchment area at Kihonda is
approximately 30% larger, but that this additional catchment receives less
rainfall than the eastern Ulugurus of the catchment above the Mindu Dam
site, 85% seems reasonable. However, the question is if this value can be
taken throughout the year, because in the dry season, no runoff at all
emerges from the additional catchment area. Table C A4-7 lists dry season
spot-measurements at Konga, Mindu Dam site and Kihonda. The Mindu Dam site
flow is in this period between 8 and 13% larger than the downstream Kihonda
site flow. This figure increases at the end of the dry season, hence losses
also occur between the Mindu Dam site and Kihonda.



215

Table C A4-6:

fear and
season
(1)

1950 - 51
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1951 - 52
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1952 - 53
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1953 - 54
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1954 - 55
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1955 - 56
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1956 - 57
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1957 - 58
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

Actual and derived Ngerengere River flows (x 106 m3)

Ngerengere
at Konga

<2)

-

-

-

-

10.5
1.5
1.8
3.1

16.7
3.0
3.4
9.3

13.2
1.9
1.7
2.6

14.7
4.4
4.1
3.7

Unadjusted

(3)

-

-

-

-

-

-

-

-

Ngerengere at Kihonda
Normal random

number
(4)

-

-

-

-

-

-

-

-

Random
adjusted

<5)

-

-

-

-

-

-

Adjusted

(6)

6.7
7.5

-

59.5
8.0
32.9
16.5

116.6 (57.4)*

43.2
5.1
5.4
1.4

55.1 (11.9)

44.4
8.8
5.0
6.3

64.5 (20.1)

37.4
3.5
1.9
9.5

52.3 (14.9)

59.8
7.4
6.S
19.9

93.9 (34.1)

55.7
4.3
2.6
5.7

68.3 (12.6)

48.5
5.9
6.4
9.4

70.2 (21.3)

Ngerengere
at Mindu

(V)

6.7
7.5

-

50.6
8.0
28.0
14.0

100.6 (50.0)*

36.7
5.1
5.4
1.5

48.7 (12.0)

37.7
8.8
5.5
6.3

58.3 (20.6)

31.8
3.9
2.1
9.5

47.3 (15.5)

50.8
7.4
6.8
16.9

81.9 (31.1)

47.4
4.7
2.9
5.7

60.7 (13.3)

41.2
5.9
6.4
9.4

62.9 (21.7)
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Table C A4-6: Actual and derived Ngerengere River flows (x 10s m3) (continued)

Year and
season
(1)

1958 - 59
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1959 - 60
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1960 - 61
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1961 - 62
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1962 - 63
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1963 - 64
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1964 - 65
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1965 - 66
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

Ngerengere
at Konga

(2)

14.9
1.9
1.2
1.7

6.5
2.7
2.4
5.0

24.6
4.0
2.6
3.6

14.8
6.8
29.3
12.9

14.1
3.2
6.0
11.6

23.2
9.8
17.6
10.0

IS.8
4.2
3.6
4.1

16.2
3.8
8.8
7.3

Unadjusted

(3)

-

16.2
5.8
4.9
9.9

36.8 (20.6)

95.5
7.8
5.3
7.2

115.8 (20.3)

51.9
16.4
116.4
43.5

228.2(176.3)

48.8
6.4
11.8
37.7

104.7 (55.9)

89.3
29.7
64.4
30.6

214.0(124.7)

56.4
8.4
7.2
8.2

80.2 (23.8)

58.1
7.6
25.3
18.6

109.6 (51.5)

Ngerengere
Normal random

number
(4)

-

- 1.43
+ 0.04

+ 2.02
+ 1.48
- 0.51
+ 1.01

- 0.69
- 1.10
- 0.73
- 0.36

+ 0.51
- 0.87
+ 0.76
- 0.82

- 0.95
+ 1.16
- 0.18
- 1.86

- 0.47
- 0.13
+ 0.14
+ 0.68

+ 0.46
- 1.32
+ 0.84
- 0.43

at Kihonda
Random
adjusted

(5)

-

- 2.2
+ 0.1

+11.7
+ 2.3
- 0.8
+ 1.6

- 4.0
- 6.4
- 4.2
- 2.1

+ 3.0
- 1.3
+ 1.2
- 4.7

- 5.5
+ 6.7
- 1.0
-10.6

- 2.7
- 0.2
+ 0.2
+ 1.0

+ 2.7
- 2.0
+ 4.9
- 2.5

Adjusted

(6)

44.7
4.9
2.6
3.9

56.1 (11.4)

16.2
5.8
2.7
10.0

34.7 (18.5)

107.2
10.1
4.5
8.8

126.6 (23.4)

47.9
10.0
112.2
41.4

211.5(163.6)

51.8
5.8
13.0
33.0

102.9 (51.1)

83.8
36.4
63.4
20.0

203.6(119.8)

53.7
8.2
7.4
9.2

78.5 (24.8)

60.8
5.6
30.2
16.1

112.7 (51.9)

Ngerengere
at Hindu

(7)

38.0
5.4
2.9
4.3

50.6 (12.6)

13.8
5.8
3.0
10.0

32.6 (18.8)

91.1
8.6
4.9
8.8

113.4 (22.3)

40.9
10.0
95.4
35.2

181.3(140.6)

44.0
5.0
11.1
28.1

88.2 (44.2)

71.2
30.9
53.9
17.0

173.0(101.8)

45.7
8.2
7.4
9.2

70.5 (24.8)

51.7
5.6
25.7
13.7

96.7 (45.0)
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Table C A4-6: Actual and derived Ngerengere River flows (x 106 m3) (continued)

Year and
season
(1)

1966 - 67
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1967 - 68
April - June
July - sept
Oct - Dec
Jan - March

TOTALS

1968 - 69
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1969 - 70
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1970 - 71
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1971 - 72
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1972 - 73
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1973 - 74
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

Ngerengere
at Konga

(2)

15.1
3-4
2.9
1.3

11.5
8.9
7.3
4.7

20.9
3.5
7.5
4-9

15.4
2.4
3.3
6.2

9.2
2.0
1.7
3.2

11.0
1.9
0.7
0.9

18.3
2.8
8.1
4.9

18.5
3.5
1.6
1.4.

Unadjusted

(3)

53.3
6.1
5.9
2.7

68.0 (14.7)

37.2
25.7
18.6
9.3

90.3 (53.6)

79.0
7.0
19.5
9.7

151.4 (36.2)

54.6
4.9
6.6
13.7

79.8 (25.2)

27.0
4.1
3.5
6.4

41.0 (14.0)

35.0
3.9
1.5
1.9

42.3 (7.3)

67.5
5.7
22.1
9.7

105.0 (37.5)

68.4
7.0
3.3
2.9

81.6 (13.2)

Ngerengere at Kihonda
Normal random

number
(4)

+ 1.08
+ 1.16
- 1.86
- 0.63

- 0.51
+ 0.15
+ 0.36
- 1.82

- 1.10
- 0.13
- 0.79
+ 0.49

- 0.47
- 0.08
+ 1.50
- 2.08

- 0.45
+ 1.34
+ 0.69
- 0.90

- 0.06
- 0.19
- 0.37
+ 0.13

- 0.39
+ 0.04
- 0.40
- 0.11

- 0.92
+ 1.93
- 1-28
- 1.24

Random
adjusted

(5)

+ 6.2
+ 1.8
- 2.9
- 1.0

- 3.0
+ 0.9
+ 2.1
- 2.8

- 0.6
- 0.2
- 4.6
+ 0.8

- 2.7
- 0.1
+ 2.3
-12.0

- 2.6
+ 2.1
+ 1.0
- 1.4

- 0.4
- 0.3
- 0.6
+ 0.2

- 2.3
+ 0.1
- 2.3
- 0.2

- 1.4
+ 3.0
- 2.0
- 1.9

Adjusted

(6)

59.5
7.9
3.0
1.7

72.1 (12.6)

34.2
26.6
20.7
6.5

88.0 (53.8)

78.4
6.8
14.9
10.5

110.6 (32.2)

51.9
4.8
8.9
1.7

67.3 (15.4)

24.4
6.2
4.5
5.0

40.1 (15.7)

34.6
3.6
0.9
2.1

41.2 (6.6)

65.2
5.8
19.8
9.5

100.3 (35.1)

67.0
16.0
1.3
1.0

79.3 (18.3)

Ngerengere
at Mindu

(7)

50.6
7.9
3.3
1.9

63.7 (13.1)

29.1
22.6
27.6
6.5

75.8 (46.7)

66.6
6.8
12.7
8.9

95.0 (28.4)

44.1
5.3
8.9
1.9

60.2 (16.1)

20.7
6.2
4.9
5.5

37.3 (16.6)

29.4
4.0
1.0
2.3

36.7 (7.3)

55.4
5.8
16.8
9.5

87.5 (32.1)

57.0
10.0
1.4
1.1

69.5 (12.5)
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Table C A4-6: Actual and derived Ngerengere River flows (x 10s m3) (concluded)

Year and
season
(1)

1974 - 75
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1975 - 76
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1976 - 77
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1977 - 78
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

1978 - 79
April - June
July - Sept
Oct - Dec
Jan - March

TOTALS

Ngerengere
at Konga

(2)

13.9
2.1
2.0
2.3

11.6
2.2
1.9
1.8

8.0
2.3
1.7
3.2

9.9
2.6
8.5
5.5

13.9
2.0
8.6
11.4

Unadjusted

(3)

47.9
4.3
4.1
4.7

61.0 (13.1)

37.7
4.5
3.9
3.7

49.8 (12.1)

21.7
4.7
3.5
6.4

36.3 (14.6)

30.1
5.3
23.9
10.8

70.1 (40.0)

47.9
4.1
25.6
44.9

122.5 (74.6)

Ngerengere at Kihonda
Normal random

number
(4)

- 0.75
- 0.86
- 0.12
+ 0.40

+ 0.83
+ 0.14
+ 0.22
- 0.12

- 0.40
- 0.54
+ 0.71
+ 0.51

- 0.21
+ 1.19
+ 0.48
+ 0.89

+ 0.32
- 0.02

Random
adjusted

(5)

- 4.3
- 1.3
- 0.2
+ 0.6

+ 4.8
+ 0.2
+ 0.3
- 0.2

- 2.3
- 0.8
+ 1.1
+ 0.8

- 1.2
+ 1.8
+ 2.8
+ 1.4

+ 1.9
0

Adjusted

(6)

43.6
3.0
3.9
5.3

55.8 (12.2)

42.5
4.7
4.1
3.9

55.2 (12.7)

19.4
3.9
4.6
7.2

35.1 (15.7)

28.9
7.1
26.7
12.2

74.8 (45.9)

49.8
4.1
25.6
44.9

124.4 (74.6)

Ngerengere
at Mindu

(7)

37.1
3.3
4.3
5.3

50.0 (12.9)

36.1
5.2
4.5
4.3

50.1 (14.0)

16.5
4.3
5.1
7.2

33.1 (16.6)

24.6
7.1
22.7
10.4

64.8 (40.2)

42.3
4.5
21.8
38.2

106.8 (64.5)

* The figures in brackets refer to the July - March totals.
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For this reason the approach used for adjusting flows has been slightly
different from the one in the reports mentioned before. For the larger
flows the same approach has been used, thus 85% of the Kihonda flows has
been taken; for the low flows 110% has been taken; while the in-between
flows were not adjusted. See also Table C A4-8. Using this approach the
mean flow at the Mindu Dam site is 88% of the Kihonda flow. Table C A4-6,
column 7, gives the final results, being the three-monthly Mindu Dam site
discharge volumes from October 1950 up to March 1979.

Table C A4-7: Corresponding discharges (m3/s) of the Ngerengere River
at Konga, Mindu Dam site and Kihonda.

Data

20/06/78
2/08/78
28/08/78
26/09/78
23/10/78

Konga

0.417 *
0.234
0.185 *
0.143
0.114

Mindu Dam
site

0.405
0.292
0.172

Kihonda

1.657
0.649
0.371
0.262
0.149

ratio

Kihonda
Konga

3.97
2.77
2.01
1.83
1.31

Kihonda
Mindu Dam s.

0.92
0.90
0.87

* All discharges measured by current meter, except the ones indicated by
an asterix, where gauge reading has been related to the rating curve.

Table C A4-8: Adjustment factors for the discharge at Kihonda to obtain
discharge at Mindu Dam site.

Discharge at Kihonda
(x 106 m3/3-month)

D > 10 (1.27 m3/s)
5 < D S 10

D S 5 (0.64 m3/s)

Mindu Dam site discharge volume
as % of Kihonda discharge volume

85
100
110

A 4.5. Reservoir analysis

Table C A4-9 shows the reconstructed flow series at the Mindu Dam site.
This series will be regarded as in-flow into the reservoir, although it is
a conservative assumption for the low flows. At present there are rather
swampy areas above the site, causing losses between the future place of
in-flow into the reservoir and the Mindu Dam site.
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The average annual in-flow is 74.9 x 106 m3; the life storage of the reser-
voir at stage I and II is 13% and 24% respectively. This is not particu-
larly large and the reservoir will over-flow almost every year. The most
critical flow period of the reconstructed flow series for this particular
reservoir will thus be rather short because overyear storage is only
occasionally a necessity.

Discharges of three critical periods are analysed, while a critical period
is defined as a period with very low flows. The first is the period ana-
lysed by Gibbs and partners [71] which is not a natural sequence but a com-
bination of low-flow months. This combination is analysed with the dis-
charges calculated at the Hindu Dam site in this report and not with the
discharges mentioned in the report of Gibbs [71]. This flow series is
listed in Table C A4-10. The most critical discharges from the recon-
structed series are from June 1971 to March 1972 and part of the July 1970
to March 1972 period, called critical period I and listed in Table C A4-10.
The discharges over the July 1958 - March 1960 period are also analysed.
This is the only time on the record that the reservoir does not over-flow
because remaining water from the low-flow period and in-flow in the wet
period is less than the requirements in the wet period and the total life
storage of the reservoir, which has to be filled up. This is called criti-
cal period II.

Table C A4-9: Reconstructed flow series (x 10G m3) for the Ngerengere
River at the Mindu Dam site

Year

1951/52
52/53
53/54
54/55
55/56
56/57
57/58
58/59
59/60
60/61
61/62
62/63
63/64
64/65
65/66

April-
June
period

50.6
36.7
37.7
31.8
50.8
47.4
41.2
38.0
13.8
91.1
40.7
44.0
71.2
45.7
51.7

July-
March
period

50.0
12.0
20.6
15.5
31.1
13.3
21.7
12.6
18.8
22.3
140.6
44.2
101.8
24.8
45.0

Annual
Total

100.6
48.7
58.3
47.3
81.9
60.7
62.9
50.6
32.6
113.4
181.3
88.2
173.0
70.5
96.7

Year

1966/67
67/68
68/69
69/70
70/71
71/72
72/73
73/74
74/75
75/76
76/77
77/78
78/79

Mean

April-
June
period

50.6
29.1
66.6
44.1
20.7
29.4
55.4
57.0
37.1
36.1
16.5
24.6
42.3

42.9
(5.46
m3/s)

July-
March
period

13.1
46.7
28.4
16.1
16.6
7.3
32.1
12.5
12.9
14.0
16.6
40.2
64.5

32.0
(1.35
m3/s)

Annual
Total

63.7
75.8
95.0
60.2
37.3
36.7
87.5
69.5
50.0
50.1
33.1
64.8
106.8

74.9
(2.38
m3/s)
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Table C A4-10: Flow series used by Gibbs [71] and the most severe, natural
series from regression analysis called Critical period I
(all values x 106 m3)

Period

Assumption
July-Sept
Oct-Dec
Jan-March
April-June

1

i

•

i

July '58 and
Aug-Sept
Oct-Dec
Jan-March

i

i

58
58
59
59

52
52
53

Gibbs

Flow at
Kihonda

-
4.9
2.6
3.9
16.2

4.9
5.4
1.4

and partners

Flow at
Mindu Dam site

Reservoir full
4.2
2.2
3.3
13.8

4.2
4.6
1.2

From regression analysis

Period

-
July-Sept
Oct-Dec
Jan-March
April-June

July-Sept
Oct-Dec
Jan-March

•70

'70
'71
'71

'71
'71
•72

Flow at
Mindu Dam site

Reservoir full
6.2
4.9
5.5

29.4

4.0
1.0
2.3

Table C A4-11: Water requirements for 1996 (0.600 m3/s for treatment,
0.185 m3/s compensation water) and losses (evaporation
minus precipitation)

Period

April-June
July-September
October-December
January-March
Total Year

Requirements (x 106 m3)

6.2
6.3
6.2
6.1

24.8

Losses (mm)

250
450
350
350
1400

To carry out the reservoir analysis, water requirements, losses and reser-
voir characteristics are needed. The latter ones are given in figure C A4-6.
Only the characteristics based on stage II of the Mindu Dam construction »
(full supply level 509.5 m a MSL and no siltation) will be analysed.
Table C A4-11 lists water requirements and net evaporation. The average
water requirements throughout the year 1996 were taken from Gibbs [71].
This particular report did not mention the distribution over the year.
It is assumed that the requirements are constant, although they will be
different for the wet and dry season, but not to a great extent, because
most water is required for industrial purposes. Gibbs [71] takes the losses
as 5 mm a day throughout the year, which is mainly evaporated. Part of
these losses however are compensated by precipitation falling on the reser-
voir and the net evaporation is less. A rather conservative year with only
425 mm of rain has been chosen for the loss calculation. Thus losses are
(5 mm x 365 - 425 mm = 1400 mm).
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Area

510

505

Full supply level, stage II 509,5 m

Full supply level, stage I 507,0 m

Minimum drawdown level 501,5 m

Stage I maximum storage = 9,4 x
Stage II maximum storage = 17,9 x

Pi 495
0 5 10

Volume m 3 x 106 " •

15 20 25 30

Figure C A4-6 Mindu Reservoirs volume/area characteristicsiAfter Gibbs) [71]
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Table C A4-12: Reservoir analysis of stage II of Hindu Dam development for
the year 1996, siltation not taken into account. *

Period

July-Sept '58
Oct-Dec '58
Jan-March '59
April-June '59
July '58-
Aug, Sept'52

Oct-Dec '52
Jan-May '53

July-Sept '70
Oct-Dec '70
Jan-May '71
April-June '71

July-Sept '71
Oct-Dec '71
Jan-May '72

July-Sept '58
Oct-Dec '58
Jan-May '59
April-June '59
July-Sept '59
Oct-Dec '59
Jan-May '60

In-flow

Gibbs [71]
critical
period

4.9
2.6
3.9
16.2

4.9
5.4
1.4

MDWSP
critical
period I

6.2
4.9
5.5
29.4

4.0
1.0
2.3

MDWSP
critical
period 11

5.4
2.9
4.3
13.8
5.8
3.0
10.0

Requirements

6.3
6.2
6.1
6.2

6.3
6.2
6.1

6.3
6.2
6.1
6.2

6.3
6.2
6.1

6.3
6.2
6.1
6.2
6.3
6.2
6.1

Net-
Evaporation

1.9
1.1
0.8
0.8

1.7
1.2
0.7

2.0
1.4
1.2
1.0

1.8
1.0
0.6

1.9
1.2
0.9
0.8
1.6
1.0
1.0

Accumulated
Volume

17.9
(Reservoir

full)

14.6
9.9
6.9
16.1

13.0
11.0
5.6

17.9
(Reservoir

full)

15.8
13.1
11.3

17.9 Reservoi
full

13.8
7.6
3.2

17.9
(Reservoir

full)

15.1
10.6
7.9
14.7
12.6
8.4
11.3

Spill

r 15.6

All values x 106 m3

Minimum left over storage experienced in the different critical
periods resp. 5.6, 3.2 and 7.9 x 106 m3
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Based on above assumptions and the three periods mentioned above, the reser-
voir-analysis has been carried out in Table C A4-12. It can be seen that
critical period I gives a slightly lower minimum storage, like the Gibbs
critical period. In both cases the reservoir would not fail. However if
the reservoir sedimentation will be taken into account and taken, as Gibbs
does, to be 0.5% by volume of the in-flow, then the actual storage should
be decreased by 7 x 10G m3 (20 x 0.005 x average annual runoff), and in
both the Gibbs critical period and the critical period I the reservoir will
fail if these low-flow periods would occur at the end of the 20 year period.
A siltation of 0.5% by volume (~ 7 g/1) of silt is considered very high. An
average of 1 g/1 was found in the detailed study of the Kikundi (Annex 3),
while this figure should be lower for the Mindu reservoir, which catchment
also has rather flat and swampy areas. This, combined with the fact that
the reservoir over-flows almost every wet season, causing a low trap-ef-
ficiency, should cause a siltation of only 10% of the Gibbs figure, so
0.7 x 106 m3. In this case no troubles are expected and sufficient
(> 50 1/s) flow is available even for other purposes, notably for rural
water supply in the Ngerengere Valley below the dam.

The only year in which the reservoir should not have over-flowed is in the
April - June 1959 period, as can be seen from the analysis of critical
period II also carried out in Table C A4-12. Although the reservoir did not
fill up, it did not have any impact on the minimum storage. The minimum
storage at the end of the dry period after the April - June 1959 wet period
was still higher than the minimum storage before this period.

Hence, it can be stated that with a 97% reliability (27 out of 28 years)
failure of the reservoir is only dependent on the July - March in-flow.

Taking this into consideration the minimum reservoir size with an accepted
probability of failure can be calculated for the 1966 requirement, as will
be done next.

Table C A4-9 lists, besides the annual volumes, also the July-March volumes.
They are plotted on log-normal paper in figure C A4-7. The 5% July-March
volume is 7.7 x 106 m3. The required yield for the July-March period is
18,6 x 106 m3, while the net losses for the reservoir going from full to
empty in this period can be estimated at 4.0 x 106 m3, thus:

Requirements + losses 22.6 x 106 m3

5% low-flow 7.7 x 106 m3

Difference (required from storage) 14.9 x 106 m3

Stage II life storage is calculated as 17.9 x 106 m3, hence 3 x 106 m3 is
available for siltation. If a reliability of 99% is required, the needed
storage is equal to the stage II life storage and no space is available
for siltation.
If accepting a reliability of 95% (failure to fulfill requirements less
than 1 year out of 20) and accepting a siltation below 3.0 x I06 m3, some
water is available for rural water supply below the dam.
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Figure C A4-7 Frequency analysis of July-March discharges at Mindu dam-site (log
probability paper)

A 4.6. Suggestions for increasing the yield of the Mindu reservoir

Using the same arguments as in the former paragraph, it can be calculated
that failures will only arise if sedimentation is larger than 0.2% by
volume of in-flow, as expected by Gibbs [71], but considered high by the
present study.

The potential yield of the reservoir could be increased by enlarging the
Mindu reservoir above 24% of the mean annual runoff by heightening the dam
above the stage II level. However, this is not to be expected, because this
requires relocation of the present Dar-es-Salaam - Iringa road and the
Zambia oil pipeline. The costs of relocation are considered too high.

Slight increases of low-flows into the reservoir could be created by
draining the swampy area south-west of the Sanga Sanga - Mlali road (see
figure C A4-1). No flow passed this road during the dry season of 1978
while the Mlali river, which flowed into the swamp, still conveyed some
water.
The results of draining seem to be minor and better results can be obtained
by abstracting part of the flow of the Mgeta river, which flows east of the
Upper Ngerengere river (see figure C A4-1). The low-flows of the river
Mgeta at gauging station 1HB2 are 0.5 m3/s with a probability of non-ex-
ceedence of 5% (see paragraph 3.3 chapter 3). Water from the Mgeta river
at the site of the gauging station 1HB2 could be pumped over the catchment



226

boundary into the Mlali catchment from where it can flow to the reservoir.
The level of the Mgeta river at 1HB2 is approximately at 940 m (zero of
staf gauge), while the lowest point of the catchment boundary is at 1048 m
as measured by the Consultant, which is the saddle through which the Mlali
- Mgeta road passes. Hence, a lift of 108 m is required over a distance
(measured along the road) of 950 m. An alternative solution may be to tap
the Mgeta river upstream, perhaps near Bunduki, and to convey the water by
gravity along the 1050 contour. According to general field surveys a very
long intake-main is required (~ 8 km). No specific intake point can be
mentioned, because no contour map exists of the Mgeta catchment, although
excellent aerial photographs are available.
The same idea has occurred to the Morogoro-district irrigation section of
the Department of Agriculture, although for a different reason. They want
to enlarge the low-flows of the Mlali river in order to be able to expand
the acreage of the Mlali irrigation scheme near Mlali.

A 4.7. Recommendations

It can be concluded from the three-monthly extended river flow series, that
low-flows can be more critical than Gibbs, [71] expected. By using monthly
data a new analysis should be carried out along the same lines as in this
report, both concerning flows and expected water requirements to obtain a
higher reliability of the analysis. Many more calculations have to be per-
formed and the use of a computer becomes attractive.

Relations between Konga (1HA9A) flow and out-flow of the new reservoir
should be checked annually to verify the correctness of the above-men-
tioned analysis.

Every three years the rate of sedimentation of the reservoir should be
measured. If the sedimentation is unduly high, other solutions, such as
mentioned in the former paragraph, should be considered in order to in-
crease the yield of the reservoir.
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Data CD 1

Precipitation
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CD 1. PRECIPITATION STATIONS

Registered
Number

95.3702
95.3704
95.3809
95.3831
96.3600
96.3601
96.3606
96.3618
96.3621
96.3623
96.3625
96.3626
96.3627
96.3628
96.3629
96.3630
96.3631
96.3632
96.3633
96.3634
96.3635
96.3636
96.3638
96.3642
96.3644
96.3700
96.3701
96.3702
96.3703
96.3709
96.3710
96.3711
96.3712
96.3713
96.3714
96.3715
96.3716
96.3717
96.3718
96.3719
96.3720

• 96.3721

96.3725
96.3732
96.3736
96.3738

Name of station

Kwekivu School
Kwadundwa
Sakura Estate
Kwamsisi Native Court
Mpwapwa Veterinary Office
Mpwapwa School
Mpwapwa Evergreen Forest
Ukaguru Forest Station
Chakwale
Tubugwe Farm
Myombo sisal Estate
Gairo
Nongwe
Mwasa
Kongwa Administration Office
Sagara
Mlali
Mseta Ujamaa village
Pandambili
Chamkoro Primary School
Gulwe
Lumuma Primary School
Mtanana Primary School
Pandambili Primary School
Kidete Primary School
Morogoro Agricultural Office
Kilosa Agricultural Office
Tungi Sisal Estate
Berega Mission
Kimamba Railway Station
Muskati Mission
Kingolwira Prison Farm
Pangawe Sisal Estate
Scutari Sisal Estate
Marios Sisal Estate
Kingolwira Sisal Estate
Kilosa Sisal Estate
Melela
Mhonda Mission
Msowero Ginnery
Tegetero Mission
Mvomero
Tangeni Mission
Ilonga
Chazi
Kisangata Sisal Estate

Latitude
¡

5
5
5
5
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

46
40
37
52
20
21
17
20
04
22
55
09
28
40
12
16
18
23
04
20
27
50
05
05
39
51
50
46
12
47
05
45
47
47
48
45
51
58
08
32
57
19
56
46
12
37

Longitude
I

37
37
38
38
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

Ï

23
40
53
37
30
30
33
57
58
38
58
54
54
45
25
33
46
43
44
40
25
38
32
42
41
40
00
42
10
08
28
48
49
10
12
46
00
31
35
12
43
26
36
02
34
10

Altitude
m a MSL

850
850
40
150

1130
1000
1780
1680
910

1020
200
1790
1880
700
1520
1220
1520
1520
1220
-
-

-
-
910
580
490
500
850
460
1830
460
460
460
440
460
460
580
490
1070
990
490
640
500
490
460
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Registered
Number

96.3741
96.3742
96.3743
96.3745
96.3746
96.3746A
96.3747
96.3748
96.3749
96.3751
96.3752
96.3753
96.3754
96.3755
96.3756
96.3758
96.3760
96.3761
96.3762

96.3763
96.3764
96.3765

96.3766
96.3767
96.3768
96.3769
96.3770
96.3771
96.3772
96.3773
96.3775
96.3776

96.3778
96.3779

96.3780
96.3781
96.3782
96.3800
96.3801
96.3804
96.3805
96.3808
96.3810

Name of station

Mkuyuni
Mtibwa Estate
Magole
Mondo
Morningside Farm
Morningside Kidunda
Hobwe
Luhungo
Kwandewa Masa
Mlali
Morogoro Water Department
Mfumbwe
Mlali Irrigation Scheme
Madoto
Wami Prison Farm
Msowero
Kinole Primary School
Mvumi Agricultural Office
Morogoro Teachers Training
Centre
Morogoro Agricultural College
Chanjuru Sisal Estate
Ilonga Estate (Msimba Seed
Farm)
Kivungu Sisal Estate
Rudewa Sisal Estate
Chazi Rehabilitation Centre
Mafiga Sisal Estate
Kxhonda Sisal Estate
Kidete Sisal Estate
Vitonga Sisal Estate
Magubika
Kilangali
Morogoro Meteorological
Station
Mtibwa Sugar Estate (Lukenge)
Kilosa Natural Resources
Office
Melela
Mangai
Isanga Sisal Estate
Bagamoyo Agricultural Office
Ngerengere Sisal Estate
Mandera Mission
Lugoba Mission
Athina Sisal Estate
Fatemi Sisal Estate

Latitude

6
6
6
6
6
6
6
6
6
6
6
6
6
6

ff
»

6
6
6

6
6
6

d

6
6
6
6
6
6
6
6
6

6
6

6
6

oi

6
6
6

oi

6
6
6

3

57
08
24
57
54
52
59
55
58
58
49
54
57
44
24
30
54
37

50
51
48

44
56
42
10
50
46
26
54
15
57

50
00

46
55
55
55
25
47
13
28
47
47

Longitude
1

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

37
37
37

37
37
37
37
37
37
37
37
37
37

37
37

37
37
37
37
38
38
38
38
38
38

Ï

49
39
21
38
40
40
34
38
35
20
39
59
33
05
26
13
46
10

42
40
03

04
02
08
35
38
39
15
36
15
05

39
36

03
25
20
02
55
07
23
15
10
14

Altitude
m a MSL

370
460
460
1120
1450
1000
740
880
880
590
510
520
610
520
580
610
300
490

610
540
-

490
-

440
370
-
580
-
550
1310
460

530
400

670
500
480
-
10
210
210
240
210
230



230

Registered
Number

96.3812
96.3813
96.3817
96.3819
96.3822
96.3828
96.3831
96.3833
96.3834
96.3604
97.3605
97.3606
97.3607
97.3608
97.3609
97.3610
97.3611
97.3700
97.3705
97.3706
97.3708
97.3709
97.3711
97.3713
97.3714
97.3715
97.3716
97.3717
97.3719
97.3721
97.3724
97.3725
97.3726
97.3727
97.3728
97.3729
97.3730
97.3731
97.3732
97.3808
97.3809

9 00126 1)
9 00127 *•)
9 00128 x)
9 00129 x)
9 00130 x)
1 GDA 17 1)

1) obtaine

Name of station

Kwaruhombo
Mgudeni Sisal Estate
Kiwege Sisal Estate
Kinonko Sisal Estate
Kikondeni Sisal Estate
Ubena Prison Camp
Kate Sisal Estate
Ubena Zomozi
Chalinze Catholic Mission
Sanje Estate
Mazobwe
Malolo
Ulaya
Kisanga Msolwa
S on jo
Ichonde
Mikumi
Duthumi Estate
Singiza Mission
Matombo Mission
Kisaki
Tununguo Mission
Kikeo Mission
Kienzema Mission
Mvuha
Bunduki
Mizungu Mgeta
Mtamba
Bwakira Juu
Stieglers Gorge
Kibungo Mission
Kibuko Coffee Plot
Kibungo
Bwakira Estate
Tawa Health Centre
Kilombero Sugar Estate
Kikoboga Mikumi
Mkata Settlement
Tindiga
Kidunda
Ng'hesse (Utari Bridge)

Lufusi
Ngalanilo
Mdukwi Juu
Kivegeya
Mdukwi Chini
Lumuma
d from Water Department, Ubungo

Latitude
£

6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

6
6
6
6
6
6

Î

05
47
48
45
54
37
38
37
38
49
40
20
04
18
44
41
24
23
15
05
28
03
13
07
12
02
04
04
16
48
04
06
01
27
02
40
21
08
00
16
01

50
52
54
31
51
40

Longitude
I

38
38
38
38
38
38
38
38
38
36
36
36
36
36
36
36
36
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
38
38

36
36
36
36
36
36

S

08
08
06
01
13
05
09
10
20
55
02
33
34
47
55
58
59
48
43
46
36
58
33
36
51
37
35
46
44
55
41
33
48
45
44
00
09
38
00
18
19

36
44
47
49
41
41

Altitude
m a MSL

460
210
210
270
150
300
-
-
-
370

1680
510
610
820
-
-
790
90
460
390
180
170
610
1680
130

1280
1100
320
340
150
980
-
270
150
460
300
550
580
460
90
90

-
-
-
-
-
-.



Precipitation Stations (Data available as from 1960 to 1977)

Registration
Number

96.3702

95.3704

9S.3809

95.3831

96.3600

96.3601

96.3606

96.3618

96.3621

96.3623

96.3626

96.3626

96.3627

96.3628

96.3629

96.3630

96.3631

96.3632

96.3633

96.3634

96.3636

96.3636

96.3638

96.3643

96 3644

96.3700

96.3701

96.3702

96.3703

96.3709

96 3710

96.3711

96 3712

96.3713

96.3714

96.3715

96 3716

96.3717

96.37 IB

96.3719

96.3720

96.3721

96.37»

96.3732

96.3736

96.3738

96.3741

96 3742

96.3743

96374a

Station

Kwakivu School

Kwadundwa

Sakure Estate

Kwamsisi Natural Court

Mpt¥apwa Vetanarv Office

MpwapvM School

Mpwapwa Ewergraen Forest

Ukaguru Forest Station

Chekvnle

Tubuawe Farm

M yambo Sisal Estate

Gairo

Nogwe

M w a i

Kangwa Administration Office

Saoara

Ml ali

Mseta Ujamaa

PandambUI

Chamkoro Primary School

Quln*

Lumuma PrUnaty School

Mtanana Primary School

Pandamtull Primary Schoof

Kidete Primary School

Morugoro Agricultural Office

Kilou Agricultural Off ice

Tung) Sisal Estate

Berega Mission

Kimamba Raihvay Station

Muskati Mission

Kingotvrira Prison

Pengam Sisal Estate

Scuteri Sisal Estate

Marias Sisal Estate

KingoUvin Sisal Estate

Kltosa Sisal Estate

MeWa

Mhonda Mission

Msowero Ginnery

Tag»t«ro Mission

Muomero

Tangani Mission

tlonga

Chazi

Kisangata Sisal Estate

Mkuyuni

Mtibwa Sugar Estate

Maaols

ulorwta

1950

nodM

195t

ndevad

1962 1953 1954 1955 1956

-

1957:

If

1958 1959

•

1960 1961

- -

1962: 1963 1964.

—

1965 1966 1967

-

1968 1969

a t * <•»

1970

-

•

1971 1972

laaaaaaaaaaaaaaaaa-

aasaaaaaaaaaaaM

-

1973

ataW

m «•

1974

-

1975

a *

—

-

1976 1977

— •

to



continuou

Restoration
Number

96.3746

*96.37*7

96.37*4

96.3751

96.3762

96.3754

96.3766

96.3756

96,3758

96 3764

96.3766

96 3767

96 3766 .

96 3763

96.3770 ]

96.3ÏJ1 !

96.3772

96.3773
96 37 76

96 3773

96,3781

96.3782

96.3S 00

96.3804

96.3808

96.3810

96.3812

96.3813

96.3917

96.3819

96.3828

96.3831

96.3833

97.3604

97.3606

Station

Morningwto Farm

Hobwa

Luiiungo

Mali

Utorogoro Water Owirion

Mlali Irrigation Scheme

Madoto

Wuni Prkson Farm

Msouwro

Chanjuni Stul Ettal*

Monea Sitat Eitate

Rudewa Siial Ettate

ChaziRehablllalionCsnlra

MafitaSiulEuate

KlhondaSisriEiuta

Kidais Siat Ettus

VUonga 3i«J Estala

Mwblke

Ktwgali

Mtib»s Sugar Eiuta ILukengel

Mangai

lunoaSJul Estate

BagamoyD Agricultural Office

HaCKtaraMisuon

Athina5ua)E>uta

FstsmiSiial EiMtB

Ktwruhombo

Mgudani Slut Eitau

Kimg>Sla(Eitata

Kinonko Shd i iu ta

Ubana Ptisan Camp.

Kale Sisal Estate

Ubana Zomati

Sanie Estala

Maloia

1960

nodiiu

1951

•d tMd

1962 1953 ' 1964 1956 1966 1SS7 1-958 19S9 I960

—

1961 1962 1963 1964 19S5 1966 1967 1968

•i

—

1969 1970

—

1971

a

-

1972

anUnuarf

-

1973 1974

-

1975

1 1
u Moragaia Mat. StaOon 9K

1

1976

Î776

•

1977

to



continued

Registratk*
Number

97.3607

97.3608

97.3009

97.3610

97.3700

97.3705

97.3706

97.3708

97.3709

97.371)

97.3713

87.3714

97.3715

97.3716

97.3717

97.3719

97.3721

97 3724

97.3725

97.3720

97.3727

97.3728

97.3729

97.3730

97.37Î1

97.3732

97.3809

1197.3611

3197.3806

Station

Ul«v>

Klsanga Msohva

Sanio

Ichonde

Duthumi Estate

Singiu Mission

Matambo Misión

KiMki

Tununguo Mission

Kifceo Mission

Kpeniem» Mission

Mvube

Bunduki

Mlmoou Mgata

Mtmiia

Bwstirii Juu

Slivfllers Gorgi

Klbungo Minion

KibukoCoffMPIot

Klbungo

Bwnt ¡r» Eilats

Taws Hmlth Centre

KilofntHro Sugar Estate

Klkoboga Mikuml

Mkata SattlaiMnt

Ttndioa

Ng>K»e (Utsri Bridge)

Mikuml

K ¡dunda

1950' 1961 1962 1953 1954 1955 1956 1957 1958 1959 ,1960 t961 1962 1963 1964'

- —

1965 1966

—

1967

—

1968 1969 1970 = 1974 M 972

-

1973 1974

—

1975 1976 1977

• Mi to

9.0026 Lulud

9.0027 Ngslanllo

9.0028 MdukMiJuu

9.0029 Kñwqeva

9.0030 Mdukni Chlni

1GDA17 Lurmina

not(D

nMprccetKd

not procetsed

nQtprocatssd
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Legend (rainfall tables)

* = not available because of missing data
( ) = estimated value
n = number of years involved in determination of m, s and C
m = mean (mm)
s = standard deviation (mm)
C = coefficient of variation (-)

C = coefficient of skewness (-)



Monthly Rainfall (mm) for Station:

Registration Number: 95.3702

KWEKIVU SCHOOL

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

Jan

*
*

118.4
0.0

117.1
87.6
180.8
219.2
11.4

151.1
127.0
20.3
*

46.9
201.7

Feb

*
121.7
209.8
0.0
39.4
304.8
78.2
40.1
176.5
81.3
19.1
151.1

133.4
*

March

*
45.7
32.8
90.2
50.8
36.8
85.3
134.4
247.7
198.1
125.7
31.8
*

54.5
100.4

No data

April

*
169.2
163.6
120.4
101.1
62.2
184.4
168.9
93.0
63.5
151.1
94.0
*

91.4
173.9

available

May

*
61.0
100.8
79.5
72.1
92.2
32.8
*

33.0
*

50.8
69.9
*
0.0
16.5

June

*
0.0
0.0
0.0
2.5
15.2
12.2
*

31.0
*
0.0
0.0
*
0.0
0.0

July

*
0.0
0.0
28.4
0.0
7.1
0.0
0.0
0.0
*
0.0
73.7

A

0.0
0.0

Aug

*
0.0
1.8
13.2
3.8
0.0
0.0
*
0.0
*
0.0
0.0
*
0.0

Sept

*
0.0
6.4
6.9
0.0
*
0.0
*
0.0
*
0.0
25.4
*
0.0
*

Oct

*
38.6
6.6
7.6
6.4
*
0.0
*
0.0
*
0.0
78.7
*
0.0
*

Nov

*
64.8
38.6
10.7
0.3
*

15.5
*
*
1.3
*
*
*

68.5
*

Dec

122.9
45.5
129.0
16.5
*

38.6

*
43.2
*
*
*

65.8

Jan - Dec
Total

*
*

724.2
486.2
409.7
*

627.9
*
*
*
*
*
*

460.5
*

Nov - Oct
Total

*
*

829.9
430.3
532.9
*
*
*

*
*
*
*
*
*

to



Monthly Rainfall {ram) for Station:

Registration Number: 95.3704

KWADUNDWA

ïear

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1961-67,
1971-76)

m

s

Jan

*
114.3
114.0
35.6
352.5
128.2
106.4
209.7
50.8
49.0
*
*

42.7
430.5
109.3
270.7
48.6
46.3
70.9
88.0

13

146.8

129.8

0.88

Feb

*
94.0
95.3
177.8
203.2
181.3
94.8
76.3
S3.4
96.7
*
*
*

130.6
166.7
155.8
118.4
33.0
27.3
80.8

13

116.6

58.5

0.50

March

*
174.0
148.6
110.5
97.0
185.2
207.9
85.5
226.6
63.7
*

*
121.9
106.2
104.5
51.8

238.0
187.9

*

13

137.4

63.2

0.46

fipril

*
196.0
408.9
Î74.0
125.7
174.4
228.9
96.7
124.9
135.7

*
*
*

62.1
157.8
158.0
245.3
362.4
106.3
180.1

13

165.6

77.7

0.47

May

*
153.4
133.4
68.8
100.1
53.5
37.3
148.5
103.5
104.4

*
*
*

112.4
303.8
171.6
157.8
143.2
149.9
56.6

13

127.3

67.3

0.53

June

*
6.4
*

38.6
39.6
33.8
46.9
11.4
6.2
8.6
*
*
*

44.7
0.0
0.0
45.0
38.0
42.9
0.0

13

27.4

18.8

0.69

July

*
35.6
47.0
156.2
24.6
29.3
19.1
6.6
15.0
32.1
*
*
*

36.9
25.1
0.0
63.3
0.0
21.9
18.2

13

33.1

40.6

1.23

Aug

0.0
106.7
8.9
17.8
30.7
8.4
10.2
8.9
13.3
30.9
*
*
*
5.6
16.5
32.1
0.0
24.1
8.2
55.1

13

15.9

10.6

0.67

Sept

7.6
*

21.6
96.5
37.1
13.9
14.0
4.3
93.1
147.8

*
*
*
5.2

111.5
0.0
0.0
63.6
14.5
*

13

46.3

50.4

1.09

Oct

1.3
109.2
63.5
276.9
7.1
15.2
59.7

214.8
30.8
78.4
*
*
*
0.0

170.1
0.0
6.5
0.0
80.0
140.5

13

72.3

91.9

1.27

Nov

27.9
11.4
*

287.0
115.1
329.9
13.0
64.8
105.0
78.6
*
*
*
0.0

190.7
70.6
51.3
28.2
17.4
90.6

13

104.0

103.3

0.99

Dec

144.8
57.2
*

223.5
102.1
82.4
30.5
113.8
126.6
204.0

*
*

149.8
75.3
75.1
3.6
156.1
39.1
153.2

13

108.6

62.0

0.57

Jan - Dec
Total

*
*
*

1663.2
1234.8
1235.5
868.7
1041.3
949.2
1029.9

*
*
*

1099.7
1433.0
1038.4
821.5
1132.9
766.3
*

13

1101.1

248.8

0.23

Nov - Oct
Total

*
1162.2
1109.8

*
1528.1
1040.4
1237.5
906.2
896.2
978.9
*
*
*
*

1316.8
1158.7
882.3
1033.5
894.1
*

11

1079.3

209.6

0.19

to
w



Monthly Rainfall (mm) for Station:

Registration Number: 95.3809

SAKURA ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

n(1950-77)

m

s

Cv

Jan

0.0
23.1
21.1
84.6
24.1
36.1
70.1
265.2
5.1
58.7
87.6
23.6

107.4
0.0
82.3
43.8
42.0
3.5
2.5
34.5
82.0
34.5
36.5
29.0
29.0
10.0
0.0
70.4

28

46.7

52.8

1.13

Feb

8.1
117.9
5.1
0.0
14.2
55.9
9.1

100.8
24.6
20.8
3.6

219.7
51.6
28.0
42.0
0.0
17.5
42.0
21.5
100.0
15.0
7.0

48.5
7.5
0.0
0.0
40.2
29.0

28

36.8

47.9

1.30

Harch

285.5
43.9
99.1
108.2
19.8
52.1
54.1
62.7
103.9
164.6
161.5
11.7

100.6
160.0
95.0
41.0
189.8
34.8
302.4
193.5
102.5
148.0
107.5
37.0
62.0
62.0
44.6
66.7

28

104.1

74.0

0.71

fipril

263.5
236.0
121.2
122.9
170.9
257.0
210.3
489.7
153.9
434.1
376.9
201.7
197.1
232.8
238.5
217.0
276.3
339.8
359.2
235.0
83.5
54.5

149.5
273.0
120.5
248.0
242.2
39.8

28

228.4

103.9

0.45

May

161.5
390.9
57.7
280.2
126.0
321.1
134.6
265.4
150.6
127.3
122.4
110.2
37.6
131.9
136.5
137.0
288.2
291.5
225.0
123.5
67.5
100.0
412.0
268.0
116.2
126.5
116.8
SI.7

28

17S.3

100.0

0.57

June

13.2
60.2
19.6
0.0
27.4
163.3
35.3
32.8
87.1
62.7
39.4
33.0
17.8
98.5
23.0
19.0
120.3
80.5
177.0
35.5
3.0
84.5
0.0
62.5
56.5
21.5
121.0
46.6

28

55.0

46.8

0.85

July

73.9
57.4
16.3
52.1
56.9
38.6
4.6
32.5
21.6
65.5
14.2
136.4
27.4
136.2
16.0
40.0
49.6
133.0
10.0
23.5
34.5
55.5
37.5
9.0

105.0
64.5
53.8
30.3

28

49.9

37.6

0.75

Aug

92.5
38.1
40.4
145.3
113.3
0.0
13.2
21.3
46.5
102.6
20.1
48.3
59.9
22.5
51.0
64.7
32.7
80.0
33.5
92.5
28.0
57.5
43.7
48.0
26.0
19.5
24.6
114.7

28

52.9

35.8

0.68

Sept

77.2
50.5

104.4
88.9
18.3
15.7
14.7
32.3
14.2
2.0
14.7
103.6
37.1
24.0
43.5
51.0
58.5

270.5
6.0
60.5
88.0
21.0
67.0
12.0
47.0
116.5
46.0
217.5

28

60.8

61.3

1.01

Oct

98.3
194.3
143.0
122.4
99.8
27.9
17.3
134.9
16.5

142.7
74.7
463.0
12.2
26.5
78.5
60.0
77.5

242.2
129.5
48.0
73.5
32.5

128.5
13.5
8.0
59.5
101.8
149.5

28

99.1

92.6

0.93

Nov

25.4
557.0
181.4
159.3
39.6
71.7
75.9
397.8
61.2
57.7
24.6
369.8
54.6

353.0
40.1
205.5
17.0

143.5
216.0
131.0
220.0
36.5
117.0
199.0
121.5
38.0
52.7
188.0

28

148.4

135.5

0.91

Dec

68.8
144.5
28.2
72.4
34.0
105.9
79.5
98.8
69.9
21.6
11.7
300.2
108.5
79.6
163.3
118.5
42.0
22.0
166.0

8.5
82.5
21.5
72.5
127.0
5.0

40.0
22.1
90.5

28

78.8

63.8

0.81

Jan - Dec
Total

1167.6
1893.6
837.2
1236.2
744.5
1145.3
718.8
1934.2
755.1
1260.3
951.5
2021.3
811.8
1293.0
1009.7
997.5
1206.4
683.3
1646.6
1086.0
682.0
653.0
1220.2
1085.5
696.7
806.0
865.8
1174.7

28

1092.3

386.2

0.35

Nov - Oct
Total

*
1286.3
1329.1
1214.1
902.6
1041.4
740.9
1593.0
1120.6
1312.1
994.5
1387.6
1318.7
1023.5
1238.9
876.9
1471.4
576.8
1430.1
1328.5
519.0
897.5

1088.7
949.0
896.2
854.5
869.0
971.0

27

1082.7

271.4

0.25



Monthly Rainfall {nan) for Station:

Registration Number: 95.3831

KWAHSISI NATIVE COURT

Year

1951
1952
1953
1954
1955
1956
19S7
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

n(1952-61,
1968-77)

m

s

Cv

Jan

*
43.7
55.9
29.2
37.8
165.1
212.9
0.0
65.5
71.4
36.3
241.3
23.4
55.9
*
0.0
*

(40.0)
53.6
76.3
62.5
52.8
69.5
46.8
69.2
15.2
57.3

20

62.6

47.7

0.76

Feb

*
54.6
1.3
40.6
64.5
19.1
137.2
96.8
88.1
53.8
169.7
0.0
10.7
*
*
0.0
*

76.2
113.0
47.0
13.4
55.3
80.5
0.0
63.0
40.1
97.1

20

65.6

43.7

0.67

March

54.6
100.6
79.2
25.4
58.4
77.0
119.6
297.4
134.6
51.8
55.4
39.1
196.8

*
0.0
*

165.0
196.8
204.4
20.3
56.2
75.2
50.0
127.4
72.1
73.9

20

102.0

69.3

0.68

April

137.2
62.2
85.1
82.6
149.7
212.6
324.6
85.3
228.3
238.0
105.4
202.7
167.2

*
*
0.0
*

206.1
237.5
76.2
165.4
201.7
169.1
141.0
235.1
240.6
(150.0)

20

169.8

71.9

0.42

Hay

0.0
29.0
168.9
152.4
394.2
109.7
213.6
53.8
121.9
85.3
86.1
12.7
0.0
*
*
*
*

104.2
101.4
87.6
81.0
197.0
130.0
139.2
125.2
76.3
41.8

20

124.9

79.4

0.64

June

19.6
0.0
57.2
168.9
78.5
22.9
4.1
31.8
29.2
32.0
16.8

73.4
*
*

37.2
*

47.0
30.3
0.0
29.4
9.6
19.3
46.7
50.5
84.9
1.0

20

38.0

39.2

1.03

July

39.4
22.1
50.8
12.4
86.4
0.0
36.8
0.0
44.5
9.7
61.2
*

45.0
*
*
*

83.9
25.4
31.7
0.0
22.1
53.7
8.8
41.9
53.6
53.5
4.5

20

31.0

24.4

0.79

Aug

8.9
29.5
85.1
19.3
0.0
0.0
8.4

48.8
60.7
2.5
0.0
*
0.0
*
*

10.5
89.4
31.8
40.6
0.0
20.9
52.0
29.4
2.5
0.0
14.9
27.6

20

23.7

24.1

1.02

Sept

25.7
65.3
115.6
115.6
17.8
0.0
75.2
20.8
(0-0)
3.8
77.2
*

11.4
*
*
0.0

298.6
0.0
29.0
(30.0)
18.5
62.3
6.1
19.0
72.6
24.5
146.5

20

45.0

43.9

0.98

Oct

147.8
246.6
99.1
119.6
32.8
30.0
95.5
13.0
100.3
82.3
286.3

*
25.4
*
*
*

179.3
113.0
100.3
38.1
48.2
204.8
0.0
93.5
42.6
75.6
132.1

20

97.7

74.8

0.77

Nov

295.4
61.7
71.5
78.7
83.8
180.6
146.3
20.8
53.3
52.1

414.8
*

320.2
*
*
*

131.0
186.1
157.5
15.2
1.5

162.6
106.8
72.8
5.7
11.6
165.3

20

102.7

95.8

0.93

Dec

163.8
12.7
3S.1
0.0

177.3
50.8
141.7
17.30
6.4
0.0

262.9
*

92.7
*

*
17.8
146.0
0.0

280.7
73.7
172.9
90.7
0.0
46.7
79.8
132.9

20

94.3

87.9

0.93

Jan - Dec
Total

*
728.0
913.8
844.7
1181.2
867.8
1515.9
841.5
932.8
682.7
1572.1

*
966.2
*
*
*
*

1140.8
1091.7
846.5
556.9
1280.9
785.4
653.4
891.6
789.1
1030.0

20

957.3

270.8

0.28

Nov - Oct
Total

*
1111.8
872.4
725.5
1098.8
897.4
1459.3
935.7
1066.9
690.3
946.5
*
*
*

*
*

957.5
1266.3
708.1
777.6
1020.6
223.4
877.6
912.0
750.1
823.2

20

906.1

250.6

0.28

S3
UJ



Monthly Rainfall (mm) for Station:

Registration Number: 96.3600

MPW&PWA VETERINARY OFFICE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-69.
1971-77)

m

5

Cv

Jan

166.6
127.0
124.0
115.1
174.5
67.1
205.5
87.4
85.6
125.2
277.6
36.8
304.3
150.5
234.1
83.6
64.2
76.4
206.9
98.6
255.1
124.7
149.7
144.0
74.9
127.3
138.3
178.8

27

138.8

64.9

0.47

Feb

88.9
200.2
277.4
38.4
102.1
130.6
220.0
93.7
291.3
158.8
110.7
95.5
178.8
220.7
234.1
127.8
151.2
150.4
99.1
135.5
138.2
200.1
134.3
169.1
96.1
96.4
78.0
74.3

27

142.4

6Î.5

0.43

March

78.0
79.2
169.2
109.2 .
82.3
43.2
142.5
161.8
207.5
175.8
134.9
173.S
254.0
280.3
194.7
107.4
164.7
134.0
227.8
117.8
205.1
106.0
136.9
34.4
23.8
238.8
57.1
42.8

27

136.2

69.8

0.51

April

157.0
141.7
74.4
49.0
40.9
34.0
90.7
271.0
42.4
0.0
96.3
78.2
51.3
66.2
58.6
51.3
83.1

217.0
316.3
38.4
21.5
70.7
66.2
173.7
192.6
51.7
56.8
42.9

27

96.8

77.1

0.80

May

9.4
27.7
26.7
49.3
13.0
29.0
2.5
48.5
6.6
9.7
7.9
9.1
7.4
50.0
3.9
8.3
14.4
61.0
36.3
16.4
*

11.3
60.4
31.7
8.5
17.0
12.1
8.9

27

21.7

18.0

0.83

June

0.0
0.0
0.0
0.0
0.0
2.5
0.0
0.0
4.3
0.0
0.5
0.0
0.0
13.0
1.8
0.0
2.5
3.8
5.6
3.9
*
1.5
0.0
0.0
0.0
0.0
11.3
3.4

27

2.0

3.4

1.70

July

0.0
0.0
0.0
4.8
0.0
1.0
0.0
0.0
0.0
0.0
0.8

15.2
3.8
0.0
0.0
0.0
0.5

12.5
0.0
0.0
*
0.0
2.0
0.0
1.6
0.0
0.0
0.0

27

1.6

3.8

2.38

Aug

0.0
0.0
0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.8
0.0
0.3
0.0
0.3
1.5
0.0
0.0
*
0.0
0.0
0.0
0.0
0.0
0.0
2.6

27

0.3

0.7

2.33

Sept

0.0
0.0
0.3
0.0
0.0
0.0
1.8
1.3
0.0
0.0
0.0
0.0
0.0
0.5
0.0
3.6
0.0
15.3
0.0
0.0
*
0.0
9.0
0.0
0.0
5.3
0.0
0.4

27

1.4

3.5

2.SO

Oct

11.7
2.8
1.3
0.3
0.0
0.0
0.0
7.9
0.0
0.0
5.6
63.2
34.0
0.8
1.0
4.4
4.7
13.5
16.5
0.0
*
3.4
28.7
0.0
1.2
0.0
4.9
1.4

27

7.7

14.1

1.83

Nov

27.7
79.0
23.1
2.3
1.5
12.4
24.4
23.9
13.5
11.7
1.8

120.7
38.4
107.5
15.7
36.1
99.4
59.0
25.4
47.6

*
32.9
55.9
43.5
0.0
52.1
5.9
14.1

27

36.1

33.1

0.92

Dec

57.9
111.3
22.9
99.1
44.2
178.8
92.5
180.8
163.1
208.0
65.0
275.8
(126.0)
120.1
158.3
225.8
139.5
339.0
161.6
114.3
177.6
99.8
76.0
104.1
117.1
161.5
56.6
138.8

27

134.7

70.7

0.52

Jan - Dec
Total

597.2
786.9
719.1
468.1
458.5
498.6
779.8
876.3
814.3
663.7
701.0
868.2
999.8
964.6
794.5
648.3
724.5
1083.4
1095.5
572.5
*

650.4
719.1
700.5
545.8
750.1
421.0
588.4

27

721.2

180.6

0.25

Nov - Oct
Total

*
664.2
863.6
412.9
514.2
353.1
854.2
788.5
842.4
646.1
854.0
538.3
1231.9
946.4
848.1
560.4
747.5
924.3
1306.5
597.6
*
*

719.9
684.8
546.3
653.6
572.1
418.0

25

723.6

232.2

0.32



Monthly Rainfall (mm) for Station:

Registration Number: 96.3601

MPWAPWA SCHOOL

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-58.
1961-64)

ra

s

Jan

166.1
135.4
79.5
74.9
143.0
30.0
212.6
246.9
127.8
141.0

*
36.6
270.2
152.7
207.1
93.8
*

100.9
*
*
k

131.4
94.7
*
*

166.4
117.0

*

13

144.8

76.1

0.40

Feb

94.2
173.5
222.0
38.1
121.2
151.1
142.7
92.7
220.7
162.1

*
80.0
227.1
166.4
154.7
87.5
129.1
183.7

*
*

60.9
140.1

*
*
6.1
*

13

145.0

58.7

0.36

March

85.1
89.9
146.8
96.3
54.9
65.3
147.3
144.3
178.8
196.3

*
128.3
163.6
206.4
136.6
124.8
214.4
62.5
*
*
*

67.4
111.0

*
*

348.7
*
*

13

126.4

45.3

0.S5

April

85.6
74.2
34.3
25.4
34.5
26.9
132.8
215.1
29.5
6.6
*

129.3
35.8
53.9
16.9
12.2
48.7
151.6

*
*
*

18.3
38.9
*
*
*
*
*

13

68.8

58.5

0.84

Kay

5.6
17.5
23.9
38.9
10.7
23.6
2.5

43.7
7.9
0.0
*

19.6
0.0
1.5
18.1
2.3
7.1
38.0
*
*
0.0
4.3
29.0
*
*
*

*

13

16.4

13.8

3.44

June

0.0
0.0
0.0
0.0
0.0
11.2
0.0
0.0
0.0
*
*
0.0
0.0
0.0
0.0
0.0
4.8
0.0
*
*
0.0
0.5
*
*
*
*
*
*

13

0.9

3.1

2.36

July

0.0
0.0
0.0
3.8
0.0
0.0
0.0
0.0
0.0
0.0
*

8.9
1.8
0.0
0.0
0.0
0.0
3.1

*
0.0
0.5
*
*
*
*
*
*

13

1.1

2.6

1.0

Aug

0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7.1
*
0.0
0.3
0.0
0.0
0.0
0.0
*
*
*
*
0.0
*
•k

k

*

k

k

13

0.1

0.1

-

Sept

0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
k

0.0
0.0
0.0
0.0
5.3
0.0

*
*
*
0.0
it

*

*

*

*

*

13

0.0

0.1

2.28

Oct

16.8
3.0
3.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
*

61.2
7.1
0.0
5.1
0.0
0.0
*
*
*
*
0.0
*
*
*
*
*
*

13

7.4

16.9

2.28

Nov

41.7
56.1
18.5
0.0
5.1
10.2
10.9
14.5
5.8
*
*

118.9
19.6
80.6
2.6
23.6
0.0
*
*
*
*
*
*
*
*
•k

*

k

13

58.5

113.5

1.94

Dec

55.4
107.2
46.2
112.0
46.2
218.4
73.7
149.6
146.6

*
69.3
272.8
125.7
131.1
164.4

*
137.2

*
*
*
*
k

*

*

*

*

*

13

126.9

66.8

0.53

Jan - Dec
Total

550.7
656.8
574.5
389.4
415.5
562.1
722.8
906.8
717.1

k

k

855.5
851.2
792.6
705.5
*
*

*
*
*
*
*
*
*
*
k

k

13

669.3

164.1

0.25

Nov - Oct
Total

*
590.6
673.1
342.1
476.2
384.8
866.8
827.3
728.8
1359.4

*
*

1097.6
726.2
750.2

k

*

k

k

k

k

k

k

*

*

*

*

*

11

678.5

221.7

0.33

ro

o



Monthly Rainfall (mn) for Station:

Registration Number: 96.3606

KPWàPWA EVERGREEN FOREST

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
196L
1962
1963
1964
1965
1966
1967
1668
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-77}

m

s

Jan

118.1
124.2
183.6
187.7 .
146.8
108.7
286.8
203.2
34.3
137.4
156.5
29.2

224.3
81.2
151.1
106.4
33.9
90.2
218.3
90.7
168.9
149.9
114.9
224.7
48.0
127.9
13.9

284.6

28

137.3

72.9

0.53

Feb

85.6
118.6
149.6
17.8
80.0
174.2
85.1
72.4
251.2
130.8
100.6
147.1
153.2
184.4
109.5
139.8
132.6
95.2
154.2
199.6
183.7
125.9
155.4
155.1
40.4
131.6
50.9
109.3

28

126.2

50.9

0.40

March

87.6
154.2
98.8
54.6
93.5
45.0
111.8
85.3
242.1
176.3
206.0
136.4
70.4
206.6
216.9
101.6
124.8
89.9
275.4
111.1
142.8
187.1
36.2
67.8
32.2
145.1
47.1
49.5

28

121.3

66.2

0.55

April

199.4
209.6
135.6
8.6

169.7
127.0
108.2
241.8
91.2
59.4
298.7
172.7
110.2
169.4
46.2
89.4
188.1
121.5
413.7
37.0
36.7
166.4
76.7
208.2
220.9
119.7
106.3
109.4

28

144.4

86.7

0.60

Hay

41.7
112.3
121.4
92.2
63.0
136.9
13.0
164.8
45.0
48.5
15.2
29.7
30.5
0.0
0.0
51.7
37.4
176.0
124.7
25.7
0.0
68.2
135.6
53.6
35.3
91.5
80.8
6.5

28

64.3

51.5

0.80

June

0.0
0.0
0.0
0.0
0.0
13.5
0.0
0.0
15.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7.2
27.2
0.0
0.0
0.0
23.2
0.0
0.0
2.1
5.1
36.4
6.8

28

4.9

9.6

1.96

July

0.0
0.0
0.0
17.8
0.0
9.1
0.0
0.0
0.0
0.0
0.0
40.6
0.0
0.0
0.0
0.0
0.0
37.7
0.0
0.0
0.0
12.2
3.0
0.0
11.1
0.0
0.0
0.0

28

4.7

10.8

2.30

Aug

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
16.0
0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14.7

28

1.1

4.0

3.64

Sept

0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.4
0.0
0.0
0.0
8.6
0.0
0.0
0.0
11.4
0.0
20.5
0.0
0.0
0.0
0.0
3.8
0.0
0.0
22.9
0.0
4.6

28

2.9

6.2

2.14

Oct

16.8
0.0
0.0
0.3
14.7
0.0
0.0
14.7
0.0
0.0
26.2
107.1
13.0
0.0
0.0
9.4
7.3
10.1
10.8
15.0
0.0
19.2
11.9
0.0
1.9
0.0
2.9
IS.3

28

10.6

20.4

1.92

Nov

23.4
103.4
0.0
0.0
0.0
14.0
8.1
55.4
1.0
0.0
0.0

125.7
22.9
170.4
2.0
60.5
37.0
86.5
(25.0)
75.8
0.0
10.3
22.4
33.6
0.9
39.0
14.9
67.8

28

35.7

43.5

1.22

Dec

100.1
136.1
0.0
73.7
66.8
184.7
97.3
122.9
143.0
121.4
83.3
332.7
135.6
146.4
85.4
189.9
69.8
303.5
(161.0)
24.9
36.8
91.4
90.0
99.4
80.6
59.9
40.6
96.7

28

106.6

75.8

0.71

Jan - Dec
Total

672.6
958.3
689.1
453.9
634.5
813.1
710.2
969.0
823.5
648.5
889.0
1127.0
760.2
893.4
611.1
760.1
638.1
1074.3
1383.6
579.8
568.9
853.8
649.9
842.4
473.4
742.7
393.8
765.1

23

763.7

213.9

0.28

Nov - Oct
Total

*

842.4
928.5
379.0
641.4
681.2
803.6
896.0
857.8
696.4
924.6
754.7
1060.0
800.1
840.5
597.1
781.7
791.1
1587.6
665.1
632.8
788.9
639.2
821.8
547.8
725.3
437.2
656.2

27

770.7

222.4

0.29

N3



Monthly Rainfall (mm) for Station:

Registration Number: 96.3618

UKAGURU FOREST STATION

Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
197 S
1979

n (1958-77)

m

s

Cv

C

Jan

289.3
25.9

248.9
156.5
32.0

229.4
203.2
228.4
101.1
161.9
37.1

206. i
152.9
117.2
109.8
109.8
222.3
64.5
76.2
81.3
247.9
140.5
288.0

20

140.6

75.3

0.54

Feb

83.6
323.6
120.4
72.9
174.2
86.9
151.7
174.9
122.7
211.8
212.4
184.1
153.1
105.4
110.0
126.4
81.6
3.4

65.1
189.9
94.3
120.7

20

138.2

69.3

0.50

Harch

231.4
278.6
154.4
239.5
146.3
183.6
209.1
362.4
139.2
408.3
105.S
251.4
341.9
133.4
134.6
208.1
73.9
140.3
248.7
215.6
146.1
192.9

20

206.1

89.2

0.43

April

386.6
261.6
232.7
453.4
324.9
348.2
265.7
269.6
229.5
234.3
410.6
443.3
278.7
115.5
277.6
205.4
356.8
276.6
227.6
211.1
218.3
535.9

20

282.1

85.1

0.30

Hay

220.5
42.7
101.6
81.8
96.3
25.7
43.9
23.5
73.1

136.5
241.7
297.1
99.1
25.2

118.8
225.6
104.4
265.0
65.6
144.9
117.2
48.3

20

116.5

81.5

0.70

June

*

30.5
10.2
56.4
13.0
1.5

69.4
52.5
0.3
38.4
67.8

114.7
80.8
0.0

71.8
5.3

22.3
17.2
6.4
53.0
0.5

36.3

20

35.6

33.4

0.94

July

62.5
1.5

14.7
20.3
99.1
X4.2
16.2
25.9
26.0
0.0

71.4
16.8
27.5
6.6

70.9
13.0
18.0
37.1
19.4
14.7
26.2
11.2

20

27.0

25.2

0.93

Aug

30.2
49.3
150.9
5.8

31.8
137.2
16.6
86.6
25.7
17.4

117.9
25.0
82.7
42.9
22.2
34.6
43.1
21.3
4.1

20.5
63.2
16.5

20

49.9

43.3

0.87

Sept

51.8
10.2
36.6
14.0
152.4
67.1
46.7
26.6
73.3
89.7
225.8
16.8
27.9
116.7
44.9
72.5
16.5
47.7
90.0
74.2
121.9
7.1

20

68.6

54.1

0.79

Oct

66.0
14.0
62.5
78.2
320.3
37.6
20.4
69.5

134.7
102.1
114.9
73.3
18.2
39.4
45.3
125.3
16.4
78.7
40.2
31.3
72.8
25.4

20

74.8

68.4

0.91

Nov

181.6
10.9
72.4
4.8

412.5
41.7

416.7
0.0

102.5
87.9
120.0
295.3
78.6
19.1
14.8

277.1
113.7
18.5
20.3
50.9

285.1
353.3

20

122.1

136.4

1.12

Dec

284.0
159.3
246.6
21.6
143.0
290.3
143.7
193.1
367.1
146.7
293.9
214.4
17.8

400.5
135.0
500.6
137.7
73.9
198.0
132.5
205.5
312.2

20

201.1

121.9

0.61

Jan - Dec
Total

*
1207.8
1451.9
1205.2
1945.6
1463.3
1603.3
1513.0
1395.2
1635.0
2019.0
2138.3
1356.2
1121.9
1155.7
1903.1
1206.7
1044.2
1'61.6
1189.9
1599.0
1800.3

20

1460.8

337.4

0.23

0.67

Nov - Oct
Total

*
1503.5
1303.1
1497.8
1416.7
1686.9
1374.9
1880.3
1118.7
1870.0
1839.7
2042.5
1772.5
798.7

1425.5
1275.8
1733.0
1203.2
935.7

1224.8
1291.8
1625.4

20

1459.8

332.6

0.23

- 0.09

its.



Monthly Rainfall (mm) for Station:

Registration Number: 96.3621

CHAKWALE

Year

1962
1963
1964
1965

Jan

506.7
*

68.8

Feb

85.6
132.0
76.4

Harch

139.2
132.0
125.1

(station

April

51.6
42.5
37.6

closed)

Hay

7.6
9.2
16.2

June

0.0
22.4
0.0

July

9.1
0.0
0.0

Aug

12.2
0.0
0.0

Sept

0.3
0.0
0.0

Oct

1.0
0.0
*

Hov

39.6
67.8
*

Dec

148.6
57.8

Jan - Dec
Total

1001.5
*
*

Nov - Oct
Total

*
*
*

to



Monthly Rainfall {¡m} for Station:

Registration Number: 96.3623

Year Jan

1963 145.2
1964 *
1965

Feb

187.6
*

Harch

68.9
*

{tio data

TUBUGWE FARM

April May

173.2 0.0
* *

available)

June

6.4
*

July

0.0
*

Aug

0.0
*

Sept

0.0
*

Oct

0.0
*

Nov

154.9

Dec

*
*

Jan - Dec
Total

*
*

Hov - Oct
Total

*
*



Monthly Rainfall (mm) for Station;

Registration Number: 96.3625

HYOHBO SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

196.0
83.6
216. S
66.1

261.7
125.1
106.2
266.1

*
248.6
107.5
101.0

Feb

197.4
241.6
81.6
126.6
102.9
161.3
134.1
146.4

*
*

83.6
25.7

March

150.1
203.6
341.4
110.2
193.0
93.7
102.4
292.6

122.1
275.4
135.6

April

173.2
212.3
364.4
315.0
100.6
101.3
112.2
290.5

*
143.8
165.8
51.5

May

58.2
X02.0
87.5
72.9
7.4
54.2
99.0
58.2
*

73.6
49.2
28.4

June

18.3
19.1
58.1
0.0
0.0
0.0
*
0.0
*

0.0
*
*

July

0.0
32.0
0.0
0.0
0.0
16.5
*
0.0
*

0.0
*
0.0

Aug

3.1
8.7
0.0
0.0
0.0
15.2

*
36.3

*
0.0
*
*

Sept

25.7
78.5
23.8
0.0
84.1
0.0
*

0.0
*

24.3
*
*

Oct

15.2
98.0
34.3
0.0

34.3
24.9
*
*
*
2.3
6.4

30.2

tiov

76.4
352.9
98.5
145.1
0.0
18.1
*
*
*

46.2
*

63.6

Dec

53.6
323.8
95.8
34.3

158.7
90.5
*
*
*
*

79.9
114.5

Jan - Dec
Total

947.2
1756.1
1401.9
870.2
942.7
700.8
*
*

*
*
*

Nov - Oct
Total

*
1209.4
1884.3
885.1
963.4
750.9
*
*
*
*
*
*



Monthly Rainfall (mm) for Station:

Registration Number: 96.3626

GAIRO

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

251.2
57.3
77.9
121.2
57.3
138.0

*
303.0

Feb

59.1
97.1
177.4
184.9
15.6
75.0
*
*

March

98.7
50.7
121.8
90.0
31.Î
103.1

*
29.1

April

15.4
64.9
39.5
51.5
114.9
74.4
*

26.2

May

7.4
28.3
95.9
53.3
45.1
28.8
*

11.1

June

0.0
15.0
0.0
0.7
1.0
0.0

0.0

July

0.0
15.3
0.0
0.0
4.0
0.0
*
*

Aug

0.0
0.5
*

0.0
1.1
0.0
*
0.0

Sept

0.0
3.0
*

0.0
0.7
13.2
*

13.2

Oct

0.0
3.3

0.0
21.0
16.9

13.7

Nov

0.0
2.5
*

0.0
28.7
30.1
*

86.3

Dec

102.2
30.8
118.4
108.8
45.7
143.7

*
87.1

Jan - Dec
Total

534.0
388.9
*

610.4
366.2
623.2
*
*

NOV - Oct
Total

*
437.6
*
*

430.6
523.8
*
*

to

01



Monthly Rainfall (mm) for Station:

Registration Number; 96.3627

NONGWE

Year

1970
1971
1972
1973
1974
1975
1976
1977

Jan

62.S
*

163.0
316.4
101.0
131.5
472.6

Feb

164.4
*

128.1
84.3
76.7
0.0
11.6

March

198.9

170.5
107.1
103.7
240.1

*

(Ho data

April

179.1
*

264.1
458.6
417.8
185.3

*

available)

May

89.7
*

356.9
99.8
81.0
89.0
*

June

*
5.6
13.5
14.2
0.0
*

July

8.9
6.9
14.6
0.0
1.0

Aug

0.0
2.0
9.5
13.3
0.7
0.0
0.0

Sept

32.2
3.4
55.0
0.1
2.5
0.0
0.0

Oct

13.9
6.9

108.2
6.2
30.5
0.0
*

Nov

0.0
0.0

430.1
74.7
3.2
26.7

Dec

0.0
132.8
232.4
108.3
0.0

171.6
*

Jan - Dec
Total

*
*

1932.3
1289.5
845.9
844.2
*

Nov - Oct
Total

*
1402.6
1768.7
1025.7
649.1
*

fO

tf».



Monthly Rainfall (mm) for Station:

Registration Number: 96.3628

MWASA

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

*
107.7
70.2
185.3
97.0
112.8
31.0
54.6

Feb

*
132.4
145.3
73.4
12.0
13.2
97.3
50.0

March

17.5
32.2
118.5
56.1
*

44.7
78.0
33.0

April

*
37.2
68.6
*

86.4
82.3
81.5
30.8

Hay

*
0.0
42.3

•k

11.2
17.0
9.3

June

*
0.0
0.0
*
*
0.0
0.0
0.0

July

*
10.2
0.0
*
*
0.0
0.0
0.0

Aug

*
0.0
7.0
*
*
0.0
*

76.0

Sept

*
0.0
7.0
*
*
*
0.0

115.0

Oct

*
1.1

40.0
*
*
0.0
0.0
21.0

Nov

*
14.1
118.4

*

0.0
0.0

112.0

Dec

*
92.0
*
*
*

72.3
279.5
45.1

Jan - Dec
Total

427.0
*
*

546.8

Nov - Oct
Total

*
*

605.0

*
*
*

669.2

00



Monthly Rainfall (mm) for Station:

Registration Number: 96.3629

KONGWA ADMINISTRATION OFFICE

Year

1972
1973
1974
1975
1976
1977
1978

Jan

96.2
174.6
17.6

144.9
70.4

205.1

Feb

190.0
167. S
82.9
28.1
36.5
103.2

March

117.9
44.5
37.8
64.1
53.1
18.3

April

44.5
26.0
112.2
0.0

31.9
72.2

May

42.5
5.3
24.0
0.0
21.0
7.0

June

0.0
0.0
0.0
0.0
0.0
0.0

July

0.0
0.0
0.0
0.0
0.0
0.0

Aug

0.0
0.0
0.0
0.0
0.0
0.0

Sept

0.0
0.0
0.0
0.5
0.0
0.0

Oct

23.2
0.0
0.0
0.0
0.0
0.0

Nov

43.7
8.1
0.0
0.0
7.5
27.3

Dec

45.8
84.9
79.6
70.2
78.1
139.8

Jan - Dec
Total

603.8
510.9
354.1
327.8
298.7
572.9

Nov - Oct
Total

*
507.4
367.5
337.2
283.1
491.4

to



Monthly Rainfall {mm) for Station:

Registration Number: 96.3630

SfiGARA

Year

1972
1973
1974
1975
1976
1977

Jan

95.2
140.1

*
68.3
161.9
171.9

Feb

132.5
149.5

*
69.5
54.3
91.5

March

83.3
34.8
*

84.5
41.3
15.5

April

34.3
37.6
*

63.2
105.6
46.2

Hay

34.0
5.1
*

15.7
16.5
27.3

June

0.0
0.0
*
0.0
0.6
0.0

July

0.0
0.0
*
0.0
0.0
0.0

Aug

0.0
0.0
*
0.0
0.0
0.0

Sept

2.0
0.0
*
0 0
0.0
0.0

Oct

58.2
0.0
*
0.0
0.0
0.0

Nov

10.5
19.0
*
0.0
7.3
0.0

Dec

132.0
136.1

*
37.6
43.7
*

Jan - Dec
Total

582.0
522.2
*

338.8
431.0
*

Nov - Oct
Total

*
509.6
*
*

417.8
403.4

to

o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3631

MLALI

Year

1972
1973
1974
1975
1976
1977
1978

Jan

10.5
185.7

*
60.8
24.1
121.6

Feb

137.7
148.4

37.4
117.1
51.1

March

65.9
30.2
*

96.7
36.1
0.0

April

18.0
72.8
*

61.1
66.2
80.1

May .

5.3
11.9
*

32.0
8.0
38.0

June

0.0
0.0
*
0.0
0.0
0.0

July

0.0
0.0
*
0.0
0.0
0.0

0.0
0.0
*
0.0
0.0
0.0

Sept

0.0
0.0
*
0.0
0.0
0.0

Oct

SO.9
0.0
*
0.0
0.0
0.0

Nov

20.2
12.7
*
0.0
0.0
*

Dec

57.8
107.2

*
32.0
23.0

Jan - Dec
Total

359.3
568.9
*

320.5
274.5
*

Nov - Oct
Total

*
527.0

*
283.5
313.8



Monthly Rainfall (mm) for Station: «SETA UJAHAA VILLAGE

Registration Number: 96.3632

Year

1972
1973
1974
1975
1976
1977
1978

Jan

87.3
163.2
92.4
137.3

*
152.5

Feb

252.6
176.5
78.0
70.0
*

149.5

March

250.8
57.4
26.0

123.7
*

65.5

April

197.4
89.7
150.8
43.6
*

18.5

May

48.4
*
*
*
*
1.6

June

0.0
*
*
*

*

July

0.1
*
*
*

ftug

0.0
*
*
*
*
*

Sept

10.0
. *

*
*
*

Oct

48.6
*
*
*
*
*

Kov

141.5
*
*
*
*

16.1

Dec

53.4
*
*

*
162.8

Jan - Dec
Total

1090.1

*
*
*

Hov - Oct
Total

*
*
*



Honthly Rainfall (ma) for Station:

Registration Number: 96.3633

PANDAMBILI

Year

1972
1973
1974
1975
197É

Jan

63.1
145.5
35.3
195.6

Feb

165.8
107.9

*
*

March

175.6
26.8
*

118.1

(No data

April

116.0
*
*

13.1

available)

May

0.0
*
*
9.0

June

0.0
*
*
0.0

July

0.0
*
*
*

Aug

0.0
*
*
*

Sept

0.0
*
*
*

Oct

44.3
*
*
*

Kov

77.0
*
*

Dec

78.5
92.5
*
*

Jan - Dec
Total

670.3
*
*
*

Nov - Oct
Total

*
*
*
*

ro



Monthly Rainfall (mm) for Station:

Registration Number: 96.3634

CHAMKORO PRIMARY SCHOOL

Year

1972
1973
1974
1975
1976
1977
1978

Jan

92.2
326.7
59.0
106.7
64.4
109.0

Feb

98.1
107.5
45.6
72.0
94.1
108.8

March

101.6
43.5
8.4

140.1
43.1
147.7

April

40.3
22.2
460.8
115.1
123.6
94.7

Hay

55.5
38.0
72.3
0.0
16.1
25.5

June

0.0
0.0
2.3
0.0
9.0
0.0

July

1.2
0.0
0.0
0.0
0.0
0.0

Aug

0.0
0.0
0.0
0.0
0.0
0.0

Sept

3.3
0.0
0.0
0.0
0.0
0.0

Oct

59.4
0.0
0.0
0.0
0.0
0.0

Nov

35.0
17.9
0.0
2.5
13.3
29.4

Dec

70.1
150.9
54.8
88.1
31.3
66.8

Jan - Dec
Total

558.2
706.7
703.2
524.8
394.9
581.9

Nov - Oct
Total

*
643.0
817.2
489.0
440.9
530.3



Monthly Rainfall (mm) for Station: GULWE

Registration Number: 96.3635

Year

1972
1973
1974
1975
1976
1977
1978

Jan

131.0
184.2
47.1
137.9
86.1
186.5

Feb

98.2
78.7
28.4
21.1
36.3

March

38.9
48.4
3.9

141.0
105.7
0.0

fipril

5.3
50.1
62.6
9.4
9.3
31.1

Hay

12.6
10.0
60.9
28.6
0.0
13.2

June

0.0
*
*
0.0
0.0
0.0

July

0.0
*
*
0.0
0.0
0.0

Aug

0.0
*
*

Û.0
0.0
0.0

Sept

0.0
*
*
0.0
0.0
*

Oct

9.5
*
*
0.0
0.0
*

Nov

22.5
*
*
0.0
0.0
*

Dec

131.6
*
*

140.1
40.2
*

Jan - Dec
Total

449.6
*
*

478-1
227.6
*

Nov - Oct
Total

*
*
*
*

377.5
*



Monthly Rainfall {mm) for Station:

Registration Number: 96.3636

LÜMUH& PRIMARY SCHOOL

Year

1972
1973
1974
1975
1976
1977
1978

Jan

17S.4
*

81.1
162.4
42.2
145.8

Feb

189.5
121.5
79.6
87.5
124.1
67.0

March

86.1
0.0
53.0

125.7
144.1
57.6

April

63.0
36.3
555.1
111.5
63.5
32.8

Hay

19.0
0.0
16.7
11.9
32.2
6.3

June

0.0
0.0
0.Q
0.0
0.0
0.0

July

9.6
0.0
5.3
0.0
0.0
0.0

Aug

0.0
17.7
0.0
0.0
5.2
0.0

Sept

11.5
0.0
0.0
0.0
0.0
0.0

Oct

50.7
0.0
0.0
0.0
0.0
12.6

Nov

14.5
22.1
0.0
0.0
0.0
53.8

Dec

386.2
208.4
44.0
157.8
96.4
*

Jan - Dec
Total

1005.2
*

334.8
656.8
507.7

Nov - Oct
Total

*
*
*

443.0
569.1
419.0

Is)



Monthly Rainfall (mm) for Station:

Registration Number: 96.3633

MTAHANà PRIMARY SCHOOL

Year

1972
1973
1974
1975
1976
1977

Jan

39.0
179.4
56.2
81.5
33.7
84.8

Feb

203.3
92.2
66.7
99.6
59.5

March

168.6
78.3
17.3

172.7

(No data

April

67.8
65.3
129.4
45.6
*

available)

Hay

44.2
5.0
4.0
11.6
*

June

0.0
0.0
0.0
3.6

July

0.0
0.0
0.0
0.0
0.0

Aug

0.0
0.0
0.0
0.0
0.0

Sept

0.0
0.0
0.0
0.0
0.0

Oct

0.0
6.0
0.0
0.0
0.0

Nov

18.5
58.7
0.0
11.6
0.0

Dec

103.7
119.0
32.6
51.6
44.2

Jan - Dec
Total

645.1
603.9
329.2
477.8
*

Nov - Oct
Total

*
S48.4
451.3
447.2
*



Monthly Rainfall (OTO) for Station-.

Registration Number: 96.3642

PAHDAHBILI PRIH&RY SOÎOOL

Year

1972
1973
1974
1975
1976
1977
1978

Jan

42.7
116.5
25.5
123.0
39.8
107.2

Feb

140.7
116.5
73.3
84.8
72.0
23.0

March

93.8
26.8
6.2

107.0
68.1
41.0

April

81.4
23.0
93.8
35.0
10.3
50.1

May

26.9
3.0
3.0
0.0

23.0
19.0

June

0.0
0.0
0.0
0.0
0.0
0.0

July

1.9
0.0
0.0
0.0
0.0
0.0

Aug

0.0
0.0
0.0
0.0
0.0
2.5

Sept

0.0
*
0.0
0.0
0.0
0.0

Oct

44.9
*
0.0
*
0.0
*

Nov

22.2
*
0.0
*
0.0
*

Dec

*
*

10.0
*

19.2
*

Jan - Dec
Total

*
*

211.8

232.4
*

Nov - Oct
Total

*
*
*
*
*
*

oo



Monthly Rainfall (mm) for Station:

Registration Number: 96.3700

H0R0G0R0R0 AGRICULTURAL OFFICE

ïear

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Jan

86.4
79.2
63.2
41.7
170.9
9.1

119.9
101.9
21.3
87.9
154.9
22.1
159.5
142.4
85.5
101.6
97.S
1.3

65.8
65.6
222.0
119.9
(117.2)
252.0
35.8
86.1
88.8
152.0
183.5

25

100.9

62.3

0.63

Feb

99.8
178.8
192.0
3.3
11.3
213.4
207.0
98.0
112.3
79.2
57.2
233.4
24.6
113.1
91.9
77.0
119.3
47.6
52.3
88.4
105.3
46.0
110.9
91.5
30.5
56.2
34.3

187.9
69.2

25

95.7

60.4

0.63

Harch

220.5
97.8
70.4
82.3
80.8
60.2
83.6
151.6
229.1
105.4
239.8
51.1
112.3
179.6
284.0
111.1
135.5
37.2
282.6
171.9
163.3
177.3
187.6
36.2
91.0
163.2
132.3
(169.6)
182.0

25

140.7

70.2

0.50

April

218.7
154.4
177.0
210.1
177.8
173.2
319.3
188.0
171.2
124.2
385.8
163.6
161.5
360.0
240.7
242.8
139.0
318.6
330.0
211.8
159.3
342.4
230.0
478.1
348.1
218.4
175.9
(159.1)
224.0

25

241.2

92.6

0.38

May

97.8
94.2
98.0

132.8
161.0
152.4
79.5
120.4
29.2
51.6
36.1
60.7
109.2
47.9
33.3
74.7
62.7

170.3
56.4
44.7
35.3
78.1

221.8
72.5
143.6
122.4
51.4

(110.9)
39.4

25

90.4

51.4

0.57

June

8.9
23.1
17.3
2.5
2.0
33.8
15.2
1.3

42.4
15.0
38.6
48.5
1.3
54.0
5.0
0.0
43.5
10.2
43.3
0.0
4.5
45.4
0.0
24.3
24.1
27.1
58.6
(3-0)
10.4

25

21.7

20.1

0.92

July

8.6
17.0
8.9

20.1
15.7
14.2
0.3
9.9
0.0
10.7
2.3

118.9
11.4
12.1
3.8
0.3
0.0

63.4
0.0
25.4
3.2
8.3

26.9
7.6

(12.0)
4.0
8.8

(19.9)
0.0

25

16.0

25.2

1.58

Aug

6.1
5.3
0.2
0.4
0.1
0.0
0.3
4.8
16.5
66.3
3.6
2.5
17.3
1.5
S.I
0.3
9.1
79.1
0.0 "
28.0
6.1
0.0

21.6
12.3
(3.8)
0.0
7.0
7.7
6.0

25

11.7

19.9

1.69

Sept

23.6
0.3
30.5
11.9
3.6
21.3
8.6
65.0
8.9
17.5
3.6
22.4
(15)
0.0
1.3
36.9
7.1

110.G
0.0
2.5
31.1
2.2
34.8
21.5
(5.6)
13.7
36.0
21.3
0.0

25

20.1

24.2

1.21

Oct

37.1
27.7
46.5
28.2
54.1
3.3
5.3
24.1
0.8
36.8
37.8
168.4
(28)
12.7
58.7
90.1
34.3
30.5
0.0
51.8
26.1
0.0

135.8
7.8

(29.3)
33.8
3.5

63.3
3.5

25

38.6

41.2

1.07

Nov

31.2
143.8
25.9
10.4
7.4
73.9
37.3
64.0
34.8
24.1
0.3

214.6
(62)
330.3
7.1
72.7
81.6
142.3
78.0
80.5
6.1
0.0

129.9
93.5
(1.8)
31.2
7.2
32.0
230.4

25

64.9

76.1

1.17

Dec

31.0
236.5
7.4

74.4
68.3
90.7
40.4
51.3
97.5
88.4
4.8

218.2
(78)
36.3
58.3
175.4
47.6
258.6
68.5
0.0

164.6
18.9

139.8
178.2
(12-8)
70.4
66.7

259.0
370.2

25

94.7

74.8

0.79

Jan - Dec
Total

896.7
1058.2
748.5
637.5
854.7
845.8
916.7
880.4
764.0
707.1
964.9
1324.4
(780.1)
1288.9
874.7
982.9
777.3
1269.1
976.9
770.6
926.9
838.5

(1356.5)
1275.5
(738.4)
826.5
670.5

(1185.7)
1255.6

25

937.4

218.6

0.23

Nov - Oct
Total

*
740.0
1084.3
586.0
862.1
756.6
1003.6
842.7
747.0
727.4
1072.2
896.7

(1072.9)
(1062.3)
1175.9
800.2
896.2
997.4
1231.3
836.6
836.7
990.3

(1105.5)
1273.5
(995.5)
(739.5)
698.2
(698.6)
1009.0

25

927.0

175.5

0.19

to



Monthly Rainfall (ran) for Station:

Registration Number-. 96.3701

KILOSA AGRICULTURAL OFFICE

Year

1950
1951
1962
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Jan

154
115
42
96
88
37
96
84
18
195
91
43
144
130
196
82
106
61
191
91.7

208.3
122.6
185.6
162.1
137.9
143.0
239.8
227.3
149.8

25

127.1

61.2

0.48

Feb

47
164
179
52
157
156
37
80
150
149
90
168
87
235
236
155
141
221
83
119.7
99.1
115.3
122.9
144.3
(100.0)
79.2
117.2
107.9
29.6

25

128.1

51.4

0.40

March

244
147
197
118
126
94
185
139
253
194
364
90
94
200
235
171
286
85
304
163.9
277.9
141.3
253.8
190.8
126.2
146.5
257.6
198.5
136. S

25

187.8

75.2

0.40

April

259
146
159
356
163
193
311
253
137
150
311
291
244
215
138
155
304
356
291
241.0
89.6

243.9
142.5
173.4
236.9
206.2
246.1
210.6
204.1

25

226.3

72.3

0.32

May

49
85
129
187
55
119
67
212
48
42
11
37
25
5
28
39
47
87
51
28.2
S.4

33.9
121.7
84.9
200.2
153.4
71.1
91.0
27.1

25

74.1

59.9

0.81

June

10
13
0
0
0
14
11
9
14
1
21
14
0
33
2
13
41
12
39
8.4
0.0

20.2
0.0
(0.0)
36.5
0.3
7.6
0.0
12.6

25

11.9

13.2

1.11

July

5
3
0
0
0
4
0
4
2
4
2
65
23
3
8
1
8

45
0
0.0
0.0

11.6
0.0
(5.0)
9.7
0.0

10.8
0.0
1.5

25

8.2

15.3

1.87

Aug

19
4
35
14
7
1
0
6
29
12
0
22
60
7
15
2
2
25
23
8.1

23.5
0.5

32.8
(40.0)
52.7
0.0
4.0

30.1
5.7

25

16.7

16.9

1.01

Sept

6
0
29
13
2
3
1
8
4
1
14
32
25
0
0
35
0
64
7
12.8
30.4
11.1
77.5
(0.0)
29.6
32.6
0.0

105.0
0.0

25

20.3

26.9

1.33

Oct

2
73
37
31
41
24
3

34
2
11
23
190
16
0
66
16
95
42
9

79.4
20.5
7.7

100.3
(0-0)
(40.0)
16.9
0.0

22.9
0.0

25

35.6

43.0

1.21

Nov

19
341
118
67
53
57
10
20
0
94
0

310
10
285
0
90
88
166
50

289.1
35.0
54.4

228.3
36.9
(30.0)
30.1
16.0

149.3
129.6

25

86.8

95.9

1.10

Dec

70
159
62
266
51
63
141
270
156
16
13
165
94
120
50

421
145
328
138
62.2
119.4
64.1
136.7
71.8
14.3

195.0
37.7

274.5
146.5

25

136.5

105.6

0.77

Jan - Dec
Total

832
1249
987
1200
743
764
861
1117
812
868
944
1422
774
1233
975
1182
1266
1491
1186
1104.5
912.1
826.6
1402.1
(909.2)
(1014.5)
1003.2
1007.9
1417.1
843.0

25

1057.4

225.8

0.21

Nov - Oct
Total

*

838
1307
1047
972
748
830
97S
946
914
1041
960
1145
932
1330
721
1544
1230
1522
941.2

1109.0
862.5

1155.6
(1165.5)
(1078.4)
(822.9)
1179.3
1047.0
990.7

25

1048.9

208.2

0.20

O



Monthly Rainfall (ram) for Station:

Registration Number: 96.3702

TUNGI SISAL ESTATE

Year

1959
I960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n{1959,65.
1966,
1969-77)

m

s

Cv

Jan

149.1
*
*
*
*
*

144.0
37.0
*
*

29.1
229.2
143.3
92.8
227.7
53.9
86.0
284.7
275.6

12

146.0

90.5

0.62

Feb

161.3
*

*
*
*

112.0
144.0

*

120.7
172.1
41.4
62.4

107.1
13.7
51.1
40.6
109.0

12

94.6

51.8

0.55

March

69.3
*
*
*
*
*

103.0
146.0

*
*

85.2
132.7
59.7
105.4
22.1
66.4
111.1
106.5
68.7

12

89.7

34.5

0.38

April

66.0
*
*
*
*
*

128.0
79.0

*
100.3
110.5
105.3
126.3
130.7
201.4
133.7
94.3
90.3

12

113.8

34.9

0.26

Hay

47.0
*
*
*
*
*

30.0
34.0

33.2
27.2
64.7
81.8
41.5
62.9
67.3
21.4
38.2

12

45.8

19.0

0.41

June

2.0
*
*
*
*
*
0.0
40.0
*
*

20.2
4.5
14.2
0.0
19.8
5.5
23.4
32.7
0.0

12

X3.5

13.7

1.01

July

11.2
*
*
*
*
*
1.0
0.0
*

20.0
0.0
11.5
20.9
4.5
16.4
0.0
7.2
8.4

12

8.4

7.7

0.92

Aug

20.1
*
*
*
*
*
1.0
2.0
*
*

14.8
2.0
0.0
8.6

32.9
5.3
4.8
0.0
8.6

12

8.3

9.9

1.19

Sept

21.8
*
*
*
*
*

15.0
0.0
*
*
2.0

48.8
7.2
10.2
8.5
15.2
8.4
8.6
26.0

12

14.3

13.2

0.92

Oct

16.0
*
*
*
*
*

28.0
16.0
*
*

23.5
15.2
32.5
68.6
1.1
53.9
34.5
33.2
48.2

12

30.9

18.9

0.61

Nov

7.1
*

*
*

40.0
35.0
*
*

64.8
3.5
7.5
19.7
12.1
0.0
8.5
12.8
47.3

12

21.5

20.4

0.95

Dec

68.S
*
*
*
*
*

133.0
23.0
*
*

21.4
111.8
125.5
93.4
111.2
11.8
123.9
69.6
152.8

12

87.2

47.9

0.55

Jan - Dec
Total

639.8
*
*
*
*
*

735.0
556.0
*
*

535.2
857.5
612.8
690.1
719.2
506.4
652.7
711.6
873.1

12

674.1

115.8

0.17

Nov - Oct
Total

*

*
*
*
*
*
*

671.0
*
*
*

828.4
595.1
710.0
709.0
617.9
532.1
761.6
755.4

9

686.7

87.4

0.13

to



Monthly Rainfall (mm) for Station:

Registration Number: 96.3703

BEHEGA MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Jan

103.1
51.8

227.1
144.8
158.2
56.1

215.9
178.1
58.2
133.1
149.6
15.2

315.0
.100.5
198.6
238.8
25.5
27.9
150.7
57.9

284.5
129.5
63.0
267.6
64.8
160.4
66.9
195.6
114.0

25

138.3

84.8

0.61

Feb

150.1
198.4
128.3
12.4
191.8
219.5
124.5
45.7
174.8
218.9
62.7

200.7
97.0
136.6
172.7
194.5
27.9
94.3
139.5
186.0
179. B
111.3
162.8
218.7
55.2
38.9

164.6
188.8
112.2

25

136.8

65.6

0.48

March

143.5
68.8
100.1
136.7
39.9
24.9
83.3
141.0
189.7
191.0
99.8
52.1
83.3
99.6

206.3
78.7
111.8
30.5
286.0
128.2
121.1
60.6
197.2
30.3
28.7

177.6
86.3
96.1
216.9

25

111.2

67.1

0.60

April

159.0
55.4

135.4
101.3
95.5
108.7
175.0
264.9
116.1
94.2
139.2
147.3
81.3
71.8
85.S
35.6
139.7
250.7
135.1
69.0
53.6

157.0
92.5
217.0
278.7
160.2
107.3
105.6
136.0

25

131.3

64.3

0.49

Hay

59.7
70.1
82.6
92.5
53.1

111.3
44.2
154.4
52.3
32.8
38.4
59.7
30.5
15.1
55.8
35.6
73.6
207.1
51.6
33.5
62.3
57.4

127.6
24.4
75.7
62.6
71.7
123.1
67.1

25

69.9

44.8

0.64

June

4.3
4.8
2.8
12.4
1.0

40.4
17.3
11.7
35.3
0.0

25.9
0.0
0.0
12.7
55.7
0.0
53.3
2.3
25.4
10.5
0.8
19.3
2.1
12.8
3.1
9.9
18.9
1.1
15.6

25

14.9

16.4

1.10

July

8.4
8.6
0.0
14.7
0.0
5.1
0.0
0.0
0.0
0.0
25.7
77.5
25.4
0.0

28.0
0.0

40.6
33.0
0.0
2.8
0.0
0.0
24.7
0.0
14.0
2.9
15.4
21.1
3.4

25

13.2

18.5

1.40

Aug

0.0
0.0
0.0
12.2
0.0
0.0
0.0
0.0
0.0
30.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
12.7
0.0
6.8
0.0
0.0
0.0
5.1
0.0
1.6
0.2
14.9
1.0

25

3.4

7.2

2.10

Sept

0.0
0.0
30.0
0.0
0.0
0.0
5.1
3.0
0.0
0.0
1.3
0.0
0.0
0.0
0.0
0.0
0.0
10.2
0.0
8.9
0.0
0.0

45.1
0.0
0.0
9.9
0.5
19.4
0.0

25

4.1

9.8

2.39

Oct

18.0
29.2
0.0
0.0
21.3
0.0
0.0

25.4
0.0
0.0
1.5

104.1
0.0
0.0
20.3
20.4
0.0
0.0
0.0
9.4
2.8
12.9
40.3
1.6
17.1
1.0
0.0
11.0
0.0

25

11.1

22.2

2.00

Nov

16.8
49.8
54.9
2.5
5.1

24.6
54.6
27.4
14.2
0.0
0.0

150.4
3.0

231.2
0.0
63.4
38.1
43.1
58.4
36.8
7.4
1.4

29.5
18.5
10.0
1.3
2.5

81.3
111.6

25

36.2

53.2

1.47

Dec

99.1
125.5
25.4
104.1
77.7

166.1
100.6
245.6
99.3
77.0
0.0

184.4
148.6
88.1

218.7
104.1
(50.0)
230.3
20.3
41.7
84.2
61.2
137.7
115.9
53.9
88.5
54.5

127.0
309.1

25

107.2

63.5

0.59

Jan - Dec
Total

762.0
662.2
786.4
633.7
643.6
756.7
820.4

1097.3
739.9
777.5
544.1
991.4
784.9
755.6
1041.9
7-71.2
(560.5)
942.1
967.0
591.5
796.5
611.8
922.5
911.9
501.2
714.8
583.8
985.0
1086.9

25

778.1

168.9

0.22

Nov - Oct
Total

*
603.1
881.1
607.4
667.4
648.8
855.9
979.5
899.4
814.0
621.1
656.6
968.1
587.9

1142.5
822.4
639.9
(756.8)
1161.7
591.7
783.4
640.8
817.9
944.7
571.7
688.9
621.6
833.7
874.5

25

773.0

170.0

0.22



Monthly Rainfall (mm) for Station:

Registration Number: 96.3709

KIMAMBA RAILWAY STATION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-56.
1961-65)

m

E

Cv

Jan

63.6
72.1
23.9
18.0
10.9
87.6

326.1
*
0.0

310.1
*

28.7-
140.5
190.9
149.5
103.7
59.2
*
*

96.5
299.9

*
*
*
*
*

59.5

11

107.9

92.5

0.36

Feb

94.0
148.1
258.1
21.1
0.0
20.8

177.3
*

57.4
358.9

*
120.4
167.6
139.9
144.8
178.S
89.5
*
*

27.9

*
*

*
25.7
46.0

11

122.7

80.3

0.65

March

168.9
88.9
0.0

119.1
0.0

23.9
49.5
*

409.7
198.6

*
79.5
144.3
383.6
292.9
205.7
138.5

*
*

153.2
*

*
*
*

183.7
32.0

(No data

11

134.3

123.1

0.92

April

234.7
135.9
212.9
167.9
0.0

20.1
182.9

*
144.5
318.5

*
*

159.8
194.6
131.9
71.7
132.4

*
*

287.0

*
*
*

163.0
44.0

available)

11

137.5

76.8

0.56

Hay

19.8
50.0

253.0
28.2
0.0
13.5
1.0
*

21.6
133.1

*
32.3
0.0
0.0

20.3
32.5
*
*
*
*
*
*

*
*

92.7
18.0

11

38.0

73.1

1.92

June

0.0
5.1
17.8
0.0
0.0
0.0
0.0
*

32.3
0.0
*
*
0.0
0.0
1.5
0.0
*
*
*

*
*
*
*
*

40.2
0.0

11

2.2

5.4

2.45

July

0.0
0.0
0.0
0.0
0.0
0.0
0.0
*
5.6
0.0
*
*
0.0
0.0
0.0
0.0
*
*
*
*
*
*
*
it

0.0
0.0

11

0.0

0.0

0.00

Aug

0.0
0.0
0.0
0.0
0.0
0.0
0.0
*
0.0
6.4
*
*

25.9
0.0
7.9
0.0
*
*
•k

*

*

*

•k

*

*

0.0
0.0

1

3.1

7.9

• 2.55

Sept

0.0
0.0
0.0
0.0
0.0
0.0
0.0
*

11.4
0.0
*
*
9.7
0.0
0.0
0.0
*
*
*
*
*
*
*
*
*

23.6
0.0

11

0.9

2.9

3.22

Oct

0.0
60.2
0.0
0.0
0.0
0.0
0.0
*
0.0
0.8
*
*

14.0
0.0

72.4
25.2
*
*

60.9
*
*
*
*
*
*
0.0
0.0

11

15.6

26.5

1.70

Nov

40.1
163.8
26.9
6.4
0.0
0.0
0.0
*
0.0

130.3
*
*

29.5
213.1
0.0
37.4
*
*

57.1
*
*
*
*
*
*

0.0
3.9

11

47.0

72.5

1.54

Dec

158.2
82.8
0.0
13.7
0.0
0.0

45.2
*

338.8
*
*
*

67.1
85.6
31.0

268.4
*
*
*
*
*
*
*
*

77.0

11

68.4

82.2

1.20

Jan - Dec
Total

779.3
807.0
792.6
374.4
10.9

165.9
782.1
*

1022.1
*
*
*

758.2
1207.1
852.2
923.1
*
*
*
*
*
*
*
*
*
*
*

11

677.5

350.3

0.52

Nov - Oct
Total

*
758.6
1012.3
381.2
31.0

165.9
736.8

*
*
*
*
*

1005.0
1119.9
648.3
*
*
*
*
*
*
*
*
*
*

276.5

9

651.0

385.2

0.59



Monthly Rainfall (mm) for Station:

Registration Number: 96.3710

MUSKATI MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-75)

m

s

Cv

Jan

161.3
106.2
86.9
73.7
213.9
74.9
232.2
166.1
17.8

136.9
70.6
5.8
*
9.9
35.6
151.3
146.2
68.9
241.6
80.9
218.5
131.2
47.0
144.1
61.7
61.7
73.5
152.8

25

109.8

69.8

0.64

Feb

153.7
140.5
58.9
13.2
107.7
365.0
77.0
79.2
157.7
72.6
6.4
30.5
*

10.1
143.3
99.9
122.8
95.5
142.6
191.3
178.5
142.2
124.7
123.4
35.8
77.0
0.0

146.8

25

100.0

74.9

0.75

March

227.8
101.3
66.5
118.1
96.0
83.8
229.4
135.4
232.9
136.7
177.8
37.1

70.6
273.4
107.4
317.6
113.4
370.1
263.5
195.0
166.6
173.2
70.4
196.3
203.2

*
147.4

25

166.5

84.7

0.51

April

248.2
275.3
361.2
151.9
164.9
226.8
278.9
290.6
226.8
141.0
134.4
79.8

331.5
329.9
198.6
236.2
305.9
408.0
221.0
214.6
239.4
246.4
451.0
521.7
239.5
182.8
207.1

25

260.9

101.1

0.39

May

127.5
141.0
128.0
171.2
97.3
123.2
59.2
137.4
81.3
79.0
35.1
42.4
*

76.1
64.5
166.1
121.5
300.9
170.7
99.7
59.2
98.8

218.1
182.4
121.1
162.8

*

25

122.6

60.0

0.49

June

15.8
18.8
51.6
4.6
2.5

44.5
12.7
0.0

39.6
1.3
7.9
6.9
*

163.6
22.6
0.0

47.2
23.6
57.7
28.0
1.5
57.3
0.2
17.0
17.0
20.3
69.9

{Ho data

25

26.5

34.2

1.29

July

20.3
21.8
1.0
62.7
21.3
4.8
0.0
7.4
(3.0)
34.3
7.9
6.9
*

158.6
3.8
13.3
1.8

71.0
4.0
15.5
11.1
58.5
32.7
22.7
35.8
12.5
*

available)

25

25.3

34.1

1.35

Aug

19.1
74.9
1.8
31.2
18.8
0.0
13.2
28.2
24.9
0.0
0.0
0.8
*

4.1
32.3
20.6
16.8
123.9
6.2

54.3
5.6
0.5
11.0
37.5
0.0
9.0
*

25

21.4

28.3

1.32

Sept

102.9
0.0
51.3
10.9
48.3
33.8
16.0
23.4
8.6
0.0
2.5
0.0

4.1
4.1
71.7
26.0
156.3
13.2
18.1
29.2
25.2
78.2
28.7
0.0
37.1
13.1

25

31.6

37.3

1.18

Oct

40.4
97.5
35.3
44.7
47.0
10.4
22.1
47.0
17.3
38.6
14.0
118.1

*
0.0
57.2
123.6
130.7
102.2
64.9
80.2
58.6
31.7
87.5
9.9
0.0

22.5
0.0

25

52.1

39.3

0.75

Nov

68.1
171.7
129.0
109.0
8.1

87.9
24.9
76.7
0.5
65.5
0.0
64.8

•k

157.6
5.9

238.4
54.4
217.3
232.4
306.9
0.1
51.8

166.5
97.7
0.0

12.0
80.8

25

93.9

87.9

0.94

Dec

156.0
305.3
143.8
100.3
31.0
121.7
67.1
127.0
53.8
86.1
5.8

107.4

54.6
176.1
275.3
82.4
165.7
98.3
35.1
236.3
298.1
64.9
146.2
47.1
122.0
121.9

25

124.3

82.3

0.66

Jan - Dec
Total

1341.0
1454.3
1115.3
891.5
856.7
1176.8
1032.7
1118.4
(864.2)
792.0
462.4
500.5
*

1040.8
1148.7
1466.2
1303.6
1744.6
1809.7
1394.5
1208.2
1301.3
1250.4
1331.0
1036.5
978.9
*

25

1144.8

322.6

0.28

Nov - Oct
Total

*

1201.4
1319.5
954.4
1026.9
1006.3
1150.3
1006.7
(1013.6)
694.7
608.2
334.1
*
*

1178.9
1134.5
1680.5
1498.4
1862.0
13S3.2
1313.8
1187.8
1368.9
1318.5
1233.3
892.0
*

23

1146.4

334.0

0.29

P



Monthly Rainfall (mm) for Station:

Registration Number; 96.3711

KINGOLWIRA PRISON FARM

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-73.
1975-76}

m

s

Cv

Jan

142.2
94.7
100.8
43.9
209.6
23.4

174.5
216.7
0.0

146.8
142.2
8.4
67.6
178.8
113.6
164.4
29.7
5.1
93.8
64.0
206.7
116.2
182.2
146.5

*
86.9
303.5
345.0

26

117.8

76.2

0.65

Feb

83.6
134.1
129.3
13.0
182.1
186.2
82.8
23.4
209.0
123.7
41.7
142.7
56.1
103.4
138.8
98.5
277.7
101.9
98 1
152.0
174.3
89.1
129.8
53.2
*

86.3
212.0
137.0

26

120.1

62.1

0.52

Harch

178.8
161.3
129.3
110.0
39.6
11.9
45.0
118.6
260.1
118.4
148.1
320.5
94.5
102.9
109.2
123.5
229.2
34.3
176.9
138.0
101.0
59.8
159.6
51.9
*

117.0
233.5
105.0

26

129.7

73.3

0.57

April

187.7
198.9
58.9
135.4
61.7
138.7
154.2
110.7
130.6
60.2
186.9
109.7
148.1
190.8
116.4
110.6
114.2
414.5
174.0
100.4
66.0
86.2
224.6
231.6

*
100.6
683.4
73.0

26

165.7

129.0

0.78

Hay

30.5
76.5
39.6
86.6
106.4
192.0
37.3
50.3
39.1
44.2
40.9
32.5
32.5
18.3
15.0
58.0
48.2
90.0
45.4
30.6
29.3
9.6

110.8
61.4
*

60.0
108.0
57.5

26

57.4

39.6

0.69

June

5.6
13.0
9.4
6.6
10.2
19.8
21.8
9.9

24.1
1.0

10.4
43.4
5.3
15.6
1.9
0.0
20.3
19.6
35.0
5.4
16.3
8.1
2.5
8.5
*

10.6
60.0
20.0

26

14.8

13.8

0.93

July

55.6
6.4
8.1
8.1
17.8
25.4
0.8
13.2
8.9
7.6
6.1
63.0
14.7
9.2
16.0
1.8
6.6
55.4
5.3

43.0
0.0

37.1
29.3
0.0
*

0.0
100.0
15.0

26

20.8

24.6

1.18

Aug

7.1
11.9
17.5
25.7
9.1
4.3
5.6
0.0
16.0
14.2
0.0
17.8
78.5
4.1
7.5
6.3
4.3
39.3
0.0
6.4
7.1
0.1
3.3
0.0

0.0
14.2
23.0

26

11.6

16.4

1.41

Sept

26.4
0.8
34.8
16.8
2.5
3.0
3.3
51.1
5.6
19.6
4.6
40.6
16.8
5.6
0.0
4.8
10.5
90.2
8.1
10.7
118.3
2.6
35.2
0.0
*

20.3
19.0
76.0

26

21.2

28.3

1.33

Oct

22.4
57.2

•119.4
35.8
149.6
0.0
5.6
30.0
0.0
18.8
44.7
253.7
29.7
27.4
52.9
51.4
23,1
93.0
23.8
16.6
10.0
37.7
89.1
0.0
*

0.0
6.5
88.3

26

46.1

56.8

1.23

Nov

42.4
147.6
72.9
26.4
14.2
108.7
93.5
109.2
45.5
11.2
7.6

437.6
53.1

272.7
(S.0)
52.1
26.4
148.7
95.0
36.2
7.3
0.0
64.4
72.8
(7)
10.6
13.0
*

26

74.9

96.5

1.29

Dec

49.8
170.2
7.6
25.1
25.9
118.4
(80.0)
109.7
118.6
103.9
5.6

169.4
130.3
83.6

(140.0)
288.1
258.5
33.8
30.7
116.4
0.0

112.3
119.9
110.9
(27)
148.1
211.0

*

26

106.5

74.6

0.70

Jan - Dec
Total

644.4
1072.6
727.6
533.4
828.7
831.8
(704.4)
842.8
857.5
669.6
638.8
1639.3
727.2
1012.4
(716-3)
959.5
1048.7
1125.8
786.1
719.7
736.3
558.8
1150.7
736.8

*
640.4
1964.1

*

26

879.8

316.3

0.36

Nov - Oct
Total

*
847.0
1811.9
562.4
840.1
644.8
758.0
807.4
912.3
718.6
740.7
1045.5
1150.8
839.5
927.6
764.3
1104.0
1228.2
842.9
692.8
881.6
453.8
1078.7
737.4

{515.7}
1750.7
1163.8

25

932.2

311.9

0.33

to



Monthly Rainfall (mm) for Station:

Registration Number: 96.3712

PANGAWE SISAL ESTATE

Year

1950
1951
1952
1953
1954
19 55
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

n(1950-62,
1964,65,
1967,68)

m

s

Cv

Jan

175.0
123.7
167.4
110.7 .
234.7
2.8

179.9
235.0
16.8
111.3
150.1
37.1
114.0
166.8
72.6
68.4
1.5
2.0

79.3
20.9
213.0

17

110.1

73.1

0.66

Feb

80.3
156.5
116.3
33.3

113.8
210.6
132.3
102.6
156.7
157.0
33.5

223.5
110.2

*
119.6
83.0
150.0
168.0
90.0
84.2
219.0

17

122.8

52.8

0.43

March

172.7
135.6
112.8
124.2
144.8
24.9
68.1
100.3
282.2
102.1
201.4
109.0
111.5

*
106.3
135.9

*
23.9

222.5
215.5
137.2

(Station

17

128.1

65.4

0.51

April

198.9
256.0
•167.1
76.5
121.7
167.6
197.9
137.2
126.2
122.9
200.9
127.0
97.8
*

205.6
144.7

*
287.0
254.3
131.&
111.8

closed)

17

170.0

59.2

0.3S

Hay

12.7
81.0
49.3
164.1
125.7
179.3
80.3
53.1
72.6
60.2
46.7
46.7
36.1
*

18.1
112.5

*
103.6
67.9
31.2
38.1

17

77.1

46.9

0.61

June

5.6
5.8

101.1
5.1

11.7
24.6
50.8
18.3
40.1
3.0

20.6
59.2
10.7
39.4
5.9
0.5
20.1
20.9
33.4
3.3
30.4

17

24.6

26.2

1.07

July

61.7
12.7
13.5
3.8
10.7
27.4
8.4
26.2
9.7
18.0
22.1
117.9
26.2
*
7.6
10.6
*

72.0
0.0

43.3
0.0

17

26.4

30.4

1.15

Aug

42.7
24.1
74.7
50.8
19.6
8.1
9.4
17.3
19.1
31.2
9.1
32.3

123.4
*

17.8
3.6
*

50.6
0.0
17.0
15.2

17

31.4

30.9

0.98

Sept

26.7
0.0

39.4
55.4
2.5'
5.6

(10.0)
17.3
4.8
75.2
9.4
63.5
14.0
*
6.6
7.1

100.2
8.9
14.3
*

17

29.6

31.9

1.08

Oct

16.0
39.6

135.9
57.7
116.8
12.4
(15.0)
74.4
2.0

34.0
82.6

219.7
25.9
*

64.6
63.0
*

95^8
23.6
*
*

17

62.3

55.6

0.89

Nov

21.1
125.7
67.3
37.3
24.9

128.5
115.8
54.9
27.9
24.6
44.5

297.7
58.4
*
0.0

111.3
*

187.6
130.1

*
*

17

90.2

75.6

0.84

Dec

98.6
149.4
20.6
108.7
54.1
109.7
97.3
131.3
184.7
74.4
0.3

225.3
(120.0)

*
149.7
245.6

*
274.9
75.7
*

17

126.7

75.8

0.60

Jan - Dec
Total

912.0
1110.1
1065.4
827.6
981.0
901.5
956.2
1116.2
942.8
813.9
821.2

1558.9
848.2
*

774.4
986.2
*

1386.5
985.7
*
*

17

999.3

207.0

0.21

Nov - Oct
Total

*
954.7
1252.6
769.5
1048.0
742.3
981.3
1032.4
1027.1
927.5
875.4
1080.7
1192.8

*
779.0
*
*

1242.4
*
*

14

993.3

166.7

0.17

O\



Monthly Rainfall (mm) for Station:

Registration Number.- 96.3713

SCUTARI SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-64.
1967-77)

m

s

Cv

Jan

69.3
79.0
50.3
74.2
98.0
99.8
146.1
198.9
10.7
140.5
163.3
41.1
292.9
188.7
191.0
103.1
58.7
29.7
1S9.2
27.9
218.3
144.1
108.6
277.7
148.5
214.1
105.5
235.8

26

136.3

78.0

0.57

Feb

106.4
164.1
239.8
32.0
138.7
118.6
154.9
144.8
274.1
278.6
63.2
140.7
172.2
209.3
165.9
236.6
119.9
120.1
53.9
53.4
229.1
80.6
83.8
151.2
23.7
27.6
112.8
50.1

26

130.4

73.8

0.57

March

169.9
87.1
264.9
126.7
50.8
159.8
95.0
112.0
217.7
102.1
399.8
66.5
128.0
349.3
297.5
289.6
161.8
114.0
281.6
134.9
192.2
39.5
235.0
32.4
125.9
292.2
123.7
126.5

26

166.4

97.9

0.59

April

223.3
170.2
206.5
171.2
183.4
285.5
195.3
283.2
72.6
156.7
165.1
179.6
116.6
234.6
138.1
64.9
161.9
412.2
292.1
188.0
35.8
148.9
154.3
181.6
308.7
228.4
97.4
225.1

26

194.4

79.3

0.41

May

48.0
58.2
84.8
106.9
66.0
122.2
35.8
97.8
7.1
72.9
2.5
43.7
16.5
0.0
22.1
24.2
51.5
75.7
147.3
64.7
0.0
0.0
63.5
42.4
86.4
74.4
43.5
28.4

26

54.3

39.5

0.73

June

0.0
5.8
4.8
0.0
0.0
4.8
0.0
1.8
10.4
(1-0)
10.2
26.3
3.8
8.1
0.0
0.0
3.6
10.4
53.0
0.0
0.0
0.0
0.0
(2.0)
11.5
20.0
0.0
0.0

26

6.7

11.6

1.73

July

0.0
0.0
0.0
0.0
3.0
17.0
0.0
0.0
(2.0)
4.3
2.5
7.6
7.9
0.0
0.0
(0.0)

•k

53.4
0.0
0.0
0.0
0.0
0.0
(1.0)
5.3
0.0
0.0
0.0

26

4.0

10.8

2.70

Aug

0.5
0.0
5.6
8.1
6.1
1.3
0.0
1.0
4.3
8.4
0.0
7.6
38.4
2.5
3.8
2.5
*

27.2
17.0
15.2
0.0
0.0
0.0
(0-0)
0.0
0.0
0.0
9.7

26

6.0

9.4

1.57

Sept

29.5
1.8
5.8
4.8
0.0
0.0
0.0
2.5
6.9
0.0
0.0
21.1
17.8
0.0
0.0
(0.0)
*

60.4
0.0
0.0
46.5
0.0
86.0
(0.0)
3.8

23.5
0.0
82.0

26

15.1

25.6

1.70

Oct

0.0
44.2
19.3
8.6

48.3
3.6
0.0

12.4
0.0
25.7
0.0

112.3
0.0
0.0
72.1
(30.0)

*
29.0
86.9
(10.0)
0.0
23.0
74.4
(5.0)
12.4
0.0
0.0
0.0

26

22.6

31.5

1.39

Nov

5.3
196.9
37.1
29.0
8.6
25.1
15.2
86.1
0.0
72.4
0.0

180.3
24.6

203.6
0.0
*
*

163.5
104.0
58.9
0.0
25.5
83.3
(50.0)
0.0
0.0
0.0

118.4

26

57.2

66.1

1.16

Dec

157.5
58.7
13.2
150.4
66.5
129.5
39.9
183.4
180.3
48.0
0.0

384.3
58.9
112.9
52.4
*
*

366.7
181.6
(40.0)
100.8
52.5

277.7
(100.0)
17.4

195.0
47.9
199.5

26

123.7

102.2

0.83

Jan - Dec
Total

809.7
866.0
932.1
711.9
669.4
967.2
682.2
1123.9
786.1
910.6
806.6
1211.0
877.6

1309.0
942.9
*
*

1462.3
1406.6
593.0
822.7
514.1
1166.6
843.3
743.6
1075.2
530.8
1075.5

26

916.9

253.0

0.28

Nov - Oct
Total

773.2
1137.4
582.8
773.7
887.7
781.7
909.5
968.9
970.5
927.0
646.4
1358.7
1076.0
1207.0

*
*
*

1651.2
779.7
817.8
536.9
883.6
1054.3
876.2
897.6
677.9
805.5

25

812.5

371.0

0.46



Monthly Rainfall (nta) for Station:

Registration Number: 96.3714

MARIOS SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
19.61
1962
1963
1964
1965
1966
1%7
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-72,
1976,77}

m

s

Jan

54.1
63.S
77.7
52.3
95.3
77.5
122.7
171.2
20.3
103.1
121.7
31.2
155.7
137.6
188.0
102.4
40.7
8.4

134.3
49.0
165.0
149.3
98.0
*
*
*

147.6
230.4

25

104.1

56.6

0.54

Feb

108.7
216.4
216.2
30.5

115.3
129.5
144.3
113.3
209.8
235.0
36.6
117.3
145.5
151.8
181.7
173.1
117.7
86.1
52.1
47.0
159.2
78.2
102.3

*
*
*

66.9
89.7

25

125.0

58.4

0.47

March

168.1
83.8

253.5
107.4
20.8
129.5
67.3
134.4
142.2
82.3
262.9
81.3

146.8
341.7
220.7
187.4
212.8
93.7

287.3
99.8

201.7
48.S

210.3
*
*
*

89.9
126.3

25

152.0

80.6

0.53

fipril

210.5
144.0
188.7
179.3
168.4
216.9
210.8
282.7
52.6
88.1
124.7
161.3
79.0
191.7
124.8
80.5
156.6
372.8
251.4
222.9
51.0
157.3
176.1

*
*

143.8
92.1
185.9

25

166.8

74.1

0.44

Hay

22.6
47.5
73.9
112.3
34.0
109.5
37.1
63.5
17.0
51.6
0.0
41.1
43.7
5.8

30.0
19.7
41.6
54.0
94.7
57.3
27.9
0.0
60.4
*
*

97.2
69.7
38.4

25

46.1

30.1

0.65

June

0.0
9.7
0.0
0.0
0.0
0.0
0.0
0.0
6.6
1.8
6.9
2.0
0.0
6.6

12.4
0.0
0.0
5.1

25.4
(0.0)
2.5
(0.0)
0.0
*
*
6.7
10.8
0.0

25

3.6

6.0

1.67

July

3.3
0.0
0.0
0.0

14.0
14.7
0.0
0.0
2.5
1.0

14.0
7.4

11.4
0.0
1.3
0.0
0.0

60.5
0.0
(0.0)
0.0
(0-0)
0.0
*
*
*
5.0
1.4

25

5.5

12.5

2.27

Aug

3.0
24.1
0.0
4.3
3.0
0.0
0.0
0.0
3.0
3.8
1.3
0.0

22.9
0.0
6.1
2.0
2.0

12.6
4.6
(0-0)
0.0
0.0
0.0
*
*
*
0.0
0.0

25

3.7

6.6

1.78

Sept

45.2
0.0
0.0

12.7
0.0
0.0
0.0
0.0
3.0
2.3
0.0

24.1
8.1
2.S
0.0
0.0
3.8
53.4
13.9
(0.0)
26.7 .
0.0
54.5
*
*
*
0.0

80.4

25

13.2

22.1

1.67

Oct

5.6
51.5
4.8
12.7
0.0
0.0
0.0
36.5
2.0
5.3
5.8
98.0
17.5
0.0
50.8
26.2
35.5
31.8
78.7
(15.0)
16.3
(20.0)
73.4
*
*
*
0.0

88.3

25

27.0

30.1

1.11

Nov

44.7
30.5
29.0
34.3
0.0

27.9
15.0
81.5
0.0
45.5
0.0

181.4
9.7

172.2
5.6

63.4
148.1
111.7
123.3
(50.0)
0.0

25.4
66.4
*
*
*
7.4

94.4

25

54.7

55.0

1.01

Dec

170.7
116.8
6.9

102.1
69.3
63.2
36.1
160.3
176.3
52.8
0.0

328.7
62.7
113.8
36.8
257.4
73.2
276.2
185.4
(60.0)
142.1
91.4
69.2
*
*
*

41.9
261.8

25

118.2

88.8

0.75

Jan - Dec
Total

837.7
792.7
850.6
548.0
520.2
814.3
634.5
1043.7
619.8
672.6
573.8

1089.2
703.1
1123.6
858.2
912.1
832.0

1166.3
1251.1
601.0
792.4
570.1
910.6
*
*
*

531.3
1197.4

25

817.9

224.7

0.27

Bov - Oct
Total

*
860.8
962.1
547.4
587.2
746.9
673.8
852.7
700.8
750.6
672.2
563.7

1140.7
910.0

1101.8
633.7
931.5

1019.7
1330.3
799.7
760.3
595.4
891.8
*
*
*
*

890.1

23

822.8

200.8

0.24

Si



Monthly Rainfall (am) for Station:

Registration Number: 96.3715

KINGOLWIRA SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1987
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-63.
1967-77)

m

s

V

Jan

108.5
94.7
133.6
80.5

208.8
11.9

207.5
201.2
29.7

138.9
157.2
14.7
93.7

146.0
*

58.2
*
4.3

76.2
30.5

210.2
207.0
88.8
138.3
37.5
123.9
217.7
213.9

26

116.7

71.5

0.61

Feb

123.4
156.2
119.1
11.2
142.0
260.6
127.5
108.2
140.7
120.4
7.1

144.0
15.2
66.3
*

101.1
*

74.6
64.6

128.3
219.0
90.4
50.3
88.2
2.1

63.9
86.8
87.5

26

100.0

60.7

0.61

March

192.5
173.0
141.0
100.1
35.3
78.0
59.2
74.2

260.1
133.1
140.2
62.7
134.4
157.5

*
146.9

*
38.4
243.6
181.8
137.2
57.1
180.4
73.6
54.1

120.5
93.2
93.6

26

121.6

60.3

O.SG

April

193.8
213.9
145.8
122.7
123.2
140.7
190.0
90.4
145.8
78.7

132.6
100.1
87.6
157.3

*
138.1

*
297.5
210.0
135. S
111.8
118.0
169.5
152.9
181.8
115.3
72.0
55.2

26

141.6

52.4

0.37

Hay

11.2
200.4
39.6

135.9
98.6

152.9
53.8
51.3
76.7
81.3
21.1
33.8
45.5
9.3
*

44.1
*

85.9
74.3
40.6
38.1
27.8
63.2
61.2
69.1
66.0
25.6
33.0

26

63.1

44.3

0.70

June

4.6
6.4
30.0
7.6
5.8

19.8
48.8
9.7
52.1
4.8
10.7
90.7
2.5

24.5
*
0.0
*

17.2
45.4
2.0

30.4
8.9
0.0
5.1
3.1

28.9
20.1
0.0

26

18.4

21.4

1.16

July

87.1
11.2
22.4
7.9
12.2
21.8
(1-0)
19.6
4.3
11.7
10.9
75.4
16.3
14.5
*
0.0
*

56.7
0.0
31.2
0.0
24.1
8.9
0.1
12.1
17.7
9.2
19.3

26

19.1

21.9

1.15

Aug

37.3
22.1
29.7
52.8
17.8
0.3
{5.0}
25.9
12.2
32.3
0.0
11.2

110.5
2.3
*
7.4
*

40.2
0.0
20.3
15.2
3.8
2.5
15.4
15.4
0.0
0.0
0.0

26

18.5

23.7

1.28

Sept

26.7
0.0
38.9
25.9
7.1

21.6
(3.0)
56.9
1.0

44.5
0.0

47.0
8.9
7.9
*
1.8
*

119.7
0.0
7.3
81.3
2.6

26.6
8.4
15.8
12.7
7.9
33.0

26

23.3

28.4

1.22

Oct

20.3
32.3
103.6
39.6
110.2
1.5
(6.0)
29.7
0.0
17.3
67.1
194.3
10.2
7.9
*

17.8
*

74.7
12.4
60.7
12.7
27.4
85.2
7.9
64.8
8.9

72.1
47.0

26

43.5

44.7

1.03

Nov

34.3
114.6
55.1
26.4
26.7
67.6
(90.0)
112.0
13.7
9.9
5.1

170.2
39.4

285.9
*

65.0
*

201.7
92.7
118.1
10.4
3.8

33.8
58.4
7.1
6.8
5.3

80.0

26

66.7

69.2

1.04

Dec

68.a
334.3
20.1
84.6
17.0

109.2
(80.0)
103.1
134.6
14.5
13.2

126.5
101.6
147.9

*
242.1

*
283.8
49.4
13.0
89.0
94.5
129.0
86.1
27.0
178.1
48.0
181.1

26

106.8

83.4

0.78

Jan - Dec
Total

908.5
1359.1
878.9
695.2
804.7
885.9
871.8
882.2
870.9
687.4
565.2

1070.6
665.8

1027.3
*

822.5
*

1294.7
868.6
769.3
955.3
665.4
S38.2
695.6
489.9
742.7
657.9
843.6

26

839.1

196.4

0.23

Nov - Oct
Total

*
1013.3
1252.6
659.4
872.0
752.8
878.6
837.1
937.7
811.3
571.3
792.2
821.5
734.7
*
*
*

1212.0
782.3
987.0
666.5
773.7
713.9
600.3
591.9
789.5
653.8

23

813.3

177.5

0.22

ro
CT



Monthly Rainfall (mm) for Station:

Registration Number: 96.3716

KILOSa SISAL ESTfiTE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-77)

m

s

Cv

Jan

205.2
158.5
27.2
142.0
168.7
55.4

142.0
130.6
34.0
226.7
131.6
21.3
159.5
146.6
222.3
72.7
101.8
22.6
141.6
85.1
152.2
122.5
188.0
211.0
250.0
280.1
108.1
151.7

28

137.8

69.1

0.50

Feb

33.5
209.8
206.5
58.9
186.4
176.5
62.5
69.3
118.4
129.0
106.7
146.6
150.9
175.5
232.2
201.5
133.2
177.9
56.8
117.3
87.9
82.5
176.7
87.0
110.0
133.0
107.9
79.9

28

129.1

53.9

0.42

Harch

265.4
93.7
211.6
129.8
115.1
99.1

153.2
118.4
220.7
257.0
272.8
140.0
136.1
275.5
221.5
226.2
191.0
43.2
222.2
71.4
105.7
132.5
164.4
85.0
200.0
(180.0)
289.6
168.9

28

171.1

68.3

0.40

April

222.3
179.6
164.6
118.9
108.2
252.0
288.3
237.7
109.7
142.5
305.8
233.4
148.6
181.9
172.4
160.0
155.0
230.8
278.9
149.1
34.0
158.1
106.7
228.0
400.0
88.5
199.4
168.1

28

186.5

76.3

0.41

May

51.3
78.5
123.7
109.2
60.2
157.2
37.6
166.6
79.2
35.8
17.5
27.2
12.2
10.5
26.2
51.3
49.0
74.1
32.3
59.9
46.8
26.7
98.1
68.0
76.2
41.0
56.4
70.0

28

62.2

39.7

0.64

June

6.6
18.5
2.3
0.0
2.0
14.0
18.0
7.6
19.1
0.0
16.3
4.3
2.5
25.2
5.4
0.0
10.0
8.4
25.9
5.8
0.0
5.1
0.0
0.0
80.0
11.4
9.3
0.0

28

10.6

15.7

1.45

July

4.1
3.6
0.0
0.8
7.1
9.9
0.0
7.9
0.3
Í.1
0.3
22.9
13.7
5.9
6.1
4.1
0.0
37.9
0.0
0.0
2.5
16.1
6.7
9.6
80.0
0.0
11.1
0.0

28

9.1

16.2

1.78

Aug

19.6
4.1
16.3
21.8
4.8
0.0
0.0
6.1
12.2
10.9
0.0
14.0
77.5
2.5
20.8
9.2
2.8
11.1
17.3
4.3
7.9
6.6
11.4
27.0
10.0
1.1
0.8
19.1

28

12.1

14.9

1.23

Sept

17.0
2.5
28.7
37.3
8.9
26.9
9.1
8.4
4.1
1.5
8.9
38.4
22.1
8.1
0.0
31.2
11.7
59.2
3.5
5.3
33.8
11.1
(70.0)
0.0

180.0
35.9
1.0
78.1

28

26.5

36.8

1.39

Oct

2.5
84.6
34.0
37.3
35.3
88.9
19.3
20.6
5.1
5.1
14.0
189.5
7.1
4.1

136.3
22.9
65.9
26.0
11.6
65.3
3.6
6.0

(100.0)
0.0

40.0
13.5
12.2
43.1

28

39.1

45.3

1.16

Nov

5.6
335.a
29.5
43.4
60.2
96.5
1.3
25.1
1.0
71.6
0.8

375.7
2.3

437.9
0.0
88.2
82.8
168.5
29.5
154.4
0.0
9.0

157.7
1000.0

8.5
24.1
22.9
142.1

28

88.4

117.5

1.33

Dec

74.7
143.5
18.0
237.5
64.5
65.3
177.5
268.7
155.4
20.8
9.9

186.2
82.3
179.7
84.5
303.7
92.9
243.7
129.1
8.9

121.8
77.1
327.2
100.0
128.9
136.5
14.2

294.5

28

133.8

93.5

0.70

Jan - Dec
Total

907.8
1312.7
862.3
935.2
821.4
1041.7
908.8
1067.2
759.2
905.0
884.6
1399.5
814.8
1453.4
1127.7
1171.0
896.1
1103.4
948.7
726.8
596.2
653.3
1406.9
915.6
1563.6
945.1
832.9
1215.5

28

1006.3

247.2

0.25

Nov - Oct
Total

*
913.7
1494.2
703.5
977.6
1004.6
891.8
954.9
896.6
1009.0
966.3
848.3
1292.1
920.4
1660.8
863.6
1109.3
866.9
1202.3
722.1
590.9
689.0
1008.1
1200.5
1626.2
921.9
969.9
816.0

27

1004.5

264.6

0.26

to

o



Monthly Rainfall (mm) for Station.-

Registration Number: 96.3717

HELELfi

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

n(19S0-58,
1962-66}

m

s

Cv

Jan

54.4
90.4
4.1
27.4
85.6
73.2
149.4
98.0
26.7
*
*
*

275.S
102.2
53.4
117.1
16.0

14

83.8

69.2

0.33

Feb

121.2
157.5
102.6
21.6
37.3
365.8
118.1
69.1
149.4

*
49.5
113.8
46.9
224.9
98.6

14

119.7

89.4

0.75

March

218.7
154.9
107.4
132.8
66.0
85.9
107.7
88.9
278.6

*
*
*

90.4
124.5
270.6
143.0
159.1

(Station

14

144.9

67.1

0.46

April

234.2
242.3
212.3
141.7
122.2
181.1
325.4
179.6
138.9

*
*
*

148.8
236.9
193.5
7.6

221.5

closed)

14

184.7

73.9

0.40

May

32.8
80.5
58.4
84.6
100.1
103.6
1.3

118.6
100.3

*
*
*

42.2
12.9
12.7
0.0
35.7

14

56.0

41.6

0.74

June

4.1
2.5
0.0
0.0
0.0
4.3
0.0
0.0
3.6

*
*
0.0
5.6

20.6
0.0
0.0

14

2.9

5.5

1.90

July

2.0
0.0
0.0
0.0
0.0
0.0
0.0
2.5
(0.0)

*
*
2.8
0.0
0.0
0.0
0.0

14

0.5

1.1

2.20

Aug

3.0
0.0
0.0
8.1
10.2
0.0
0.0
2.5
11.4
*
*
*
3.8
0.0
0.0
0.0
0.0

14

2.8

4.1

1.46

Sept

18.0
0.0
19.1
9.1
0.0
0.0
0.0
81.8
0.0
*
*
*
3.3
0.0
0.0
0.0
0.0

14

9.4

21.9

2.33

Oct

4.3
93.2
8.9
12.2
58.7
2.0
6.9
13.5
10.2
*
*
*
4.1
0.0
50.8
17.8
6.3

14

20.6

27.3

1.33

Nov

20.8
141.7
24.6
34.0
9.7
10.4
2.8

56.4
0.0
*
*
*

19.8
(50.0)
0.0
25.4
51.6

14

31.9

36.8

1.15

Dec

13.2
145.3
0.0
72.9
0.0
65.8
(5.0)
64.0

(100.0)
115.1

*
*

47.0
20.9
22.8
90.3
6.1

14

46.7

44.7

0.96

Jan - Dec
Total

726.7
1108.3
537.5
544.6
489.7
892.0
716.1
775.0
819.1

*
*

688.7
666.8
671.3
626.1
594.9

14

704.0

161.1

0.23

Nov - Oct
Total

*
855.3
799.8
462.1
587.0
825.6
785.0
662.3
839.5

*
*
*

682.7
662.6
533.2
652.9

12

695.7

127.5

0.18

N>



Monthly Rainfall {mm) for Station:

Registration Number: 96.3718

MHONDA MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-71,
1975-77}

m

s

Cv

Jan

187.7
147.6
184.9
117.3 .
147.6
163.1
381.0
302.8
25.1

199.4
205.7
70.1

234.4
149.6
469.3
199.6
68.1
101.0
227.5
131.0
370.1
222.1
228.2

*
*

181.9
157.7
214.0

25

194.3

101.0

0.52

Feb

185.9
130.3
277.9
50.3

199.6
292.9
183.9
72.1
111.8
147.6
120.7
211.3
111.5
139.2
95.9

138.0
143.0
57.1

163.5
294.8
226.0
93.6
*
*
*

59.1
183.0
166.6

25

149.3

75.3

0.50

March

317.5
107.4
154.2
165.6
144.0
232.4
333.0
202.2
475.5
217.4
419.9
292.4
273.6
422.0
391.5
141.0
389.2
194.0
346.0
211.2
600.0
219.7
49.0
*
*

299.1
322.1
178.7

25

282.0

120.8

0.43

April

316.5
558.8
343.2
239.8
269.5
363.0
349.3
601.7
205.2
226.9
370.6
305.8
373.1
239.7
302.0
434.1
271.5
475.0
824.5
270.2
185.9
308.8
243.3

*
337.8
195.7
236.8

25

344.2

145.1

0.42

May

213.9
228.1
174.8
251.7
144.0
341.6
181.4
244.3
52.1

209.8
104.6
89.4
91.4
119.5
74.7

294.2
172.0
420.0
265.0
156.6
65.3
102.1
216.4

*
*

129.8
160.0
0.0

25

171.5

96.9

0.57

June

77.5
91.9
4.8

34.8
17.3
96.8
70.6
57.7
81.8
28.7
73.2
37.3
32.8
51.5
23.0
0.0

40.0
71.0

125.0
100.6
9.4

76.1
20.1
*
*

62.7
46.4
12.5

25

52.9

33.3

0.63

July

74.9
30.0
2.8

49.5
20.8
78.0
37.3
46.0
6.1

86.4
55.6
176.8
115.6
71.7
18.5
113.0
91.0
121.5
31.5
51.0
26.0
50.7
*
*
*

15.3
33.4
10.2

25

56.5

42.8

0.76

Aug

59.4
5.6

38.6
86.9
70.4
11.4
68.6
4.3

20.6
139.4
12.2
36.1
91.7
35.8
31.9
46.0
46.0
119.5
15.2
87.9
40.1
18.2
3.0
*

16.7
0.0

10.2

25

44.5

37.5

0.84

Sept

134.9
3.3.

74.9
57.4
4.1
13.0
45.7
72.1
24.1
4.6
9.1

136.4
55.9
11.1
8.8

99.9
28.0

140.7
31.3
51.3

155.5
27.0
*
*
*

117.3
70.1
184.7

25

62.5

54.6

0.87

Oct

28.4
101.1
69.3
55.6
120.7
35.8
26.9
108.0
39.4
94.0
93.7

398.5
56.4
37.0
85.8
97.5
81.5
145.0
124.2
71.3
39.6
40.0
*
*
*

16.1
52.7
24.5

25

81.7

74.9

0.92

Nov

6.1
235.0
174.0
135.1
61.2

131.1
85.9
94.0
25.9
39.4
3.0

425.2
55.6

455.7
26.3

237.7
46.0
282.0
369.8
89.5
0.0

(20.0)
*
*
*
7.8

21.6
218.0

25

129.8

136.2

1.05

Dec

151.1
310.9
66.3

379.0
100.3
240.5
217.7
527.6
138.2
118.1
8.4

401.6
247.7
122.2
247.0
516.1
120.5
646.0
185.1
187.8
273.9
(180.0)

*
*
*

172.3
37.7

(250.0)

25

233.8

157.4

0.67

Jan - Dec
Total

1753.8
1950.0
1565.7
1623.0
1299.5
1999.6
1981.3
2332.8
1205.7
1511.6
1476.8
2580.9
1739.6
1855.0
1774.7
2317.1
1496.8
2772.8
2708.6
1703.7
1992.4
1358.3

*
*
*

1415.9
1280.4
1506.2

25

1808.1

444.9

0.25

Nov - Oct
Total

*
1561.3
1871.3
1349.2
1652.1
1789.5
2049.3
2014.8
1663.3
1518.3
1622.8
1765.5
2263.2
1580.4
2079.3
1836.6
2084.1
2011.3
3081.7
1980.8
1879.3
1432.2

*
*
*
*

1401.2
1097.5

23

1808.0

396.7

0.22



Monthly Rainfall (mm) for Station;

Registration Number: 96.3719

MSOWEKO GINHERT

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1963
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n{1950-54.
1959-70,
1972-77)

m

s

Cv

Jan

57.9
262.9
85.9
97.0
157.0
20.3
26.7
253.7
0.0

183.6
145.0
21.3
223.5
114.4
66.8
133.4
43.4
15.5
85.1
55.4

306.4
*

143.0
294.3
95.6
33.0
45.8
187.6

23

124.1

85.6

0.69

Feb

83.3
290.1
144.0
0.0

138.2
253.0
80.8
136.9
132.8
161.0
39.6
120.4
68.8
132.1
102.5
122.1
83.3
106.7
77.6
48.8
144.7

*
89.5
71.8
15.2
34.0
56.7
93.3

23

96.7

60.2

0.62

March

208.3
107.2
145.0
97.3
85.3
63.5
55.4
115.1
388.6
145.0
206.0
110.7
192.5
176.0
283.8
72.9
187.0
139.7
286.0
117.9
308.6

*
286.8
0.0
84.5
89.0
111.7
140.7

23

155.7

79.6

0.51

April

480.1
288.3
389.1
268.0
167.4
133.6
264.4
398.0
239.3
147.8
312.9
297.2
242.8
199.4
285.3
169.3
117.1
336.9
461.5
262.1
101.1

*
125.9
189.4
268.9
76.8
79.0
164.6

23

236.1

113.2

0.48

Hay

196.6
78.2
89.7
142.2
86.6
214.1
66.5
104.0
21.1
26.4
10.7
90.9
90.9
33.0
14.0
55.8
76.2
340.6
81.2
131.9
2.1
*

158.8
70.3
102.2
73.0
39.0
135.2

23

92.4

73.1

0.79

June

0.0
7.1
0.0
0.0
11.9
25.4
*
2.0

10.9
12.4
3.3
6.9
0.0
6.4
0.0
19.5
23.2
83.0
33.2
0.0
*
2.2
0.0
17.1
24.1
21.6
0.0

23

12.3

18.3

1.48

July

0.0
0.0
0.0
6.1
0.0
*
*

91.4
*
0.0
0.0
12.4
20.6
21.1
7.6
0.0
8.1
53.8
0.0
2.6
0.0
*
0.0
0.0
10.9
0.0
13.2
0.0

23

6.8

12.3

1.81

Aug

1.3
0.0
0.0
9.1
0.0
*
*
*
*

6.4
3.3
0.0
19.1
0.0
0.0
7.6
3.1
4.6
0.0
0.0
0.0
*
0.0
7.8
0.0
0.0
0.0
0.0

23

2.7

4.7

1.74

Sept

0.0
0.0
24.9
5.1
0.0
*
*
*

0.0
0.0
0.0
2.8
0.0
0.0
0.0
26.7
66.4
0.0
7.6
7.6
0.0
32.0
0.0
0.0
0.0
0.0
0.0

23

7.5

16.0

2.13

Oct

0.0
7.1
0.0
0.0
7.1
*
*
*
*
0.0

41.4
117.9
10.2
0.0
0.0

81.8
34.1
26.8
0.0
13.0
0.0
0.0
73.5
0.0
0.0
0.0
0.0

100.4

23

22.3

36.1

1.62

Nov

0.0
128.0
47.8
6.1
11.9
*
*
*
*
2.3
0.0

201.7
51.3

225.4
0.0

60.9
86.1
59.4
56.0
19.6
0.0
20.1
48.5
41.0
0.0
12.0
20.0
74.9

23

50.1

61.6

1.23

Dec

150.6
85.1
0.0
72.9
17.0

¿t

*

61.2
*

40.6
5.1

307.6
131.8
93.5
74.9

253.9
135.3
401.4
261.4
158.7
(300.0)
85.6
135.5
4.5
0.0
74.2
58.7
175.9

23

131.0

111.3

0.85

Jan - Dec
Total

1178.1
1254.0
926.3
703.8
682.5
*
*
*
*

724.0
776.5
1276.6
1061.2
994.9
841.3
1057.7
819.9
1575.0
1391.8
855.8
1170.5

*
1095.7
679.1
594.4
416.1
445.7
1071.9

23

938.8

296.6

0.32

Nov - Oct
Total

1191.5
1091.7
672.6
732.5

*
*
*
*
*

814.2
779.2
1387.4
859.1
1085.3
817.8
913.3
1335.6
1536.2
989.9
1048.8

*
1017.2
817.6
639.9
329.9
453.2
900.5

21

924.5

294.0

0.32

to



Monthly Rainfall (aim) for Station:

Registration Number: 96.3720

TEGETERO MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
195S
1959
1960
1961
1962
1963
1964
Î965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Cs

Jan

190.8
152.7
108.0
148.1
352.0
234.3
340.9
283.5
15.5

277.9
212.3
69.1

264.4
332.8
223.5
198.5
297.7
16.3
122.4
104.0
306.9
213.8
359.9
316.8
197.4
324.7
18.0
160.5
97.9

25

214.9

109.1

0.51

Feb

218.4
304.0
269.2
29.7

211.1
273.3
199.6
79.5

150.1
91.9
176.0
344.4
104.9
220.7
99.6

240.2
252.1
449.1
168.7
101.7
391.9
189.4
231.6
360.5
14.0
56.4
74.5
64.2
52.1

25

183.0

116.7

0.64

March

638.4
198.0
462.3
311.2
249.2
172.2
353.3
365.3
858.0
240.0
591.3
251.5
439.4
528.9
92.7
353.9
413.5
287 ,6
404.0
573.0
499.0
322.1
417.0
385.8
3.6

234.2
187.5
116.8
121.5

25

346.2

181.2

0.52

April

689.4
500.9
351.5
561.3
538.0
698.2
530.9
717.3
478.5
396.5
712.5
464.3
705.1
492.2
415.0
759.1
508.5
729.5
914.3
666.9
680.7
915.6
383.1
741.6
472.5
257.4
144.1
120.2
133.5

25

560.1

207.8

0.37

Hay

447.3
407.7
245.1
611.9
401.8
571.5
351.0
422.1
192.5
222.5
83.6

198.4
212.6
77.9

260.5
439.7
173.7
475.4
340.0
175.6
133.4
243.4
262.4
103.7
448.9
478.7
81.4

104.2
96.3

25

282.9

160.4

0.57

June

147.8
241.6
131.1
67.6
14.7

188.0
166.1
33.0
156.5
45.0
176.0
169.9
18.3

126.8
56.0
9.6

203.6
131.0
343.0
156.6
100.6
131.3
8.9

11.9
184.9
135.0
63.3
7.5

25

108.2

83.4

0.77

July

228.9
85.6
82.3
54.1
71.6
187.5
26.2
166.4
28.7
57.2
42.4
299.2
82.3
99.4
50.5
50.3
24.1

321.5
68.4

126.6
16.8
81.4
22.6
72.1
104.1
194.0
22.6
46.2

25

92.6

82.3

0.89

Aug

283.0
0.0

142.2
211.8
71.9
32.5
43.9
101.9
116.8
175.8
22.1
64.0
396.2
38.3
80.5
44.8
110.0
151.1
85.9
194.6
58.2
0.0
8.4

78.5
15.7
63.0
7.5

40.4

25

88.6

86.4

0.98

Sept

207.5
0.0

132.1
155.2
71.1
78.7
82.3
248.4
87.6
75.2
37.8

250.2
123.7
41.7
31.1
55.4
95.2

316.3
41.1
97.0

238.1
43.7
368.9
16.2

139.5
239.6
29.2
66.0

25

123.2

101.4

0.82

Oct

82.3
0.0

368.6
185.4
71.1
129.3
109.2
173.3
55.6

201.2
164.1
378.2
114.0
31.5

337.1
404.3
28.4
164.4
97.0
181.3
82.5
74.3

621.5
6.1

14.3
0.9

67.5
51.8

25

156.7

147.2

0.94

Nov

129.0
506.2
189.7
193.5
244.3
153.2
192.3
162.3
147.1
130.3
79.0

729.0
135.9
785.7
26.4
518.7
346.6
586.6
415.8
259.1
33.0
49.5
192.0
58.4
0.0
2.2

24.9
122.6

25

220.2

222.1

1.01

Dec

168.4
417.1
79.8

331.2
160.0
354.1
255.0
175.0
155.7
203.5
34.8

354.8
239.3
199.4
333.0
470.2
71.6
616.4
275.1
26.7

639.3
198.1
309.1
149.9
23.3
35.7
45.6
210.3

25

238.1

167.2

0.70

Jan - Dec
Total

3431.0
2814.1
2561.8
2861.1
2631.7
3173.0
2650.7
2928.4
2442.7
2116.8
2337.1
3573.0
2818.1
2975.3
2005.9
3544.7
2625.0
4145.2
3275.7
2663.1
3186.4
2462.6
3185.4
2301.5
1623.2
2071.8
766.1
1110.7

25

2619.0

754.6

0.29

- 0.55

Nov - Oct
Total

*

2187.3
3215.7
2605.8
2750.4
3071.3
2710.7
3038.4
2477.1
2085.8
2556.9
2603.0
3526.7
2365.4
2631.6
2915.2
3195.7
3360.4
3787.8
3068.2
2793.9
2887.3
2931.9
2594.3
1808.2
2057.2
733.5
848.3

25

2616.2

707.3

0.27

- 1.25



Monthly Rainfall (mm) for Station:

Registration Number: 96.3721

MVOMERO

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1963
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-74)

m

s

Cv

Jan

126.0
168.7
98.0
89.2
164.1
119.4
156.7
203.2
2.0

(120.0)
109.2
83.1
101.9
40.4
175.6
80.5
19.3
23.8
198.0
50.3
202.3
92.2
17.4
32.2
65.4
98.4

25

101.6

61.7

0.61

Feb

196.9
82.6
112.5
63.8
59.9

209.6
92.2
20.8
108.7
(260.0)
16.3
189.2
116.3
143.3
74.6
35.8
96.5
27.7
48.0
56.6
47.7
81.5
28.7
19.5
3.9
25.0

25

87.7

67.3

0.77

March

204.5
84.6
167.1
59.9
85.3
119.9
86.4
73.2
222.5
113.8
144.3
82.0
174.8
347.3
192.8
169.2
279.0
144.9
113.5
108.2
180.4
27.9
94.8
12.4
131.2
273.9

(No data

25

136.8

75.6

0.55

April

212.6
286.0
221.7
304.3
219.2
250.4
210.8
357.4
154.4
116.8
244.6
168.7
274.6
206.5
(250.0)
177.3
186.7
405.0
413.8
243.0
148.7
158.3
62.8
54.7
253.8
255.9

obtained)

25

223.3

89.1

0.40

May

74.9
88.1
63.5
243.3
65.8
110.2
123.4
142.0
28.2
45.5
64.0
16.8
69.1
25.7
87.1
39.9
119.0
296.6
77.0
80.1
29.7
60.4
55.8
97.5
97.9
243.8

25

88.1

63.8

0.72

June

11.4
9.1
13.0
0.3
1.3
31.0
5.3
0.0
94.0
5.8
57.0
33.3
22.4
12.9
3.3
0.0
33.0
(20.0)
42.8
10.7
0.0
13.0
0.5
1.8
19.7
16.3

25

17.7

21.9

1.24

July

28.7
7.1
0.0
15.0
3.8
1.8

18.5
0.0
0.0
3.8
2.0
93.5
6.9
13.2
18.3
0.0
0.0

(50.0)
0.0
13.7
0.0
3.9
7.9
2.8
76.8
0.0

25

14.7

24.2

1.65

Aug

0.0
3.6
0.0
22.9
10.4
0.0
0.0
2.0
0.0
34.0
0.0
0.0
25.9
0.0
12.2
12.2
4.8
66.2
0.0
3.1
9.7
0.7
2.9
30.0
0.0
0.0

25

9.6

15.7

1.64

Sept

38.4
0.8
54.6
35.3
0.0
0.0
3.8
3.6
0.0
0.0
6.1
47.0
22.9
0.0
0.0
11.4
7.1

144.8
0.0
13.7
29.6
0.0
31.9
0.0
5.2
*

25

18.3

31.3

1.71

Oct

10.2
32.5
23.4
50.0
44.5
15.7
0.0
5.3
2.5
21.6
27.7
191.0
0.0
7.6

(30.0)
76.7
7.9

(150.0)
20.4
14.2
7.6
1.6
32.7
5.6
3.4
*

25

31.3

46.1

1.47

Nov

8.1
84.6
78.2
26.4
22.9
34.5
19.1
72.9
15.2
4.1
0.0

262.1
74.2
344.9
(10.0)
65.6
35.8
100.5
121.5
70.5
0.0
0.0
11.6
80.4
0.0
*

25

61.7

82.1

1.33

Dec

30.2
161.3
24.1
94.7
46.5
93.0
62.7
86.9
76.5
86.4
1.0

172.7
77.7
103.9
70.4
139.8
65.9
281.7
67.6
18.6

341.8
8.5
22.5
70.6
53.8
*

25

90.4

79.9

0.88

Jan - Dec
Total

941.9
1009.0
856.1
1005.1
723.7
985.5
778.9
967.3
704.0
811.8
672.2
1339.4
966.7
1246.7
924.2
808.4
855.0
1711.3
1102.6
682.7
997.5
448.0
369.5
407.5
711.1

25

881.0

290.2

0.33

Nov - Oct
Total

*
801.4
999.7
986.3
775.4
927.4
824.6
889.3
772.1
813.0
762.1
905.6
1249.6
948.8
1292.7
683.4
958.7
1430.8
1295.7
782.7
744.8
781.3
343.9
290.6
808.3
*

24

877.8

262.8

0.30

to

I/I



Monthly Rainfall (mm) for Station:

Registration Number; 96.3725

TANGENI MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-77)

m

s

Cv

Jan

108.0
(98.0)
58.4
36.3
128.0
81.0
199.6
88.6
21.S
137.9
168.4
47.2
260.9
163.9
67.3
80.7
91.2
20.6
137.4
112.3
179.6
476.0
111.8
255.4
52.3
37.1
76.4
124.3
124.4

28

120.9

95.2

0.79

Feb

96.3
139.7
146.3
1.0
96.0
276.4
173.7
79.8
89.7
32.5
48.0
245.6
68.6
81.5
80.0
99.1
111.1
79.3
45.0
201.1
289.1
294.1
175.5
175.3
20.7
43.6
31.0
196.8
29.0

28

122.0

83.8

0.50

March

281.7
130.6
133.4
114.6
84.6
124.5
131.6
190.8
285.8
150.6
321.6
75.2
78.2
246.3
265.0
209.3
214.1
55.1
278.5
212.1
238.5
84.4
133.1
85.8
100.3
169.7
184.9
157.1
238.9

28

169.2

75.7

0.45

April

538.0
237.0
252.0
262.1
210.3
366.3
443.5
258.6
366.0
316.2
535.4
347.5
319.3
455.8
253.8
370.4
304.2
402.4
377.3
421.1
228.3
389.0
374.9
668.4
497.5
408.9
211.0
270.6
282.3

28

360.2

111.7

0.31

May

195.1
212.3
132.1
367.5
201.7
245.6
59.9
292.1
63.0
90.7
100.6
86.9
40.9
44.0
63.8
159.8
254.4
240.0
201.4
4.8
60.4
127.5
425.9
104.3
116.6
116.6
112.7
135.0
82.2

28

152.0

100.9

0.66

June

0.0
10.9
11.9
0.0
0.0
30.2
3.0
0.0

32.0
8.9
26.9
20.3
0.0
62.4
29.5
0.0
28.2
35.0
66.3
36.6
0.0

47.1
0.0

19.5
25.1
13.7
87.7
9.8

12. Q

28

21.6

22.8

1.06

July

37.3
12.4
0.0
(1.0)
0.0
16.0
0.0
4.6
0.0
0.0
5.1

144.0
0.0
6.1
0.0
0.0
4.8
86.1
0.0
12.9
0.0
21.3
17.2
24.8
30.1
0.4
16.2
18.2
4.7

28

12.8

19.0

1.48

Aug

5.3
0.0
1.0
(5.0)
16.3
0.0
0.0
10.7
21.6
137.9
2.0
0.0
33.3
0.0
0.0

35.6
0.0

130.1
O.S
27.8
0.0
0.0
1.8
5.0
0.0
2.1
2.2
9.6
3.3

28

16.0

34.9

2.18

Sept

49.8
0.0
22.9
(20.0)
1.8
7.9
1.0

148.3
10.9
28.2
1.3
54.4
5.8
12.5
5.1

196.6
0.0

223.8
0.0
0.0
38.6
4.1
36.8
1.5
2.5
20.6
19.7
54.3
7.3

28

34.6

58.2

l.ea

Oct

18.3
106.4
29.2
45.5
23.6
14.7
10.9
16.8
1.0
17.0
85.6
338.6
12.4
0.0
84.2

136.8
80.6
32.1
9.1
54.9
13.5
61.0
192.3
14.1
33.0
39.9
9.8

161.7
14.8

28

58.7

74.1

1.26

Hov

79.8
300.5
70.4
45.5
53.8
95.0
18.3
127.3
34.0
37.3
0.0

412.8
18.3
501.8
8.4

223.8
81.8
141.7
181.8
113.6
0.0
5.2

134.9
70.0
0.8
11.6
52.2
110.4
316.2

28

104.7

123.5

1.18

Dec

58.2
189.2
5.8
58.9
7.6

109.7
70.1
79.5
94.0
14.0
0.0

304.0
158.2
53.6
39.8
94.5
64.5
194.5
148.1
4.3

100.0
76.4

144.2
76.3
4.5
88.2
27.4
210.8
177.8

28

88.4

73.6

0.83

Jan - Dec
Total

1467.8
(1437.0)
863.4
(957.4)
823.7
1367.3
1111.8
1296.9
1019.8
971.3
1294.9
2076.5
995.9
1627.9
896.9

1606.6
1234.9
1640.7
1445.4
1201.5
1148.0
1586.1
1748.4
1500.4
883.4
952.4
831.4
1458.3
1292.9

28

1262.4

317.4

0.25

Nov - Oct
Total

*
(1085.3)
1193.1
(929.2)
866.7
1224.0
1227.9
1178.7
1098.6
1047.9
1346.2
1359.7
1536.2
1249.0
1404.1
1336.1
1406.9
1450.8
1451.7
1413.5
1165.9
1604.5
1550.9
1633.2
1024.4
857.9
851.4
1216.7
1120.1

27

1244.8

226.9

0.18

to

ON



Monthly Rainfall (mm) for Station:

Registration Number: 96.3732

ILONGft

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-77)

m

s

Cv

Jan

243.3
101.4
52.1
65.5

207.3
114.3
159.0
128.8
26.2
200.2
126.7
36.3

218.2
118.6
116.8
132.6
96.6
68.1
193.3
55.4

251.0
102.0
147.0
251.8
113.5
84.2
89.5
306.2

28

135.9

72.7

0.53

Feb

103.9
181.4
248.2
53.6

230.1
169.7
143.5
183.4
140.2
192.3
39.6

188.2
83.3

259.2
155.0
88.2
145.9
171.7
67.0
106.6
120.0
114.0
101.0
132.7
30.5
46.6
156.4
130.8

28

135.1

60.6

0.45

Harch

274.1
178.1
196.6
118.9
139.2
138.4
243.1
147.6
287.0
273.8
278.4
211.8
192.3
486.3
297.1
218.7
301.9
178.3
191.2
213.0
273.0
154.0
302.7
105.0
230.5
245.9
148.6
72.4

28

217.8

83.2

0.38

April

265.2
160.6
153.9
227.3
110.5
401.6
366.0
339.1
192.5
99.1

236.2
350.8
167.4
181.8
154.3
140.3
176.1
391.5
257.1
178.3
49.0
228.0
137.8
223.6
302.6
297.7
220.5
154.1

28

220.8

91.1

0.41

Hay

34.3
65.S
52.1

209.6
85.6
146.3
22.6

219.2
64.3
75.4
7.4
28.4
7.4
2.1

24.9
42.6
73.9
65.1
64.0
58.6
7.0
27.0

126.8
44.3
150.7
91.6
59.2
32.8

28

67.5

56.7

0.84

June

0.0
9.4

21.8
0.5
0.3
13.7
25.7
2.8
3.6
0.0
20.3
31.8
1.3

24.7
3.8
0.0
7.7
12.6
34.7
10.8
9.2
17.0
0.0
0.9
11.0
6.0

39.4
1.6

28

11.1

11.7

1.05

July

4.8
8.4
10.4
3.0
0.5
22.4
0.0
8.9
0.8
0.5
6.1
16.3
6.9
7.6
3.8
7.9
0.0

40.6
3.8
1.3
3.0
10.0
1.5
3.4

22.3
1.2
5.8
2.6

28

7.3

8.9

1.22

Aug

7.1
4.3
11.9
22.4
1.3
0.0
0.0
4.3
0.8
5.8
0.0

27.4
74.9
10.2
19.3
7.5

16.5
11.0
20.4
40.8
10.0
3.0
0.6
1.7

22.4
1.8

23.6
17.2

28

13.1

15.9

1.21

Sept

22.1
3.3

12.2
9.9
5.8
0.8

22.1
4.1
2.5
0.0
2.3

33.3
22.9
0.8
0.8

28.9
12.4
67.9
19.4
10.9
54.0
10.0
57.3
2.0
9.6
19.2
0.0

103.8

28

19.2

24.5

1.28

Oct

0.0
42.2
63.2
26.4
31.2
4.3
0.0

17.5
0.0
55.4
13.2

160.0
28.2
0.3

48.6
13.3
61.3
24.0
34.1
26.0
18.0
23.0
80.0
2.7

18.1
8.4

12.3
23.0

28

29.8

33.1

1.11

Nov

47.2
343.9
47.8
28.7
8.1
27.2
19.8
68.1
0.0

44.7
0.0

253.5
32.8
239.7
0.5

130.1
109.2
212.1
72.7
96.7
6.0

27.0
130.4
57.3
2.1
10.2
3.0

153.8

28

77.6

90.1

1.16

Dec

69.3
105.9
12.4

126.2
168.7
172.7
287.8
188.5
121.2
30.7 .
3.8

254.0
118.4
119.6
56.4

203.0
96.8

378.7
177.3
16.1

199.0
55.0

113.3
157.2
71.5
182.1
10.3

346.4

28

137.3

97.6

0.71

Jan - Dec
Total

1071.3
1224.7
882.6
892.0
988.6
1211.3
1289.6
1312.3
839.0
977.9
734.1
1591.1
953.8
1450.9
881.3
1013.1
1098.9
1621.6
1135.0
814.5
999.2
770.0
1198.4
980.6
984.9
994.9
798.6
1344.7

28

1073.4

233.4

0.22

Nov - Oct
Total

*
891.3
1272.2
797.3
966.7
1188.3
1181.9
1363.3
974.5

1023.7
805.6
1087.4
1310.3
1242.8
1183.7
736.9
1225.4
1236.8
1475.8
951.7
907.0
893.0
1036.7
1011.8
1125.8
876.2
947.6
857.8

27

1058.2

191.5

0.18



Monthly Rainfall (mm) for Station:

Registration Number: 96.3736

CHAZI

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

n(1956-76)

m

s

Cv

Jan

168.7
192.3
17.3
276.6
227.8
52.3

229.4
203.7
270.7
115.5
60.7
33.3
134.2
209.2
259.5
195.6
118.2
269.9
73.0
84.2
102.2

21

158.2

86.5

0.55

Feb

139.2
135.9
98.0

(110.0)
71.1
270.8
177.3
74.0
43.8
137.3
98.0
80.8
45.7
161.6
229.0
138.9
68.6
125.8
0.0
50.5
188.1

(No data

21

116.4

65.4

0.56

March

156.5
107.7
350.3
183.1
333.5
48.0
274.1
276.7
221.1
179.2
398.3
29.9
362.9
111.4
339.6
295.6
176.6
69.2
53.3
147.7
147.6

obtained)

21

203.0

114.5

0.56

April

237.7
578.9
226.8
211.6
293.6
342.6
195.6
211.9
178.2
200.1
129.4
487.4
466.7
145.8
110.5
168.9
174.1
361.8
47.5
191.0
73.5

21

239.7

137.7

1.74

May

97.8
164.3
46.7
146.3
45.5
68.1
39.9
71.5
17.2
107.9
122.1
213.0
107.2
122.7
44.9
77.7
180.1
93.9
124.3
65.6
0.0

21

93.2

54.3

0.58

June

20.6
0.0
0.0
0.0
34.0
11.7
S.I
16.1
5.1
0.0
9.2
30.2
84.9
33.9
0.0
20.1
2.6
0.0
2.6
36.0
0.0

21

14.9

20.6

1.38

July

9.1
14.7
0.0
10.4
0.8
73.2
54.6
16.5
7.9
0.8
0.0

75.5
0.0
2.3
28.2
17.5
9.6
0.0
4.6
0.0
0.0

21

15.5

23.4

1.51

Aug

6.9
0.0
16.3
45.5
0.0
1.3

40.1
0.0
1.1
11.4
12.8
59.2
31.7
23.9
3.1
0.0
5.0
0.0
5.0
0.0
0.0

21

12.5

17.5

1.40

Sept

16.5
28.7
6.1
4.1
0.0
88.6
30.0
9.7
0.0
20.7
9.2

82.1
1.5
37.3
45.9
5.5

31.6
0.0
31.6
0.0
0.0

21

21.4

25.7

1.20

Oct

4.1
83.1
0.0
59.4
27.9
295.4
34.3
17.0
76.4
43.5
16.8

146.5
54.4
29.7
10.7
0.0

113.0
0.0

101.3
7.0
0.0

21

53.4

69.5

1.30

JJov

57.4
37.3
31.2
28.4
0.0

334.5
34.0

325.2
0.0

135.7
101.9
164.3
190.6
70.3
0.0

37.8
138.4
0.0

37.0
0.0
0.0

21

82.1

100.7

1.23

Dec

70.9
389.1
180.3
98.3
58.9

262.1
161.8
88.6
185.7
321.8
58.6

418.1
152.2
78.5
154.2
115.2
112.4
0.0

162.7
31.3
18.0

21

148.5

115.0

0.77

Jan - Dec
Total

985.4
1732.7
973.0

(1173.7)
1093.2
1848.6
1276.2
1310.9
1007.2
1273.9
1017.0
1820.3
1632.0
976.6
1225.6
1072.8
1130.2
947.6
642.9
613.3
529.4

21

1156.3

366.0

0.32

Nov - Oct
Total

*

1434.6
1187.9
(1258.5)
1160.9
1310.9
1677.0
1092.9
1235.3
1002.1
1314.0
1398.4
1871.6
1220.6
1220.2
1074.0
1032.4
1198.4
443.2
781.7
542.7

20

1172.9

329.7

0.28

to

oe



Monthly Rainfall (mm) for Station:

Registration Number: 96.3738

KISANGAT& SISAL ESTATE

Year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1952-55.
1957,58,
1961-71,
1976,77)

m

s

Jan

*
43.2
118.1
111.8
59.7
171.5
228.6
30.5
104.1
88.4
11.4

240.0
89.0
72.3
128.2
43.2
19.0
125.7
50.8
192.0
57.1
*
*
*
*

91.4
62.3

17

89.1

59.7

0.67

Feb

*
256.5
14.0
80.0
162.6
113.0
172.7
86.4
184.2
55.9

119.4
138.4
69.8
124.4
58.5
133.4
153.7
(40.0)
66.0
78.6
72.4
*
*
*
*

128.8
148.5

17

108.5

57.7

0.53

March

*
142.2
69.9
134.6
106.7
188.0
144.8
277.9
174.0
181.6
149.9
228.6
328.9
141.0
125.7
289.7
45.6
210.9
141.0
175.2
(50.0)

*
*
*

62.4
223.0
44.0

17

153.4

82.4

0.54

April

*
209.6
141.0
218.4
132.1
119.9
449.1
106.2
138.4
325.1
165.4
165.4
255.2
149.4
196.8
182.9
370.9
357.0
211.0
(200.0)
191.7

*

*
172.1
141.7
133.0

17

201.3

70.2

0.05

May

*
76.2
81.3
63.5
233.7
34.3
92.7
75.4
52.1
6.4

36.8
47.0
0.0
0.0
62.2
63.6
179.0
156.0
72.4
102.0
59.7
*
*
*

42.5
55.6
162.0

17

85.4

63.1

0.74

June

20.1
0.0
0.0
0.0
7.6
*

(0-0)
0.0
*

0.0
10.2
0.0
12.7
0.0
0.0
0.0
28.0
55.9
8.8
0.0
10.1
*
*
*

10.5
23.0
0.0

17

9.2

14.8

1.61

July

5.1
0.0
0.0
0.0
0.0
*

(0.0)
0.0
*
0.0
3.8

30.5
0.0
0.0
0.0
0.0
19.1
12.7
1.3
0.0
46.9
*
*
*
0.0
4.0
0.0

17

7.0

13.4

1.91

Aug

0.0
0.0
22.9
0.0
99.1
*

(0.0)
0.0
*
0.0
0.0
12.7
0.0
29.2
0.0
0.0
3.8
0.0
1.3

40.0
0.0

*
*
0.0
0.0
0.0

17

12.3

25.5

2.07

Sept

0.0
22.9
0.0
0.0
0.0
*

(0.0)
0.0
*
*

36.8
0.0
0.0
0.0
24.1
24.1
53.3
2.5
0.0
44.0
(0.0)
*
*
*

20.5
0.0
9.0

17

12.8

17.9

1.40

Oct

3.8
12.7
1.3

30.5
0.0
*

11.4
0.0
*
*

152.4
6.4
0.0
22.9
48.3
26.7
15.2
0.0
8.9
0.0
(0.0)
*
*
k

0.0
0.0
9.0

17

19.7

36.9

1.87

Nov

125.7
74.9
0.0
5.1
11.4
*

81.3
15.2
*
*

203.2
43.2
234.2
0.0
52.9
73.6
94.0
124.4
33.0
0.0

(10.0)
*
*
*
4.0
0.0
0.0

17

56.5

72.2

1.28

Dec

95.0
0.0
81.3
26.7
18.5
*

149.9
22.9
*
*

188.0
54.6
155.0
72.5
134.6
116.8
284.6
169.0
22.9
268.0
(70.0)

*
*
*
0.0
0.0
0.0

17

97.8

90.6

0.93

Jan - Dec
Total

*
838.2
529.8
670.6
831.4
*
*

614.4
*
*

1077.3
966.8
1144.8
611.7
831.3
954.0
1266.2
1254.1
617.4
1099.8
567.9
*
*

*
667.5
565.8

17

852.6

250.2

0.29

Nov - Oct
Total

*
984.0
523.4
720.1
833.3
*
*

807.6
*
*
*

1260.2
866.2
918.6
660.9
951.1
1078.0
1339.3
854.9
887.7
755.9
*
*
*
*

671.5
567.8

16

867.0

219.3

0.25

ro



Monthly Rainfall (mm) for Station:

Registration Number: 96.3741

MKUVUNI

Year

1952
1953
1954
1955
1956
1957
1953
1959
I960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-64.
1971-75}

m

s

Cv

Jan

*
129.0
155.4
89.2
260.4
272.3
9.1

181.6
(400.0)
76.7

416.1
686.6
136.6

*
107.2
9.7
99.4
102.1

*
135.7
165.5
446.8
230.1
77.8
85.5
200.6

19

218.7

166.0

0.76

Feb

*

31.2
152.7
203.4
267.0
145.8
169.9
189.0
150.4
195.3
227.1
195.6
112.2

*
115.7
471.8
75.3
142.0

118.4
65.3
229.9
85.7
23.8
83.7
136.7

19

154.9

83.5

0.54

March

*
366.8
467.1
60.7
215.1
221.7
332.5
142.0
679.5
162.3
514.6
353.0
222.2

*
241.4
37.4
*

142.6
*

195.4
289.5
206.3
191.3
283.0
341.0
159.2

19

284.4

148.3

0.52

fipril

*
538.7
179.3
277.9
391.9
705.1
239.8
207.8
625.9
334.0
345.4
350.6
215.0
357.1
208.3

*
*

380.1
187.1
296.1
305.2
464.3
468.3
326.7
206.8
193.1

19

351.2

149.5

0.43

Hay

588.8
267.0
266.7
105.7
139.7
192.3
70.4
40.9
137.2
194.3
67.3
89.3
182.9
87.2
*
*

103.5
49.7
159.4
230.5
110.4
152.2
165.9
83.5
111.3

19

167.0

121.0

0.72

June

37.3
14.5
47.2
48.8
69.1
20.8
106.7
16.8
69.6
70.9
15.2
55.5
11.3
0.0

80.5
*
*

26.6
23.8
58.2
7.6

42.9
79.7
57.6
90.0
4.0

19

45.7

29.1

0.64

July

13.2
8.4
0.0

64.8
22.6
31.0
13.0
17.8
35.3
173.0
23.4
38.0
53.9
52.6
3.8
*
*

63.0
24.8
57.2
35.0
21.6
62.8
112.8
34.4
55.3

19

45.3

40.3

0.89

Aug

78.8
63.5
74.7
5.3
27.2
7.9
32.8
77.7
13.0
29.2
152.7
3.3
57.0
12.2
*
*
*

31.8
26.1
4.8
20.8
50.5
14.2
56.0
4.1
59.4

19

39.7

37.4

0.94

Sept

50.0
35.3
0.0
0.0
26.2
114.0
15.5
12.7
20.3
193.0
69.3
10.1
5.3
75.7
*

*
*

129.2
17.8
79.0
75.7
59.7
46.5
26.2
120.3

19

48.8

50.5

1.03

Oct

181.1
83.1
115.6
0.0
31.8
127.8
34.3
86.4
88.1
287.8
49.8
(25.0)
79.7
96.5
*
*
*
*

56.0
76.2
118.9
9.3
65.0
79.8
72.9
101.7

19

80.7

61.9

0.77

Nov

62.0
56.4
55.1

112.3
106.2
141.2
40.1
43.7
35.6
542.3
28.7
730.8
0.0

203.0
*
*
*
*

19.4
15.4
134.1
67.8
63.2
115.5
21.6

(250.0)

19

134.7

188.9

1.40

Dec

91.1
239.8
143.0
142.5
79.2
142.0
228.6
200.4
(20.0)
528.1
170.2
117.2
19.8
377.1

*
*
*
*

299.7
87.5
22.1
113.3
58.6
198.9
124.8
487.1

19

164.4

138.0

0.84

Jan - Dec
Total

*
2155.4
1657.1
1331.5
1602.2
2069.3
1414.5
1246.1
2178.6
2729.7
2219.5
2633.0
1084.3

*
*
*
*
*
*

1222.1
1673.5
1838.8
1530.8
1544.3
1174.5
1878.7

19

1746.5

480.5

0.28

Nov - Oct
Total

2012.3
1755.2
1274.9
1671.6
1971.5
1429.1
1270.9
2367.1
1714.9
3078.3
1983.9
1830.5

*
*
*

*
*

1438.3
1420.2
2013.9
1590.1
1351.7
1342.5
1288.0

19

1728.1

447.4

0.26

O



Monthly Rainfall (ram) for Station:

Registration Number: 96.3742

MTIBWA ESTATE

Year

1952
1953
1954
1956
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Jan

*
133.6
63.3
47.0
201.9
194.8
11.4
157.0
133.6
49.8
166.9
168.1
185.3
90.3
53.2
4.6

174.2
139.0
187.5
201.0
96.7
263.2
94.5
42.9
80.2
111
87.7

25

122.2

67.6

0.55

Feb

*
0.5
94.0
334.5
69.1
109.7
133.6
143.3
48.8
169.4
64.5
97.2
57.2
142.9
114.9
72.4
99.1
155.2
254.6
150.5
58.8
181.6
14.4
38.6
229.0
168
48.3

25

120.1

77.1

0.64

March

*
171.5
67.1
116.3
108.0
150.4
232.4
170.2
352.8
127.5
161.3
349.8
296.5
111.0
229.5
78.7
295.9
160.7
345.8
230.2
261.2
48.0
138.5
141.0
211.2
143
367.5

25

187.9

89.1

0.47

April

*
146.1
201.2
357.6
304.3
564.9
122.4
273.1
220.7
172.5
239.3
242.5
181.9
148.4
228.6
297.7
404.2
165.8
112.2
196.3
248.3
336.9
338.9
237.7
137.6
230
198.1

25

238.4

111.5

0.47

May

*
207.5
101.9
297.2
99.3
169.2
91.4
90.9
80.3
103.4
41.2
74.0
54.0
X60.4
99.0
320.9
117.0
113.1
38.5
77.9
238.4
107.2
156.9
68.4
109.6
64
84.6

25

123.3

73.7

0.60

June

8.9
3.8
11.9
33.8
21.3
9.1
43.9
4.6
37.8
24.1
3.6
36.1
11.2
0.0
12.7
44.9
66.1
14.7
0.8
30.2
0.8
4.9
16.6
61.9
42.5
7
31.2

25

21.8

19.4

0.89

July

0.0
34.3
2.0
41.7
5.6
9.7
5.8

23.6
3.3
67.1
49.3
14.0
11.4
5.3
0.0

64.1
7.4
9.7
9.4
24.5
18.1
4.1
56.6
2.8
23.8
34

25

21.1

20.4

0.97

Aug

20.8
51.3
31.2
4.6
12.4
0.0
22.9
51.1
3.0
16.0
46.5
12.7
4.3
30.0
8.4
72.9
0.0
25.4
4.7
3.8
1.0
22.9
4.4
77.2
1.2
29

25

21.5

22.6

1.05

Sept

41.9
46.7
5.1
4.8
9.1
20.1
12.4
3.3
2.3
61.2
39.1
12.4
1.8

46.3
36.3
114.4
11.0
25.5
93.4
14.8
129.4
16.5
16.2
43.0
35.0
86

25

35.6

35.8

1.01

Oct

46.7
50.0

144.5
6.9
0.5

64.8
2.5
63.2
92.5
329.9
30.0
14.0
59.9

153.6
23.4
128.4
74,9
33.2
15.3
14.7
172.4
9.7
65.0
1.7
18.8
156

25

68.6

77.0

1.12

Nov

147.6
114.3
51.1
64.8
47.0
39.4
7.4
5.6
0.0

383.8
37.1
403.5
0.0

202.7
35.9
225.9
189.4
81.5
0.1
5.0
90.0
89.4
25.9
1.0
29.1
180
10.2

25

92.4

113.2

1.23

Dec

26.7
130.0
53.3
140.0
95.5
101.1
122.7
101.9
17.8
240.8
73.7
143.5
202.8
275.0
58.6
368.7
64.3
32.8
75.6
110.4
193.5
75.2
24.7
170.7
20.6
185

25

123.1

85.7

0.70

Jan - Dec
Total

*
1089.6
831.6
1448.3
974.1
1433.1
835.4
1087.6
992.4
1745.5
952.5
1567.8
1066.3
1365.9
900.5
1799.6
1503.5
956.6
1137.9
1059.3
1488.6
1159.6
952.6
886.9
938.6
1393

25

1182.7

289.2

0.24

Nov - Oct
Total

*
1019.6
971.5
1348.8
1036.3
1435.2
819.2
1110.4
1082.6
1138.7
1466.3
1131.6
1410.5
1091.0
1283.7
1293.5
1844.4
1096.0
1176.5
1019.6
1340.5
1278.5
1066.6
765.8
1060.5
1077.7

25

1174.6

225.0

0.19

ro



Monthly Rainfall (mm) for Station:

Registration Number: 96.3743

MAGOLE

Year

1953
1954
1955
1956
1957

1965
1966
1967
1968
1969

1975
1976
1977
1978

Jan

87.1
177.0
44.5
142.7
144.3

88.1
56.9
*

199.0
30.9

25.4
69.4
113.5

Feb

17.5
37.6
222.8
105.9
47.2

121.9
68.0
*

83.7
75.0

68.6
104.6

March

*
36.8
30.7
30.7
105.4

(no data

261.9
59.0
*

317.7
104.9

(no data

192.4
87.7

(no data

àpril

200.7
132.1
169.9
233.3

*

available)

142.7
370.2

*

272.7
177.6

available)

102.3
138.0

available)

Hay

96.8
118.6
122.4

*
*

63.3
461.2

*

88.6
*

5.8
57.2

June

24.6
0.0
56.4
*
*

43.3
28.9
*

34.7
*

8.4
16.0

July

0.0
0.0
3.0
*
*

0.0
40.7
*

0.0
*

33.6
25.6

Aug

12.2
0.0
0.0
*
*

0.0
30.0
*

0.0
*

0.0
0.0

Sept

6.6
0.0
0.0
*
*

0.0
93.3
*

0.0
*

0.0
20.3

Oct

0.0
58.9
0.0
*
*

9.9
22.1
*

8.1
*

0,0
0.0

Nov

0.0
0.0
24.9
*
*

51.8
51.1
*

84.6
*

0.0
4.8

Dec

29.7
*

72.9
*
*

39.9
229.0

*

119.5
*

30.9
91.0

Jan - Dec
Total

*
*

776.0
*
*

822.7
1505.4

1228.6
*

467.6
614.6

Nov - Oct
Total

*
*
*
*
*

1322.0
*
*
*

*

549.7

os
to



Monthly Rainfall (mm) for Station:

Registration Number: 96.3745

HONDO

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1955-77)

m

s

Jan

*
34.8

398.0
360.7

8.9
306.1
254.0
85.1

294.6
277.1
249.6
87.7

209.0
10.7

124.8
83.1

197.4
157.0
183.1
326.0
64.0

US.7
84.0

219.0
271.0

23

179.6

114.7

0.64

Feb

*

300.5
197.6
197.6
130.6
343.2
191.0
462.3
293.4
162.6
79.2

168.5
262.6
163.8
104.5
171.9
334.0
90.0

189.0
285.9
27.0

119.5
45.4

171.0
99.0

23

195.3

105.2

0.54

March

*

148.6
586.5
651.0
513.1
357.9
397.0
370.1
371.6
687.3
413.0
207.0
452.4

92.3
453.0
431.2
321.2
239.5
204.5
153.5
234.0
422.4
267.8
340.5
377.8

23

361.5

157.3

0.44

fipril

*

733.0
623.6
579.1
700.8
eas.o

1380.0
677.9
631.7
794.6
526.5
639.0
686.8
433.0
751.4
637.9
368.2
526.7
611.8
691.5
918.9
799.4
431.5
387.7
592.5

23

661.6

208.0

0.31

May

433.8
475.2
259.1
672.8
193.8
476.3
227.3
295.9
100.6
125.8
131.3
342.7
378.2
501.2
396.4
176.5
138.5
227.0
753.5
260.8
252.3
376.4
249.5
182.5
263.0

23

312.8

171.9

0.55

June

2 .3
175.3
105.2
13.5

150.9
3.0

157.2
146.6

8.9
215.1
148.1

2.5
119.4
94.0

294.0
105.0

5.0
160.2

0.0
105.4
41.5

140.6
281.0
180.0
89.4

23

108.3

87.3

0.81

July

20.1
68.8

8.4
93.0

9.4
79.0
37.6

397.8
77.7
62.6
18.3
26.7
U . I

148.6
25.1
99.5

4.0
107.0
84.2
68.5
57.0
23.4
65.0
57.0
20.0

23

70.9

80.4

1.12

Aug

54.9
9.4
0.0

65.5
93.7

232.9
61.7
71.4

330.2
29.2
56.2
56.7
50.3

356.6
40.8

105.6
29.0

0.0
33.0

106.5
12.3
24.0
23.0
93.0
33.0

23

83.7

97.4

1.16

Sept

59.2
58.7
37.3

114.6
109.7
49.5

107.2
330.5
127.3
68.8

0.0
123.5
96.5

487.3
69.5
52.3

258.1
69.7

157.5
65.8
66.9

115.0
169.3
294.0
49.1

23

131.7

112.5

0.85

Oct

181.6
100.8
66.5

111.3
56.4

211.8
238.5
730.0
(25.0)

3.6
205.1
390.8
184.9
321.1
64.5

131.4
92.3
87.2

384.1
83.0

146.0
105.8
90.0

304.0
84.0

23

179.7

162.3

0.90

Kov

169.9
248.7
154.2
298.2
174.8
194.6
89.9

1059.9
136.9
743.9

0.0
422.6
197.1
281.4
414.1
186.8
15.2
78.0

453.1
350.0
17.0
19.0
96.0

473.7
595.8

23

265.4

252.0

0.95

Dec

62.5
158.8

(250.0)
323.9
126.5
135.4
85.1

582.2
440.7
189.1
257.0
221.7
145.9
111.9
135.0
24.1

319.0
197.0
223.0
195.2
26.7

156.9
87.0

328.3

23

205.2

129.9

0.63

Jan - Dec
Total

*

2512.6
(2686.4)
3481.2
2268.6
3074.7
3226.5
5182.7

(2838.6)
3359.7
2084.3
2689.5
2794.2
3001.9
2873.1
2250.3
2081.9
1939.3
3276.9
2694.1
1863.6
2418.1
1889.6
2868.7

23

2754.6

715.7

0.26

Nov - Oct
Total

*

2337.5
2689.7

(3263.2)
2589.4
3046.0
3381.5
3742.6

(3903.1)
3004.3
2760.3
2302.2
3095.5
2951.6
2717.3
2588.5
1958.6
1978.5
2875.7
2825.0
2365.1
2285.9
1882.5
2249.7
2680.2

23

2730.2

535.9

0.20

to



Monthly Rainfall <mn) for Station:

Registration Number: 96.3746

HORNINGSIDE FARM

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1961-77)

m

s

Cv

Jan

*

48.3
208.8
169.2
131.6
146.6
155.7
47.5
193.0
207.3
102.3
118.2
168.1
14.4

118.3
67.9
286.7
165.8
122.8
244.2
58.2
87.7
82.9
237.2
263

17

136.6

77.2

0.57

Feb

*
199.6
178.8
109.2

*
*

52.8
392.7
109.0
103.6
137.3
124.1
239.8
134.0
77.1

228.0
208.2
80.4

209.8
182.0
8.4

95.6
43.7
206.2
102

17

151.8

91.4

0.60

March

*
127.8
266.2
233.7
259.8
90.4

313.9
127.8
92.7

325.3
465.8
170.6
272.6
128.0
532.0
394.9
275.5
257.1
250.5
221.7
116.6
291.3
300.2
253.7
262

17

263.3

121.1

0.46

April

463.8
528.1
600.7
375.7
472.4
338.8
649.2
388.9
357.4
458.2
494.1
657.0
495.3
539.4
708.8
678.1
472.0
384.5
465.8
979.6
630.2
555.7
434.5
353.7
544

17

532.5

159.9

0.30

Hay

385.1
416.8
271.5
455.2
155.7

*
136.1
182.9
72.1

129.6
179.9
354.6
264.2
591.1
302.6
200.6
169.8
280.4
665.7
154.7
338.1
429.6
227.7
225.3
236

17

280.5

158.7

0.57

June

2.5
152.9
80.5
17.3

128.8
*

98.3
131.3
3.3

216.2
62.8
9.7

171.5
136.9
219.2
164.8
31.5

285.6
1.1

121.7
53.1

129.7
173.0
19.0
74

17

113.6

86.4

0.76

July

59.4
99.3
7.6

78.5
11.9
23.6
22.9

358.1
65.0
100.0
32.8
20.3
9.0

241.5
53.3

138.4
26.5
85.5
132.6
60.9
94.3
32.9
77.7
124.5
17

17

97.2

88.2

0.91

Aug

32.0
10.7
2.5

69.3
80.5
*

38.4
30.0

117.9
56.2
63.7
32.0
56.7

276.3
41.6
225.5
60.9
7.4

29.0
120.5
35.6
33.9
27.5
115.5
35

17

78.3

73.6

0.94

Sept

42.7
119.1
58.7
97.5
*

50.0
*

185.7
39.6
33.4
36.0
66.7
91.1

512.2
45.6
61.9

162.7
64.5

132.6
40.9
55.6
96.0

102.9
224.9
(31.7)

17

114.8

116.9

1.02

Oct

117.1
65.5
54.1
*

29.5
116.8

*
285.5
63.8
82.8
174.6
368.6
242.2
109.0
49.5

217.1
84.8
63.9

324.2
39.0
87.0
79.0
72.3
171.4
31.7

17

147.9

104.1

0.70

Nov

51.6
199.9
79.5
183.9

*
96.0
6.9

444.0
42.2

627.6
0.0

299.6
127.3
386.6
322.7
238.3
12.5
10.2

304.9
190.0
40.3
53.7
68.6
223.7
664.9

17

199.5

180.4

0.90

Dec

0.0
268.5
180.8

*
*
*
5.1

259.8
137.7
186.9
153.4
192.5
63.9
189.7
178.8
69.6

384.6
128.2
229.0
155.7
21.4

190.8
128.2
447.3
430.2

17

183.4

106.5

0.58

Jan - Dec
Total

*

2236.5
1989.8

*
*
*

2834.1
1293.6
2527.1
1902.7
2413.9
2201.7
3259.1
2649.5
2685.1
2175.7
1813.5
2867.6
2510.9
1538.8
2075.9
1739.2
2602.4

17

2299.5

522.9

0.23

Nov - Oct
Total

*

1819.7
2197.8

*
*
*
*

2142.4
1817.6
1892.5
2563.8
2075.2
2502.6
2874.0
2724.3
2878.7
2086.5
2072.2
2474.1
2699.1
1822.8
1893.1
1786.9
2127.8
(2267.4)

17

2260.8

385.4

0.17

oo



Monthly Rainfall (mm) for Station:

Registration Number: 96.37464

MORMINGSIDE KIDUNDA

Year

1978

Jan Feb March April May June July Aug Sept Oct Kov

414.5

Dec

229.0

Jan - Dec
Total

Nov - Oct
Total to

CO



Monthly Rainfall (mm) for Station:

Registration Number: 96.3747

HOBWE

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1955-78)

m

s

Jan

*
68.3

203.5
145.4
13.2
77.5

195.3
49.5
165.4
106.1
104.1
(96.5)
92.1
11.5
143.7
131.8
(217.9)
(181.3)
145.5
252.8
39.2
72.4
81.8
234.9
94.8

24

121.9

67.9

0.56

Feb

*

327.2
85.1
70.6
199.6
79.8
73.4
207.8
45.7
128.4
67.8
168.9
167.5
139.2
39.9

120.6
651.2
85.5
98.7
117.1
16.5
78.4
67.4
167.0
32.8

24

134.8

129.8

0.96

March

*
129.5
118.4
124.5
246.9
126.0
242.6
95.3
131.8
204.4
902.4
132.6
182.6
33.2
282.8
106.1
309.2
70.3
134.8
72.8
115.9
268.4
212.5
215.3
213.3

24

194.7

167.5

0.86

April

147.6
260.9
269.2
213.9
192.5
287.0
267.0
214.9
315.5
138.1
322.3
319.9
317.3
374.4
254.7
146.9
179.0
221.7
197.7
471.1
262.1
218.9
180.3
299.0

24

253.0

78.5

0.31

May

*
133.6
26.9
131.1
49.0
48.0
33.0
57.2
34.5
41.0
20.6
40.9
90.7
144.6
110.4
77.7
29.4
48.8
158.1
83.1
155.3
282.1
45.9
321.2
87.8

24

93.8

77.4

0.83

June

6.4
14.7
1.3
0.0
10.4
2.0

22.9
6.6
1.0
18.7
15.6
0.0
26.2
12.7
69.0
6.6
0.0
16.6
0.0

21.1
57.9
31.3
25.9
3.2

14.0

24

15.7

17.6

1.12

July

0.0
3.8
0.0
7.4
0.0
0.0
3.8
36.8
5.1
4.8
0.0
0.0
2.5
69.6
2.5
0.0
0.0
21.5
5.4
7.6
10.7
0.0
12.0
9.7
5.4

24

8.7

15.4

1.77

Aug

0.5
0.0
0.0
3.3
7.4
47.5
1.3
0.0
28.5
0.5
5.4
11.0
5.1
38.9
0.0
8.9
0.0
0.0
11.9
0.0
0.0
0.0
0.0
9.7
0.0

24

7.5

12.9

1.72

Sept

13.7
0.0
0.8

116.1
2.8
0.0
0.8
25.9
4.6
1.0
7.1
39.2
0.0
88.9
1.3
0.0

118.5
5.4
71.7
0.0
10.0
17.1
31.6
44.5
0.0

24

24.5

37.6

1.60

Oct

78.0
8.0

10.2
18.0
2.8
15.5
29.7
192.5
16.3
0.8
31.0
59.2
23.4
65.9
8.1
3.7
50.1
18.4
140.5
31.0
42.5
16.0
32.7
161.4
8.5

24

40.7

51.7

1.27

Nov

30.2
60.2
23.6
70.4
9.7
11.7
0.0

271.3
37.3
272.4
0.0

148.4
66.6
184.0
168.0
94.7
1.3

20.5
102.3
79.0
0.0
19.0
21.0
148.2
218.6

24

84.5

86.6

1.02

Dec

26.7
59.7
45.2
52.8
150.4
138.4
2.3

307.8
84.6
68.7
44.9
111.5
58.0
110.3
143.2
53.6
149.4
63.9
84.3
110.7
5.3

89.5
65.5
258.4
216.9

24

103.1

74.2

0.72

Jan - Dec
Total

*

952.8
775.7
1008.9
906.0
738.9
892.0
1517.7
769.1
1162.3
1337.0
(1130.5)
1034.6
1216.1
1343.3
858.4
1673.9
(711.2)
1174.9
972.9
924.4
1136.3
815.2
1753.8
1191.1

24

1083.1

285.1

0.26

Nov - Oct
Total

889.7
827.0
954.5
869.2
737.5
1039.9
940.9
1226.9
943.1
1633.2
(915.5)
1169.9
1046.4
1326.4
1021.4
1671.5
(777.5)
1072.7
969.8
1108.8
1033.1
837.2
1433.7
1162.2

24

1067.0

245.7

0.23

ro
co



Monthly Rainfall (mm) for Station:

Registration Number: 96.3748

LUHUNGO 1}

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(I960-79)

m

5

Cv

Jan

*
59.7

268.0
285.8
46.2
137.2
208.8
0.0

127.0
74.9
6.6
74.5
19.3
31.8
94.4
46.7
92.1
127.0
100.0
183.0
23.0
60.0
47.0
117.0
91.0

19

80.2

56.6

0.71

Feb

*
313.2
227.6
138.1
247.7
67.3
48.3
213.6
14.2
16.4
20.1
30.5
65.0
28.5
24.9
49.1
110.0
52.0
123.8
118.0
12.0
44.0
29.0
109.0
84.0

19

62.8

52.1

0.83

March

*
95.3
362.7
224.0
559.8
127.3
195.1
54.4
43.0
147.9
150.3
53.6
57.7

103.0
142.8
156.8
114.5
53.0
186.0
84.0
140.0
159.0
276.0
149.0
154.0

19

127.6

59.9

0.47

April

*
430.3
442.7
797.1
436.6
250.2
208.3
208.8
175.5
204.9
156.2
224.6
141.5
158.3
130.1
262.0
164.8
261.0
253.0
392.0
283.0
287.0
231.0
176.0
227.0

19

218.2

63.4

0.29

Hay

312.7
357.1
181.1
747.8
150.9
22.6
27.2
78.7
11.9
1.3
7.6
39.5
130.2
182.5
65.2
50.0
9.2
76.0
301.0
42.0
179.0
87.0
98.0
99.0
95.0

19

83.2

74.7

0.90

June

0.0
85.9
84.8
0.0

126.2
19.1
0.0
61.0
0.0
30.4
0.0
0.0
1.0

47.0
64.3
34.2
0.0
59.0
0.0
15.0
18.0
20.0
73.0
7.0
11.0

19

23.2

25.7

1.11

July

30.0
27.7
0.0
31.2
0.0

17.8
0.0
95.3
0.0
1.3
0.0
0.0
0.0
73.2
0.0
23.1
0.0
24.0
29.0
0.0
21.0
0.0
18.0
17.0
0.0

19

15.9

26.5

1.67

Aug

35.1
2.3
0.0
59.2
173.5
172.2
0.0
0.0
34.5
0.0
3.1
0.0
1.3

31.3
0.0
22.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
32.0
0.0

19

6.6

12.7

1.92

Sept

32.3
29.7
26.9
139.4
21.6
38.1
0.0
41.7
2.5
0.0
0.0
14.0
(0.0)

116.6
8.9
15.3
42.5
10.0
43.0
0.0
11.0
10.0
18.0
60.0
6.0

19

21.0

29.2

1.39

Oct

135.6
106.9
6.9

198.4
6.9

70.9
64.5
211.6
12.7
6.3
15.3
77.9
(50.0)
28.5
2.5
21.8
16.0
20.0
110.0
30.0
20.0
8.0
9.0
97.0
0.0

19

42.2

52.2

1.24

Nov

64.0
155.7
104.6
332.2
124.7
103.1
0.0

233.2
3.8

187.2
0.0

165.2
24.8
93.8
68.7
102.0
0.0
16.0
178.0
59.0
0.0
10.0
12.0
188.0
115.0

19

76.7

79.5

1.04

Dec

57.7
200.9
194.3
3Î7.8
158.0
250.2
0.0

108.5
90.2
18.1
50.7
60.1
50.1
149.5
41.1
3.3

137.0
81.0
133.0
145.2
0.0

115.0
76.0
124.0
174.0

19

81.9

54.9

0.67

Jan - Dec
Total

*
1864.6
1899.7
3271.5
2052.1
1275.8
752.1
1306.6
520.5
688.7
409.9
739.8
540.9
1044.0
642.9
786.5
686.1
779.0
1456.8
1078.2
707.0
800.0
887.0
1175.0
957.0

19

839.9

271.9

0.32

Nov - Oct
Total

1629.8
1957.3
2919.9
2419.4
1205.4
1105.5
964.9
768.0
577.4
564.5
565.3
691.2
875.6
776.4
791.0
654.4
819.0
1242.8
1185.0
911.2
585.0
924.0
951.0
980.0

19

838.5

206.4

0.25

to
CO
-«4

1) 1954-1959 data seem unreliable



Monthly Rainfall (mm) for Station:

Registration Number: 96.3749

KWANDEWA BASA

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1955-78)

m

s

Cv

Jan

*

115.1
246.6
142.2
2.3

117.1
263.9
44.7
242.1
189.4
100.0
112.1
82.9
13.3
135.0
129.5
273.2
163.8
143.3
246.0
46.9
66.2
93.5
244.5
135.0

24

139.5

80.1

0.57

Feb

*
438.2
123.2
93.2
199.9
144.5
84.3
208.0
86.6
132.4
53.2
136.9
171.9
157.3
56.7
179.8
361.3
97.3
152.4
145.7
20.0
74.0
43.0
196.0
60.0

24

142.3

95.5

0.67

March

*

158.2
144.8
162.1
353.1
195.6
300.0
76.7
175.5
231.3
348.3
136.5
235.9
71.8
283.0
151.8
214.5
102.5
125.3
67.0
120.2
189.2
196.4
148.5
203.5

24

183.0

79.3

0.43

April

203.7
306.8
300.2
199.4
337.6
336.0
274.3
214.1
295.5
302.1
384.3
210.6
355.2
420.9
314.9
220.4
279.0
264.7
437.7
433.0
254.0
217.0
173.0
207.0

24

289.2

77.7

0.27

Hay

154.2
164.3
34.8
201.4
83.1
62.0
35.6
88.9
31.2
31.8
52.7
78.2
94.0
174.6
129.7
100.1
39.4
61.4
220.7
86.7

117.5
127.0
71.0
115.0
73.0

24

94.8

53.3

0.56

June

0.8
36.3
3.0
3.0
15.5
0.5
32.8
6.9
0.3
39.3
29.3
0.0
33.8
23.9
70.8
21.8
0.0
32.5
0.0
14.7
58.0
20.0
61.0
5.0
15.0

24

21.8

20.7

0.95

July

0.0
15.7
0.0
19.3
0.0
1.0
0.0
78.0
8.9
8.7
2.1
0.8
2.5
63.3
0.0
2.3
0.0
36.5
18.0
21.2
22.8
1.0
10.0
11.0
7.0

24

13.7

20.1

1.47

Aug

21.1
0.0
0.0
4.1
14.2
75.2
2.5
2.0
35.1
0.8
4.8
12.7
7.7

77.5
3.3
26.2
0.5
0.0
8.0
3.0
0.0
4.0
0.0
16.5
5.0

24

12.6

21.5

1.71

Sept

1.8
0.8
5.6

122.2
12.7
1.5
1.3
50.0
13.2
7.1
0.0
41.7
5.6

168.9
5.4
3.9

124.7
11.5
84.7
2.0
15.0
22.0
37.0
73.0
4.0

24

33.9

47.0

1.39

Oct

106.4
14.0
20.1
123.4

1.0
17.0
78.0
299.0
26.7
1.8

50.4
68.8
34.4
74.2
8.4

40.9
24.3
17.2
139.8
21.0
39.0
23.0
33.0
135.1
15.0

24

54.4

65.8

1.21

Nov

48.8
89.7
29.7
111.1
33.5
58.7
0.5

416.3
50.3
29S.5
0.0

153.3
73.9
189.6
213.1
Î60.0
8.8
49.0
149.2
93.3
10.0
22.0
21.0
174.0
230.0

24

109.7

105.1

1.00

Dec

14.0
112.0
99.3
98.8
133.9
65.8
15.0
344.4
156.7
94.4
64.3
147.3
68.1
122.0
159.7
27.9
96.2
93.2
103.1
98.1
15.0
97.0
33.0
203.5
254.0

24

112.6

74.9

0.67

Jan - Dec
Total

*

1248.0
1014.0
1381.3
1048.5
1076.5
1149.9
1889.3
1040.6
1328.0
1007.2
1272.7
1221.3
1491.6
1486.0
1159.1
1263.3
943.9
1409.2
1236.4
897.4
899.4
815.9
1495.1
1208.5

24

1211.8

245.5

0.20

Nov - Oct
Total

*

1209.1
1086.6
1300.1
1091.3
1119.4
1258.9
1144.0
1594.4
1145.1
1332.8
1036.3
1179.9
1322.0
1424.8
1344.0
1446.2
906.7
1299.1
1297.3
1063.8
805.4
880.9
1171.6
1102.0

24

1190.1

185.0

0.16

to
oo
co



Monthly Rainfall (mm) for Station:

Registration Number: 96.3751

MLALI

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1956-78)

m

5

Cv

Jan

143.3
99.8
29.2
88.4
163.3
66.0
214.9
105.6
55.4
87.3
46.4
32.5
157.7
58.2
276.2
202.3
72.5
245.5
27.5
79.0
68.0
265.0
86.0

23

116.1

77.4

0.67

Feb

126.2
73.4
147.3
95.5
68.1
238.8
49.3
124.5
49.1
219.7
262.6
74.5
30.7
149.0
382.6
126.2
75.0
120.0
56.0
55.0
151.0
130.0
20.0

23

122.8

85.8

0.70

March

136.7
95.5
262.4
97.3
231.1
61.5
89.4
127.6
253.7
48.5
429.7
77.0
195.6
111.6
82.3
65.4

148.0
33.5
76.5
128.9
241.0
180.0
201.5

23

146.7

92.5

0.63

fipril

289.9
183.9
161.3
151.1
178.6
176.5
188.0
232.5
196.9
329.4
153.4
284.0
242.1
222.6
143.3
263.5
280.6
238.5
235.5
214.0
221.5
141.0
255.0

23

216.7

52.2

0.24

Hay

2.8
122.4
106.4
43.9
3.8
34.0
23.4
11.7
30.4
29.5
285.2
84.0
36.8
45.8
3.8
34.3

102.7
47.5
84.0
102.5
36.5
69.5
28.5

23

59.5

60.6

1.02

June

0.0
0.0
3.3
0.0
7.4
7.6
0.0
5.6
5.8
0.0

119.4
7.1

128.2
12.1
0.0
12.3
0.0
8.5
34.0
23.5
21.0
0.0
3.0

23

17.3

34.7

2.01

July

0.0
1.8
0.0
0.0
0.0
29.0
2.5
0.0
0.0
0.0
(0.0)
30.6
0.0
0.0
0.0
25.5
0.0
2.5
4.5
0.0
2.5
0.0
2.0

23

4.4

9.6

2.18

Aug

0.0
0.0
12.7
21.8
0.0
0.0
5.1
(0.0)
0.0
0.0
(0.0)
15.3
0.0
0.0
0.0
0.0
3.0
5.5
0.0
0.0
0.0
3.0
2.5

23

3.0

5.8

1.93

Sept

0.0
82.6
0.0
0.0
0.0
14.7
2.5
0.0
5.1
0.0
96.5
78.2
3.3
0.0
56.3
8.0
60.8
0.0
0.0
11.5
12.5
17.5
0.0

23

19.5

31.1

1.59

Oct

6.9
14.0
0.0
5.6
16.3
154.4
10.4
(0.0)
85.1
20.3
185.0
35.1
22.8
21.6
21.6
2.5

102.0
16.5
25.5
9.0
5.5
69.0
3.0

23

36.2

50.1

1.38

Nov

4.3
57.7
11.9
18.5
0.0

215.9
19.6
(46.3)
0.0

141.0
(43.0)
112.1
133.6
53.6
0.0
12.2

117.5
59.5
7.5
3.0
30.0
94.5

210.5

23

60.5

65.9

1.09

Dec

18.3
64.8
98.3
96.6
0.0

274.6
58.9
(43.0)
21.8
88.0
(28.0)
152.8
67.2
15.2
96.1
120.5
138.5
62.5
2.0
95.0
59.0
158.0
182.5

23

87.3

64.0

0.73

Jan - Dec
Total

728.3
795.9
831.3
591.8
668.5
1273.0
664.0
(696.8)
703/3
963.7

(1649.2)
983.2
1016.0
689.7
1066.2
872.7
110.6
840.0
553.0
719.4
848.5
1127.5
994.5

23

886.0

250.7

0.28

Nov - Oct
Total

*

696.0
845.1
613.8
756.7
782.5
1076.0
(686.0)
(770.8)
756.5

(1807.2)
(789.3)
1082.1
821.7
1034.9
836.1
977.3
974.0
665.5
632.9
857.5
964.0
854.0

22

876.4

249.3

0.28

ro
oo
10



Monthly Rainfall (mm) for Station:

Registration number: 96.3752

M0ROG0R0 WATER DEPARTMENT (Maji)

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971 .
1972
1973
1974
1975
1976
1977
1978

n(1956-77)

ra

5

Cv

Jan

183.6
132.1
19.5
84.3
107.2
0.0

170.7
145.2
36.2
110.8
82.9
15.3

121.6
30.0

206.3
138.4
96.1
218.6
23.1
67.5
54.5
168.9

22

100.6

65.3

0.65

Feb

208.8
61.2
67.1
103.9
25.4

155.2
26.4
101.4
38.9
68.1
172.4
52.9
97.3
154.8
143.1
56.5
141.9
56.8
24.3
31.5
39.1
156.0

22

90.1

56.1

0.62

March

57.7
123.7
236.2
55.4
159.0
48. S
80.5
61.2
128.4
56.9

142.5
65.6

238.4
130.5
156.2
50.4

171.7
23.5
54.2
157.2
128.4
134.6

22

111.9

60.8

0.54

April

301.5
216.7
189.7
103.4
279.9
87.4
68.1
165.6
168.2
179.7
92.0

316.6
293.2
164.5
167.7
160.6
149.1
248.7
226.9
192.8
141.5
135.9

22

185.0

69.1

0.37

Hay

(70.0)
72.1
16.8
53.1
18.5
42-2
30.1
16.0
27.1
47.3
62.3
143.3
49.8
53.1
42.0
44.3
151.1
68.3
41.7
76.8
46.5
73.2

22

56.6

34.5

0.61

June

10.7
1.3

31.2
0.0
17.5
36.6
0.0
20.3
0.3
0.0

40.8
9.6
51.4
18.2
3.5

20.9
0.0

12.0
11.6
18.3
37.4
4.3

22

15.7

15.3

0.7

July

0.0
4.3
0.0
0.0
0.0
81.5
12.2
7.0
1.1
0.0
1.5

65.0
2.3
16.5
2.7
5.6

20.7
4.3
15.4
0.8
0.0
13.9

22

11.6

21.2

1.83

Aug

0.0
3.6
4.3
25.4
0.0
0.0
11.7
0.5
1.6
0.0
7.0

33.0
0.0
15.3
2.2
0.0
20.9
5.2
7.9
0.0
0.0
3.6

22

6.5

9.3

1.43

Sept

2.5
28.4
0.0
0.0
0.0
18.5
0.0
0.0
0.0
5.8
4.8
74.7
0.8
0.0

61.2
0.3
16.4
1.2
4.5
9.9
16.7
29.4

22

12.5

20.3

1.62

Oct

3.8
19.3
0.0
13.7
21.3
128.3
0.0
0.3
70.9

102.5
21.9
29.0
5.1
14.0
11.3
65.4
62.3
19.4
5.4

11.2
3.4

47.6

22

29.8

35.3

1.18

Nov

35.1
59.9
16.3
13.2
0.0

166.1
17.3

199.7
0.0

71.4
76.4
179.0
48.4
40.6
5.8
3.4

47.8
31.2
2.3

10.5
11.2
57.9

22

49.7

58.8

1.18

Dec

25.9
25.1
111.8
66.5
6.6

130.3
29.0
63.7
35.6
161.3
30.7

207.4
88.7
25.4

160.4
70.3
51.7

154.2
15.7
104.9
104.6
122.2

22

81.5

57.0

0.70

Jan - Dec
Total

(899.6)
747.8
692.9
518.9
635.5
894.6
465.8
780.9
508.3
804.8
735.2

1192.3
997.0
663.2
962.4
616.1
929.7
843.4
433.0
681.4
583.3
947.5

22

751.5

194.8

0.26

Nov - Oct
Total

*
723.7
649.8
567.3
708.5
604.8
716.1
563.8
736.1
607.7
660.8
913.0
1246.3
734.0
862.2
708.6
903.9
757.5
600.4
584.0
582.9
883.2

21

738.8

164.3

0.22

ro
ID
o



Monthly Rainfall (mm) for Station: MFUMBWE

Registration Number: 96.3753

Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n{1958-73)

m

s

Jan

*
5.6

220.2
244.1
46.2
360.0
259.4
122.3
188.0
43.6
14.2
215.5
47.3
244.7
160.1
106.7
363.8
220.5

16

165.1

115.8

0.70

Feb

*
178.6
306.1
144.5
293.9
112.3
102.0
131.7
102.5
105.5
134.4
190.6
133.4
422.1
194.2
133.2
229.7
28.0

16

182.2

90.3

0.50

tiarch

*
381.0
164.3
378.0
109.5
214.4
306.2
245.9
287.3
307.1
79.5
372.8
293.7
220.3
130.9
276.8
227.7

*

{no data

16

249.7

93.8

0.38

April

209.3
245.1
231.6
328.9
140.2
220.2
249.3
268.7
289.4
323.3
334.2
505.2
274.1
174.3
573.5
126.8
679.3

*

available)

16

310.3

153.1

0.49

May

192.5
261.9
91.9
53.1
131.3
78.2
60.8
29.2
192.3
90.0
215.3
151.4
86.1
60.9
162.3
{300.0}
(200.0)

*

16

135.3

80.3

0.55

June

18.5
85.6
22.9
36.1
102.1
12.5
55.0
14.0
0.0
62.1
38.3
90.7
19.1
45.2
83.8
0.8

131.1
*

16

50.0

39.3

0.79

July

16.8
18.0
25.9
(15.0)
140.7
47.5
40.9
35.4
31.6
17.8
187.4
8.7
95.4
7.9

159.4
32.2
274.8

*

16

71.2

78.7

1.11

Aug

8.4
36.3
60.8
7.9
36.1
164.1
5.9

44.6
12.7
3.9
93.2
11.4
27.9
10.1
0.9
65.4
198.7

16

48.7

58.3

1.20

Sept

101.1
16.8
57.8
37.6
120.7
25.4
8.1
15.8
81.8
133.6
160.2
9.9
25.4
144.0
26.6
24.6
274.2

*

16

72.7

75.0

1.03

Oct

89.4
0.3

90.4
59.2
291.6
51.3
25.0
168.5
64.2
39.1
118.3
34.8
123.7
64.0
40.5
343.0
166.8

*

16

105.0

96.3

0.92

Nov

127.8
69.1
123.4
6.9

287.3
33.3
515.2
0.0

169.6
112.1
316.5
216.8
240.1
10.1
16.0
644.3
266.7

16

189.2

187.8

0.99

Dec

104.1
189.7
119.1
1.5

492.3
154.9
186.8
1S2.2
315.2
49.9
904.4
131.7
23.2
218.3
161.4
428.0
273.9

*

16

237.7

222.2

0.93

Jan - Dec
Total

*
1488.0
1478.5
1297.8
2191.8
1430.0
1814.8
1228.3
1734.6
1288.0
2595.9
1939.5
1389.4
1621.9
1709.6
2481.8
3286.7

*

16

1811.0

569.9

0.31

Nov - Oct
Total

*
1461.1
1530.7
1531.9
1420.7
2065.5
1301.0
1778.1
1402.0
1610.8
1537.0
2811.9
1474.6
1656.8
1760.6
1586.9
3818.4

*

16

1796.8

645.9

0.36

to



Monthly Rainfall (mm) for Station:

Registration Number: 96.3754

HLftLI IRRIGATION SCHEME

Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

n{1957-73)

n

s

Cv

Jan

(125.1)
27.7
73.4
150.1
58.2
289.3
120.9
61.2
98.5
79.8
90.2
101.1
4.3

255.3
206.4
24.1
110.8
2.2

47.9
29.3

17

110.4

7S.3

0.71

Feb

38.1
103.4
78.2
35.3
240.3
32.5
84.2
35.6
164.9
142.7
62.8
17.8
148.3
278.0
88.7
24.3
4.0
7.4
50.8
21.1

17

94.7

77.1

0.81

March

105.7
316.7
120.4
274.8
25.4
123.7
148.8
172.3
61.9
69.4
33.3
196.3
70.4
78.6
411.2
88.1
13.5
48.3
*

(no data

17

135.9

109.5

0.81

April

171.7
161.3
167.9
231.6
148.6
195.6
256.5
182.7
402.2
121.9
236.6
253.0
218.7
140.8
680.5
115.6
108.0
84.3
*

available)

17

223.1

137.6

0.62

«ay

138.9
77.7
33.8
14.0
39.1
37.6
17.7
20.8
20.5
31.4
137.5
31.5
39.7
2.5

141.5
43.0
46.4
32.8
*

17

51.4

45.0

0.88

June

(0.0)
3.8
0.0
20.3
5.6
0.0
5.6
4.1
0.0
12.0
8.4
20.3
3.8
0.0
19.2
0.0
0.2
*
0.0

17

6.1

7.5

1.23

July

(0.0)
0.0
0.0
0.0
28.2
4.3
5.9
0.0
0.0
0.0
39.9
0.0
0.0
0.0
73.0
1.0
3.0
*
*

17

9.1

19.9

2.19

Aug

(0.0)
0.8
18.8
0.0
0.0
11.4
0.0
0.0
0.0
0.0
11.7
0.0
4.3
0.0
0.0
0.0
0.0
*
*

17

2.8

5.6

2.00

Sept

(0.0)
2.5
1.3
0.0
20.3
4.3
0.0
0.0
0.0
1.3
69.1
3.5
0.0
28.4
0.8
32.0
0.0
*
0.0

17

9.6

18.5

1.93

Oct

(0.9)
0.0
0.6
31.2
180.1
5.3
0.0
61.5
26.2
30.0
35.1
4.9
23.4
11.4
0.0
44.5
0.0
*
0.0

17

27.3

43.4

1.59

Hov

66.3
0.0
2.8
0.0

210.3
15.2
357.2
0.0

139.7
33.5
97.7
96.3
66.2
0.0
0.0
38.5
3.0
*

14.0

17

62.4

97.2

1.56

Dec

(55.0)
73.4
68.8
0.0

279.1
42.7
36.4
23.0
113.0
23.7
113.8
33.2
24.7
98.7
26.5

(116.0)
(52.0)

44.5

17

69.4

64.9

0.94

Jan - Dec
Total

(709.7)
767.3
571.5
757.4
1108.2
762.0
1033.2
561.2
1027.2
545.6
936.1
757.9
603.8
893.7
1647.8
(527.1)
(374.4)

*
*

17

799.1

298.9

0.37

Nov - 0c1
Total

*
(815.2)
567.8
828.9
745.8
1193.4
697.5
931.8
797.2
741.2
781.8
938.9
642.4
885.9
1720.0
399.1
(473.9)

16

816.4

304.1

0.37

N>



Monthly Rainfall (mm) for Station:

Registration Number: 96.3755

HADOTO

ïear

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

n(1958-72)

m

s

Jan

4.e
148.3
173.5
25.4
202.2
155.0
147.7
134.6
41.0
23.6
87.5
38.7
184.1
144.5
127.0
310.0
92.1
*

107.3
209.8

15

109.2

66.0

0.60

Feb

211.1
206.8
70.4
209.6
99.1

164.1
145.8
149.2
117.2
102.1
40.5
73.8
186.3
75.0

112.0
129.7
85.3

89.0
116.5

15

130.9

55.9

0.43

March

2Z5.4
131.1
376.4
101.6
129.8
294.0
263.4
272.3
205.5
207.8
288.3
156.1
211.0
64.5

253.0
59.3
90.1
*

120.4
131.9

15

211.4

83.7

0.40

April

89.9
118.4
189.2
215.6
99.1
189.1
168.3
85.2
167.9
302.6
169.8
163.4
64.3
254.5
147.0
172.3
280.2

*
141.9
191.7

15

161.6

65.2

0.40

Hay

5.1
37.6
0.0
54.1
78.7
0.0
47.3
47.4
45.8
49.0
92.3
51.8
8.5
35.5
88.5
20.0
98.0
*

65.0
24.0

15

42.8

29.8

0.70

June

15.2
0.0
3.8
16.5
2.5
7.6
3.6
0.0
5.1
6.4
21-3
0.0
8.0
18.5
0.0
*
5.5
*

18.0
0.0

15

7.2

7.3

1.01

July

0.0
2.5
0.0
3.0
12.7
0.0
2.8
0.0
0.0
29.6
0.0
0.0
0.0
4.0
0.0
*
*
*
0.0
11.8

15

3.6

7.9

2.19

Aug

0.0
12.2
0.0
19.1
24.6
0.0
36.3
3.0
2.5
7.7
30.5
S.O
17.0
0.0
6.0
*
*
*

15.6
0.0

15

11.1

11.9

1.07

Sept

10.2
0.0
0.0
47.2
17.8
0.0
0.3
27.0
5.4

46.1
12.7
0.0
27.0
5.0

60.0
*
•k

*

0.9
58.6

15

17.3

20.0

1.16

Oct

4.6
4.3
0.0

115.6
21.6
0.0
11.4
15.2
86.1
14.6
44.2
18.0
2.5
0.0

65.0
*
*
*'
0.0
15.9

15

26.9

35.4

1.32

Sov

6.4
33.8
0.0

152.9
15.2
194.1
10.2
56.6
64.3
126.5
111.0
56.3
4.0
0.0
55.0
32.9
*
*
5.4
*

15

59.1

61.0

1.03

Dec

158.2
36.9
0.0

242.6
37.6
80.2
89.4

256.4
70.6
312.5
193.6
38.1
114.5
107.0
125.0
222.2

*
16.5
*

15

124.2

91.5

0.74

Jan - Dec
Total

720.9
731.8
813.3
1203.2
740.9
1084.1
926.5
1046.9
811.4
1228.5
1091.7
604.2
827.2
708.5

1038.5
*
*
*

580.0

15

905.2

196.8

0.22

Nov - Oct
Total

*

825.8
884.0
807.7
1083.6
862.6
1101.2
833.7
989.5
924.4
1226.1
814.4
803.1
720.0
900.5
*
*
*

782.1

14

912.6

140.4

0.15



Monthly Rainfall (mm) for Station:

Registration Number: 96.3756

WAMI FRISON FARM

Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1964-77)

m

s

Cv

Jan

149.9
6.9

114.0
82.8
*
*

77.5
114.3
112.8
94.8
13.0
181.5
32.4
228.0
173.5
75.8
241.3
151.2
124.0
68.5
117.5

14

123.5

67.0

0.54

Feb

66.5
81.0
253.0
73.4
*
*

76.9
10.9

216.7
104.1
34.0
41.2
192.0
169.8
79.3
33.2
203.8
48.0
39.9
84.0
252.0

14

107.7

81.9

0.76

March

149.9
246.9
128.3
250.7

*

158.0
97.3
138.8
348.7
50.0

250.0
80.6
236.7
114.2
145.3
19.6
56.5

465.0
161.5
66.5

14

159.3

126.1

0.79

April

444.0
106.9
120.1
193.0

*
102.8
178.7
133.3
185.9
367.0
257.5
211.6
162.7
246.1
174.4
356.0
256.5
231.5
195.0
203.5

14

225.7

67.9

0.30

Kay

*
36.6
34.3
284.0

*
*

64.8
29.3
30.5
83.2
323.9
79.2
144.1
29.6
83.9
151.3
115.2
91.5
64.5
87.5
117.5

14

102.2

74.6

0.73

June

2.8
53.6
*

61.2
*
*

12.0
7.6
0.0

(20.0)
10.7
71.1
11.0
1.1

29.0
0.0
3.6
34.5
19.0
26.5
0.0

14

16.7

19.5

1.17

July

5.8
0.0
*
1.3
*
*
3.8
0.0
0.8
(0.0)
38.4
3.1
3.1
6.9
12.2
9.7
1.7
50.5
2.0

23.5
12.5

14

11.7

15.5

1.32

Aug

0.0
13.7
*
0.0
*
*
0.0
2.6
3.3
(5.0)
29.3
0.0
14.0
0.0
0.0
0.3
11.5
2.5
0.0
0.5
12.5

14

5.8

8.4

1.45

Sept

47.5
0.8

9.9
*
*
1.8
0.0
0.0
(5.0)
94.5
0.0
14.7
58.7
3.5
0.0
0.0
5.5
6.0
14.5
82.0

14

20.3

32.6

1.61

Oct

27.9
0.0
*

15.0
*
*
0.0
14.7
34.8
(10.0)
103.0
27.0
30.2
11.1
34.3

135.4
1.3

44.0
14.0
23.0
65.0

14

39.1

38.1

0.97

Nov

*
19.8
*
*
*
*
*
1.5

64.5
35.6
121.2
110.1
133.1
0.4
3.3

67.6
57.3
1.5
0.0
16.5
104.5

14

51.2

49.8

0.97

Dec

61.7

*

*
*

40.1
128.3
87.8
289.9
71.9
0.8

269.2
81.3
93.4
31.0
166.5
69.5
57.5
82.3

14

104.3

82.7

0.79

Jan - Dec
Total

*

627.9
*
*

*
*

497.0
863.8
980.1
1465.9
1092.6
867.6
1174.2
860.6
886.4
1042.3
908.7
1035.4
758.5
1115.8

14

967.8

223.0

0.23

Nov - Oct
Total

*
*
*
*
*
*
*
*

712.6
1049.5
1187.2
1312.7
742.9
1038.5
1045.6
810.0
1115.0
829.0
1133.9
754.0
993.5

13

978.8

191.1

0.20

to



Monthly Rainfall {mm) for Station:

Registration number: 96.3758

MSOWERO

Year

1960
1961
1962
1963

Jan

249.9
12.4

386. S

Feb

64.0
72.4
17.3

March

278.6
114.0
287.0

(Station

April

364.5
186.7
308.6

closed)

May

35.3
87.6
91.2

June

8.4
4.1
2.0

July

2.3
19.8
30.7

Au<j

0.0
0.0
0.0

Sept

1.0
*

27.4

Oct

31.8
40.6
0.0

Nov

0.0
284.5
43.2

Dec

0.0
*

55.9

Jan - Dec
Total

1035.8
*

1250.2

Nov - Oct
Total

*
*
*

ID



Monthly Rainfall (mm) for Station: KINOLE PRIMfiRY SCHOOL

Registration Sumber: 96.3760

Year

1963
1964
1965
1966
1967
196a
1969
1970
1971
1972
1973
1974
1976

Jan

405.7
358.8
203.1
75.0

123.8
311.6
174.5
164.8
241.5
265.7
77.0

Feb

204.4
107.7
136.7
211.6

*
145.3
323.4
311.1
172.2
63.9
51.6
11.0

March

391.5
392.5
190.4
471.8

*
236.4

344.7
320.1
447.4
259.2
270.0

(No data

April

320.3
282.4
611.0
330.2

402.7
*

362.0
568.2
289.5
629.2
539.6

available)

May

92.5
66.0
242.5
101.9
98.5

*
178.2
96.7
152.6
.142.6
125.1
114.0

June

102.6
27.4
0.0
56.7

158.1
*

81.8
54.0
92.5
11.2
65.2
101.5

July

45.2
44.5
3». 5

164.8
*

51.5
9.3

125.2
53.5
40.5
175.0

Aug

36.2
144.9
13.0

127.4
*

63.2
45.2
15.9
57.5
62.2
67.8

Sept

23.5
22.1
49.4

*
*

39.3
185.7
67.0
72.8
23.5
74.9

Oct

14.2
54.2
98.0
*
*
*

179.0
74.0
71.7
*

0.0
51.6

Nov

771.4
2.0

317.9

386.2
*

91.9
22.3
68.7
*

132.0
64.2

Dec

195.2
198.0
501.0

*
795.5

*
8.0

506.0
68.2
*

19.0

Jan - Dec
Total

2602.7
1700.5
2381.5

*
*
*
*

2185.5
1887.1

*
1673.2

Nov - Oct
Total

*
2467.1
1782.6

*
*
*
*

1757.1
2278.5

*
*

1633.4



Monthly Rainfall {ma} for Station;

Registration Number: 96.3761

HVUHI AGRICULTURAL OFFICE

Year

1963
1964
1965
1966
1967
1963
1969
1970
1971
1972
1973
1974
1975
1976

Jan

165.1
85.0
47.1
43.2
19.0
206.3
0.0

309.0
456.0
242.5

*
20.2
60.7

Feb

153.8
127.0
72.9
146.1
75.9
43.2
2.4

192.0
84.2
259.9

*
38.5
10.5

March

328.8
222.9
139.4
161.0
101.1
259.0
119.0
238.0
32.0
640.0

*
110.9
55.2

(Station

April

251.4
355.5
233.5
274.1
491.3
548.2
295.0
226.0
241.1

*
*

216.3
44.0

closed)

May

10.2
58.5
*

79.8
334.3
175.3
115.0
50.0
95.0
*
*

71.1
1.1

June

7.6
7.1
*

20.9
48.3
144.8
0.0
0.0
15.0
*
*
0.0
0.0

July

0.0
17.8
*
0.0

106.7
0.0
0.0
0.0
16.0

*
0.0
0.0

Aug

*
11.4
*
0.0
26.7
0.0
0.0
15.0
0.0
*
8.5
0.0
0.0

Sept

1.3
21.6
*

25.4
55.9
0.0
0.0
0.0
0.0
*

0.0
It

Oct

*
31.8
*

12.2
48.4
0.0
6.1
0.0
0.0
*
*
9.6
*

Nov

298.8
0.0
*
0.0
73.6
108.8
40.0
0.0
12.0
*
*
0.0
*

Dec

109.2
47.1
*

119.3
357.0
164.0
95.0
312.0
55.5
*
*
0.0
*

Jan - Dec
Total

*
985.7
*

882.0
1738.2
1649.6
672.6
1342.0
1006.8

*
*

466.6
*

KOV - Oct
Total

*
1346.6

*
*

1426.9
1807.4
810.3
1165.0
1251.3

*
*
*
*

N>
to



Monthly Rainfall (rrm) for Station:

Registration Number: 96.3762

HOR0GOR0 TEACHERS TRAINING CENTRE

Year

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

n(1965-72)

m

s

Jan

*
85.8
95.8
2.9
53.1
27.8
200.3
74.2
123.6
166.4

8

82.9

61.0

0.74

Feb

*
73.0
130.6
109.8
43.4
111.8
170.7
57.5
220.5
111.8

8

114.7

59.4

0.52

March

*
163.2
120.3
107.6
365.1
236.2
35.1
91.0
165.3

(No data

8

160.5

101.8

0.63

April

249.1
300.0
130.3
399.4
258.4
225.7
164.1
165.0
(250.0)
328.4

available)

8

236.6

87.0

0.37

Hay

55.4
159.5
95.6
198.4
76.9
65.8
61.5
141.6
213.0

*

8

126.5

60.1

0.48

June

8.7
0.0
61.9
22.1
77.8
21.0
9.3
35.6
0.0
*

8

28.5

28.5

1.00

July

18.5
1.1
3.8

120.7
29.0
53.4
2.1
69.3
32.6
*

8

39.0

41.4

1.06

Aug

24.7
1.8

13.5
65.0
0.0
37.0
15.5
0.0
32.1

8

20.6

22.8

1.11

Sept

5.8
50.8
31.5
118.5
4.8
5.0
73.9
5.0

112.4
*

8

50.2

47.2

0.94

Oct

114.5
81.4
44.1
44.4
8.9
63.1
20.8
8.2
34.7
*

6

38.2

25.7

0.67

Nov

10.7
160.3
73.7
272.5
91.1
117.8
4.9
15.5
101.1

*

8

104.6

84.9

0.81

Dec

105.1
201.0
31.1
256.3
89.1
65.8
261.2
72.8
109.2

*

8

135.8

90.4

0.67

Jan - Dec
Total

*
1277.9
831.7
1717.6
1097.6
1030.4
1019.4
735.7
1394.5

8

1138.1

317.2

0.28

Nov - Oct
Total

*
1032.4
1088.2
1293.6
1446.2
1027.0
936.9
913.5
1272.5

*

8

1126.3

190.1

0.17



Monthly Rainfall (mm) for Station:

Registration Number: 96.3763

H0R0GORO AGRICULTURAL COLLEGE

Year

1965
1966
1967
1968
1969
1970

Jan

81.7
74.8
1.2

(63.3)
51.9
141.8

Feb

75.7
134.7
53.1
(47.8)
98.7
85.7

Continued

March

100.5
126.0
46.9
85.4
100.7
122.0

April

272.9
141.8
288.1
134.4
162.2
164.7

May

73.1
65.0
168.4
41.8
24.7
41.2

as MOROGORO METEOROLOGICAL

June

0.0
45.1
13.0
40.7
32.0
0.6

STATION Reg.

July

1.6
0.0
68.3
7.1
22.3
0.0

Aug

0.0
12.7
81.1
0.0
40.5
3.5

no. 96.3776

Sept

7.5
8.2

106.7
1.8
3.3
35.8

Oct

107.7
42.4
Z0.7
0.0

40.9
12.1

Nov

58.2
91.6
146.9
67.1
57.1
(4.8)

Dec

154.7
40.0
246.0
65.4
0.0

(121.9)

Jan - Dec
Total

933.6
782.3
1240.4
(554.8)
639.3
(734.1)

Nov - Oct
Total

*
863.6
979.1
815.2
714.7
664.5

10



Monthly Rainfall (mm) for Station:

Registration Number: 96.3764

CH&HJURU SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

11(1966-76)

m

s

Cv

Jan

76.2
72.2
127.3
54.2

262.7
81.3
117.8
156.1
122.1
39.4
81.0
319.5

11

108.2

61.8

0.57

Feb

120.9
203.1
46.6
82.3
155.6
95.1
76.0
149.0
8.8
35.9
150.2
Í31.2

11

102.1

59.4

0.58

March

245.2
113.8
222.4
146.0
242.0
152.8
291.1
87.0
152.5
136.4
105.3
30.3

(No data

11

172.2

66.9

0.39

April

276.2
331.7
249.1
213.1
24.6
238.4
112.3
186.9
223.1
242.3
92.1

available)

11

199.1

89.3

0.45

May

75.2
57.6
77.0
61.2
3.0
24.9
105.2
36.9

182.9
43.9
81.9

11

68.2

47.6

0.70

June

13.0
12.2
21.8
13.2
0.0
12.4
0.0
2.9
0.3
0.0
10.7

11

7.9

7.5

0.95

July

0.0
52.9
6.3
0.0
0.3
0.5
0.0
0.8
15.0
0.0
0.0

11

6.9

15.9

2.30

Aug

6.6
21.3
37.9
21.8
6.9
1.9
0.0
1.8
13.7
0.0
10.4

11

11.1

11.8

1.06

Sept

5.6
51.1
11.9
8.4
58.0
6.6
56.8
0.0
11.0
30.8
0.0

11

21.8

23.1

1.06

Oct

83.6
18.1
27.4
27.7
12.1
14.0
58.6
0.0
13.0
0.0
10.0

11

24.1

25.5

1.06

Nov

122.6
198.2
56.7
113.5
0.0
30.1
147.7
13.2
0.0
0.0
0.0

11

62.0

71.4

1.15

Dec

95.0
383.2
196.9
22.7
159.2
62.4
103.3
49.3
24.8
70.6
10.3

11

107.1

108.2

1.01

Jan - Dec
Total

1120.1
1515.4
1081.3
764.1
924.4
720.4
1068.8
683.9
767.2
559.3
551.9

11

887.0

290.0

0.33

Nov - Oct
Total

*
1151.6
1409.1
881.5
901.4
787.1
910.3
872.4
804.9
553.5
612.4

10

888.4

246.5

0.28

o
o



Monthly Rainfall (mra) for Station:

Registration Number: 96.3765

ILONGA ESTATE (MSIHBA SEED FARM)

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

138.3
68.1
181.2
108.7
182.4

*
*

125.6
83.4
118.1
339.4

Feb

109.1
95.0
67.4
122.8
154.1

*

*
51.0
63.3
122.0
135.2

«arch

339.8
132.9
265.7
254.0
266.5

*
*
*

87.1
187.8
101.0
133.9

April

245.2
397.6
288.8
285.8
23.2
*
*

72.7
235.5
208.1
208.7
191.4

Hay

73.7
63.2
74.2
79.9
5.1

*
50.4

214.2
80.4
51.3
38.S

June

13.5
17.3
41.4
10.1
0.0
*
*
2.3
5.1
6.4
26.9
0.0

July

0.0
38.0
1.0
0.0
0.0
*
*
0.0
59.1
0.0
0.0
11.7

Aug

8.4
33.5
19.1
10.2
0.0
*
*
1.3
0.0
1.0
0.0
11.7

Sept

6.4
53.3
16.2
0.0
*
*
*
0.0
3.1
15.8
0.0
77.0

Oct

85.5
18.3
27.4
50.0
*
*
*

12.7
0.0
9.2
6.1
38.3

Nov

64.3
179.7
196.1
0.0
*
*
*

48.1
13.2
0.0
0.0

214.7

Dec

43.6
356.0
339.4
82.0
*
*
*

221.5
18.8
197.5
75.9

248.5

Jan - Dec
Total

1127.8
1452.9
1517.9
1003.5

*

*
*

812.7
852.9
710.0
1440.3

Nov - Oct
Total

*
1025.1
1518.1
1457.0

*
*

*
1050.3
687.4
831.6

1053.0

CO

o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3766

KITOiGU SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Jan

91.6
9.9

141.4
29.2
115.2
156.5
210.4
112.6
145.2
64.7
154.7

Feb

261.7
164.7
46.0
65.5
96.9
96.7
128.0
128.5
69.0
92.0

March

195.5
90.7
255.5
85.1
220.3
132.4
180.7
66.2
94.2
116.0

(No data

April

142.9
152.0
246.8
157.7
100.7
84.6
90.7
145.3
91.5
*

available)

Kay

40.0
65.5
22.1
49.5
5.3

31.6
72.7
51.0
*

48.9

June

18.5
14.7
45.5
4.8
0.0
0.0
0.0
0.0
*
4.6

July

0.0
41.9
0.0
0.0
0.0
21.6
0.0
7.5
*
0.0

Aug

5.1
8.8
15.5
16.0
0.0
5.5
9.8
13.5
*
0.0

Sept

8.4
40.9
6.1
17.0
62.9
10.3
63.1
8.5
*
*

Oct

10.2
31.3
29.9
0.0
20.1
9.3
84.5
0.0
*

24.0

Nov

76.0
361.4
59.4
62.1
0.0
6.5

268.5
8.0

0.0

Dec

40.4
304.7
120.9
0.0

163.0
55.0
55.1
75.5

171.8

Jan - Dec
Total

890.3
1286.3
989.1
486.9
784.4
610.0
1163.5
616.6

637.5

Nov - Oct
Total

*
736.6
1474.9
605.1
683.5
711.5
901.4
856.7
*
*

©
to



Monthly Rainfall (mm) for Station:

Registration Number: 96.3767

RUDEWA SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n{1966-77)

m

s

Cv

Jan

58.4
30.4
92.4
65.7
161.9
114.6
118.6
369.6
49.5
72.9
63.8
214.8

12

117.7

94.8

0.81

Feb

121.4
150.0
61.0
76.4
121.0
84.4
135.S
117.9
39.0
27.6

151.4
117.3

12

100.2

41.8

0.42

March

189.9
177.6
273.8
164.9
173.7
159.1
194.1
114.4
50.1
103.6
138.8
100.7

12

153.4

57.5

0.37

April

177.4
355.5
280.7
224.2
57.1
233.1
197.9
247.6
87.4
166.6
135.8
143.4

12

192.2

83.1

0.43

May

34.7
46.4
93.1
73.3
2.8
16.0
75.8
83.6
72.7
29.6
78.3
39.0

12

53.8

29.4

0.55

June

3.5
14.5
55.1
3.5
7.6
16.6
0.0
2.5
25.6
5.3

35.2
0.0

12

14.1

16.9

1.2

July

2.5
20.9
0.0
1.3
2.5
6.9
4.5
1.0
11.0
0.3
0.0
0.0

12

4.2

6.2

1.48

Aug

2.6
8.8
5.6
6.3
3.1
1.8
16.6
0.1
13.0
0.0
0.0
20.6

12

6.5

6.9

1.06

Sept

4.4
72.3
8.1
3.1

16.
12.0
50.5
0.0
10.0
25.6
0.0
19.9

12

18.5

22.0

1.19

Oct

24.0
16.4
3.8
9.6
0.0
3.0
78.3
4.8
28.3
10.8
9.3
21.0

12

17.4

21.1

1.21

Kov

86.9
92.8
148.1
75.5
31.5
16.0
47.0
39.3
S.O
6.5
O.C
70.0

12

51.6

44.6

0.86

Dec

38.3
327.3
170.8
22.9
126.2
126.0
111.5
112.3
34.1
139.5
41.5
214.5

12

122.1

87.7

0.72

Jan - Dec
Total

744.0
1312.9
1192.5
726.7
711.8
790.1
1030.3
1093.1
425.7
588.3
654.1
961.2

12

852.6

264.8

0.31

Nov - Oct
Total

*

1018.0
1293.7
947.2
644.5
805.2
1014.4
1100.0
538.2
481.4
619.1
718.2

11

834.5

258.7

0.31

o



Monthly Rainfall (nun) for Station:

Registration Number: 96.3768

CHAZI REHABILITATION CENTRE

Year

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Jan

45.2
134.2
209.2
259.5
199.3
173.7
314.0

*
84.2

Feb

79.6
43.7
*

229.0
155.3
78.1
137.5

*
50.5

March

42.5
363.0

*
339.4
133.2
176.6
73.7
*

14.7

(No data

April

504.8
467.2

*
110.5
166.8
174.1
370.1

*
421.6

available)

Kay

*
107.2
24.0
44.9
90.0
203.7

*

65.6

June

*
84.9
*
0.0
14.0
*
*

36.0

July

*
0.0
*
0.0
27.2
*
*
*
0.0

Aug

*
31.8
*
0.0
0.0
*
it

0.0

Sept

*
1.5
*

57.1
9.0
*
*
*
0.0

Oct

*
54.4
*

27.0
0.0
*
*
*
7.0

Nov

*
193.1

*
0.0
24.0
*
*
*
0.0

Dec

*
*
*

225.1
107.1

*
*
*

31.3

Jan - Dec
Total

*
*
*

1292.5
925.9
*

*
843.9

Nov - Oct
Total

*
*

*
1019.9

*
*
*
*

u>
o
•o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3769

MfiFIGfi SISAL ESTATE

Year

1967
1968

1976
1977
1978

Jan

4.8
126.0

119.8
143.4

Feb

89.3
59.0

12.0
119.4

«arch

48.8
51.0

(no data

106.6
108.8

April

351.9
*

available)

127.0
79.2

Kay

180.7
*

34.4
80.9

June

11.9
*

37.2
0.0

July

61.6
*

45.0
21.0

Aug

37.1
*

0.0
0.0

Sept

58.2
•k

12.7
25.5

Oct

*

7.8
34.1

Nov

*
*

10.0
28.7

Dec

*
*

30.5
142.5

Jan - Dec
Total

*
*

543.0
783.5

Nov - Oct
Total

*
*

*

652.8

o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3770

KIHONDA SISAL ESTATE

Year

1967
1968
1969
1970
1971
1973

1976
1977

Jan

19.0
81.8
70.8
271.9
142.0
78.3

199.0

Feb

66.0
71.9
103.2
158.4
65.5
74.8

50.0

Barch

83.8
204.2
88.9
146.5
94.6
96.5

(No data

123.0

(No data

April

97.2
284.5
136.4
70.8
124.6
97.5

available)

142.0

available)

Hay

97.7
20.8
77.0
30.5
*

138.4

18.0

June

11.9
39.4
0.0
0.0
*

*

July

47.5
16.5
0.0
0.0
*
*

*

Aug

31.7
*

26.7
0.0

Sept

63.5
*
0.0
41.2
*
*

*

Oct

24.1
*

22.9
0.0

*

Nov

129.5
•k

36.8
0.0
*
*

*

Dec

256.8

10.9
104.2

*
*

*

Jan - Dec
Total

923.6

573.6
823.5
*
*

Nov - Oct
Total

*
*

767.0
*
*

*

o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3771

KIDETE SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971

1976
1977

Jan

62.0
*

181.9
38.8
100.7
126.0

119.8
143.4

Feb

97.0
*

61.4
53.6
188.4
59.0

12.0
119.4

March

233.4
*

325.6
227.7
300.5
51.0

(No data

106.0
108.8

April

104.1
*

315.8
227.0
101.2

*

available)

127.0
79.2

May

63.0
*

126.9
105.8
55.0
*

34.4
80.9

June

11.4
*

71.7
9.4
0.0
*

37.2
0.0

July

2.5
*
0.0
7.0
0.0
*

45.0
21.0

Aug

0.0
*
0.0
4.6
0.0
*

0.0
0.0

Sept

3.6
*
1.3
11.2
29.9
*

12.7
25.5

Oct

0.0

12.0
19.1
0.0
*

7.8
34.1

Nov

44.5
*

78.0
81.7
0.0

10.0
28.7

Dec

51.3
*

169.4
35.6
116.1

*

30.5
142.5

Jan - Dec
Total

672.8
*

1344.0
822.1
991.8

543.0
783.5

Nov - Oct
Total

*
*
*

951.6
993.0
*

*
652.8

to

o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3772

VITONGA SISAL ESTATE

Year

1967

1971
1972
1973

Jan

40.1

132.6

Feb

41.7

103.5
*

March

62.8

(No data

93.5
*

(Station

April

302.5

available)

*
*

closed)

Hay

196.1

*
*

June

6.4

•k

*

July

14.0

*

Aug

8.9

*

Sept

*

*
*

Oct

*

*
*

Nov

*

*

Dec

*

*

Jan - Dec
Total

*
*

Nov - Oct
Total

*

*

oco



Monthly Rainfall (mm) for Station:

Registration Number: 96.3773

HAGUBIKA

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1971-75)

m

s

Cv

Jan

276.4
162.7
79.0
239.1
16.8
89.5
8.3
99.2

5

119.4

84.8

0.71

Feb

214.3
106.3
98.9
140.1
53.8
50.3
170.3
76.4

5

95.1

32.5

0.32

March

207.0
46.7
109.1
15.0
28.1
196.2

*
32.6

5

46.3

36.9

0.80

April

88.6
237.7
127.9
150.8
157.6
97.4
*

13.2

5

137.4

80.9

0.59

May

72.4
55.2
188.1
56.8
76.6
102.5

*
0.0

5

75.3

69.2

0.92

June

*
91.0
5.6
18.4
12.3
22.9
*
0.0

5

25.5

37.3

1.46

July

*
14.6
16.7
0.0
17.9
10.5

0.0

5

9.8

9.1

0.93

hug

*
0.0
6.2
0.0
0.0
0.0
*

19.6

5

5.2

8.5

1.6

Sept

9.7
0.0
45.2
0.0
0.0
19.0
*
0.0

5

9.0

20.2

2.24

Oct

*
0.0
96.9
0.0
8.5
*
*
0.0

5

21.1

42.5

1.00

Nov

1.4
0.0
12.3
4.2
6.5
*
*

60.9

5

16.8

22.4

1.33

Dec

60.4
83.7
95.8
134.7
32.4
*
*

31.4

5

75.6

44.1

0.58

Jan - Dec
Total

*
797.9
881.7
759.1
410.5
*
*

333.3

5

636.5

247.1

0.39

Nov - Oct
Total

*
776.0
857.3
728.3
510.5

*
*

4

718.0

148.3

0.21

o



Monthly Rainfall (iren) for Station:

Registration Number: 96.3775

KILANGALI

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

136.9
134.2
205.6
129.9
139.4
56.0
161.3
144.2

Feb

52.8
103.6
148.1
138.8
108.0
12.0
104.5
76.3

March

106.3
119.6
242.2
85.6
74.5
189.0
143.3
148.7

fipril

86.8
101.0
89.2
111.0
270.0
137.4
372.8
96.8

Hay

9.4
28.4
119.7
58.3
94.8
69.6
68.3
57.8

June

0.0
7.3
0.0
0.0
7.1
3.0
0.0
0.0

July

0.0
27.2
6.4
0.0
3.0
0.0
0.0
0.0

Aug

4.6
0.5
0.0
7.4
0.0
0.0
0.0
5.1

Sept

41.1
10.6
55.8
4.4
2.0
29.0
4.0
6.4

Oct

0.0
13.9
87.0
4.5
13.7
22.8
11.8
34.2

Nov

0.0
28.3
170.1
41.1
0.0
21.0
6.0

65.1

Dec

185.3
123.4
59.3
75.1
14.9
118.7
47.7
185.3

Jan - Dec
Total

623.2
698.0
1183.4
656.4
828.2
658.5
921.7
819.9

Nov - Oct
Total

*

731.6
1105.7
769.3
829.8
533.7
1005.7
625.2

I—'

o



Monthly Rainfall {ma) for Station:

Registration Number: 96.3776

MOROGORO HETEOROLOGICAL STATION

Year

1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1971-78)

m

s

Cv

Jan

*
124.6
109.3
248.7
26.6
104.1
106.4
136.6
202.1

8

132.3

67.3

0.51

Feb

*
37.6
116.4
85.7
12.3
38.0
22.3
166.4
62.0

8

67.6

52.6

0.78

March

*
63.9
177.0
41.7
86.5
163.3
118.3
128.5
204.8

8

123.0

57.0

0.46

April

*
226.7
165.9
291.0
278.8
197.7
156.7
123.3
191.4

8

203.9

58.7

0.29

Hay

55.4
152.8
61.3
102.4
102.7
41.5 •

84.0
37.6

S

79.7

38.9

0.49

June

*
36.5
0.0
14.7
22.5
25.3
54.0
2.9
11.5

8

21.0

17.9

0.85

July

*
7.4
26.1
9.6
14.3
2.3
7.5
23.7
15.0

8

13.2

8.3

0.63

Aug

0.0
14.2
8.9
3.6
0.4
3.9
9.4
3.3

8

5.5

4.9

0.89

Sept

52.5
3.9
22.8
3.5
4.4
11.3
28.9
22.9
3.1

8

12.6

10.7

0.85

Oct

7.8
6.0
83.0
18.1
25.0
21.7
7.5
50.3
5.0

8

27.1

27.0

1.00

Nov

5.4
3.7
71.3
48.3
1.4
29.7
9.4
45.0
173.6

8

47.8

56.4

1.18

Dec

143.9
34.5
107.2
125.5
9.5
78.3
61.6
152.2
255.7

6

103.1

77.5

0.75

Jan - Dec
Total

*
600.2
1O46.0
956.5
587.3
774.7
618.0
945.2
1166.0

8

836.8

223.0

0.27

Nov - Oct
Total

*
711.3
905.7
961.7
750.2
677.7
655.0
819.0
933.9

3

801.8

120.7

0.15

u>



Monthly Rainfall (mm) for Station:

Registration Number: 96.3778

MTIEWA SUGAR ESTATE (LUKENGE).

Year

1974
1975
1976
1977
1978

Jan

*
93.6
44.9
63.6

Feb

*
61.2
179.6

*

March

*
156.8
130.0

*

1] For

April

*
206.2
140.0

*

a better

May

*
93.4
106.8

*

record of

June

*
54.3
29.9
*

HTIBWA ESTATE,

July

70.1
0.9
13.4
*

Aug

3.6
12.9
64.8
*

see Registration

Sept

10.0
33.5
35.8

Number

Oct

47.5
11.0
20.5
*

963742

Nov

32.6
6.0
14.2
*

Dec

18.9
160.1
32.4
*

Jan - Dec
Total

*
889.9
812.3
*

Nov - Oct
Total

*
775.3
931.8
*

I—'



Monthly Rainfall (mm) for Station:

Registration Number: 96.3779

KILOSA NATURAL RESOURCES OFFICE

Year

1975
1976
1977
1978

Jan

120.3
113.0
188.7
154.8

Feb

67.7
130.4
99.1
31.9

March

163.5
260.6
159.0
197.0

èpril

174.3
237.6
271.6
173.7

May

60.6
93.7
49.3
27.8

June

5.2
12.2
(0.0)
18.1

July

Z.3
11.9
1.5
3.9

Aug

2.5
1.1
23.7
4.4

Sept

29.9
1.1

125.7
2.9

Oct

28.3
20.0
27.3
4.5

Nov

4.1
6.8

125.3
231.7

Dec

190.1
40.3
359.4
175.7

Jan - Dec
Total

848.8
928.7
1430.6
1026.4

Nov - Oci
Total

*
1075.8
993.0
1104.0

us



Monthly Rainfall (mm) for Station:

Registration Number: 96.3780

MELELA

Year

1975
1976
1977
1978

Jan

*
50.8
205.1
120.5

Feb

18.1
91.6
98.1
72.2

March

132.9
112.4
83.3
172.2

April

177.1
138.5
99.1
215.7

Hay

40.3
62.0
*

14.6

June

5.4
7.3
*
8.2

July

0.0
1.3
0.0
0.0

Aug

0.0
0.0
0.5
0.0

Sept

8.9
0.0
13.4
0.0

Oct

1.5
3.4
*
3.0

Nov

11.0
4.3
*

141.8

Dec

76.8
44.4
45.8

Jan - Dec
Total

*
516.0

Nov - Oct
Total

*
555.1
*

CO



Monthly Rainfall (mm) for Station: HAHG&I

Registration Number: 96.3781

Year Jan Feb Harch April Hay June July iug Sept Oct Nov Dec Jan - Dec Nov - Oct
Total Total

1975
1976
1977
1978

*
30.5

36.3
37.1

130.1
197.4

Ho data

204.2
120.6

available

70
67

.7

.3
2
6

.1

.0
0.0 0.0 16.5 4.8 17.9 81.3



Monthly Rainfall (mm) for Station:

Registration Number: 96.3782

ISANGA SISAL ESTATE

Year Jan Feb March

Ho data

April

received

Hay June July Aug Sept oct Kov Dec Jan - Dec
Total

Nov - Oct
Total

t—1



Monthly Rainfall (mm) for Station:

Registration Number: 96.3800

BAG&HOYO AGRICULTURAL OFFICE

Year

1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Jan

43
117
94
39
17
54
52
4
23
166
47
87
122
137
97
6

68
74
29
156.0
27.4
77.7
55.1
95.0
20.6
163.1
145.3
0.0
65.5
182.6
9.7

71.4
43.5
98.2
110.3
83.1
1.3
0.0
94.2
96.3
79.6
139.5
133.3

Feb

183
140
11
39
111
223
1
75
18
70
0

64
114
97
54
20
75
19
30
216.9
18.3
44.5
47.2
23.6
65.5
35.1
115.8
261.4
49.0
16.8
224.3
71.4
49.3
126.0
31.5

100.8
32.5
101.6
127.0
228.5
10.6
1.6
85.5

March

191
39
15
57
117
106
151
208
220
151
116
294
90
106
52
36
92
231
8

184.4
40.9
19.3
37.6
43.9
3.8
74.9
86.1
97.0
91.7
125.5
30.5
10.9
176.8
277.2
9.4
97.6
50.8
374.4
271.7
43.2
69.5
148.1
131.0

April

240
198
87
287
213
335
244
238
113
549
204
463
182
34»
199
256
375
310
212
372.4
162.1
78.0
154.4
175.5
241.8
299.2
181.1
79.2
243.1
203.2
161.0
365.5
387.1
124.8
234.9
347.7
389.1
205.0
218.4
193.5
194.8
279.2
168.2

May

294
500
38
306
362
217
192
149
322
194
92

356
115
168
209
283
176
274
152
98.0
264.9
144.5
324.6
264.2
361.4
129.0
230.4
64.3
109.7
44.5
225.6
34.3
37.6
4a.8
53.7
359.0
372.7
165.1
139.7
74.1
159.7
433.9
102.6

June

24
73
9

123
54
96
33
15
43
11
49
36
45
78
6
22
58
33
37
46.7
49.5
39.1
0.0
19.6
49.8
47.8
36.1
27.2
0.0

43.9
91.2
6.6
97.1
34.8
0.0

238.3
137.1
53.3
50.8
6.2

36.5
0.0
34.9

July

38
9
62
35
4
8
5
51
60
22
2
11
37
47
22
3
6
30
86
44.7
22.1
0.0
39.6
3.8
42.7
4.3
26.4
27.4
34.5
9.9

119.6
22.6
34.9
21.4
13.4
11.5
102.9
0.0
15.0
11.7
18.3
44.4
18.0

Aug

22
0
34
30
57
35
20
13
20
25
18
24
34
35
29
4

25
18
66
74.2
45.7
110.7
80.0
53.1
0.0
22.1
35.6
69.9
62.0
7.4
26.4
72.6
5.0
7.1
20.1
39.3
30.0
0.0
5.5
3.5
3.6
24.1
15.1

Sept

14
23
0
30
42
18
0
13
17
30
67
2
12
40
37
56
76
6
17
48.8
15.2
43.4
27.2
26.9
0.0
0.0
23.4
7.9
0.0
2.5
23.9
18.8
10.7
21.3
20.9
32.3
126.0
38.1
55.9
77.2
4.5

45.3
7.0

Oct

37
7
3
17
34
4

158
119
0
32
53
22
1

71
36
82
4
80
5
33.8
185.4
0.0

88.9
171.2
15.2
20.6
67.3
13.5
11.9
46.2
296.7
20.8
8.7
59.7
60.1
58.3

117.6
68.8
8.9
20.0
11.0
63.4
1.9

Nov

14
0

134
56
31
6

89
98
54
102
106
47
24
203
101
61

103
80
8
77.5
208.0
130.0
146.3
26.7
120.1
45.5
139.4
19.1
41.9
10.7
335.5
41.9
173.0
0.0
29.3
0.0
82.4
(40.0)
118.4
0.0
2.6
81.1
29.0

Dec

88
79
32
95
42
167
91
50
122
60
249
58
7
61
51
172
100
202
226
84.3
261.1
78.7
87.1
44.5
88.4
47.5
19.1
125.2
74.9
16.5
427.7
128.8
98.5
147.2
155.2
144.2
94.0

132.8
38.3
148.0
136.0
62.8
154.9

Jan - Dec
Total

1187
1185
519
1114
1084
1269
1036
1032
1013
1413
1002
1463
783
1392
892
1001
1157
1356
876
1437.6
1300.7
766.1
1088.1
947.9
1009.4
889.0
1105.9
792.0
784.4
709.7
1974.1
865.6
1122.2
966.5
738.8
1482.3
1536.4
(1179.1)
1143.8
902.2
726.7
1323.4
881.4

Nov - Oct
Total

-
993.3

1026.3
1063.3
1110.2
856.0
1004.6
1040.5
806.3
811.7
799.3
1270.6
1458.1
1021.4
1090.8
701.5
1552.4
1474.2
1182.7
1159.9
910.9
736.1
1318.1
841.4



Monthly Rainfall (mm) for Station:

Registration Number: 96.3800

BfiGAMOYO AGRICULTURAL OFFICE

(continued)

Year

1974
1S75
1976
1977
1978

n{1953-77)

m

s

Cv

Cs

Jan

11.2
23.9
66.5
16.2
75.7

25

76.2

53.1

0.70

Feb

14.6
9.7
53.9
2.2
39.1

25

75.4

72.4

0.96

March

100.8
168.9
77.8
78.3
233.3

25

107.1

90.2

0.84

April

214.0
318.1
160.6
207.9

*

25

229.9

81.8

0.36

Hay

183.7
30.4
121.6
104.9
95.9

25

165.8

124.0

0.75

June

13.8
46.7
89.5
0.0

42.9

25

46.5

53.3

1.15

July

109.6
77.0
30.9
51.0
9.7

25

35.6

33.1

0.93

Aug

9.0
0.0
0.0

42.6
11.2

25

25.4

25.3

1.00

Sept

4.1
59.1
27.0
115.4

*

25

31.0

33.6

1.08

Oct

30.1
3.3
37.9
71.9
88.3

25

55.0

64.3

1.17

Nov

17.8
10.3
5.7

121.9
145.3

25

65.5

77.2

1.18

Dec

23.2
112.3
87.9
115.8
231.5

25

108.4

80.1

0.74

Jan - Dec
Total

831.9
859.7
759.3
928.1
*

25

1021.9

298.0

0.29

1.68

Nov - Oct
Total

974.8
778.1
788.3
784.0
*

25

1021.4

246.1

0.24

0.72

oo



Monthly Rainfall (mm) for Station:

Registration Number: 96.3801

NGERENGERE SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-66.
1971-77)

m

s

Jan

174.8
109.7
0.0
72.1
49.5
41.9
127.5
111.8
5.1

116.8
115.1
43.9
147.1
62.7
82.8
120.4
28.3
0.0
*
*
*

144.0
67.5
202.7
98.8
66.2
*

30.0

23

87.8

52.9

0.60

Feb

134.9
190.5
41.9
5.8

126.2
265.4
64.8
53.3
164.1
209.3
11.4

244.9
82.6
53.0
109.9
65.4
63.7
67.4
*

*
81.0
86.5
108.0
60.0
0.0

8.8

23

97.0

74.9

0.77

March

264.9
183.1
145.0
191.3
38.9
25.4
46.7
94.5
266.7
111.3
141.2
21.1
82.8
125.0
241.5
93.0
216.0
74.1
*

*
109.0
182.6
92.3
99.9
185.0

*
194.0

23

137.0

73.4

0.54

April

366.0
206.2
204.7
121.4
144.8
125.7
138.7
194.8
53.1
119.4
151.9
141.0
78.0
267.0
238.4
197.4
174.2
293.3

*
*
*

163.0
163.1
244.6
221.7
235.3

*
100.0

23

176.1

69.0

0.39

Hay

87.1
113.8
96.5
168.9
137.2
171.2
13.5
86.1
26.2
65.0
59.4
70.6
2.3
10.7
16.9
95.3
102.1
190.1

*
*
*

73.0
205.3
129.3
53.3
111.7

*
32.0

23

83.8

55.0

0.66

June

0.0
15.2
0.0
19.8
17.8
23.6
0.0
1.5
23.6
7.6
37.6
29.0
0.0
20.4
0.0
0.0
24.9
41.2
*
*
*
0.0
0.0
6.0
3.0
10.8

0.0

23

10.5

11.8

1.12

July

20.1
18.5
0.0
2.5
2.5
20.3
S.I

43.7
0.0
9.9
0.5
41.9
7.6
12.4
13.7
4.6
0.0
35.6
*
*
*
6.1
6.0
0.0
12.0
0.0
*

15.0

23

10.5

12.2

1.16

Aug

71.9
0.0
5.1
19.6
11.2
0.0
0.0
0.0
6.4
39.1
0.0
1.8
56.1
1.0
20.6
51.6
0.0
33.2
*
*
*
0.0
2.0
15.0
15.0
5.0
*

14.5

23

14.6

20.6

1.41

Sept

32.5
0.0
53.3
15.8
0.0
0.0
2.5
8.9
26.4
0.0
11.4
65.3
43.4
19.2
4.3
72.6
48.2
120.7

*
*
*

10.2
51.3
0.0
0.0
18.1
*

92.5

23

25.0

27.3

1.09

Oct

10.9
47.2
55.9
46.0
222.3
0.0
3.8
31.0
3.8
54.6
37.9
181.4
20.3
5.6
81.5
112.2
68.4
40.6
*
*
*

24.2
110.2
8.0
60.5
5.0
*

106.0

23

57.3

58.4

1.02

Nov

23.6
194.3
90.2
26.7
41.9
49.0
44.2
155.7
22.6
21.6
0.0

190.8
60.5
310.7
17.3
117.4
63.5
*
*
*

38.5
6.0
89.2
99.7
0.0
30.7
*

126.0

23

77.5

76.9

0.99

Dec

52.8
129.0
24.1
69.9
0.0
59.9
16.0
43.9
114.3
34.5
1.3

236.5
(180.0)
208.9
53.3
153.9
110.4

*

157.0
45.9
188.0
70.5
22.0
176.2

*
121.0

23

91.S

70.8

0.77

Jan - Dec
Total

1239.5
1207.8
716.8
759.7
792.3
782.4
462.8
825.3
712.2
789.1
567.7
1268.0
760.7
1096.6
880.2
1083.8
919.7
*
*
*
*

662.4
1151.7
976.1
646.2
844.0
*

839.8

23

868.9

218.0

0.25

Nov - Oct
Total

*
960.9
925.8
777.4
847.0
715.4
511.5
685.8
775.0
869.9
622.4
842.2
947.5
817.5
1392.2
883.1
1017.1
1070.1

*
*
*

806.0
926.4
1083.1
794.4
659.1
*
*

22

860.5

185.4

0.22



Monthly Rainfall (ma) for Station:

Registration Number: 96.3804

HANDERA MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n{1953-77)

m

s

Cv

Jan

57.9
86.6
71.6
65.0
45.0
69.1
184.7
330.7
2.0
11.9
379.7
13.2
270.5
46.3
80.6
77.5
62.4
7.5
19.5
36.9
170.4
50.5
45.4
78,5
94.8
159.6
59.2
96.2
47.7

25

98.3

99.6

1.01

Feb

152.7
103.4
28.7
32.5
158.8
206.0
39.4
102.6
77.2
167.1
72.6
227.1
282.7
74.9
317.1
72.7
109.8
39.0
37.8
186.8
59.4
37.7
73.8
70.5
12.7
44.0
101.5
74.5
26.2

25

107.1

81.4

0.76

March

180.3
79.0
165.6
108.5
43.2
36.1
84.3
111.8
269.7
192.0
192.3
57.2
66.0
291.1
338.6
150.8
154.0
80.9
198.0
116.0
91.3
71.4
211.8
50.5
121.8
98.9
154.5
88.9
258.6

25

135.2

80.2

0.59

April

377.7
145.5
76.5
112.5
168.1
142.0
230.6
217.4
87.6
337.3
234.7
167.4
372.4
351.1
351.9
370.6
191.5
258.8
173.3
181.3
100.2
247.1
109.0
247.0
263.8
276.1
195.6
205.2
170.2

25

223.7

85.4

0.38

May

126.5
218.2
53.1
294.9
136.1
154.4
91.7
260.9
71.6
169.4
94.2
173.2
36.2
27.7
50.8
114.8
157.7
231.2
157.6
122.0
45.9
88.2
343.2
78.1
78.4
114.4
60.6
124.2
98.5

25

131.1

80.8

0.62

June

36.3
55.4
20.6
0.5
1.8
28.2
18.0
5.1
27.2
0.0
89.4
26.7
0.0
30.0
10.2
3.2
72.7
71.6
83.4
26.0
0.0
50.5
0.0
13.6
55.6
32.5
36.4
7.6
8.9

25

27.6

28.0

1.02

July

18.0
39.9
0.0
16.0
10.9
35.6
4.1
8.6
0.0
94.0
8.1

104.9
23.1
14.4
5.3
17.0
39.0
77.5
10.3
10.1
6.4
4.3
54.0
7.4

43.6
5.7
22.0
36.2
9.8

25

26.3

28.8

1.09

Aug

75.4
2.5
14.0
49.5
49.0
1.0
9.4
6.4
28.4
81.8
17.0
8.1

91.2
0.0
0.0
18.6
11.0
60.1
3.4
20.9
17.7
23.7
6.8
12.6
2.8
3.7
9.5
61.6
12.3

25

23.8

26.3

1.10

Sept

69.3
12.4
28.4
48.0
6.1
0.0
2.5
55.9
5.6
0.0
0.0
80.0
34.5
0.0
8.7
30.6
20.5
236.3
23.5
13.1
113.2
5.8

44.4
26.2
2.0
57.7
51.6
120.6
22.7

25

39.5

53.3

1.35

Oct

61.2
116.6
29.5
112.3
128.0
19.1
0.0

143.0
0.0
55.4
37.8

453.1
45.2
91.4
118.4
S9.5
99.5
195.9
33.8
23.9
23.3
26.7
178.0
17.0
31.5
21.9
37.6
74.5
36.7

25

82.3

94.5

1.15

Nov

15.2
208.8
152.2
87.9
50.8
91.7
69.6
295.9
39.1
15.7
70.1
566.4
80.8
310.7
9.3

113.6
50.8
118.3
253.7
66.4
18.0
24.7
105.0
76.0
103.0
24.3
15.8
247.6
186.7

25

115.8

128.3

1.11

Dec

77.2
95.3
21.1
55.6
30.5
124.7
58.9
(70.0)
35.1
63.2
6.6

222.0
125.5
179.0
175.7
173.0
69.0
78.6
149.2
0.0

144.8
155.0
133.4
78.3
1.3
35.6
13.1
121.4
228.1

25

91.2

63.4

0.70

Jan - Dec
Total

1247.9
1163.6
651.3
983.2
828.3
907.8
793.2

(1608.3)
643.6
1188.0
1202.7
2099.3
1428.0
1416.6
1466.6
1231.9
1037.9
1455.7
1143.7
803.4
790.6
775.6
1284.8
r 755.6
811.3
874.4
757.7
1258.5
1106.4

25

1101.7

348.1

0.32

Mov - Oct
Total

*

951.9
792.1
1003.2
890.5
772.8
881.1
1371.2
(935.3)
1183.1
1204.7
1387.6
2010.1
1133.2
1771.3
1130.3
1204.7
1378.6
1167.9
1139.9
694.2
768.7
1236.1
819.7 .
861.3
918.8
788.4
918.4
1023.9

25

1102.8

314.5

0.29

to

o



Honthly Rainfall (nan) for Station:

Registration Number: 96.3805

LUGOBA MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
196S
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-77)

m

s

Cv

Jan

35.8
166.6
11.4
162.8
136.7
45.7
97.5
216.2
0.0

113.S
165.4
30.7
236.5
118.2
85.6
153.7
43.7
5.1
9.6

42.2
145.0
116.5
47.0
74.4
67.7
124.3
33.7

137.3

28

93.7

65.3

0.70

Feb

159.0
98.8
85.6
4.8

194.8
189.0
83.6
74.9
92.7
194.8
29.7
207.3
67.6
60.0
67.9
71.1
166.5
26.8
52.0

180.7
110.0
61.7
2.2
28.5
55.9
21.0
96.3
162.7

28

94.5

62.9

0.67

March

325.1
82.8
208.0
86.4
85.9
98.6
87.4
111.8
362.0
48.3
174.8
18.8

172.0
142.2
126.1
33.5
161.2
27.9

462.7
132.2
160.1
84.0
115.5
70.5
49.6
111.2
96.4
151.1

28

135.2

101.1

0.75

April

276.4
195.8
139.2
238.5
157.5
157.5
293.9
432.3
122.7
109.3
175.8
116.8
105.2
240.0
103.3
229.0
290.3
298.4
247.9
128.4
77.5
157.7
216.8
192.5
255.4
249.2
223.8
87.0

28

197.0

81.9

0.42

Hay

186.4
203.5
52.8
357.9
193.0
300.5
70.6
225.3
19.1
160.0
45.7
87.4
7.9

46.0
16.8
73.2
114.3
122.4
96.2
45.6
16.5
57.8

186.6
62.0
88.9
108.5
74.5
80.5

28

110.7

86.9

0.79

June

17.4
24.4
7.6
10.2
0.0
35.8
15.7
0.0
44.5
0.0
37.1
6.1
0.0
15.2
45.6
1.5
14.7
59.5
132.0
15.8
0.0
10.8
0.0

(20.0)
31.2
28.4
19.6
2.9

28

21.3

27.0

1.27

July

52.6
20.3
0.0
32.8
4.3
25.4
2.5
15.7
0.0
0.0
21.3
80.0
5.8
17.2
5.8
7.9
8.6

43.0
12.7
11.4
0.2
10.8
17.9
{5.0)
36.5
10.0
0.0
11.7

28

16.4

18.4

1.12

Aug

45.5
22.9
3.6
25.4
39.6
14.5
(10.0)
5.6
20.3
24.1
0.0
14.7
82.0
0.0
0.0

46.8
16.0
22.1
0.0
34.3
4.5
3.7
3.1

(14.0)
0.0
0.0
19.0
20.1

28

17.6

18.8

1.07

Sept

93.0
14.5
49.0
22.1
26.7
19.1
12.2
7.6

12.7
3.8
8.9
93.2
20.6
6.3
11.9
50.0
13.5
167.1
83.6
10.9
78.1
52.7
38.4
(0.0)
6.9
57.4
40.0
105.2

28

39.5

39.9

1.01

Oct

38.6
74.7
12.2
133.4
274.1
33.0
2.0

124.0
0.0

45.0
77.5
337.1
13.7
14.3

109.5
111.2
81,8
109.3
6.4
10.3
25.0
14.2

162.2
28.0
47.0
22.0
25.8
90.8

28

72.3

80.5

1.11

Nov

28.2
337.6
147.8
151.6
59.2
148.6
91.2
260.4
54.6
22.4
7.4

274.6
83.8
274.8
1.0

112.8
66.6
135.1
294.9
102.7
5.0
11.0

134.6
57.1
17.7
9.0
6.8

124.5

28

107.9

99.5

0.92

Dec

64.0
195.8
30.5
184.4
61.7
136.9
115.1
71.1
162.6
59.4
0.0

165.4
88.7
132.7
87.4
177.2
0.0
78.0
118.0
1.8
88.5
100.5
140.7
141.5
20.9
83.3
61.9
179.5

28

98.1

sa.3

0.59

Jan - Dec
Total

1326.9
1437.7
747.8
1410.2
1233.4
1204.5
{881.7}
1544.8
891.0
931.4
743.5
1431.0
883.7
1066.4
660.9
1067.9
•371.2
1094.7
1516.0
716.3
710.6
681.4
1065.0
693.7
677.7
824.3
697.8
1152.7

28

1009.7

287.3

0.28

Nov - Oct
Total

*
996.5
1102.8
1252.6
1448.6
1040.0
(960.9)
1419.7
1005.5
1016.0
818.0
998.5
1151.3
831.9
980.0
866.3
1200.6
948.2
1316.2
1024.7
721.4
663.4
901.2
{770.2}
837.7
770.6
721.4
918.0

27

995.6

200.6

0.20



Monthly Rainfall (mm) for Station:

Registration Number: 96.3808

ATHINA SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
196Z
1.963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n{1950-54,
1953-73)

m

s

Cv

Jan

69.6
89.4
21.1
117.6
154.9
86.4
35.6

151.1
8.1

113.0
199.1
31.0
155.2
74.3
54.4
50.2
13.3
1.0

37.0
42.0
151.0
246.5
109.0
226.5
103.5

20

95.7

74.0

0.77

Feb

111.0
103.1
31.0
10.2
82.3

228.6
81.3
17.8

158.8
114.6
29.2
192.8
94.5
52.2
147.3
98.5
60.6
68.0
39.5
140.0
113.5
136.5
48.0
31.0
43.5

20

88.2

50.9

0.58

Harch

213.9
195.3
57.4
146.1
9.1

63.5
73.7
66.3
237.2
151.9
151.9
30.5
162.8
115.8
149.3
85.5
182.0
134.5
385.0
142.5
174.5
108.5
179.0
86.5
89.3

(no data

20

150.7

80.0

0.53

April

384.3
237.5
145.8
162.6
128.5
142.2

*
165.1
68.3
164.1
194.3
93.5
163.8
283.1
240.1
188.9
134.5
332.5
333.0
156.0
69.5
159.0
226.5
225.8
325.5

available)

20

195.1

87.6

0.45

May

43.9
130.0
69.1
143.5
12.4

218.4

118.6
21.6
96.3
64.0
109.0
5.1
7.4
25.7
*

113.0
192.5
68.5
78.0
29.0
56.5
149.0
66.6
80.0

20

74.1

52.5

0.71

June

0.0
3.0
9.4
15.2
0.0

*
43.2
18.0
11.4
51.1
23.9
0.0
19.8
4.7
*

34.0
37.5
51.5
35.5
1.0
24.0
0.0
1.0
*

20

17.1

17.2

1.01

July

23.4
17.9
0.0
0.0
5.1
*
*

14.2
0.0
7.9
0.8

46.0
7.9
17.5
14.7
*
0.0
37.0
0.0
1.5
0.0
7.0
10.0
3.5
*

20

10.0

13.0

1.30

Aug

42.9
17.9
0.0

156.2
5.8

*
1.8

13.2
53.3
0.0
0.0

73.2
2.0
5.8
0.0
0.0
38.0
4.0
37.5
2.0
1.5
0.0
18.0
*

20

23.6

37.8

1.60

Sept

78.7
0.0
31.0
30.0
17.8

*
*

12-4
3.0
17.5
37.3
56.6
9.9
4.5
*

31.2
105.0
15.0
16.0
106.5
25.0
78.5
0.0
*

20

33.8

33.5

0.99

Oct

3.0
25.6
36.1
51.8

223.5
*

11.4
*

11.9
64.5
39.4
206.8
34.0
13.3
57.3
*

77.5
56.0
9.0
36.0
6.5
31.5
117.0
16.0
*

20

55.8

61.1

1.09

Kov

39.4
206.5
100.3
27.2
45.7
*

51.3
*

20.3
44.5
0.0

221.2
16.3
352.6
13.5

102.0
108.5
138.0
214.5
128.5
66.0
28.5
75.5
126.0

*

20

98.7

91.4

0.93

Dec

109.7
70.1
46.2
52.3
0.0
*

36.3
155.2
214.1
42.9
2.3

252.7
158.2
193.9
62.7
161.5
123.0
73.5
51.0
19.0
108.0
51.0
138.5
80.0
*

20

92.5

69.7

0.75

Jan - Dec
Total

1119.8
1096.3
547.4
912.6
685.3
*
*
*

784.1
867.4
749.6
1244.6
927.6
1141.8
780.2
*

777.6
1213.5
1208.0
832.5
827.5
876.0

1131.0
• 880.9

*

20

930.2

197.5

0.21

Nov - Oct
Total

*

968.8
677.5
979.7
718.9
*
*
*

1014.4
834.7
773.1
1227.0
769.8
1197.2

*
909.6
1233.5
1154.0
950.5
801.0
970.0
996.5
888.9
*

18

948.1

171.5

0.18



Monthly Rainfall (mm) for Station:

Registration Number: 96.3810

FATEMI SISAL ESTATE

Year

J.950
1951
1952
1953
1954
1955
1956
1957
1958
1959
I960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

n{1950-73)

m

5

Cv

Jan

27.9
112.5
0.0
86.1
101.4
98.0

266.9
137.2
10.7
85.6

229.4
39.1
162.6
82.1
54.0
37.6
17.5
0.0

69.0
42.5
128.0
228.0
90.5

297.5
90.0
88.5

24

1D0.2

83.7

0.84

Feb

106.9
97.5
43.2
0.0

92.5
294.9
69.6
134.4
150.1
82.0
22.4

197.6
122.4
49.3
142.6
97.7
57.0
60.0
13.0

132.5
123.0
84.5
34.5
36.0
44.0
0.0

24

93.5

64.9

0.69

Harch

174.0
164.6
91.2
140.0
51.1
54.1
74.4
87.1
151.9
212.1
180.3
34.8
161.5
164.2
167.9
69.1
224.0
98.0
335.5
113.5
116.5
72.0
190.0
109.5
126.5
225.5

(no data

24

134.9

63.2

0.51

April

327.9
253.0
221.2
227.8
209.6
110.7
245.9
206.0
83.8

186.2
174.8
93.7
153.9
238.9
273.4
191.2
125.5
283.5
287.5
173.0
75.0
155.0
265.5
235.0
332.9
221.5

available)

24

199.9

69.0

0.34

Hay

65.5
128.0
107.2
211.8
132.8
207.0
23.1
122.4
21.6
96.8
77.0
106.9
6.1
8.0

24.2
112.4
91.9
198.0
94.0
91.5
22.5
54.0

189.5
73.5
78.0
46.0

24

94.4

63.3

0.66

June

0.0
24.1
10.9
18.3
0.0

53.3
2.5
2.0
17.3
6.4

40.1
19.6
0.0
12.0
1.5
0.0
44.0
46.4
49.5
40.5
1.5

21.0
0.0
1.0
*

14.5

24

17.2

18.6

1.08

July

59.9
86.9
0.0
93.0
0.0

20.1
5.1
7.6
0.0

12.5
3.6

49.8
5.3

10.7
13.6
0.0
0.0

36.0
0.0
0.0
0.0
0.0
9.5
3.5
*
0.0

24

17.4

27.5

1.58

Aug

41.9
62.7
22.1
165.4
30.7
0.0
0.0
2.0
7.4
56.1
0.0
0.0

71.6
0.0
6.8

70.0
0.0

24.0
3.0

41.5
2.0
0.0
0.0
16.0
*
0.0

24

26.0

38.5

1.48

Sept

69.6
0.0
50.3
52.3
22.9
0.0
5.3

14.7
12.7
7.1
18.8
51.8
69.3
12.3
3.8

64.5
26.0
115.5
19.0
14.0

100.5
19.5
61.5
0.0
*
*

24

33.8

32.7

0.97

Oct

17.5
1.8

61.0
46.2
248.7
4.1
0.0

91.2
21.1
57.2
26.7

220.7
54.6
2.8

56.1
79.5
76.5
49.0
10.0
39.5
3.5

48.0
118.0
17.0
*

24

56.3

63.4

1.13

Nov

51.3
161.0
110.0
32.0
41.2
42.9
69.6

222.5
34.3
41.7
1.5

216.4
22.1

377.5
19.7

100.8
120.5
141.5
184.0
131.0
67.0
20.0
55.0

112.0
*
*

24

99.0

86.9

0.88

Dec

126.7
96.5
38.1
35.8
0.0

91.4
53.6
63.7
154.4
45.5
13.8

214.4
160.8
147.8
48.5
186.5
98.5
67.0
49.5
7.0

113.0
24.5

125.0
54.5
*
*

24

84.0

58.8

0.70

Jan - Dec
Total

1069.6
1188.7
755.1
1108.7
930.7
976.6
815.9

1090.9
665.2
889.0
788.4
1244.9
990.4
1105.6
812.1
1009.3
881.4
1118.9
1114.0
826.5
752.5
726.5

1139.0
955.5

*

24

957.7

168.6

0.18

Nov - Oct
Total

-
1109.7
864.5
1189.0
957.3
883.5
827.0
927.9
762.8
990.5
860.3
829.4
1238.3
763.2
1269.2
790.2
949.7
1129.4
1089.0
922.0
710.5
862.0

1003.5
969.0
*
*

23

956.4

154.7

0.16

ro



Monthly Rainfall (mm) for Station:

Registration Number: 96.3812

KWARUHOHBO

Year

1950
1951
1952
1953
1954
1955
1956
1957
19S8
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-55.
1958-64,
1966, 67
1970-78)

m

5

Cv

Jan

85.3
0.0
48.8
79.0
85.1
25.9
64.8
*
0.0
6.6

111.0
15.7

255.3
34.0
25.6
67.5
88.7
10.2
*
*

(145.0)
116.6
76.4
256.3
82.5
97.8
0.0

219.6

23

81.1

77.2

0.95

Feb

153.4
48.3
102.9
22.9
31.8
67.1
54.6
104.9
117.9
114.3
80.5
152.4
76.7
1.3

44.1
25.5
112.1
55.9
56.3
*
5.0
27.0
84.9
67.0
21.0
76.0
37.6
123.3

23

70.6

44.4

0.63

March

244.1
72.1
41.1
71.1
22.1
52.1
66.0
91.4
256.8
259.8
222.0
118.1
98.8
279.6
226.0
5.6

258.9
120.7

*
*

68.6
100.3
124.2
34.5
51.8

187.0
196.7
171.7

23

142.6

85.8

0.60

April

272.3
105.7
111.0
98.3
139.2
87.6
92.7
202.7
66.8
207.0
132.6
113.3
216.7
468.6
121.2

*
77.7
148.5
287.6

*
89.2
124.8
178.4
313.0
358.6
279.4
397.4
209.3

23

187.7

111.4

0.59

Hay

117.9
185.7
74.7
191.8
78.5
114.3
0.0

168.4
14.0
134.4
45.7
102.6
0.0
7.6
33.0
73.9
81.7
145.5
282.8
207.0
(16.0)
110.5
231.6
230.5
142.1
450.6
0.0
44.0

23

111.0

102.5

0.92

June

9.4
21.1
9.1
3.8
4.8
21.6
29.2
4.6
40.4
3.6
39.4
22.4
0.0
26.9
4.9
0.0
17.0
27.7
*

(0.0)
21.0
0.0
0.0

120.2
23.1
10.8
0.0

23

18.6

25.4

1.37

July

45.7
32.0
0.0
22.1
5.8
8.9
*

6.9
0.0
7.6
72.9
0.0
0.0
(0.0)
0.5
12.7
74.2
*
*
5.3
0.0
22.4
15.5
52.5
35.5
36.0
20.6

23

21.2

23.5

1.11

Aug

31.2
3.0
(0.0)
24.6
23.6
4.1
*
*

(0.0)
57.2
0.0
7.6

73.9
17.8
0.0
0.0
0.0

(10.0)
*

26.5
0.0
4.3
11.5
5.5
0.0
27.4
92.2

23

ia.3

25.1

1.37

Sept

79.0
2.3
52.8
32.3
9.1
8.9
*
*
0.0
2.5
5.1
56.6
3.8
0.0
0.0
*

12.7
141.2

*
*

172.9
10.0
44.3
3.0
3.0
66.1
21.1
100.2

23

36.0

48.0

1.33

Oct

33.3
83.8
36.6
39.4
180.1
8.9
*

140.0
0.0
4.6
48.3
314.2
32.3
3.6
69.9
*

32.5
171.9

*
*
0.0
15.0

208.6
0.0
61.0
7.7
30.6
119.4

23

65.3

81.4

1.25

Hov

25.9
239.3
108.5
61.7
52.8
13.2
*

135.4
31.5
27.2
29.2
466.1
7.4

311.6
(5.0)
*
5.6

219.4
*
*
4.0
0.0

186.1
87.8
5.5
18.4
9.9

224.1

23

93.1

123.5

1.33

Dec

31.2
112.8
8.1
0.0
19.1
30.7
*

122.9
79.8
97.8 .
0.0

169.7
71.4
43.7
152.3

*
5.3

127.5
332.7

*
130.2
128.3
143.0
63.1
0.0
53.2
(60.0)
(180.0)

23

74.2

58.9

0.79

Jan - Dec
Total

1128.8
906.0
594.2
646.9
652.0
443.2
*
*

614.1
914.9
734.1
1611.6
836.8
1194.7
682.0
*

704.9
1252.7

*
662.7
653.5
1304.2
1082.2
903.7
1294.8
827.5
1504.4

23

919.6

318.2

0.35

Hov - Oct
Total

*
611.1
829.7
701.9
641.8
471.3
*
*

761.1
901.3
817.2
1005.0
1393.8
918.2
880.0
*
*

916.7
*
*
*

659.4
1103.4
1260.4
1049.1
1228.7
829.2
1170.2

20

907.5

240.2

0.26



Monthly Rainfall (mm) for Station:

Registration Number: 96.3813

MGUDENI SISAL ESTATE

Year

1950
19S1
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

n(1950-54.
1959-66)

m

s

Cv

Jan

149.9
109.0
0.0

130.8
58.4
35.3
149.1
133.9
0.0

101.6
127.3
23.6
153.2
127.0
49.0
93.5
10.2
0.0

13

87.2

53.2

0.60

Feb

149.9
195.8
49.5
6.9

144.8
287.3
54.6
54.6
190.5
155.2
23.6
248.4
130.3
79.0
98.9
55.7
68.6
57.0

13

108.2

70.3

0.65

March

406.4
218.4
S3.8
166.4
25.1
75.9
99.1
113.3
188.5
180.3
156.7
39.1
216.7
149.2
182.9
78.7
211.7
87.1

(no data

13

162.7

9S.4

0.60

April

273.1
219.7
168.9
146.1
189.0
171. S
218.9
160.0
53.1

133.4
182.4
154.7
116.6
268.1
223.7
126.9
113.0
239.2

available)

13

178.1

54.3

0.30

May

33.0
104.6
78.2
192.0
130.3
244.9
19.6
128.0
26.2

117.6
47.0
102.1
2.8
10.4
23.8
79.2
102.3
169.4

13

78.7

54.3

0.69

June

0.0
0.0
0.0
8.9
19.6
46.5
0.0
0.0
23.6
5.3
27.2
25.9
0.0
20.3
0.0
0.0
26.2
30.8

13

10.3

11.7

1.14

July

11.2
0.0
0.0
0.0
1.3

18.0
0.8
9.1
*

6.4
13.5
49.8
7.6
5.6
8.4
0.0
0.0
0.0

13

8.0

13.4

1.68

Aug

55.9
6.4
2.5
35.6
15.5
1.3
0.0
0.0
*

41.4
0.0
0.0
39.4
0.0
11.9
48.7
0.0
31.2

13

19.8

21.2

1.07

Sept

53.3
0.0
47.8
20.3
4.1
0.0
2.8
5.1
*

3.0
16.0
56.6
41.4
15.8
2.5
58.7
35.0
89.0

13

27.3

22.4

0.82

Oct

4.3
34.3
20.3
40.6
231.6
0.0
17.0
*

67.1
32.3
209.0
27.4
6.6
66.0
90.7
61.2
60.9

13

68.6

72.0

1.05

Nov

29.7
168.9
83.8
36.6
45.5
*

40.6
*
*

17.8
0.0

200.7
28.5
273.9
7.6

100.8
46.7
*

13

79.3

84.2

1.06

Dec

56.6
69.9
30.5
75.7
4.6
*

22.9

128.0
20.8
22.9
177.0
166.9
209.4
53.1
139.7
106.7

13

87.2

66.8

0.77

Jan - Dec
Total

1223.3
1127.0
565.3
859.9
869.8
*

625.4
*
*

849.9
648.9
1286.9
930.7
1165.3
727.8
872.6
781.6
*

13

916.1

223.3

0.24

Nov - Oct
Total

_
974.5
689.8
861.9
932.0
930.8
*
*
*
*

664.6
932.1
1113.1
877.4

1150.4
692.8
868.7
918.0

11

887.0

161.0

0.18



Monthly Rainfall (mm) for Station:

Registration Number: 96.3817

KIWEGE SISAL ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

n(1950-66)

m

s

C
V

Jan

147.3
90.2
7.9
89.9
88.9
55.9
179.1
165.1
0.0
90.2
164.8
47.8
196.1
72.4
104.1
167.7
29.9
0.0

16

96.9

62.0

0.64

Feb

110.5
154.2
38.9
14.5
117.1
301.0
97.8
85.1
158.0
141.2
37.6
189.0
96.0
39.4
66.0
66.2
72.4
25.7

16

104.7

72.2

0.69

March

270.3
197.6
139.7
282.2
81.3
36.1
95.3

(150.0)
163.6
81.3
215.9
25.4
176.5
161.4
160.2
73.7
203.1
77.6

(no data

16

140.2

69.9

0.50

April

330.7
155.7
134.9
194.6
200.9
199.4
170.2
208.0
99.3
223.0
257.8
156.7
191.3
212.1
213.1
195.3
186.0
278.1

available)

16

187.4

37.5

0.20

Hay

102.1
123.2
37.1
163.3
91.7
189.5
12.7
137.9
16.0
101.1
82.6
51.8
21.8
17.8
26.7
90.2
106.6
187.1

16

79.4

55.9

0.70

June

*
10.2
0.0
0.0
22.1
22.1
20.3
1.5
56.1
2.5
59.4
58.4
0.0
22.7
3.8
0.0
32.3
35.0

16

19.5

21.8

1.12

July

9.1
0.0
17.5
5.1
30.0
1.3
22.6
0.0
29.2
0.0
56.9
1.3
0.0
15.2
17.8
0.0
0.0

16

12.9

16.0

1.24

Aug

*
7.9
0.0
41.4
9.1
0.0
1.3
5.6
11.4
76.2
0.0
2.3
71.4
0.0
30.5
29.6
0.0
25.7

16

17.9

25.3

1.41

Sept

A

0.0
50.3
30.0
0.0
0.0
6.4
16.3
34.3
0.0
11.2
52.3
64.8
0.0
15.2
72.3
33.0
97.9

16

24.1

24.8

1.03

Oct

*

47.0
37.1
78.0
223.8
2.0
3.8
85.6
15.2
66.0
65.5
225.8
36.8
3.8
67.8
85.7
62.9
48.3

16

69.2

67.2

0.97

Nov

*
172.0
73.2
37.1
57.2
51.6
41.9
165.1
52.8
30.7
0.0

198.9
60.2
338.3
15.2
98.1
96.4
*

16

93.0

86.9

0.93

Dec

*

126.5
35.8
58.2
2.0
78.7
20.3
49.3
140.2
97.5
0.0

368.3
164.1
148.5
27.9
223.0
99.6
*

16

102.5

95.2

0.93

Jan - Dec
Total

*
1093.5
552.5
1006.6
899.2
966.2
650.2
1092.1
747.0
939.0
894.8
1433.6
1080.3
1016.4
745.7
1119.6
922.2
*

16

947.4

210.6

0.22

Nov - Oct
Total

*
*

744.4
1020.4
935.3
895.2
718.5
939.9
768.3
1003.7
1023.0
866.4
1423.2
753.9
1189.4
841.6
1049.3
971.4

15

944.8

187.7

0.20

N>



Monthly Rainfall (mm) for Station:

Registration Number: 96.3819

KINONKO SISAL ESTATE

Year

1950
19S1
1952
1953
1954
1955
1956

1961
1962
1963
1%4
1965

Jan

188.7
82.0
22.1

112.0
*

54.4
197.1

0.0
311.4
27.6
24.9
41.9

Feb

84.3
105.2
66.8

0.0
*

233.7
*

332.7
41.9
77.5

122.4
64.8

March

162.8
81.5

144.0
202.4

*
58.2

*

(no data

25.9
131.8
236.6
139.8

5.6

April

234.2
102.1
153.2
151.6

*
144.8

*

available)

243.1
0.0

244.5
253.7
152.4

Kay

67.9
90.7
34.8

179.3
*

283.0

61.7
0.0
6.9

36.9
93.2

June

5.1
20.3

5.1
*
*

29.0
*

42.7
0.0
0.0

16.9
0.0

July

1.8
0.0
0.0

*
*

0.0
*

57.2
6.6
0.0
5.1
0.0

Aug

3.3
0.0
2 .3

*
*

0.0
*

42.7
59.2

0.0
0.0
0.0

Sept

4 .8
0.0

72.9
*

0.3
*

27.9
0.0
3.3

15.8
0.0

Oct

39.4
48.3
39.9

*

0.0
*

226.1
0.0

273.6
139.1
132.6

ttov

*
140.2
47.2

*
*

40.4
*

274.3
73.7

179.7
6.6

80.7

Dec

82.8
250.2

8.1
*
*

46.0
*

320.3
*

234.0
131.6
146.8

Jan - Dec
Total

*
902.2
596.4

*
*

889.5
*

1654.6
*

1283.7
992.8
718.0

Nov - Oct
Total

*

*
931.5

*
*
*

*
1145.5

*
1268.3
628.7



Monthly Rainfall (mm) for Station:

Registration Number: 96.3822

KIKONDENI SISAL ESTATE

Year

1951
1952
1953
1954
1955
1956

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1952-55.
1960-77)

IB

S

Cv

Jan

27.9
72.4
83.8
63.4
191.8

186.2
30.5
176.5
105.4
114.3
87.7
124.7
0.0
48.8
58.3
190.2
224.7
122.4
235.7
116.1
150.0
51.1

106.6

22

108.0

64.5

0.60

Feb

*
38.1
0.0

142.2
290.8
170.2

88.4
174.5
78.7
88.9
130.7
39.2
125.6
83.8
15.5
69.9
135.4
97.0
50.9

114.7
25.0
0.0
63.1
105.7

22

89.0

6S.5

0.74

March

*
88.9
132.1
12.7
95.3
134.6

(no data

196.1
40.6
102.9
227.0
287.3
81.4
174.1
16.5
328.2
279.6
212.7
209.7
216.8
70.0
198.9
176.7
126.9
136.7

22

155.1

87.3

0.56

April

*
179.1
111.8
201.9
184.2
195.6

available)

406.4
129.5
156.2
350.4
232.4
275.6
207.1
276.4
315.2
157.7
136.9
244.1
218.3
298.3
335.5
288.2
152.2
104.8

22

225.6

83.8

0.37

May

*
29.2
169.9
125.7
299.7

*

45.7
106.7
19.1
14.0
57.2
64.9
138.6
208.6
99.0
135.6
41.3
48.0
290.3
91.4
28.5
96.8
51.1
19.3

22

99.1

82.1

0.83

June

*
0.0
0.0
0.0
72.6
*

35.6
19.1
24.1
26.7
36.7
21.6
38.1
37.3
33.5
29.2
1.8
19.8
0.0
0.0
26.5
17.0
49.8
0.0

22

22.3

19.3

0.87

July

*
0.0
0.0
0.0
0.0
*

0.0
69.9
33.0
19.1
29.3
28.0
0.0
57.2
0.0
3.6
1.3
15.6
10.6
1.7
34.6
9.3
14.5
3.7

22

15.1

19.7

1.30

Aug

*
3.8
0.0
5.1
11.4
*

0.0
8.9
78.7
10.1
40.6
35.7
10.2
38.3
0.0
16.4
1.3
2.0
12.9
20.2
5.9
0.0
0.0
4.7

22

13.9

19.1

1.37

Sept

0.0
33.0
48.3
0.0
0.0

8.9
113.0
67.3
16.5
27.9
23.0
45.9
128.9
0.0
19.9
103.9
14.8
28.3
3.1
0.0
62.2
26.7
92.9

22

39.3

39.4

1.00

Oct

61.0
43.2
40.6
149.9
2.8
*

34.3
176.5
35.6
26.7
83.8
161.3
48.2
64.7
17,0
23.4
15.2
51.1
189.2
11.6
58.4
13.4
4.1
96.5

22

61.3

57.7

0.94

Kov

144.8
68.6
0.0
0.0
34.3
*

0.0
270.5
78.7
373.3
28.0

132.4
64.8
112.2
301.1
175.1
10.8
3.4
90.8
89.9
0.1
12.9
31.4
145.7

22

92.0

105.4

1.15

Dec

128.3
35.6
142.2
15.2
50.8
*

48.3
199.4
156.2
237.6
69.9

(180.0}
99.1
157.7
63.9
14.7
142.0
95.8
125.0
82.1
21.4
136.3
26.0
104.7

22

100.2

63.7

0.64

Jan - Dec
Total

*
547.4
716.3
736.6
1105.4

*

1049.8
1339.1
1007.1
1495.7
1138.1
1130.8
1076.4
1181.6
1222.2
982.5
992.8
1026.0
1355.5
1018.7
850.9
962.8
598.9
921.3

22

1020.7

235.3

0.23

Nov - Oct
Total

*

716.3
678.3
863.5
1035.5

*

*

958.1
1242.0
1119.7
1651.1
916.3
1224.9
1075.6
1127.1
1157.7
1029.8
1085.6
1238.9
1062.5
991.4
836.0
690.7
728.3

22

1020.4

230.6

0.23

US
N>
00



Monthly Rainfall (mm) for Station:

Registration Number: 96.3828

UBENA PRISON CAMP

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1966-71,
1974-77)

m

s

Jan

56.8
0.0

33.7
38.2
76.4
313.B
200.0
121.2
9.6

76.3
32.9
191.0
142.2

10

83.2

97.1

1.17

Feb

323.6
37.4
26.0
88.4

116.2
77.3
34.5
70.7
98. S
122.2
112.9
145.6
26.4

10

114.8

82.2

0.72

March

419.2
47.5
271.7
117.9
83.5
94.7
33.2
80.3
278.0
190.5
104.3
191.7
183.9

10

179.9

115.1

0.64

April

152.5
310.9
271.3
98.9
84.0
179.7
195.8
269.2
412.5
285.4
126.2
92.6
222.6

10

201.4

112.1

0.56

May

133.1
141.6
66.9
101.2
25.1
51.3

261.2
160.2
106.2
91.3
18.7
62.6
95.6

10

79.8

42.1

0.S3

June

22.2
41.7
49.5
13.6
7.1
14.3
6.2
0.0
1.4

14.9
36.8
4.0
39.5

10

20.6

16.6

0.81

July

S.6
49.6
0.0
0.0
0.0
8.2

- 1S.0
0.0

47.0
23.0
11.3
2S.2
5.9

10

17.0

18.8

1.11

Aug

9.6
46. S
1.0
1.3
3.7
1.1
0.0
*

64.0
1.8
0.0

22.7
2.7

10

15.2

22.6

1.49

Sept

6.9
97.0
13.4
20.8

135.5
9.7
*
*
0.0

105.5
8.1

95.3
4.4

10

49.2

52.3

1.06

Oct

39.8
43.3
43.7
10.2
10.1
51.0
*
*
0.0

80.4
17.4

234.7
17.7

10

53.1

68.2

0.28

Nov

25.7
124.1
184.0
92.4
1.4

10.0
*
*
6.8
17.9
39.3
132.9
167.0

10

63.5

64.9

1.02

Dec

45.4
74.8
73.4
2.5

129.4
166.0

*
4.4

156.1
60.8
132.4
192.0

10

84.5

59.2

0.70

Jan - Dec
Total

1240.4
1014.4
1034.6
585.4
672.4
977.1
*
*

1028.6
1165.3
568.7

1330.7
1099.9

10

961.8

268.3

0.28

Nov - Oct
Total

*

886.6
976.1
674.9
636.5
931.9
*
*
*

1002.5
642.6
1165.5
1006.2

9

880.3

187.8

0.21

OJ



Monthly Rainfall (mm) for Station:

Registration Number: 96.3831

KATE SISAL ESTATE

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974

Jan

30.2
1.8
23.9

151.2
130.5
211.0
166.6
155.7

Feb

44.5
54.8
85.1

108.2
112.0
37.8
127.5
62.0

March

114.3
36.9
276.4
113.7
154.7
92.2
245.5
2.9

(no data

April

178.3
206.2
97.9
61.7
30.6
168.7
241.6
238.1

available)

May

15.2
47.0
69.6
59.2
0.0
68.1

249.9
53.4

June

3.8
52.3
5.3
10.2
5.1
15.2
0.0
4.8

July

19.6
52.0
*

14.2
0.0
0.0

12.2
12.2

&ug

19.3
*
*

22.1
113.3
0.0
6.1
11.4

Sept

63.3
*
*

40.9
0.0
45.5
45.5
0.0

Oct

80.8
*
*

163.9
20.8
25.2
77.0
0.0

SJov

86.3
*
*

44.1
222.1
20.6
149.0
123.4

Dec

73.5
*
*
*
*

150.4
106.4
62.9

Jan - Dec
Total

729.1

*
*
*

834.7
1421.3
726.8

Mov - Oct
Total

796.8
*
*
*
*
*

1342.9
795.9

u>
o



Monthly Rainfall (mm) for Station:

Registration Number: 96.3833

UBENA ZOHOZI

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n( 1966-73,
1975-78)

m

s

Jan

21.3
0.0
34.3
97.1
150.8
185.8
92.9
77.0

170.3
34.0
141.0

11

91.3

64.2

0.70

Feb

69.3
33.8
47.5
118.3
120.1
17.5
81.2
50.8
*

12.0
42.2
115.0

11

64.3

39.7

0.62

March

166.4
28.3
314.5
80.7
139.9
108.5
183.5
48.9
*

181.0
103.0
130.2

11

135.0

78.2

0.58

April

103.9
157.3
189.3
154.9
62.8
131.1
256.7
196.8

*
254.7
99.0
120.5

11

157.0

62.6

0.40

Hay

110.2
166.5
93.5
87.9
31.5
48.2

240.3
93.3
*

75.9
74.5
69.5

11

99.2

58.3

0.59

June

13.2
39.7
48.1
27.2
0.0
21.8
0.0
20.4
*
0.0
65.0
0.0

11

21.4

22.1

1.03

July

0.0
44.2
3.6
0.0
0.0
17.1
0.0
5.0
*
0.0
3.5

16.1

11

8.1

13.5

1.67

Aug

16.0
41.9
1.5
0.0
5.2
3.1
12.3
13.8
*
0.0
8.5

14.4

11

10.6

12.0

1.13

Sept

32.3
131.6
34.5
15.2
98.9
19.6
22.0
0.0
*

58.5
10.8
115.0

11

49.0

45.7

0.93

Oct

52.3
92.5
41.4
20.3
0.0
20.5
156.7
0.0

0.0
30.0
16.3

11

39.1

47.7

1.22

Nov

95.8
109.8
222.3
153.3
0.0
24.9

190.0
133.3

*
34.0
42.2

209.9

11

110.5

78.3

0.71

Dec

90.4
5-4.1
81.0
0.0

140.6
170.6
180.2
60.0
*

88.0
22.1
173.0

11

96.4

62.2

0.65

Jan - Dec
Total

771.1
899.7
1111.3
754.9
749.8
768.7

1415.8
699.3
*

874.8
534.8

1121.4

11

882.0

246.6

0.28

Nov - Oct
Total

*

922.0
971.9
904.9
762.5
713.8
1241.1
876.2
*
*

592.5
802.3

9

865.2

183.5

0.21

UJ



Monthly Rainfall (ran) for Station:

Registration Number: 96.3834

CHALINZE C6TH0LIC MISSION

Year

1967
1968
19&9
1970
1971
1972
1973
1974
1975
1976
1977-
1978

n(1966-77)

m

s

Jan

*
17.8
144.0
242.3
166.8
96.5
86.3
91.1
60.7
14.4
106.3

9

103.9

72.8

0.70

Feb

62.1
136.7
149.0
54.0
51.9
38.8
3.0
17.8
100.0
44.8

9

72.S

41.4

0.57

March

*
464.6
180.8
178.5
151.4
179.0
98.5
79.6
124.3
63.8
56.5

9

166.4

121.8

0.73

April

*
228.4
159.7
74.8
218.9
236.1
210.0
134.5
294.4
130.1
49.4

9

178.0

80.6

0.45

May

*
55.4
65.1
27.2
70.7

236.8
79.2
*

143.2
67.0
61.3

9

89.5

63.2

0.71

June

*
58.2
17.6
0.0
30.6
0.0
1.0
*

39.9
16.5
3.7

9

18.6

20.6

1.11

July

*
0.0
15.0
0.0
5.8

22.0
0.0
*
4.9
7.4
8.0

9

7.0

7.4

1.06

Aug

*
0.0
29.4
0.0
2.2
5.0

20.3
*
1.0
9.7
16.0

9

9.3

10.5

1.13

Sept

52.3
83.6
12.5
131.0
45.9
37.7
40.0

30.4
19.1

(100.0)

9

55.6

40.2

0.72

Oct

76.0
31.5
87.0
16.7
64.5
150.5
18.0
*
8.4
19.8
55.8

9

50.2

45.9

0.91

Nov

204.5
343.0
82.9
6.2
6.2

125.1
64.0
*

14.0
18.8
146.9

9

89.7

108.5

1.21

Dec

26.3
84.0
19.0

107.7
101.8
157.7
117.9

*
150.3
30.9
106.5

9

97.3

47.2

0.49

Jan - Dec
Total

*
1428.6
949.7
933.5
918.8
1298.3
774.0
*

889.3
497.5
755.2

9

938.3

280.1

0.30

Nov - Oct
Total

*
1232.4
1293.6
919.4
924.7
1123.5
874.9
*
*

612.1
521.5

8

937.8

275.6

0.29



Monthly Rainfall (mm) for Station:

Registration Number: 97.3604

SANJE ESTATE

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

n(1950-58,
1960-63)

m

s

Cv

Jan

291.3
80.0
49.0
235.7
253.5
198.6
434.8
188.2
50.3
320.8
133.6
249.2
124.7
230.8
244.1

13

197.3

110.7

0.56

Feb

173.0
317.0
288.0
77.7

281.2
271.3
434.1
112.0
181.9
248.4
166.9
205.7
292.4
384.7
207.1

13

245.1

103.7

0.42

March

522.0
149.9
408.2
259.6
355.3
228.1
553.2
359.7
669.5
510.5
495.0
142.5
289.1
574.1
492.9

(no data

13

385.1

168.7

0.44

April

446.0
436.1
508.5
327.7
288.6
457.5
504.7
617.2
324.9
264.2
426.2
470.4
423.9
451.0
587 .4

available)

13

432.5;

96.6

0.22

Hay

223.0
252.5
175.8
162.8
147.6
331.7
269.0
246.6
53.1
50.5
47.8
119.1
47.0
110.3
51.9

13

168.2

92.1

0.55

June

3.6
24.9
45.2
3.3
0.0

118.6
53.3
22.1
22.9
7.1

45.7
64.S
0.0

111.9
9.9

13

39.7

39.7

1.00

July

38.1
71.6
25.2
2.8
0.0
43.9
0.0
34.5
1.8

10.2
118.1
89.9
12.5
*

13

34.5

37.8

1.10

Aug

66.0
28.7
73.4
17.8
3.0
0.0
24.1
27.7
10.9
*
0.0
10.7
0.0
4.3
*

13

20.5

24.2

1.18

Sept

67.6
1.5
80.5
42.2
11.4
1.8

26.4
117.6
3.3
*

14.7
33.3
4.6
3.8
*

13

31.4

36.5

1.16

Oct

35.6
61.5
25.9
0.0

39.4
34.0
6.6

107.7
0.0
*

39.1
236.5
28.2
24.4
*

13

49.2

62.9

1.28

Nov

98.6
290.3
154.4
10.0
8.6

115.8
26.4
90.9
32.3

0.0
287.3
10.9
542.9

13

128.3

159.4

1.24

Dec

91.7
159.8
31.2
269.5
10.4
87.6
334.0
(150.0)
169.7

*
37.8
284.7
192.5
217.8

*

13

156.7

102.5

0.65

Jan - Dec
Total

2056.5
1873.8
1866.4
1410.0
1339.1
1889.0
2666.7
2074.2
1520.4

*
1417.1
2222.3
1503.2
2668.5

*

13

1885.2

449.6

0.24

Mov - Oct
Total

*

1614.0
2129.8
1315.2
1599.5
1704.5
2509.6
2193.7
1386.6

*
*

4606.3
1871.8
2111.2

*

11

2094.8

909.9

0.43

u>



Monthly Rainfall (mm) for Station:

Registration Number: 97.3605

H&ZOBWE (IRING& DISTRICT)

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

1974

Jan

*
46.7
140.7
69.6
280.9
376.1
186.2
111.5
73.9
5.3
25.2
28.4
81.4

*

Feb

59.7
95.3
93.5
182.6
119.9
110.9
312.3
195.1
58.1
55.7
15.4
*

21.0

17.1

Harch

140.7
147.6
133.9
54.1
382.8
185.4
212.5
93.0
119.2
11.4
28.0
29.8
46.0

(no data

20.9

April

40.9
17.3
135.1
33.5
41.4
55.9
34.5
63.6
62.0
*

25.8
1.6
77.3

available)

32.1

Hay

*
*
3.8
18.8
35.6
0.0
0.0
8.9
5.1
*
0.8
*
*

0.1

June

*
0.0
0.0
*
0.0
0.0
0.0
*
*
0.0
*
*

0.0

July

*
*
2.3
0.0
*
0.0
0.0
0.0
*
*
0.0
18.0
*

0.0

Aug

*
*
0.0
0.0
*
0.0
0.0
0.0
*
*
0.0
*
*

0.0

Sept

*
*
0.0
0.0
*
0.0
0.0
0.0
*
*
0.0
*
*

0.7

Oct

*
*
0.0
7.4
*

40.9
0.0
0.0
*
*
0.0
*
*

29,0

Nov

*

0.0
74.2
*

87.5
0.0
*
*
*
0.0
*
*

10.0

Dec

*
*
*

408.4
*

67.6
122.8

*
*
0.0
*

109.7

Jan - Dec
Total

*
*
*

848.6
*
*

813.1
*
*
*
*
*
*

Hov - Oct
Total

*
*
*
*
*
*
*

472.1
*
*
*
*
*

*



Monthly Rainfall (rara) for Station:

Registration Number: 97.3606

KALOLO (MOROGORO DISTRICT)

Year

1960
1961
1962
1963
1964
1965
1966
1967
196B
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1961-69)

m

s

Cv

Jan

*
29.7
137.9
85.2
70.4
81.1
29.4
44.5
205.2
222.3
302.6

*
*

56.0
*
*
0.0

47.9

9

100.6

72.4

0.72

Feb

*
118.9
74.4

129.6
95.7
67.9
27.4
77.8
52.8
95.5
67.3

*
295.0

*
1.5
*

96.6

9

82.2

31.8

0.39

March

*
10.2
50.8

107.7
124.0
94.7
55.1
47.4
128.0
99.7
73.8
27.6
73.2
*
*

57.0
10.0
17.9

9

79.5

40.0

0.50

fipril

*

71.6
58.7
30.3
102.3
130.2
58.4
85.1

250.3
44.9
28.6
48.2
104.1

*
*

67.0
94.0
57.2

9

92.4

66.5

0.72

May

*
11.7
8.4
2.3
2.3

24.2
12.0
71.0
5.4

14.5
45.9
0.0

14.6
*
*

21.0
10.0
8.5

9

16.9

21.4

1.27

June

*
5.6
0.0
0.0
0.3
0.0
0.0
2.3
12.7
0.0
0.0
0.0
*
*
*
6.0
9.0
0.0

9

2.3

4.3

1.87

July

0.0
0.0
0.0
2.5
0.0
0.0
0.0
2.8
0.0
0.0
*
0.0
*
*
*
0.0
0.0
7.2

9

0.6

1.2

2.00

Aug

0.0
0.0
16.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
*
*
*
0.0
*
0.0

9

1.8

5.3

2.9

Sept

0.0
0.0
0.0
0.0
0.0
0.0
0.0
19.1
0.0
0.0
O.O
0.0
*
*
*
0.0
*
0.0

9

2.1

6.4

3.05

Oct

*

36.3
0.0
7.6
2.0
0.0
4.6
2.5
0.0
0.0

0.0
*
*
*
0.0
*
0.0

9

5.9

11.7

1.98

Nov

31.2
37.6
73.7
0.0

{50.0)
2.8

40.5
37.1
39.7
*
0.0
*
*
*
1.0
*

120.0

9

34.7

22.5

0.65

Dec

0.0
220.5
113.5
51.4
41.4
111.6
52.3

216.1
0.0
0.0
*
*
*
*
*

36.0
*

68.6

9

89.6

83.2

0.93

Jan - Dec
Total

*
535.7
471.9
490.3
438.4
559.7
242.0
609.1
689.5
516.6
*
*
*
*
*
*
*

423.9

9

505.9

124.4

0.25

Nov - Oct
Total

*

597.9
516.3
522.1
439.5
34S. 5
407.6
909.0
514.0
*
*
*
*
*

*
*

8

531.9

171.1

0.32

I/I



Monthly Rainfall (mm) for Station:

Registration Number: 97.3607

ULAYA

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

n( 1961-75)

m

s

Cv

Jan

*
42.4
133.3
253.2
155.3
169.6
181.0
63.7
98.0
125.0
116.1
74.4
10.7
240.0
233.0
84.5

14

140.7

67.7

0.4S

Feb

*
261.4
67.3
181.0
160.3
57.4
87.7
135.9
61.0
17.7
132.4
150.1
15.3
117.0
58.0
90.2

14

112.7

63.4

0.56

Harch

277.1
56.4

116.6
351.7
266.1
332.8
188.1
275.1
234.2
121.3
184.3
76.2
56.7
162.0
213.0
240.7

(no data

14

201.3

89.7

0.45

April

110.7
173.2
130.1
212.3
102.9
147.0
130.9
380.0
270.0
186.3
89.5
194.3
145.1
115.0
415.1
140.7

available)

14

192.0

99.5

0.52

May

17.8
46.5
17.0
36.1
48.4
21.8
33.8
49.2
174.6
0.0
10.2
95.0
*

50.0
55.0
145.1

14

55.9

50.1

0.90

June

0.0
8.1
0.0
13.5
4.8
0.0
19.5
32.8
44.2
15.5
0.0
12.7
*
6.0
20.0
8.8

14

13.3

12.8

0.96

July

0.8
31.5
28.9
1.0
3.8
4.1
0.0
28.1
3.8
0.0
1.5
12.7
*
0.3
24.3
0.0

14

10.0

12.5

1.25

Aug

0.0
(10.0)
216.7
5.6
22.6
1.3
0.0
9.7
0.0
7.9
2.5
20.8
*

24.0
101.0
0.0

14

30.2

59.7

1.98

Sept

0.8
2.5
0.0
4.6
4.6
21.2
0.0
50.8
0.0
0.0
59.0
24.7
*
4.6
12.0
0.9

14

13.2

19.4

1.47

Oct

33.8
255.0
38.6
9.9
51.4
10.2
50.5
49.8
9.1
8.9
9.7
44.9
*
2.7

21.0
0.0

14

40.1

64.8

1.62

Kov

0.8
(100.0)
37.3

261.5
3.0

164.6
196.9
344.8
93.1
74.7
0.0
67.8
*

75.0
0.0
0.0

14

101.3

105.7

1.04

Dec

1.8
285.8
230.6
96.8
48.3
248.4
77.2
325.6
106.6
40.7
266.3
332.6

*
111.0
24.5
150.0

14

167.5

110.1

0.66

Jan - Dec
Total

*
1272.8
1016.4
1427.2
871.5
1178.4
965.6
1745.5
1094.6
598.0
871.5
1106.2

*
907.6
1176.9
860.9

14

1078.1

'282.1

0.26

Nov - Oct
Total

*
889.6
1134.3
1336.8
1178.5
816.7
1104.5
1299.4
1565.3
682.3
720.6
972.1
*
*

1338.4
635.4

13

1051.8

291.8

0.28



Monthly Rainfall (mm) for Station:

Registration Number: 97.3608

KISANGA MSOLWA

Year

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

n{1956-61.
1963-66,
1968-74}

m

s

Cv

Jan

*
453.4
246.1
22.9
68.6
269.2
205.7

*
186.4
205.8
45.7
121.9
29.2
152.5
10.2

333.8
83.8

215.8
318.9
86.4
98.2

17

178.1

122.2

0.69

Feb

*
285.0
90.2

252.7
127.0
61.0
213.4

*
154.8
238.5
172.7
124.5

*
114.4
134.5
141.0
125.8
242.5
71.1
64.9
97.6

17

153.8

69.7

0.46

Harch

176.8
144.8
96.0

408.9
196.9
198.1
221.0

*
283.2
282.0
250.1
209.9

*
249.0
188.1
153.7
147.3
289.4
73.6
73.6
337.7

(no data

17

203.8

87.1

0.43

April

260.6
315.0
146.1
248.9
31.8
242.6
377.2

*
137.2
207.1
326.4
213.6
137.1
430.6
204.6
91.4
186.4
189.0
314.9
336.6
206.6

available)

17

235.3

104.9

0.45

Hay

203.2
87.6
88.9
87.6
25.4
20.3
82.6
*

17.8
24.1
33.0
84.0
152.4
187.9
101.5
48.3
59.8

111.6
10.2
91.3
*

17

68.3

45.5

0.67

June

36.3
40.6
0.0
14.0
0.0

119.4
29.2
*
0.0
15.2
0.0
16.5
33.1
47.0
13.9
6.3
5.1
0.0
50.8
17.8
*

17

22.1

30.1

1.36

July

29.2
0.0
6.4
0.0
0.0
0.0
90.2
*
0.0
0.0
0.0
5.1

40.6
12.7
2.5
10.1
19.0
16.5
0.0
20.2
*

17

10.8

21.7

2.01

8.9
5.1
0.0
0.0
0.0
0.0
0.0
*
0.0
12.8
12.7
0.0
6.4
0.0
7.5
0.0
0.0
0.0
0.0
0.0
*

17

2.2

4.5

2.05

Sept

12.7
0.0

29.2
0.0
12.7
0.0
8.9
*
0.0
0.0
0.0
6.4

64.9
0.0
7.6

25.4
1.3

74.9
0.0
0.0
*

17

9.8

19.1

1.95

Oct

10.2
0.0
24.1
0.0
0.0

33.0
214.6

*
22.9
20.3
35.5
35.6
119.4
5.1
5.1
0.0
8.9

35.6
0.0

46.9
*

17

28.7

50.5

1.76

Kov

88.9
66.0
47.0
55.9
25.4
0.0

195.6
*

449.6
0.0
71.0
95.2

231.2
226.0
34.3
16.5
45.8
135.9
12.7
0.0

• *

17

86.9

114.4

1.32

Dec

134.4
25.4
123.2
74.9
330.2
12.7

288.3
*

274.3
63.6
220.9
69.9
*

99.1
36.7
167.7
242.6
72.4
{50.0)
25.4
*

17

128.1

104.4

0.81

Jan - Dec
Total

1422.9
897.1

1165.9
817.9
956.3
1926.7

*
1526.2
1069.4
1168.0
982.6
*

1524.3
746.5
994.2
925.8

1383.6
902.2
763.1
*

17

1127.8

326.0

0.29

Nov - Oc1
Total

1554.8
818.4
1205.2
593.2
1299.2
1455.5

*
*

1729.7
939.7
1109.4

*
*

1000.6
881.0
821.6
1463.7
1047.8
800.4
*

15

1114.7

327.3

0.29



Honthly Rainfall (mm) for Station:

Registration Number: 97.3609

SONJO (ULAHGA DISTRICT)

Year

1964
1965
1966
1967
1968
1969
1970
1971

Jan

272.9
89.7
131.4
119.1
92.3
92.3

608.0
153.6

Feb

222.0
241.5
124.7
214.9
333.1
189.2
357.2
103.5

Harch

467.7
459.8
101.6
309.1
462.5
593.1
484.9
376.1

(no data

April

342.2
565.3

*
562.4
968.4
614.9
330.3
555.3

available)

May

57.8
82.7
55.9

435.6
275.3
141.4
9.7

June

8.9
0.0
10.2

182.1
70.1
61.0
0.0

July

9.4
0.0
0.0

60.2
4.6

31.8
9.0

fiug

28.2
5.3
0.0

36.8
35.5
22.2
0.0

Sept

1.3
67.3
12.2

118.9
0.0
0.0
0.0

Oct

14.1
48.6
94.0
34.5
0.0
0.0
0.0

Nov

12.7
86.9
106.9
540.6
324.2
227.4
0.0

Dec

129.1
198.2
115.5
574.2
191.3
70.1
194.3

Jan - Dec
Total

1566.3
1845.3

3188.4
2757.3
2043.4
1993.4

Nov - Oct
Total

*
1702.0

*
2296.0
3356.6
2261.4
2096.6

OO



Monthly Rainfall {ram} for Station:

Registration Number: 97.3610

ICHOKDE (ULANGA DISTRICT)

Year

1963
1964
1965
1966
1967

Jan

*
195.6
112.9
202.2
119.1

Feb

*
172.3
253.4
57.6
214.8

March

*
508.4
445.3
317.5
309.1

(station

April

*
395.2
454.9
357.6
550.5

May

*
63.5
124.2
88.1
336.1

closed 20/8/1970)

June

40.4
0.0
*
7.3

107.1

July

21.5
0.5
0.0
3.8
*

Aug

*
25.9
36.1
0.0
*

Sept

*
0.0
45.8
7.1
*

Oct

39.4
20.3
229.8

*
*

Nov

369.2
2.3
S8.4
*
*

Dec

123.2
137.9
230.4

*
*

Jan - Dec
Total

*
1520.9

*
*
*

Nov - Oct
Total

*
*
*
*
*

CO



Monthly Rainfall (ram) for Station:

Registration Number: 97.3611

HIKUHI

Year

1971
1972
1973
1974
1975

Jan

88.6
149.2
304.0
200.0

Feb

71.5
183.3
116.0
67.0

March

87.2
195.0
40.6
44.5

(no data

April

59.6
175.2
206.6
352.0

available)

May

4.0
111.3
45.2
101.0

June

9.0
1.5
22.3
*

July

10.2
7.0
0.0
36.5

Aug

0.0
1.5
21.5
0.0

Sept

2.0
59.7
0.0
0.0

Oct

5.6
16.0
3.0
*

Nov

25.6
35.0
25.0
38.0

Dec

104.0
57.0
47.0
71.0

Jan - Dec
Total

467.3
991.7
831.2
*

Nov - Oct
Total

*
1029.3
851.2
*



Monthly Rainfall (mn) for Station:

Registration Number: 97.3700

DUTHUHI ESTATE {H0ROGOR0 DISTRICT)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
I960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1950-63.
1965-76)

m

s

Cv

Jan

71.9
141.5
7.6
0.0
21.8
17.0

142.2
297.2
0.0

185.7
165.9
22.9
182.4
304.3

*
133.2
241.2
18.3
158.9
104.7
264.9
142.2
116.4
170.7
179.6
215.8
93.4
*

26

130.8

92.0

0.70

Feb

135.1
199.4
206.2
0.0
86.6
242.8
107.4
30.2
144.3
130.6
45.2
290.3
162.3
137.1

*
51.1
115.7
81.4
75.5
121.9
111.0
85.5
172.0
105.1
52.5
5.2

133.1
142.9

26

116.4

69.3

0.60

Harch

264.4
136.1
249.9
144.3
164.6
30.7
122.9
106.2
506.5
90.9
188.5
133.1
285.2
407.2

*
124.0
241.4
78.3
294.3
254.8
232.4
143.6
239.9
104.8
70.4
260.5
156.3
162.8

26

193.5

107.6

0.56

April

304.3
329.7
199.4
124.2
135.6
299.2
321.6
355.9
212.3
136.9
256.8
251.7
291.6
229.2

*
402.2
208.3
192.7
350.4
367.8
102.8
275.7
319.2
332.6
357.5
270.5
196.2

*

26

262.5

83.2

0.32

May

119.6
128.8
125.2
166.1
216.4
231.4
33.3
176.5
32.0
60.5
37.1
93.2
51.1
6.8
*

100.6
87.2
361.2
93.2
75.9
12.8
48.8
219.2
48.8
123.8
137.2
111.4
63.2

26

111.5

80.8

0.72

June

0.8
16.0
8.4
0.0
0.0
53.1
43.9
11.2
116.1
6.6
68.1
36.1
0.0
35.0
*
0.0
80.5
46.3
78.0
28.3
0.0
49.7
0.0
2.8

47.5
88.9
29.4
7.6

26

32.6

33.1

1.02

July

2.0
11.9
0.0
3.3
0.0
9.9
0.0
15.2
0.0
6.9
0.0
62.0
20.8
0.0
*
4.6
3.8
67.6
0.0
6.3
0.0
18.2
28.3
2.3

61.3
7.4
5.6
*

26

13.0

20.1

1.55

Aug

11.2
0.0
0.0
9.4
0.0
0.0
0.0
12.2
0.0
25.4
5.3
7.4

84.8
0.0
*

38.4
3.8

42.5
6.1
7.4
1.8
0.0
11.8
11.7
1.7
2.3
0.0
10.1

26

10.9

18.8

1.72

Sept

46.0
3.8

42.2
16.3
0.0
0.0
0.0
56.1
19.1
5.1
0.0
73.7
13.5
0.0
*
7.4
0.0
63.4
4.6
3.3

120.4
4.4
58.9
12.8
8.8
30.3
2.5
*

26

22.8

30.4

1.33

Oct

13.5
69.9
16.8
38.4
11.4
0.0
18.5
82.3
0.0
36.8
30.0
172.0
45.5
56.7
*

26.6
10.1
53.9
17.8
9.9
9.4
23.6
86.9
19.5
65.1
5.2
0.0
*

26

35.4

37.8

1.07

Nov

32.0
160.8
104.1
11.9
0.0
70.6
0.0

111.8
21.6
12.7
0.0

190.0
150.4
487.8

*
111.5
64.3
187.5
138.6
42.4
0.0
12.9
179.6
176.6
26.8
17.3
11.7
*

26

89.3

106.3

1.19

Dec

26.7
83.3
0.0
90.7
24.1
136.9
46.2
52.8
134.9
10.2
0.0

187.7
73.7

158.1

(150.0)
24.0
329.5
162.1
3.1

177.2
102.8
70.9
61.0
28.4
150.2
131.4

*

26

92.9

77.2

0.83

Jan - Dec
Total

1027.4
1281.2
959.9
604.3
660.7
1191.6
836.2
1307.6
1186.7
708.2
796.9
1520.1
1361.3
1822.2

*
1149.6
1080.3
1522.6
1379.5
1025.5
1033.2
907.4
1503.1
1048.8
1023.4
1190.8
871.0
*

26

1115.4

294.6

0.26

Nov - Oct
Total

*
1095.8
1099.8
606.1
739.0
908.2
997.3
1189.2
1194.9
841.9
819.8
1142.4
1514.9
1400.4

*
*

1253.5
1093.9
1595.8
1281.0
901.0
968.9
1368.3
1061.6
1205.8
1078.5
895.4
*

24

1093.9

240.7

0.22

u>



Monthly Rainfall (mm) for Station:

Registration Number: 97.3705

SINGIZA HISSION (MOROGORO DISTRICT)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n( 1953-77)

m

s

Cv

Cs

Jan

145.3
517.1
0.0
51.6 .
130.6
331.0
290.1
146.3
7.6
47.0
275.6
106.9
204.2
172.2
115.0
88.7
35.1
53.3
123.6
62.7
251.8
129.5
122.6
172.0
128,6
98.1
199.6
170.7
222.2

25

140.6

83.2

0.59

Feb

159.3
744.2
357.1
0.0

126.2
257.6
161.8
69.6
180.8
90.2
121.4
351.5
179.1
136.5
0.0
82.2
71.7
66.8
104.6
117.1
275.9
95.8
119.1
151.8
65.2
14.7
131.1
104.0
70.5

25

123.0

81.9

0.67

March

589.3
368.3
145.8
323.9
268.7
160.3
564.6
212.6
404.1
502.7
275.8
105.7
224.0
378.2
362.5
141.4
176.3
195.2
350.8
300.5
307.8
191.1
170.3
161.1
91.5
321.8
356.0
137.1
227.8

25

267.4

121.4

0.45

April

504.7
970.3
786.6
922.8
308.9
345.9
362.2
678.7
476.3
225.3
500.4
400.1
471.9
343.4
236.0
317.7
371.0
290.9
396.4
432.5
185.2
440.7
466.9
582.9
485.9
482.7
297.4
257.6

*

25

411.2

157.3

0.38

Hay

167.4
480.1
146.3
162.6
170.4
468.6
52.3
338.1
83.8
68.8
65.5
105.4
63.5
61.6
43.2
152.0
96.1
366.8
123.5
92.6
33.6
106.6
400.1
77.2
251.3
208.8
134.5
153.3
82.6

25

155.2

119.8

0.77

June

3.6
71.1
0.0
0.0
0.5
84.6
52.3
4.3
78.5
33.0
104.4
51.3
0.0
61.9
0.0
0.0
45.0
33.8
48.3
22.9
0.0
89.4
0.0
9.4
79.6
107.5
36.2
4.7
*

25

37.9

36.5

0.96

July

32.5
0.0
0.0
0.0
0.0
22.4
3.3
0.0
0.0
11.2
0.0
91.2
0.0
0.0
0.0
0.0
31.2
80.2
0.0
3.1
8.4
28.6
0.0
45.0
46.4
9.7
37.5
26.3
4.2

25

17.8

25.6

1.44

Aug

3.3
0.0
0.0

22.9
0.0
0.0
0.0
0.0
0.0
79.0
8.4
11.2
73.2
0.0
0.0
0.0
13.5
74.5
2.0
10.9
6.3
0.7
38.0
10.4
0.0
0.0
4.0
37.0
15.0

25

15.7

25.0

1.59

Sept

14.5
0.0
43.9
5.6
(0.0)
0.0
7.6

100.6
7.1
0.0
7.6
40.1
4.3
0.0
0.0
35.4
0.0
60.9
4.3
15.0
64.0
4.9
47.0
9.9
88.0
36.6
106.0
148.1
50.0

25

31.7

41.2

1.30

Oct

22.4
10.9
(45.0)
59.4
0.0
21.1
21.1
34.3
12.7
30.5
11.4
235.0
24.1
38.6
29.2
36.8
21.6
0.0
8.3
17.6
6.9
32.1
123.7
8.0
19.2
8.3
0.0
51.6
*

25

34.1

49.0

1.44

Nov

207.8
462.0
(25-0)
16.8
224.0
71.4
45.0
97.0
22.1
270.8
0.0

270.8
99.8

417.0
0.0

167.0
28.0
153.5
142.7
55.4
19.1
19.8
186.0
82.4
3.8
37.9
15.2
266.7
397.1

25

108.5

110.8

1.02

Dec

52.8
109.2
90.2
113.0
122.9
98.6
96.5
150.6
158.8
18.3
0.0

275.6
133.6
84.9
64.5
160.0
12.5

260.5
243.0
10.4
158.3
130.3
160.6
33.6
33.2
103.0
29.0
126.2
344.1

25.

111.1

76.9

0.69

Jan - Dec
Total

1743.6
3733.3
(1639.9)
1678.6
(1352.2)
1861.5
1656.8
1832.6
1431.8
1376.8
1370.5
2044.8
1477.8
1694.3
850.4
1181.2
902.0
1636.4
1547.4
1140.7
1317.3
1269.5
1834.3
1343.7
1292.7
1429.1
1346.5
1483.3

25

1454.1

285.9

0.20

- 0.07

Nov - Oct
Total

*

3422.6
(2095.9)
(1664.0)
(1135.1)
2038.4
1685.3
1726.5
1495.5
1268.6
1659.6
1498.4
1790.7
1425.8
1287.8
918.7
1188.5
1262.9
1575.7
1460.6
1207.7
1296.8
1637.8
1574.3
1371.7
1325.2
1443.2
1134.6

25

1442.9

250.0

0.17

0.21

to



Monthly Rainfall (mm) for Station:

Registration Number: 97.3706

MATOMB0 MISSION (MOROGORO DISTRICT)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1976

n(1950-75)

m

s

Cv

Jan

276.6
81.3
91.7
51.3 .

108.2
137.7
342.6
167.9
21.1

289.1
236.5
94.0

235.7
557.5
433.6
502.5
164.0
53.1

221.0
64.4

310.4
161.4
220.9
561.0
116.8
253.6
88.0

238.0

26

221.3

154.8

0.70

Feb

117.6
114.3
362.5
44.5
153.2
512.6
193.0
143.5
484.6
223. a
137.2
268.5
363.5
748.7
111.0
425.2
214.0
246.9
139.8
87.4
285.5
64.3
90.5
251.1
72.4
43.0
139.2
176.0

26

226.9

170.4

0.75

March

499.6
184.9
216.4
278.6
212.1
83.6

239.8
224.8
455.9
468.9
612.9
178.8
272.0
295.0
766.0
410.7
381.3
119.5
394.5
265.8
247.6
184.7
360.2
170.8
526.5
185.1
357.9
225.4

26

316.8

162.8

0.50

April

317.8
579.9
231.9
224.3
281.9
330.7
371.3
309.6
375.2
19.1

445.3
340.1
(404.0)
350.3
342.3
463.4
441.8
414.8
536.0
322.2
153.7
283.1
269.9
391.7
254.5
544.5
161.9
179.0

26

348.1

125.4

0.36

Kay

37.6
228.3
75.9

336.0
229.1
273.6
183.1
94.2
124.0
121.2
80.8

(129.0)
(54.0)
72.4
126.5
261.1
127.3
297.8
167.4
55.8
73.0
130.8
192.7
195.6
138.5
244.5
133.0
130.0

26

155.8

82.3

0.53

June

41.9
53.3
64.3
16.8
11.9
58.2
98.0
41.7
108.7
48.3
103.6
(81.0)
(34.0)
101.7
51.6
0.0

39.4
61.7
72.6
56.4
65.3
68.5
9.6

54.9
125.8
76.4
70.3
32.8

26

59.5

31.7

0.53

July

219.2
25.4
8.1
19.1
0.0

173.7
22.4
79.2
14.2
19.1
71.1

(193.0)
144.8
87.8
36.7

210.2
10.7
87.2
26.0
24.3
51.9

148.7
31.3
99.0
28.2
57.6
81.1
36.7

26

72.7

67.7

0.93

Aug

108.2
33.3
41.7
129.5
38.4
15.2
16.8
59.4
181.4
58.9
83.3
111.8
356.1
16.9

131.0
3.3

14.9
96.8
55.3
54.9
76.1
7.6
32.8
87.6
23.1
32.8
15.7
87.4

26

71.8

73.4

1.02

Sept

190.2
6.9
32.0
73.9
44.2
14.7
16.8
18.8
30.5
0.0
93.7

260.4
24.1
26.7
44.2
178.6
(77.0)
164.3
13.8
35.1

202.5
19.6
58.2
29.9
139.7
93.3
36.0

157.5

26

72.7

71.9

0.99

Oct

89.9
119.9
151.1
90.2
36.1
23.6
47.2
15.0
28.7
101.6
221.5
253.5
139.4
34.8

343.0
218.4
148.9
68.9
48.5
162.3
5.3

28.2
123.0
29.9
130.7
65.4
*

209.4

26

104.8

84.0

0.80

Nov

53.8
275.3
90.7
99.3
(18.0)
126.2
55.6
37.3

207.8
88.9
60.7

(276.0)
57.2

1068.7
175.0
628.2
(171.0)
403.9
309.2
235.4
24.2
40.2
(18.0)
151.8
37.2
35.0

*

26

182.5

230.2

1.26

Dec

181.1
240.8
31.0

395.7
10.4

201.3
118.1
263.9
295.1
20.6
26.4

(300.0)
235.0
403.1
349.5
743.8
(141.0)
607.4
134.0
76.9
323.9
201.7
124.1
184.2
185.0
94.4
*
*

26

226.5

174.5

0.77

Jan - Dec
Total

2133.6
1943.6
1397.3
1759.2
(1133.1)
1951.0
1704.8
1455.4
2327.1
1459.2
2173.0
(2486.1)
(2319.8)
3763.6
2910.4
4045.4
(1901.3)
2622.3
2168.1
1440.9
1819.4
1338.8
(1531.2)
2207.1
1778.4
1725.6

*
*

26

2057.4

692.2

0.34

Nov - Oct
Total

*
1662.4
1791.7
1385.9
1610.1
(1628.4)
1858.5
1327.8
2125.5
1852.9
2195.4
(1997.2)
(2603.6)
2584.0
3857.7
3197.9
(2961.3)
(1923.0)
2736.2
1571.8
1783.6
1445.0
1631.0
(2013.6)
1892.2
1818.4

*
*

25

2058.2

614.8

0.30

UÏ



Honthly Rainfall (mm) for Station:

Registration Number: 97.3708

KISAKI (M0R0G0R0 DISTRICT)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Jan

94.0
81.0
3.3

100.1
103.1
52.8
0.0

160.3
0.0
73.7
190.2
40.6
159.5
144.9

*

83.8
*

225.2
47.0
261.7
110.8
39.6
229.7
204.0
20.3
74.2

Feb

106.4
138.7
122.9
0.0
67.6
149.6
50.8
32.0
179.3
63.5
36.6
151.1
24.6
35.6
*

59.6
*
*

59.6
103.9
162.0
46.4
112.3
33.5
0.0
0.0

113.4

March

219.2
170.9
188.2
69.1
51.1

150.1
20.3
88.4

355.3
142.2
292.4
86.4
112.3
402.7

*
133.3
232.4

*
290.4
139.1
214.6
227.0
269.9
102.4
95.6
23.1

185.5

(no data

April

297.9
281.4
261.6
164.8
182.1
356.1
322.8

367.5
253.7
233.7
202.4
186.4
262.4

275.7
194.9

*

330.5
350.3
119.6
312.4
446.2
314.0
491.7
89.1
103.3

available)

May

137.9
156.5
141.0
147.6
178.1
317.8
53.3
191.3
53.8
22.6
92.2
54.8

109.7
21.0

*
114.2

*
*
*

130.0
*

42.8
385.0
194.5
520.5
137.2
102.0

June

0.8
14.0
11.9
0.0
3.0
53.6
14.2
0.0
31.8
35.6
98.6
39.4
1.3

32.2
*

0.0
*
*

60.2
21.6
3.6

24.3
0.0
0.0
14.2
25.5
33.5

July

0.0
0.0
0.0
0.0
0.0
0.0
0.0
*
0.0

10.2
5.1
51.0
11.4
0.0
*
0.0
*
*

0.0
0.0
2.4
14.0
6.0
10.1
45.9
6.0
19.2

fiug

11.9
0.0
0.0
2.5
7.1
0.0
5.0
0.0
0.0
17.8
0.0
*
*
0.0
*

6.3
*
*
*

25.0
0.0
0.0
5.4
0.0
0.0
0.0
0.0

Sept

16.8
2.5
7.6
15.0
0.0
0.0
0.0

43.2
0.0
0.0
*

53.3
*
0.0
*

16.6
*
*
*
9.5

63.5
5.2

33.2
0.0
0.0

16.2
0.0

Oct

4.1
34.5
17.8
19.8
17.8
0.0
0.0

66.0
*

35.1
5.3

168.9
*

24.1

39.4
*

51.9
9.8

27.5
0.5

12.8
97.3
0.0

112.1
0.0
0.0

Hov

33.0
114.6
60.5
0.0
0.0

43.2
0.0

61.0
*

14.0
0.0
*
*

181.2
*

102.9
*

66.6
*

24.8
*

3.4
155.2
52.5
0.0
0.0
0.0

Dec

7.4
107.2
2.5

167.1
0.0

82.6
70.9
39.9

124.5
8.9
0.0
*
*
*
*

167.2
*

95.0
43.4
16.2
*

69.8
74.3
30.9
0.0

83.4
0.0

Jan - Dec
Total

929.4
1101.3
817.4
686.1
609.9
1205.7

*
*
*

677.2
*
*
*
*
*

999.0
*
*
*

894.9
*

868.9
1624.4
967.6

• 1484.0
400.8
631.1

Nov - Oct
Total

*
919.9
976.1
581.9
609.9
1205.8

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

1468.1
1113.7
1567.4
317.4
714.5



Monthly Rainfall {mm) for Station:

Registration Number: 97.3709

TUNUNGUO MISSION

Year

1950
1951
1952
1953
1954
1955
1956

I960
1961
1962
1963
1964
1965
1966
1967

Jan

23.6
153.2

*
132.1 .
335.5
246.4
648.0

*

32.8
220.0
240.5
114.3
118.6
49.5
15.2

Feb

43.2
254.8

*
14.7

230.1
104.6
330.5

*

227.8
106.7
78.7
63.3
63.2
90.2
203.2

March

483.1
212.9
517.9
343.4
160.3
328.4
420.4

(no data

*
47.0
120.7
206.3
406.3
125.2
351.5
99.1

{station

April

573.3
599.4
445.0
404.6
497.3
603.8
1052.1

available)

*
154.4
137.4
240.5
172.4
220.2
182.7

*

May

124.0
228.3
192.5
424.4
392.9
633.2
108.7

36.6
60.5
16.8
28.8
33.3

159.2
142.2

*

closed 14/1/1970)

June

7.1
*

109.7
9.9
31.0
77.2
0.0

9.4
50.0
5.8

28.8
0.0
0.0

40.6
*

July

84.S
0.0
0.0
0.0
0.0

46.2
18.5

*

66.0
17.5
17.4
0.0
10.1
0.0
*

Aug

87.1
*
0.0

124.5
23.9
0.0
0.0

*

4.8
98.3
7.7

21.9
6.4
27.9

Sept

72.9
*

79.2
83.8
0.0
6.9
*

11.2
58.4
25.9
3.4
0.0

100.4
0.0
*

Oct

8.4
*

100.3
1735.3
192.5
0.0
*

57.7
306.6
16.0
37.8

118.2
21.6
28.0
*

Hov

19.1
*

247.1
144.8
49.0
156.7

*

15.2
175.3
37.3

394.6
2.5

179.4
134.6

*

Dec

238.8
*
0.0

151.6
245.9
295.9

*

0.5
556.3
137.2
270.6
79.3
283.4
71.1
*

Jan - Dec
Total

1765.3
*
*

2009.1
2158.5
2931.2

*

*

1739.9
939.5
1554.9
1011.5
1287.7
1118.3

*

KOV - Oct
Total

*
*
*

1959.8
2159.9
2341.6

*

*

1024.0
1496.1
1064.4
1594.9
906.7
1375.4

*



Monthly Rainfall (rnn) for Station:

Registration Number: 97.3711

KIKEO MISSION

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

n(1950-75)

m

s

Cv

Jan

87.9
229.6
110.7
121.9 .
162.8
43.9
385.1
191.8
27.2

105.4
104.4
70.1

198.4
236.6
145.1
85.7
61.7
100.9
205.4
74.2
174.7
144.9
96.1
178.6
205.4
188.1

27

144.9

75.5

0.52

Feb

166.9
195.6
197.9
30.7
156.5
326.4
166.6
36.1
144.3
215.9
169.4
216.2
208.8
167.7
130.9
{125.0}
74.2
98.2
150.5
138.2
366.7
146.6
71.7

317.4
49.6
97.2

27

167.9

91.6

0.55

March

494.5
149.9
124.0
199.4
125.5
233.2
287.8
116.1
388.6
185.9
287.0
197.6
222.8
347.9
320.9
219. S
328.4
155.6
422.5
433.0
225.3
191.2
254.2
193.1
81.8

209.7

(no data

27

245.2

104.3

0.43

April

274.6
179.6
342.1
411.7
212.9
327.2
460.5
338.3
278.1
145.0
310.9
509.8
356.6
543.1
185.0
284.6
234.8
281.6
395.9
593.9
117.2
315.6
343.7
470.1
603.0
259.5

available)

27

329.4

135.5

0.41

Hay

111.8
169.7
122; 2
169.7
170.2
317.2
18.0

249.7
34.3
28.4
63.5
89.7
63.0
50.1
20.2
83.4
108.2
263.1
51.9
72.4
44.1
82.1

227.0
50.0

210.0
247.0

27

117.1

86.3

0.74

June

3.0
24.6
1.5
3.6
1.0

97.8
11.9
0.0
23.6
19.1
64.0
43.4
0.0

113.6
0.0
0.0
52.8
23.2
58.8
.8.6
0.0
77.3
3.7
2.8

44.9
76.5

27

28.4

33.6

1.18

July

1.5
4.3
0.0
6.6
7.9
2.3
2.0
0.0
0.0
6.6
0.0

63.2
30.2
3.3
2.8
0.0
0.0

82.7
24.5
0.0
0.0
2.0
2.4
0.0
30.5
0.0

27

10.1

20.3

2.01

Aug

2.5
0.0
0.0

20.3
0.5
1.3
0.0
0.0
0.0

116.1
3.6
3.8
39.9
0.0
3.3
0.0
4.2

64.4
0.0
4.9
0.0
0.0
1.8
0.0
0.0
0.0

27

9.8

25.7

2.62

Sept

6.9
0.0
11.4
5.1
0.0
0.0
2.5

137.2
0.0
0.0
2.5
6.6
0.0
0.0
0.0
31.3
1.4

61.9
0.0
1.7

29.0
0.0
6.0
0.0
0.0

18.6

27

13.0

28.7

2.21

Oct

63.5
41.9
49.3
.33.5
21.1
2.3

12.4
59.7
0.0
5.6
0.0

161.0
25.7
39.9
26.7
23.2
11,4
41.6
0.0
6.2
0.0
5.8

129.5
0.0
0.0
0.0

27

28.2

39.4

1.40

Nov

93.5
202.4
50.3
19.3
21.6
66.0
34.5
69.9
15.2
24.4
0.0

278.6
51.1

436.0
26.1
119.6
89.9
70.4
75.8
83.3
16.2
24.3
147.9
63.6
85.5
87.1

27

80.3

92.7

1.15

Dec

134.4
241.3
43.7
103.9
93.0
144.0
140.2
177.0
147.8
33.0
13.7

300.0
132.3
157.8
162.8
176.3
71.8

236.0
58.8
66.6

161.5
144.1
234.7
148.5
68.2
83.4

27

130.7

70.3

0.54

Jan - Dec
Total

1434.6
1438.9
1053.1
1125.7
972.8
1561.6
1521.7
1357.7
1059.2
885.4
1019.3
1940.1
1328.7
2096.0
1023.8
1148.9
1479.6
1444.1
1493.0
1133.7
1134.7
1149.9
1518.7
1424.1
1378.9
1267.1

27

1308.3

284.3

0.22

Nov - Oct
Total

*
1223.1
1402.8
1096.5
981.6
1466.2
1556.8
1303.6
1143.0
991.0
1063.0
1375.1
1724.0
1685.6
1428.7
1041.9
1173.0
1334.9
1615.9
1477.7
1106.9
1143.2
1304.5
1594.6
1437.3
1250.3

26

1309.8

218.2

6.00



Konthly Rainfall (mm) for Station.-

Registration Number: 97.3713

KIEHZEHA MISSION (H0R0G0RO)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1953-77)

m

s

Cv

Cs

Jan

240.5
147.6
169.7
173.2
164.6
98.6

404.9
183.6
31.0

105.4
152.4
85.3
168.9
333.0
104.0
149.0
64.0
82.0
177.0
126.0
199.8
233.6
199.S
450.4
129.8
206.4
141.7
16S.2

*

25

173.2

98.3

0.57

Feb

147.3
188.5
256.8
44.7
120.1
320.5
129.5
74.4
164. &
105.7
93.5

358.4
140.0
203. a
154.0
207.5
185.0
169.0
191.0
67.0
383.2
152.0
125.1
274.7
39.7
77.5

120.8
91.3
95.1

25

159.7

91.8

0.57

Harch

348.0
130.6
199.4
219.7
129.3
150.4
207.5
252.0
452.4
124.0
251.5
190.2
219.2
198.8
417.0
159.0
339.0
151.0
414.0
302.0
202.2
91.9
252.2
104.2
82.3
195.6
211.2
114.2
131.6

25

217.3

101.7

0.47

April

317.0
246.9
310.9
319.8
223.8
284.5
307.3
400.3
254.3
170.4
362.2
251.2
218.7
400.8
449.0
391.0
210.3
280.0
507.6
196.0
171.1
256.3
435.5
440.7
526.1
304.1
209.9
283.3

*

25

314.2

104.6

0.33

May

96.0
103.6
106.4
162.1
152.4
213.6
75.9

211.3
66.5
26.4
57.2
99.6
38.9
32.2
43.5
98.0
153.0
220.0
92.7
155.0
72.8
126.9
154.0
36.1
145.0
243.1
96.0
81.7
42.2

25

114.2

64.2

0.56

June

11.9
61.2
0.0
0.0
1.8

82.8
6.1

78.7
17.8
0.0

48.3
51.6
0.0

86.3
0.0
0.0
30.0
38.0
38.0
12.0
0.0

46.6
0.0

17.8
28.6
27.2
75.1
7.5
*

25

27.8

29.1

1.05

July

24.1
2.5
0.0

13.5
1.8
8.6
1.8

10.7
10.2
32.8
3.0

110.5
0.0
0.0
6.0
8.0
0.0

130.0
0.2
5.5
2.1
19.3
9.9
6.6
33.8
2.5

15.3
7.9
0.7

25

17.6

32.3

1.84

Aug

5.6
8.4
0.0
13.5
3.0
2.8
0.0
2.3
3.0

64.8
3.6
0.0

36.1
0.0
6.0
3.0
6.0

38.0
2.6
0.8
0.0
0.0
2.4
0.0
9.0
0.0
0.0
20.3
5.0

25

8.7

15.6

1.79

Sept

10.7
0.3

29.7
18.5
5.6
0.8
16.0

107.4
3.6
7.1
8.6

33.8
5.8
0.0
0.0
23.0
13.0
102.0
5.7

28.0
67.2
17.3
40.3
7.0
37.8
44.2
21.0
55.9
0.0

25

26.8

29.5

1.10

Oct

65.0
67.8
55.9
60.2
40.9
17.3
32.8
38.1
8.4

23.6
42.4
257.6
16.3
8.9

36.5
53.0
57.0
46.0
14.0
18.9
11.6
14.4

120.9
8.3

29.5
4.3

14.0
53.2
7.5

25

41.1

51.6

1.26

Hov

116.8
213.4
51.3
32.0
111.0
75.4
51.8
82.6
104.1
86.1
4.8

246.4
98.3

359.8
15.5
126.0
57.0

170.0
128.0
95.9
187.5
20.8
96.3
83.6
42.2
83.7
28.0

158.1
326.7

25

101.8

78.5

0.77

Dec

131.3
159.5
3.0

200.9
117.3
156.5
158.2
197.1
172.2
103.9
18.3

278.9
212.3
215.2
102.5
238.5
151.0
153.0
108.0
80.2
187.5
145.2
180.1
87.3
121.2
154.1
28.0

148.2
273.2

25

148.6

61.0

0.41

Jan - Dec
Total

1514.3
1330.3
1183.1
1258.1
1071.6
1411.7
1391.9
1638.6
1288.0
850.1

1045.7
1963.4
1154.4
1838.8
1334.0
1456.0
1265.3
1579.0
1678.8
1087.3
1485.9
1124.3
1616.5
1516.7
1225.0
1342.7
961.0
1186.8

25

1350.9

272.5

0.20

0.37

Nov - Oct
Total

*
1105.5
1501.7
1079.5
1076.2
1408.2
1413.7
1568.8
1291.5
936.5
1212.7
1461.3
1369.2
1574.4
1791.0
1209.5
1421.8
1464.0
1752.8
1147.2
1286.1
1333.3
1506.1
1622.2
1232.5
1268.3
1142.8
936.5
*

25

1340.2

226.3

0.17

0.12

CO



Monthly Rainfall (mm) for Station:

Registration Number: 97.3714

MVUHA

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n{1951-56,
1958-62,
1966-71,
1974-78)

m

s

Jan

*
104.9
78.0
57.9 .
95.0
85.6
431.8

*
51.3
185.4
236.2
57.9
133.6
181.4

*
238.6
0.0
69.3
92.7
26.7

407.7
159.1

*
*

217.1
128.8
90.0
59.0

21

131.1

112.6

0.86

Feb

99.6
309.6
263.1
43.2
123.7
271.8
155.7
87.1
190.0
262.9
72.4
285.5
133.6
130.0

*
204.8
355.6
94.0
30.5
47.0
202.5
65.1
13.7
*

11.1
24.5
103.5
109.0

21

150.2

105.7

0.70

March

200.9
146.3
208.3
213.9
96.8
161.5
225.0
223.0
268.2
242.6
104.1
201.4
214.4
254.8
298.9
194.5
575.6
68.1
316.4
264.3
176.6
180.4
31.8
*

112.1
167.1
309.0
196.3

21

212.0

106.4

0.50

April

265.2
323.1
242.1
145.5
241.6
372.4
310.4
94.5
212.1
203.2
294.6
207.3
233.2
178.2
173.1
215.2
711.7
251.1
259.9
139.5
76.8
169.3
32.9
249.1
320.9
202.6
123.1
145.1

21

246.9

130.2

0.53

Hay

153.2
137.4
52.8
188.2
110.7
195.6
14.0
*

62.2
82.6
27.9
52.8
31.0
42.9
25.8
101.0
63.5
162.1
100.4
62.5
22.9
112.1

*
156.2
88.8
174.5
62.5

150.0

21

93.1

56.2

0.60

June

5.1
73.4
14.5
8.9
0.0
54.9
9.1
20.6
37.1
0.0
50.3
55.6
11.2
*
4.3
0.0
64.8
40.6
60.4
0.0
0.0
60.2
*
4.6
19.0
0.0
44.0
(20.0)

21

29.7

25.7

0.87

July

14.5
18.5
9.4
4.3
0.0
7.6
0.0
6.6
5.1

46.2
2.0
85.9
17.3
*

14.0
10.2
0.0
34.3
0.0
86.6
8.9

49.0

6.9
57.1
0.0
23.0
(10.0)

21

22.2

27.5

1.24

Aug

26.9
20.6
14.5
39.9
2.8
13.0
0.0
2.5
19.1

309.9
7.6
5.3

85.1
*
7.8
14.0
0.0
28.0
1.3

36.6
8.9
0.0

16.2
13.0
0.0
0.0

28.0

21

30.2

67.2

2.23

Sept

94.0
0.0
70.1
30.2
11.4
77.2
34.8
11.7
31.8
0.0
8.9
41.9
46.2
*

92.5
0.0
0.0
85.1
0.0
7.1

107.9
25.1
*

10.0
25.7
110.0
21.2
0.0

21

35.0

35.5

1.01

Oct

75.2
73.9
77.2
91.7
79.8
127.0
0.0

101.9
6.4
36.8
10.2

221.7
0.0
*

78.0
69.8
3,1
85.1
36.3
26.7
23.1
14.1
*
0.8

126.7
18.3
28.9
47.0

21

54.0

55.3

1.02

Nov

0.0
167.6
99.1
53.3
17.5
23.1
18.5
85.6
80.0
21.6
0.0

169.9
50.8
*
*

200.6
55.9
246.4
(347.4)
276.5
0.0
2.2
*

49.6
12.2
58.0
0.0

225.5

21

91.7

104.7

1.14

Dec

71.6
152.7
9.7

128.0
84.8
64.5
77.0
62.7
199.4
96.5
0.0

354.8
108.5

*
87.6
*
0.0

524.4
44.5
0.0

134.4
11.9
*

33.7
109.3
193.3
2.5

240.5

21

120.8

130.3

1.08

Jan - Dec
Total

*
1528.0
1138.8
1005.0
779.3
1454.2
1276.3

*
1162.7
1487.7
814.2
1740.0
1064.9

*
*
*

1830.2
1688.5
1289.8
973.5
1169.7
848.5
*
*

1113.0
1077.1
807.7

1230.4

21

1213.3

310.9

0.26

Nov - Oct
Total

*
1279.3
1350.3
833.4
943.1
1468.9
1268.4
(1008.8)
1031.6
1649.0
932.3
1215.3
1430.3
(1421.3)
(1839.6)
(1622.9)
(1545.2)
973.6
1668.7
(1088.9)
1311.8
968.8

(1108.3)
(1234.0)
1074.8
947.3
1056.5
766.9

21

1181.2

265.5

0.22

GO

oo



Monthly Rainfall (mm) for Station:

Registration Number: 97.3715

BUNDUKI (MOROGORO)

Year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1952-S6,
1958-77)

m

s

Jan

*
31.5
143.5
178.3
60.5

343.2
190.0
27.7
167.4
260.1
188.0
380.8
257.6
190.2
93.6
269.3
14.0

121.3
85.2

202.6
168.2
235.4
349.7
162.4
229.1
125.4
257.1

25

181.7

100.0

0.55

Feb

*
271.3
54.1

140.7
250.2
188.7
54.4

182.6
102.4
146.8
511.3
142.0
178.6
116.7
135.4
299.6
152.9
198.3
148.5
251.3
164.1
230.1
121.7
24.5
52.9

199.1
141.0

25

176.2

96.7

0.55

March

*
124.0
291.6
259.3
72.6
220.2
359.9
318.5
171.5
452.1
337.1
219.3
256.5
325.2
173.3
237.7
82.1

330.0
329.1
168.9
355.9
235.3
215.8
264.0
369.7
413.0
228.2

25

258.0

96.2

0.37

April

*
302.8
372.1
305.6
260.6
395.7
260.9
325.1
411.7
486.4
526.3
257.3
358.1
147.4
195.0
335.3
315.7
436.0
518.7
192.8
344.4
361.2
563.6
435.1
408.4
425.8
211.7

25

355.7

109.0

0.31

May

205.2
93.5
260.4
182.1
411.0
45.2
356.6
82.0
68.1
76.5

167.4
55.9
28.1
21.0
109.4
170.2
186.5
106.3
106.0
33.1
77.3

356.3
143.2
168.7
151.4
87.8
147.5

25

133.4

95.5

0.72

June

0.0
27.2
0.0
0.0
58.2
8.1
0.5

29.5
18.8
44.2
7.6
12.7
44.3
42.7
1.3

40.6
38.7
104.1
17.8
0.0

73.7
0.0
52.2
12.7
15.6

105.7
8.0

25

30.6

30.4

0.99

July

0.0
0.0

45.2
1.3

26.7
0.0
*
1.0
0.0
0.0
85.6
27.7
29.4
3.8
8.9
0.0

94.7
0.0
7.6
0.0

14.4
19.1
56.9
11.9
50.8
22.6
15.9

25

20.9

26.8

1.28

Aug

14.5
6.4

87.1
93.5
18.8
4.6

27.2
36.8

113.3
34.8
24.6
181.4
15.2
52.6
54.7
6.4

181.0
30.0
66.0
11.4
5.4

94.0
57.4
42.8
12.0
4.4

34.2

25

50.8

50.3

0.99

Sept

8.9
151.8
81.3
31.8
9.1
14.5
72.9
76.2
26.4
20.6

258.1
91.4
53.3
11.5
152.1
57.2

250.4
5.6

63.7
119.2
52.0

250.3
50.0
23.7
83.2
144.4
198.6

25

91.1

79.5

0.85

Oct

225.3
115.8
141.5
220.7
142.7
96.3
*

60.7
162.6
257.3
651.8
40.9
27.9
106.2
148.2
141.6
155,0
87.2
152.3
43.4
67.4

373.7
52.8
112.3
86.2
195.8
283.5

25

157.2

131.4

0.84

Hov

373.6
83.8

211.1
276.1
348.5
285.5

*
192.5
169.4
58.4

1255.3
31.7

442.4
21.6

364.5
114.7
374.6
347.4
373.4
115.2
133.2
244.5
499.0
84.6

168.9
97.4

458.8

25

270.1

249.3

0.92

Dec

224.3
69.1
273.6
37.8

471.2
244.3

*
265.4
41.7
7.6

400.3
277.6
137.0
255.8
246.4
131.0
85.1

160.5
172.7
621.1
211.1
274.5
271.0
79.4
254.6
217.2
420.2

25

225.1

145.1

0.64

Jan - Dec
Total

*

1327.4
1961.4
1727.2
2129.8
1847.9

*
1598.2
1453.
1847.9
4413.3
2075.9
1828.4
1294.7
1682.8
1803.6
1930.7
1916.7
2041.0
1763.9
1667.1
2429.9
2233.3
1422.1
1882.8
203B.6
2404.7

25

1948.9

592.2

0.30

Nov - Oct
Total

*
1721.8
1629.7
1898.0
1624.0
2136.2

*
*

1700.1
1992.9
2823.8
3065.0
1558.3
1596.7
1349.3
2168.8
1716.7
1878.5
2002.8
1573.8
2059.1
2499.7
2182.3
2027.9
1623.3
2147.5
1840.3

24

1950.7

406.0

0.21



Monthly Rainfall (ma) for Station:

Registration Numberr 97.3716

MIZUNGU HGETA (HOROGORO)

Year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
196B
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1952-76)

m

s

Cv

Jan

*
130.0
134.5
118.4 .
64.3
230.1
161.3
5.1

141.5
275.6
57.9
140.2
199.1
72.6
140.0
86.8
47.3
121.0
55.6
187.8
0.0

111.7
149.3
226.3
(200.0)
88.4
139.6

25

125.8

69.7

0.55

Feb

*
183.4
50.3
90.4
219.7
104.9
78.5
188.0
110.0
100.6
333.5
85.3
162.0
119.0
109.4
164.3
127.8
86.3
129.8
329.2
0.0

179.9
383.8
30.7
70.3
90.0
259.9

25

141.1

93.6

0.66

March

*
187.7
170.2
82.8
161.3
144.3
184.4
279.4
151.9
223.8
126.7
108.5
171.0
265.3
160.3
187.9
65.5
232.4
176.9
41.8
88.1
190.7
127.1
92.3
175.9
201.9
149.6

25

159.9

59.2

0.37

fipril

*
454.7
260.1
139.2
169.7
299.5
330.7
236.2
150.9
323.9
168.4
269.5
210.3
198.6
301.6
110.9
289.8
210.3
181.5
229.9
593.7
237.4
167.2
295.9
298.7
233.7
175.8

25

250.5

104.6

0.42

May

*
108.5
114.0
108.0
138.4
50.3
111.5
46.7
19.6
20.6
86.6
5.1
0.0

30.2
49.2
30.2
135.1
45.8
98.7
5.0

26.5
91.3
11.1
112.1
83.5
30.9
78.2

25

62.4

44.7

0.72

June

*
3.0
0.0
11.9
22.6
0.0
1.3
7.9
0.0
21.6
3.6
0.0
0.0
1.8
0.0
15.0
34.0
20.0
0.0
5.0
28.0
0.0
0.0
35.0
13.6
30.1
0.4

25

10.2

12.1

1.19

July

*
0.0
8.4
0.0
3.3
(0.0)
3.6
0.8
5.1
2.0
28.4
4.1
0.0
0.0
0.0
0.0
50.1
0.0
0.0
0.0
38.5
0.0
4.5
27.8
0.4
8.0
5.8

25

7.4

13.6

1.84

Aug

2.8
0.0
17.0
3.6
0.0
0.0
3.6
10.4
35.3
0.0
0.0

(18.0)
0.0
(3.0)
23.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.7
9.6
0.0
0.0
2.4

25

5.2

9.2

1.77

Sept

1.3
27.7
17.8
1.8
0.0
2.5

110.0
12.4
2.0
4.1
22.4
5.3
3.1
0.0

(10.2)
3.1
61.8
0.0
22.6
170.0
3.7

65.2
0.0
6.1
22.6
22.9
51.6

25

23.9

40.0

1.67

Oct

68.3
29.2
45.7
45.2
8.1

(20.0)
28.4
21.1
23.1
36.8
205.2
21.8
14.0
55.9
31.8
88.7
91.5
7.6
19.8
19.0
18.0
105.6
0.0
25.5
0.0
18.9
64.9

25

39.2

44.1

1.31

Nov

208.5
65.3
52.6
64.5
113.8
54.4
128.3
56.4
49.3
13.5
213.9
32.0
238.6
6.8
83.7
78.6
185.5
178.2
119.1
9.0
33.9
124.0
50.0
17.7
72.9
13.2
138.6

25

82.2

65.4

0.61

Dec

188.5
9.7

157.2
54.1
141.2
95.8
96.3
167.9
72.6
3.6

334.3
155.7
96.5
78.5
134.9
80.9
131.4
85.0
79.5
107.3
91.1
158.9
77.4
7.6

173.2
90.6
*

25

107.3

67.2

0.63

Jan - Dec
Total

*

1199.2
1027.8
719.9
1042.4
1001.8
1237.9
1032.3
761.3
1026.1
1580.9
845.5
1094.6
831.7
1044.7
846.4
1219.8
986.6
883.5
1104.0
921.5
1264.7
975.1
'886.6
1111.1
823.4
*

25

1019.0

188.8

0.19

Nov - Oct
Total

*
1521.2
893.0
811.1
906.0

1106.6
1163.5
1032.6
863.7
1130.9
1049.8
1206.0
947.2

1081.5
911.4
905.5
1062.4
1040.3
948.1
1186.3
912.8
1106.8
1130.6
988.7
890.3
970.7
1032.0

26

1030.7

150.3

0.15

o



Monthly Rainfall (mm) for Station:

Registration Number: 97.3717

HTAHBA (HOROGORO)

Year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
19Í5

1974
1975
1976
1977
1978

n(1952-61,
1975-77)

m

s

Cv

Jan

*
74.7
122.9
13D.6
166.4
380.0
193.5
15.5

171.7
253.2
41.4

271.8
443.7

*
196.0

*

128.0
105.3
241.8

13

155.8

97.2

0.62

Feb

*
348.7
52.1

127.3
393.4
173.7
120.7
436.1
153.4
117.1
194.6
181.6
54.6
*
*

*
30.8
124.4
163.9

13

187.4

126.5

0.68

March

*
282.2
262.1
210.3
151.4
259.8
116.1
323.3
326.1
438.4
102.1
366.3
120.5
277.1

(no data

*
289.8
410.4
239.9

13

262.5

101.8

0.39

April

*
236.5
235.5
230.1
569.2
333.0
384.6
190.7
240.5
376.4
229.1
404.4

*
359.7

*

available)

*
280.9
142.4
213.3

13

281.7

111.3

0.40

May

*
71.9
314.2
237.2
265.7
246.1
73.9
194.1
120.7
38.1
129.3
54.6
*
*
*

*

159.2
92.4

168.2

13

162.4

84.9

0.52

June

*
83.8
14.5
15.2
55.6

146.8
36.3
113.0
18.8
54.0
81.3
34.3
*
*
*

*
104.9
72.5
12.6

13

62.3

42.9

0.69

July

*
16.5
23.4
9.7

87.1
(15.0)
68.8
16.5
21.3
32.5
193.5

*
*

76.6
*

*
68.7
18.6
58.9

13

48.5

50.5

1.04

Aug

48.3
54.6
97.5
5.1

90.7
1.3

59.7
77.7
62.0
8.1

83.1
*
*

22.9
*

29.8
15.9
1.4

41.4

13

46.0

36.0

0.78

Sept

4.9
44.7
61.2
19.1
0.0
20.8
56.4
21.8
21.6
14.0
161.3

*
30.5
*

47.7
81.6
57.4

181.1

13

57.0

55.8

0.98

Oct

109.0
194.3
87.6
144.0
10.2
21.3
153.9
46.7
119.6
83.6

298.5
*
*

48.3
*

85.7
184.6
79.2
89.3

13

116.4

79.2

0.68

Nov

274.1
76.7
107.2
76.5

113.8
46.0
(50.0)
74.9
48.0
32.3
276.9
80.8
*
*
*

37.8
16.5
32.6

250.5

13

92.5

81.3

0.88

Dec

180.6
48.5

402.8
105.4
320.3
41.4
202.4
243.6
75.4
47.0
299.7
210.8

*
*
*

*
202.2
52.6

462.5

13

192.6

145.3

0.75

Jan - Dec
Total

*
1533.1
1781.0
1318.8
2223.8
1685.2
1516.3
1753.9
1379.1
1494.7
2090.8

*
*
*
*

*

1563.1
1189.2
2123.4

13

1664.9

321.2

0.19

Nov - Oct
Total

*
1862.6
1396.2
1638.6
1971.6
2032.2
1351.3
1888.9
1574.2
1538.S
1693.5

*

*
*

*
*

1322.7
1495.6

12

1647.2

244.3

0.15

u>



Monthly Rainfall (mm) for Station:

Registration Number: 97.3719

BWAKIRA JUU (HOROGORO)

Year

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1957-63.
1965-74)

m

s

Jan

*
82.0
204.5
66.5
308.6
452.1
0.0

215.9
228.6
45.7
193.0
255.6

*
140.9
69.1
0.0

155.0
44.5
261.7
97.5
83.9
137.2
26.0
166.0
90.0
*

17

141.7

117.9

0.83

Feb

*
0.0

143.8
276.9

*
0.0

227.3
74.9
101.6
346.7
348.0
82.6
*

81.3
158.4
57.9
157.6
95.3
226.2
93.8
117.8
259.8
76.0
5.5

112.2
*

17

141.2

109.6

0.78

Harch

234.4
189.2
242.8

*
127.0
472.4
138.4
175.3
158.8
145.0
461.7
382.0
135.1
222.9
170.1
341.6
306.9
Z81.9
125.5
154.3
226.9
30.0
269.3
168.0

*

17

216.1

120.9

0.56

April

*
264.7

*
548.6

*
541.0
266.7
177.8
370.8
303.5
272.3
330.3
1183.2
421.6
228.3
306.8
414.0
325.2
105.5
296.2
445.7
500.9
149.0
205.0
138.0

*

17

320.9

119.7

0.37

May

*
0.0

458.7
371.9

*
191.8
78.0
49.5
20.3
99.1
149.6
57.4
85.9
151.5
134.7
260.6
129.5
58.4
36.8
77.7
344.7
49.8
84.0
111.0
62.0
*

17

116.1

85.6

0.74

June

*
0.0

165.1
293.1

*
0.0
40.6
20.3
109.2
63.5
0.0
60.9
*
0.0
81.2
34.5
67.4
45.6
0.0

49.7
0.0
15.5
37.2
17.0
58.0
0.0

17

36.8

32.8

0.89

July

*
4.6
72.7
166.1

*
0.0
0.0
3.8
0.0
78.7
45.5
25.3
25.1
4.3
15.5
83.8
0.0
2.5
8.9
15.0
18.3
0.0
47.2
0.0
40.0
*

17

20.5

27.3

1.33

Aug

*
27.4
4.8
0.0
*
0.0
0.0
47.0
2.5
16.5
60.2
0.0
22.9
3.8
5.3

(70.0)
(5.0)
17.7
0.0
0.0
0.0
11.0
0.0
4.0

130.0
130.0

17

14.1

22.6

1.60

Sept

*

10.9
0.0
0.0
*

68.6
15.2
0.0
5.1
53.3
5.1
0.0
12.7
50.0
5.8

(50.0)
67.2
22.9
64.8
0.0
54.3
0.0
7.0
*

11.0
125.0

17

27.6

27.6

1.00

Oct

0.0
45.0
11.9
0.0
*
0.0
0.0
30.5
12.7

248.9
38.1
32.3
37.1
38.7
20.3
57.1
16 ..4
31.8
16.5
77.6
69.9
0.0
19.0
*

94.0
35.0

17

41.8

58.0

1.39

Kov

59.7
25.9
59.2
0.0
*

26.7
0.0
0.0
{0.0)

294.6
160.3
446.7
0.0

216.7
22.8
175.8
254.2
91.6
25.9
28.0
128.8
45.0
0.0
*

29.0
485.0

17

112.8

129.4

1.16

Dec

0.0
179.1
7.1

297.4
*

68.6
149.9
0.0
(0.0)

285.8
102.9
133.2
32.5
209.0
16.5
234.3
53.4
(40.0)
(150.0)
140.6
179.1
25.0
2.0

142.0
9.0

17

105.3

89.1

0.85

Jan - Dec
Total

*

874.0
*

1163.4
*

1475.7
1250.2
758.2
1026.1
1995.1
1519.9
1886.0

*
1452.9
980.8
1500.9
1661.3
1082.4
1178.2
1001.6
1417.7
1271.0
477.2
*

1074.2
*

17

1290.3

388.5

0.30

Kov - Oct
Total

*
728.7
*

2032.2
*
*

1195.5
908.0
1026.1
1414.8
1837.2
1569.3

*
1059.7
1367.2
1130.1
1763.8
1258.4
1133.9
1008.9
1457.5
1508.9
545.2
*
*
*

16

1261.5

331.5

0.26



Monthly Rainfall (ram) for Station:

Registration Number: 97.3721

STIEGLERS GORGE (HOR0G0R0)

Year

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(196Q-62,
1964-66,

1968-75,77)

m

Cv

Jan

*
258.8

*
12.7
*

(200.0)
77.0
375.4
123.0
174.1
164.0
64.4
0.0

213.6
49.1
289.9
124.0
112.0
192.6
186.7
99.2
*

82.6

15

160.3

89.2

0.56

Feb

*
115.1
71.6
157.2

*
97.5
195.6
135.1
82.4
161.9
134.9
123.0
52.5
73.2
87.8

278.9
104.1
140.6
126.3
17.3
37.1
*

132.7

15

123.1

62.7

0.51

March

*
94.5

148.8
243.6

*
275.3
61.0

64.5
222.3
237.3
119.0
227.5
99.8

237.2
202.5
251.4
164.0
186.6
37.5
121.5
274.7
70.9
96.1

15

170.4

81.7

0.48

April

*
512.6
417.8
224.5

*
204.0
178.8
169.7
295.0
153.9
232.3
144.2
181.0
196.6
272.5
124,5
297.8
185.6
173.3
422.9
222.0
145.1
130.5

15

207.2

77.2

0.37

May

179.8
45.5
*

32.5
*

25.1
74.9
41.4
0.0
29.8
34.2
55.8

235.1
69.0
86.5
4.6
84.0
198.6
104.7
82.2
125.0
132.5
49.8

15

71.0

47.8

0.67

June

61.5
7.4
*
8.6
*

21.3
35.8
10.7
14.1
0.0
0.0
15.7
58.0
64.8
6.2
0.0

44.7
0.0
0.0

111.4
22.2
37.4
0.0

15

22.2

31.5

1.42

July

0.0
0.0
61.0
0.0
*
0.0

39.9
1.0

10.4
0.0
0.0
0.0
73.8
0.0
6.8
5.1
6.0
5.2
7.1
31.4
0.0
0.0
4.0

15

7.1

12.0

1.69

Sug

0.0
0.5
*
0.0
*
0.0
5.1

81.0
0.0
9.4
3.8
4.6
9.4
0.0
1.7
0.0
0.0
3.1
0.0
4.6
4.5
0.0
8.0

15

8.4

20.3

2.42

Sept

2.5
9.9

61.2
7.9
*
0.0
8.1
13.7
*
0.0
4.8
26.2

0.0
0.4

62.8
2.8

35.4
0.0
1.8

29.6
3.7
59.3

15

16.3

21.6

1.33

Oct

0.8
26.2
33.8
0.8

25.7
119.1
13.5
*

24.1
59.8
27.7
*

23.6
20.8
12.5
24.6
111.2
1.0

47.8
5.8
1.7

43.4

15

37.4

35.4

0.95

Hov

62.0
22.9
70.1
*
*
0.0

147.3
32.8
*
1.3
53.2
69.0
*

129.6
56.7
9.0

45.5
108.9
51.5
7.3
14.9
14.4

147.3

15

58.3

52.1

0.89

Dec

76.2
197.1
143.8

*
*
0.0

573.0
33.5
*

46.8
81.2
13.7
*

66.4
10.4
71.6
180.5
66.3
38.8
64.5
130.8
65.7
179.1

15

103.8

141.0

1.36

Jan - Dec
Total

*

1290.3
*
*
*

848.9
1515.6
972.3
*

838.6
887.3
771.8
*

1074.0
801.4
1110.3
1078.0
1153.7
732.8
1099.4
965.8
*

932.8

15

985.5

198.4

0.20

Nov - Oct
Total

*
1208.7

*
901.7
*

795.3
1626.3

*
*

801.0
823.5
*
*

930.3
996.8
932.6
1204.7
817.7
1117.9
828.1
*

686.5

12

963.4

255.0

0.26

co



Monthly Rainfall (am) for Station:

Registration Number: 97.3724

KIBUNGO MISSION (MOROGORO)

Year

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1958-6S,
1969-77)

m

s

Jan

*
150.4
352.6
356.9
177.0
286.0
387.4
235.2
155.0

*
*
*

171.5
386.8
155.1
259.2
233.7
186.7
289.2
287.2
529.4

17

270.6

105.7

0.39

Feb

*

324.9
152.1
130.0
620.5
191.5
210.5
90.7
297.5

*
*
*

202.8
297.6
60.0
81.5
176.3
75.2
40.8
412.2
166.0

17

207.7

148.1

0.71

March

*
539.2
186.9
375.2
345.2
400.3
302.6
393.6
186.3

*

*
330.7
232.1
209.0
359.6
260.9
264.0
314.5
541.1
362.6

17

329.6

105.2

0.32

April

*
501.1
360.2
498.9
382.5
378.2
410.5
275.8
392.7

*
*
*

321.5
253.2
298.7
269.7
536.1
555.1
404.1
445.3
244.6

17

389.9

94.8

0.24

Hay

*
110.1
145.8
57.4
95.3
95.3
22.4
138.2
98.2
*
*
*

80.3
64.3
89.3
226.1
118.0
296.8
133.5
129.6
107.6

17

118.1

63.6

0.54

June

*
97.0
19.8

153.2
77.0
14.0
55.4
0.0
2.8
*
*
*

40.0
0.4

81.2
0.0

71.0
23.1
10.8

126.9
7.3

17

45.9

47.9

1.04

July

*
1.8

12.2
18.0

167.1
23.1
26.2
3.8

21.4
87.1
*
*

47.6
15.9
97.8
53.4

131.6
32.6
32.4
27.2
44.5

17

44.5

45.8

1.03

Aug

60.7
67.3
93.5
18.5
67.3

291.9
10.3
39.4
41.9
120.3

94.0
141.1
55.9
12.1
65.7
91.5
33.6
134.7
46.2
52.9

17

74.3

67.5

0.91

Sept

105.9
54.9

147.3
50.8

297.7
89.7
16.3
89.2

228.5
257.7

*
134.6
187.8
192.2
86.4

260.7
70.0
78.3
151.8
199.5
277.4

17

145.8

87.2

0.60

Oct

33.5
117.6
300.5
246.6
468.6
358.4
28.6
297.0
357.1
436.3

*
117.3
99.6
79.5
227.9
320.7
29.0

104.0
255.2
404.6
233.9

17

231.1

134.2

0.58

Nov

201.2
238.8
217.9
119.9
289.6
444.3
593.6
43.3
580.6

*
*

519.7
414.6
111.2
184.7
472.1
356.2
132.2
85.8

115.5
370.8

17

284.7

177.1

0.62

Dec

445.8
288.5
168.7
50.5

3346.7
320.0
322.5
223.1
592.7

*
*

300.4
387.2
707.0
265.3
404.6
287.3
209.1
545.1
247.1
776.3

17

357.9

193.5

0.54

Jan - Dec
Total

*
2491.6
2157.5
2075.9
2868.9
2892.7
2386.3
1829.3
2954.7

*
*

2424.7
2395.8
1767.5
2873.3
2361.6
1990.7
2398.5
2982.3
3173.3

17

2500.1

468.1

0.19

Nov - Oct
Total

*
2611.8
2298.2
2292.1

2779.6
2234.5
2479.0
2047.8
{2508)
(2548)
(2626)
2443.0
2379.4
2135.7
2446.6
2594.8
2282.9
2108.9
3250.6
2388.8

17

2449.6

304.3

0.12



Monthly Rainfall (mm) for Station:

Registration Number: 97.3725

KIBUKO COFFEE PLOT (H0ROGOR0)

Year

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1960-72)

m

s

C
V

Jan

160.5
74.4
201.9
222.4
154.4
115.9
72.3
100.6
222.9
142.2
194.3
133.4
225.6
401.4

*
*

165.9
*

13

155.5

55.1

0.35

Feb

*

93.0
276.6
138.5
161.3
139.8
140.6
112.8
108.0
174.8
123.6
359.4
150.4
130.6

*
*

50.3
95.0

13

162.3

74.4

0.46

March

*
225.8
171.7
244.9
144.5
407.8
247.8
300.5
186.5
341.8
296.3
153.8
154.3
238.5
120.9

*
*

40.8
195.4

13

239.6

80.1

0.33

April

*
465.1
236.2
255.3
376.1
445.8
324.2
241.2
270.8
356.8
302.5
153.2
148.7
344.2
462.4

*
*

181.6
130.5

13

301.6

97.8

0.32

May

*
77.2
87.1
50.6
31.4
21.6
97.1
129.4
186.2
113.4
129.4
44.5
83.7
152.1
91.4
*
*

98.9
72.2

13

92.6

48.9

0.53

June

*
26.9
15.7
0.0

39.2
3.3
0.0
58.6
39.1
44.9
0.0
0.0

28.9
0.0
9.0
*
*

36.9
7.8

13

19.7

21.0

1.07

July

*

24.9
81.3
8.6
0.0
2.5
10.7
0.0

78.0
0.0
0.0
0.0

21.2
8.3
7.2
*
*
0.0
8.3

13

18.1

28.5

1.57

Aug

*

7.9
1.8
0.0
0.0

11.7
0.0
8.1

26.2
4.1
0.0
0.0
(0.0)
0.0
6.2
*

0.0
*

13

4.6

7.6

1.66

Sept

*

0.0
23.6
5.1
0.8
0.0
51.8
0.0

86.8
0.0

16.7
114.2
9.2

50.6
0.0
*
*

20.0
71,7

13

27.6

37.5

1.36

Oct

29.2
22.4

161.8
6.4
10.7
31.5
16.3
67.9
32.5
8.1
16.2
0.0
12.5

127.8
7.2
*
*
5.1

36.9

13

39.6

50.2

1.27

Nov

60.2
5.1

302.0
34.8

387.8
6.6

123.2
67.3
150.1
129.6
92.2
35.1
15.4
94.1
93.7
*

12.5
160.8

13

111.0

115.7

1.04

Dec

150.1
9.7

358.1
158.8
199.8
190.5
248.8
89.0
177.8
94.6
60.3
172.5
(150.0)
210.5

*
*
*

34.5
*

13

163.1

88.7

0.54

Jan - Dec
Total

*

1118.4
1790.4
1104.9
1514.0
1415.5
1376.4
1147.1
1442.6
1491.3
1179.4
1227.0
907.7
1582.3

*

*
646.5
*

13

1330.5

241.2

0.18

Nov - Oct
Total

*

1314.0
1145.0
1571.4
1180.0
1806.0
1201.5
1362.8
1271.0
1594.7
1251.4
1171.9
949.9
1443.1

*
*
*
*
*

13

1327.9

227.5

0.17

OJ



Monthly Rainfall (mm) for Station:

Registration Number: 97.3726

KIBUNGO, WATER DEPàRTKENT AND IRRIGATION (HOROGOKO)

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
196S
1969
197D
1971
1972
1973
1974
1975
1976
1977
1978

n(l957-77)

m

s

Cv

Jan

782.3
147.3
6.4

246.4
322.6
64.8
303.0
395.2
257.5
204.8
166.5
0.0

138.9
86.7

378.0
60.2
165.3
361.5
249.5
181.5
125.5
186.1

21

192.8

116.5

0.60

Feb

742.2
137.2
218.4
251.5
83.8

227.3
170.5
200.0
135.3
153.0
214.9
237.7
123.5
32.0

326.0
135.5
115.3
327.0
30.0
28.5
178.2
210.3

21

168.4

85.3

0.51

March

*
236.2
284.5
453.4
419.1
141.0
295.7
335.5
359.3
251.6
243.9
89.7
417.8
203.9
144.7
138.2
285.5
135.0
309.4
515.0
483.5
162.6

21

281.2

125.3

0.45

April

*
944.9
286.5
203.2
327.7
251.5
256.3
218.9
102.5
284.3
190.2
333.6
574.0
280.7
200.6
291.5
319.5
605.5
549.0
400.0
215.3
170.0

21

333.6

192.5

0.58

Bay

98.0
(150.0)
262.9
99.1
36.8
134.6
61.7
27.1
51.3
149.8
97.7
214.0
105.7
111.5
43.0
125.3
197.4
134.0
201.0
118.0
82.2
180.0

21

123.0

63.1

0.51

June

47.0
20.3
113.0
24.1
72.4

137.2
21.3
53.8
13.0
0.0
56.2
63.1
77.2
29.7
18.5
44.5
7.2
81.5
117.2
151.0
84.3
7.0

21

56.8

44.9

0.79

July

19.1
27.9
33.0
12.7
16.5
88.9
37.1
48.2
45.7
29.2
19.8
92.2
16.4
17.1
27.3
77.0
29.4
56.0
90.0
52.5
32.9
52.0

21

42.9

25.4

0.59

Aug

44.5
2.5
27.9
71.1
7.6

27.9
135.4
(5.0)
38.5
14.7
8.7

74.7
8.1

41.5
26.0
13.9
41.5
63.5
6.0
9.5
2.3

68.4

21

33.1

33.6

1.02

Sept

17.8
29.2
34.3
70.9
29.2
99.6
22.1
(10.0)
2.1
28.0
56.2
105.8
20.5
30.3
166.0
13.0
88.5
21.0
75.0
64.5
30.5
136.9

21

54.0

44.3

0.82

Oct

27.9
120.7
2.5

135.9
83.8
311.2
78.0
(20.0)
171.0
94.5
79.8
97.1
53.8
61.5
31.5
38.3
183.0
17.0
85.0
89.5
61.0
69.3

21

89.7

68.9

0.77

Nov

109.2
130.8
66.0
52.1
21.6

315.0
65.3

(500.0)
1.3

307.6
177.2
437.0
283.2
43.8
4.0
18.6

360.0
161.0
27.0
62.0
42.0
205.1

21

156.2

153.1

0.98

Dec

175.3
204.5
(200.0)
105.4
11.4

453.6
154.4
(100.0)
151.0
332.6
61.3
799.2
134.9
34.3

295.6
83.2
357.0
179.5
72.5

479.0
83.2
373.4

21

222.2

190.6

0.86

Jan - Dec
Total

*
2151.5
1469.4
1725.7
1432.6
2252.5
1601.2
1913.7
1328.5
1850.1
1372.4
2544.2
1954.0
973.0

1661.2
1039.2
2149.6
2142.5
1811.6
2151.0
1420.9
1821.1

21

1750.8

409.5

0.23

Nov - Oct
Total

*

2100.7
1538.7
1834.2
1557.0
1517.0
2149.7
1533.4
1776.2
1361.7
1774.1
1546.4
2772.2
1313.0
1439.7
1237.0
1574.4
2519.0
2052.6
1709.5
1836.7
1367.8

21

1738.6

395.5

0.23



Monthly Rainfall (mm) for Station:

Registration Number: 97.3727

BWAKIRA ESTATE (M0R0G0RO)

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

n(1956-63.
1965-69,
1971-73)

m

s

Jan

136.7
223.8
2.5

159.0
163.1
22.1
86.4
126.0
36.0
10.4
103.7
11.2

106.7
66.8

333.2
73.9
94.2
173.6
216.9

15

92.4

64.1

0.69

Feb

182.1
445.0
213.6
192.3
73.2
196.1
148.8
60.5
*

42.2
56.9
51.9

100.4
25.4
62.5
74.0
140.6
94.7
*

15

133.5

106.8

0.80

March

232.4
185.2
331.7
107.7
197.9
121.4
59.2
74.0
*

207.5
247.4
94.4

216.8
205.2

*
77.2

271.2
143.4
103.8

(no data

15

171.7

78.4

0.46

April

229.4
212.9
169.4
216.7
261.6
236.2
92.5
191.0
24.4

298.4
179.6
288.1
259.1
214.0

*
255.4
372.9
199.7

*

available)

15

231.8

64.5

0.28

May

157.0
120.1
57.2
66.0
63.8
116.8
63.0
15.0
14.0
124.5
101.2
323.0
80.6
55.3
*

43.1
223.2

*
*

15

107.3

78.9

0.74

June

0.0
0.0
81.3
25.4

111.8
25.1
3.1

26.0
0.0
0.0

66.9
47.3
66.6
2.0
*

17.2
0.0
*
*

15

31.5

35.5

1.13

July

18.0
24.4
2.0
16.0
23.1
42.2
21.1
4.0
4.1
19.2
12.7

109.8
0.0
0.0
*

15.5
26.3
*

15

22.3

26.8

1.20

Aug

7.9
0.0
10.2
27.7
7.1
7.6

62.2
0.0
0.0
13.0
0.0
60.9
2.0
0.0
*
0.0

(10.0)
*

15

13.9

20.7

1.49

Sept

0.0
50.0
15.0
0.0
5.1

77.5
21.1 '
4.0
0.0

24.7
12.2
64.1
6.1
10.2
*

13.9
(50.0)

15

23.6

24.7

1.05

Oct

9.9
78.0
0.0
29.0
31.2

113.5
0.0

41.0
17.5
25.7
13.2
53.3
10.2
20.3
*

16.6

147.6
*
*

15

39.3

42.8

1.09

Nov

0.0
85.1
13.0
8.9
0.0

236.0
113.3
397.0
2.3

123.7
38.2
97.0
189.4
0.0
*

15.0
217.6
162.5
0.0

15

102.3

115.4

1.13

Dec

30.5
67.1
130.3
20.1
0.0

164.8
53.1
89.5
5.6

117.2
14.2

149.0
99.0
0.0

155.8
107.5
49.3
109.8
15.2

15

72.8

54.3

0.75

Jan - Dec
Total

1003.9
1491.6
1026.2
868.8
937.9

1359.3
723.7
1028.0

*
1006.5
846.3
1350.0
1137.1
598.9
*

709.3
1602.9

*

15

1046.0

294.2

0.28

Nov - Oct
Total

*

1369.9
1035.1
1175.4
966.9
958.5
958.2
707.9
*

773.5
1034.7
1156.4
1094.7
887.6
*
*

1458.5
*
*

13

1044.4

212.5

0.20

OJ



Monthly Rainfall (tura) for Station:

Registration Number: 97.3728

TAWA HEALTH CENTRE

Year

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1963-72.
1975-76}

m

s

Cv

Jan

445.4
177.1
149.4
245.3
53.1
129.5
49.0
207.1
19.5
89.0
*
*

98.1
256.2
319.5

12

159.9

118.3

0.74

Feb

141.8
126.8
313.9
133.9
246.9
185.3
48.0
221.9
295.7
346.4

*
*

31.5
440.7
231.0

12

211.1

123.4

0.58

March

271.6
604.6
238.8
381.1
85.0
345.0
320.3
308.2
380.9
365.2

*
*

516.5
427.2
164.2

12

353.7

132.1

0.37

April

318.5
268.3
385.0
228.2
357.1
623.4
396.8
302.9
866.1
334.2

*
*

425.4
324.5

*

12

402.5

176.6

0.44

Hay

22.9
113.7
171.7
146.9
294.8
199.7
89.1
135.0
346.5
223.0

*

192.4
68.0
178.6

12

167.0

92.6

0.55

June

97.4
26.5
0.0

126.3
53.8
103.6
86.5
36.9
99.1
0.0
*
*

117.7
123.7
50.4

12

72.6

47.0

0.65

July

46.5
43.8
84.1
17.9
169.2
67.3
53.1
3.8

110.7
59.7
*
*

118.9
23.8
*

12

66.6

47.5

0.71

Aug

21.6
134.4
29.4
67.2
156.0
52.0
160.8
21.6
0.0

231.4
*
*

19.8
8.7
*

12

75.2

75.9

1.01

Sept

26.6
123.5
144.3
79.8
291.4
25.7
45.5
180.0
122.7
61.5
*

82.5
101.3
66.6
*

12

105.7

75.4

0.71

Oct

53.0
222.4
164.3
196.1
85.5
88.9
179.1
81.2
53.7
108.5

*
63.5
261.8
142.6
141.9

12

136.4

68.6

0.50

Nov

666.9
109.0
339.5
133.6
486.5
386.0
243.9
0.0
51.1
0.0
*

27.0
24.0
59.0
0.0

12

208.3

217.6

1.04

Dec

263.6
173.8
646.5
50.9

404.0
50.8
115.7
55.4
178.1
0.0
*

36.7
226.6
73.1
174.3

12

186.5

184.2

0.99

Jan - Dec
Total

2375.8
2123.9
2667.4
1807.2
2683.3
2257.2
1787.8
1554.0
2524.1
1818.9
(2192.0)
(2059.0)
2134.0
2033.1

*

12

2147.2

367.1

0.17

Nov - Ocl
Total

*
2771.6
1964.2
2608.7
2335.4
2710.9
1865.0
1858.2
2350.3
2048.1
(2040.0)
(1785.0)
1883.4
1882.0

*

13

2161.0

351.1

0.16

oo



Monthly Rainfall (irm) for Station:

Registration Number: 97.3729

KILOMBERO SUGAR ESTATE

Year

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

11(1962-78}

m

s

Cv

Jan

227.1
186.0
207.0
261.0
112.0
92.0

170.0
90.0

400.0
135.0
166.0
220.3
221.0
144.2
200.9
168.2
156.8

17

1S5.7

73.3

0.39

Feb

146.3
196.0
196.0
194.0
193.0
128.0
189.0
162.0
188.0
100.0
246.0
201.4
132.2
108.0
142.6
177.2
38.4

17

161.1

49.5

0.31

Harch

278.4
490.0
367.0
316.0
207.0
167.0
245.0
170.0
274.0
236.0
302.0
167.1
98.1

201.6
240.4
266.4
313.6

17

255.3

90.6

0.35

April

293.6
356.0
388.0
283.0
298.0
298.0
825.0
244.6
213.0
378.0
356.0
455.3
515.6
344.9
235.8
234.1
231.9

17

350.1

147.9

0.42

Hay

87.4
45.0
48.0
73.0

129.0
224.0
129.0
119.0
23.0

131.0
234.0
100.0
162.1
159.6
66.6

106.9
30.9

17

109.9

61.5

0.56

June

6.3
58.0

5.0
1.0

33.0
60.0
72.0
21.0

5.0
34.0

0.0
15.4
34.2
40.8
54.3
0.0

19.1

17

27.0

23.6

0.87

July

8.9
5.0
4.0

15.0
3.0

56.0
0.0
5.0
8.0

30.0
13.0

2.2
68.9
12.1
10.0
27.6

5.7

17

16.1

19.4

1.20

Aug

52.8
1.0

18.0
12.0

5.0
12.0
4.0
8.0
9.0
0.0
3.0
0.0
1.8
5.7

25.4
14.8

5.2

17

10.5

12.9

0.23

Sept

15.2
1.0
1.0

33.0
15.0
84.0

8.0
1.0

56.0
3.0

120.1
4.0

13.6
23.3

4.4
39.3

6.3

17

25.2

33.4

1.33

Oct

38.1
18.0
22.0
49.0
22.0
57.0
10.0
14.0
11.0
18.0
36.0
0.0

77.6
22.6

3.8
113.4

4.3

17

30.4

39.7

1.31

Nov

40.1
393.0

9.0
108.0
95.0

325.0
159.0
96.0
0.0

25.0
368.0
105.6

1.9
6.7
4.6

184.6
246.8

17

127.6

132.9

1.04

Dec

115.3
118.
62.0

224.0
66.0

507.0
142.0

9.0
139.0
100.0
132.2
55.7
55.3

205.4
96.7

220.5
354.7

17

153.1

123.3

0.81

Jan - Dec
Total

1309.5
1867.0
1327.0
1569.0
1178.0
2010.0
1953.0
939.6

1326.0
1190.0
1976.3
1327.0
1381.3
1275.1
1085.5
1553.0
1413.7

17

1451.8

324.0

0.22

Nov - Oct
Total

*

1511.4
1767.0
1308.0
1349.0
1339.0
2484.0
1135.6
1292.0
1204.0
1601.1
1665.9
1486.4
1120.3
1196.3
1249.2
913.5

16

1413.9

360.7

0.26

on



Monthly Rainfall (mm) for Station:

Registration Number: 97.3730

KIKOBOGA HIKUHI

ïear

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

n(1964-77)

in

s

Cv

Jan

94.0
96.4
83.9
44.2
226.2
63.0

395.6
141.9
93.0
200.5
120.2
92.0
92.2
274.0

14

144.0

97.5

0.68

Feb

143.9
237.0
94.8
63.9
181.1
168.2
146.9
157.6
167.9
179.2
104.3
33.3
139.2
83.8

14

135.8

54.1

0.40

March

289.4
134.7
120.0
119.1
290.4
143.4
153.4
102.7
269.6
122.4
29.7
172.5
148.5
109.6

14

157.5

75.7

0.48

fipril

175.3
93.2
163.7
186.7
295.7
172.2
61.4
211.4
182.5
145.8
333.1
100.9
93.3
65.3

14

162.9

80.3

0.49

Hay

15.6
23.4
20.1
98.8
33.8
53.4
33.8
41.9
130.7
91.2
90.2
11.7
64.8
40.7

14

53.6

36.4

0.68

June

(5.0)
0.0
34.8
19.3
28.7
12.2
1.0
14.5
0.0
11.7
18.5
0.0
12.7
0.0

14

11.3

11.2

0.99

July

3.0
0.0
2.5
37.2
0.0
0.0
0.0
7.2
14.1
0.0
30.5
0.0
12.2
0.0

14

7.6

12.1

1.59

Aug

0.0
0.0
0.0
6.9
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0

14

0.5

1.8

3.60

Sept

0.0
0.0
8.6
35.6
3.6
3.5
31.9
3.4
29.0
0.5
0.0
3.6
2.0

11.0

14

9.5

12.8

1.35

Oct

22.4
8.9
4.8
90.7
0.8
8.9
0.0
0.0
21.1
0.0
23.9
0.0
0.0
7.3

14

13.5

23.9

1.77

Nov

0.0
39.4
66.7
103.6
67.0
60.9
2.3

23.3
112.6
27.3
17.2
0.0
0.0

46.7

14

40.5

37.6

0.93

Dec

72.2
192.2
99.7
204.7
48.7
34.8
220.0
95.0
53.2
87.5
66.2
78.6
58.0
196.4

14

107.7

65.5

0.61

Jan - Dec
Total

820.8
825.2
699.6
1010.7
1176.0
720.5
1046.3
799.2
1073.7
866.1
833.8
492.6
620.9
834.8

14

856.7

180.6

0.21

Nov - Oct
Total

*
665.8
764.7
868.4
1368.6
740.5
919.7
903.2
1026.2
917.1
865.0
497.4
641.5
649.7

13

832.9

218.0

0.26

a*
o



Monthly Rainfall (mm) for Station:

Registration Number: 97.3731

MKATA SETTLEMENT

Year

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

Jan

78.2
212.1
128.9
168.6
126.0
68.0
49.5
67.7
182.6

Feb

51.4
195.0
78.7
95.8
146.1
168.8
47.0
112.1

March

119.2
107.9
156.5
177.8
26.5
70.1
84.2
123.3

(no data

April

230.5
54.3

199.6
61.8
83.5
218.2
86.7
55.2

available)

May

12.4
7.2
6.6
39.6
73.2
62.4
45.0
42.4

June

0.8
0.0
0.0
(0.0)
0.0
9.4
0.0
0.0

July

0.0
0.0
0.0
(0.0)
0.0
3.5
0.0
0.0

Aug

2.7
0.0
0.0
(0.0)
1.0
0.0
0.0
0.0

Sept

20.7
18.0
2.0
62.2
0.0
0.0
5.3
0.0

Oct

18.1
1.7
8.7
*
0.0
2.5

28.5
0.0

Hov

190.0
0.0

23.1
158.6
48.7
0.0

20.4
10.0

Dec

20.4
163.7
96.1
40.4
63.0

126.5
107.9
43.2

Jan - Dec
Total

744.4
759.9
700.2
*

568.0
751.9
474.2
453.9

Nov - Oct
Total

*

806. &
744.7
*
*

714.6
472.7
529.0

OJ



Monthly Rainfall {mm) for Station:

Registration Number: 97.3732

TIHDIGA

Year

1970
1971
1972
1973
1974
1975
1976

Jan

290.0
177.7
70.0
145.6
183.9
69.0
142.0

Feb

115.2
40.6
133.7
111.1
50.7
39.0

March

114.5
155.3
167.6
17.8
105.1
154.9

(no data

April

34.5
153.4
36.3
172.7
160.7
92.2

available)

May

3.0
20.4
57.8
46.1
159.7
28.1

June

0.0
11.2
0.0
0.0
50.6
8.4

July

0.0
0.Q
0.0
7.7
0.7
0.0

Aug

4.1
5.S
0.0
5.2
0.9
0.0

Sept

34.2
0.1
57.0
0.0
20.6
20.7

Oct

52.8
0.1

137.8
0.0
10.0
1.0

Nov

0.0
22.7
137.8
0.0
10.0
1.0

Dec

109.9
73.9
109.6
110.1
15.0
148.5

Jan - Dec
Total

793.2
660.9
907.2
638.0
757.9
563.6

Nov - Oct
Total

*

674.2
756.8
753.6
853.0
438.3

to



Monthly Rainfall (nun) for Station:

Registration Number: 97.3808

KIDUHDA (MOROGORO)

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

n(1956-62.
1964-69)

m

s

C
V

Jan

262.9
161.8
0.0

402.5
203.7
6.4
85.3

17,6.6
144.0
125.2
47.7
6.6

166.2
*

12

134.4

119.0

0.89

Feb

112.8
69.3
100.1
235.5
23.1

189.5
124.2
65.7
150.4
44.6
126.9
87.8
29.1
72.9

12

107.8

63.8

0.59

Karch

131.6
(175.0)
223.3
111.0
165.1
65.0
151.4
89.3
256.9
{100.0}
154.1
37.3

257.2
216.8

(station

12

152.3

69.7

0.46

April

379.0
295.4
103.1
113.0
199.9
79.5
136.4
261.9
162.9
258.8
233.1
323.7
251.3
163.4

closed)

12

211.3

94.9

0.45

May

42.4
76.2
15.0
31.5
41.9
83.3
4.3
22.3
31.6
76.S
88.9
148.1
78.0

108.9

12

59.8

39.8

0.67

June

0.3
0.0
4.3
0.0

29.7
2.3
0.8

89.3
6.6
0.0
57.2
59.2
73.9
29.2

12

19.5

28.0

1.44

July

0.0
0.0
0.0
2.5
0.0

45.7
4.8
*
6.9
0.0
0.8
38.9
0.0
0.0

12

8.3

16.1

1.94

Aug

0.0
0.0
59.7
27.7
0.0
1.3
78.0
*
1.3

16.1
21.3
28.1
7.0
12.0

12

20.0

25.5

1.27

Sept

3.3
51.3
8.6
1.8
17.0
23.4
26.7
*
3.0
10.8
26.8
78.8
30.3
*

12

23.5

22.6

0.96

Oct

8.9
112.3
13.7
80.8
34.B

237.0
0.0
*

92.7
(60.0)
137.6
70.7
20.1
*

12

72.4

67.7

0.94

Nov

73.9
228.9
12.7
38.4
0.0

155.4
0.0
*
1.3

55.9
35.6
110.5
260.5

*

12

81.1

91.1

1.12

Dec

106.9
249.4
88.6
52.1
13.2

306.1
59.7
*

66.0
154.4
105.0
97.2
61.9
*

12

113.4

85.2

0.75

Jan - Dec
Total

1122.0
1419.6
629.2
1096.8
728.4
1194.9
671.6
*

923.6
902.6
1035.0
1086.9
1235.5

*

12

979.9

244.8

0.25

Nov - Oct
Total

*

947.1
1006.1
1107.6
805.7
746.6
1073.4

*
759.6
1104.7
1019.8
1120.8

*

10

969.1

147.8

0.15

00
CTv



Monthly Rainfall (mm) for Station:

Registration Number: 97.3809

NG'HESSE (UTARI BRIDGE)

Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
197 S
1976
1977
1978

n(1956-61,
1967-74,
1976-77)

m

s

Cv

Jan

194.3
113.8
2.8

26.4
95.3
27.4
103.6
164.7

*
205.4
40.4
0.0

13.7
66.8
274.2
24.8
74.5
19.3
14.1
35.7
60.5
147.0

16

72.2

77.4

1.07

Feb

73.4
65.8
125.7
101.3
22.6
175.3
59.2

148.9
*

60.2
170.0
50.2
16.2

105.4
260.1
10.5
41.0
12.9
0.0
9.1
90.1
107.7

16

78.6

68.9

0.88

Harch

225.6
(125.0)
253.7
60.7
173.2
57.9

201.9
104.5

101.6
159.7
42.8
240.2
227.6
121.3
87.6
23.0
38.3
14.0
52.7
98.0
193.0

16

123.9

83.7

0.68

April

229.1
176.3
35.8
94.2

191.0
124.2
131.1

*
*

301.3
180.2
272.7
348.8
150.4
162.3
355.0
89.0
56.1
43.2
51.8
105.0
110.0

16

158.9

99.5

0.63

Hay

(70.0)
121.2
35.8
78.0
53.6
92.7
4.8
*
*

92.4
*

286.5
170.2
85.Q
10.2

230.0
115.1
28.4
0.0

25.8
96.0
57.0

16

95.6

77.5

0.81

June

0.5
0.3
8.6
6.6

47.5
19.1
0.0
*
*
0.0
*

53.9
65.6
36.6
0.0

14.5
0.0
0.0
0.0 -
*
5.2
0.0

16

16.2

22.1

1.36

July

0.8
9.1
0.0
2.8
0.3

50.0
3.3
*

2.5
*

43.5
0.0
2.5
5.1

11.8
5.5
0.0
0.0
*
4.0
(0.0)

16

8.5

15.4

1.81

Aug

0.0
6.1
7.1

34.5
4.8
0.0

145.3
*

69.6

20.8
0.0
19.3
0.0
6.0
8.0
2.5
0.0
*
0.0
0.0

16

6-8

9.9

1.46

Sept

5.8
8.9
11.7
18.8
6.9
53.8
14.7
*
*

18.8
*

54.9
50.2
76.3
50.2
0.0
4.6
7.0
0.0
*

49.0
64.0

16

28.9

26.6

0.92

Oct

21.1
93.7
1.8

31.0
47.0
282.4
(0)

*
74.2
*

32.4
47.2
180.4
7.5
1.8

188.9
0.0
0.0
*
0.0
51.0

16

61.6

83.9

1.36

Nov

43.2
150.6
41.1
31.5
0.0

259.8
*
*
*

95.3
(49.2)
118.9
282.4
301.1
0.0
0.0

95.1
2.0
0.0
*

47.0
170.5

16

96.5

106.7

1.11

Dec

103.9
41.7
98.6
182.1
8.1

277.9
68.6
*
*

71.3
(111.1)
79.9
12.7
28.4
150.9
133.0
56.7
19.1
8.6
*
9.4

107.0

16

82.4

76.3

0.93

Jan - Dec
Total

967.7
912.S
622.8
657.9
650.3
1420.5

*
*

1092.6
*

1056.5
1247.2
1279.8
1041.8
875.0
701.4
185.6
79.9
*

564.2
1007.2

16

829.4

369.7

0.45

Nov - Oct
Total

*
867.3
675.3
594.0
855.8
890.9

(1201.6)
*
*
*
*

(1018.0)
1150.9
1245.4
1220.4
892.9
682.6
316.3
78.3
*

786.1

15

831.7

332.0

0.40

U)
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TIeteorological stations in and close to the project area

Station (organization) 1)
Station number

¡4ami Prison Farm (Haji)
(963756)

Nikula (îîaji)
(900064)

Ilonga (Agriculture)
(963732)

llorogoro (EAHO)
(9Ê3776)

Kongwa (Agriculture)
(963Û03)

Kilombero (Agriculture)
(973729)

longitude

6°

7°

6°

6°

6°

7°

30'

15'

46'

50'

12'

40'

latitude

37°

38°

37°

37°

36°

37°

33'

15'

02'

39'

25'

00'

altitude
m a.HSL

580

_

500

530

1021

300

start
of station

16/6/62

30/8/66

-

1968 2)

-

X

B

X

X

up to
5/1975

X

X

C

X

X

X

X

X

X

D

X

X

X

X

X

X

E

X

X

X

X

X

s

F G

X X

X

X

X

X

X

H

X

X

X

X

I

X

X

X

X

X

J

X

X

X

X

X

X

K

X

X

X

x

X

X

L

X

X

X

up to
10/1974

M N

X

X

X

from x
7/75

X

Remarks

Data can only be
obtained at the
stations itself
and not at the
Dept. of Agricul-
ture in Dar es
Salaam

1) Organizations involved are Ministry of Water Development and Power (Haji),
Ministry of Agriculture (figr.) and the East African Meteorological Department (EAMD)

-} before 1968 station a meteorological station was runned by the Ministry of Agriculture

h - Class A pan, no screen
B - Class A can, screen
C - Dry bulb thermometer
E - Wet bulb thermometer
E - Max. temperature
F - Hin. temperature
G - Picne-Evaporimeter
H - Tliermohygrograph
I - Arceíiiorneter
J - Automatic Rainfall Recorder
;'. - Standard Roingauge
L - Gunn Eellani Ftódiatiou-integrator
i! - Kipp Solarimeter
N - Sunshine recorder

O\
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Legend (meteorological data)

°C = degree celcius (centigrade)
% = per cent
hrs = hours
1 = langley
mi/hr = miles per hour
mi/day = miles per day
km/day - kilometers per day
mm = millimeter



Wami Prison Farm (963756)

1970

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. {%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

23.4
21.6
81.1
-

440.3
62

174.5
230.4

F

26 9
22.8
87
-

446
51

141
176

.3

.2

.5

.6

M.

27.0
22.1
84.6
-

522.2
51

142.2
238.1

A.

26.0
21.6
86.4
-

373.1
34

95.0
163.4

M.

24.8
19.9
82.8
-

415.6
32

114.3
29.8

J.

22.3*
17.6*
80.0*
-

398.0*
34 *

140 *
1.1*

J.

23.5
18.2
79.0
-

386.6
55

151.2
6.9

A.

24.1
17.9
76.3
-

372.5
76

145.6
0.0

S.

23.8
17.7
70.5
-

412.0
86

190.0
58.7

0.

24.8
18.4
68.7
-

465.3
103

228.2
11.1

N.

28.0
20.3
68.2
-

543.8
121

312.4
0.4

D.

25.4
22.0
79.6
-

451.7
82

192.5
269.2

Monthly values estimated, because of some missing days

1971

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

26.9
21.8
83.5
-

492.1
63

253.5
173.5

F.

26.2
21.5
85.6
-

431-9
43

118.9
80.5

M.

26.6
21.7
82.8
-

512.7
51

187.4
112.5

A.

25.1
21.3
84.3
-

381.0
27

117.8
246.1

M.

23.6
19.5
82.4
-

399.1
24

130.9
83.9

J.

21.9
17.3
79-9
-

428.2
26

121 A
28.4

J.

23.6
18.2
81.0
-

348-8
32

105.5
12.8

A.

19.2
17.7
79.3
-

435.6
59

163.8
0.0

s.

21.1
18.6
75.3
-

413.1
85

188.9
3.5

0-

22-1
19-8
73.4
-

502-8
101

219-7
34-3

N.

24.0
20.7
69.9
-

568.3
103

266.2
3.3

D.

24.1
21.6
78.3

521.8
85

232.4
81.3

enoo

Note-. Relative Humidity at 9-00 hrs



Wami Prison Farm (continued)

1972

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

23.1
22.0
82.5
-

538.4
70

191.5
75.8

F.

23.8
21.3
83.3
-

401.8
64

199.3
35.5

M.

26.5
21.8
85.0
-

434.2
64

244.1
145.3

A.

25.6
21.7
85.0
-

381.1
39

179.5
174.4

M.

23.9
20.6
87.2
-

351.4
32

*
146.9

J

22
17
82
-

•

.3

.8

.6

382.2
37

*
0.0

J

22
17
83
-

5
.8
1

373.7
40

*
9 7

A.

22.
17.
78.
-

418.
59

*
0.

4
2
8

9

3

S.

24.7
18.8
76.7

445.3
78

*
21.7

0.

25.8
21.0
82.2

456.2
77

*
135.4

N.

25.3
21.0
79.6

450.0
66

*
68.2

D.

26.9
21.6
80.0

496.3
63

*
93.4

1973

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

26.8
22.4
90
-

443.5
49

*
241.3

F.

26.1
PP

»
n

201.3
189.4

H.

PP 2)

n

n

n
II

n

19.3

A.

PP
ti

n

n

n
n

n

547.0

M.

PP
n

»
n

u

"

n

112.7

J.

PP
M

n
it

ti

n

M

3.55

J.

PP
M

n

n
11

M

1.8

A.

PP
M

n
n

»
u

n

11.6

S.

PP
n

"

»
n

..

0.0

0.

26.3
20.8
74.1

105

250.4
57.2

N

27
21
76
*
*

101

268
57

-

.9

.6

.0

.4

.3

D.

26.9
21.9
82.9

*
77

140.4
31.0

!) PP = partly processed
fc missing

u>
a*



Wami Prison Farm (continued)

1974

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

26.9
21.4
81.4
*
*
77

184.2
151.2

F.

30.8
21.4
76.7
A
A

86

180.7
48.0

M.

27.6
21.9
80.0
A
A

77

171.8
79.0

A.

25.5
22.2
90.2
*
*
37

232.4
244.0

M.

24.5
21.1
87.6
A
A

34

134.1
128.0

J.

22.9
19.2
88.2
A

A

33

110.3
34.5

J.

22.4
19.3
91.8
*
*
36

97.3
50.5

A.

23.5
18.5
83.7
*
*
63

120.5
2.5

S.

23.7
18.7
75.2
A
A

89

188.9
4.0

0.

24.7
19.2
72.6
*
*
95

196.9
44.0

N.

27.1
20.5
71.4
A

A

121

225.8
1.3

D.

28.3
22.0
77.3
A

A

105

300.1
166.5

1975

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

-
-

27.1
21.5
81.2
*
*
79

186.3
124.0

F.

-
-
28.6
20.5
73.1
*
*

106

214.1
22.4

M.

-
-
26.5
22.4
89.1
*
*
55

271.4
410.0

A.

-
-
A
A

*
*

A

*

*

300.0

M.

-
-

23.9
21.0

*
32

121.6
57.0

J.

-
-
21.8
18.7
91.0
*
*
33

119.5
19.0

J.

-
-
21.4
17.1
87.2
6.15

392.3
48

147.6
3.0

A.

-
-
22.0
17.0
58.7
*
*
57

238.8
0.0

S.

-
-
23.1
18.7
76.7
5.8

393.6
74

186.6
6.0

0.

-
-
24.0
np
54.2
*
PP
103

207.2
14.0

N.

-
-
28.0
20.6
49.7
*

549.4
117

236.7
0.0

D.

-
-
27.0
21.3
71.0
6.8

534.4
83

218.7
3.2

Missing



Hikula (900064)

1970

Mean Temp. (°C)
Dew Point (°C)
Rel- Hum. (%) *
Sunshine (hrs)
Radiation (1)
Wind (km/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

28-0
23-
81.
-

424.
-

152.
170.

3
0

1

2
4

F-

28.3
24.2
82-6
-

460.5
-

121.7
120.4

M.

28.3
24.2
81.7
-

536.2
-

176.6
232.4

A.

27.1
23.4
81.8
-

455.0
-

130.0
90.7

M-

26.2
21.9
78.7
-

443.2
-

123.3
8.1

J.

26.3
20.0
71.7
-

419.3
-

148.2
0.0

J.

25.2
19.6
73.6
-

372.0
-

140.4
13-0

A.

26.2
19-9
70.9
-

414.6
-

153.0
1.0

S.

24.9
20.5
75.7
-

463.6
-

126.1
137.0

0.

27-1
20.4
66.8
-

524.1
-

179.6
16-5

N.

28.5
21.5
64.2
-

481.5
-

223.6
0.0

D.

28.9
22.2
70.7
-

503.8
-

184.6
111-9

Relative Humidity at 9-00 hours only

u>

1971

Mean Temp. (°C)
Dew Point (°C)
Rel- Hum. (%) *
Sunshine (hrs)
Radiation (1)
Wind (km/day)

Total Evap. (mm)
Total Rainfall (ram)

J.

27.9
15.8
76.5
-

489.0
-

151.2
125.2

F.

27-5
22.5
78.9
-

461.8
98

177-3
47-2

M.

28-9
22.7
79.5
-

483.7
83

200.5
145.4

A.

26.9
23.4
86.6

405.1
46

128.1
253.8

M.

26.3
22.0
84.3

448.3
56

122.2
50.7

J.

25.6
20.2
83.6

452.5
67

137.1
13.7

J.

25-5
20-3
53-6

361.1
62

122.9
14.0

A.

25.0
19.4
53.2

407.7
80

146.0
0.0

S.

26.1
19.2
53.0

410.7
91

144.8
28.0

0.

27.1
19.7
53.1

443.3
104

156.3
19.9

N.

29.4
18.2
50.0

547.4
157

224.3
0.8

D.

-
21.0
-

-
133

230.9
144.8

Rel. Humidity up to June, reading at 9.00 hours, thereafter daily mean



Mikula (continued)

1972

Mean Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (km/day)

Total Evap. (mm)
Total Rainfall (mm)

1-3

28.2
22.1
56.5
-

510.0
108.0

217.1
112.5

F.

28.3
22.3
56.7
-

424.4
93.6

143.2
117.9

M.

28.6
22.9
*
-

494.4
60.8

150.8
114.4

A.

26.6
24.0
60.9
-

390.9
39.4

129.0
302.0

M.

26.0
23.7
60.0
-

405.0
43.1

111.8
179.0

J.

23.9
19.8
*
-

434.2
47.7

158.8
0.0

J.

24.4
20.0
51.8
-

390.2
57.3

100.6
1.5

A.

25.1
19.8
50.1
-

407.0
70.0

106.7
0.0

S.

26.6
20.2
51.2
-

459.1
79.0

150.0
66.1

0.

27.4
21.9
*
-

496.4
71

165.1
121.6

N.

27.6
23.5
-
-

489.6
69.5

141.2
100.7

D.

28.2
22.4
-
-

534.0
90.2

235.7
171.8

1973

Mean Temp. (°C)

Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (km/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

28.2

np
np

515.1
93.6

np
248.6

F.

29.0

np
np

492.5
69.9

np
149.4

M. A.

29.4

np
np

551
64.8

np
71.7

M. J. J. A.

Processing
not

finished

or
data could not

be traced

S. 0. N. D. CO

Note: np = Data not processed



Ilonga (963732)

1970

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind {mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

30.0
20.7
25.4
22.1
21.6

• -

4.6
431.6
2.6

3.7
249.7

4.1

F.

31.0
21.0
26.0
22.9
22.3
-
6.9

532.4
2.3

3.5
119.9

4.8

M.

30.6
20.6
25.6
22.6
22.0
-
5.1

524.6
2.7

4.0
271.4

5.2

A.

29.3
20.6
25.0
22.0
21.2
-
5.8

447.2
2.6

3.7
45.7

4.3

M.

29.1
18.2
23.7
20.6
19.2
-
7.3

451.3
3.4

5.9
7.3

4.7

J.

28.6
16.2
22.4
19.0
17.4
-
7.9

445.6
3.9

7.1
9.2

5.1

J.

28.4
16.6
22.5
18.6
17.1
-
6.6

405.8
3.7

6.8
3.4

4.8

A.

28.4
17.1
22.8
19.0
17.5
-
6.8

420.6
4.1

7.1
10.1

5.2

S.

29.3
17.8
23.6
19.0
17.3
-
6.9

478.5
4.2

7.0
55.2

5.8

0.

31.1
19.2
25.2
19.9
18.1
-
8.5

532.8
4.9

8.2
17.7

6.9

N.

34.1
21.0
27.6
22.6
21.4
-
9.3

579.4
5.7

10.5
6.3

8.9

D.

31.8
21.0
26.4
22.3
21.4
-
6.7

498.0
4.0

6.0
196.3

6.7

1971

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

31.0
20.4
25.7
22.1
21.6
-
6.4

500.6
3.1

4.6
101.9

5.1

F.

29.6
19.7
24.7
21.6
21.1
-
6.4

497.0
2.2

3.4
113.4

4.6

M.

30.4
19.9
25.2
21.8
21.1
-
7.8

528.7
2.7

4.5
170.5

5.2

A.

29.1
19.8
24.5
22.2
21.6
-
6.5

444.1
2.5

3.0
224.9

4.1

M.

28.0
18.0
23.0
20.4
19.2
-
7.1

439.8
2.9

4.6
26.7

4.1

J.

27.3
14.8
21.1
18.0
-
-
8.2

456.0
3.3

6.4
17.1

4.6

J.

27.2
16.4
21.8
18.6
17.2
-
5.4

377.5
3.2

5.7
9.1

3.9

A.

28.5
15.5
22.0
17.7
-
-
7.8

457.3
3.7

7.7
2.5

5.2

S.

29.6
18.1
23.9
18.8
-
-
6.7

457.5
4.4

8.4
10.7

5.7

0.

31.3
19.3
25.3
20.3
-
-
8.0

519.8
5.3

9.9
23.0

7.3

N.

34.0
20.5
27.3
21.7
-
-
9.4

591.6
5.4

10.9
26.7

9.2

D.

32.4

26.6
22.1
-
-
7.2

515.0
* 4.0

6.8
55.5

6.6



Ilonga (continued)

1972

Av. Max.Temp. (°C)
Av. Kin.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

31.2
20.7
26.0
22.2
21.6
-
7.5

558.7
3.4

5.4
147.7

6.0

F.

30.1
19.8
25.0
21.5
20.9
-
4.8

447.7
2.3

3.7
97.5

4.1

M.

30.1
20.2
25.2
22.2
21.5
-
6.3

493.6
2.5

3.6
302.7

6.1

A.

29.5
19.9
24.7
22.3
21.6
-
6.5

456.3
2.4

3.1
137.8

4.1

M.

28.4
18.8
23.6
21.7
21.0
-
6.7

407.5
2.6

3.4
126.8

3.7

J.

27.4
15.0
21.2
18.8
17.4
-
7.4

432.6
2.8

5.2
0

4.1

J.

27.8
15.0
21.4
18.5
17.0
-
7.2

409.3
3.1

5.8
1.5

4.2

A.

29.1
15.5
22.3
18.4
17.0
-
7.4

443.0
3.3

6.8
0.6

4.8

S.

29.9
19.0
24.5
19.7
18.1
-
7.8

492.2
3.9

7.0
51.3

5.6

0.

30.5
20.2
25.4
21.1
20.0
-
7.3

504.1
4.4

6.5
80.0

5.5

N.

30.8
20.6
25.7
22.0
21.0
-
6.8

506.3
3.3

4.7
130.4

5.1

D.

31.6
21.0
26.3
22.6
21.6
-
7.1

519.2
3.0

4.9
113.3

5.5

1973

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

30.7
20.7
25.7
22.6
22.1
-
5.3

461.0
2.4

3.2
251.8

4.3

F.

31.0
21.0
26.0
22.9
22.4
-
6.3

449.3
2.1

3.6
132.7

4.5

M.

32.0
21.2
26.6
23.3
22.6
-
8.6

452.6
2.3

4.0
105.0

5.0

A.

30.0
20.4
25.2
22.5
21.7
-
6.0

416.2
2.3

3.2
223.6

3.9

M.

29.0
19.2
24.1
21.2
20.3
-
6.3

419.5
2.4

4.0
44.3

3.8

J.

28.2
14.9
21.6
18.5
16.5
-
7.2

421.4
3.3

6.1
0.9

4.4

J.

28.2
13.8
21.0
17.7
15.6
-
8.0

431.7
3.6

7.2
3.4

4.7

A.

28.7
16.2
22.5
18.4
16.7
-
6.2

431.5
3.3

6.7
1.7

4.4

S.

30.7
17.9
24.3
19.3
17.6
-
7.4

481.3
3.9

7.6
0

5.8

0.

32.6
19.6
26.1
20.2
18.4
-
8.7

524.9
4.8

9.1
2.7

7.0

N.

33.1
20.5
26.8
21.7
20.3
-
8.5

558.4
4.6

8.3
57.3

7.3

D.

32.0

26.0
21.7
20.6
-
8.3

542.1
3.9

6.2
157.2

6.5



Ilonga (continued)

1974

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

32.5
20.3
26.4
21.8
20.8
-
7.7

541.3
3.8

6.9
113.5

6.5

F.

33.4
20.8
27.1
21.9
20.1
-
9.4

593.6
3.6

7.0
30.5

7.3

M.

32.1
20.2
26.2
21.7
21.4
-
8.3

534.9
3.7

6.4
230.5

6.1

A.

29.1
19.6
24.4
22.2
21.6
-
5.6

410.0
2.2

2.5
302.6

3.7

M.

28.7
18.1
23.4
21.4
20.7
-
7.0

412.8
2.0

3.0
150.8

3.4

J.

27.3
15.6
21.5
19.4
18.3
-
6.0

358.0
2.3

3.8
11.0

3.0

J.

26.3
15.1
20.7
18.2
16.9
-
5.6

363.8
3.0

4.8
22.3

3.4

A.

28.7
14.6
21.7
18.4
17.0
-
8.3

441.6
3.6

6.3
22.4

4.6

S.

30.3
15.4
22.9
18.5
16.5
-
7.8

497.1
4.0

7.9
9.6

5.9

0.

30.9
17.6
24.3
19.5
17.6
-
7.9

494.2
4.8

8.7
18.1

6.4

N.

33.5
20.3
26.9
21.3
19.5
-
8.6

528.5
5.8

11.6
2.1

8.2

D.

34.2
20.8
27.5
22.4
20.8
-
8.8

541.3
5.2

10.6
71.5

8.4

1975

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

A-pan (mm)

J.

31.9
20.0
25.1
22.0
21.2
-
6.8

505.3
3.8

7.5
84.2

6.2

F.

34.6
20.9
27.8
21.7
20.4
-
8.2

587.9
5.3

9.9
46.6

8.7

M.

30.5
20.0
25.3
22.6
22.0
_
6.7

501.3
3.1

3.8
245.9

-

A.

29.3
19.1
24.2
22.2
21.8
_
6.8

446.0
2.2

2.6
297.7

-

M.

28.7
18.0
23.4
21.4
20.7
_
6.4

368.2
1.9

2.8
91.6

-

J.

27.3
15.1
21.2
19.3
18.4
_
6.1

353.5
2.4

3.7
6.0

-

J.

28.0
14.4
21.2
18.3
17.0
_
7.3

432.5
3.2

5.8
1.2

-

A.

27.9
15.2
21.6
17.8
16.2
-
6.1

402.8
4.5

7.3
1.8

-

S.

29.2
16.8
23.0
18.9
17.6
_
6.2

450.5
4.6

7.1
19.2

-

0.

30.8
17.9
24.4
19.5
18.0
-
7.3

491.7
4.6

8.5
12.4

-

N.

33.7
19.4
26.6
21.1
19.5
-
9.3

575.1
5.6

7.9
0.1

-

D.

32.4
12. J
22.7
22.3
21.2
-
7.0

2027.2*
4.1

4.8
187.1

-

Figure not considered reliable



Ilonga (continued)

1976

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.8
19.4
26.5
22.0
20.5
-
7.8

511.2
3.5

6.7
89.5

F.

30.6
17.7
24.2
22.5
21.6
-
7.0

545.9
2.7

5.2
156.4

M.

30.8
19.5
25.2
22.7
21.2
-
6.8

475.4
2.5

4.1
148.6

A.

30.0
19.3
24.7
22.0
21.4
-
6.6

446.1
2.5

3.2
220.5

M.

28.4
17.2
22.8
20.7
19.8
-
6.7

374.6
2.9

4.0
89.2

J.

27.3
15.0
21.0
19.2
18.2
-
6.8

400.4
3.0

7.4
0

J.

28.0
13.2
20.6
18.1
16.4
-
8.1

433.6
3.4

6.4
5.8

A.

28.7
14.2
21.5
18.2
16.8
-
7.3

423.9
3.6

6.8
23.6

S.

30.2
17.4
23.8
19.4
17.7
-
6.4

404.7
5.3

8.0
0

0.

31.6
19.0
25.3
20.8
19.1
-
8.0

470.1
5.1

8.6
12.3

N.

-
-
-
-
-
-
-
-
-

_
-

D.

35
21.5
28.5
22.4
22.0
-
8.8

604.1
-

10.6
10.3

1977

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.1
20.3
25.7
22.7
21.0
-
6.5

454.5
3.3

5.1
306.4

F.

29.6
19.6
-
22.0
20.6
-
6.6
-
-

5.6
130.8

M.

30.8
20.1
-
22.7
22.0
-
7.6
-
-

4.0
72.4

A.

27.9
20.7
-
22.2
21.5
-
4.0
-
-

2.9
154.1

M.

28.8
19.2
-
21 A
20.6
-
6.1
-
-

_
32.8

J.

28.4
15.7
-
19.3
17.8
-
8.5
-
-

_
1.6

J.

29.0
16.6
-
18.6
17.0
-
8.4
-
-

_
3.5

A.

29,1
17.6
-
19.0
17.8
-
5.4
-
-

—
17.4

S.

29.6
19.3
-
19.7
18.4
-
6.8
-
-

103.8

0.

31.7
20.0
-

20.8
19.0
-
8.2
-
-

_
23.0

N.

30.9
20.9
-
22.1
21.2
-
7.4
-
-

_
153.8

D.

31.1
20.9
-
22.4
21.7
-
7.7
-
-

_
346.4



Ilonga (continued)

1978

Av. Mas.Temp. (°C)
Av. Min.Temp. (°C)
Mean Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/hr)

Total Evap. (mm)
Total Rainfall (mm)

J.

30.7
21.1
-
22.5
22.1
-
6.1
-
-

_
143.3

F.

31.6
21.3
-
22.5
21.7
-
7.7
-
-

_
48.9

M.

30.7
21.7
-
22.8
22.3
-
-
-
-

_
215.1

A.

29.8
19.9
-
22.2
21.5
-
-
-
-

_
275.2

M.

28.6
17.5
-
20.7
19.5
-
-
-
-

_
36.1

J.

26.9
15.9
-
19.4
18.3
-
-
-
-

_
12.3

J.

27.6
15.2
-
18.1
16.9
-
-
-
-

_
5.2

A.

28.7
16.9
-
18.9
17.6
-
-
-
-

_
5.8

S. 0. N. D.



Morogoro MET <963776)

1971

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

30.8
20.6
21.2

78
7.0
-
-

185.6
124.6

F.

30.3
20.3
21.2

84
7.2
-
-

_
37.6

M.

31.0
20.1
21.3

70
7-8
-
-

187.9
63.9

A.

28.2
20.0
21.5

89
4.9
-
-

99.4
226.7

M.

27.7
18.0
19.9

90
6.6

315.5
62.7

103.9
55.4

J.

27.1
14.7
17.3

81
8.0

334.8
85.6

120.6
36.5

J.

26.5
15.7
17.7

87
6.5

321.2
97.9

124.4
7.4

A.

27.5
14.5
17.1

81
7.0

349.1
121.6

190.0
0.0

S.

29.3
16.5
18-4

81
6.8

362.9
140.6

155.4
3.9

0.

30.7
16.8
18.9

69
8.4

412.9
146.3

210.5
6.0

N.

33.3
19.8
20.2

64
7.7

456.5
205.5

301.2
3.7

D.

32.5
20.7
21.0

73
8.1

408.1
192.3

244.5
34.5

1972

Av. Max.Temp. (°C)
Av. Kin.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum- (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.5
21.1
21.6

79
8.3

433.4
176.7

242.8
109.3

F.

27.6
20.7
21.4

83
5.4

342.7
132.3

163.2
116.4

M.

29.7
20.3
21.6

87
6.3

355.0
95.4

162.0
177.0

A.

28-7
20.0
21.5

90
5.5

324.5
61.2

116.4
165.9

M.

28.1
19.5
20.9

92
5.9

303.5
60.6

92.9
152.8

J.

26.4
15.0
18.1

85
6.0

293.2
57.0

95.0
0.0

J.

26.6
15.2
17.6

87
5.6

275.6
77.3

94.1
26.1

A.

28.2
14.2
17.7

83
7.7

348.2
108.6

144.7
14.2

S.

29.4
16.7
18.9

79
7.6

346.9
128.3

167.8
22.8

0-

30.2
19.0
20.9

81
7.4

370.3
120.8

172.4
83.0

N.

31.6
20.3
21.6

81
6.4

376.8
102.9

147.7
71.3

D.

31.6
21.0
22.2

78
7.4

410.0
135.7

193.3
107.2

CO



Morogoro MET (continued)

1973

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

i-i

30.5
21.3
22.2

85
6.4

380.0
114.7

116.7
248.7

F.

_
21.0
22.5

85
7.0

383.3
97.9

138.7
85.7

M.

_

21.4
22.6

84
7.9

376.7
63.5

169.5
41.7

A.

—
20.4
22.0

94
4.9

301.5
63.2

101.5
291.0

M.

—
18.6
20.7

89
5.4

296.3
58.8

87.3
61.3

J.

_

15.4
18.0

85
6.9

297.2
68.3

95.7
14.7

J.

_
14.1
16.5

83
7.5

327.9
82.7

114.6
9.6

A.

_
15.8
17.7

81
6.1

320.9
102.1

145.0
8.9

-
16.5
18.8

76
6.9

361.7
196.9

176.0
3.5

0.

31.8
17.8
19.9

72
9.0

414.9
149.5

226.7
18.1

N.

32.1
19.8
21.0

71
9.1

430.9
193.3

221.0
48.3

D.

31.2
20.6
21.5

76
8.6

425.2
183.7

216.5
125.5

1974

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.8
20.9
21.3

75
7.5

130.1
192.7

237.5
26.6

F.

33.9
21.4
21.6

73
9.3

440.5
214.0

254.8
12.3

M.

31.6
20.3
21.6

80
8.0

405.3
150.0

228 A
86.5

A.

28.6
20.5
21.7

90
4.6

311.3
69.4

115.4
278.8

M.

28.2
18.9
20.9

90
-

335.0
56.6

106.6
102.4

J.

26.8
16.4
18.8

88
6.4

310.2
57.7

94.0
22.5

J.

26.4
15.5
17.9

89
5.3

244.2
70.8

96.0
14.3

A.

28.1
15.0
17.7

83
7.5

335.1
117.2

147.6
3.6

S.

29.0
15.4
16.7

78
7.0

366.2
143.6

170.9
4.4

0.

30.3
17.2
19.3

74
7.8
395.5
149.2

205.7
25.0

N.

32.8
20.3
20.8

66
8.5
-
-

253.9
1.4

D.

34.1
22.0
21.7

67
8.5
-
-

300.0
9.5



Morogoro MET (continued)

1975

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.7
21.0
21.4

78
-
-
-

205.1
104.1

F.

34.4
21.8
21.3

72
-
-
-

284.0
38.0

H.

31.1
21.1
22.3

84
-
-
-

158.8
163.3

A.

28.9
20.2
21.9

91
5.8
-
61.7

131.2
197.7

M.

28.0
18.8
20.9

90
5.8
-

48.1

99.0
102.7

J.

27.3
15.9
18.6

90
5.7

323
563.4*

84.0
25.3

J.

27.6
15.1
17.6

85
6.9

367
84.1

112.8
2.3

A.

27.3
14.9
17.2

80
6.1
-

110.4

136.4
0.4

S.

28.6
16.5
18.9

80
5.8

385
107.2

_
11.3

0.

30.5
17.2
19.4

74
7.4

461
137.2

209.7
21.7

N.

33.0
19.0
20.6

66
9.5

549
174.1

254.7
29.7

D.

32.0
21.1
21.6

73
7.3

499
141.8

229.3
78.3

1976

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.5
20.9
21.5

77
-

479
-

215.1
106.4

F.

32.0
20.8
22.4

81
6.9

489
177.5

191.6
22.3

M.

31.2
20.9
22.2

81
6.5

441
111.4

163.3
118.3

A.

29.4
20.9
24.6

87
6.2

394
81.1

_

156.7

M.

28.2
18.2
20.6

90
5.5

342
52.8

_
41.5

J.

27.2
15.6
18.6

88
6.2

354
65.3

_
54.0

J.

27.4
13.9
17.1

81
7.3

373
96.5

_

7.5

A.

28.0
14.8
17.4

78
6.7

381
128.9

_

3.9

S.

29.5
16.6
18.9

77
7.2

415
141.2

_
28.9

0.

30.8
18.1
19.5

73
8.7

516
171.7

245.0
7.5

N.

33.6
19.4
21.1

64
9.9

523
176.2

276.4
9.4

D.

33.8
21.9
21.9

67
9.0

541
253.7

312.1
61.6

u>
00
o

Figure not considered reliable



Morogoro MET (continued)

1977

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Wet Bulb (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

31.5
22.0
22.3
-
79
7.3

485
-

200.2
136.6

F.

31.4
21.9
22.0
-
76
8.3
515
-

228.4
166.4

M.

29.0
19.6
21.4
-
84
7.2
460
-

153.6
128.5

A.

28.1
19.1
21.0
-
90
4.1
347
-

_

123.3

M.

28.8
19.1
20.9
-
89
6.2
372
-

_

84.0

J.

27.0
15.0
18.1
-
84
7.5

365
-

_

2.9

J.

28.4
15.2
17.8
-
82
7.8

391
-

_
23.7

A.

28.5
15.6
18.1
-

83
6.1

344
-

9.4

S.

33.0
16.2
18.7
-
79
-
-
-

-
22.9

0.

32.3
18.6
20.1
-
75
7.7

468
-

-
50.3

N.

30.2
20.2
27.6
-
78
7.2

467
-

88.3
45.0

D.

32.7
21.5
21.8
-
79
6.9

492
-

171.2
152.2

00

1978

Av. Max.Temp. (°C)
Av. Min.Temp. (°C)
Dew Point (°C)
Rel. Hum. (%)
Sunshine (hrs)
Radiation (1)
Wind (mi/day)

Total Evap. (mm)
Total Rainfall (mm)

J.

30.4
21.3
19.6
55
6.8

476
142.2

172.5
202.1

F.

31.9
21.3
19.7
53
8.1

532
136.4

204.0
62.0

M.

31.1
21.3
21.1
61
5.7

458
90.4

185.3
204.8

A.

29.9
20.0
21.2
64
6.8

422
58.2

141.4
191.4

M.

28.4
17.8
18.0
58
6.7

354
59.3

108.1
37.6

J.

27.6
16.3
16.5
54
5.3

386
61.8

93.1
12.1

J.

28.1
14.4
14.4
46
7.5

382
83.0

125.5
15.0

A.

28.4
15.8
13.2
41
7.0

396
124.7

174.8
3.3

S.

31.0
16.5
12.7
36
8.3

468
140.3

198.6
3.1

0.

32.5
18.4
15.1
37
8.7

504
149.8

232-5
5.0

N.

31.7
20.1
18.2
52
7.2

446
118.4

199.3
173.6

D.

27.1
20.7
21.2
66
5.3

428
116.6

140.1
255.7
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CD 3.1 Hydrometric stations, monthly data
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Hydrometric Stations

River

Wami
Wami

Tami
Kisangate

Wami
Mkundi
Difulu
Lukigura
Mziha
Diwale
Mkindu
Chazi
Mkondoa
Mkombola
Miyombo
Kinyasungwe
Mkondoa
Lumuma
Mdukwe
Miyombo
Mkata

Ruvu

Ruvu
Ruvu
Ruvu

Ngerengere
Ngerengere
Ngerengere
Ngerengere
Ngerengere
Mlali
Morogoro
Ngerengere
Mgera
Ngerengere
Mgeta
Mgeta
Mgeta
Mwarazi
Mvuha
Mvuha

Great Ruaha
Great Ruaha
Mwega
Chali

Station
number

1G1
1G2

1G5A
1G6

1G8
1G10
1G11
1GA1A
1GA2
1GB1A
1GB2
1GB3
1GD2
1GD5
1GD6
1GD14
1GD29
1GD30
1GD31
1GD35
1GD36

1H2

1H3
1H5
1H8

1HA1 (A)
1HA3
1HA4
1HA5
1HA6
1HA7
1HA8
1HA9 (A)
1HA10
1HA15
1HB1
1HB2
1HB3
1HB4
1HC2
1HC2A

1KA3
1KA38A
1KA57A
1KA58A

Location

Dakawa
Mandera

Msowero
Mvumi

Rudewa
Mtale
Chogoali
Kimamba
Mziha
Turiani
Mkindu
Chazi
Kilosa
Lukando
Ulaya

Gulwe
Mbasawe
Kilamalulu
Mdukwe
Kivanga
Mkata

Ruvu Sisal
Estate
Kidunda
Kibungo
Morogoro Road
Bridge
Utari Bridge
Kingolwira
Kilimanjaro
Kiluwa
Kihonda
Mlali
Morogoro
Konga
Mgera
Mgude
Kisaki
Mgeta
Bunduki
Luhuela
Mvuha
Tulo

Kidatu
Yovi
Malolo
Chali

Latitude

6°
6°

6°
6°

6°
6°

6°

6°
6°
6°
6°

7°
6°
6°
6°
6°

6°
7°
7°

6°
7°
6°
6°
6°
6°
6°
6°
6°
6°
6°
7°
7°
7°
7°
7°

7°
7°

7°

S

07'
15'

32'
37'

41'
15'
-
49'
-
10'
15'
12'
48'
_
04'
27'
36'
41'
49'
-
-

48'
16'
01'

41'
02'
45'
46'
44'
47'
58'
51'
54'
56'
48'
28'
03'
02'
01'
12'
-

40'
23 '

23'

Longitude

37°
38°

37°
37°

37°
37°

37°

37°
37°
37°
36°

36°
36°
36°
36°
36°

38°
38°
37°

38°
38°
37°
37°
38°
37°
37°
37°
37°
37°
38°
37°
37°
37°
37°
37°

36°
36°

36°

E

02'
23'

13'
11'

07'
20'
-
47'
-
37'
52'
34'
59'
-
53'
26'
47'
40'
53'
_
-

43'
18'
48'

42'
22'
48'
42'
06'
39'
32'
40'
37'
34'
09'
42'
34'
37'
38'
51'
-

57'
46'
-
32'

Altitude
m ;

1
1

1
1

1

l.MSL1)

380
168

457
-

466
600
_
520
-
350
360
457
490
914
580
820
520
050
767
-
-

27
76
473

15
90
425
457
198
466
518
543
530
518
95
152
975
220
493
274
-

100
610
-
294

Catchment
area, km2

28
36

1

3

17

10

12
6

15
2

1

2

80

500
450

907
404

320
326
-
100
-
290
101
6,2

550
266
300
750
290
502
516
-
-

488
697
420

190
840
690
630
646
461
18,1
23,3
20,5
15,4
370
963
85,2
46,0
5,0

251
-

040
630
-
559

) m a.MSL = meters above mean sea level



Hydroraetric Stations, periods of.processed records
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(discharge volumes tables)

* = not available, or missing data
= not relevant, or not calculated

( ) = estimated value
(p) = maximum flow or minimum flow from continuous record
n = number of years involved in the determination of m, s and C
mx = mean (m3/s)
m2 = mean (106 m3)
s = standard deviation (106 m3)
C = coefficient of variation (-)

Note that maximum and minimum flows, if not followed by (p) are average
daily discharges, usually calculated from two waterlevel-observations a day.



Monthly discharge volumes (10e m3) for river: WAKI

Station: DAKAWA Station number: 1G1

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

i (1959-74)

">i
m2
s
C
V

Jan

*

20.7
37.0
4.8

678.6
64.3

165.7
51.1
64.2
18.2

299.7
39.6

100.2
45.6
40.9
192.3
14.3
17.7

16
42.9
114.8
169.8

1.48

Feb

*

27.9
19.2
23.4
140.4
67.0
159.7
27.8
75.0
23.5
137.6
53.3

145.1
76.5
23.2
143.2
18.0
5.7

16
24.5
72.6
54.3
0.75

March

*
61.8
46.1
33.0

229.2
147.5
167.4
53.1
132.0
32.6

337.7
69.2
167.3
28.8
73.6
118.0
10.0
33.7

April

*
69.6

351.0
57.2

192.7
425.5
671.7
148.8
269.2
160.5
773.1
115.8
219.8
128.3
184.7
152.7
115.2
52.9

(not processed

16
39.8
106.7
87.8
0.82

16
91.1
252.2
208.1

0.83

Hay

*

52.0
94.3
101.9
212.4
186.6
207.8
64.1

152.0
272.2
278.9
234.0
87.2

103.1
206.6
285.1
261.5
56.2

June

*
26.5
40.7
29.9
78.2
75.1
95.4
42.9
83.4
150.6
226.9
70.4
39.9
39.4
97.1
92.1
69.7
22.0

on 1/1/79}

16
65.3
175.0
81.5
0.47

16
28.4
78.6
51.0
0.65

July

*

12.1
29.1
24.0
56.3
57.8
65.5
25.3
51.8
71.0

{117.5}
45.2
29.8
32.1
44.0
55.6
41.8
15.5

16
17.7
47.4
24.9
0.52

Aug

*

14.5
20.6
17.0
47.1
40.1
52.2
20.2
34.9
50.4
91.5
34.0
22.6
21.8
29.8
41.5
26.8
10.6

16
18.2
35.3
19.2
0.54

Sept

*

11.0
14.5
12.2
35.8
30.3
37.5
14.2
26.2
45.5
57.2
25.3
20.1
16.3
26.7
26.4
18.6
9.0

16
9.4

26.1
12.8
0.49

Oct

*

8.0
11.0
16.7
24.7
21.9
29.4
16.2
21.5
38.0
41.2
20.1
15.7
12.6
27.4
19.6
15.6
7.1

16
7.9

21.2
9.2
0.43

Nov

8.7
5.7
9.1

111.3
18.0
52.5
20.1
16.6
21.8
44.0
45.0
18.4
9.9

30.1
30.1
15.2
10.7
*

16
10.4
28.7
26.0
0.91

Dec

18.6
10.4
5.7

242.3
19.1

112.3
16.6
29.5
25.8
369.0
98.5
16.9
21.3

102.5
102.5
20.5
8-3
*

16
28.0
75.1
100.5

1.34

Jan-Dec
Total

*
320.2
678.3
673.7

1732.5
1280.9
1691.0
509.8
957.8
1275.5
(2504.8)
742.2
878.9
637.1
887.2
1162.2
610.5
*

16
32.8

1033.9
561.7
0.S4

Nov-Oct
Total

*

331.4
679.6
334.9

2049.0
1153.2
1817.1
500.4
956.3
910.1

(2774.3)
850.4
883.0
537.7
887.2
1259.1
627.2
249.4

16
32.8

1034.4
665.4

0.64

Max. Flow
Nov-Oct year

m3/s

*
49.80
314.03
75.09

608.81
383.98
523.86
109.87
154.05
171.83
702.50
164.56
170.46
112.05
98.63
173.80
165.02
39.45

16
236.3
-

200.9
0.85

Min. Flow
Nov-Oct year

m3/s

*
2.41
1.00
1.44
8.10
4.57
6.39
4.81
5.19
5.14

12.41
6.06
3.71
2.99
3.08
5.48
4.22
1.55

16
4.62
-
2.77
0.60

co



Monthly discharge volumes (106 m3) for river: WAMI
Station: HANDERA Station number: 1G2

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n (1956-75)
mi

s
Cv

Jan

*

11.3
71.3
75.9
40.4
35.5
58.0
7.9

1058.3
121.0
267.0
103.6
153.9
36.2
631.5
88.7
160.5
114.1
82.1

395.5
32.8
27.8

20
66.5
178.1
254.9
1.43

Feb

*

190.5
153.6
98.2
47.1
55.5
47.5
74.6
242.2
104.4
200.4
42.7
111.0
39.2
148.2
157.2
234.8
121.1
22.2

246.3
35.8
11.9

20
45.4
109.7
76.1
0.69

March

*
93.0
94.9
59.7

202.5
185.8
104.3
78.2

412.3
298.7
253.5
79.5
371.4
72.2
544.5
161.2
301.7
42.0
139.6
238.1
(19.9)
81.6

Êpril

*

270.8
313.0
477.7
374.5
137.1
662.0
111.6
354.7
692.3
941.5
264.2
802.6
385.3
2345.6
133.2
560.8
259.6
355.1
385.5
260.9
180.5

(not processed

20
69.9
187.1
140.8
0.75

20
191.7
496.9
491.3
0.99

Hay

*
*

329.9
910.4
385.4
222.3
202.5
173.5
375.2
347.1
363.6
144.2
288.6
714.8
747.3
505.8
158.0
246.8
475.0
783.9
721.9
182.2

June

131.5
145.8
126.8
133.4
35.4
73.5
40.3
115.4
105.3
130.9
103.2
134.4
274.9
606.1
135.9
76.8
66.2
181.6
190.3
136.1
58.8

on 1/1/79}

20
154.5
413.9
238.8
0.58

20
55.4
143.6
122.4
0.85

July

*

49.1
58.2
66.7
55.9
28.3
48.4
77.4
82.5
83.7
88.6
57.1
88.4
105.7
202.5
95.4
57.5
78.2
79.0
123.9
92.9
51.5

20
30.3
81.1
36.2
0.45

Aug

*
31.1
48.9
47.4
35.9
33.5
31.8
40.2
76.5
58.7
81.1
41.1
65.0
99.0
106.4
95.2
(45.2)
27.7
48.7
95.6
48.0
21.6

20
21.4
57.4
26.1
0.45

Sept

*

18.9
26.0
31.0
24.7
25.2
21.8
39.3
60.7
40.1
57.8
23.7
42.0
125.2
77.4
50.8
35.6
16.1
60.7
33.0
32.5
32.2

20
16.5
42.8
25.0
0.58

Oct

*

14.1
19.7
23.7
16.9
23.3
18.2
93.5
42.5
14.0
52.5
46.2
33.8
92.4
71.7
37.5
27.7
10.5
97.2
17.2
22.1
18.1

20
14.5
38.9
28.2
0.72

Nov

8.9
15.5
22.6
32.4
11.9
20.5
16.0

741.5
44.1
148.3
28.9
79.4
33.0
141.7
135.8
43.4
15.6
6.8

134.4
21.2
15.4
7.0

20
32.8
85.0
162.1
1.91

Dec

13.1
30.7
33.6
67.6
46.4
32.0
9.4

472.0
62.7

227.7
23.2
116.3
48.1
709.0
217.7
58.9
56.7
22.9

225.0
51.3
8.7
23.2

20
46.9
125.6
177.6
1.41

Jan-Dec
Total

*
*

1317.5
2017.5
1375.0
834.4
1293.4
1950.0
2927.1
2241.3
2489.0
1101.2
2172.2
2795.6
5834.8
1563.2
(1730.9)
1012.0
1900.6
2581.8
(1427.0)
696.4

20
62.3

1963.1
1115.4

0.57

Kov-Oct
Total

*
*

1307.5
1973.7
1416.7
840.2
1320.5
761.9
4033.8
1972.1
2812.9
957.6
2175.8
2026.0
6332.0
1814.4
(1760.9)
1054.6
1570.9
2868.7
(1475.4)
690.3

20
62.1

1958.3
1312.3

0.67

Has. Flov
Hov-Oct year

a3/s

*
204.73 (p)
223.85 (p)
570.98 (p)
305.82 (p)
526.69 (p)
414.11
129.50
468.98
406.48
530.94
173.30 (p)
656.95 (p)
420.51 (p)
1798.02 (p)
430.58 (p)
430.58 (p)
199.84 (p)
265.76 (p)
513.04 (p)
562.45 (p)
146.47 (p)

-
-

-

Min. Flow
Nov-Oct year

*
1.22 (p)
2.41 (p)
4.87 (p)
4.87 (p)
4.07 (p)
4.28
2.09
14.07
9.34
9.10
6.34 (p)
9-25 (p)
8.58 (p)
21.65 (p)
8.94 (p)
7.78 (p)
3.29 (p)
1.74 (p)
4.41 (p)
2.06 (p)
0.71 (p)

20
6.49
-
4.94
0.76

w
co



Monthly discharge volumes (10s m3) for river: TAHI

Station: HSOWERO Station number: 1G5A

Year

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

n (1965-70)
mi
m2
s
Cv

Jan

7.5
5.7
3.9

22.5
a.8

21.5

6
4.4
11.7
8.2
0.70

Feb

4.6
9.6
7.7
18.9
10.2
17.8

6
4.4
11.5
5.7
0.50

March

5.4
21.8
9.4
56.5
14.4
28.6

fipril

19.6
31.9
50.6

297.4
27.1
25.1

(not processed

6
8.5

22.7
13.6
0.82

6
42.2
75.3
104.3
1.45

May

6.9
19.2
130.6
77.4
30.9
14.1

on 1/1/79)

6
17.4
46.5
48.2
1.04

June

4.1
11.3-
35.3
83.3
14.9
8.8

6
10.2
26.3
29.9
1.14

July

3.2
8.0
13.7
43.5
11.1
7.5

6
5.4

14.5
14.6
1.01

Aug

2.8
6.6

10.0
16.8
9.9
6.8

6
3.3
8.8
4.7
0.54

Sept

2.1
5.8

11.9
12.3
7.8
6.6

6
3.0
7.8
3.9
0.50

Oct

3.4
5.S
9.9
12.3
7.1
5.7

6
2.8
7.4
3.2
0.44

Nov

3.0
5.5

10.9
15.5
6.3
3.4

6
2.9
7.4
4.9
0.65

Dec

7.6
5.1

156.4
16.0
6.0
9.4

6
12.5
33.4
60.4
1.81

Jan-Dec
Total

70.2
136.3
450.3
672.4
154.5
155.3

6
8.7

273.2
¿36.1

0.83

Nov-Oct
Total

*

136.3
293.6
808.2
173.7
154.8

5
9.9

313.3
283.4
0.90

Mas. Flow
Kov-Oct year

m3/s

42.68 (p)
28.64 (p)
504.6S (p)
1134.62 (p)
84.49 (p)

209.33 (p)

6
334.0
-

430.1
1.29

Min. Flow
Kov-Oct year

m3/s

0.59 (p)
0.73 (p)
0.86 (p)
2.89 (p)
1.99 (p)
1-54 (p)
0.36
0.33
1.00
0.19
0.10
0.14
0.11

13
0.66
-
0.58
0.89

Co



Monthly discharge volumes (106 m3} for river: KISANGATE

Station: MVUHI Station number: 1G6

Year

1958

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n (1959-65,
1968-75}

mi
m

s
Cv

Jan

*

1.9
0.6
0.7
21.6
2.6
5.4
3.2
3.4
1.1
15.3
3.9
4.5
2.6
3.0
19.2
1.8
1.9

13
2.4
6.S
7.2
1.11

Feb

*

2.5
1.0
1.6
8.7
3.1
6.0
2.3
4.3
2.2
9.2
4.6
6.2
2.1
2.1
9.5
1.1
1.1

13
1.9
4.5
3.1
0.68

Harch

*
A "2
4. J
2.7
4.4
23.3
10.5
19.8
2.6
16.9
2.1
18.8
3.4
24.3
2.2
7.7
6.6
1.2
2.3

April

*
A T
H . /

17.5
10.8
21.0
23.1
40.8
15.9
21.0
11.3
59.8
16.3
28.8
16.5
14.1
18.8
14.3
5.6

(not processed

13
3.4
10.4
8.2
0.79

13
8.6
22.2
14.3
0.64

May

*
C. T
D . 1

8.9
13.7
20.8
13.8
16.4
9.1
*

25.0
29.7
25.0
12.6
14.0
24.0
26.1
35.6
6.5

on 1/1/79}

13
6.6
17.6
7.4
0.42

June

*

¿ . ïs
4.5
5.0
7.4
7.2
8.2
6.0
*

15.7
11.6
9.4
5.5
6.8
10.3
8.3
*
3.5

13
2.8
7.2
2.6
0.36

July

*

2.9
4.7
5.2
5.8
6.0
4.1
4.6
9.0
15.1
6.3
4.0
5.5
6.4
5.3
5.1
2.3

13
2.1
5.6
3.1
0.55

Aug

4.6

1.9
3.0
3.9
3.9
4.5
3.2
3.4
6.9
6.0
4.8
3.2
3.3
4.4
3.8
4.2
1.7

13
1.4
3.7
1.2
0.32

Sept

3.4

1.2
2.3
2.8
3.0
3.5
2.3
2.6
6.2
4.1
3.5
2.5
2.4
3.6
3.8
2.8
1.6

13
1.1
2.8
0.9
0.32

Oct

2.6

1.1
2.6
2.1
2.4
2.8
2.6
2.3
*
3.0
2.8
2.1
0.7
4.0
3.1
2.3
1.2

13
0.9
2.4
0.9
0.38

Nov

1.8
1 1
1 .1

0.9
8.8
1.7
4.9
2.1
2.1
2.4
*
4.1
4.8
1.5
1.4
3.8
1.8
1.6
*

13
1.2
3.0
2.2
0.74

Dec

1.8

i ,¿

0.7
9.4
1.9
4.9
2.1
4.0
1.9
*
7.4
19.8
3.0
1.7
9.4
2.6
1.6
*

13
1.9
5.2
5.3
1.01

Jan-Dec
Total

*

43.9
67.0
120.6
85.2
117.6
57.4
*
*

184.1
109.6
98.2
59.2
93.3
108.9
*
*

13
2.8
8S.9
36.7
0.41

Nov-Oct
Total

*

44^6
50.4
135.0
79.0
123.2
55.5
*
*
*
96.5
118.3
60.6
83.2
117.7
*
30.9

13
2.5
79.0
36.3
0.46

Max. Flow
Hov-Oct year

m3/s

*

18.75
15.68
43.07
22.92
35.39
18.13
23.65
49.29
49.19
41.44
67.35
46.98
62.45
54.08
119.45
7.62

-
-
-
-
-

(P)
(P)
(P)
(P)
(P)

Min. Flou
Nov-Oct year

m3/s

*
n AR
U .*t3

0.29
0.19
0.71
0.44
0.75
0.59
0.62
0.31
0.87
0.83
0.58
0.63 (p)
0.36 (p)
0.59 (p}
0.22 (p)
0.18 {p)

17
0.51
.
0.22
0.44

to
o



Monthly discharge volumes (10e m3) for r iver: HAM

Station: RUDEWfi Station number: 1G8

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

i (1959-62,
1965-68}

"i
m2
s
Cv

Jan

-k

7.8
5.7
4.1

44.4
14.0
*

10.0
11.1
6.5
22.7
17.0

8
5.2

14.0
13.6
0.97

Feb

*

7.9
4.1
6.9

20.7
14.4
*
7.8

11.6
6.5
18.1
16.8

8
4.3
10.5
5.9
0.56

March

13.0
12.0
15.3
49.5
39.4
*
9.6
23.9
7.3
25.6
23.4

April

*

11.7
63.8
33.1
47.9
82.9
*

20.6
36.3
29.1
58.9
8.9

(station closed

8
7.3
19.5
13.7
0.70

8
14.5
37.7
18.1
0.48

May

*
13.7
19.2
23.2
33.7
35.9
*

14.7
23.2
23.9
39.7
29.7

after

8
8.9
23.9
8.9
0.37

June

*

7.9
12.0
10.7
18.8
21.1
*

12.0
16.9
16.6
31.4
20.2

1969)

8
6.1
15.8
7.3
0.46

July

*
7.0
9.6
9.2
13.4
15.3
*

10.9
14.1
13.0
22.7
17.3

8
4.7
12.5
4.8
0.38

Aug

10.7
6.9
7.5
8.0
11.8
10.9
*

10.0
11.9
11.4
(20.2)
16.1

8
4.1
11.0
4.2
0.38

Sept

8.2
5.4
6.1
7.0
8.9
9.0
*

8.8
10.8
11.1
(18.0)
13.7

8
3.7
9.5
4.0
0.42

Oct

6.8
4.8
5.8
10.9
7.9
7.7
*
9.3
10.8
9.7
16.0
(12.5)

8
3.5
9.4
3.5
0.37

Nov

5.5
3.7
4.9
27.6
6.1

*
8.5
9.7
10.6
18.7
*

8
4.3
11.2
8.1
0.72

Dec

6.5
5.2
4.1
27.1
7.8
*
*

11.8
10.4
31.2
24.4
*

8
5.7

15.3
10.7
0.70

Jan-Dec
Total

*

95.0
150.7
183.1
270.9
*
*

134.0
190.7
176.9
(316.4)

*

8
6.0

189.7
72.1
0.38

Nov-Oct
Total

*

98.1
154.7
137.4
257.0
264.5
*
*

190.9
155.2
(315.1)
(218.7)

8
6.2

196.6
74.7
0.38

Max. Flow
Nov-Oct year

*

29.73
76.91
44.24
112.91
87.36
*
15.70
34.42
34.29
44.55
22.41

10
50.25
-
31.58
0.63

Min. Flow
Nov-Oct year

m3/s

*

1.59
1.18
1.30
2.79
1.79
*
2.66
2.96
2.10
3.46
4.95

10
2.4s
-
1.15
0.46

MS



Monthly discharge volumes (106 m 3) for river: MKUHDI

Station: HTALE Station nuajber: 1G10

Year

1958
1959

Jan

*

0.5

Feb

*

6.8

March April

* *

3.3 1.8

(station closed

Hay

*

2.7

in 1963)

June

*

1.5

July

*

1.3

Aug

*

1.2

Sept

*

0.9

Oct

*

0.5

Nov

*
*

Dec

0.5
*

Jan-Dec
Total

*

Nov-Oct
Total

*
*

Max. Flou
Nov-Oct year

B3/S

*

53.80

Min. Flow
Nov-Oct year

B3/S

*

0.08

ID
N5



Monthly discharge volumes (106 m3) for river; LUKIGURA

Station: KIMAHBA Station number: 1GA1A

Year

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

i (1962, 63,
65, 67-70
72, 73)

mi

s
Cv

Jan

83.9
2.2
*
7.5
0.1.
0.0
*
2.3
1.6
*
0.0

34.4
0.0

Feb

*

26.5
2.2
*
*
0.0
*
*

10.9
6.6
*
0.0
16.8
*

March

*
31.2
5.8
11.4
0.0
1.1
0.0
*
9.8
5.5
*

0.0
9.5
*

(not processed

April

15.4
10.1
17.5
0.0

23.2
8.5

185.5
6.3
12.5
*
1.6
4.8
*

on 1/1/79)

May

*
9.0
6.3
7.5
*
7.4
*
*
8.0
7.8
*

26.3
39.8
*

June

*

3.4
2.4
4.4
0.5
3.0
15.2
*
5.1
2.6
*
9.9
3.6
*

July

*

2.7
2.0
2.2
0.0
1.1
*
*
2.9
1.4
*
1.8
1.1
*

Aug

0.3
2.5
1.1
1.8
1.3
0.5
2.4
8.0
2.5
0.7
*
0.7
0.5
•k

Sept

0.4
2.0
0.3
1.2
0.0
0.1
5.4
4.9
1.3
0.7

1.7
0.2
*

Oct

2.8
1.0
0.1
0.6
0.0
0.1
8.3
3.7
1.7
0.3
*
7.4
*
*

Nov

45.3
0.5
*
*
0.0
*

10.4
7.5
1.4
0.0
*

13.8
0.0
*

Dec

32.9
1.3
*
*
*
0.1

140.3
15.2
1.5
0.0
*
4.2
0.0
*

Jan-Dec
Total

*
179.4
*
*
*
*
*
*
53.7
39.7
*

67.4
*
*

Nov-Oct
Total

*

255.8
34.3
*
*
*
*
*

73.5
42.6
*
*
*
*

Max. Flow
Nov-Oct year

ra3/s

*

96.45
9.50
*
15.32
*

49.80
467.70
50.85
12.14
*

29.94
99.96
*

9
92.4

144.8
1.57

Min. Flow
Nov-Oct year

*
0.08
0.03
*
0.01
*

0.00
1.01
0.43
0.07
*

0.00
0.00
*

9
0.18

0.34
1.87



Monthly discharge volumes (106 m3) for river: MZIH4

Station: M2ILIA Station number: 1GA2

Year

1971
1972
1973
1974

Jan

1.0
3.3
0.9
2.7

Feb

0.1
0.1
2.4
4.7

March

1.0
0.2
0.4
5.3

(not processed

April

2.1
1.1
2.2
0.6

on 1/1/79)

May

72.4
3.0
3.8
1.6

June

0.4
0.7
0.3
1.6

July

0.9
0.2
0.2
0.4

fiug

403.0
0.1
0.2
0.2

Sept

97.1
0.9
0.2
0.3

Oct

0.1
1.4
0.1
0.1

Nov

7.7
4.4
0.1
0.2

Dec

1.2
2.7
0.4
0.1

Jan-Dec
Total

587.0
18.1
11.2
17.8

Nov-Oct
Total

*
19.9
17.8

îa.o

Rax. Flow
Nov-Oct year

m3/s

851.78 (p)
18.04 (p)
12.04 (p)
14.82 (p)

Min. Flow
Nov-Oct year

m3/s

0.00 (p)
0.00 {p)
0.02 {p)
0.00 (p)



Monthly discharge volumes {106 m3) for river: DIWALE

Station: TURIANI Station number: 1GB1 up to 1964 and 1GB1A onwards from 1964

Year

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966

n (1954-67)
mi
m2
s
Cv

1968
1969
1970
1971
1972
1973
1974
1975
1976

i (1968-74)
mi
m2
s
Cv

Jan

*

8.3
5.S
11.8
32.9
7.1
6.8
6.0
0.7
65.5
23.7
27.4
7.6
11.9

14
5.8

15.6
17.2
1.10

21.7
12.7
29.6
11.0
12.9
30.3
6.6
3.5

7
6.7
17.8
9.4
0.53

Feb

*

6.0
23.9
10.2
10.6
7.0
6.1
4.5
10.1
17.8
8.5
9.4
5.7
6.2

14
3.8
9.2
5.6
0.60

12.2
53.2
38.5
9.9
5.5

24.6
3.3
2.2

7
8.9
21.5
18.9
0.88

March

*

10.4
12.7
17.1
21.1
17.0
13.8
15.3
12.6
27.3
41.5
30.9
4.9
8.2

14
6.8
18.3
9.8
0.54

April

*
25.0
38.9
46.2
43.9
32.6
16.8
62.5
26.5
40.7
47.3
52.8
27.8
26.4

14
14.7
38.1
12.7
0.33

May

*
33.8
48.2
37.7
43.3
30.7
27.5
20.4
18.2
36.3
33.6
32.7
31.5
42.9

14
12.4
33.2
8.3
0.25

June

*
15.1
24.7
27.2
16.5
28.1
6.4
15.0
7.2
16.8
14.3
14.0
11.3
26.6

14
6.6
17.1
7.0
0.41

River HJONGfi joined river DIWALE

60.7
47.8
58.1
8.8
22.5
21.8
9.1
18.9

339.1
48.2
77.7
39.0
53.3
73.6
54.4
35.7

(not processed (

7
12.2
32.7
22.4
0.69

7
37.8
97.9
107.2
1.09

183.7
58.7
34.5
53.1
83.4
91.4
57.3
29.8

168.5
27.9
17.0
18.1
26.2
24.9
30.9
*

m 1/1/79)

7
30.0
80.3
49.4
0.62

7
17.2
44.7
54.8
1.23

July

*
8.4
13.0
10.3
13.9
8.6
5.4
8.2
24.5
19.0
12.0
10.3
10.6
20.0

14
4.6
12.4
5.3
0.43

in 1968

29.9
17.3
9.0
19.6
18.0
20.5
26.3
*

7
7.5
20.1
6.7
0.33

Aug

*

7.4
9.6
10.3
12.7
7.1
18.1
3.7
13.2
26.8
11.7
13.4
6.8
16.7

14
4.4
11.9
5.8
0.49

18.1
21.9
9.0
9.2
9.7
14.6
10.4
*

7
5.0
13.3
5.1
0.38

Sept

13.1
5.7
5.4
5.1
9.3
5.6
8.6
2.6

21.9
16.9
4.6
4.0
6.4

23.9

14
3.5
9.1
6.8
0.74

12.6
(16.0)
9.5
7.3
16.6
6.9
8.3
*

7
4.2
11.0
4.1
0.37

Oct

9.0
7.2
3.4
4.3
8.4
4.4
10.2
4.6
25.9
13.3
4.5
8.6
14.8
14.4

14
3.6
9.5
6.1
0.64

14.5
18.6
9.1
5.4
28.2
5.1
8.2
*

7
3.6
9.6
3.7
0.39

Nov

8.2
2.7
4.5
5.1
11.9
3.3
8.8
2.3
59.6
17.5
28.2
2.7
17.3
24.3

14
5.3
13.7
15.7
1.14

57.5
15.3
4.5
3.3
29.1
7.7
4.5
*

7
6.7
17.4
19.9
1.14

Dec

10.7
3.6
9.4
15.7
14.9
3.6
7.6
1.6

35.3
23.6
18.2
4.5
18.3
43.6

14
5.5
14.7
12.5
0.85

38.9
10.9
12.7
7.1
37.7
10.3
3.4
*

7
6.5
17.3
14.7
0.85

Jan-Dec
Total

134.1
199.2
201.0
239.4
155.1
136.1
146.7
255.7
321.5
248.1
210.7
163.0
253.2

14
6.4
202.7
55.4
0.27

957.4
(342.5)
309.2
191.8
343.1
331.7
223.1
*

7
12.2
385.5
259.3
0.67

Nov-Oct
Total

*
146.7
191.6
194.1
233.4
175.0
126.6
159.2
164.7
375.3
242.8
249.9
134.6
195.6

14
6.3
199.5
66.0
0.33

928.9
(412.7)
318.2
198.6
286.7
380.5
233.2
*

7
12.5
394.1
247.6
0.63

Max. Flow
Nov-Oct year

_
16.99
59.47
51.54
38.23
52.67
45.87
57.25
49.27
58.10
46.86
52.64
58.08
50.97

14
48.46
-
11.11
0.23

177.34
93.84
-
-
-
-
-
-

-
-
-

Hin. Flow
Nov-Oct year

_
1.05
0.34
0.76
0.62
0.93
0.34
0.57
0.23
2.46
0.85
0.82
0.54
0.62

0.82
-
0.55
0.68

1.86
1.58
0.68
0.45
0.90
0.21
0.41
0.67

8
0.85
-
0.58
0.69

OJ



Monthly discharge volumes (106 m3} for river: HKIHDU

Station: MKINDU Station number: 1GE2

Year

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969

a (1957-60,
1964-68)

">i
m£
s
Cv

Jan

*

S.6
5.2
6.6
11.0
4.5
8.2
4.3
1.5
*
*

21.1
7.6
15.7
5.1
18.3
12.2

9
4.0
10.6
6.3
0.6

Feb

*
*
6.4
11.2
5.3
3.8
6.2
3.8
11.0
*
*

10.5
4.7
9.1
6.5
9.1
8.9

9
2.7
6.6
2.5
0.4

March

*
10.3
4.7
*

12.8
9.8
8.4
12.3
14.5
*
*

20.7
8.5
18.1
9.3
16.0
21.6

April

*
*
*
*

58.9
4.2
14.3
44.5
25.6
*
*

36.8
24.9
38.1
25.9
57.3
34.2

(station closed

9
4.8
12.9
4.5
0.4

9
13.1
33.9
18.5
0.6

May

*
*
*
*

54.1
19.5
27.7
15.3
13.4
*
*

20.1
20.5
21.3
30.6
33.1
25.7

after

9
10.0
26.9
11.7
0.4

June

*

8.6
17.1
*
9.3
15.6
6.1
8.8
6.0
*
*

10.1
11.0
11.5
19.4
28.3
11.4

1969)

9
5.1
13.3
6.8
0.5

July

*
5.0
6.9
*
5.0
5.4
4.5
5.0
13.5
*

7.1
6.7
7.3
10.6
8.5
7.1

9
2.5
6.7
2.0
0.3

Aug

*
4.0
4.4
3.7
3.4
3.6
6.2
3.3
5.6
*
*

6.2
4.9
5.4
11.4
5.5
8.3

9
2.1
5.5
2.5
0.5

Sept

4.3
3.1
2.6
2.6
3.0
2.4
3.5
2.4
7.2
*
*
3.6
3.7
3.9
17.8
3.5
5.8

9
1.9
4.9
4.9
1.0

Oct

4.0
2.9
2.1
2.0
3.0
1.7
3.8
2.8
*
*
1.5
5.5
8.7
3.7
10.3
4.3
5.9

9
1.8
4.9
2.9
0.6

Nov

4.0
2.7
2.5
2.1
2.7
1.6
4.1
1.7
*
•k

:9.o
2.5
12.6
3.2
17.8
19.5

it

9
2.8
7.3
7.3
1.0

Dec

*
3.9
8.9
12.0
9.0
3.5
4.9
2.7
*
*

14.4
4.8
17.1
7.6
30.5
16.9
*

9
4.0
10.8
9.1
0.8

Jan-Dec
Total

*
*

*
177.5
75.6
97.9
106.9
*
*
*

149.0
130.9
144.9
195.2
216.8
*

9
4.6

143.9
46.7
0.3

Nov-Oct
Total

*
*
*
*

179.9
82.2
94.0
111.5
*
*
*

175.1
108.5
163.8
157.7
228.7
177.5

9
4.6

144.6
48.3
0.3

Max. Flow
Nov-Oct year

m3/s

*
*
22.58

43.27
37.00
31.27
65.68
*
*
*
30.40
30.40
35.52
40.89
47.17
38.34

12
40.18
-
11.25
0.28

Kin. Flow
Nov-Oct year

m3/s

*
0.54
0.37
0.54
0.40
0.49
0.40
0.62
*

*
0.27
0.61
0.70
0.70
0.86
0.89

14
0.56
-
0.19
0.34

10



Monthly discharge volumes (10s m 3) for river: CHAZI

Station: CHA2I Station number: 1GE3

Year

1954
1955
1956
1957
1958
1959

Jan

*

0.4
0.5
0.2
*
0.2

Feb

*
0.4
0.6
0.2
*
0.2

March

*
0.5
1.0
0.5
*
0.4

April

*

1.2
1.2
2.1
*
0.4

(station closed

May

*

1.3
1.0
1.7
0.6
1.2

in 1963)

June

*

0.6
0.6
0.4
0.4
0.2

July

*
0.3
0.2
0.2
0.2
0.1

Aug

*
0.2
0.1
0.1
1.4
0.1

Sept

0.0
0.1
1.1
*
0.1
0.1

Oct

0.1
0.1
0.1

0.1
0.1

Nov

0.0
0.1
0.1

0.1
*

Dec

0.0
0.2
0.1
*
0.1
*

Jan-Dec
Total

*
5.4
6.6
*
*
*

Nov-Oct
Total

*
5.1
6.6
*
*
3.2

Max. Flow
Nov-Oct year

*
1.52
2.15
2.83
*
1.04

Min. Flow
Nov-Oct year

BI3/s

it

0.01
0.01
0.01
0.01
0.00



Monthly discharge volu

Station: KILOSA

es (ID6 m3) for river: MKONDOA

Station number: 1GD2

Year

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

a (1953-63,
1965-67,
1969-70)

ml

s
Cv

Jan

*
18.8
41.8
7.8
47.5
28.9
15.1
16.0
13.3
4.9

158.1
57.1
69.6
11.3
20.8
1.3

101.0
31.6
43.1

16
12.0
32.2
36.9
1.2

Feb

*

6.9
19.8
27.4
39.9
22.2
44.0
16.4
11.4
17.2
69.1
39.1
36.8
9.6
20.3
2.6
79.0
36.5
43.5

16
11.0
26.6
17.5
0.7

March

*

8.9
22.5
33.5
28.2
20.4
38.7
36.1
25.3
20.3
86.2
86.8
61.4
14.6
31.6
4.0

112.8
39.7
38.6

April

54.2
24.1
19.7
47.6
43.9
56.0
37.2
21.3
63.8
35.6
85.4
107.1

*
20.9
66.1
48.7
335.3
48.2
38.3

(not processed

16
12.5
33.5
23.3
0.7

16
17.8
47.7
24.7
0.5

May

64.8
41.8
28.8
49.8
40.8
57.4
37.5
22.5
30.8
22.2
70.9
128.4

*
13.2
24.1
63.3
*

35.9
26.8

on 1/1/79)

16
16.2
43.4
27.7
0.6

June

32.7
21.0
15.7
27.4
24.3
24.7
23.6
12.1
19.3
9.7

40.4
67.6
*

10.7
18.5
48.6
*

23.9
23.1

16
9.9
25.7
15.0
0.6

July

24.4
14.4
12.1
20.0
18.6
19.0
18.1
11.5
14.9
9.0
28.7
37.2
*
8.3
13.0
26.2
*

25.0
21.9

16
6.9
18.6
7.8
0.4

Aug

19.4
11.1
9.8
14.5
14.8
15.4
15.2
9.9

10.2
5.5
26.9
28.0
14.4
7.1
9.1
25.9
*

26.1
22.9

16
5.9

15.8
7.7
0.5

Sept

13.7
9.6
7.4
9.3
11.8
11.9
12.2
8.2
8.7
4.1
18.0
23.5
10.8
6.1
7.1
24.9
*

23.0
22.0

16
5.0
13.0
6.9
0.5

Oct

11.5
9.8
8.5
8.1
11.0
9.9
10.4
7.0
8.1
8.0
13.8
20.4
10.1
7.7
5.5

24.4
*

25.0
21.3

16
4.6
12.4
6.5
0.5

Nov

13.5
9.6
7.0
9.5
11.0
10.7
8.6
7.1
6.4
68.8
12.3
14.9
7.2
11.4
5.6
34.1
38.3
31.2
17.2

16
6.4
16.6
16.2
1.0

Dec

9.2
14.5
9.8
20.2
16.3
24.3
14.8
10.7
4.7
63.4
29.8
47.4
7.2
26.7
9.2
92.1
40.7
25.4
35.2

16
10.4
27.8
22.9
0.8

Jan-Dec
Total

*

190.5
202.9
275.1
308.1
300.8
275.4
178.8
216.9
268.7
637.6
657.5
*

147.6
230.9
396.1
*

371.5
354.5

16
9.9

313.3
148.2
0.5

Nov-Oct
Total

*
189.1
210.2
262.2
310.5
293.1
287.0
184.4
223.6
147.6
727.7
637.3
*

123.9
254.2
284.7
*

393.9
358.7

16
9.7

305.5
164.6
0.54

Has. Flow
Nov-Oct year

m3/s

*
39.64
22.65
49.55
39.36
86.09
31.15
32.00
64.26
102.68
113.27
110.08
134.51
28.47
103.36
75.41
*
41.27
39.20

17
61.15
-

32.35
0.53

Min. Flow
Nov-Oct year

*
1.47
2.41
1.98
1.98
3.17
3.17
2.35
2.12
1.25
4.39
2.83
2.87
0.91
0.62
0.27
*
2.12
5.30

17
2.27
-
1.32
0.58

00



Monthly discharge volumes {10e m3} for r i v e r : MKOHBOLA

S t a t i o n : LUKANDO Sta t ion number: 1GD5

Year

1952
1953
1954
1955
1956
1957
1958
1959
1960

l (1953-59)

101 .

s
Cv

Jan

*

4.4
6.4
1.9
4.6
10.4
3.2
4.2
3̂ 7

7
1.9
5.0
2.7
0.5

Feb

*

2.3
2.3
X0.4
4.7
4.3
5.2
3.5
2.2

7
1.9
4.7
2.8
0.6

March

*

2.8
2.5
6.9
3.4
3.4
7.3
5.5
6.7

April

*
5.7
5.3
7.3
15.5
8.8
8.8
3.8
jfc

(station closed

7
1.7
4.5
2.0
0.4

7
3.1
7.9
3.8
0.5

Hay

*
15.3
7.2
9.3
9.8

18.2
12.4
4.3
10.2

in 1963}

7
4.1
10.9
4.8
0.4

June

*
4.9
3.7
5.3
6.0
6.2
5.8
2.7
5.9

7
1.9
4.9
1.3
0.3

July

*
3.7
2.9
3.4
5.1
5.0
4.5
2.7
5.0

7
1.5
3.9
1.0
0.3

Aug

*
3.4
2.7
2.7
3.8
4.0
4.0
3.0
4.1

7
1.3
3.4
0.6
0.2

Sept

3.0
3.0
2.2
2.2
3.1
3.1
3.3
2.2
3.6

7
1.0
2.7
0.5
0.2

Oct

3.8
2.7
2.1
2.0
3.3
2.9
2.9
2.1
3.6

7
1.0
2.6
0.5
0.2

Hov

3.8
2.2
1.9
2.4
2.4
3.3
2.4
1.9
3.5

7
0.9
2.4
0.5
0.2

Dec

3.2
5.1
2.1
3.6
2.9
4.4
3.5
2.7
*

7
1.3
3.5
1.0
0.3

Jan-Dec
Total

*
55.5
41.3
57.4
64.8
74.0
63.3
38.6
*

7
1.8

56.4
12.7
0.2

Nov-Oct
Total

*
55.2
44.6
55.4
65.5
71.6
65.1
39.9
*

7
1.8
56.8
11.6
0.20

Max. Flow
Nov-Oct year

m3/s

*
19.82
16.34
31.15
45.59
19.11
13.45
8.35
2.08

8
21.97
-

12.56
0.57

Kin. Flow
Nov-Oct year

tn3/s

*

0.78
0.70
0.50
0.50
0.79
0.90
0.65
0.65

8
0.69
-
0.15
0.22



Monthly discharge volumes (106 m3) for river: HIYOMBO

Station: ULAYft Station number: 1GD6

ïear

1958
1959

Jan

*
7.0

Feb

*

8.5

March April

* *

19.5 9.8

{station closed

May

*
7.3

in 1963)

June

13.1
4.9

July

9.8
3.7

Aug

7.5
3.6

Sept

5.5
2.9

Oct

4.
2.
2
3

Hov

3.8
3.4

Dec

6.
9.
3
8

Jan-Dec
Total

*

82.7

Nov-Oct
Total

*

79.6

Max. Flow
Nov-Oct year

m3/s

*

16.65

Kin. Flow
Nov-Oct year

m3/s

1.30
0.76

oo



Monthly discharge volumes (106 m3) for river: KIHYASUNGWE

Station: GU1WE Station number: 1GD14

Year

1965
1966
1967
1968
1969

Jan

0.3
0.2

24.1
*

Feb

0.2
1.9
10.9
48.4

Harch

*
0.0
1.9

28.9
0.1

April

*
0.3
13.7
32.9
0.0

(station closed

Hay

*
0.0
0.0
2.8
0.0

after

June

*

0.0
0.0
0.0
0.0

1970)

July

*

0.0
0.0
0.0
0.0

Aug

*
0.0
0.0
0.0
0.0

Sept

*

0.0
0.0
0.0
0.0

Oct

*
0.0
0.0
0.0
0.0

Nov

0.0
0.0
0.7
0.0
0.0

Dec

O.S
0.3
11.1
0.0
*

Jan-Dec
Total

1.1
29.5
99.6
*

Nov-Oct
Total

*
1.5
18.0
111.4
*

Has. Flow
Nov-Oct year

5.69
12.53
25.73
0.00

71.68

Hin. Flow
Nov-Oct year

0.00
0.00
0.00
0.00
0.00



Monthly discharge volumes (106 m3) for river: HKONDOfi

Station: MBASAWE Station number: 1GD29

Year

1969
1970
1971
1972
1973
1974

Jan

*

6.2
7.6
18.5
9.2

Feb

*

9.9
8.2
5.9
11.4
5.1

March

*

10.3
6.4
7.8
9.7
4.8

April

12.9
11.5
13.1
10.7
15.8
11.1

(not processed

May

17.6
10.5
11.3
16.6
23.9
8.4

on 1/1/79)

June

10.4
7.7
8.0
9.6
11.2
5.4

July

9.1
6.9
7.4
7.5
9.8
S.I

Aug

8.6
*
6.0
6.0

e.a
4.2

Sept

7.4
*
5.2
5.7
7.4
3.6

Oct

7.0
4.8
4.7
6.1
6.6
3.5

Nov

6.7
3.7
3.6
6.0
6.3
2.7

Dec

5.8
7.8
4.8
10.7
6.9
3.2

Jan-Dec
Total

*
*
93.2
100.2
136.3
66.3

Nov-Oct
Total

*
*
88.0
91.9
139.8
73.6

Ha». Flow
Nov-Oct year

m3/s

*
*
42.15 <p>
56.02 (p)
134.97 (p)
12.31 (p>

Min. Flow
Nov-Oct year

m3/s

*
*
1.04 <p>
1.04 (p)
1.77 <p)
0.96 (p)

o



Monthly discharge volumes (106 m3) for river: LUMUHA

Station: KILftMÃLULU Station number: 1GD3O

Year

1969
1970

Jan

*
3.8

Feb

*

5.1

March April

3.9 3.7
4.0 3.4

(not processed

May

3.4
1.6

on 1/1/79)

June

2.1
1.1

July

1.8
0.9

Aug

1.8
0.8

Sept

1.3
0.9

Oct

1.2
0.8

Nov

1.3
0.5

Dec

1.5
1.8

Jan-Dec
Total

24.7

Nov-Oct
Total

*

25.2

Max. Flow
Nov-Oct year

m3/s

3.05
3.74

Min. Flow
Nov-Oct year

raVs

0.35
0.23



Monthly discharge volumes {10s m3) for river: MDIÍKWE

Station: MDUKWE Station number: 1GD31

Year Jan Feb March April Hay June July &ug Sept Oct Nov Dec Jan-Dec
Total

Nov-Oct
Total

Hax. Flow
Nov-Oct year

Kin. Flow
Nov-Oct year

1969
1970
1971

*
9.8
5.3

19.7
2.5

2.1
23.3

2.3

17.3
20.6
13.4

20.7
10.5

*

9.7
7.3

*

7.8
6.5

*

7.2
6.1

•k

6.2
5.8

*

5.6
4.9

*

7.4
3.2

*

5.3
9.1

*

*
126.8

*
127.2

*

18.30
51.74

*

*
1.42

*

(not processed on 1/1/79)



Monthly discharge volumes (106 m3) for river: MKftTfi

Station: MKATA Station number: 1GD36

Year Jan Feb March April May June July Aug Sept Oct Nov Dec Jan-Dec
Total

Nov-Oct
Total

Max. Flow
Hov-Oct year

3/

Hin. Flow
Nov-Oct year

3/

1973
1974
1975 11.3

* *
* *
3.8 16.9

61.2
*

*

29.2

25.7
*

27.4 29.2 19.0

(not processed on 1/1/79)

5.3

12.0

*
*
7.2

*

6.6
*

5.1

12.0
*

3.2

*

17.12

*
*
0.33

O



Monthly discharge volumes {106 m 3) for river: RUVU

Station: RUVU SISAL ESTÈTE Station number: 1H2

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

i (1951-58)

mi

s
Cv

Jan

*

65.4
165.6
34.1

106.5
22.9

243.9
81.5
74.5
47.7

8
37.1
99.3
73.2
0.74

Feb

*

132.2
121.3
15.9
52.7

125.9
274.8
227.8
92.4
81.2

8
53.9

130.4
85.4
0.65

March

*

109.1
124.4
36.6
101.7
94.2
301.8
131.7
163.7
118.4

ftpril

*

285.2
364.4
200.7
156.2
494.2
606.6
376.9
334.8
135.6

(station closed

8
49.6
132.9
77.3
0.58

8
136.0
352.4
147.3

0.42

May

*
341.6
473.6
564.5
499.6
727.0
539.7
808.1
540.4
215.5

in 1959)

8
209.8
561.8
145.9
0.26

June

*
137.2
91.8

146.5
138.1
343.7
182.5
149.8
190.4
55.5

8
66.6
172.5
75.5
0.44

July

*
95.8
50.8
62.0
60.3

115.0
74.6
84.6
91.4
*

8
29.6
79.3
21.4
0.27

Aug

64.8
51.7
35.6
44.0
37.8
65.2
47.6
62.7
53.3
*

8
18.6
49.7
10.7
0.22

Sept

80.1
32.9
27.8
49.6
27.1
34.2
33.0
44.6
35.7
*

8
13.7
35.6
7.8
0.22

Oct

65.5
41.0
29.8
44.6
35.2
28.1
24.6
55.9
22.4

k

8
13.1
35.1
11.4
0.32

Nov

56.1
178.4
74.2
47.6
43.0
55.1
53.2
98.1
19.3
*

8
27.4
71.1
49.1
0.69

Dec

117.7
184.5
34.7
52.1
44.3
64.9
28.2
182.1
53.9
*

8
30.1
80.6
64.4
0.80

Jan-Dec
Total

*
1655.0
1593.5
1298.2
1302.2
2170.4
2410.5
2303.8
1672.2

*

8
57.1

1800.7
438.1

0.24

Nov-Oct
Total

1465.9
1847.5
1307.4
1314.6
2137.7
2449.1
2105.0
1879.2

*

8
57.5

1813.3
418.4

0.23

Kax. Flow
Nov-Oct year

BI3/S

56.92
159.14
284.59
259.10
239.85
317.15
311.49
424.76
305.82
161.97

10
252.08
-

103.59
0.41

Kin. Flow
Nov-Oct year

14.87
7.96
1.93
4.56
8.92
5.55
8.50
5.66
6.60
5.92

10
7.05
.
3.43
0.49



Monthly discharge volumes (106 m3) for river: RUVU

Station: KIDUNDA Station number: 1H3

Year

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963

1 (1952-62)
mi
m2
S
Cv

Jan

*
135.3
35.1
104.2
31.2
155.8
96.1
48.4
50.4

111.7
12.9
583.5
188.5

11
46.3
124.1
159.3
1.28

Feb

*

125.2
15.7
53.8
167.4
221.6
124.8
85.9
91.4
44.6
115.5
162.6
105.6

11
45.4
109.9
60.2
0.55

March

*
115.2
50.8

122.8
85.2

234.7
116.8
176.5
96.7
180.3
117.9
377.6
270.4

April

*
362.4
202.4
156.9
395.5
538.7
497.4
403.4
111.2
550.1
156.6
317.1
591.3

(station closed

11
56. a

152.2
90.3
0.59

11
129.5
335.6
159.6
0.48

May

*
404.7
371.8
308.5
625.2
363.2
581.0
379.6
129.9
187.7
208.3
353.6
259.0

in 1963)

11
132.8
355.8
151.6
0.43

June

*

88.4
115.4
93.4
217.9
143.9
124.7
141.8
41.5
88.9
54.5
94.7
93.2

11
42.3
109.6
48.2
0.44

July

*
48.9
50.8
47.0
114.4
72.1
72.0
64.3
31.6
53.1
93.1
61.6
63.4

11
24.1
64.5
23.2
0.36

Aug

40.9
34.9
41.3
32.1
68.6
45.6
57.9
42.8
32.6
33.0
48.1
69.7
40.8

11
17.2
46.1
13.8
0.30

Sept

25.0
28.8
47.6
21.5
40.9
32.0
50.7
28.8
25.8
21.8
49.6
54.5
24.6

11
14.1
36.6
12.4
0.34

Oct

41.6
30.0
49.2
33.7
38.0
24.2
47.0
21.6
26.6
25.2
94.8
33.6
17.1

11
24.6
38.5
20.7
0.54

Nov

161.6
89.4
50.2
43.5
71.5
59.0
72.1
23.9
37.7
20.9
488.9
49.7
*

11
35.3
91.5
133.4
1.46

Dec

174.3
31.0
62.5
48.6
81.1
47.9
92.5
73.7
31.6
9.4

357.8
85.4
*

11
31.3
83.8
94.5
1.13

Jan-Dec
Total

*
1494.2
1092.8
1066.0
1936.9
1938.7
1933.0
1490.7
707.0
1326.7
1798.0
2243.6

*

11
49.1
1548.0
469.1
0.30

Nov-Oct
Total

*
1709.7
1100.5
1086.6
1876.4
1984.4
1875.3
1557.7
735.3
1365.7
981.6
2955.2
1789.0

11
49.7
1566.2
619.4
0.40

Max. Flow
Nov-Oct year

rn3/s

50.97
311.49
236.45
196.52
379.45
314.32
351.13
322.81
182.93
323.66
175.03
376.93
281.75

13
269.50

-
96.00
0.36

Min. Flow
Nov-Oct year

m3/s

6.37
6.37
3.68
6.94
5.95
6.94
6.94
6.23
5.10
4.9S
0.96
9.47
4.70

13
5.74
-
2.01
0.35

o



Monthly discharge volumes (106 m 3) for river: RUVU

Station: KIBUNGO Station number: 1H5

Year

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

i (1954-7S)
mi
m2
s
Cv

Jan

52.0
16.9
61.8
30.4
27.3
27.1
29.1
9.6

92.4
86.5
68.6
21.9
78.2
14.4
80.1
21.8
42.1
38.6
43.7
80.0
26.9
20.9

20
16.4
43.8
25.5
0.58

Feb

38.5
43.4
57.6
38.6
32.8
22.3
17.7
36.1
39.1
45.4
33.9
16.4
71.5
36.6
35.3
20.6
61.5
27.2
15.5
56.7
16.3
8.8

20
14.5
35.0
17.4
0.50

Harch

*
56.1
27.1
76.2
27.2
57.2
27.9
64.9
45.6
75.2
78.4
70.9
27.6
80.0
24.4
73.2
60.8
71.4
29.0
37.4
50.2
32.6
29.5

April

*
83.4
94.5

109.8
133.6
101.6
50.0

151.7
57.2
96.0

114.0
130.4
124.5
435.9
67.7

215.9
121.5
131.2
103.3
102.5
180.2
147.7
84.9

(not processed

20
19.2
51.3
20.1
0.39

20
49.3
127.7
78.9
0.62

May

*
113.1
136.8
97.7
121.8
85.9
54.8
51.6
49.3
101.1
60.9
68.6
62.2
71.2
111.3
114.2
98.3
55.5
85.8
128.5
141.0
150.0
85.3

on 1/1/79)

20
34.0
91.0
32.2
0.35

June

*
42.6
63.4
55.5
36.7
43.2
18.3
34.1
23.8
33.0
34.1
38.3
38.3
46.6
70.5
96.4
42.8
25.3
33.0
41.1
43.0
50.6
35.3

20
15.1
39.0
10.5
0.27

July

*
23.1
45.1
28.1
24.7
21.3
13.8
20.6
49.6
23.7
24.0
21.0
21.0
26.9
50.1
36.3
26.7
17.0
33.9
25.3
33.8
36.3
27.7

20
10. Z
27.2
8.8
0.32

Aug

*
16.4
28.0
18.2
23.9
16.0
16.8
14.8
25.0
39.7
17.3
17.8
13.5
17.4
39.2
22.6
31.1
13.4
18.3
17.2
31.8
20.6
16.2

20
7.7

20.7
7.1
0.34

Sept

*

13.4
17.5
13.7
19.7
13.4
13.0
11.5
37.0
32.5
11.6
11.9
16.7
19.7
75.3
16.8
22.9
25.0
14.0
29.0
17.3
19.6
19.9

20
7.»

19.0
7.2
0.38

Oct.

*

20.9
18.7
IX.6
19.8
9.4

21.6
15.4
62.5
27.9
8.8

30.4
42.1
21.7
39.7
14.4
30.7
16.3
14.8
45.1
18.4
19.2
24.9

20
9.0

24.0
13.2
0.55

Nov

52.5
29.8
40.3
29.0
26.6
14.8
22.7
12.7

190.6
34.1

136.5
12.2
73.7
36.5

(100.0)
61.1
45.9
(10.5)
11.8
73.2
35.9
14.5
13.9

20
16.7
43.3
45.9
1.06

Dec

67.5
31.7
49.3
24.8
36.0
24.0
18.6
9.4

80.3
52.6
74.8
17.5
75.4
26.6

200.1
58.8
36.0
70.3
11.7
68.7
38.5
13.5
33.3

20
14.5
39.7
23.3
0.59

Jan-Dec
Total

*
521.0
581.0
584.0
539.0
446.9
306.9
433.5
666.6
647.3
692.5
521.5
533.3
932.2
(829.3)
825.1
559.1
(480.9)
421.4
627.2
726.8
547.8
400.6

20
17.7

558.5
137.0

0.25

Nov-Oct
Total

*
579.5
552.9
619.8
530.2
470.7
304.4
452.7
417.8
831.5
567.9
703.1
413.9
1018.2
592.3

(1005.3)
597.1
540.6
(478.7)
508.8
794.3
594.2
381.4

20
18.0

567.9
167.5

0.29

Max. Flow
Nov-Oct year

m3/s

*
721.51
514.68
919.74
2183.22
1088.82
596.44
119.92
85.35

230.22
119.16
218.89
111.00
566.50
169.33
466.50
433.92
292.85
272.20
100.39
164.56
192.20
98.19

_
-
-
-
-

<P)
(P)
(p)
(P)
(P)
(P)

(P)
(P)
(P)
(P)
(P)
(P)

Hin. Flow
Nov-Oct year

m3/s

4.11 (p)
4.10 (p)
3.11 (p)
3.11 (p)
2.35 (p)
3.11 (p)
3.11
1.93
6.29
2.83
2.37
3.40
3.81 (p)
4.10 (p)
4.11 (p)
3.14 (p)
4.16 (p)
3.14 (p)
3.09
3.83
3.44
2.32

22
3.41
-
0.92
0.27

o
co



Monthly discharge volumes {106 m3) for river: EUVU

Station: HOEOGORO ROAD BRIDGE Station number: 1H8

Year

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n (1960-75)
"il
m 2
s
Cv

Jan

*
83.7
8.8

950.4
163.0
337.1
69.2
153.2
22.7
426.2
68.7
101.7
102.5
99.3
269.0
45.2
46.9

16
68.8
184.2
235.2
1.28

Feb

*

67.3
117.5
172.6
118.0
108.3
48.4
178.6
51.5
125.5
90.4
264.3
78.6
22.1

(241.6)
41.5
17.7

16
41.1
109.2
73.6
0.67

March

*
145.6
132.5
379.5
200.5
268.1
53.7
187.4
65.4
457.7
149.3
249.5
52.0
69.6
214.2
34.2
112.0

April

*
546.9
105.7
334.6
94.6
997.4
379.4
244.0
269.9
1840.3
305.6
398.2
365.2
468.8
446.9
236.8
394.5

(not processed

16
65.8
176.3
123.4
0.70

16
199.8
517.8
420.0
0.81

Hay

*
379.0
273.5
398.4
385.7
305.4
177.1
240.9
612.1
849.4
646.6
178.6
321.1
850.7
950.7
809.1
401.0

June

*
107.5
75.6
116.5
115.7
187.6
115.1
142.6
282.3
389.2
129.8
73.7
98.5

251.7
148.8
166.3
172.5

on 1/1/79)

16
180.9
489.4
257.7
0.53

16
62.0
160.8
83.7
0.52

July

*
67.8
107.9
71.7
86.2
64.5
51.7
34.3
129.5
139.7
75.4
45.1
74.4
57.7
76.6
86.2
74.8

16
29.1
78.0
28.1
0.36

Aug

*

40.0
68.9
69.9
55.3
53.3
36.5
55.2
115.0
81.5
56.4
27.6
45.1
27.4
61.4
44.2
39.2

16
20.5
54.8
22.1
0.40

Sept

¿t

22.9
42.2
62.0
36.1
39.7
32.8
40.1
147.4
52.8
44.4
40.5
26.6
42.8
35.5
30.5
32.9

16
17.6
45.6
28.8
0.63

Oct

18.1
114.3
40.4
25.0
48.8
50.8
34.3
104.8
37.5
39.8
27.0
23.2
71.3
24.2
29.4
35.6

16
17.0
45.6
18.1
0.62

Nov

35.5
23.1

1166.8
45.3
340.4
34.6
114.1
55.4
198.1
149.1
61.3
15.5
18.9

128.0
48.9
22.1
23.3

16
59.0
152.8
283.9
1.86

Dec

38.3
9.0

593.7
77.0
548.3
25.4
154.9
49.5
776.3
421.3
64.2
88.5
31.0

156.3
67.7
16.7
57.8

16
73.2
196.1
244.5
1.25

Jan-Dec
Total

*
1510.9
2807.4
2718.3
2975.8
2475.2
1278.7
1515.5
2783.0
4970.0
1731.9
1560.2
1227.1
2245.7
2590.5
1562.2
1408.2

16
70.1

2210.0
962.0
0.44

Nov-Oct
Total

*
1552.6
1070.2
3406.1
2046.4
2961.3
1074.7
1679.6
1913.5
5374.2
2176.8
1429.5
1291.2
2011.3
2750.2
1640.0
1365.9

16
66.9

2109.0
1098.0

0.52

Max. Flow
Hov-Oct year

*
363.59
138.30
1040.43
1176.85
934.08
272.41
351.12 (p)
329.32 (p)
975.38 (p)
432.08 (p)
192.27 (p)
282.57 (p)
402.22 (p)
767.45 {p>
906.87 (p)
223.97 (p)

_
-
-
-
—

Min. Flou
Nov-Oct year

*
4.93
1.72
13.76
8.07
7.74
8.27
8.19 (p)
5.80 <p)
11.79 (p)
10.92 (p)
7-68 (p)
4.22 (p)
5.01 (p>
7.39 (p)
5.45 (p)
5.24 (p)

16
7.29
-
3.03
0.42

o
IO



Monthly discharge volumes (106 m3) for river: NGERENGERE

Station: UTàRI BRIDGE Station number: 1HA1 (A)

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

i (1951-68)
mi

s
Cv

Jan

*

2.2
18.4
1.0
6.3
0.0
13.8
2.0
1.6
3.9
5.9
0.0

109.5
8.9
18.3
5.EX
(4.3)
0.3
16.2
2.1
7.3

18
4.5
12.1
25.1
2.07

Feb

*

4.2
5.3
0.0
3.6
21.6
12.5
15.7
2.9
7.8
2.5
11.3
11.8
4.7
4.4
1.5

13.0
0.2
5.6
5.6
14.7

18
2.9
7.1
5.9
0.83

March

*
4.0
3.7
1.5
2.9
6.0
12.9
8.3
9.2
12.2
4.3
3.2
24.0
12.3
15.2
0.7
13.9
2.0
42.0
10.8
16.5

April

*
23.6
27.5
14.1
10.3
28.9
45.0
19.7
19.5
6.4
56.7
6.6
16.6
72.7
106.6
35.7
48.4
40.7
118.3
28.6
33.5

{not processed

18
3.7
9.9
10.1
1.02

18
14.9
38.7
32.3
0.83

May

*
52.7
43.4
58.3
44.7
51.0
47.7
69.5
40.1
15.7
27.6
20.4
22.2
26.6
25.5
11.6
28.1
65.7
45.8
49.6
15.8

on 1/1/79}

ia
14.5
38.7
17.2
0.44

June

*

10.2
8.1
16.0
11.9
20.9
15.6
12.3
12.1
2.7
9.0
3.5
6.0
9.6
10.7
12.5
12.4
31.5
34.5
5.4
5.7

18
5.1

13.3
8.4
0.63

July

*

6.3
3.3
4.1
4.6
11.0
5.5
4.7
3.8
1.6
4.0
11.1
3.6
7.4
4.9
2.4
7.0
12.2
12.8
4.2
2.5

18
2.3
6.1
3.4
0.56

&ug

*
2.5
1.6
27.3
1.8
4.4
2.1
3.0
1.7
1.3
1.9
7.1
3.6
3.8
2.6
1.2
3.6
13.7
5.8
4.3
{2.0)

18
1.8
4.9
5.3
1.08

Sept

*

0.8
0.7
3.3
0.3
1.4
0.8
1.0
1.0
2.6
0.7
2.2
3.1
1.7
1.0
9.4
2.1

22.1
3.1
3.6
2.6

18
1.0
2.7
4.9
1.81

Oct

*

0.1
1.6
1.8
8.1
0.7
0.3
3.0
0.3
1.1
0.2
8.4
1.3
0.9
1.4
3.3
1.1
14.4
(3.1)
2.6
1.7

18
1.1
2.8
3.a
1.36

Nov

0.7
10.5
3.4
1.2
1.8
2.0
0.7
3.8
0.0
0.8
0.6

100.5
1.0

47.1
1.0
(8.2)
2.2
17.6
0.9
*
2.6

18
4.4
11.3
24.9
2.20

Dec

1.8
14.5
1.6
0.8
0.2
3.1
0.0
4.4
2.8
2.S
0.0

70.7
0.9

36.4
0.0
(7.0)
3.0

40.5
15.9
*
*

18
4.3
11.4
19.1
1.68

Jan-Dec
Total

*
131.6
118.6
129.4
96.5
151.0
156.9
147.4
95.0
58.6

113.4
245.0
203.6
232.1
191.6
89.5
139.1
260.9
304.0
*
*

18
5.1

161.6
84.8
0.52

Nov-Oct
Total

*
109.1
138.6
132.4
96.5
147.9
161.3
139.9
100.4
58.1
116.1
74.4
372.9
150.5
274.1
75.3
149.1
208.0
345.3
133.6
*

18
5.0

158.3
88.8
0.56

«ax. Flow
Nov-Oct year

m3/s

*
39.93
43.04
50.97
22.14
37.09
44.17
44.17
32.56
73.02
43.66
24.64
104.01
66.40
66.40
31.05
36.17
48.00
59.97
47.37
24.15

-
-
-
-

(P)
<P)
(P>
(P)
(P)
(P)
(P)
(P)
(P)
<P>

Min. Flow
Nov-Oct year

m3/s

*
0.00 (p)
0.11 (p)
0.00 (p)
0.02 (p)
0.00 (p)
0.03 (p)
0.00 (p)
0.00 (p)
0.00 (p)
0.00 {p)
0.00
0.25
0.08
0.07
0.00
0.07
0.00
0.00
0.00
0.09

20
-
0.04
0.06
1.50



Monthly discharge volumes {10e m3} for river: NGEREKGERE

Station: KINGOLWIRA Station number: 1H&3

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

i (1951-58)
mj
m2
s
Cv

Jan

*
1.8
15.5
1.1
4.7
0.3
6.5
1.7
1.1
1.8

3
1.5
4.1
5.1
1.2

Feb

*

5.4
6.5
0.2
3.0
8.0
8.7
3.4
1.7
1.4

8
1.9
4.6
3.0
0.7

Harch

*

5.4
4.4
0.7
6.0
2.9
8.7
2.8
6.9
1.7

April

*
31.9
23.1
14.9
19.3
24.1
31.0
17.5
21.4
7.9

(station closed

8
1.8
4.7
2.6
0.6

8
8.8
22.9
6.1
0.3

Hay

*
49.9
36.5
42.9
42.0
44.4
30.6
40.1
21.7
10.8

in 1963}

8
14.4
38.5
8.8
0.2

June

*

9.9
6.4
10.7
7.3
14.6
8.5
4.6
10.5
1.9

8
3.5
9.1
3.1
0.3

July

*
6.3
3.3
4.0
3.3
6.3
2.9
2.0
4.0
1.6

8
1.5
4.0
1.6
0.4

Aug

*
2.1
2.1
4.1
1.8
2.8
1.7
1.7
2.4
3.3

8
0.9
2.3
0.8
0.4

Sept

4.7
1.0
1.8
4.0
1.0
1.5
1.3
2.3
1.2
2.2

8
0.7
1.8
1.0
0.6

Oct

3.0
1.6
1.8
2.9
1.8
1.0
1.0
2.0
0.7
1.6

8
0.6
1.6
0.7
0.4

Kov

1.0
18.6
4.3
1.5
1.3
3.1
1.9
3.1
0.8
*

8
1.7
4.3
5.9
0.4

Dec

3.3
17.8
1.3
1.7
0.8
3.8
1.2
3.2
2.1
*

8
1.5
4.0
5.7
1.4

Jan-Dec
Total

*
151.7
107.0
97.7
92.3
112.8
104.0
84.4 .
74.5
*

8
3.3

103.1
23.3
0.2

Hov-Oct
Total

*
119.6
137.8
91.1
93.4
108.0
107.8
81.2
77.9
37.1

8
3.2

102.1
20.2
0.2

Has. Flow
Nov-Oct year

IB3/S

8.18
35.11
44.46
35.11
24.97
29.73
34.82
33.41
28.88
11.18

10
33.31
-
5.80
0.17

Min. Flow
Nov-Oct year

m3/s

0.50
0.24
0.34
0.00
0.14
0.02
0.28
0.18
0.16
0.11

10
0.17
-
0.12
0.71



Monthly discharge volumes {106 m3) for river: NGERENGERE

Station: KILIMANJfiRO Station number: 1HA4

Year

1953
1954
1955
1956
1957
1958
1959

n (1953-59)
m1
m2
5
Cv

Jan

3.5
0.5
6.8
1.9
1.5
1.8

Feb

*

2.1
5.5
7.3
2.9
2.0
1.1

March

*

5.2
2.8
8.9
3.9
7.0
1.8

April

10.8
14.1
17.0
25.0
14.9
18.6
7.6

(station closed

Hay

27.6
24.2
26.4
20.5
32.8
17.3
9.1

in 1963)

June

7.7
6.3
11.2
7.9
6.4
8.0
1.9

July

3.7
2.7
6.0
3.5
3.4
3.3
1.7

iug

3.5
1.8
3.4
1.9
2.7
2.2
3.4

Sept

3.6
1.2
2.1
1.3
3.1
1.2
2.1

Oct

2.8
1.7
1.5
0.8
2.5
0.8
1.9

Nov

2.1
1.2
3.8
1.4
4.0
0.7
*

Dec

1.9
0.8
4.0
1.1
4.1
1.5
*

Jan-Dec
Total

*
64.8
84.2
86.4
82.6
64.1
*

Nov-Oct
Total

*
66.8
78.4
91.2
77.0
69.1
39.6

6
2.2
69.5
19.1
0.28

HaK. Flow
Nov-Oct year

ID3/S

30.84 (p)
16.14 <p)
20.95 <p)
39.36 (p)
48.71 (p)
23.93 (p)
8.12 (p)

7
26.86
-
13.90
0.52

Min. Flow
Hov-Oct year

m3/s

0.45 (p)
0.22 <p)
0.01 <p)
0.21 (p)
0.16 (p)
0.19 (p)
0.16 (p)

7
0.20
-
0.13
0.65



Monthly discharge volu

Station: KOLUWA

es (106 m3} for river: MGEEEKGERE

Station number: 1HA5

Year

1953
1955
1956
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

i (1954-66)
mi
mz
s
C
V

Jan

*
8.1
0.0
10.0
4.6
2.2
4.4
8.0
0.0

138.1
9.9
19.2
4.1
4.3
0.0

13
6.1
16.4
36.9
2.25

Feb

*

4.0
14.4
12.9
7.8
4.8
8.9
1.6

10.3
10.5
3.4
3.8
1.4
13.3
0.1

13
3.1
7.5
4.6
0.61

March

*

6.4
3.9
13.5
2.5
10.8
12.0
5.8
2.7
12.5
11.6
16.8
0.9
12.0
0.1

(station

13
3.2
8.6
5.1
0.59

April

*
20.7
25.7
36.4
23.6
28.9
7.5
65.4
7.6
15.4
135.5
51.8
28.0
31.2
23.0

closed

13
14.2
36.8
33.a
0.92

May

*

49.5
50.1
48.0
58.6
37.8
14.4
21.6
14.2
26.7
30.5
18.1
7.8
11.3
31.5

after

13
U.2
29.9
17.2
0.58

June

*

9.5
18.5
12.4
8.2
13.6
2.5
8.4
3.2
5.3
5.6
6.9
8.3
1.0
19.6

1967)

13
3.1
8.0
4.8
0.60

July

*
3.2
7.8
4.3
2.5
4.1
1.7
3.9
14.0
2.9
8.3
1.7
0.5
0.2
8.3

13
1.6
4.2
3.8
0.90

Aug

*
1.8
3.4
2.2
1.5
1.9
2.9
1.7
5.6
3.0
2.9
0.6
0,2
0.0
10.2

13
0.7
2.1
1.5
0.71

Sept

*

0.9
1.4
1.1
1.8
1.1
2.6
0.9
2.7
2.2
1.2
0.3
0.2
0.0
*

13
0.5
1.3
0.9
0.69

Oct

*

6.6
1.1
0.7
3.4
0.5
1.3
0.4
10.1
1.2
0.2
1.2
2.7
0.0
*

13
0.9
2.3
3.0
1.30

Nov

1.5
0.9
3.4
1.0
4.7
0.1
1.0
1.1

54.4
1.1
23.1
0.2
8.2
0.0
*

13
2.9
7.6
15.4
2.03

Dec

2.1
0.4
4.7
0.2
5.4
3.6
1.1
0.0
33.1
1.8
30.5
0.1
7.0
0.4
*

13
2.5
6.8
11.3
1.66

Jan-Dec
Total

*
122.0
134.4
142.7
124.6
109.4
60.3
118.8
1S7.9
220.7
262.9
120.7
69.3
73.7
*

13
4.2

131.3
57.4
0.44

Hov-Oct
Total

*

114.3
127.6
149.6
115.7
115.8
61.9
119.8
80.5
305.3
212.0
174.0
54.4
88.5
*

13
4.2

132.3
67.7
0.51

Max. Flow
Nov-Oct year

m3/s

*
48.14
35.96
57.20
58.33
41.63
27.98
52.10
47.67
173.13
189.72
25.83
25.83
28.37
32.84

14
62.45
.

54.15
0.87

Hin. Flow
Nov-Oct year

m3/s

*

0.02
0.00
0.05
0.00
0.08
0.00
0.03
0.00
0.30
O.00
0.02
0.00
0.00
0.00

14
0.04
-
0.08
2.00

u>



Monthly discharge volumes (10 s m3} for r i v e r : NGERENGERE

Sta t i on : KIHONDA Sta t ion number: 1HA6

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959

it {1951-58)
nri!
m2
s
C
V

Jan

*

1.6
9.7
0.6
1.7
0.1
5.5
1.2
0.9
1.4

8
1.0
2.T
3.3
1.24

Feb

*

3.0
3.7
0.2
1.1
7.5
5.6
1.7
1.3
0.9

8
1.2
3.0
2.5
0.83

March

2.9
3.1
0.6
3.5
1.8
8.8
2.8
7.2
1.6

April

*
21.4
17.5
10.6
10.1
19.2
31.5
14.5
22.8
7.4

{station closed

8
1.4
3.8
2.S
0.72

8
7.1
18.5
7.0
0.38

May

*
29.9
21.2
27.9
23.4
31.2
19.4
30.0
16.6
7.1

in 1963)

8
9.3
25.0
5.5
0.22

June

*

8.6
4.5
5.9
3.9
9.4
4.8
4.0
5.3
1.7

8
2.2
5.8
2.1
0.36

July

*
5.6
2.3
3.2
1.6
4.0
2.0
2.1
2.1
1.4

8
1.1
2.9
1.3
0.47

Aug

*
1.9
1.5
2.8
1.1
2.1
1.3
1.7
1.7
2.6

8
0.7
1.8
0.5
0.30

Sept

3.9
0.9
1.3
2.8
0.8
1.3
1.0
2.1
1.1
1.8

8
0.5
1.4
0.7
0.49

Oct

2.4
1.9
1.4
2.1
0.9
1.1
0.7
1.6
0.7
1.5

8
0.5
1.3
0.5
0.41

Nov

0.8
15.9
3.1
1.7
0.6
2.9
1.1
2.5
0.8
*

8
1.4
3.6
5.1
1.42

Dec

3.5
15.1
0.9
1.2
0.4
2.8
0.8
2.3
1.1
*

8
1.2
3.1
4.9
1.60

Jan-Dec
Total

*
108.7
70.2
59.6
49.1
83.4
82.5
66.5
61.6
*

8
2.3
72.7
18.5
0.25

Nov-Oct
Total

*
82.0
97.2
60.7
51.0
78.7
86.3
63.6
64.5
29.3

8
2.2
68.1
20.5
0.30

Max. Flow
Nov-Oct year

m3/s

*

25.49
28.03
30.01
12.12
26.45
34.82
33.41
33.41
12.43

9
26.24
-
8.55
0.33

Hin. Flow
Hov-Oct year

m3/s

0.21
0.25
0.08
0.14
0.02
0.26
0.19
0.15
0.15

9
0.16
.
0.08
0.48



Monthly discharge volumes (10s m3) for river: MLALI

Station: HLALI Station number.- lHft7

Year

1953
1954
1955
19S6
1957
1958
1959

i (1954-59)
mi
m2
s
Cv

Jan

*

0.2
0.1
2.2
0.2
0.2
1.4

Feb

*

0.3
3.2
0.5
0.2
0.5
0.3

March

*

0.2
2.2
1.4
1.0
0.1
0.4

(station

ftpril

*
0.3
3.1
3.1
2.3
1.8
0.6

closed

May

o.e
2.4
1.6
2.1
1.5
0.3

in 1963)

June

*

0.2
0.8
0.6
0.6
0.6
0.1

July

*
0.1
0.4
0.4
0.4
0.4
0.1

Aug

*
0.1
0.3
0.3
0.3
0.2
0.1

Sept

*

0.1
0.2
0.2
0.3
0.2
0.1

Oct

0.1
0.1
0.1
0.2
0.3
0.1
0.0

Nov

0.1
0.1
0.2
0.2
0.4
0.1
*

Dec

0.1
0.0
0.2
0.1
0.5
1.3
*

Jan-Dec
Total

*
2.3
13.2
10.8
8.6
7.0
*

Nov-Oct
Total

2.4
12.9
10.9
8.0
6.5
4.8

6
0.2
7.58
3.88
0.51

Max. Flow
Nov-Oct year

H.3/S

*

2.55
33.98
21.24
13.88
7.22
27.33

6
17.70
-

12.04
0.68

Hin. Flow
Nov-Oct year

mV s

*
0.01
0.00
0.03
0.03
0.04
0.01

6
0.02
-
0.02
1.00



Monthly discharge volumes {106 m3) for r i v e r : HOSOGORO

S t a t i o n : MOROGORO Sta t ion number: 1HA8

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

y (1955-64,
(1965-67,
1970, 71)

IBl
m2
S
C
V

Jan

*
0.2
1.6
0.5
4.9
0.4
0.7
0.1
2.1
1.2
1.1
0.6
0.2
0.5
0.2
1.5
0.6
0.8

11
0.5
1.2
1.4
1.2

Feb

*

0.5
1.5
0.7
0.5
0.3
0.4
2.2
0.6
0.5
0.5
0.3
0.1
0.8
0.5
0.7
*
1.4

11
0.3
0.8
0.6
0.8

March

*

0.4
2.5
1.0
1.0
0.4
1.6
0.5
0.6
2.1
3.2
0.6
0.2
0.7
0.5
2.7
2.2
1.7

April

5.1
3.6
6.2
3.2
3.3
1.0
8.2
2.3
2.0
4.9
6.1
6.3
2.4
*
3.6
*
7.7
*

(not processed

11
0.5
1.3
1.0
0.8

11
1.5
4.0
2.1
0.5

Hay

7.7
7.0
6.0
7.2
2.2
2.3
2.9
2.3
2.6
2.6
2.7
3.2
1.2
3.4
7.8
4.1
5.2
2.8

on 1/1/79)

11
1.6
4.2
2.3
0.6

June

1.5
3.3
2.7
1.4
1.5
0.5
2.0
0.8
0.6
1.3
0.4
1.7
0.7
0.8
4.3
*
0.8
1.0

11
0.7
1.7
1.3
0.8

July

0.8
1.6
1.0
0.8
0.3
0.7
0.8
3.5
0.4
0.7
0.8
0.7
0.3
0.4
3.3
1.5
1.3
0.6

11
0.5
1.3
1.1
0.9

Aug

0.4
0.8
0.6
0.8
0.2
1.2
0.4
1.0
0.8
0.5
0.7
0.5
0.2
0.3
1.2
0.7
1.4
0.4

11
0.3
0.8
0.3
0.4

Sept

0.3
0.5
0.4
0.6
0.1
0.6
0.3
0.9
0.6
0.4
0.4
0.5
0.2
0.2
5.0
0.4
1.0
0.8

11
0.4
0.9
1.4
1.6

Oct

*
0.5
0.3
0.6
0.0
0.8
0.4
2.3
0.3
0.2
0.9
1.1
0.4
0.3
2.3
0.3
1.1
0.5

11
0.3
0.8
0.8
1.0

Nov

0.3
1.0
0.6
1.0
0.8
0.6
0.2
9.0
0.2
5.9
0.3
*
2.5
0.9
3.7
1.6
2.1
*

11
0.8
2.1
2.9
1.4

Dec

0.5
2.1
0.4
0.9
0.5
0.6
0.2
3.0
0.3
2.0
0.4
*
1.8
0.6
3.8
2.3
1.0
1.4

11
0.5
1.3
1.2
0.9

Jan-Dec
Total

*
21.5
23.8
18.7
15.3
9.4
18.1
27.9
11.1
22.3
17.5
*
10.2
*
36.2
*
*
*

11
0.6
20.2
7.6
0.4

Nov-Oct
Total

*
19.2
25.4
18.0
11.4
9.5
18.9
16.3
22.6
14.9
24.7
13.0
*
*
30.2
*
*
*

11
0.6
18.7
6.2
0.33

Max. Flow
Nov-Oct year

in3/s

11.14 (p)
9.40 (p)
21.47 (p)
2.89 (p)
8.38 (p)
4.87 (p)
6.65
7.72
10.31
5.51
13.93
7.08
*
7.56 (p)
11.67 (p)
13.37 (p)
12.80 (p)
11.95 (p)

11
-
-

Min. Flow
Nov-Oct year

0.08 (p)
0.03 (p)
0.06 (p)
0.06 (p)
0.00 (p)
0-03 (p)
0.07
0.05
0.07
0.06
0.09
0.07
*
0-09 (p)
0.06 (p)
0.06 (p)
0.07 (p)
0.12 (p)

17
0.06
-
0.03
0.50



Monthly discharge volumes (106 m3} ' for river.- NGERENGERE

Station: KONGfi Station number: 1HA9 (A)

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

i (1955-69,
1963-73)

n>l
m2
s
Cv

Jan

*
0.4
1.6
0.8
0.6
0.6
1.2
*
*
4.3
3.8
1.1
1.8
0.4
1.0
0.8
0.7
1.2
0.1
2.1
0.2

16
0.5
1.3
1.2
0.94

Feb

*
1.0
1.5
0.7
1.0
0.4
0.5
*
*
2.8
2.2
1.2
2.7
0.5
0.7
1.0
2.6
1.1
0.2
1.3
0.1

16
0.5
1.2
0.9
0.70

March

1.7
6.2
1.1
2.1
0.7
3.3

*
4.5
4.0
1.8
2.8
0.4
3.0
3.1
2.9
0.9
0.6
1.5
*

April

3.6
6.0
7.0
4.0
8.3
3.1
*
*

12.0
8.6
7.9
7.5
2.0
10.2
7.1
5.7
5.6
5.5
9.0
5.0

(not processed

16
0.9
2.3
1.6
0.69

16
2.4
6.7
2.5
0.38

Hay

5.4
7.8
4.5
9.2
3.8
2.7
*
*
*
7.1
4.4
5.1
4.8
5.9
5.6
6.2
2.8
4.0
10.3
7.8
4.8

on 1/1/79

16
2.1
5.7
2.1
0.38

June

1.5
2.9
1.7
1.5
2.2
0.7
*
*
*
4.1
2.8
3.2
2.8
3.6
5.1
2.1
0.7
1.4
2.5
1.7
1.7

by Haji

16
0.9
2.4
1.2
0.49

July

0.6
1.6
0.9
0.8
0.8
0.5
*
*
*
3.9
1.8
1.7
1.5
1.9
1.8
0.9
0.4
1.1
1.0
2.5
0.7

Ubunja.

16
0.5
1.4
0.9
0.67

Aug

*
0.9
0.5
0.8
0.6
1.2
*
*
*
3.3
1.3
1.1
0.9
2.1
1.0
1.0
0.3
0.5
0.7
0.6
0.4

Sept

0.4
0.5
0.5
2.8
0.5
1.0
*
*
*
2.6
1.1
1.0
1.0
4.9
0.7
0.5
1.3
0.3
1.1
0.4
0.6

Consultant has

16
0.1
1.0
0.7
0.72

16
0.5
1.2
1.2
0.97

Oct

0.6
0.5
0.4
1.0
0.3
0.9
*
*
*
1.9
1.5
2.9
1.0
2.2
0.7
0.8
0.4
0.2
2.3
0.2
0.6

Nov

0.7
1.8
0.7
2.0
0.3
0.8
*
*
2.2
9.3
0.9
3.9
0.9
3.1
3.3
1.9
0.2
0.2
3.9
0.8
0.2

Dec

0.5
1.1
0.6
1.1
0.6
0.7
*
*
3.3
6.4
1.2
2.0
1.0
2.0
3.5
0.6
1.1
2.3
1.9
0.6
0.3

processed 1975-1978 data

16
0.9
1.0
0.8
0.78

16
0.8
2.0
2.3
1.13

16
0.6
1.6
1.5
0.94

Jan-Dec
Total

*
26.2
26.1
25.8
21.1
13.3
*
*
*
62.2
33.6
32.9
28.7
29.0
36.6
25.3
19.1
18.8

•30.1

28.5
*

(see Annex

16
0.9
28.2
9.2
0.33

Nov-Oct
Total

*
24.5
27.7
24.0
23.3
12.7
*
*
*
52.0
47.2
29.1
32.7
25.8
34.9
29.6
20.3
17.6
26.8
32.9
*

4)})

16
0.9
29.0
10.0
0.35

Max. Flow
Nov-Oct year

m3/s

*
*
*
*

*
*
*
*
9.96
9.23
12.88
9.96
9.84
8.93
8.93
25.01
6.11
9.20
9.20
33.72

12
12.75
-
8.12
0.64

Hin. Flow
Nov-Oct year

m3/s

0.08
0.08
0.08
0.08
0.11
0.08
*
*
*
0.42
0.27
0.16
0.14
0.05
0.14
0.10
0.04
0.03
0.13
0.18
0.12

22
0.13
-
0.08
0.66

1) An updated and slightly improved version of 1HA9 (A) can be found in Annex 4



Monthly discharge volumes {10e ni3) for river: RGERA

Station: HGERA Station number: 1HA10

ïear

1954
1955
1956
1957
1958
1959

Jan

*
0.0
0.5
0.2
0.1
0.3

Feb

*
1.9
0.3
0.7
1.0
0.1

Harch

*
1.3
0.5
1.2
3.3
0.3

April

0.4
2.7
2.0
4.4
2.1
1.0

(station closed

May

1.0
2.1
0.8
3.8
0.8
0.5

in 1963)

June

0.3
0.5
0.2
0.3
0.3
0.1

July

0.1
0.2
0.1
0.2
0.1
0.1

Aug

0.1
0.1
0.1
0.1
0.1
0.1

Sept

0.1
0.1
0.0
0.1
0.1
0.0

Oct

0.1
0.1
0.0
0.1
0.0
0.0

Hov

0.1
0.1
0.1
0.2
0.0
*

Dec

0.0
0.1
0.1
0.3
0.9
*

Jan-Dec
Total

*
9.2
4.7
11.6
8.8
*

Hov-Oct
Total

*
9.1
4.7
11.3
8.4
3.4

Man. Flow
Hov-Oct year

*
8.61
3.34
7.70
9.74
5.66

Bin. Flow
Nov-Oct year

(B3/S

*

0.00
0.01
0.00
0.01
0.00

oo



Monthly discharge volumes (10s m3} for river: NGERENGERE

Station: MGUDE Station number; 1H&15

Year

1968
1969
1970
1971
1972
1973
1974
1975

Jan

*

3.0
9.8
14.8
S.7

28.2

*

Feb

*

5.9
20.1
10.1
0.4
10.2
*
6.1

March

*

14.4
15.9
2.4
7.4
7.3
*

10.7

April

*

35.9
33.6
23.9
33.2
36.3

*

{station closed

May

*

53.2
17.2
22.6
55.4
66.7
*
*

after

June

*
10.4
4.6
7.6
15.1
8.6
*

10.3

1975)

July

*

5.3
2.2
6.7
5.1
*
*
4.0

Aug

*

5.6
1.1
2.6
2.3
3.3
*
1.3

Sept

*

3.7
3.4
1.1
2.6
1.7
*
1.7

Oct

12.3
4.1
(0.6)
0.5
*
6.3
*
0.3

Nov

12.1
(4.1)
0.3
0.1
12.3
*
*
0.4

Dec

21.0
4.1
6.0
0.0
9.4
*
*
0.6

Jan-Dec
Total

*
(149.70)
(114.8)
92.4
*
*
*
*

Nov-Oct
Total

*
174.6
(116.7)
98.6

*
*
*

Max. Flow
Nov-Oct year

BI3/S

*

71.51
38.44
28.16
35.04
78.77
*
13.74

Min. Flow
Nov-Oct year

»3/s

*
0.73
0.29
0.01
0.00
0.38



Monthly discharge volumes (106 B3) for river: HGETA

Station: KISAKI Station number: 1HB1

Year

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

n (1951-53,
1955-61)

mi
ffl¡
s
Cv

Jan

*

13.7
17.6
10.2
20.8
9.1
32.4
18.4
10.4
10.1
16.8
3.1
*

10
5.3
14.2
7.9
0.56

Feb

*

18.6
16.6
2.9
8.6

29.5
27.6
12.9
15.0
12.8
9.4

26.2
25.3

10
7.1
17.2
8.5
0.49

March

*
16.0
17.3
9.9
14.8
15.9
32.1
16.4
39.5
18.8
28.5
21.3
26.6

April

*
28.1
45.7
34.2
*

47.4
58.5
47.7
50.5
18.3
66.4
35.3
23.4

(station closed

10
8.1
21.6
9.0
0.42

10
16.7
43.2
14.4
0.33

May

*
30.8
51.5
39.0
36.2
55.2
42.9
53.6
35.6
14.6
36.5
33.5
15.4

in 1962)

10
14.7
39.3
12.3
0.31

June

*
15.1
15.6
15.3
15.2
27.5
18.2
20.1
17.2
7.2
12.9
13.7
8.2

10
6.3
16.3
5.3
0.33

July

*
10.0
10.4
9.7
8.4
16.8
12.0
12.8
11.4
6.8
10.3
15.9
7.3

10
4.3
11.6
3.0
0.26

Aug

*
6.9
7.3
7.9
5.4
10.3
8.3
9.3
8.3
7.4
6.9
10.0
*

10
3.1
8.3
1.2
0.14

Sept

*

7.5
7.0
6.1
3.6
7.5
6.6
10.7
6.2
4.7
4.8
8.3
5.2

10
2.7
6.9
1.8
0.26

Oct

*

9.3
6.0
6.1
3.7
6.3
5.3
8.8
4.6
3.8
5.3

16.2
5.3

10
2.7
7.2
3.6
0.50

Nov

10.9
22.2
7.3
7.3
8.5
10.4
8.7
12.2
5.1
5.5
3.7
53.2
5.0

10
5.2
13.6
14.9
1.10

Dec

20.0
22.9
4.3
9.4
5.6

12.6
11.0
15.5
13.7
6.8
1.4

40.6-
4.7

10
5.2
13.8
11.2
0.81

Jan-Dec
Total

201.1
206.6
158.0
*

248.5
263.6
238.4
217.5
116.8
202.9
277.3
*

10
' 6.8
213.1
48.5
0.23

«ov-Oct
Total

*
186.9
241.1
152.9
*

239.6
266.9
230.4
226.4
123.3
210.1
188.2
*

10
6.6

206.6
44.0
0.21

Has. Flow
Mov-Oct year

*
44.74
47.57
28.23
37.66
45.82
39.64
40.78
45.87
20.87
38.57
58.54
39.53

12
41.06
.
10.48
0.26

Min. Flow
Nov-Oct year

*
1.64
1.50
0.79
1.07
0.65
1.38
1.47
1.33
0.99
0.93
0.10
1.86

12
1.08

0.48
0.44

to
o



Monthly discharge volumes (106 m3) for river: HGETA

Station: HGETA Station number: 1HB2

Tear

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

n {I960, 61,
64, 65,
1967-75}

m i
m2
s
Cv

Jan

*
9.1
2.0
8.9
5.3
8.9
4.8
10.8
2.5
7.5
4.5
5.8
15.4
11.7
72.4
7.3
9.6

13
4.6
12.4
18.4
1.48

Feb

*
3.6
8.1
*
*
5.7
3.9
*

4.0
5.2
5.3

10.3
20.9
7.9
7.7
3.2
4.5

13
2.9
6.9
4.7
0.68

March

*
10.5
7.7
*
*
8.9
4.4
14.6
3.9
12.5
13.8
9.9
17.8
3.2
5.4
7.0
9.7

April

*
18.9
12.6
9.2
*

18.5
15.2
22.7
10.2
24.9
13.2
16.3
88.6
55.6
80.6
84.6
97.2

{not processed

13
3.4
9.2
4.4
0.47

13
15.9
41.3
34.4
0.83

May

*
7.9
8.2
9.0
*
8.9
8.0
*

13.1
13.0
13.7
9.2
20.1
61.7
94.7
63.1
55.8

on 1/1/79)

13
10.8
29.0
29.2
1.00

June

*
5.3
4.4
5.4
5.7
5.3
5.1
6.8
9.0
10.2
5.6
5.2
5.4
5.5
9.8
9.2
19.0

13
2.9
7.6
4.0
0.53

July

*

3.8
4.2
4.5
3.8
3.8
3.9
4.6
6.3
5.4
3.7
3.8
4.1
0.5
3.2
5.3
8.2

13
1.6
4.3
1.8
0.41

àug

*
3.0
3.1
5.4
3.0
3.0
3.4
3.5
5.4
3.8
2.9
2.9
2.0
0.1
2.3
3.8
5.4

13
1.2
3.2
1.4
0.43

Sept

*

2.3
3.6
4.0
2.1
2.4
3.4
3.0
10.1
2.9
2.3
4.9
1.4
2.2
1.2
2.8
4.8

13
1.3
3.4
2.3
0.67

Oct

*

3.5
15.0
4.4
2.1
3.3
5.4
4.5
7.3
2.5
2.2
3.4
1.2
6.0
1.6

11.2
4.1

13
1.9
5.1
4.0
0.78

Nov

2.3
2.4
57.3
5.0
9.3
2.1
10.7
4.1
12.0
7.4
5.2
3.1
0.8
26.9
10.7
6.0
5.2

13
4.4
11.5
15.3
1.33

Dec

3.5
1.7
13.5
6.6
7.6
3.2
9.0
4.5
10.2
7.4
4.7
13.6
6.2
6.9
11.4
5.6
8.4

13
2.9
7.8
3.7
0.47

Jan-Dec
Total

* *

72.0
139.7
*
*
74.0
77.2
*

94.0
102.7
77.1
88.4
183.9
188.2
301.0
209.1
231.9

13
4.5

141.5
74.4
0.53

Nov-Oct
Total

*

73.7
73.0
*
*
85.6
62.8
*
80.4
110.1
82.0
81.6
193.6
161.4
312.7
219.6
229.9

13
4.3

135.9
79.8
0.59

Max. Flow
Nov-Oct year

*
24.07
44.74
*
*
13.76
9.72

30.15 <p)
27.76 (p)
20.27 (p)
115.56 (p)
55.22 (p)
320.30 (p)
269.46 (p)
320.30 (p)
320.30 (p)
209.26 (p)

-
-
-
—

Min. Flow
Nov-Oct year

0.78
0.58
1.32
0.66
0.66
0.72
0.90 (p)
0.79 (p)
0.84 (p)
0.61 <p>
0.65 (p)
0.29 (p)
0.00 (p)
0.23 (p)
0.76 (p)
0.76 (p)

13
0.66
-
0.30
0.45

fO



Monthly discharge volumes (IO6 ia3) for river: HGETA

Station: BUNDUKI Station number: 1HB3

Year

1954
1955
1956
1957
1958
1959

Jan

*
1.9
6.8
3.9
*
2.7

Feb

*

3.9
5.2
2.7
*
2.2

March

*
2.9
6.3
6.6
*
2.4

April

*
6.3
7.6

10.3
*
7.3

(station closed

Hay

*
8.9
6.5
13.5
*
5.3

in 1962)

June

3.8
4.5
3.7
5.5
*
2.9

July

2.6
3.1
2.8
3.9
2.5
2.6

Aug

2.3
2.4
2.2
3.1
2.0
2.8

Sept

1.7
1.8
1.9
*
1.8
1.9

Oct

2.7
1.9
1.6
*
1.6
2.4

Nov

4.9
4.5
4.1
*
2.3
*

Dec

2.4
4.8
8.8
*
4.0
*

Jan-Dec
Total

*
46.9
57.5
*
*
*

Nov-Oct
Total

*
44.9
53.9
*
*

38.8

Max. Flow
Nov-Oct year

*
10.19
13.03
73.62
*

23.45

Min. Flow
Nov-Oct year

*
0.54
0.54
0.62
*

0.57



Monthly discharge volumes {106 m3) for river: MW6R4ZI

Station: LUHUELA Station number: 1HE4

Year

1954
1955
1956
1957
1958
1959

Jan

*
0.3
0.7
0.3
0.4
0.3

Feb

*

0.5
0.6
0.3
0.4
0.3

March

*
0.5
0.8
0.4
0.5
0.3

April

1.0
1.0
1.0
1.1
0.7

(station closed

May

*
1.6
1.0
1.0
1.0
0.9

in 1963)

June

*

0.8
0.5
0.5
0.5
0.4

July

*
0.4
0.3
0.3
0.4
0.3

Aug

*

0.3
0.3
0.3
0.3
0.3

Sept

0.3
0.2
0.3
0.3
0.2

Oct

*

0.2
0.2
0.3
0.3
0.3

Nov

*

0.4
0.3
0.5
0.3
*

Dec

0.3
0.5
0.3
0.6
0.5
*

Jan-Dec
Total

*
6.8
6.2
5.8
6.0
*

Nov-Oct
Total

*
*
6.5
5.3
6.3
4.8

Has. Flow
Nov-Oct year

*
1.25 (p)
1.73 (p)
7.05 <p)
7.62 (p)
3.17 (p)

Min. Flow
Nov-Oct year

*
0.06 (p)
0.06 (p)
0.05 (p)
0.08 (p)
0.08 (p)

•p-



Monthly discharge volumes (106 m3) for river: HVUHA

Station: HVUHA Station number: 1HC2

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

i (1955-64,
1971-73)

m2
s
Cv

Jan

16.5
20.3
16.2
35.2
43.9
18.1
16.4
95.8
92.2
126.3
17.5
*
*

45.7
12.8
*

10.1
20.1
24.9
18.4
20.5

14
14.9
39.8
37.0
0.93

Feb

*
39.7
26.0
22.5
67.5
17.7
11.8
35.3
42.2
47.9
46.0
22.8
*
*
*

12.8
44.4
8.2
7.8

23.3
8.7
6.9

14
11.9
23.8
18.3
0.64

March

*
14.0
47.9
39.6
135.0
40.4
39.0
53.5
104.7
119.5
79.7
26.3
*

18.5
*

81.6
38.5
11.6
10.8
31.3
17.9
30.8

A p r i l

3 9 . 9
9 7 . 0
6 7 . 1

1 2 3 * . 2
1 4 2 . 8

4 7 . 2
9 4 . 4
5 2 . 7

1 0 8 . 5
8 0 . 1
9 9 . 4
8 2 . 5
*

4 9 . 4
*

6 7 . 7
3 9 . 5
4 4 . 9
1 9 . 5
6 2 . 9
6 3 . 4
6 1 . 5

(not processed

14
20.2
54.1
40.2
0.74

14
3 0 . 4
7 8 . 7
3 4 . 0

0 . 4 3

Hay

4 6 . 7
8 2 . 7
47.4
114.0
71.7
52.8
26.8
36.4
87.7
41.7
32.4
17.8
*

75.5
*

15.6
24.2
37.9
34.4
*

35.9
on 1/1/79)

14
19.4
51.9
26.9
0.52

June

13.7
28.6
27.5
25.7
46.4
9.1
18.9
16.9
47.9
20.1
18.3
7.6
*

27.3
*
*
9.4
8.7
12.7
9.3
*

10.7

14
8.3
21.5
12.8
0.60

July

7.8
15.0
11.3
19.9
14.4
7.8
10.2
52.8
20.9
11.3
10.6
3.9
*

20.0
*

7.6
11.7
9.5
7.4
*
9.5

14
5.7
15.2
11.6
0.76

Aug

6.2
9.4
6.8
22.9
10.4
9.4
8.9
20.9
26.7
7.7
10.6
*
*

19.1
12.8
*
6.3
5.6
8.0
9.0
*

(8.4)

14
4.4
11.8
6.6
0.56

Sept

5.2
4.5
5.3
25.9
7.2
5.8
4.7
28.8
17.4
4.5
8.9
*
*

35.3
10.3
*

10.7
4.1
12.0
4.3
10.5
7.4

14
3.9
10.1
8.2
0.81

Oct

8.0
15.9
(4.3)
10.8
7.2
11.9
16.0
65.6
18.8
2.2
32.2
*
*

35.5
10.0
10.8
6.6
12.2
15.5
4.2
9.5
16.8

14
6.2
16.7
16.0
0.96

Nov

15.9
16.9
18.0
49.4
38.3
9.1
5.1

105.9
92.8
225.0
3.8

151.9
*

70.8
45.1

*
6.0
9.5
28.2
16.8
10.0
8.1

14
17.3
44.8
60.9
1.36

Dec

9.8
18.4
14.2
59.0
28.5
8.2
4.5
61.6
66.7
140.1
9.4

326.0
*

159.1
61.8
*

45.8
3.2
26.0
25.6
8.3
18.9

14
12.9
34.6
37.0
1.07

Jan-Dec
Total

*
353.6
(296.1)
529.1
604.6
263.3
258.4
546.8
730.1
792.3
477.6
*
*
*
*
*
*

154.0
208.0
253.4

(235.4)

14
12.9

407.7
204.8
0.50

Nov-Oct
Total

*
349.0
(299.2)
452.9
646.2
312.8
266.1
388.9
738.1
586.7
829.5

*
*
*
*
*

193.1
166.5
265.2
*

(226.7)

14
13.0
408.6
211.2
0.52

Mas. Flow
Hov-Oct year

•»/ s

*

141.03
96.28
217.49
260.54
79.57
62.35
176.84
423.62
202.75
302.07
79.85
*

149.67
it

869.83
*

120.69
132.47
132.47
*
88.61

17
208.0
-

194.5
0.93

Min. Flow
Nov-Oct year

«3/s

*

0.90
1.47
1.07
1.18
1.50
1.27
0.79
2.76
1.27
0.39
1.02

3.05
2.91
*
1.81
1-26
2.08
0.85
1.02
1.35
1.75
2.37

21
1.53
-
0.73
0.48

to



Monthly discharge volumes (106 m3} for river: GREAT RUAHA

Station: KIDATU Station number: 1KA3

Year

1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

i (1955-59,
1965,66,
1969)

mi

s
Cv

Jan

*
42.1

1000.3
140.0
83.7
114.0

*
63.1
*

510.0
*

159.7
190.4
117.9

*
200.2
573.6

*
*
*

131.3

8
90.1

241.3
311.2

1.29

Feb

*
371.4
1198.5
737.6
353.6
145.3
464.1
167.2

*
847.1

*
127.9
248.1
128.1

*
820.4
829.3

500.7
*

163.6

8
206.9
500.4
380.4
0.76

March

*
557.5

1044.4
705.0
662.8
802.5
894.7
214.7

*
1218.9
1618.6
223.9
513.3
219.3

*
770.5
1038.5
670.2
860.6
804.8
233.5

April

*
724.8
1131.9
1238.8
1167.7
1073.1
1176.8
250.4

*
1070.2
1328.8
476.4
611.2
682.8

*
550.8

*
551.8

*
*
*

{not processed

8
246.4
660.0
240.4
0.36

8
336.3
871.8
311.5
0.36

Hay

*
679.6
1149.5
1041.5
839.2
637.7
676.4
238.3

*
647.1
621.9
328.7
387.3
495.0

*
434.1

*
*
*
*
*

June

*
274.2
332.1
372.0
263.4
198.3
325.8
111.3
289.4
310.9

*
180.8
190.2
324.7
531.8
212.0

*
143.5
322.9

*
454.3

on 1/1/79)

8
256.6
687.2
304.1
0.44

8
97.6
252.9
70.5
0.28

July

*
164.8
176.5
189.7
147.7
110.4
189.0
105.7
206.0
208.0
226.7
124.0
127.3
181.0
342.8
118.6

*
112.0
178.5

*
*

8
54.1

144.9
29.4
0.20

Aug

*
80.2
112.1
118.4
95.3
69.9
119.7
69.8
169.8
146.8
185.4
99.9
95.0
126.2
246.1
104.0

*
72.1
119.1

*
*

8
37.4
96.9
15.9
0.16

Sept

*

56.4
71.1
77.1
67.1
45.6
82.4
54.9

121.1
123.1
138.4
70.2
69.3
101.7
177.8
65.8
*

47.0
94.0
*
*

8
25.2
65.3
9.9
0.15

Oct

*

46.7
52.3
57.1
49.6
36.8
66.5
54.1
99.4
93.5
100.6
61.9
55.2
72.4
142.7
42.7
*

42.6
64.6
61.0
*

8
18.8
50.3
8.1
0.16

Nov

28.3
40.8
40.9
42.6
36.2
42.1
49.0
146.3
83.4
305.7
75.7
51.9
53.5
81.6
164.8
26.1
*

25.3
74.0
46.4
*

8
16.1
41.8
a.6
0.21

Dec

35.5
68.7
51.6
47.2
100.4
165.7
38.3
644.8
119.7

*
79.3
136.8-
80.3
*

169.1
40.5
*

66.4
*

85.4
*

8
32.3
86.4
45.1
0.52

Jan-Dec
Total

*
3107.2
6361.2
4767.0
3866.7
3441.4

*
2120.6

*
*
*

2042.1
2621.1

*
*

3385.7
*
*
*
•k

*

8
117.3

3699.1
1345.8

0.36

Nov-Oct
Total

*
3061.5
6378.2
4769.7
3819.9
3370.2

1416.8
*

5378.7
*

2008.4
2676.0
2532.9

*
3653.0

*
*
*
*
*

8
117.8

3717.1
1350.0

0.36

Max. Flow
Nov-Oct year

m3/s

*
1719.96 (p)
2353.70 (p)
1931.21 (p)
1928.88 (p)
2353.70 (p)
548.44 (p)
159.70 {p)
*

743.60 (p)
*

327.62 (p)
463.26 (p)
662.61 (p)
*

704.92 (p)
687.36 (p)
101.90 (p)
{543.51)(p)

*
*

15
1015.36

-
799.08
0.79

Hin. Flow
Nov-Oct year

*
9.74 (p)
12.80 (p)
12.80 (p)
12.80 (p)
9.06 (p)
8.78 (p)
12.85 (p)
*

23.92 (p)
*

13-03 (p)
15.57 (p)
14.44 (p)
(19.11}{p)
11.11 (p)
(3.96)(p)
(7.56}(p)
{6.85)(p>
*

16
12.15
-
4.83
0.40



Monthly discharge volumes (106 m3) for river: GREfiT RUftHA

Station: YOVI Station number: 1KA38A

Year

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

n (1959-63,
1967-70)

mi
m2
S
Cv

Jan

*

5.2
5.6
6.2
53.8
16.4
43.7
*
*
5.2
31.5
8.6
43.5

9
7.3
19.5
18.8
0.96

Feb

*

6.2
3.1
14.1
26.1
13.9
28.6
6.6
*
4.9
16.1
10.0
35.6

9
6.0
14.4
10.6
0.74

March

*

9.4
12.0
15.9
28.2
27.7
38.6
18.5
*
6.4
28.7
14.3
16.0

April

*
9.5
30.7
13.3
25.8
34.5
*
*
*

13.5
112.7
17.4
19.6

(not processed

9
6.6
17.6
8.5
0.48

9
11.9
30.8
31.8
1.03

May

*
7.8
13.6
18.1
26.3
20.5
*
*
*

18.9
42.6
31.0
11.6

on 1/1/79)

9
7.9
21.2
10.8
0.51

June

12.4
4.6
9.4
7.2
13.0
12.9
*
*
*
5.8

35.1
13.4
8.1

9
4.7
12.2
9.2
0.75

July

9.0
4.4
7.3
7.4
10.2
10.1
*
*
*

10.6
19.1
10.7
6.9

9
3.6
9.6
4.2
0.44

Aug

7.6
3.1
5.8
5.1
9.4
8.0
*
*
*
8.2
12.9
9.0
5.7

9
2.8
7.5
2.9
0.39

Sept

5.7
2.2
4.3
4.5
7.5
2.4
*
*
*
8.2
9.2
7.1
4.9

9
2.2
5.6
2.5
0.45

Oct

5.1
2.1
3.9
5.2
5.5
5.0
*
*
*
5.9
7.0
6.0
3.5

9
1.8
4.9
1.5
0.31

Nov

4.3
2.5
3.3
23.2
5.5

21.3
it

*

*

11.2
13.9
5.7
2.3

9
3.8
9.9
8.0
0.81

Dec

5.3
7.2
2.4
31.5
6.9
25.1
*
*
5.3

47.6
14.1
6.5
5.4

9
6.1
16.4
15.3
0.93

Jan-Dec
Total

*
64.2
101.5
151.7
218.2
197.8
*
*
*

146.5
342.9
139.1
167-6

9
1 5.4
169.9
78.6
0.46

Nov-Oct
Total

*
64.1
105.5
102.7
260.5
163-8
*
*
*
*

373.7
154.9
161.1

8
5.5

173.3
99.9
0.58

Has. Flow
Nov-Oct year

m3/s

*
13.83
23.22
67.89
67.89
36.23
*
*
*
11.01
95.40
30.67
223.03

9
62.57
-
66.64
1.07

Hin. Flow
Nov-Oct year

*
0.68
0.46
0.56
1.56
1.22
*
*
*
1.14
1.94
1.81
0.96

9
1.15
.
0.54
0.47



Monthly discharge volumes (106 m3) for river: HHEGft

Station: MALOLO Station number: 1KA57A

Year

1965
1966
1967
1968
1969
1970

Jan

*

3.5
3.3
13.6
5.4

Feb

4.6
3.0
3.1
9.7
6.1
5.4

March

4.9
*
4.1
11.8
7.5
6.2

April

5.9
*
6.0
19.4
8.S
7.0

(not processed

May

4.6
*
7.5
19.4
10.7
5.9

on 1/1/79)

June

2.9
7.3
6.4
16.4
7.9
4.6

July

3.4
5.6
5.3
12.9
6.6
3.6

Aug

2.6
4.6
4.9
9.6
5.8
3.1

Sept

2.8
5.2
4.7
8.3
5.4
2.9

Oct

2.3
4.0
4.1
7.2
4.9
3.0

Nov

2.7
3.1
5.3
9.0
4.2
2.9

Dec

3.5
3.4
10.1
7.0
4.1
5.0

Jan-Dec
Total

*
*
64.8
144.3
77.1
*

NOV-OCt
Total

*
*
55.9
143.7
84.8
*

Max. Flow
Nov-Oct year

M3/S

*

6.55 (p)
9.18 (p)
28.08 (p)
22.90 (p)
14.56 (p)

Min. Flow
Nov-0ct year

m3/s

*
0.59 (p)
0.85 (p)
1.33 (p)
0.97 <p)
1.00 (p)



Monthly discharge volumes (10e m 3) for river; CHALI

Station: CHALI Station number: 1KA58A

Year

1965
1966
1967
1968
1969
1970

Jan

6.3
2.6
*
*
3.2

Feb

4.0
0.9
0.9

2.3
2.2

Harch

2.5
2.0
1.4
9.6
1.9
1.9

April

6.7
1.7
3.9
13.6
1.8
1.9

(not processed

Ilay

2.1
1.8
4.7
*

2.3
1.0

on 1/1/79)

June

1.1
1.5
1.7
*

1.5
0.8

July

0.6
1.2
1.7
4.3
1.2
0.6

Aug

0.8
0.8
1.4
3.1
1.0
0.6

Sept

0.6
0.5
1.5
2.4
0.8
0.5

Oct

0.8
0.6
1.1
1.9
0.8
0.4

Nov

0.9
0.8
1.6
*

0.8
0.3

Dec

5.2
1.9
*
*
1.0
1.1

Jan-Dec
Total

*

*
*

14.5

Nov-Oct
Total

*
23.4
23.6
*
*
14.9

Max. Flou
Nov-Oct year

m3/s

10.86
6.97
6.50
*
*
6.32

Mill. Flow
Sov-Oct year

B3/S

0.13
0.13
0.20
0.59
0.20
0.12
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CD 3.2 Rating curves

(rating curves)

= measured value
= existing rating curve

— = proposed new rating curve

Q = discharge (m3/s)
H = waterstage (m)
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CD 3.3 Probability distributions of annual discharges
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CD 3.4 Probability distributions of annual low flows
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CD 3.5 1978/79 Field data

Legend (Field data)

m a.MSL
km2

m
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mS/m
EC

-

= meters above mean sea level
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= meter
= liter/second
= micro Siemens/meter
= electrical conductivity
= estimated value
= not measured or
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Field data 1978/79 of Rivers

Site
number

1.

2.

3.

4.

5.

6.

Rivers

Ikonde
spring

Kitange

Mahero

Mnibule

Mnyera

Haboto

área

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Site

near
Mamboya

near Kitange
at confluence
with Tami

near Masenge
at existing
intake

near Masenge
at existing
intake

near Hasenge
at culvert
on road to
Hvumi

near Hasenge
at road to
Mvumi

near Masenge
at road to
Mvumi

Altitude
(m.a.HSL)

980

1000

1920

1920

1700

1700

1750

Catchment Remarks

(km2)

Perennial
spring

non perennial
spring

non perennial
according to
local infor-
mation

1.04 tapped for
Gairo gravity
scheme

0.36 tributary
tapped for
Gairo gravity
scheme

source for
gravity supply
to Gairo area
proposed by
Water Dept.

source for
gravity supply
to Gairo area
proposed by
Water Dept.

Date

5/7/78
22/8/78
18/9/78

5/7/78
22/8/78
18/9/78
19/10/78

27/6/78
22/8/78

18/9/78

19/10/78

26/7/78
23/8/78
19/9/78
19/10/78

26/7/78
23/8/78
19/9/78
19/10/78

25/8/78
23/8/78
19/9/78
19/10/78

25/7/78
23/8/78
19/9/78
20/10/78

25/7/78
23/8/78
19/9/78
20/10/78

Water
level
(IB)

-

-

II
 

I 
" 

II

0.10
0.08
0.12
0.11

-

-

-

-

Discharge

U/s)

3.4
1.6
0.7

almost dry

0.3
0.2
0.05

no flow
0

181.0
87.3

59.3

18.9
*** 6

5.0
2.5
6.9
5.6

~ 5.5

2.5
2.4
2.2
1.6

~ 1.5

26.0
17.0
14.3
11.8

~ 9.5

3.3
4.1
2.9
6.2

~ 2.5

4.5
3.2
3.5
4.5

~ 3.5

EC

(rnS/m)

8.0
10.5
11.5

8.0

34.0
33.0
40.0
36.0
44.0

4.5
4.5
5.4

4.5
4.8
4.7

4.0
5.2
5.4

12.0
12.0

6.0
8.0
7.4

Remarks

lowest flow 1978

lowest flow 1978

Tami dry
upstream confluence
downstream confluence
upstream confluence
downstream confluence

lowest flow 1978

V-notch measurement
B.M.= 0 corresponds
with lowest point
of notch.
25% leakage
lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

ce



Field data 1978/79 of Rivers (continued)

Site
number

7.

8.

9.

10.

10a.

10b.

10c.

lOd.

Rivers

Hasonbowe

Manga

Hilindo

Milindo

Milindo
tributary

Hilindo
tributary

Hilindo
tributary

Hilindo
tributary

Area

Kaguru
Hountains

Kaguru
Hountains

Kaguru
Hountains

Kaguru
Mountains

Kaguru
Hountains

Kaguru
Hountains

Kaguru
Hountains

Kaguru
Hountains

Site

near Hasenge
200 s below
road to
Hvuai

near Hasenge
at culvert
on road to
Hvuai

near Handege
Forest Station
at bridge in
road to Hvumi

near Handege
Forest Station
at bridge in
road to Hvumi

altitude
(ft.a.MSL)

1500

1730

1410

1270

near Handege 1525
Forest Station
at bridge in
road to station

near Handege
Forest Station
at road to
Forest Station

"

1550

1525

1525 ..

Catchment
(to2)

7.3

10.8

0.6

1.6

2.1

0.4

Remarks

upstream
exists a small
reservoir from
which water is
tapped for
supply to
Forest Station

-

Date Hater
level
(m)

26/7/8
23/8/78
19/9/78
20/10/78

25/7/78
23/8/78
19/9/78
19/10/78

21/9/78
20/10/78

21/9/78

21/9/78
20/10/78

21/9/78
20/10/78

21/9/78
20/10/78

21/9/78
20/10/78

Discharge

(1/s)

61.0
51.0
38.5
42.5

~ 20

6.4
5.3
2.4

~ 1.5

106.1
85.9

~ 65

201.0

5.8
4.2

16.9
18.3

29.4
23.9

5.0
no flow

0

EC

(rnS/m

5.0
5.6
5.6

8.8
9.0

4.0

4.0

3.6

3.8

4.8

Remarks

lowest flow

lowest flow

lowest flow

lowest flow

lowest flow

lowest flow

lowest flow

lowest flow

1978

1978

1978

1978

1978

1978

1978

1978

oo
10



Field data 1978/79 of Rivers (continued)

Site
number

10e.

lOf.

10g.

lOh.

21.

22.

23.

24.

Rivers

Mi lindo
tributary

Milindo
tributary

Milindo
tributary

Hilindo
tributary

Hvomero

Madenho

Dihombo

Hkindu

fire a

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Kaguru
Mountains

Nguru
Mountains

Kguru
Mountains

Nguru
Mountains

Kguru
Mountains

Site

M

It

11

Mvomero
at road to
Turiani

Msufini
at road to
Turiani

Dihombo
100 m down-
stream bridge
in road to
Turiani

Mkindu
at road to
Turiani

Altitude
(m.a.HSL)

1490

1480

1460

1450

410

390

350

350

Catchment
(km*)

3.7

1.3

0.9

0.9

84.5

19.5

25.3

Remarks Date

21/9/78
20/10/78

20/9/78
20/10/78

20/9/78
20/10/78

20/9/78
20/10/78

2 km upstream 8/6/78
intake for 12/7/78
gravity supply 16/8/78
to village 12/8/78

10/10/78
13/11/78

8/6/78
12/7/78
15/8/78
12/9/78
10/10/78
13/11/78

12/7/78
15/8/78
24/8/78
12/9/78
10/10/78
13/11/78

12/7/78
16/8/78
12/9/78
10/10/78
13/11/78

Water

level

<•>

-

-

-

-

;

0.195
0.135
0.135
0.100
0.80
0.65

1.33
1.27
1.23
1.21
1.20

Discharge

<l/s>

32.0
34.0

13.5
12.1

7.9
8.8

13.0
6.4

~ 350
~ 250
~ 60
~ 40

30
no flow

0

~ 150
~ 150

30
- 25
~ 20

277
161
161
103
74
65

~ 40

-3000
1525
1160
940
798

~ 750

EC

(inS/m)

4.2

4.4

3.5

3.3

7.Q
7.0
8.0
8.2
9.0

6.0
6.0
7.2
6.5
8.0

6.0
3.5

4.3
4.5
6.0

2.5
3.2
3.2
3.0
3.5

Remarks

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

at weir
•i

M

ii

ii

H

lowest flow 1978

lowest flow 1978

o



Field data 1978/79 of Rivers (continued)

Site
number

25.

26.

27.

28.

29.

30.

31.

Rive rs

Kigugu

Chazi

Kikwane

Mahuvuge

Divue

Msengele

Mvaji

Area

Nguru
Mountains

Nguru
Hountains

Nguru
Mountains

Nguru
Mountains

Nguru
Mountains

Hguru
Mountains

Nguru
Mountains

Site

Kigugu
at road to
Turiani

Kigugu
at road to
Turiani

Mbogo
at road to
Turiani

Mbogo
at road to
Turiani

Kw amtonga
250 m upstream
bridge in road
to Turiani

Kwamtonga
at road to
Turiani

K warn tonga
at road to
Turiani

Altitude
{m.a.HSL}

370

370

360

'370

350

350

350

Catchment Remarks
(km*)

_

upstream from
road weir of
closed hydro-
metric station
1GB3

River flows
over 30 m high
water falls

Date Water
level
(m)

12/7/78
15/8/78
12/9/78
10/10/78
13/11/78
-

14/7/78
14/7/78
15/8/78
12/9/78
10/10/78
13/11/78
-

12/7/78
15/8/78
12/9/78
12/10/78
13/11/78
-

12/7/78
15/8/78
10/10/78
13/11/78 . -
-

12/7/78
15/8/78
12/9/78
10/10/78
13/11/78
-

12/7/78
15/8/78
12/9/78
10/10/78
13/11/78
-

12/7/78
15/8/78
12/9/78
10/10/78
13/11/78

-

Discharge

(1/s)

~ 40
~ 12
*" 5

10
4
-

71.2
68.0
39.1
38.9
18.3
10.2

~ 9.5

~ 35
~ 10
~ 10
~ 10
w 3

1

~ 30
~ 10

no flow
0

~1000
581
405
359
381

~ 330

~ 150
112
66
36
33

~ 15

~ 150
~ 60
~ 50
~ 40
~ 15

-

EC

{mS/m)

4.0
8.0
7.8
6.5
6.0
-

4.0
4.0
4.0
5.4
5.0
6.5
-

6.5
9.2
9.2
8.5
8.5
-

8.0
-
-
-
-

5.0
2.6
2.8
2.5
8.0
-

5.0
6.1
5.8
6.0
7.0
-

5.0
4.0
5.4
5.0
6.0
-

Remarks

-
-
-
-
-
lowest flow 1978

at road
at weir
at road
at road
at road
at road
lowest flow 1978

-
-
-
-
-
lowest flow 1978

_
-
-
-
lowest flow 1978

at bridge
at bridge
at bridge
-
-
lowest flow 1978

•
-

-
-
lowest flow 1978

_
-
-

-
lowest flow 1978



Field data 1978/79 of Rivers (continued)

Site
number

32.

33.

34.

35.

36.

37.

40.

Rivers

Diwale

Mjonga

Hjonga
old river bed

Lusonge

Creek

Mziha

Mkundi

ftrea

Sguru
Mountains
and part of
Masai plain

Nguru
Mountains
and part of
Masai plain

ti

Nguru
Mountains

Nguru
Mountains

Hguru
Mountains

Nguru
Mountains

Site

gauging site
1 km upstream
road

just before
entering
Diwale (1)
near Kwadole

(2)

near Rusanga
at road to
Mziha

near Dihinda
at road to
Hziha (1)
at road to
Difinga (2)

Kanga
at road to
Mziha

Mziha
gauging
station

Dumila
at road to
Kilosa

altitude
(m.a.MSL)

370

390

410

390

370

390

390

-

410

Catchment Remarks
(km*>

gauging
station 1GB1Ã
in good condi-
tion

hardly any
flow in old
river bed
(see (34)}

-

once out of
5 years dry
according to
local infor-
mation

-

gauging
site 1GA2

Date

8/6/78
12/7/78
15/8/78

11/10/78
13/11/78
-

13/7/78
16/a/78
2/9/78
11/10/78
13/11/78
-

13/7/78
16/8/78
12/9/78
10/10/78
-

13/7/78
16/8/78
11/10/78
-
24/8/78
13/9/78
10/10/78
13/11/78
-

13/7/78
16/8/78
13/9/78
-

14/7/78
16/8/78
11/10/78

17/8/78
13/9/78
12/10/78
14/11/78
-

Water
level
(a)

-
1.32
1.23

1.10
1.08
-

-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-

-
-
-

0.23
0.19
0.12

_
-
-
-
-

Discharge

(1/s)

-
-

2288

1049
-

~ 650

825
407
452
191
137

~ 120

~ 15
~ 8
~ 1
no flow

0

~ 100
~ 60
no flow

0
89
56
45
27

~ 25

~ 35
~ 6
no flow

0

-
53.7
15.0

-1000
~ 150

1
no flow

0

EC

(mS/m)

7.5
7.0
6.4

4.5
5.0
-

11.0
16.2
5.4
12.0
8.0
-

_
-
-
-
-

8.0
10.0
-
-
7.5
8.5
8.0
7.0
-

5.0
-
-
-

15.0
15.0
13.5

12.0
13.0
17.0
-
-

Remarks

-
-
at gauge site below
bridge

-
lowest flow 1978

(1)
(1)
(2)
(2)
(2)
lowest flow 1978

-
-
-
lowest flow 1978

(1)
(1)
(1)
lowest flow 1978

(2)
(2)
(2)
(2)
lowest flow 1978

-
-
-
lowest flow 1978

gauge
•i

•i

-

-

-

lowest flow 1978



Field data 1978/79 of Rivers (continued)

Site
number

41.

42.

43.

44.

45.

46.

47.

Rivers

Chogowale

Ndole

Lubata

Mgunga

Kitete

Tami

Kisangate

Wazni

Kisungusi

Ilonga

firea

Nguru
Mountains
ii

it

ii

Nguru
Mountains

Kaguru
{fountains

Rubeho
fountains

Rubeho
Mountaias

Rubeho
Mountains

Rubeho
Mountains

Site

at confluence
with Berega
river near
Ndole at road
to Chogowale
near Digoboke
at road to
Chogowale
near Digoboke
at road to
Chogowale

Kitete
at road to
Kilosa

Msowero
at road to
Kilosa

Mvumi
at road to
Kilosa

Rudewa
at road to
Kilosa

Rudewa
at road to
Kilosa

Ilonga
at road to
Kilosa

Altitude
{m.a.MSL)

570

710

750

750

450

430

430

430

450

490

Catchment Remarks

(km*)

1762

Tributary of
Chogowale

M

_

gauge site
1G5A

gauge site
1G6

gauge site
1G8 (closed)

at 560 m a.HSL
intake for
gravity system
(Capacity
1 1/s)

Date

11/8/78
-
11/8/78
-

11/8/78
-

11/8/78
-

7/6/78
18/8/78
-

7/6/78
17/8/78
13/9/78
12/10/78
14/11/78
-

17/8/78
13/9/78
12/10/78
14/11/78
-

18/7/78
17/8/78
13/9/78
12/10/78
14/11/78
-

18/7/78

17/8/78
13/9/78
12/10/78
14/11/78
-

14/11/78
-

Water
level
(m)

-

-
-
-

-
-

-
-

-
-

_

-
-
0.64
0.60
-

0.46
0.38
0.32
0.31
-

1.10
1.12
0.90
0.80
0.73
-

0.94

-

-
-
-
-

_

-

Discharge

(1/s)

519
-

~ 75
-

~ 150
-

~ 75
-

~ 60
no flow

0

-10000
2166
1124
871

• *646

~ 580

1563
-

796
770

~ 450

4648
3908
3371
2613
2441

-2000

638

640
467
369
318

~ 300

1S4
-

EC

(mS/m)

5.0
-
4.0
-

3.5
-

6.0
-

_

-
-

9.5
9.0
8.6
5.5
7.0
-

6.4
6.5
5.0
7.0
-

12.0
13.0
12.0
15.0
-

15.0

17.0
18.5
12.0
20.0
-

17.5
-

Remarks

Be rega river dug
lowest flow 1978
-
lowest flow 1978

-
lowest flow 1978

-
lowest flow 1978

-

-
lowest flow 1978 .

-

-
-
gauge water
level
lowest flow 1978

gauge water
level
II

M

lowest flow 1978

water level
from bench
mark on
bridge

lowest flow 1978

water level
below weir
-
-
-
-
lowest flow 1978

_

lowest flow 1978

U>



Field data 1978/79 of Rivers (continued)

Site
number

48.

49.

50.

51.

52.

53.

54.

Rive rs

Hkondoa

Miyombo

Southern
tributary

Hgeta

Mlali

Ngerengere

Morogoro

Ngerengere

Area

Rubeho
Mountains

Rubeho
Hountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Site

Kilosa
at gauge

Ulaya-
Kibaoni

along road
from Ulaya
to Kisanga

Mgeta
at gauge

Hzuinbe
at road to
Mzumbe

Konga
at gauge

Morogoro
at gauge

Hindu
at dam-site

Altitude
(m.a.MSL)

490

540

600

975

518

530

543

490

Catchment Remarks

(to^)

gauge site
1GD2

-

-

85.2 gauge site
1HB2

18.1 gauge site
1HA7

20.5 gauge site
1H&9&
at 550 and
640 m a.MSL
intakes for
gravity system
(capacity
1.6 1/s)

23.3 gauge site
1HA8
below intake
of gravity
system of
Horogoro town
{capacity
about 40 1/s)

location of
planned
Hindu dam

Date

14/9/78
12/10/78
15/11/78
-

18/8/78
14/9/78
13/10/78
15/11/78

15/11/78
-

1/8/78
1/9/78
25/9/78
26/10/78
-

14/12/78
23/1/79
-

25/5/78
1/8/78
25/9/78
26/10/78
23/11/78
14/12/78
23/1/79
-

21/6/78
2/8/78
4/8/78
1/9/78
27/9/7S
23/10/78
20/12/78
8/1/79
15/1/79
19/1/79
-

1/9/78
25/9/78
26/10/78
-

Water
level
(m)

0.415
0.380
0.365
-

-

-
-
-
-
-

0.390
0.350
0.315
0.305
-

0.55

-
-

0.25
0.09
0.04
0.01
0.44
0.40
0.26
-

0.110
0.050
0.050
0.020
0.000
-0.030
0.335
0.145
0.190
0.160
-

-
-
-
-

Discharge

U/s)

-
2680

-

2324
1340
1266
1093

-1000
174

-

1289
920
904
754

~ 750

3948
1280

-

*
234
143
114

2833
2320
721

~ 110

~ 400
-

154
46
27

~ 10
2092
607
1011
793
0

405
292
172

~ 170

EC

(mS/m)

21.0
17.5
19.0
-

7.0
9.2
7.5
9.5
-

9.0
-

4.5
4.0
6.5
-
-

_
-
-

4.0
5.5
6.2
-
-
-
-
-

6.0
-
7.7
8.0
-
-
-
-
-
-

12.0
14.5
-
-

Remarks

gauge
water level

lowest flow 1978

-
-
-
-
lowest flow 1978
-
lowest flow 1978

gauge
water level
•i

"

lowest flov 1978

gauge
water level
lowest flow 1978

gauge
water level
»
•i

n
M

ti

lowest flow 1978

- •

-

-

-

-

-

-

-

lowest flow 1978

_
-
-
lowest flow 1978



Field data 1978/79 of Rivers (continued)

Site
number

55.

56.

57.

58.

60.

Rivers

Ngerengere

Ngerengere

Mgolole

Mgolole

Kiroka

Area

Uluguru
Mountains

Ngerengere
valley

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Site

Kihonda
at gauge

Ngerengere
at road to
Dar es Salaam

Hgolole
at road to
Kisaki

at road to
Dar es Salaam

upstream of
Kiroka

Altitude
{ra.a.MSL)

466

270

490

450

430

Catchment Remarks
(km*)

461 gauge site
1HA6

at 580 and
600 m a.HSL
intakes for
gravity
system

Date

20/6/78
12/7/78
2/8/78
28/8/78
26/9/78
23/10/78

21/11/78
23/11/78
24/11/78
27/11/78

1/12/78
13/12/78
8/1/79
2/3/79
10/3/79

20/6/78
2/8/78
24/8/78
26/9/78
23/10/78

7/9/78
26/9/78
23/10/78

20/6/78
2/8/78
30/8/78
26/9/78

7/8/7S
7/9/7S
5/10/78
2/11/78

Water
level
(m)

1.12
0.81
0.76
0.66
0.60
0.53

3.44
3.36
3.14
2.55

2.39
2.84
1.435
1.80
1.505

0.80
0.47
0.30
0.25

-

0.03
0.02
0.01
0.00

-

Discharge

(1/s)

1657

649
371
262
149

~ 140

19350
11030
7279
5394

4595
6245
2304
3241
2445

2486
817
399
136
14
0

~ 30
20
14

~ 12

209
56
6

no flow
0

65
39
50
22

~ 19

EC

(mS/m)

18.0
22.0
34.0
36.0

-

-

21.0
40.0
60.0
64.0

23.0

48.0
70.0

19.0
22.0
18.0

Remarks

lowest

-

-

lowest

lowest

lovest

lowest

flow

flow

flow

flow

flow

1978

1978

1978

1978

1978



Field data 1978/79 of Rivers (continued)

Site
number

61.

62.

63.

64.

65.

66.

67.

68.

Rivers

Kiroka

Hahembe

Hahembe

Ndege

Kiroka

Msumbisi

Madumu

Mkalazi

firea

Uluguru
Mountains

Uluguru
Hountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Site

Kiroka
at confluence
with Haherabe

Kiroka
at confluence
with Kiroka

near conflu-
ence with
Ndege

near conflu-
ence with
Mahembe

Msumbisi
at road to
Kisaki

Kibwaya
at road to
Kisaki

Kibwaya
at road to
Kisaki

Kilundwa
at road to
Tandai

Altitude Catchment Remarks
(m.a.HSL) (km2)

380

390

420

400

370

370

370

410 5.6 perennial
according to
local infor-
mation

Date Water
level
(m)

5/6/78
7/8/78
7/9/78
5/10/78
2/U/78

5/6/78
7/8/78
7/9/78
5/10/78
2/11/78

2/11/78

2/11/78

5/6/78
7/8/7a
7/9/78
5/10/78
2/11/78

7/8/78
7/9/78
5/10/78
2/11/78

7/8/78
7/9/78
5/10/78
2/11/78

7/8/78
7/9/78
5/10/78
2/11/78

Discharge

U/s)

57
26
28

no flow
0

49
28
29
9
6

~ 20

~ 10

448
113
48
49

no flow
0

~ 50
~ 40
~ 40
no flow

0

~ 25
~ 22
~ 25

0

~ 25
- 20
~ 30

29
~ 25

EC

(mS/ra)

22.0
24.0
28.0
28.0

11.0
16.0
18.0
15.0

-

-

23.5
24.0
33.0
32.0

19.5
20.0

18.0
16.0

7.2
8.0

Remarks

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978



Field data 1978/79 of Rivers (continued)

Site
number

69.

70.

71.

72.

73.

74.

75.

76.

Rivers

Msuazi

Hkungazi

Hkuyuni
spring

Ruvu

Kisemu

Mtamba
springs

Tambuu
springs

Hsonge
springs

Area

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Site

Kalundwa
at road to
Tandai

Tandai
at road

Mkuyuni
100 m east
of road

Kibungo
at gauge

Kibangile
at road to
Kisaki

Mtamba
at intakes

Tambuu

Msonge

Altitude
(m.a.HSL)

430

450

410

473

-

Catchment Remarks
(km2)

9.7

-

Lime stown
outcrop

420 gauge site
1H5

three springs
are tapped

many small
springs

eastern and
western
springs and
perennial
according to
local infor-
mation

Date Water
level

7/8/78
7/9/78
5/10/78
2/11/78

7/8/78

10/8/78
7/9/78
5/10/78
2/11/78

23/5/78
20/7/78 0.70
10/8/78 0.72
7/9/78 0.62
5/10/78 0.69

21/7/78
7/9/78
5/10/78
2/11/78

21/7/78
21/7/78
10/8/78
7/9/78
5/10/78
2/11/78

21/7/78

2/11/78
2/11/78
2/11/78

Discharge

(1/s)

133
~ 60

82
76

~ 58

244

9.0
4.8
3.7
2.9

~ 2.2

5800

1 -4100

64
60
47

~ 30
~ 25

1.1
0.2
1.0
0.8
0.8
0.5

- 0.4

10.4

5 1/min
~ 1 1/min
~ 10 1/min

EC

(mS/m)

5.0
5.6
6.0

5.5

50.0
62.0
65.0

6.0
7.5
9.4
8.8
6.0

48.0
46.0
41.0

43.0
46.0
47.0
45.0

48.0

-

Remarks

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

lowest flow 1978

southern spring
middle spring
northern spring
u

lowest flow 1978

lowest flow 1978

eastern spring
middle spring
western spring
lowest flow 1978



Field data 1978/79 of Rivers (continued)

Site
number

77.

78.

79.

80.

81.

82.

90.

91.

Rivers

Msonge

Hvuha

Datumi

Ewakira

Hngazi

Mgeta

Ruembe

Ruembe

Area

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Uluguru
Mountains

Kigomberame
Mountains

Site Altitude
(m.a.MSL)

Msonge
at road to
Ngerengere

Mvuha 274
at gauge
1HC2

Bonye-
Mbuade
at road to
Kisaki

Bwakira
Chini
at road to
Kisaki

Mngazi
at road to
Kisaki

at road to
Singisa

Gomero
at road to
Kisaki

Mikumi 500
at road to
Kidatu

at last bridge 350
from road to
Kidatu

Catchment Remarks
(km*)

perennial
river accord-
ing to local
information

251 gauge site
1HC2

-

-

-

upper
tributary

963 new-course
since 1968

Date

20/7/78
7/9/78
5/10/78
2/11/78
-

20/7/78
8/9/78
6/10/78
-

8/8/78
8/9/78
6/10/78
3/11/78
-

9/8/78
8/9/78
6/10/78
3/11/78
-
9/8/78
8/9/78
6/10/78
3/11/78
-

9/8/78
-

9/8/78
8/9/78
6/10/78
3/11/78
-

31/8/78
29/9/78
27/10/78
-

31/8/78
29/9/78
27/10/78
-

Water
level
(m)

-
-
-
-
-

0.90
0.86
0.89
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-

-
-
-
-

-
-
-
-

_
-
-
-

Discharge

<l/s)

157
94
95
39

~ 30

2640
-
-

-1700

467
274
222
59

~ 38

- 50
21

~ 30
1 no f lov

0
1250
1007
741
515

~ 420

646
-

2607
2192
1727
1860

-1250

~ 30
- 25
no flow

0

129
71
55

~ 45

EC

(mS/m)

39.0
41.0
35.0
-
-

8.0
7.8
6.0
-

-
13.0
9.0
-
-

18.0
22.0
22.0
-
-
6.0
6.6
6.5
-
-

4.0
-

13.0
15.5
12.5
-
-

-
-
-
-

13.5
14.0
-
-

Remarks

-
-
-
-
lowest

-
-
-
lowest

-
-
-
lowest

_
-
-

lowest
-
-

-
lowest

-
lowest

-
-
-
lowest

-
-
-
lowest

-
-
lowest

flow

flow

flow

flow

flow

flow

flow

flow

flow

1978

1978

1978

1978

1978

1978

1978

1978

1978

oo



Field data 1978/79 of Rivers {continued)

Site
number

92.

93.

94.

95.

96.

97.

98.

99.

100.

Rivers

Ruembe

Msowero

Tundu

Tundu
creek

Iwemba
creek

Kidodi

Kifinga

Nyambisi

Wami

Area

Higomberame
Mountains

Higomberame
Mountains

Migomberame
Mountains

Migomberame
Mountains

Higomberame
Mountains

Migomberame
Mountains

Migomberame
Mountains

Wami valley

Site

at road to
Xidogobasi

Msowero
at road to
Kidatu

Tundu
at road to
Kidatu

Tundu
at road to
Kidatu

Iwemba
at road to
Kidatu

Kidodi
at road to
Kidatu

Kifinga
at road to
Kidatu

near Ruaha
at road to
Kidatu

Dakawa
at gauge

Altitude Catchment Remarks
(m.a.flSL) (km2)

small intake
for gravity
supply (capa-
city ~0.S 1/s)

- -

- -

small intake
for gravity
supply to
hospital

perennial
river accord-
ing to local
information

perennial
river accord-
ing to local
information

380 28500 Gauge site
1G1

Date

31/8/78
29/9/78
27/10/78

31/8/78
29/9/78
27/10/78

31/ 8/78
29/9/78
27/10/78

31/8/78
29/9/78

31/8/78
29/9/78

31/8/78
29/9/78

31/8/78
29/9/78

31/8/78
29/9/78

12/6/78
12/7/78
27/7/78
11/8/78
15/8/78
30/8/78
10/10/78

Water
level

-

-

-

-

-

-

-

-

2.06
1.54
1.44
1.34
1.275
1.11
0.88

Discharge

(1/s)

1024
823
740

~ 650

531
457
381

~ 350

~ 250
145
136

~ 120

10
no flow

0

~ 20
17

~ 100
45

~ 10

~ 30
~ 20

7399
5023

•» 3800

EC

(mS/m)

7.5
7.5

4.5
4.8

6.8
6.0
6.8

—

6.5

19.5

20.5

12.0
13.0
15.0
16.0
14.0
18.0
17.5

Remarks

lowest

lowest

lowest

lowest

lowest

lowest

lowest

lowest

lowest

flow

flow

flow

flow

flow

flow

flow

flow

flow

1978

1978

1978

1978

1978

1978

1978

1978

1978

IO



Field data 1978/79 of Rivers (continued)

Site Rivers
number

101. Mkata

Area Site

Mkata valley Hkata Range
at gauge

Altitude
(m.a.MSL)

Catchment
(km*)

Remarks

Gauge site
IGD 36

Date

14/6/78
18/8/78
14/9/78
13/10/78
15/11/78

Water
level
On)

1.77
1.39
1.20
1.15
1.14

Discharge

U/s)

4681
2540
1S74

-1100

EC Remarks

(ms/m)

19.0
22.0
24.0
16.0
17.5

lowest flow 1978

Field data 1978 of Reservoirs

Site
number

110.

111.

112.

Rivers

Fulwe

Ubena

Kingolwira

Area

Ngerengere
catchment

Ngerengere
catchment

Ngerengere
catchment

Site

near Fulwe
37° 50' 20"
6° 40' 40"

at Ubena
prison
38° 00! 301

6° 35' 45"

E
S

E
S

at Kingolwira
prison
37° 45' 40" E
6° 40' 50" S

Altitude
(m.a.MSL)

510

290

450

Catchment Remarks
(km*)

reservoir not
in use anymore

reservoir used
for irrigation
level recorder
and gauge
plates in-
stalled on
15/9/78

reservoir used
for irrigation

Date

20/6/78
29/8/78
26/9/78

20/6/78
29/8/78
15/9/78
20/9/78
26/9/78

16/8/78
29/8/78

Water
level
(m)

0.55
1.50
1.70

4.14

3.67
3.64
3.95

~4

EC

(mS/m)

, 9.5
12.0

90.0
96.0

130.0

100.0
105.0

Remarks

water levels
belov crest

spillway level
= 4.14 m

water level
below crest

o
o
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CD 3.6 Depletion curves



DEPLETION CURVES 1978
UKAGURU MOUNTAINS

MIHndo

O manured discharge
(O) BttimMM) dtKharf*

© taunt Um riatmnined by
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to
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7

4

3

a
5
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23.»

DEPLETION CURVES 1978
UKAGURU AND NGUM1 MOUNTAINS

100

Mktaia
Mlyombo

Mklntta
Diwit*
T H M W

KtungHi

O)VIM
Klrungurl

- fluctow*

- Mfc»t»
- U l ^ l

• Mkimkj
- Ttinml

Mtawifo
• Myuml

_

• ftudtm

t o a

IOD36
-

1G13 2
1GB1A
1G6A
IOC

_
—

46

10t
49

14
3Î
43
44

S
46

33

Kwintronga

A mtiured diwiwgt

( A ) «ttmtlKl *Kh»<ï«

C S towHI dncharga

LT1
O



DEPLETION CURVES 1978
NORTH - WEST ULUGURU MOUNTAI

jn v co isi

ULUGURt



DEPLETION CURVES 1978 SOUTH
EAST ULUGURU MOUNTAINS

Mngazi

Kibunrjo 1 H B 71

Muuhs I HC 2 78

Mngazi

Bonïe

Msonge

Kibsngole

hkuyuni

T9

77

73

60

61
65

¿ measured discharge
( A ) estimated discharge

© lowest flow determined by
semi logarthmicaã
extrapolation

O
Lr



DEPLETION CURVES 1978 MIGOM BERAME MOUNTAINS

fluwnbe

Maomro

16 17 28 29 3O|3I 32 33 34 35 36 37 38 39
Jtly | August | Suptember |

»78

92
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