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PREFACE

This report was prepared 1o serve as a reference for Managers, Planners,
Scientists and Engineers of the Ethio-ltalian Co-operation, Arsi-Bale Rural
Development Project who seek data and general information on the climate,
hydrology and water resources of the Arsi and Bale zones.

The report was prepared as part of the Consultancy Service for ETH-94-R51.
Out of the total period of assignment of the Hydrologist in the first term, which
was one month, only three weeks was allocated for the preparation of this report.
Even then, a ot of data and information have been included from previous
studies in order to enrich the report.

This report is intended to serve as a starting point for other similar studies which
may have to be carried out in the future. The report should be updated based on
up-to-date data and information in order to maintain its usefulness in the future.

Asrat Lule
Hydrologist
ETH-94-R51
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1.0 INTRODUCTION

1.1 Content of Report

This report covers the Chimate, Hydrology and Water Resources of Arsi and Bale Zones
The report 1s divided 1n to five major sections described in the following.

Section | Introduction

This section presents the introduction to the report and provides general information about
the project area such as its location, physiography and agro-climatic zonation

Section 2 Climate

The section deals with the climate of the project area. It provides pertinent climatic data at
key stations in Arsi and Bale Zones and statistical analysis of the same with illustrations on
important results to serve as background information for the study area

Section 3: Hydrology

This section presents the hydrological analysis and establishes hydrological design criteria
for hydraulic structures. It also provides some information on major rivers flowing through
the study area.

Section 4 Surface Water Resources
The section deals with the surface water resources of the study arca
Section 5° Conclusion and Recommendations

This section summarizes the findings and provides the Conclusion and Recommendations of
the study.

1.2 Project Area

Arsi and Bale which are among the most important zones of Oromia extend from the center
t0 the south and east of the country(IFig  1.2-1) The project area includes the whole Arsi
Zone and the northern part of Bale Zone. The portion of the project area which lies in the
northern part of Bale, according to the former administrative boundary, includes the ex-
woredas of Dodola and Adaba in the Genale Awraja, all the ex-woredas in the Mendeyou
Awraja (for the woreda of Goro, only lLalf the territonal area) and the ex-woredas of Ginir
and Gololcha in the Wabe Awraja of these tow latter woredas, the area includes the portion

bounded on the east by a line passing through Oda (southern Ginir), Mount Sera and
Legehida (northern Gololcha) Fig (1 2-2)

Cousullﬂn-ll—q;":gerriczfor I'_T)I-QJ—I;SI-— -
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These zones are traversed by the Nazareth — Assela — Dodola highway which is about 200
km long and by the Shashemene — Goba highway which is also about 200 km long. These
highways connect the agriculturally productive hinterlands of the Oromia Regtonal State
which have their major centers at Assela, Dodola and Goba to the Town of Nazareth which
is located on one of the major highways of the country, namely" Addis Ababa — Assab
highway and the Town of Shashemene which lies on another major highway of the country,
namely  Addis Ababa - Awasa highway

1.3 Physiography

1.3.1 Altitude

The range of altitudes in the project area include the lowlands which occupy the northern and
north-western fringes of Arsi Zone as well as the eastern lowlands of Bale zone which have
altitudes less than 1500 masl to the mountains in the Galama and Bale Mountain ranges
which have altitudes exceeding well over 4000 masl. The major portion of the project area is
dominated by plateau which have altitudes exceeding 1800 masl

In order to provide some insight on the physiography of the project area, altitudes have been
provided at key points along the Nazareth — Assela — Dodola highway in Table 1.3-1 and
Figure 1 3-1; and, at key points along the Shashemene — Goba in Table 1.3-2 and

Figure 1.3-2

1.3.2 General Drainage Pattern

There are four main drainage patterns in the project area. The northern part of the project
drains to the Awash River, the western part to the Rift Valley Lakes. The middle and larger
portion of the project area which extends from west to east drains to the Wabi Shebelle River;
and, the southern parnt drains to the Genale River Details on this topic have been provided in
Section 4 of this report.

1.3.3 Geomorphology

The northern part of the project area 1s dominated by step faulted plain and low plateau
complex of the Ethiopian Rifi, and piedmonts of extinct central volcanoes and other related
forms. The middle portion of the area is dominated by dissected sideslopes and piedmonts of
extinct central volcanoes and volcanic complexes of dramatic mountainous relief The
southermpart of the project area is dominated by undnlating high plateaux formed
predominantly on pyroclastic deposits and dissected sideslopes of extinct central volcanoes
and other relic volcanic forms.

1.3 4 Land Use / Cover

Most of the northern and central portion of the project area 1s moderately to intensively

cultivated land except the piedmonts and steep mountain slopes where there 1s some remnant
forest cover

The southern part of the project area 1s interspersed with moderately cultivated land Znd open
woodlands, densc coniferous high forests, Afro-Alpine vegetation and distributed high forest

_ 1-2
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Table 1.3-1 Altitudes at Key Points along Nazareth - Assela - Dodola Road

Station Elevation Distance Elev. Diff. | Av. Gradient
Ser No. Location (Km) {masl) (metres) (metres) (%)
1INazareth 0 1620 0
2]Awash Melk. 15 1540 15 -80 -0.5
3|Dera 24 1680 9 140 16
4liteya 50 2200 26 520 2.0
5|Gonde 63 2280 13 80 0.6
6|Kulumsa 66 2200 3 -80 2.7
7{Assela 75 2400 9 200 2.2
8|Sagure 100 2520 25 120 05
9|Lemu Sirba 120 2530 20 10 0.1
10{Bekoji 130 2780 10 250 25
11{Meraro 145 2980 15 200 13
12{Sirbo 153 2920 8 -60 -0.8
13|Negele 163 2580 10 -340 -34
14|Asasa 183 2360 20 -220 -11
15]{Dodola 200 2480 17 120 0.7

Table 1.3-2 Altitudes at Key Points along Shashemene - Goba Road

Station Elevation Distance Elev. Diff. Av. Gradient
Ser. No. Location (Kmy {masl) (melres) (metres) (%)
1}Shashemene 0 2020 0
2|Kofele 25 2670 25 650 26
3|Totolamo R. 37 2540 12 -130 -1
4|Wabe R. 55 2480 18 -A0 -03
5{Ukuma R. 59 2460 4 -20 -0.5
6|Dodola 73 2480 14 20 0.1
7|Herero 88 2390 15 -90 -0.6
.- BlAdaba 97 2400 9 10 0.1
9|Wesha 105 . 2480 8 80 1.0
10]Zetegn Melka R. 108 2500 3 20 07
11{Sebsibe Washa 128 3600 20 1100 55
12|Dinsho 133 3080 25 -520 -21
13{Homa 168 2600 15 -480 -3.2
14{Shaya R 177 2390 9 -210 23
15jRobe 183 2490 6 100 1.7
16{Goba 197 2700 14 210 1.5
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Flgure 1.3-1 Altitude at Key Polnts along Nazareth - Assela - Dodola Road
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Fig. 1.3-2 Altitude of Key Polints Along Shashemene - Goba Road

Sebsibe

i | P b P 'l
} ~ I ' . | ] e e B i ? ; i | ;
al ERREREN A
i I I..;v.,:
-] 1 ] BRI bodepod ;
| 3400 o I B bl - ! ]

- B Rl SRk T T

3200

3000 - } - SEg Y
- , {-.‘T_.L_ - 4
Pl L R
r P AR i

Goba

Altitude{masl)
g
|

fele |~

ptqlarho /

2400 ] _ _. sl g i \gla .

N / EAnE €refo I T
L P J (N Y R . N u__Lh +
' i |
. ey — —t - S B PR -
I
!

[T S (O

i | |
2200 ; i ; —- 4-} = o] - - b —
! | I S S S - b N I ' i —
! ' P | . ro P
\ i : . ! . i
I R P o g e
i [ ‘ I o R Vi
H ¢ [ [ P '
dodo - H . A - A Cob b opeepes
.hasthemv : i i | I b Yo
. S TR NI N il = toi Ay A [ P A
. . ! : | i . I
2000 i g : P p i |
o o o o o o a o Q o o o o
2 8 8 ¢ 8 8 @ 8 8 8 2 8 8 ¢ 8 8 2 8 8 3

Distance (Km)

.
1

i

!

1

|

|

i

—

1-7

-onsultancy Services for ETH-94-R51
‘LIMATE, HYDROLOGY AND WATER RESOURCES REPORT



ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

1.4 Agro-Climatological Zonation

The agro-climatological zonation is shown in Fig. 1 4-1 Zone-wise water related problems
and potentials have been presented in Table 1.4-1. Only water refated problems and
potentials have been presented in the table and others have been deliberately omitted since
they do not have direct relevance in this report

1-8
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Fig. 1.4-1 Agro-climatological Zonation
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FTINO-ITALIAN CO-OPERATION, ARSLL.BALE RURAL DEVELOPMENT PROJECT November 1997

2.0 CLIMATE

2.1 General

The project area includes moderately varied chmate. It is warmer in the lowlands and cool in
the highlands. There 1s a strong correlation of temperature with altitude. The temperature
occasionally falls below zero in the high mountain peaks with altitudes exceeding 3800 masl

Also, as 1n most other parts of Ethiopia, there 15 a strong correlation of rainfall with altitude,
in general, somewhat modified by orographic effects in some localities such as Assela and
Goba.  Thus, the areas lying at higher altitude receive relatively higher rainfall amounts than
those situated at lower altitude.

The rainfall distribution in the northern part of the Project Area is unimodal with a peak in
July or August, and, further south it gradually changes to a bimodal pattern with two peaks,
one 1n August or September and the other in April. The rainfall regimes in the Project Area
are shown in Figure 2.1-1.

2.2 Availability of Data

Pertinent meteorological data weie collected for representative stations located in the project
area from the fcllowing sources:

1 Previous studies: 1) Original ABRDP project document ii) monthly climatic data
for over 100 stations in Ethiopia prepared by AGAR-UND HYDROTECHNIK
GMBH

2. National Meteorological Services Authority (NMSA), where secondary data were
not avatlable.

The availability of meteorological data has been presented in Table 2.2-1. It should be noted
that due to limitations in budget and the shortage of time for data processing, the data
collection was very limited.

Readily available s¢condary data has been used as much as possible. Where secondary data
were not available, primary data were obtained from the National Meteorological Services
Authority as follows: '

s

e Rainfall: monthly data of the most recent ten years

+ Temperature: monthly data of the most recent five years.

— 2-1
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Fig. 2.1-1 Rainfall Regime

44 46° 48°
T T T
SEASONAL VARIATION OF PRECIPITATION REGIME
‘ Probodle eontecly kit of rowa from the *Quotoriol

colerbes 04 indic0ta6 By July precipitalion

Probabla weiterly Limit of roins from 1he indion
Ocean ox 4lre0m O3 indicated By MOCh precigilalion

Type 1 ~ Rowy maaths contiguously dutribuied
Trpe 11= Two roiny | Seasone

omus-s wmm Internolondl Downdory

(Reter 1o Figura 1.3 tor geophs ol vorous rrgimen

Charl Scols
(Rawfoll Coatficrant)

$

4
3
2
i

o

‘onsultancy Services for ETH-94-RS51
LIMATE, HYDROLOGY AND WATER RESOURCES REPORT

2-2



ETHIQ-ITALIAN CQ-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

Table 2.2-1 Availability of Meteorological Data

Ser | Element Station Period of Record | Remarks
No. Observation Length
B (Years)
1 Monthly Mean Maximum | Assela 1966 — 96 31 missing
and Mean Minimum Air | Dodola 1954 - 96 21 gaps & missing
Temperature Goba 1962 - 84 23 nussing
Diksis most recent 5 ye:
Ginir most recent S ye:
Goro most recent 5 ye:
Asasa most recent 5 ye:
Kofele most recent 5 yez
Bekojt most recent 5 yea
Meraro most recent 5 yea
2. Monihly Rainfall Assela 1966 - 96 31 missing
Dodola 1954 - 96 27 gaps & missing
Goba 1969 - 96 27 gaps & missing
Diksis most recent 10 ye
Eteya most recent 10 ye.
Goro most recent 10 ye.
Adaba most recent 10 ye.
Asasa most recent 10 ye:
Kofele most recent 10 ye:
Bekoji most recent 10 ye:
Meraro most recent 10 ye:
h Rainfall Intensity Asasa 1971 - 93 24 missing

Rainfall intensity records were obtained from a representative station located in the project
area, namely: Asasa. It is only this station which has the longest rainfall intensity records.

It may be noted from Tabie 2.2-1 that there are some gaps in the records in some cases
Missing data were filled in using appropriate methods.

— 2-3
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ETHIO ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

2.3 Air Temperature

Average monthly mean maximum and mean minimum air temperature computed using the
available observed data for selected stations in the project area are given in Table 2.3-1 and
shown in Figure 2 3-1. The observed data have been provided in Appendix 1.1.2.

In general, the maximum air temperature is highest in the months March — May and the
minimum air temperature is lowest in the months November — January

A Correlation of mean temperature with altitude has been attempted using data from sclected
stations in the project area. The stations along with their altitudes and mean temperatures
have been given in Table 2.3-2. The correlation is shown in Fig. 2.3-2. It may be noted from
Fig. 2.3-2 that a strong correlation exists between mean temperature and altitude as indicated
by the high value for the Coefficient of Determination (R* = 0.872). Thus, the equation given
in Fig. 2.3-2 could be used in estimating the mean temperature of a locality in the project area
given its altitude.

2-4
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Ethio-ltalian Co-operation, Arsi-Bale Rural Development Project

November 1997

Table 2.3-1 Average Monthly Mean Maximum and Mean Minimum Air Temperature

Station: Asela

Lat.: 7°57'N  Long.: 39°08'E Alt.: 2450 mas|
Month Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(0C) | 21.59]21.95(2262] 223]|2228|21 13{19.25]19.01 19°22| 20.8] 20.84] 20.93 21
Tmin(0C) 6.063|7.419]| 8.705/9.627| 10.16| 9.786] 9.359{ 9.818| 9.302| 8.555| 6.483| 5.585 8
Tmean(0C) 133} 142] 151) 157{ 157} 147 138 13.7| 13.7| 142} 132} 127 14
Station: Bekoji

Lat.: 7°19'N  Long.: 39%9'E Alt.: 2850 masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(0C) 20.78| 21.36| 21.64| 20.6|20.98| 19.54{17.36| 17.3| 18.24| 19.06{ 20.1| 20.28 20
Tmin(0C) 8.48| €24} 966 103] 992| 904; 8.94| 874 86| 82| 786 8.24 9
Tmean(0C) 14.63| 15.3|15.65| 15.45| 15451 14.29] 13.15] 13.02| 13.42]| 13.63] 13.98| 14.26 14
Siation: Degaga

Lat.:7°26' N Long.: 39°50' E Alt.: 2040 masl
Month Jan | Feb { Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec {Annual
Tmax(0C) 24 25 25 25 24 22 21 21 21 23 23 23 23
Tmin(0C) 6 7 8 10 10 10 10 10 11 9 7 5 9
Tmean(0C) 15 16{ 16:5| 17.5 17 16/ 15.5| 155 16 16 15 14 16
Station: D'era

Lat.:8°20'N Long.: 39°19'E Alt.: 1680 masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(0C) 26 27 28 29| 30| 30 27 27 27 28 27 27 28
Tmin(0C) .12 13 15 16 15 15 15 15 14 13 13 12 14
Tmean(0C) 19 20} 21.5| 22.5| 225| 225 21 21| 205/ 205 20( 195 21
Station: Diksis

Lat.: 8°05'N Long.: 39°21'E Alt.: 2600 masl|
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(0C) 20.22]20.84]| 21.32| 20.64| 20.38| 204| 18.48| 18.33] 18.44| 18.54} 15.04| 19 88 20
Tmin(0C) 5.58] 6.54 71 8.14 8.3| 8.86! 8138|8775 3.5] 7.35|/5.825| 545 7
Tmean(0C; 12.9] 13.69{ 14.21| 14.39| 14 34| 14 631 13.43| 13.55| 13.47| 12.95(12.43/ 1266 14

‘onsultancy Service for Eth-94-R51
‘LIMATE, HYDROLOGY AND WATER RESOURCES REPORT
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Ethio-ltalian Co-operation, Arsi-Bale Rural Development Project

November 1397

Table 2.3-1 Average Monthly Mean Maximum and Mean Minimum Air Temperature

(cont'd)
Station: Kofele
Lat.: 7°02' N Long.: 38°28'E Alt.: 2680masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug { Sep | Oct | Nov | Dec |Annual
Tmax(aC) 209| 216 222| 204} 201| 19.0| 18.0{ 18.4{ 188] 19.1] 201| 207 200
TminCC) 67| 76| 72| 86f 82 86| 86| 93] 87 76| 61| 62| 78
Tmean(OC) 13.8] 146! 14.7| 145 142 138| 133| 13.8] 13.8| 134} 13.1| 13.4] 13.9
Station: Kulumsa
Lat.: 7°%8'N  Long.: 39°08'E Alt.: 2600 masl
Month Jan | Feb | Mar | Apr | May { Jun | Jul | Aug | Sep { Oct { Nov | Dec |Annual
Tmax(°C) 23| 24| 25| 25| 24| 23] 211 21 21t 23] 22| 23 23
Tinin(’C) 8 g 11| 12| 12 11} 1] 1] 1] 11 9 8l 10
Tmean(OC) 15.5|] 16.5 18{ 18.5 18 17 16 16 16 17| 15.5] 15.5 17
Station: Ogolcho
Lat.: 8%2'N Long.: 39°01'E Alt.: 1800 mas!
Month Jan | Feb { Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec jAnnual
Tmax(°C) 26| 27| 27| 29| 29) 27| 25| 24| 24| 26| 26| 26 26
Tmin(OC) 10 12 13 13 13 13 14 14 13 12 10 9 12
'Tmean(OC) 18] 195 20 21 21 201 195 19{ 18.5 19 18] 17.5 19
Station: Ticho
Lat.:7°29'N Long.: 39"19'E Alt.: 2800 masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(rC) 21 22 21 20 21 21 20 19 19 19 19 19 .20
Tmin(°C) 6 7 9 9 8 8 8 8 8 6 5 8
Tmean(OC) 13.5] 145{ 145 145 15| 14.5 14| 135 13.5| 13.5( 125 12 14

onsultancy Service for ETH-94-R51
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Ethio-ltalian Co-operation, Arsi-Bale Rurai Development Project

November 1997

Table 2.3-1 Average Monthly Mean Maximum and Mean Minimum Air Temperature

(cont'd)

Station: Adaba

Lat.: 7°01'N  Long.: 39°14'E Alt.: 2485mas
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(’C) 24| 25| 25| 24| 250 25| 21| 21| 22| 22| 22| 24 23
Tmin(’C) 5 5 7 8 7 8 9 8 7 6 4 4 7
Tmean(’C) 145 15| 16| 16| 16| 16.5( 15| 145 14.5| 14| 13} 14 15
Station: Asasa

Lat.:7°09'N  Long.:39°11'E Alt.: 2400masl
Month Jan | Feb M'ar Apr { May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(’C) 25.0] 25.0] 25.8| 252| 256| 253| 216 21.3] 226/ 23.0] 24.2| 241| 242
Tmin(°C) 15 -51{ 63| 80/ 81l 93| 97/ 94| 73 38 16/ 03 54
Tmean(’C) 13.2| 15.1] 16.0] 166] 16.8] 17.3] 156| 15.3] 149] 134| 129] 122 148
Station: Meraro

Lat.: 7°25'N  Long.: 39°15'E Alt.: 2980masl
{Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
iTmax("C) 18.6/ 18.6| 19.4| 18.5| 18.3| 18.4| 158 159| 163| 16.2] 17.0| 17.7| 177
Tmin(°C) 46| 50/ 58/ 73 72 60| 67 65 58 51| 40/ 37/ 56
Tmean{’C) 116| 11.8] 126| 129/ 127 122| 113| 11.2[ 11.1{ 107} 105 107 11.7
Station: Dodola

Lat.: 6°58' N Long.: 39°11'E Alt.: 2540mas|
Month Jan | Feb [ Mar | Apr | May | Jun Jul | Aug | Sep [ Oct | Nov | Dec |Annual
Tmax(°C) 22.9] 225| 23.8| 23.4| 241| 232| 208] 209| 20.7| 21.5| 23.3] 226| 225
Tmin(’C) 35 41/ 50 66/ 57/ 55 65 65/ 59 42/ 25/ 25 49
Tmean(’C) 13.2| 13.3{ 14.4| 15.0| 14.9| 14.4| 13.6] 13.7] 133| 129] 12.9]| 126] 137
Station: Ginir

Lat.: 7°08' N “Long.: 40%43'E Alt.: 1950masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
rmax(°C) 24.7| 25.8| 243| 239| 233| 22.9| 227 232| 241| 22.3| 220| 234 235
rmin(°C) 12.8| 13.1] 14.8]| 14.4| 144| 13.4| 128 12.8] 13.0| 131| 119 120] 132
rmean(’C) 18.7| 195 196| 192| 18.9| 18.1| 17.7| 18.0} 185/ 17.7] 169| 177 183

onsultancy Service for ETH-94-R51
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Ethio-lalian Co-operation, Arsi-Bale Rural Deyelopment Project November 1997

Table 2.3-1 Average Monthly Mean Maximum and Mean Minimum Air Temperature

(cont'd)

Station; Goba

Lat.:7°%01'N  Long.:39°58'E Alt.: 2700masl
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(OC) 20.2( 20.8| 20.9| 19.8] 20.1| 20.7{ 199} 19.5( 19.1| 176| 182} 194 197
Tmin(°C) 42| 51| 65 80| 80| 74| 74| 72| 75/ 72| 53| 39/ 65
Tmean(oC) 12.2|] 129 13.7{ 139} 14.0| 141} 137 13.4] 13.3] 124| 11.7| 117 13.1
Station: Goro

Lat.: 7°00' N  Long.: 40°29'E Alt.: 1780masl

[Mont. | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual
Tmax(OC) { 26.5| 28.2| 282| 286| 29.0 "27.4] 26.7| 27.5 27.0+ 28._1_ 268] 269 271
Tmin(OC) 62 74 82| 89/ 99 9.7 9.6 8.5 92 7.2/ 64 6.1 83
Tmean(oC) 17.4| 17.8| 18.2| 18.8[ 19.5| 185| 18.1] 18.0] 181} 176] 166 16.5] 17.7

onsultancy Service for ETH-94-R51
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Fig. 2.3-1 Mean Maximum and Minimum Air Temperature

ASELA

Temp(0C)

BImax{0C; OTmin(QC)

DEGAGA

Temp (CCJ
o
B Pt

3

1an Feb Mac Apr May Jun s Ayg Sep Ocd Nov Dc:

Month

‘B Tmax(0C) O Tmin(0C)

DIKSIS

Temp(0C)

dae Fed Mar A My S oah o Aug Tz Ovrotag, D

Mont:

B el Qe

Temp{0C)

Temp(0C)

35 g
ey
30 =
25 {§-= 1 B B
= o ELEL B B
9] AR AR
o 20 tEiR=BS RN
R E1 K i
2 :
10
5} |
¢

BEKOJI

far Vet M Apr May Jun R Aog Sep O¢t tvov Do

Month

B Tmax{0C) D Tmn{CC)

Month

B Tmax(0C) O Tmin(0C)

KOFELE

s hd Aw Sep K'Y Nuv Qec

Month

W a0l ) OVnmein],

ansultancy Senvace for ETH-94-R51
LIMATE, HYODROLOGY AND WATER RESOURCES REPOR1T

November 1497

2-9



Ettno-ftahan Co-operation, Arsi-Bale Rural Developrneni Pigjecl

Fig. 2.3-1 Mean Maximum and Minimum Air Temperature (cont'd)
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Fig. 2.3-1 Mean Maximum and Minimum Air Temperature (cont'd)
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Ethio-llalian Co-operation, Arsi-Bale Rural Development Project

Table 2.3-2 Mean Air Temperature and Altitude of
Selected Stations

Name of
Ser.No. Station Altitude(masl) Temp(°C)

1 ~|Adaba 2485 15

2 Asasa 2400 15

3 |Asela 2450 14

4 " |Bekoiji 2850 13

5 Degaga 2040 16

6 |Dera 1680 21

7. __|Dksis 2600 o 14

8 |Dodola 2540 M

9 Ginir - 1970 .18

1o |Goba 2700 ER
o Goro | 1780 18
S 12 lkefele | 2680 LG SR
13 IKulumsa | 2180 | 17 ;

Y4 Meraro _ 2980 12
15 Munesa 2550 | 13 |
16 Ogolcho 1800 19 .

L Ticho 2800 14

i
;
l
I
i
|

Fig. 2.3-2 Correlation of Mean Air Temperatue on Altitude
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2.4 Rainfall
2.4.1 Rainfall Classification

To compare the monthly distribution of rainfall at various stations which differ in rainfall
amount, the method described Daniel Gamachu (1977) has been employed. This involves the
calculation of “Rainfall Coefficient” for each month for selected stations in the project area,
the coefficient being the ratio between the mean monthly rainfall and one-twelfth of the
annual mean (the latter referred to as “Rainfall Module”). To distinguish between a “rainy”
month and a “dry” month, a month is designated “rainy” when the monthly Rainfall
Coefficient reaches 0.6 (60% of the Rainfall Module), and distinctly rainy when it exceeds
08 Extremely rainy months have a coefficient of more than 1 (that is, the rainfall exceeds
the module value.

A month is designated “rainy” if the Rainfall Coefficient is 0.6 or more. The term “small
rains” is employed to refer to these months with a rainfall coefficient of 0.6 to 0.9; and the
term “big rains” to those months where the coefficient is 1.0 and above The “big” rainy
months zre further classified into three groups- those with “moderate concentration” of
rainfall (coefficient of 1.0 to 1.9); those with “high concentration” of rainfall (coefficient. of
2.0 to 2.9); and those with “very high concentration” of rainfall {(coefficient of 3.0 and
above). This classification scheme is presented in Table 2 4-1.

Table 2.4-1 Classification Scheme of Monthly Rainfall

Ser No. Designation Rainfall
Coefficient
] Dry Month Less than 0.6
1] Rainy Month 0.6 and over
1. Small Rains
2. Big Rains
2.1 Modcrate Concentration
2.2 High Concentration
2.3 Very High Concentraticn

Mean monthly rainfall and values of Rainfall Coefficient for selected stations in the project
area have been given in Tables 2.4-2 & 2.4-3
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ETIHO-TTALIAN CO-OPFRATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

2 4.2 Monthly Rainfall

Monthly rainfall statistics for selected stations in the project area have been provided in Table
2.4-4 and the annual distribution shown in Fig. 2.4-1 Among the statistics given in Table
2.4-41s the Coefficient of Variation(Cv) which serves as a measure for the variability of
ranfall. Thus, a high value of Cv for a month indicates a high vanability of rainfall and a
low value of Cv indicates a low variability  Thus, it should be possible to classify the rainfall
as less or mghly variable or erratic based on the value of Cv In general, a month which has
Cv of over 0.5 may be classified as highly variable and that with a Cv value of less than 0.5
as less variable as far as monthly rainfall is concerned. The higher the variability of ranfall
in a month the less dependable is the amount of rainfall given as the mean or otherwise. That
is, the chances of getting that amount in a particular month are less; in other words, the
amount of rainfall varies too much. Therefore, it should be noted that the value of Cv could
be used as a very good guide in determining the dependability of rainfall at any given station
in any given month.

Regarding the distribution of rainfall shown in Fig..2.4-1, in general, two distinct
distributions may be noted from the figure  The umimodal distribution in the northern and
the central portion of the project area and the bi-modal distribution in the southern and the
southeastern portion of the project area. Areas which have a ummodal rainfall distribution
have only a single main rainy season and areas which have a bi-modal rainfall distribution
have two main rainy seasons.

—— _ . 2-16
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Ethio-italian Cooperation Arsi-Bale Rural Development Project

November 1997

Table 2.4-4 Monthly Rainfall Statistics for Selected Stations
ASSELA
Station: Assela School(Assela Town)
Lat. 07°57" Long. 39°08" Alt. 2400 masl
Element] Jan] Feb| Mar[ Apr[ May] Jun| Jul]l Aug|. Sep] Oct] Nov| Dec]Annual
Mean 20.2| 484 954|116.4/111.7| 143.3[ 205.7] 215.8{ 178.4] 56.5] 18.7| 14.0| 12245
Max. 112.0] 152.6] 275.0| 278.5| 327.2| 293 5| 367.0] 391.8| 302.3| 212.0| 100.5| 88.5 17246
Min. 00f 00 10{ 230{ 19.8| 387{111.9]132.7| 391 15/ 00| 00| 8038
80% Dep.]| 00| 0.0] 155/ 57.8{ 29.4| 39.0{184.5/157.1] 825 0.0/ 00| 18| 8538
St.Dev. | 24.0| 433| 599] 70.4] 686| 58.0] 56.7| 67.8| 62.7] 46.3| 258 202| 2329
Cv 1.19] 0.895( 0.628] 0.605| 0.615( 0.404] 0.276{ 0.314] 0.352( 0.82] 1.383| 1.445 0.19
BEKOJI
Station: Bekoji
Lat. 7°19'N Long. 39°19'E Alt. 2850 masl
Element| Jan| Feb|l Mar| Apr[ May[ Junj Jul{ Aug] Sep| Oct] Nov| Dec| Annual
Mean 27.2| 651 94.9| 1263 87.8{ 106.1| 170.2| 223.4] 93.6| 556| 13.9] 19.5| 1083.6
Max. 112.9] 224.9] 206.9( 201.3{ 175.8]| 168.0| 241.5| 262 6| 157.2] 126.7| 51.8| 80.0] 11971
Min. 0.0 00} 27| 30.9] 38.0{ 50.1] 67.4/155.0] 362 63| 09| 32| 9637
80% Dep.] 22| 317| 39.0]108.0] 517| 816|1574{208.7| 658} 158| 27| 4.7| 10239
St.Dev. 37.1] 64.1] 59.6] 49.7| 46.9] 34.4| 44.5| 33.5| 355 456{ 175 237 784
Cv 1.368| 0.984} 0.628| 0.393] 0.534] 0.325[ 0.262| 0.15] 0.38| 0.82{1.257|1.211] 0072
DEGAGA
Station: Degaga
Lat. 7°26'N Long. 39°50°'E Alt. 2040 masl
Element] Jan| Feb| Mar| Apr} May| Jun] Jul] Aug| Sep| Oct| Nov| Dec| Annual
Mean 95| 31.8] 48.0] 70.7[121.2| 104.4| 204.0} 191.5{176.7| 67.2| 21.2| 11.3] 10574
Max. 28.0| 113.0] 141.0| 114.0] 150.0| 159.0{ 273.0| 319.0| 251.0{ 178.0| 90.0| 28.0f 1193.0
Min. 0.0 00f o0.0]| 190 81.0{ 73.0/129.0( 93.0/1300] 210, 00| 00| 8990
80% Dep.] 0.0 12.0] 12.0] 48.0{ 112.0] 95.0{ 174.0{ 140.0{ 138.0] 29.0] 0.0/ 00| 968.0
St.Dev. 10.7] 40.8] 552| 362| 24.3] 288| 535| 784| 448 585 352| 127] 1072
Cv 1.125{ 1.283] 1.151] 0.513] 0.201] 0.276] 0.262] 0.409] 0.253] Q.871] 1.665] 1.12] 0.10
D'ERA
Station: D'era
Lat. 8°20'N Long. 39°19'E Alt. 1680 masl
Element| Jan| Feb{ Mar} Apr] May| Jun| Jull Aug| Sep| Oct| Nov| Dec| Annuai
Mean 18.5] 26.4| 44.3] 446| 77.21 554|137.6(149.6] 75.3] 63.8] 276| 164] 736.7
Max. 49.0[162.0] 143.0] 113.0] 190.0| 149.0] 183.0] 243.0] 147.0| 162.0] 108.0] 49.0| 1097 4
Min. 00| 0.0 00| 00f 50/ 50 80.0] 760 80| 00/ 00| 00} 5395
80% Dep.| 00| 00| 88| 188 284| 8.4]103.0{ 1252 430 232[ 00| 00| 5708
ISt.Dev. | "18.8] 51.9] 51.1] 372 58.1| 463 38.1| 44.8] 44.3] 54.8] 435 175 2035
Cv 1.019]1.967| 1 153] 0.835] 0.752| 0.835]0.277]| 0.299] 0.588| 0.86| 1.576] 1.068| 0.276
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Ethio-ltalian Cooperation Arsi-Bale Rural Development Project

November 1997

Table 2.4-4 Monthly Rainfall Statistics for Selected Stations (cont'd)

DIKSIS
Station: Diksis
Lat. 8°05'N Long. 39°21°E Alt.2600 masl|
Element|{ Jan| Feb| Mar| Apr Mayl Jun| Jull Aug} Sep| Oct] Nov| Dec|Annual
Mean 13.5| 27.7] 479| 75.0{ 86.7{129.5; 162.9| 240.0| 138.0| 57.4 - 9.5! 136 1001@
Max. 77.4]1127.9]137.9[ 110.6] 1559/ 219.71 265 1] 392.8] 196.7| 127.5| 46.3] 36.0| 12585
Min. 00| 00| 00| 31.0] 266/ 73.7] 456|1807] 63.2| 227 00] o00] 8138
80% Dep. 00| 00| 11.8] 528] 53.4] 96.1]137.1]211.8] 134.0] 403 0.0 58] 9006
St.Dev. 22.9| 36.5| 455 246 38.3| 46.0| 59.9f 565 306| 277 138 112 1314
Cv 1.693| 1.314| 0.949| 0.328] 0.442| 0.355( 0.368| 0.236| 0.222| 0.483} 1.452| 0.827] 0.1311
ETEYA
Station: Eteya
Lat. 8°10'E Long. 39°14'E Alt. 2060 masl
Element] Janj{ Feb| Mar{ Apr| May| Jun| Jul] Aug| Sep| Oct| Nov| Dec| Annual
Mean 10.2| 341! 54.7| 81.3] 82.0| 69.0/193.9/198.7| 1161 219 0.0 33| 866.0
Max. 57.31146.71 137.6/124.6| 204.7| 119.6| 237.8| 304.2| 185.1] 114.0 0.0 8.3] 9906
Min. 0.0] 00| 00| 514 280} 183}119.8f 86.1 2.4 00| 00; 00] 6032
80% Dep. 0.0 0.0] 15.5| 57.8| 29.4| 39.0[ 1845/ 1571 825 0.0 0.0 18] 8538
St.Dev. 17.3] 432 414y 240| 66.2| 355 31.4| 695 514| 344 0.0 25 1074
Cv 1.583(1.268] 0.757| 0.295] 0.807| 0.515/ 0.162| 0.35] 0.443| 1.57 -1 0.759] 0.1241
KULUMSA
Station: Kulumsa
Lat.7°58'N Long. 39°05'E Alt. 2180 mas|
Element| Jan| Feb] Mar| Apr| May| Jun| Jul] Aug| Sep| Oct| Nov| Dec| Annual
Mean 16.6] 57.4; 83.8| 108.8| 83.8| 90.3| 126.4| 135.6( 102.8| 27.3 811 172 858.0
Max. 64.2| 160.6| 185.3] 177.9] 182.5] 148.3| 180.9| 180.0| 136.4{ 81.5| 36.1| 458 9841
Min. 0.0 4.3 45| 111 250] 49.0| 83.1| 985 744 1.1 0.0l 00 7140
80% Dep. 00| 199 226| 64.3] 30.2| 599|111.7{ 114.8| 873 20 0.0 U8 798.0
St.Dev. 22.1| 46.8| 64.5| 54.6| 59.6] 36.5| 27.1| 27.2{ 20.1| 290} 14.1{ 16.7 80.2
Cv 1.329{ 0.815] 0.769] 0.502; 0.711 .0.404 0.215 0.2/ 0.196 1.064| 1.737{ 0.973{ 0.0934
MERARO
Station: Meraro
Lat. 7°25'N Long. 39°15'E Alt. 2980 masl
Element| Jan| Feb| Mar| Apr| May| Jun| Jul] Aug| Sep] Oct] Nov[ Dec| Annual
Mean 22.2| 502 58.1| 70.5| 59.7| 716|133.3|165.4| 81.9| 2823 98! 174 77114
Max. 52.3/301.7(138.5| 130.4| 107.4| 117.9| 183.5| 252.3| 133.1| 65.2| 4581007 78813
[ Min. 0.0 0.0 4.0 16.2| 33.4] 166{112.4:11019| 47.0 1.9 0.0 00| 6558
80% Dep. 48 3.0 237 44.9| 41.9] 471(118.3/134.4{ 61.3 55 0.0 11 684 6
g.Dev. 21.2| 91.1| 43.6] 357| 230| 30.2| 254] 437 29.1] 234| 146| 301 845
Cv 0.953]1.815] 0.751]| 0.506| 0.385| 0.422| 0.187| 0.264| 0.355| 0.828] 1.488| 1.737] 0.1096
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Ethio-ilalian Cooperation Arsi-Bale Rural Development Project

November 1597

Table 2.4-4 Monthly Rainfall Statistics for Selected Stations (cont'd)
ADABA
Station: Adaba
Lat. 7°0'N  Long. 39%14'E Alt. 2485 masl|
Element] Janj Feb] Mar| Apr| May| Jun| Jul| Aug|. Sep| Oct|{ Nov| Dec| Annual
Mean | 96| 405] 582{107.6] 556 70.8/183.7]203.6] 75.1] 291 61| 17.9] 8577
Max. 30.1{ 161.8] 115.7| 188.0] 105.0] 113.4]| 230.5[ 337.5] 94.9 103.8] 27.5]109.0] 993.0
Min. 00| o0o] 21| 78] 152] 6.0{1053] 84.3] 384| 00| 00[ 00| 6950
80% 00/ 27| 163] 807] 242 526|1736|1653] 670 42| 05| 01| 7846
st.Dev. | 109] 507| 416] 47.8] 294| 358] 404| 69.1] 17.0] 300 7.9 335 898
Cv 1.13] 125 071 044] 053] 051] 022| 034 023] 1.03] 129] 187 010
ASASA
Station: Asasa
Lat. 7°09'N  Long. 39"4%'E Alt. 2400 fnasl
Eiement] Jan] Feb] Mar] Apr[ May[ Jun[ Jui[ Aug] Sep] Oct] Nov| Dec|Annual
[Mean 169 396 469 744 499 725 1614 1622 627 235 65 123] 7288
Max. 719 156.4 100.4 1621 1320 1632 2585 2338 988 514 194 562 8676
Min. 00 01 32 20 00 244 353 208 312 0.0 00 00] 4389
80% De] 04 65 234 285 134 543 1285 1344 508 00 25 00/ 6733
St.Dev. | 22.7] 456| 28.1] 506] 46.9] 384 618] 621] 20.3] 207] 69| 195 1242
Cv 1.34] 115 0.60] 068] 094] 053] 038 038] 032] 088 105/ 158 017
DODOLA
Station: Dodola (Edo)
Lat. 06°59' Long. 39°11' Alt. 2500 masl
Element] Jan| Feb| Mar| Apr{ May| Jun| Jul| Augl Sep! Oct| Nov| Dec| Annual
Mean 30.5] 42.4] 57.3] 90.0] 49.9] 865|144.8{159.5/101.3] 468/ 25.1] 19.7] 8538
Max. 135.3] 164.9] 138.6] 212 4] 145.3| 148.8] 247.0] 227.0] 227.0{ 131.0] 79.0| 64.8] 11977
Min. 0o o0o0] 32 42] 48] 88] 11.2] 731] 29.0] 00| 0.0/ 00| 4842
80% De |- 45| 40| 294| 390| 88| 680[1123[131.8] 74.8] 204| 125 48] 7120
St.Dev. | 327| 46.1] 33.8] 59.4] 376| 305 52.3] 40.1] 38.5] 29.1] 18.2] 143] 168.0
Cv 1.072] 1.089] 0.59] 0.66{0.754( 0.353] 0.361] 0.252] 0.38]0.622] 0.724] 0.724] 0197
GINIR
Station: Ginir
Lat. 7°08'N  Long. 40°%43'E Alt. 1950 mas!
Element{ Jan| Feb| Mar] Apr| May{ Jun| Jull Aug| Sep| Oct| Nov| Dec|Annual
Mean 04! 260 890]2280{157.0] 235/ 246| 364 94.9[109.3] 447 203] 8542
Max. 3.0| 65.0{265.0{328.0]275.0{ 47.0| 43.0| 127.0{ 185.0/212.0] 84.0] 51.0| 1158.0
Min. 00| 00| o00] 820] 530; 30| 00/ 00] 130] 490 00/ 00| 5196
80% De 0| 04| 76|1934] 68| 158] 54| 82| 722| 63| 168 o 5917
StDev. | 11| 27.9(104.8| 81.0| 842! 14.0f 175 465 52.8] 57.6] 33.5] 236} 2519
Cv 1.826] 1.074} 1.178]0.355| 0.536] 0.596| 0.711] 1.275] 0.556{ 0.527] 0.75{1 161]  0.29
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Ethio-ltalian Cooperation Arsi-Bale Rural Development Project

November 1997

Table 2.4-4 Monthly Rainfall Statistics for Selected Stations (cont'd)
GOBA
Station: Goba
Lat. 07°01°  Long. 40°00'E Alt. 2700 masl
Element] Jan| Feb{ Mar| Apr| May| Junj{ Jul] Aug| Sep] Oct| Nov| Dec|Annual
Mean 22.4| 39.0) 606|1407|112.3] 59.2| 91.2[118.9]/124.1{105.7] 63.8] 17.7] 9558
Max. 78.41106.3] 169.4| 248.6( 235.7| 115.5| 151.9| 232.6| 186.9| 263.6) 226.7| 119.3| 1279.2
Min. 00f 00} 00| 739| 339| 239 38.1| 60.7{ 53.7| 377 00| 00| 707.2
80% De 46| 82 242 89.7{ 79.4] 283| 57.3| 81.0/ 951| 69.8/ 30.1| 1.1} 8117
St.Dev. | 240{ 350] 459] 515 425] 246| 356 40.1] 3391 502 520] 278 1606
Cv 1.068] 0.897] 0.757{ 0.366] 0.378] 0.415] 0.39]0.337] 0.273]| 0.475] 0.615] 1.564] 0.1681
GORO
Station: Goro
Lat. 7°00'N  Long. 40°29°E Alt. 1780 masl
Element{ Jan] Feb] Mar| Apr| May| Jun| . Jul| Aug| Sep| Oct] Nov| Dec{Annual
Mean 224} 39.0f 60.6|140.7| 1123 59.2| 91.2{118.9) 1241/ 105.7| 63.8} 17.7 9558
Max. 78.4| 106.3| 169.4| 248.6| 235.7| 115.5| 151.9] 232.6| 186.9] 263.6{ 226.7] 119.3| 1279.2
Min. 00/ 00| 040} 739| 339{ 239| 38.1] 60.7] 53.7| 3774 00| 0.0} 7072
80% De 00{ 00{ 00l 00/ 00 00|/ 00/ 00, 00} 00f 00] 0.0 00
St.Dev. | 152| 41.8] 441| 919 70.7| 27.2| 259| 32.8] 358] 29.9| 39.6| 237 1188
Cv 113} 1.24] 052 040| 045¢ 067] 089} 0.61] 0:44| 021] 0.86] 1.01 0.13
KOFELE
Station:Kofele
Lat. 7°02’N  Long. 38°28°E Alt. 2680 mas}
Element| Jan{ Febl Mar| Apr{ May! Jun| Jul| Aug| Sep| Oct] Nov| Dec|Annual
Mean 56.9| 570|127.1]183.4]| 146.7| 106.9] 163.0; 168.6| 162.7] 74.5| 46.0| 47.3] 1340.4
Max. 135.8| 168.3| 204.9| 300.7| 292.9| 190.2] 196.0| 281.8| 216.7| 189.9| 146.5{ 87.8f i800.1
Min. 00| 06| 643{ 643] 752 72.0|/1056|130.3] 104.6| 11.7 7.8/ 08| 8799
80% De 156] 10.3} 826(127.1|1109.0| 80.3|149.8({133.6] 117.3] 24.0| 13.3] 224] 1146.7
SiDev. | 484| 612 532§ 783| 69.8{ 397| 287| 53.6| 43.6] 59.7| 47.0| 32.7] 3056
Cv 0.852|1.074| 0.419| 0427} 0.476] 0.372|/ 0.182| 0.318| 0.268| 0.801} 1.022/ 0.685| 0.228
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ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

2.4.3 Monthly Rainfall Distribution

The distnbution of mean monthly rainfall obtained using the observed data for selected
stations have been shown in Figure 2.4-1. It may be noted from the figure that the rainfall
distribution gradually changes from a unimodal pattern in the north to a bimodal pattern in
the south.

It may be noted from Figure 2.4-1 that in the case of the unimodal rainfall distribution, there
15 only a single main rainy season.

In the case of the bimodal pattern, there are two main rainy seasons. The first main rainy
season occurs in the period March — May, and, the second rainy season during September ~
November.

An 1sohyetal map has been prepared for the project area based on the available data
(Fig. 2.4-2)

2 4.2 Rainfall-Altitude Correlation

In general, rainfall appears to be directly correlated with Altitude except in very special cases
where orographic effects dominate as in Assela and Goba. Mean monthly rainfall and
altitude of selected stations in the project area have been provided 1n Table 2.4-5 Two
correlations have been attempted, one for the northern part and the other for the southem part
of the project area as shown 1n Figs. 2.4-3 & 2.4-4. Two different regression equations have
been derived onc for the northern part and the other for the southern part as indicated in these
figures. The values of the Coeflicient of Determination (R” = 0.69 & 0.57) indicate some
correlation in both cases. The regression equations could be used for estimating the mean
annual rainfall given the altitude of a station in the project area.

— S 2-21
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Ethio-ltalian Co-operation, Arsi-Bale Rural Development Project November 1997

Fig. 2.4-1 Distribution of Monthly Rainfall at Selected Stations
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Ethio-italian Co-operation, Arsi-Bale Rural Development Project November 1997

Fig. 2.4-1 Distribution of Monthly Rainfall at Selected Stations (cont'd)
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November 1997

Fig. 2.4-1 Distribution of Monthly Rainfall at Selected Stations (cont'd)
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Ethio-lialian Co-operation, Arsi-Bale Rural Development Project November 1997

Fig. 2.4-1 Distribution of Monthly Rainfall at Selected Stations (cont'd)
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Ethio-talian Co-operation, Arsi-Bale Rural Development Project November 1997

Table 2.4-5 Mean Annual Rainfall and Altitudes
of Selected Stations

I. Northern Part of Project Area

Ser Name of Location MARF
No. | Station | Lat. (N) | Long.(E) | Altitude | (mm)
1 |Asela | 7%7 | 39%8 | 2450° 1298
2 |Bekoji | 7°19° | 39%9 | 2850 1203
3 |Degaga 7926 39%0 | 2040 1057
4 |Drera 8°20° 39%1g 1680 733
5 |Diksis 8%5' 39%1 2600 1002
6 |Eteya 8%10' 39°14’ 2060 860
7 |Kulumsa 7%58' 39%5' 2180 858
8 {Munesa %21 38°32' 2550 1333
9 |Ogolcho 8%02" 39°%1’ 1800 689
10 |Ticho 7°29' 39%19’ 26720 1265

Note: MARF' Mean Annual RainFall

Il. Southern Part of Project Area

Ser. | Name of Location MARF
No. Siation | Lat. (N) | Long.(E) | Altitude | (mm)
11 |Adaba 7%1’ 39%14 2485 838
12 |Bekoji 19 39%09' 2850 1203
14 |Dodola 6°35' 3g%7 2540 915
16 |Ginir 7°08° | 40°43 | 1950 853
17 |Kofele 7%02' 38°28' 2680 1170

Note: MARF" Mean Annuat RainFall

Consultancy Service for ETH-94-R51
CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT 2:21
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ETINO-ITALIAN CO-OPERATION, ARSI-BALF, RURAL DEVELOPMENT PROJECT November 1997

2.5 Rainfall Intensity

2.5.1 Rainfall Intensity/Duration

Maximum rainfall intensities of 60 minimum duration observed at Asasa have been provided
in Appendix 1.3.2. In general| the highest rainfall intensities occur in the months April -
September. The highest recorded rainfall intensity, 42.2 mm, occurred in June 1980.

There were missing data in some months. The missing data m a given month were filled in
with the maximum observed value during the respective month. The maximum rainfali
intensity data obtained after filling in the missing data have been provided in Table 2.5-1
Also, values of pertinent statistics such as the Mean, Standard Deviation and the Coefficient
of Variation, (Cv), of annual maximum rainfall intensity values which are required for
frequency analysis have been given in the table.

It should be noted that the observed maximum rainfall intensity are of 60 minute duration.
However, maximum rainfall intensity values of various duration corresponding to the various
time of concentrations of the watersheds under consideration are required. The following
formula has been used for computing the maximum intensity values of various durations
using the known maximum rainfail intensity of 1 hour or 60 minutes.

I =Q/(t+1)) x 1o

Where:

1, - Rainfall Intensity for rainfall of duration t

Io — Rainfall Intensity for 1 hour rainfall duration

t - Rainfall duration, taken equal to the time of concentration

In order to facilitate the frequency analysis, that part of the formula which appears in
parentheses has been designated as the Intensity Factor The values of the Intensity Factor

for various rainfall durations corresponding to the various values of the Time of
Concentration have been computed explicitly and given in Tables 2.5-2 & 2.5-3.

2.5.2 Frequency and Regression Analyses of Rainfall Intensity

After filling in the missing data, the highest rainfall intensity amounts observed in each year
of record were determined and as the resuli twenty four values of annual maximum rainfall
intensity were available for frequency analysis.

The frequency analysis was carried out using two well known methods, namely i) Chow’s
Method and ii) Boldakov's Method as described 1n the following.

Consultansy Service for ETH-94-R51
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Ethio-Dalian Coopcration Arsi-Bale Rural Development Project

Nayember. 1997

Table 2.5-1 Infilled Monthly Maximum Rainfall Intensity in 60 min. @ Asasa
Station: Asasa
Lat. 7°6.5'N Long. 39°11'E Alt. 2350 masl
Year Jan| Feb] Mar| Apr] May| Jun Jull Aug| Sep] Oct] Nov| Dec| Maximum
1971 19.9] 306 241 240 266]| 168] 162| 33.0] 225 36| 00| 48 33.0
1972 199] 159] 241 240] 28| 79| 101] 44| 225 32 o08] 1.0 24.1
1973 19.9] 55| 09| 198] 66| 91| 127 115 124] 171 00| 30 19.9
1974 071 20| 18| 156] 266| 422} 280| 37.4] 144 04| 00| 02 42.2
1975 07] 20| 21| 215 85| 203| 274 134 34 64 00/ 10 27.4
1976 12| 02| 33] 229] 69| 123] 50| 141] 113 11| 72| 45 22.9
1977 56| 45 24| 167] 37] 124 175] 374| 24| 336] 00| 00 37.4
1978 33| 17.9] as| 80| 64, 78 39] 163] 55 317 o00{ 30 317
1979 85| 306| 98/ 82 151 299] 150/ 239] 98/ 22| 13| 28 30.6
1980 199 23] 23] 100 96| 422] 280] 255/ 77/ 08 00 00 42.2
1981 a3| 191| 72 114] 268| 422| 280] 173] 140} 03] 57| 00 422
1982 199| 306 241| 153] 96| 69] 110] 176] 225 76 39| 38 30.6
1983 23] 58] 16| 11.7] 266] 41 145 146] 37 17| 60| 7.2 26.6
1984 199| 306| 241 240| 266] 204] 280 116 139 336] 72{ 72 336
1985 199 306| 241| 240] 266| 422| 280 374} 223 07] 04 16 42.2
1986 00| oo0| 52 107 106] 110] 145 47| 123] 205 08 26 20.5
1987 45| 130] 137 110| 165 55| 41| 237 41| 178/ 15 21 237
1988 oo oo| ool 154 30| 185 205/ 230| 216/ 160/ 00| 00 23.0
1989 75 6.0 210] 130] 158| 98| 162 229 130/ 82| 50/ 00 22.9
1990 24| 306| 241 240 113] 35| 195 72[ 79| 23] 72 12 306
1991 15.4| 306 49] 06| 134] 126/ 182 125 108 04 14 72 30.6
1992 0o0] 00| 15/ 100 00| 00| 12| 250/ 212 58/ 00/ 00 250
1993 153 70| 15/ 31| oo| 150| 170] 187 144 88/ 00 00 18.7
1994 00 00| 68 240 44 112 280] 234] 165] 336] 72| 72 336
Mean 88l 131 98] 154| 127 168 172 19.9| 129 107] 23] 25 29.8
. [Max. 19.9] 306] 24.1| 240[ 266] 422] 280 374| 225/ 336 72| 72 42.2
Min. oof o0of oo o6/ o00] o0 12 44 24 03 00/ 00 18.7
St.Dev. 84] 127] 96| 71| 93] 132] 86| 97| 66| 119 29] 26| 7.4
Cv 0.95] 0.97] 098] 046] 074 079 o050 049] 051] 111] 126! 1.04 0.25

wnsullancy Services for ETH-94-RS1
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ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

Chow'’s Method

The formula which has been used for computing rainfall intensity values of various return
periods is given in the following.

I(T) = Inean + K(T) x St.Dev.
Where:

I(T) - Maximum Rainfall Intensity of Return Period T Years
(mmvhr)

Imean — Mean of observed annual maximum rainfall intensity
values (mm/hr)

St.Dev. — Standard Deviation of observed-annual maximum rainfall
intensity values (mm/hr)

K(T) - Frequency Factor

The frequency analysis using Chow’s Method has been done in Table 2.5-2. Maximum
rainfall intensity values of rainfall duration from S — 120 minutes for 5, 10, 25 and 50 year
return periods have been computed in Table 2 5-2 using Chow’s Method.

Boldakov’s Method

Boldakov’s formula which has been used for computing rainfall intensity values of various
duration is given in the following.

I(T) = ( I(T)/Ime:m) X Imean
Where.

I(T) - Maximum Rainfall Intensity of Return Period T Years
(mm/hf)

Imean — Mean of observed annual maximum rainfall intensity
values (mm/hr) '

2-32
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Table 2.5-2 Maximum Rainfall Intensity of Different Rainfall Durations and Return Periods
@ Asasa computed using Chow's Method

tmean = 29.8 mmvhr
St.Dev. = 7.4 mnvhr

(T) = lnean + K(T) x St.Dev.
Where:
K(T) = -{0.4500 + 0.7797 x In(In{T} - In(T-1}})

Station: Asasa
Lat. 7%.5'N Alt. 2350 mas!
Long. 38"M1'E

Retucn Period, T (Years)
5] 10] 25] 50
Ser. No. | Duration Tc Intensity Freq. Factor K(T}

(Minutes) | (hrs) Factor 0.720 1,305 2.044 2502

1 5| 00833 1.85 648/ 728 829 904
2 10| 01667 171 60.2 67.6 710 84.0
3 15| 02500 1.60 562] 631 719 784
4 20 03333 150 527 T892 67.4] 735
5 25| 04167 141 C4g6] 557 63.4 69.2
6 30| 05000 1.33 468/ 526 59.9 653
7 35| 05833 1.26 444 498 56.7 619}
8 40| 06667 1.20 Ta21] 473 539; 588
3 45 0.7500 1.14 T404] T T &) 513 560
10 50| 08333 1.09 383 430 49.0 534
N 65] 09167 1.04 el T a2 469 511
12 60]  1.0000 1.00 353 T 3es] 445 490
13 65] 10833 0.96 37 379 Qi T a0
14 70| 11667 092] 324 364 4151 452
15 75 12500 089 " 312] 35.1 399] 435
16 B0 13333 0.86 301 338 385 42,0
17 85|  1.4167 0.83 291 27 37.2 40.5
18 90| 1.5000 0.80 284 7 316 3591 392
19 9§ 15833 077 T 212 305 48] 379
20 _100j  1.6667 0.75 26.3 296 a7 367
21 105] 17500 073 285 87 327 356
22 110]  1.8333 o7 T 28| 718 37 346
2 115 19167 N 2 X Y LA 1 308 336
24 120]__ 2.0000 067 234] ~  '263] 299l 327

oasuliancy Scevices for ETH-94-RS51
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The frequency analysis using Boldakov’s Method has been done in Table 2.5-3. Values of
I(T)1inean for the value of C, of 0.5 for vartous return periods were obtained from Figure 2.5-
1. Maximum rainfall intensity values for 5 - 120 minutes rainfall duration and S, 10, 25 and
50 year return pertods have been computed in Table 2.5-3 using Boldakov’s Method.

Closer cxamination of the rainfall intensity values of different return periods given in Tables
2.5-2 & 2 .5-3 obtained using Chow’s and Boldakov's Methods revealed that the rainfall
intensity values for the 5 and 10 year return periods computed using Boldakov’s Method are
consistently higher than those obtained using Chow’s Method On the other hand, the rainfall
intensity values for the 25 and 50 year return pertods obtained using Chow’s Method are
consistently higher than the values obtained using Boldakov's Method. Consequently, the
higher rainfall intensity values obtained using both methods have been selected.
Accordingly, the values obtained using Boldakov’s Method for the S and 10 year return
periods and the values obtained using Chow’s Method for the 25 and 50 year return penods
have been selected for the design.

2.5.3 Rainfall Intensity/Duration/Frequency

The higher rainfall intensity values of various return periods obtained using Boldakov's and
Chow’s methods have been aiven in Table 2.5-4.

Regression analysis of the values of rainfall intensity given in Table 2 5-4 on the Time of
Concentration was carried out for the various return periods. The regression equations
obtained and the Coefficient of Determination (r*) for the respective equations have been
given alongside Table 2.5-4 It may be noted that the value of r* = 0.93 obtained for all the
derived regression equations given there is high indicating that these equations are good
cnough for computing the values of the rainfall intensity for 5, 10, 25 and 50 year return
periods.

Rainfall intensity values for difterent durations and 5, 10, 25 and 50 year return periods have
been plotted in Figure 2.5-2

Consultarxy Service for ETH-94 15T m e 234
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Fig. 2.5-1 Boldakov's Curves

November, 1997
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Ethio-lalian Cooperation Arsi-fale Rural Deyelopment Prpject

November, 1997

Station: Asasa
Lat 7%.5'N
Long. 39%11'E

maan

=29.8 mm/hr

Computed Cv = 0.25, but assumed 0.5
1) = (T hnaan) X Imean

Alt. 2350 masl

Table 2.5-3 Maximum Rainfall Intensity of Different Durations and Return Periods
@ Asasa computed using Boldakov’'s Method

Return Period (Years)
5] 10] 25] 50

Ser No. | Duration Te Intensity (T lnean)
Minutes (hrs) Factor 1.400 1.700 2.000 2.300
1 5| 00833 1.85 74.1 782] 823 86.4
2 10]  0.1667 1.71 68.8 727 76.5 80.3
3 15| 02500 1.60 64.3 67.8 71.4 749
4 20| 0333 150 0.2 636 66.9 70.2|
5 25| 04167 141 567 598 63.0 66.1
6 30 05000 1.33 535 56.5 595 624
7 35| 05833 1.26 50.7 53.5 56.3 591
8 40]  0.6667 120 482 50.9 535 56.2
9 45 0.7500 1.14 459 48.4 51.0 535
10 50{ 08333 1.09 4338 462 48.7 511
11 ss| 09167 1.04 419 442 465 489
12 60]  1.0000 1.00 40.2 424 446 46.8
13 65|  1.0833 0.96 3856 407 428 449
14 70| 11667 0.92 371 391 412 432
15 75| 12500 0.89 357 377 396 16
16 80| 13333 0.86 344 3.3 382 401
| 17| 85| 14167 0.83 332 35.1 36.9 387
18 90] 15000 0.80 32.1 39 35.7 375
19 95| 15833 077 311 328 345 362
20 100]  1.6667 0.75 301 318] ¢ 335 351
21~ 105]  1.7500 073 292 308 324 341
2 110] 18333 0.71 283 299 315 330,
23 15| 19167 0.69 75| 29.1 306 321
24 120/ 2.0000 0.67 268 283 297 312

Can.rulllanc)' Service for ET1-94-RS 1

CLIMATE, HYDROLOGY AND \WATER RESOURCES REPORT

2-36



Eihio-tialian Cooperanon Arsi-fale Rural Deyclopment Project November, 1997
Table 2.5-4 Maximum Rainfall Intensities (mm/hr) of
Various Return Periods and Rainfall Durations
obtained using Boldakov's & Chow's Methods
Station: Asasa
Lat. 7%.5'N Alt. 2700 masl
Long. 39°11'E
Ser. No.| Duration| Tc | Intensity Return Period (Years) REGRESSION OUTPUT
Minutes | (hrs) Factor 5 10 25 50 Return Period: 5 Years
1 5| 0.0833 185 741| 782] 829] 904 m= 0.9914
2 10| 0.1667 1.71] 688 727] 770 840 = 70.31
3 | 15/ 02500 1.60| 643 678 719/ 784 r= 0.93
4 20| 03333] 150] 602| e36| 674 735 Is = 70.31°0.99144™
5 25! 0.4167] 141 567 598| 634 692
6 30| 0.5000 1.33 535| 565 59.9 65.3 Return Period: 10 Years
7 35| 0.5833 126] 507| 535 567 619 m= 0.9914
8 40| 06667 1.20] 482 509] 539| 588 b= 74.2
9 45] 0.7500 1.14| 459| 484| 513 560 ri= 0.93
10 50| 08333 109 438! 482| 490| 534 llyo = 74.2°0.99144™
1 55| 0.9167 104] 419 442| 469] 511
12 60| 1.0000 1.00 40.2 42.4 449 49.0 Return Period: 25 Years
13 65| 1.0833 096f 386] 407 431 470 m= 0.9914
14 70[ 1.1667 092 371 391 415] 452 = 78.65
15 75{ 1.2500 089 357| 377 399 435 = 0.93.
16 ol 13333| 086| 344 33| 385 420 fllas = 78.65°0.99144°°
17 85| 1.4167 083 332 351! 372 405
18 90| 15000] 080 321 339/ 359] 392 Return Period: 50 Years i
19 95| 1.5833 o771 311] 328 348] 379 m= 0.9914
20 100] 1.6667 0751 301 318 337] 367 = B5.754
|21 105| 1.7500 073 202| 308 327 356 = 0.93
2 10| 18333] o071] 283 208] 317 346 fitso = 85.7540.99144""
23 115{ 1.9167 069) 275 291] 308 336
24 120| 2.0000 067{ 268 283] w9| 327

Consultancy Services for ET1-94-RS 1
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Fig. 2.5-2 Rainfall Intensity/Duration/Frequency
for Asasa
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2.6 Potential Evapotranspiration

Monthly Potential EvapoTranspiration (PET) obtained from AGAR-UND
HYDROTECHNIK GMBH for selected stations i the project area have been given in Table
26-1 Cerrelaton of PET on Altitude has been made m Fig.2.6-1 It may be noted from

Fig 2 6-1 that there s some correlation between PET and Altitude in the project arca

2.7 Mosture Regomes

The difterent morsture regrons obtamed from Damel Gamachu (1977) have been given in
Table 2 7-1 The value of the Moisture Index. Im | may be computed using the following
formulac

Im = ((R/PET) -1) x 100

Where:

Im - Moisture Index

R - Annual Ranfall
PET- Annual Evapotranspiration

Table 2 7-1 Moisture Regimes

if-lm o Climatic (Moisture) REg_lgll__j
| Over 100 | Perhunud
L?,Oil_og_w ~'Humud
020 _ _~ |Most Subhumid |
-33t00 ' Dry Subhunmid e
071033 | Semi-and -
|-100-67 _fAnd

Values of si.e moisture index for selected stations in the project area have been given in
Tables 2.7-2.

2.8 Length of Growing Period

Fhe Length of Growing Penod (LGP) for selected statons in the project arca have been
shown in 1hg 2 8-1

RERY)
Coenidiarieny Servace for LTH-94 1851
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Ethio-ltalian Co-operation, Arsi-Bale Rural Development Project November 1997

Table 2.7-1 Classified Moisture Regimes

Im. Value Climatic (Moisture) Regimes
Over 100 [Perhumid (A)

20 10 100 {Humid (B)

0t020 “IMoist Subhumid™—
33100 Dry Subhumid
LT N T R—
-100 to -67 _|Arid -

Source Daniel Gamachu(1977)

Table 2.7-2 Moisture Regimes for Selected Stations

Annual

Ser No. Name of Station Rainfallimm)| ETo(mm}) Im Regime
1 Adaba 858 1451 -41|Semi-ard *
2 Asela 1298 1444 -10|Gry Sub-hunid
3 Bekoji 1084 1296 -16|Dry Sub-humid
4 Degaga 1057 1500 -30|Dry Sub-humid
5 D'era 733 1600 -54|Semi-arnid
6 Diksis 1002 1450 -31|Dry Sub-humid
7 Dodola 915 1220 -25!Dry Sub-humid
8 Ginir 852 1532 -44|Semi-arid
9 Goba 958 1255 -24|Dry Sub-humid
10 Kofele 1340 1513 -11)Dry Sub-humid
11 Kulumsa 858 1496 -43|Semi-arid *
12 Munesa 1333 1352 -1{Dry Sub-humid
13 QOgolcho 689 1658 -58|Semi-arid
14 Ticho 1265 1315 -4 |Dry Sub-himid

Note: * Adaba and Kulumsa are known to o Dry Sub-humid but the resuits obtained here based on
scanty data indicate thal they are Semi-arid; this needs to be checked using up-to-datz data

Consultancy Service for ETH-94-R51
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Fig. 2.8-1 Length of Growing Period
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ration, Arsi-Bale Rural Devel

thio-ltalian Co-o ment Project
Fig. 2.8-1 Length of Growing Period (cont'd)
o . e e e e - i
DEGAGA i
230 l T i I i !
; 5 l ? E i
| 200 @ ! o e R N I |
! o ! ; i !
i = H : ; !
ACRE | [ |
S ; L ]
-5 P ?
a € 100 f t :
@ H N !
o " l i
1§P=6Mo}ihs
04 ' 1
Jan Feb Mar Apr May Jun Ju Aug  Sep Oct Nov Dec
Month
|—#—Raintall (mm) —M—ETo2(mm) |
e e e — —_
D'ERA
160 . T
= 120 |- N R R
O
3‘; 100 1— 1'. 1 // \\ !‘ -Jf' ——-
e i S s —
3 ) -
£ % |
¢ V== [CEAANGNS ]
20 g——T— — | S
0+ !
Jan Feb Mar Apr May Jun Jut Aug  Sep Oct Nov Dec
Month
[—#—Rainfall (mm) —s—ETa2(mm) |
DIKSIS
200 : l
180 |-—- T s
160 - o eomn
% 140 X\‘t___.;, S S
=120 |- / . -
g \ {
= 100 |--— froem
S 8o |- O SR, WORIN S—
£ 60
= L _
o | | 1IN
40 ) AHS™ ] TGRS MomAs — 11 NI
! 20 e SN ) S ek =N
! 0! : ’
Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec .
Month
e e, i
| [~ Rariai (o) W~ ETor2imm)| |
i o ~ J
Consultancy Service for ETH-94-R51
CLIMATE, HYDROLOGY AND WATER RESOURCES REPORY

November 1997

2-43



Ethio-italian Cooperation Arsi-Bale Rural Developmenl Project

Element: Monthly Mean Minimum Temperature
Station: Assela School{Assela Town)

November, 1997

Lat. 07°57* Long. 39°08’ Alt. 2400 masl
Year| Jan| Feb| Mar| Apr| May| Jun| Jull Aug| Sep| Oct} Nov| Dec|Annual
1966| 4.8] 82| 7.8/ 10.1] 96| 91| 10.4| 10.2] 10.0] 85| 55| 40] 82
1967| 41| 63| 86| 92| 98| 98| 103| 98] 94| 74 74| 55 8.1
1968 37| 9.0] 72| 98] 91| 9.8 87 96 97| 81| 46| 55 79
1969 5.8 8.4 9.7] 10.1] 10.9] 10.3] 10.4] 100] 9.7] 84| 66| 48 88
1971] 5.7] 7.1 77| 9.3] 98] 99| 03] 98] 87| 87 94| 46| 76
1972] 4.8] 51| 78| 10.3] 103/ 10.2] 106} 103] 93] 7.0 49| 31| 78
19/3[ 43] 370 49| 63| 97| 71| 62| 61| 70| 80| 67| 58 63
1974] 551 68[ 104] 94[ 11.3] 10.1] 92| 99| 99| 80| 46/ 47/ 83
1975 43| 53] 62| 52| 53| 491 43| 46| 56| 86| 86| 55 57
1976 56| 69| 80| 88| 96] 90| 96| 87| 80| 7.5 57| 43 76
1977] 68| 62| 7.1] 88] 91| 92| 9.5 90| 84| 84| 40| 38/ 75
1978 6.3 54| 84| 92| 9.3 105/ 106| 100] 96| 87| 87 64| 86
1979] 83| 81] 93[100[ 10.6] 10.9] 10.0] 9.8] 82| 76| 42| 47| 85
1980] 60| 62| 88| 79| 83| 80|l 77| 98| 89| 7.2 45 26| 72
1981 36/ 50/ 90[ 97[ 9.8 94| 81 93] 84| 7.0] 44] 32| 72
1982| 53] 7.0] 66! 84| 9.4| 90| 94| 94| 83| 69| 60/ 79| 78
1984 49 31| 65| 81] 122 98| 92| 98] 9.1 64| 6.1 55 76
1985| 51| 61| 74| 96| 93] 86| 93] 9.2[ 93] 78] 52 44| 76
1986| 6.1] 78| 84| 10.2] 10.0] 10.0] 93| 91| 84| 77| 57 53] 82
1987] 56| 7.1 92 87/ 106] 97| 99| 11.2] 10.0[ 10.3] 80| 84a] 90
1988 8.7 10.5] 116| 12.4] 11.5] 115 12.0] 11.4] 112] 105| 66| 7.7 105
1989| 69| 86| 10.4] 10.6{ 10.8] 10.9]| 11.0[ 11.2[ 10.7] 10.3| 96| 91| 100
1990 7.3 106| 9.5/ 107/ 11.2] 98] 94| 99 91| 92| 68| 50/ 90
1991 8.5 10.3] 10.8] 11.4| 11.9] 11.8] 11.2] 115/ 11.0] 105] 72| 7.4] 103
1993| 9.5| 88/ 94| 11.4] 11.7] 11.3| 108 108] 106] 9.7 73] 69| 99
1994| 6.7[ 13.1] 115] 11.8] 11.4[ 11.1[ 11.8] 11.8] 10.9] 11.1] 82| 62| 105
~11995] 6.7] 9.5 11.0] 1.5/ 109[ 112[ 11.7[ 117/ 107] 11.2] 83| 79| 102
11996 8.8] 7.5] 108 106 11.0{ 11.1] 11.2] 110[ 104] 89| 68| 68 96
Mean| 6.1] 74| 87| 96| 102 98] 94| 98/ 93] 86| 65 56| &4
Max | 9.5/ 13.1] 11.6] 12.4] 122 11.8] 12.0] 11.8] 112[ 11.2] 96| 91| 105
Min. | 36] 31| 49] 52| 53] 49| 03| 46| 56| 64| 40| 26| 57

wnsuliuncy Services for ETH.94-RS1
LIMATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-llalian Cooperation Arsi-Bale Rural Development Project

Element: Monthly Mean Maximum Temperature

Station: Diksis State Farm
Lat. 8°05'N Long. 39°21'E

November, 1997

Alt. 2600 masl

Yearj Jan| Feb] Mar| Aprj May| Jun| Jul] Aug| Sep| Oct| Nov} Dec|Annual
1991 20.7{ 20.6| 20.8| 19.5| 19.9] 21.1| 18.4| 18.3] 18.3| 18.4| 19.5] 19.9] 196
1992] 19.6| 20.8] 224} 21.1| 20.3| 20.3{ 18.1| 17.7| 17.2| 18.2] 18.1] 19.0{ 19.¢44
1993| 18.2| 186 21.3ﬂ 21.1] 19.4] 196| 18.9| 18.8] 18.9] 187 19.4| 20.3] 19.4)
1994| 21.4| 22.5( 22.0{ 21.8| 21 4| 19.8| 18.3| 17.9| 18.5] 18.6| 18.5] 19.9| 20.1
1995] 21.2) 21.7{ 20.1] 19.7] 20.9{ 21.2| 18.7| 18.9] 19.3| 18.8| 19.7] 20.3| 20.0
Mean| 20.2| 20.8} 21.3] 20.6] 20.4| 26.4| 18.5| 18.3} 18.4] 18.5| 19.0| 19.9] 19.7
Max.| 21.4| 22.5| 22.4] 21.8| 21 4| 21.2| 18.9| 18.9| 19.3]| 18.8{ 19.7] 20.3] 20.1
Min. | 18.2] 18.6| 20.1| 19.5{ 19.4| 196| 18.1| 17-7| 17.2{ 18.2] 18.1| 19.0} 194

Element: Monthly Mean Minimum Temperature

Station: Diksis State Farm
Lat. 8°05'N Long. 39°21'E

Alt. 2600 masl

Year{ Jan| Feb| Mar| Aprj May| Jun| Jul|l Aug| Sep| Ocl{ Nov| Dec|Annual
1992 6.2 7.2y 71| 87| 89| 85/ 84| 94| 82| 68 59 74 7.7
1993} 69| 70{ 67| 79| 9.0] 92| 78] 76| 86| 80| 6.0) 4.9 7.5
1994] 36f 60| 68] 82 85| 94|, 92| 87/ 86| 68| 65 4.1 7.2
1995| 4.3 67| 86] 95 92| 87, 94| 94| 86| 78| 49| 54 7.7
1996/ 69| 58] 63| 64, 59| 85 71| 88| 85 74 58] 55 6.0
AMean{ 56| 6.5 71| 81| 83} 89| 84/ 88| 85 74| 58] 55 74
Max | -3.9] 7.2| 86] 95] 92| 94 94| 94| 86| 8.0 €&} 74 7.7
Min. 36| 58] 63| 64 59| 85 71| 76| 82| 68 49 41 6.9

onsultancy Services for ETH-94-R5]
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Ethio-italian Co-operation, Arsi-Bale Rural Development Projec November 1997

Fig. 2.8-1 Length of Growing Period (cont'd)
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Ethio-Halian Co-operation, Arsi-Bale Rural Development Project November 1997

Fig. 2.8-1 Length of Growing Period (cont'd)
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Ethio-ltalian Co-operation, Arsi-Bale Rural Development Project

Fig. 2.8-1 Length of Growing Period (cont'd)
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ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

3.0 HYDROLOGY

3.1 Availability of Data

Flow and flood data for some of the gauged rivers in the project area were obtained from the
Ministry of Water Resources, Hydrology Department. Relevant information on the
availability of flow/flood data for the rivers in the project area have been given in Table 3.1-
1. 1t should be noted that some of the data are only secondary data; therefore, they arc not up
to date  The observed and infilled data tables have been provided in Appendix 11

Table 3.1-1 Availability of Flow/Flood Data

Ser | Element Name of River | Period of Record Length | Remarks
No. Observation | (Years)
1. Monthly Flow Ashebeka 1982 -93 12 Some missing
’ Ketar 1982 - 95 14 Some missing
Wabe 1967 - 96 29 Some missing
Weyib 1980 - 95 16 Some missing
Robe 1979 - 93 15 Some missing
Lelisso 1975 - 84 9 Some missing
Keleta * 1962 - 87 25 Some missing
2. Maximum Mean Ashebeka 1982 - 91 10
Daily Peak (MMD) | Ketar 1983 - 91 9
Wabe 1967 - 90 23 1 record missing
Weyib 1981 - 92 12
Robe 1979 - 93 14 1 record missing
Lelisso 1975 - 84 9 Some missing
Keleta * None None
3 Momentary Flood | Ashebeka None None
Feak Ketar None Nonre
Wabe None None
Weyib 1981 - 92 6 Some missing
* Robe None None
Lelisso None None
Kelcta None None

* Source Awash Master Plan, 1989.

It may be noted from Table 3.1-1 that only Weyib River has some Momentary Flood Pcak
data and the remaining do not have such data.

Water quality samples were obtained from eight representative perenmal rivers which cross
the Nazret Assela — Dodola and Shashmene — Goba highways These are Ashebeka, Wabe,
Hercro, Zetegn Melka, Weyib, Shaya, Ukuma and Totolamo rivers.

3-1
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ET111Q-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

3.2 Monthly Flow of Gauged Rivers in Arsi-Bale Zones
3.2.1 Introduction

Several rivers have been identified to be perennial based on the experience of the project area
obtained from previous studies. Estimation of available flows in these rivers have been
made using the observed flow data for representative gauged rivers obtained from the
Ministry of Water Resources, Hydrology Department. These are given in Table 3.2-1.

Table 3.2-1 List of Representative Gauged Rivers

Name of River Sub-basin

Keleta Awash

Ashebeka Rift Valley Lakes
Wabe & Lelisso Wabi Shebelle
Weyib Genale

The observed monthly flow data have been provided in Appendix 11.1.2 The available flow
data from the above mentioned gauged rivers have been used for estimating flow data for
some perennial rivers flowing through the project area.

3.2.2 Monthly Flow Statistics of Gauged Rivers

Monthly flow statistics for the nvers mentioned above have been given in Table 3.2-2. The
monthly flow distribution for these rivers have been shown in Figure 3 2-1.

Flow data obtained from the gauged rivers mentioned in Table 3.2-1 have been used in
estimating the monthly flow distribution of other rivers in the project area.

3-2
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Elhio: halian Cooperauon, Agsi-Bale Rurat Dexelopmen Project Nayember, 199
Table 3.2-2 Monthly Flow Statistics of Gauged Rivers
(in Millton Cubic Meters)
Ashebeka River nr. Sagure = 236 Km’

Year| Jan| Feb|] Mar| Apr[ May] Jun] Jul] Aug| Sep| Oct] Nov] Dec| Annual
Mean_ 160; 168] 205 305 278° 244 586] 1641| 672 3.26] 1.86] 179] 49%
Max. 1 991 279] 392] 6 09, 6. 80 438! 18.94| 47.85| 9. 14, 518| 2.33] 206 _9]_6“
Min. 090 1.03] 093] 127 140| 161269 336( 324] 190 148] 128] 322
St Dev _ _<0.38 0.50| 077 147 1 42I 088, 437| 1342 1.78; 111 029] 024] 1830
Cv 0.24] 0.20] 038] 048] 051! 0. 36' 0.76] 0.82; 0.27i 034| 0.i16! 0.13 0.37
% of MAF 32| 34 41] 6.2 5.6! 49] 118 332] 136] 66 7] 36 10C

Wabe River d/s of Bridge Crossing nr. Dodola WA =1035 Km’

Year] Jan] Feb] Mar] Apr] May] Jun[ Jul] Aug] Sep| Oct] Nov] Dec| Annual
Mean 516] 6.22] 845| 14.31] 1567! 1565 28.49| 47.39| 42.05! 22.40] 954| 6.44] 2218
Max. 10.37] 19.20| 20.10 46.92| 6551] 44 18| 54 40| 79.55| 83.( 00! 59.28] 41.73| 25.95| 3869
Min. 194! 310] 329 363 540! 425' 642 19.87| 23221 652] 4.07| 3.04| 124
St.Dev. | 204| 4.066] 4.95[ 11.57] 12 _8_&}1 1009° 137! 16.34] 13.02) 13.28] 7.939] 4.932|  60.5
Cv 0.40| 065| 059 081, 082 0. 64, 048] 034 O 31' 0.59] 0.83] 0.77 0.27
% of MAF 23] 28] 38 65 7.1 71 128] 214] 190] 101 43| 29 100

Lelisso R. at Adaba WA = 126.3 Km'

Year] Jan] Feb| Mar] Apr[ May| Jun] Jul] Aug| Sep| Oct] Nov| Dec| Annual
Mean 1 0.941] 1.05| 1.589| 8.387| 6.507| 1. §3_(5_ 18.277] 43.76| 10.13] 10.91] 3.76| 1.659] 98.4978
Max. 262 2| 3.75| 20.61] 26.521 379] 15.15] 116.4] 25.89] 28.8] 15.28] 565 206.52
.'\ﬂ’,‘; 0.49] 045| 051 081] 064! 06l 1 98! 6421 4.81 1.9] 0.77| 055! 26.23.
St.Dev 0.689! 0.603| 1.245| 11.15 8 772: 0 969, 4391 39.75, 5 854 10.15] 4.516] 1.555 56 5022
Cv O 732 0.574] 0 784} 1. 329' R} 348 0631° 0.531; 0. 908 0. 578 0 .931) 1.201| 0. 938 0.57364
% of MAF | 0.955] 1.066] 1. 613! 8.515: 6.606: 1559 8403: 44. 43 10. 28 11.07 3.817; 1.684 100'
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Erhio-Iralian Cooperation. Arsi-Bale Rural Development Project November 1997
Table 3.2-2 Monthly Flow Statistics of Gauged Rivers (cont'd)

Weyib River nr. Agarfa WA=771.9 Km’

Year] Jan] Feb] Mar| Apr[ May[ Jun Jul] Aug] Sep] Oct] Nov| Dec|[ Annual
Mean _119; 409} 323 2051 16.03| 373" 11 36 36.05) 12.98{ 18.08° 4.11: 311 134.5
Max. 7.07] 40701 1420 90.95, 57.31| 2543; 3270 9564} 30.02; 47.12; 13.03; 12.81| 208.39
Min. 1 036} 0 41, 035 0 45" 1, 42. 0. 71; 1.28° 401 3 52! 2 38' 0.90. 0.54( 45, 58
St.Dev. A1 64 10 08] 435 24 82, 1§_§5| 6 0§' 9331 28.49| 8 43| 14 75' 3 69 4.04 45 85
Cv 1.37] 246i 135 121, 102] 162] 082 079, 065 082; 090; 130 0.34
% of MAF 0.9] 3.0 24/ 153} 119} 28 85 268 96! 134 317 23 100

Ketar River nr. Sagure WA=1950 Km®

Year] Jan| Feb| Mar|{ Apr{ May| Jun Jul| Aug| Sep| Oct| Nov| Dec| Annual
Mean | 46| 66| 83| 141] 133] 119] 384| 134.0/ 645 240 8.1 6.0 333.7
Max. 67| 269| 434| 444| 363| 355| 67.7| 293.3| 1131] 761 18.8] 105 571.3
Min. 33 34] 32| 41 47| 45| 148] 51.2] 206| 60 25| 33| 1804
St.Dev. | 117| 623! 1028| 12.68 9.70| 9.36| 17.44) 66.14| 24.51| 1996| 468 225| 111.02
Cv '0.25] 0.95] 1.24) 090' 0.73] 0.79] 045] 049 038] 083] 057 038 0.33
% of MAF 1.4 200 25 42i 40| 36; 115 402] 193 7.2 2.4 1.8 100

Robe River nr. Robe WA=171 Km?
Year| Jan|" Feb| Mar[ Apr| May| Jun Jul] Aug| Sep| Oct] Nov| Dec| Annual
Mean 1.20] 245 095] 3.11| 4.21| 0.93] 4.14| 842| 501| 405 1.78| 051 36.77
Max. 12.54| 17.23] 496 10.79] 1380 219| 19.34( 19.52| 13.68| 10.67| 13.65] 2.32( 73.91
lMin | 003] 0.01] 000; 002 002 003/ 0 95 231] 094 057} 023 010 16.70
StDev. | '316] 532] 156| 361! 435/ 065 451 530|329 307, "340| 036| 1633
Cv 262|217, 165 116' 103] 070/ 109/ 063 066] 076f 191 111 0.44
% ol MAF 3.3 6.7 26 851 115 2.5; 11.3T 229/ 136 11.0 4.9; 14 100.0
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Fig. 3.2-1 Monthly Flow Distribution of Gauged Rivers
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Fig. 3.2-1 Mean Monthly Flow for Representative Gauged Rivers (cont'd)
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ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

3.3 Flood Flows

3.3 .1 Introduction

Observed Maximum Daily Peak (MMD) for the rivers listed in Table 3.1-1 abstracted from
the onginal ‘SUMMARY OF HYDROMETRIC DATA'’ records obtained from the Ministry
of Water Resources, Hydrology Department have been provided in the tables given in
Appendix 11.2.  Also, values of pertinent statistics which are required for regional analysis
have been computed therein, these statistics are the Mean, Standard Deviation and the
Coefficient of Variation (C,).

3.3.2 Regional Flood Analysis

Values of pertineni statistics required for flood frequency analysis computed using the data
provided in Appendix il.2 have been reproduced in Table 3.3-1. Specific Flood, 1.e. values
of flood per unit Km? area, obtained by dividing the average of the Maximum Mean Daily

(MMD) peak values by their respective watershed areas have been provided in Table 3.3-1.

Correlation of the Mean Annual Specific Flood (q ) with Watershed Area (WA) was carried
out in Fig. 3.3-1. The regression equation obtained along with its Coefticient of
Determination (r* = 0.555) indicate the existence of some correlation. Values of the Specific
Flood computed using the observed data and those computed using the regression equation
have been plotted in Figure 3.3-1 for compartson. It may be noted that the values computed
using the equation fall midway between the observed values. Therefore, the regression
equation appears to be reasonably good. Values of the Specific Flood computed using the
equation for different watershed areas have been provided in Table 3.3-2 and shown in a log-
log plot in Fig. 3.3-2 as a straight line. Design floods of different return return periods versus
watershed area for the region have been plotted in Fig. 3.3-3

Consultancy Service for ETH-94-R51
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Ehio-ltalian Co-operation, Arsi-Bale Rural Development Project November 1997

Table 3.3-1 Regional Flood Analysis

Ser. | Name of WA Quoan” Sp.Flood{ Log. Log.

No. | River {km?) (m’Is) Cv Qobs, WA Qobs. | a (EqQ.)
1 |Ketar 1,975 120.7 0.64 006 | 32956 -1214 0.05

Ashebek | 236| 196/ 098]  008| 23727 -1.080] 0.14

3 |Wabe | 1035| 460 034 004 | 30149 -1352] 0.07
4 |Weyib | 772 823] 063 0.11| 28876] -0972| 0.8
5 |Robie 171 425 0.60 025| 2.2330] -0605 0.16

* Mean Quumg, Av.C, = 0.64

q=ax (WA)°

Log q = Log a+ b x Log(WA)

b= -0.47475]Loga = 0.265996] Ja=1.896 |
? = 0.554666
q = 1.896 x WA™" ﬂ
Fig. 3.3-1 Correlation of Mean Annual Specific Flood with
Watershed Area
0.30
Rabe
@ 025 =
£
% 0.20 .
“c 015 +—B Neyib_q = 1 896 x WA4T
LUI)- 0.10 / / Ketar
Q. P * ¥ "
= 005 *
Ashebeka Wabe /
500 1,000 1,500 2,00(_2‘ 2,500
Watershed Area (km?)
| # qobs. o g(Eq) ——Power (q(Eq.))]
NOTE:

- MASF: Mean Annual Specific Flood
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Table 3.3-2 Mean Annual Specific Flood
Versus Watershed Area

WA

MASF
(m’fs/km’)

0.296
0.271
0252

S Flood (m>s/Km?)

0.0

Fig. 3.3-2 Mean Annual Specific Flood
Versus Watershed Area
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ETHIO-ITALIAN CO-OPERATION, ARSI-BALE RURAL DEVELOPMENT PROJECT November 1997

3.3.3 Flood Frequency Analysis

The analysis was carried out using the Specific Flood values computed in Section 3.2 along
with Boldakov’s Method which was employed in rainfall intensity frequency analysis in
Section 2.5

Boldakov’s formula has been reproduced in the following for estimating the magmtudes of
floods of different return periods.

Q(T) = ( QTHQmean) X Qnican

Where:
Q(T) - Magnitude of flood of T year return period(m’/s)
Qumean — Mean of observed annual maximum floods(m’/s)

The frequency analysis has been carried out using Boldakov’s Method in Table 3-4  Values
of Q{T)Qmean for Cy of 0.64 for various return periods were obtained from Figure 2.5-1.
Magnitudes of design floods for different watershed areas and return periods of 5, 10, 25, 50
and 100 years return periods have been computed in Table 3-4 using this method.

Flood regression equations were derived for various return periods based on the specific
flood formula which was derived earlier incorporating the values of the multiplying factor for
various return periods obtained from Bolkdakov’s curves, Figure 2.5-1. The values of design
floods of various return periods for different watershed areas computed using these regression
equations have been shown in the log-log plot given 1n Figure 3.3-3. These values may be
used for the design of hydraulic structures for watershed areas exceeding 50 km®

3-10
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Table 3.3-3 Design Floods of Different Return Periods
for Various Watershed Areas

Return Period (Years) REGRESSION EQUATIONS |

WA MAF 5 10 25 50

(km') | (msikm’) | 1500 1.850 2.450 2.800 Q, = 5.688 “WA"*?
50 0.296 | 44.4 54.7 724] 828 94§ |
60 o2 488 60.2 797 9 Qqo = 7.015°WA" D
70 0252] 529|653 84| ‘988
80 0.237 56.8 700 927[ 1060 Qg = 9.29°WA™D
30 0224 o4l 745 sa6| 1127
100 0213|638 7870 1042 1191 Qaq =10.62°WA* ™
110 0203| 671 828| 1096 1252
120 0195 702| 866 1147 1311 Qugo = 12.13° WATS®
130 0.188 732 90.3]  1196] 1367
4o 1 Toaa 76.2 939 1244] 1421
150 0175 79.0 97.4]  1290f 1474
160 0.170 817 1007 1334] 1525
170 0.165 843 1040] 1377 1574
1180 0.161 869 1072] 1a19] 1622
190 0.157 89.4| 1103[ 1460 1669
200 0.153 g18] 11331 1500 1714
210 0.150 942 1162 1539] 1759
220 0.146 %5 1191 157.7]  180.2
230 0.143 88| 1219] 1614] 1845
240 |" 0140|  10tA| 1246| 1651 1886
250 0138 1032] ~ 1273 168.6 1927
260 0135 1054] 1300 1721 196.7
270 0133 1075  1326] 1756] 2007
280 0.130 1096/ 1351 1790 2045
290 0128} 1116 1377 1823 2083
300 0126 | 1136 140.1] —1856] 2121
310 |7 0124 1156] 1426 1888 2158
320 012 1175] 1450 1920 2194
330 0121 1194] 1473 1951] 2230
340 0.119 1213 1496] 1982 2265
350 0117 1232]  1519] 2012 2300
360 0.116 1250 1542  2042| 2334
370 0114 1268]  1564] 2072 2368
380 0113 1286] 1586] 2101| 240.1
390 011 1304} 1608  2130] 2434
400 0.110 132.1 163.0]  2158| 2467
450 0.104 1406]  1734] 2296 2624
500 0.099 1486 1832 2427 2773
550 |~ 0.095 1562 1926] 2551 2916
600 0.091 1635]  2016] 2670] 3052
650 0.087 1705  2103] 2785 3183
700 0084| 177.3] 2186] 2895 3309
750 0082| 1838| 2267|3002 3431
800 0079 | 1901 2345|3106 3549
850 L0077 1963|2421 3206| 3664
300 L0075 | 2023 2495  3304] 3776
950 0073 2081/ 2567 " 3399 3884
1000 00711 2138 2637/ 3492|3500
1080 L0070} 2193/ 2705|3582 4094
1100 0068 | 247 2772| 3671 4195
1150 0067 "2301| 2837|3758 4204
1200 0.065 2353] 2901 3842] 4391]

-onsullancy Services for £ TH-94-R51
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3.3 4 Rational Method

General

The Rational Method may be used for computing magnitudes of design floods for watershed
areas less than 50 km® The Rational Formula is given in the following,

Q=028xAxCxlexf

Where:
Q - Maximum runoff in m*/s

A - Watershed Area in Km®

C - Runoff Coefticient

Ic - Critical Rainfall Intensity in mm/hr
f — Watershed area reduction factor

The critical rainfall intensity for a given rainfall duration equal to the Time of Concentration
(tc) and return period may be estimated from Table 2.5-4 or Fig 2.5-1.

The Time of Concentration has been computed using the following formula (Kadiyali, 1989):
te=(0.87 * L’/H)™¥
Where:
e t.— Time of Concentration in hours
e L — Maximum Length of Travel of Water (MLLTW) in Km

e H - Difference in elevation between the remotest point on the watershed
and the outlet in meters.

The maximum length of travel of water and the difference in elevation between the remotest
point on the watershed and the outlet for each watershed may be obtained from a suitable
scale map of the project area.

Runoff Coefficient (C)

Values of the Runoff Coefficient (C) for various watershed land uses and slopes provided in
ERA procedures given in Table 3.3-4 may be used. However, since the values for the land
use ‘Cultivated Area' were found to be too igh, they have been reduced somewhat based on
values given for these in other references (e.g Mutreja, 1986, Kadiyali, 1989).

3-13
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Watershed Area Reduction Factor (f)

Values of watershed area reduction factor for watershed area up to 200 Km? for use in the
Rational Formula obtained from ERA procedures are given in Table 3.3-5,

Regression of watershed area reduction factor on watershed area has been made in
Figure 3.3-4. The resulting trend-line equation is given in the following:

f=-0.0932 x Ln(WA) + 1.1539
Where:
f - watershed area reduction factor

WA- Watershed Area in Km’

Cousultanxy Service for ETH-94-R51
CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT
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Table 3.3-4 Values of Runoff Coefficient in Rational Formula

Slope
Flat Rolling Hilly Mountainous ,
Land Use 4-7% 8 -10% 11 - 20% 21 - 30%
Paved Area 0.80 085 0.90 0.95
Bare Area 0.70 0.75 0.80 0.85
Cultivaled Area 0.30 035 0.40. 0.50
Grass Land 0.20 0.25 0.30 0.40
Forest | 0.10 0.15 0.20 0.30
Table 3-6 Values of Watershed Area
Reduction Factor in Rational Formula
Watershed Area Reduction
Area (km?) factor (f)
S 1.000
10 0.923
20 0.880
30 0.850
40 0.823
80 0.755
120 0.707
160 0.673
200 0.649
.[ Figure 3.3-4 Regression of Watershed Area Reduction Factor
5 on Watershed Area
I 1.05 _l ,
i 100 | B - R GV S,
! 095 N\ — _.!-. e - P ——
!
i 090 4" - 932'X'l%;n'(WA)“+‘1‘?1‘54“"”""— o
w085 1-- - . . - . _Rq:!'b_g_g JOT TN S Y [
080 | e . L
075 |- , 3
0.70 | . ;
0.65 : : :
0 50 100 150 200 250
Watershed Area (Km?) .
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4.0 SURFACE WATER RESOURCES

4.1 Drainage Basins

411 Introduction

There are four drainage sub-basins in Arsi & Bale Zones (Fig. 4.1-1). They are:

o The Awash River Sub-basin
o The Rift Valley Lakes Sub-basin
e Wabi Shebelle Sub-basin

e The Genale Sub-basin

4.1.2 The Awash River Sub-basin

This sub-basin is situated in the northern part of the project area. It oucupies only a small
portion of the project area  The major rivers in this sub-basin are Keleta, Wererso and Arba.

4.1.3 The Rift Valley Lakes Sub-basin

This sub-basin 1s situated in the western part of the project area. It occupies a modest portion
of the project area. The major rivers in this sub-basin are the Ketar, Melka Bedi and
Awariftu which empty in to Lake Ziway, the Dedeba and Awade in to Lake Shala and the
Kersa, Dalele & Metana, Jirma, Konkolata and Yebelo into Lake Langeno All of them
flow to the west.

4.1.4 The Wabi Shebelle Sub-basin

This sub-basin extends from the western to the eastern part of the project It occupies a very
large portion of the project area. The major rivers in this sub-basin are the Wabe, Ulule,
Robe, Pobe and Elele all of which flow to the east to join the Wabi Shebelle River

4 1.5 The Genale Sub-basin

This sub-basin is situated in the southern part of the project area It occupies a modest
portion of the project area, but only a small portion of the whole Genale sub-basin. The
major rivers in this sub-basin are the Weyib, Wabe Mena. Other nivers such as the Welmel

o . 4-]
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FIGURE 4.1-1 DRAINAGE SUB-BASINS IN THE PROJECT AREA
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4.2 Estimation of River Flow

Flow data for representative gauged rivers were obtained from the Hydrology Department of
the Ministry of Water Resources. The observed monthly and annual flow statistics in these
rivers have been given in Table 3.2-2 The mean monthly flows in these rivers have been
shown in Fig. 3-2-1 The observed monthly discharges presented by the Hydrology
Department of the Ministry of Water Resources have been given in Appendix I11.1.2.

A regression analysis of the mean annual flow of six gauged rivers on their respective
watershed areas has been done using Table 4.2-1 and a regression equation established in
Figure 4.2-1. The value of the Coefficient of Determination, r* = 0.98, obtained indicates a
high correlation. Estimation of mean annual flow in the perennial rivers of the project area
has been made using the equation given in Fig. 4 2-1 reproduced in the following.
MAF =0.168 x WA + 16
Whe:e:
MAF - Mean Annual Flow (in Million Cubic Meters)
WA - Watershed Area (Km®)

The estimation of the monthly flows using the above mentioned equation is described in the
following:

* the mean annual flow for the given river is esimated using the regression equation
given above;

¢ the percentage of the annual flow of the nver for each month is determined using the

mean monthly flow distribution of a gauged river located in the same sub-basin as the
river under consideration;

¢ finally, the mean monthly flow of the given river is estimated by multiplying its
estimated mean annual flow by the monthly flow percentage for the respective month.

Estimated mean monthly/annual flow of some of the perennial ri-ers flowing through the
project area obtained using the procedure described above have been provided in Table 4.2-2.

4-3
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4.3 River Water Quality
4.3.1 Introduction

Water samples were collected for quality testing from eight representative rivers in the
project area (Table 4.3-1).  The samples were tested in the Ministry of Water Resources
Laboratory The test results for sclected physical and chemical water analysis for the eight
river water samples have been provided in Appendix 11.3. A summary of the results for the
most important elements of concern have been provided in Table 4.3-1 along with the
respective specified upper limits for drinking water.

4 3.2 Water Quality for Drinking Purpose

It may be noted from Table 4.3-1 that the concentration of the selected chemical constituents
in the water samples obtzined from all eight representative rivers are much smaller than the
upper limits specified for drinking water. It can be inferred from the foregoing that the
quality of water from the rivers in the project area is chemically good.

4.3.3 Water Quality for Irngation

Todd (1959) explains that Sodium concentration 1s important in classifying an irrigation
water because Sodium reacts with soil to reduce its permeability. Soils containing a large
proportion of Sodium with Carbonate as the dominant anion are termed alkali soils; those
with Chloride or Sulphate as the predominant anion, saline soils. Ordinarily, either type of
sodium-saturated soil will support little or no plant growth. Sodium content is usually
expressed in terms of percent Sodium (also known as Sodium percentage and soluble-sodium
percentage), defined by:

%Na = (Na + K) 100
Ca+Mg+Na+K

Where: all ionic corcentrations are expressed in milli-equivalents per litre.
The Sodium Adsorption Ratio (SAR) is defined by

SAR = Na
((Ca + Mg)/2)"0.5

The class of water against the SAR has been given in Table 4.3-2.

The Sodium percentage and the Sodium Adsorption Ratio (SAR) for all the samples have
been computed in Table 4.3-1 It may be noted from Tables 4.3-1 & Table 4.3-2 that all the
rivers have excellent quality water for irrigation.
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5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

It has been tried in this brief study to show in perspective the major surface water resources
potential of Arsi and Bale Zones. It may be deduced from this sfudy that the two zones are
endowed with enormous water resources potential However, very little has been done in the
past to exploit or harness the water resources potential. Perhaps, some of the reasons could
be the following:

o favorable climate in these zones which has enabled production of crops under
rainfed conditions from year to year round without much problem;,

¢ the lack of incentives or motive to produce more due to the unavailability, of
markets for the agricultural produce;

¢ the low or subsistence level of agricultural production exercised in these zones.
It may be concluded that there is a lot that could be done in harnessing and putting to use the
existing enormous water resources in irrigation, min-hydropower, fisheries, etc. development

for enhancing the economic activities of these zoncs and thereby raising the standard of living
of their people.

5.2 Recommendations
5.2.1 Integrated Water Resources Survey

An attempt has been made to divide these zones into four sub-basins as far as the
development of the water resources potential of the zones in concerned. These are.

e The Awash Sub-basin

* The Rifi Valley Lakes Sub-basin

o The Wabi-Shebelle Sub-basin

e The Genale Sub-basin.
Itis recommended to plan in terms of developing the water resources of the sub-basins for
developing the water resources potential of the zones. Each sub-basin should be studied as a
whole. In order to gain more insight or refinement and experience from the studies, one

perhaps should start with smallest sub-basin and gradually proceed to study the others turn by
turn as more and more experience 1s gained in the studies. Each sub-basin should be

5-1
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subjected to an integrated water resources survey through which a series of projects could be
identified and ranked An integrated survey with a multi-disciplinary team is necessary in
order to relate the water resources with the other resources to be developed as an integral part
of the water resources development. From the series of water resources development projects
identifted by the survey, each project could be picked up turn by turn and subjected to a
feasibility study. Fortunately, most of the project area is covered by the 1:50,000 scale
mapping and a lot could be done using the available maps.

In general, the rivers could be utilized for hydropower in the lighlands wherever there are
suitable dam and storage sites for river regulation and for irrgated agriculture and fisheries
development in the lowlands where there are fertile alluvial soil soils.

5.2.2 Watershed Management & Land Use Planning

Extensive degradation of the environment by soil erosion has been observed to be prevalent
in the two zones due to uncontrolled land use. Farming on steep slopes without resorting to
appropriate cultivation practices is now:very common in these zones as it 1s in other zones of
the country. This has resulted in enormeus soil losses due to runoff and considerable
sedimentation of rivers and reservoirs; perhaps a typical example is the ‘mud’ flow in Zetegn
Melka River during floods. This cultivation practice if continued without control could
undermine the land and render it useless for agriculture in the near future. Also, it may
jeopardize the use of water storage sites and pause serious restraints in water resources
developinent. Therefore, it is essential to embark on planning and implementing appropriate
land use and watershed management practices immediately
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1.1 MONTHLY MEAN MAX. AND MEAN MIN. TEMPERATURE

L.1.1 INFILLED

[.1.2 OBSERVED
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1.1.2 OBSERVED
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Ethio-ltalian Cooperalion Arsi-Bale Rural Development Project November, 1997

Element: Monthly Mean Maximum Temperature
Station: Dodola

Lat. 06°59' Long. 39°11' l Alt. 2500 masl

d

[Year| Jan| Feb| Mar[ Apr] May| Jun[ Jul] Aug] Sep| Oct| Nov[ Dec[Annual
1958] 25.9| 23.5| 26.4| 26.0{ 26.2| 24.0| 20.3| 19.6{ 21.4| 20.7| 24.1| 22.3] 234}
1959| 24.8| 25.1| 25.7| 24.1| 24.8] 23.8) 21.5|,20.11 18.7| 22.4] 26.0} 26.5| 236
1960] 25.0| 26.3| 23.7| 25.0| 24.1| 24.6| 22.2| 25.3| 22.2]| 22.4| 223| 23.7{ 23.9}
1961] 25.0{ 26.3| 27.2| 26.6| 27.1| 25.3| 22.2} 19.2{ 19.6] 21.8| 23.6( 19.0f 236}
(1962] 19.0[ 19.9] 25:8] 28.8] 29.1| 28.4| 26.6| 27.6] 22.5| 232! 251| 22.6| 249}
1965| 24.4| 241 25.4| 24.0| 25.1| 25.8] 24.6] 23.5| 22.7| 23.4| 234| 23.3| 24.1|
1966) 23.7] 22.1| 23.3| 22.9| 25.2] 23.3] 22.5| 21.3| 20.9] 21.5| 23.3| 22.6f 227
1968| 21.7| 21.8| 23.1| 22.6] 23.3| 21.8| 20.2| 20.5] 20.5| 21.9| 22.0| 22.3] 21.8}
1988 21.4| 21.2] 22.5| 22.4| 23.8{ 20.7| 18.0] 19.0| 20.0{ 20.3} 21.1] 22.0] 21.0
1988] 21.2| 156 22.5| 206| 22.6| 27.1] 18.1] 19.4]| 19.6] 20.0| 29.6] 21.3] 21.5
1990| 22.1] 21.5] 21.2] 21.1] 21.7| 20.2| 18.1| 18.5{ 20.6{ 21.7| 20.7; 23.2] 20.9
1993] 22.2| 20.6| 23.2| 22.2| 21.3| 20.8] 20.2| 20.3| 20.0{ 20.6) 22.3} 22.6| 214
1994 20.8] 20.7} 22.0| 21.5| 22.1| 20.5| 18.6] 19.3]| 19.8] 20.4| 21.7| 22.5| 20.8
1995) 23.8| 23.9| 22.2| 22.0| 23.3| 22.2| 19.3| 19.3] 20.5| 20.7{ 22.4( 22.7| 219
19961 22.1] 24.3| 23.3| 21.7| 22.0{ 20.0{ 19.7] 20.1]| 21.0{. 22.1| 22.4] 226| 21.8
Mean| 22.9]| 22.5) 23.8| 23.4| 24.1| 23.2| 20.8] 20.9| 20.7| 21.5] 23.3| 22.6] 225
Max. | 25.9]| 26.3| 27.2) 28.8| 29.1| 28.4| 26.6| 27.6] 22.7| 23.4| 296| 26.5] 24.9
Min. | 19.0{ 15.6{ 21.2] 20.6] 21.3 20.0{ 18.0| 18.5] 18.7| 20.0{ 20.7| 19.0] 20.8|~

e~
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Ethio-llalian_ Cooperation Arsi-Bale Rural Development Project

Element: Monthly Mean Maximum Temperature

Station: Bekoji

November, 1997

Lat. 7°19'N Long. 33°09°'E Alt, 2850 mas}

Year| Jan| Feb| Mar| Aprf May| Jun| Jul| Aug| Sep| Ocij Nov| Dec|Annual
1992| 20.4| 19.7| 22.0| 20.5| 21.4] 19.4] 17.5| 16.2| 17.9| 17.9] 18.6] 19.5| 193
19931 19.4| 19.1] 21.5{ 20.0| 19.3| 18.5| 16.7| 17.4| 18.06| 18.9| 19.5| 19.5] 19.C
1994 22.1] 23.1{ 22.7; 21.0{ 21.4| 19.3| 17.1} 17.0] 18.4| 19.6{ 20.5| 21.0] 203
1995] 22.1| 22.4{ 21.1} 20.1} 21.9| 21.2| 17.5| 17.9] 18.9| 19.3 21.2| 20.6| 204
1996] 19.9{ 22.5( 20.9| 21.4| 20.9| 19.3| 18.0| 18.0{ 18.0{ 19.6] 20.7] 20.8] 20.0
Mean| 2C.8| 21.4| 21.6| 20.6| 21.0{ 19.5| 17.4} 17.3| 18.2| 19.1] 20.1| 20.3] 19.8
Max. | 22.1| 23.1{ 22.7; 21.4| 21.9| 21.2| 18.0| 18.0| 18.9] 19.6] 21.2| 21.0f 20.4
Min. | 19.4]1 19.1| 20.8] 20.0{ 19.3| 18.5| 16.7| 16.2{ 17.9| 17.9] 18.6] 19.5 19.0

Element: Monthly Mean Minimum Temperature

Station: Bekoji

Lat. 7°19'N Long. 39°%9'E Alt. 2850 masl

Year| Jan| Febj Mar| Aprj May| Jun| Jul| Aug| Sep{ Oct| Nov| DecjAnnual
1992( 8.4| 88| 98| 102104 91| 89| 92| 81| 82| 80| 84 9.0
1993} 86| 8.5 9.3{102( 9.8 88} 89| 86| 85 84| 82/ 83 B8
1994| 8.6| 9.5} 10.2) 104 95 90| 9.0 83| 9.0{ 82 73| 7.7 8.9
1995| 7.7| 9.5/ 9.8} 104] 9.9 92| 91| 92{ 85 87 79| 9.0{ 91
1996{ 9.1f* 9.9] 9.2| 10.3; 100 91| 88| 84| 89| 75 79 7.8 8.9
Mean| 85| 92| 97103 99| 9.0 89| 87| 86| 82 79| 82 89
Max.| 91| 9.9(102]| 104| 104} 92 21| 92| 9.0/ 87/ 82 90 9.1
Min. | 7.7 85| 924102 95| 88| 88| 83| 81 75 7.3] 77 838

Consultancy Services for ETH-94-R51
CLIMATE, IYDROLOGY AND WATER RESOURCES REPORT



Ethio-halian Cooperation Arsi-Bale Rural Development Project November, 1997
Element: Monthly Mean Maximum Temperature

Station: Assela School{Assela Town)

Lat. 07°57 Long. 39%08' Alt. 2400 masl!
Year| Jan| Feb| Mar} Apr} May| Jun| Jull Aug| Sep| Ocl| Nov| Dec|Annual
19661 22.1]| 20.8|21.6.| 21.2| 23.6| 20.4| 19.1| 18.9] 18.9] 20.6{ 20.9( 21.4] 207
1967| 21.1| 23.5| 22.7| 21.8} 20.8} 21.1| 18.1) 17.2] 17.5| 19.2| 19.2| 18.5| 201
1968| 21.7( 20.0| 21.2} 19.8| 21.8| 19.8| 18.7| 19.1| 19.5| 20.6] 20.3| 20.7] 203
1969| 20.5| 20.2| 20.9| 22.4]| 22.0{ 20.1| 18.6( 17.9{ 19.0] 21.0] 21.2| 21.5] 204
1971| 20.8] 21.2| 22.4| 22.1| 20.3| 19.4] 18.3| 18.0{ 19.0| 21.0| 19.6| 19.1] 201
19721 20.7| 19.7{ 21.9; 20.5| 22.0| 20.5] 18.0| 18.6] 19.0] 21.9{ 22.0} 22.7] 20.6
1973] 22.8| 26.0{ 28.9| 28.7] 23.5| 24.4| 20.7| 19.0! 18.5| 20.9{ 22.0| 20.3| 23.0
1974| 21.8]{ 22.5] 20.4| 22.9| 21.0} 19.2{ 18.8{ 19.3{ 18.2{ 20.3| 20.0{ 20.3] 204
19751 20.8{ 22.0| 23.3| 21.2! 21.9| 18.8 17.6{ 17.4] 18.4] 20.0{ 19.4{ 20.1] 201
1976| 20.5| 20.8| 21.4| 21.1| 21.7| 20.0{ 17.5) 17.4] 18.2| 19.6| 18.5| 19.7f 197
1977] 19.1] 19.7] 21.2| 20.7| 20.4| 18.7] 17.5, 17.4| 17.5] 18.7] 18.8| 19.2] 191
1978} 19.7| 20.4] 20.0} 21.5| 21.0{ 20.5| 17.9| 17.8} 18.0] 19.5] 19.9| i8.9] 196
1979 21.9] 20.1| 21.1{ 21.9} 21.5| 20.3| 18.8] 18.1] 17.9] 19.7| 20.4| 21.0{ 202
1980] 21.0| 22.6] 23.3| 229| 22.8| 216| 19.8| 19.8] 19.7} 20.6| 21 4] 22.0] 21.5
1981 21.9] 22.3| 20.5| 20.0| 21.9| 21.6] 18.5| 18.0f 17.8] 19.4| 20.0| 20.0] 20.2
1982} 21.0| 21.1] 22.5| 20.8| 21.4| 21.3| 17.9) 17.0| 17.6] 19.3] 19.3| 20.7] 20.0
1984 20.5{ 22.2| 21.5| 23.7| 20.3| 18.9] 18.1] 17.8] 18.2{ 21.0| 20.2| 203} 20.2
1985| 21.6] 22.2| 23.3{ 20.3| 20.3| 20.9| 17.8| 17.8| 18.3] 20.1| 20.2| 204 203
1986( 21.1| 21.3| 21.7{ 20.1{ 21.8| 20.0| 19.2| 20.3| 18.7| 20.4| 20.6| 20.5| 20.5
1987] 20.9| 22.2{ 22.9| 21.4] 22.6| 20.1| 19.6] 19.7{ 20.8| 23.3| 22.6] 22.0] 215
1988| 22.0{ 21.7 24.0| 23.6| 24.2| 22.0| 20.9{ 20.2| 20.7) 21.7) 21.1] 21.0f 219
1989| 21.8| 22.0| 21.5{ 21.4] 22,6/ 21.9| 20.7| 20.0{ 19.7| 21.3| 21.4| 21.3] 213
1990 21.9| 21.5{ 21.5| 22.8| 24.4| 24.0| 20.9] 20.1} 20.4| 21.8] 22.5| 21.8] 220
1991} 24.4| 24.0) 24.5| 24.3] 24.5] 24.8| 20.4| 20.6| 21.0{ 21.3| 22.0| 21.3] 2238
1993{ 23.3{ 21.6| 23.6| 24.2| 24.2| 23.3| 21.9] 21.5| 21.8| 22.4| 22.3] 23.3] 2238
1994| 23.3] 24.3] 25.0{ 25.9| 24.4] 22.2| 19.7| 189.7] 19.7| 22.1| 22.3| 21.9] 225
1995] 24.0| 25.2| 24 4] 23.1; 24.1| 24.4] 225| 21.7| 21.9| 21.8! 21.1} 229 231
193c] 22.3] 23.4] 25.1] 24.2] 22.8] 21.3] 21.5] 21.9] 22.2] 22.8y 24.3] 232[ 229
Mean| 21.6] 21.9[ 22.6| 22.3| 22.3| 21.1] 19.2{ 19.0{ 19.2]| 20.8) 20.8{ 20.9] 21.0
Max.| 24.4| 26.0] 28.9| 28.7] 24.5| 24 8] 22.5| 21.9| 22.2| 23.3| 24.3| 23.3] 231
Min. | 19.1] 19.7| 20.0| 19.8{ 20.3| 18.7| 17.5{ 17.0{ 17.5| 187} 18.5{ 18.5] 191

onsuliancy Services for £T1-94-RS1
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Ethio-ltalian Cooperation Arsi-Bale Rural Development Project November, 1997

Element: Monthly Mean Maximum Temperature

Station: Asasa
Lat. 7°09'N Long. 39°11'E Alt. 2400 masl

Year| Jan| Feb| Mar| Apr| May| Jun| Jul] Aug} Sep| Oct] Nov| DecjAnnual
1991| 25.9] 26.5| 26.6| 25.6| 26.1| 24.7| 22.6| 22.1| 22.8| 23.8| 24.8| 23.7| 246
1992{ 24.9) 25.0]1 25.8| 25.7| 26.1| 26.1| 21.6| 20.1| 22.2| 224]| 24.0| 23.9] 240
1993] 23.7| 23.4| 26.4| 24.5| 24.0| 23.4! 21.3| 21.7| 224 23.7{24.9| 257| 238
1904| 25.0| 25.0f 25.8f 25.2| 25.6] 25.3| 21.0| 21.1] 21.8| 21.1] 23.4| 22.1| 236
1995| 25.3| 25.2] 24.3| 25.0| 26.2| 26.9| 21.3| 21.3| 22.6| 23.0 24.2] 24.1| 241
1996) 25.0| 25.0] 25.8| 25.2) 25.6] 25.3| 21.6| 21.3]| 23.6| 24.1| 23.8| 241 242
Mean| 25.0| 25.0| 25.8] 25.2| 25.6] 25.3| 21.6| 21.3| 22.6| 23.0{ 24.2| 24.1] 240
Max.| 25.9| 26.5| 26.6| 25.7] 26.2| 26.9| 22.6] 22.1| 23.6] 24.1| 2491 25.7| 246
Min. | 23.7] 23.4 24.3| 24.5| 24.0( 23.4| 21.0] 20.1} 21.8] 21.1] 23.4] 23.1] 236

Element: Monthly Mean Minimum Temperature

Station: Asasa
Lat. 7°09'N Long. 39°11'E Alt. 2400 masl|

Year{ Jan| Feb{ Marj Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec|Annual
1991] -1.6| 4.7 79| 64| 76| 9.4} 97| 85| 62 06| -06/ 16 5.0
1992] 3.3] 5.1} 6.3] 7.1} 74| 95| 97| 93] 72| 55 27| 17 6.2
1993] 4.8] 56[ 29| 80| 91| 96/ 97| 7.7/ 68| 57| 12| 15 58
1994 19| 51| 63 80| 81 93| 89| 122 78| 41| 29! -06 6.2
1995| -1.0| 5.0/ 80| 104| 82} 87105 94| 73/ 38 16| 03 6.0
1996| 1.5/ 51| 63| 8.0/ 81| 93| 97| 94| 84| 31| 1.7/ 63 6.4
Mean] 15| 51| 63| 50| 81| 93, 97! 94| 7.3 38| 18] 13 59
Max.] 48| 56| 8.0} 104| 91| 96| 105 12.2| 84| 57 29| 63 6.4
Min. | -16] 47 29| 64| 74 87| 89| 7.7| 6.2/ 06| -06{ -1.5 50

N

nsuliancy Services for ETH-94-RS1
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Ethio-Italian Cooperalion Arsi-Bale Ruraf Developmenl Project

Element: Monthly Mean Maximum Temperature

Station: Ginir

November, 1997

Lat. 7°08'N Long. 40°43'E Alt. 1950 mas|
Year| Jan| Feb| Mar| Apr| May| Jun| Jul] Aug| Sep| Oct] Nov| Dec|Annual
1991| 25.5| 26.0{ 25.1| 23.4] 23.4| 23.1| 21.6| 23.1| 24.8| 24.2| 23.5] 24.0} 240
1992| 24 1] 25.2| 26.4| 24.1| 23.3| 22.6] 22.9| 22.9| 23.3} 21.7| 21.5| 22.5| 234
1993) 22.6{ 22.7| 25.1| 27.7| 22.9| 22.9{ 22.7| 23.2] 24.1| 22.3| 22.0| 23.4| 235
1894| 24.7] 25.81 24.3| 23.9| 23.3| 24.5{ 23.0| 23.8| 25,11 22.4| 21.8]| 23.3] 238
1995| 25.0| 26.3| 22.5] 22.3] 23.6| 23.8| 23.2| 22.8] 23.0[ 20.7] 21.1] 23.8] 23.2
1996]| 24.6| 265 25.4] 24.1] 24.9] 21.2] 22.7| 23.2[ 23.9] 22.3| 22.0] 234 237
1997 26.3| 28.0| 21.4| 21.9| 21.9| 22,4} 22.7| 23.2|] 24.0{ 22.3] 22.0{ 23.4] 233
Mean| 24.7| 25.8] 24.3| 23.9| 23.3] 22.9| 22.7] 23.2| 24.0] 22.3| 22.0{ 234] 235
Max.| 26.3| 28.0| 26.4| 27.7| 24.9| 24.5| 23.2| 23.8 251 24.2| 23.5| 24.0] 240
Min. | 22.6] 22.7{ 21.4| 21.9] 21.9| 21.2| 21 6] 22.8| 23.0{ 20.7} 21.1] 22.5] 232
Element: Monthly Mean Minimum Temperature

Station: Ginir

Lat. 7°08'N Long. 40°%43'E Alt. 1950 masl
Year| Jan| Feb| Mar| Apr[ May| Jun| Jull Aug| Sep| Oct| Nov| Dec|Annual
1991{ 13.4| 13.9} 14.5| 14.2| 14.3| 13.9| 12.6] 129 13.0{ 14.2] 12.6( 12.0| 13.5
1992| 12.8| 14.2] 14.3| 15.0| 14.7} 13.8| 127} 12.7] 13.1| 13.2| 11.9] 12.8] 134
1993| 13.1| 13.2{ 13.7| 14.6| 14.6{ 13.4| 12.8| 12.8| 13.0{ 13.1| 11.9] 120] 13.2
1994 12.8] 13.1]| 14.8| 14.4| 14 4| 13.6| 13.1| 13.4| 13.5§ 13.0| 12.2/ 11.4] 133
1995) 11.2] 13.9] 14.3| 14.4| 14.1] 12.9| 12.8] 12.1] 12.2| 121] 10.8] 11.7{ 127
1996| 13.0| 13.7} 16.0| 15.8] 16.4| 14.4| 12.8| 12.8| 13.0 13.1| 17.9] 12.0f 13.7
1997 13.2| 98] 16.2) 126| 12.3| 11.5| 28] 12.8| 13.0| 13.1] 11.9] 12.0} 126
Mean| 12.8] 13.1| 14.8| 14.4]| 14.4| 134| 12.8]/ 12.8| 13.0| 13.1| 11.9] 12.0] 132
Max. | 13.4| 14.2] 16.2) 15.8| 16.4| 14.4] 13.1] 13.4) 13.5| 14.2| 12.6| 12.8| 137
Min | 11.2| 9.8| 13.7| 12.6] 12.3| 11.5| 12.6] 121} 122 12.1} 10.8} 11.4| 126

Consultancy Services for ETH-94-R51
CLIMATE, HHYDROLOGY AND WATER RESOURCES REPORT



Ellno-ltalian Cooperation Arsi-Bale Rurat Development Project

Element: Monthly Mean Maximum Temperature

Station: Goba

November, 1997

Lat. 07°01' Long. 40°00° Alt. 2700 masl
Year| Jan| Feb] Mar| Apr{ May| Jun| Julj Aug| Sep| Oct| Nov| Dec|Annual
1962| 20.7} 21.3| 21.5| 20.3| 20.7{ 21.4| 20.2| 19.3| 19.6] 18.7{ 18.5| 20.0] 202
1963| 19.8] 20.9| 22.2| 19.0| 20.3| 21.2] 20.3| 20.3| 19.8| 18.7| 17.4| 17.7} 128
1965] 18.9] 19.0] 261 18.4] 19.3] 20.5] 19.3] 18.0] 17.6 16.4] 16.2] 17.7] 154
1966/ 19.0| 18.2f 19.1| 18.5{ 18.8| 18.9]| 19.3| 18.8] i7.7| 16.4{ 15.7| 18.2] 18.2
1967| 18.7 20.4| 20.2| 18.2) 18.0| 19.1] 17.6] 16.8] 17.0| 15.7] 15.7| 174 179
1968| 18.6| 19.2| 19.3| 18.3| 17.8; 18.2| 18.7| 19.2] 19.6{ 17.3| 17.0| 18.4| 184
1969] 18.9| 18.4| 18.2| 19.8| 20.1} 20.0| 19.2| 19.1] 18.7| 18.2} 18.2] 19.4] 19.0
1970[ 18.9] 21.2| 18.9/ 19.1| 20.5/ 21.0 20.0! 18.7| 18.8] 17.3] 18.6/ 20.0] 194
1971} 20.5| 21.7{ 20.5 19.7| 19.8| 20.4| 19.7{ 20.0| 18.9{ 17.2] 17.6] 19.1] 196
1972| 20.7{ 19.0] 19.8} 19.7| 20.0] 20.3| 19.8] 20.3]| 20.0f 17.8] 19.1] 20.2] 19.7
1973] 22.2| 23.4| 24.8| 22.3| 21.0| 22.1] 20.9{ 20.0{ 20.0{ 18.3| 20.5{ 20.0] 213
1974] 21.9] 22.2| 19.8{ 211} 20.3| 20.8| 20.6| 20.2| 18.9| 18.2| 18.6| 19.8| 20.2
1975( 20.8] 21.6{ 22.5| 19.5| 20.5] 20.5{ 19.4| 18.6] 18.9] 17.0{ 17.6{ 19.4] 197
1976{ 19.5{ 20.3| 20.4| 19.4] 19.1] 20.6] 19.4] 19.4| 19.3] 17.9{ 18.0] 19.3] 194
1977| 19.3| 20.0{ 20.4| 19.9| 20.4] 21.1| 20.4| 19.6] 18.8{ 17.1]| 18.0| 19.8] 196
1978| 20.0f 20.3] 20.7| 20.4| 20.7] 21.6{ 19.3]| 20.4| 19.4|{ 17.7] 18.4] 19.7] 199
1979| 18.3] 20.5]| 21.5| 20.1| 21.1| 21.3| 21.2| 20.3| 20.3| 18.8] 20.2| 21.8| 20.5
1980} 23.0| 23.8]| 23.2| 21.6 22.5] 22.1| 21.2| 20.7| 19.3] 18.1] 19.4] 206] 213
1981] 21.7| 21.2] 19.9| 18.8{ 20.0| 21.9| 20.4]| 19.8} 19.0{ 17.9] 18.5] 19.9] 19.9
1982} 20.1] 21.0) 21.6| 19.2| 19.8]| 20.8, 19.6] 19.5] 19.2| 17.5] 18.7| 191] 197
1983| 20.3| 20.5| 22.5| 20.8| 20.4{ 21.2| 20.8| 19.5 19.2| 17.5] 18.7| 196] 20.1
1984] 21.6) 22,41 22.3| 21.2| 20.5| 20.8{ 21.0{ 21.1| 19.9] 18.4| "18.9{ 194} 206
Mean] 20.2| 20.8| 20.9| 19.8| 20.1| 20.7| 19.9{ 16.5] 19.1} 17.6] 18.2] 19.4| 197
~{Max. | 23.0f 23.8] 24.8| 223| 22.5; 22.1| 21.2| 21.1]| 20.3| 18.8| 20.5| 21.8] 21.3
Min. | 18.3] 18.2] 18.2] 18.2] 17.8| 18.2] 17.6] 16.8] 17.0] 15.7] 15.7| 174] 17.9

‘onsultancy Services for ETH-94-R51
LIMATE, HYDROLOGY AND WATER RESOURCES REPORT



Elhio-ltalian Cooperation Arsi-Bale Rural Development Project November. 1997
Element: Monthly Mean Minimum Temperature

Station: Goba

Lat. 07°01' Long. 40°00° Alt. 2700 masl
Year| Jan| Feb] Mar| Apr| May| Jun{ Jul] Aug| Sep| Oct| Nov| Dec|Annuai
1962 3.8] 46| 59 72 73| 69| 67 54, 74| 53} 58| 37 58
1963 4.2| 60/ 56| 80| 80| 68| 71| 7.3| 6.8/ 65 73] 6.7 6.7
1964 51| 52| 6.6| 83| 83! 7.7 7.3 71| 75 74| 36[ 50 6.6
1965| 3.9 22| 44 71| 69| 73| 73| 68 7.8, 7.1 71 3.8 6.0
1966 36| 67| 66( 83| 80| 7.3y 78| 76| 76| 7.8/ 51 21 6.5
1967 4.2 SLL__Q.B 76| 75 76| 79| 76| 78] 81f 76| 29 6.7
1968| 4.0 49| 62| 7.7 74| 74| 69| 67| 71| 76| 54| 438 6.3
1969| 56| 6.4 82| 81| 87| 77| 76| 68{ 7.7f 62 50/ 39 6.9
1970] 56| 56| 7.7] 85| 80| 72{ 73] 72| 72| 8u|l 26| 23 6.4
1971 3.7 34| 56| 71| 75 74| 69; 66| 78] 7.8 50f 3.1 6.0
1972 3.7| 6.2 58 7.8 80| 75 7.9| 72| 79 72| 61| 46 6.7
1973 42| 47| 55| 85 82| 79| 7.7/ 80| 80| 7.4| 46| 25 6.4
1974 3.3{ 43| 65/ 72| 76| 71| 68| 7.4| 7.5 6.7| 3.0 2.7 5.8
1975} 22| 43| 60| 78| 81| 72| 76] 72| 74| 68| 45| 28 6.0
1976 3.31 52| 57| 73| 81} 69| 7.0f 72| 72| 74| 62| 4.0 6.3
1977| 6.5 54| 66| 86| 79| 76| 7.9| 6.9; 76| 89| 58] 4.1 7.0
1978| 3.2| 59| 74| 73; 75 76| 72| 68/ 69| 71| 4.6] 4.1 6.3
1979} 57| 57| 59| 73| 771 72| 66| 6.3] 69| 6.6| 42| 41 6.2
1980 3.7| 4.7 68| 77| 84| 7.7 7.7 74| 79| 72| 60| 36 6.6
1981 4.1| 55| 81| 94| 88| 7.8/ 85| 77, 77 7.4 47| 36 6.9
1982| 6.0 6.2 7.0{ 89| 92| 74| 82| 77| 76| 73| 69| 6.1 74
1983 4.6f 60| 7.7| 89| 89| 83| 84| 87| 88| 80} 63| 49 7.5
1984| 3.1| 29| 6.0f 854 85 73| 70| 7.7] 7.5 53| 52 52 6.2
Mean| 4.2[ 51| 65| 80| 80| 74| 74, 72{ 75/ 72| 53] 39 6.5
Max.| 6.5 67| 82/ 94| 92| 83| 85 87| 88 89| 76{ 6.7 75
Min. 22) 22] 44, 71| 69| 68| 56| 54| 68| 53] 26| 21 58

Constultancy Services for ETH-94-R5]

CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-Italian Cooperation Arsi-Bale Rural Development Project November. 1997

Element: Monthly Mean Maximum Temperature

Station: Goro
Lat. 7°00'N Long. 40°29'E Alt. 1780 masl

Year| Jan| Febl Mar| Apr| May| Jun| Jul] Aug| Sep| Ocl} Nov| Dec|Annual
1990] 27.2| 27.3| 26.6| 26.8| 27.3| 27.1| 27.5| 26.8| 26.9| 26.7| 26.9| 27.2| 270
1993| 26.3| 27.1| 28.8| 29.1| 28.4| 28.9( 28.2| 29.1| 25.6' 28.1( 26.2| 26.5| 27.7
1994| 23.1| 26.9| 27.4! 27.0{ 26.4| 26.3| 25.9| 26.5( 27.8] 30.9| 25.5| 26.0] 26.6
1995] 28.0| 30.2| 28.3| 29.5{ 31.9| 27.4| 26.7| 28.1| 27.6| 28.5} 28.7| 27.9| 286
1996| 28.1| 29.5] 29.8] 30.6| 30.8] 27.1( 256.2| 27.21 27.0} 26.2{ 26.8] 26.8f 27.9
Mean| 26.5| 28.2| 28.2| 28.6{ 29.0| 27.4{ 26.7| 27.5( 27.0| 28.1| 26.8| 26.9| 27.6
Max. | 28.1] 30.2| 29.8| 30.6| 31.9] 28.9| 28.2| 29.1) 27.8]| 30.9| 28.7) 27.9] 286
Min. | 23.1| 26.9] 26.6] 26.8| 26.4| 26.3| 25.2| 26.5| 25.6| 26.2| 25.5| 26.0f 26.6

Element: Monthly Mean Minimum Temperature

Station: Goro
Lat. 7°00'N Long. 40°29°E Alt. 1780 mas!

Year| Jan| Feb| Mar| Apr| May} Jun| Jul] Aug| Sepj Oct| Nov| Dec|Annual
1990] 34| 56| 54| 58| 63| 67| 58 66| 62 52| 50| 60| 5.6
1993] 8.2 47| 50| 6.5{102| 88 93] 82{13.1] 72| 64| 49 17
1994 79| 96| 11.9) 133} 127122 11.7/ 108] 99| 9.1| 86| 6.0/ 103
1995| 13.1{ 9.1} 10.0- 89| 9.0| 83 85 81| 75 89 81 76 89
1996] 8.5| 8.1| 8.9| 10.0) 11.5{ 12.6| 126] 10.0] 9.2| 55| 3.8/ 61 8.9
AMean] €2| 74 82| 89 99| 9.7[ 96 85| 92[ 72| 64, 61 8.3
Max.| 13.1} 9.6/ 11.9] 13.3} 12.7| 126| 12.5] 10.8| 13.1] 91| 86| 76| 103
Min. | 34| 47| 50| 58/ 63| 6.7 58 56| 62| 52| 39| 49| 586

nsultancy Services for ETH-94-RS1
LIMATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-Italian Cooperation Arsi-Bale Rural Development Project

Element: Monthly Mean Maximum Temperature

Station: Kofele

November, 1997

Lat. 7°02'N Long. 38°28'E Alt. 2680 masl

Year| Jan| Feb| Mar{ Apr| May] Jun| Jul|l Aug| Sep| Oct| Nov| Dec|Annual
1992| 21.1| 20.8| 22.4| 21.1| 206} 19.3] 18.3] 18.4| 18.9| 18.2| 19.4| 20.2{ 19.9
1993] 19.3| 19.9] 22.0| 20.1] 19.3| 18.5| 17.9| 17.6] 18.3] 18.6] 19.4] 20.9] 193
1994 222 23.2| 22.8| 21.1| 19.8| 18.8| 17.7} 18 5| 19.0{ 19.5( 19.9] 20.9] 20.3
1995] 21.7| 22.2| 22.0{ 20.3| 20.8| 19.9] 17.1| 18.4| 18.5| 19.3]| 21.1| 20.8] 20.2
'1996] 20.2| 22.0{ 22.0] 19.4| 26.2] 18.3] 19.0{ 18.9] 14.5] 20.1] 20.5] 20.8] 20.1
Mean| 20.9| 21.6| 22.2( 20.4] 20.1| 19.0| 18.0| 18.4} 18.8] 19.1] 20.1 20.7} 20.0
Max. | 22.2| 23.2| 22.8| 21.1]°20.8| 19.9| 19.0{ 18.9| 19.5} 20.1| 21.1| 20.9] 20.3
Min. | 19.3} 19.9} 22.0{ 19.4| 19.3] 18.3] 17.1} 17.6| 18.3| 18.2| 19.4| 20.2| 19.3

Element: Monthly Mean Minimum Temperature

Station: Kofele

Lat. 7°02'N Long. 38°28'E Alt. 2680 masl

Year| Jan| Feb| Mar{ Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec|Annual
1992 75/ 84| 81| 90| 89| 84| 90/ 92| 85 81| 68/ 71| 83
1993] 73| 81| 58] 92] 96| 91| 88| 93] 82] 83] 64| 54 80
1994| 54| 71| 86| 91| 86| 97| 91| 95/ 88| 66/ 68] 51| 7.9
1995] 58| 70| 59| 65| 83] 63| 6.8 97| 88| 79| 55| 74 .72
1996| 7.4| 72| 76| 91| 57| 97| 9.1| 88| 91| 73| 50| 58 77
Mean| 6.7] 76| 7.2] 85| 8.2] 86| 86 93] 87| 75] 61] 62 78
Max.| 75| 84| 86| 92[ 96| 97| 91| 97| 91| 8l 68| 74| 83
IMin. | 54| 70 58] 65 57| 6.3] 68| 88 82 66/ 50| 51| 72

unsultancy Services for ETH-94-R51
LIMATE, IIYDROLOGY AND WATER RESOURCES REPORT



Ethig-llahan Cooperation Arsi-Bale Rural Development Project November, 1397
Element: Monthly Mean Maximum Temperature
Station: Meraro
Lat. 7°25'N Long. 39°15'E Alt. 2980 masl
Year| Jan| Feb| Mar] Apr| May| Jun| Jul| Aug| Sep| Oct] Nov| Dec|Annual
1991( 19.3] 18.2{ 19| 18| 18.3| 18.5| 155 16| 16.9| 16.6] 17.8| 17.9| 17.7
1992| 18.0| 18.3| 20.8{ 19.6{ 18.9| 18.7| 15.8{ 15.0{ 15.9| 15.6] 16.3| 16.6]f 17.5
1993| 17.0| 16.6{ 19.0| 18.3} 16.9| i7.2] 16.1] 16.3| 16.3| 16.2 16.7] 18.0f 171
1994 19.4: 20.2| 20.2{ 19.3{ 18.7| 18.0| 15.7| 16.4| 16.1| 16.4| 17.3] 18.3] 18.0
1995] 19.2} 19.5| 17.8| 17.2| 18.5| 19.7| 15.8| 15.9| 16.3| 16.2[ 17.0{ 17.7] 176
Mean| 18.6| 18.6| 19.4| 18.5{ 18.3| 18.4| 15.8| 15.9| 16.3] 16.2{ 17.0{ 17.7] 17.5
Max.| 19.4{ 20.2| 20.8| 19.6] 18.9{ 19.7| 16.1| 16.4| 16.9| 16.6{ 17.8] 18.3] 18.0
Min. | 17.0] 16.6] 17.8] 17.2] 16.9] 17.2] 15.5] 15.0] 15.9] 15.6] 16.3] 16.6] 17.1
Element: Monthly Mean Minimum Temperature
Station: Meraro
Lat. 7°25'N Long. 39°15'E Alt. 2980 masl
Year| Jan| Feb] Mar| Apr| May| Jun}| Jul] Aug| Sep| Oct} Nov| Dec{Annual
1991| 49| 61| 69| 77, 82| 60| 71| 63| 56| 37| 36| 26 5.7
19921 48{ 53] 57| 68 71 58| 65 7.1 54] 55/ 42| 50 58
19931 55| 50| 41, 68| 69| 60{ 6.1] 58/ 53] 61| 41] 36 54
1994 31| 40| 54| 66| 70 7.3 72| 67 69| 51| 4.0 37 56
1995| 46| 47| 70| 84| 67| 48] 6.7, 65 58° 51 40| 37 57
"{Mean| 4.6| 50| 58| 73| 72| 6.0 67¢ 65| 58/ 51 40| 37 5.6
Max. | 55| 61| 76, 84| 82} 73| 72| 71| 69| 61} 42 50 535
Min. 3.1] 40| 41] 66| 67| 48 61 58| 53| 37| 36| 26 5.4]

Consultancy Services for ETH-94-RS5]
CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT



slation _Aasella School

‘lement _Monthly Maximum Temperature

Region _Arusi

Yecar ] Jan Feb Mar Apr LMay l Jun J Jul Aug Sep Ocl—] Nov Dec
1966 22.1 20.8 21.6 212 23.6 20.4 19.1 18.9 18.9 20.6 20.9 214
1967 21.1 235 22.7 21.8 20.8 21.1 18.1 17.2 17.5 19.2 19.2 18.5
1968 21.7 20.9 21.2 19.8 218 19.8 X 19.1 19.5 20.6 203 20.7
1969 20.5 20.2 209 22.4 22.0 20.1 18.6 17.9 19.0 21.0 21.2 215
1970 20.4 X X X X X X X X X X X
1971- r IS 22.4 22.1 203 19.4 18.3 18.0 18.0 21.0 19.6 19.1
1972 20.7 19.7 219 20.5 220 20.5 18.0 18.6 19.0 21.9 220 227
013 | 23 | 260 | 289 | 87 | 235 | 204 | 207 | 190 | 85 | 209 | 220 | 203
1974 218 225 204 229 21.0 19.2 X 19.3 18.2 20.3 20.0 20.3
1975 20.8 220 233 212 219 18.8 17.6 174 18.4 20.0 194 X
1976 X X X X 21.7 X 17.5 174 18.2 19.6 18.5 197
1977 19.1 19.7 21.2 20.7 20.4 18.7 17.5 174 17.5 18.7 18.8 192
918 { 197 204 | 200 | 215 21.0 | 205 179 X X X 199 18.9
1979 219 20.1 21.1 21.9 215 20.3 18.8 18.1 179 19.7 20.4 21.0
980 21.0 X 233 X X X X 19.8 X 20.6 X 220
981 219 223 20.5 20.0 219 21.6 > '18.0 17.8 194 20.0 20.0
082 210 1S 22.5 20.8 X 213 179 17.0 17.6 19.3 19.3 20.7
183 19.6 20.5 217 21.2 20.9 20.4 X X X X X X
184 20.5 222 21.5 23.7 20.3 18.9 18.1 17.8 18.2 21.0 X X
185 - 21.6 22.2 233 203 20.3 209 | ‘178 17.8 183 20.1 X X
‘86 X 213 21.7 20.1 218 20.0 19.2 203 18.7 .| 204 20.6 20.5
37 20.9 “22.2 X 21.4 X 20.1 ; 19.7 20.8 233 226 220
38 220 ’ 21.7 24.0 23.6 242 220 20.2 202 20.7 217 21.1 21.0
39 21.8 22.0 21.5 214 226 219 20.7 20.0 19.7 213 214 213
0 21.9 21.5 21.5 228 244 240 209 20.1 20.4 X 225 21.8
‘1 24.4 24.0 X 243 245 24.8 20.4 206 21.0 213 220 213
2 20.9 233 23.6 239 X X X X X X X 224
3 233 21.6 23.6 24.2 ¥ 233 21.9 21.5 21.8 22.4 223 233
233 243 | 250 25.9 24.4 22.2 19.7 197 19.7 221 X 219
- | 24.0 252 24.4 231 24.1 24.4 22.5 217 219 219 21.1 229
1 223 | 234 | asa | 2e2 | 228 | w3 | ais 228 243 232




ym Asella School

ent Monthly Minimum Temperature

Region Arsie

car Jan Feb | Mar | Apr ] May | Jun | Jul Auvg | Sep | Oc Nov Decc
166 48 82 78 | 1001 | 96 9.1 104 | 102 | 100 | 85 55 40
67 4.1 6.3 8.6 92 98 98 | 103 | 98 9.4 74 74 b
68 3.7 9.0 72 98 9.1 98 X 96 | 9.7 8.1 46 37
59 5.8 8.4 97 (101 | 109 | 103 | 104 | 100 | 97 84 6.6 48
70 84 X X X X X X X X X X X
n X X 717 9.3 9.8 9.9 3 98 | 87 8.7 94 4.6
” 48 5.1 76 | 103 | 103 | 102 { 106 | 103 | 93 7.0 49 3.1
3 43 37 49 6.3 9.7 7.1 62 6.1 x 8.0 6.1 58
4 55 68 1 104 X 113 | 101 x 99 | 99 8.0 46 47
5 X X x 52 53 49 43 46 | 56 8.6 86 X
) X X X X 9.6 x 9.6 3.7 8.0 715 57 43
! 6.8 6.2 7.1 88 9.1 9.2 95 90 | 84 8.4 40 38
X 5.4 84 92 | 93 | 105 | 106 X X X 8.7 6.4
83 8.1 93 | 100 | 106 | 109 | 100 | 98 | 82 76 42 47
6.0 X 88 X x X X 98 | 89 72 4.5 26
36 5.0 90 | 97 98 9.4 x 93 | 84 7.0 4.4 32
53 X 6.6 8.4 X 9.0 9.4 94 | 83 69 6.0 79
45 | 73 | 86 | 100 | 103 | 94 X X X x X x
49 3.1 6.5 81 | 122 | 98 9.2 9.8 9.1 6.4 X X
5.1 6.1 7.4 96 | 93 86 93 1 92 | 93-| 78 52 44
- x 78 84 | 102 | 100, 100 | 93 91 | 84 77 5.7 53
56 7.1 X 8.7 x 9.7 X 112 | 100 | 103 8.0 8.0
87 1 105 | 116 | 124 | 115 | 115 | 120 | 114 | 112 | 105 6.6 77
6.9 8.6 104 | 106 | 108 | 109 | 110 | 112 | 107 | 103 9.6 9.1
73 106 | 95 | 107 { 112 | 98 9.4 99 | 91 X 6.8 5.0
8.5 103 | 108 | 114 | 119 | 18 | 112 | 115 | 110 | 105 72 7.1
89 10.6 124 10.7 X X X X X X X 9.0
9.5 88 9.4 11.4 o 11.3 10.8 10.8 10.6 9.7 73 69
67 | 13 | s | ns | val v | s | s | 109 | 111 x 62
67 9.5 110 § 115 ) 109 | 112 ) 117 | 117 | 107 | 112 83 79
88 | 25 | 108 ] 106 | 10 | 11| 112 | 1o
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NATIONAL METEOROLOGICAL SERVICES AGENCY
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DEGAGHTS. HET

BAINFALL on

HOKRTH average

HAX TEHE. °C

HONTH avacage

Co-ord 38 50°East 7 28 Korth

JuLY

129
32
216
174
273
180

a.s.l.,
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39
29
21
33
83
178
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1

DEC TOTAL

{
10
0

23
23
24
23
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23

1124
898
948

1089

1067

1192

HIN TeH?. °C

HEAN TEWP. °C

NOTE:

DEGAGA
&
JAN  FEB  MAR  APR
13 13 27 1
L 0 0 63
12 12 141 19
0 19 17 104
0 2 12 54
28 19 89 48
w32 4 7
JAN FEB  HAR  APR
2 2 2 72
3 27 28 26
24 25 W B
24 2% W W
2 % % 25
7Y A S ] |
24 25 29 25
JAN FEB MAR  APR
[ 9 g 1
b 7 B ]
5 b 9 9
2 b 8 10
3 7 g 9
10 8 10 It
¢

& 7 8 10
1a 1& i 17

The not availablie data tblank) have been <ubslituded with sean data.

STATION

YEARS
HAY  JURE
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150 98
81 13
12 1
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121 104
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40
42
2 23
4 2
N n
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10 10
10 10
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10 10
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17 t6

2040 nt
fUG  SEP
e 1
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140 159
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It has been done Lo have total and average data.
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Etnig-ltalian Cooperation Arsi-Bale Rural Development Projecl

November, 1997
Table 1.2.1.2 Monthly Rainfall @ Adaba
Station: Adaba
Lat. 7°01'N Long. 39°14'E Alt. 2485 mas!
Yeary Jan| Feb| Mar| Apr| May| Jun| Jul[ Aug| Sep| Oct] Nov] Dec|Aniual|
1984) 00] 00| 44] 78| 1050| 86.6/199.1] 84.3] 93.0| 28] 3.0/109.0] 695.0]
1985{ 214] 27| 163] 807, 74.1| 615 203.0]1654] 880 391/ 114] 1.0 7646
1986 00| 66.1] 25.0] 86.1) 64.4]109.7 190.0 183 2] 717| 150 84| 0.0 817.3
1987| 100 20.1]1157] 756 866, 14.2 1053|1653 38.4]1038| 26| 81| 7457
1988 00| 983! 2.1|1281 242 106.8: 179 7|2526 67.0] 562 00! 0. 9150
. 1989 00} 251 99.4[i880: 152 "25661_}_2'4“8'123 Al 757) 252| 3] 505 9000
1990 10.6] 161.8] 100.4] 1516] 46.0 1185]337.5] 563 42[ 00] 01| 9a3¢
1994|105 47.1| 746]126.1| 460 1134 1736/244.6| 808 144| 275 06| 9292’
__.1995] 04| 10.0| 86.7{ 1314 191, 5261219.0(227.0] 885/ 26.8] 05| 58| 867.8;
1996 30.1| 142| 724| 826, 81.2] 75.1:1777/230.0] 94.9] 00| 56| 109 8747
 1997| 225| 00| 45| 1255, 49.4) 62.8 230.5] 225.8] 71.7] 329] 56| 106 8e28
Mean | _ 9.6] 40.5| 58211076 95€i 708, 183.712036] 751 261" B1] 179 8577
Max. | "30.1] 161.8] 115.7] 188.0] 10::.0; 1_134 230.51337.5] 94.9[1038| 27.5[100.0! 993.0
Min. 00[ 00] 21 78 152/ 60/1053] 843 384 00/ 00| "00| 6950
80% Dep| 0| 27| 163 6C71 242 52.6{1736| 1653 57| 42 05| 01| 7548
StDev. | 10.9] 50.7| 41.6; 47.8| 244| 358] 40.4[ 69.1] 17.0] 30.0| 79| 335 896
Cv 1.13] 1.25] 0.71 '0'44|"d'5§"0“§1‘. 022! 034 023] 1.03[ 129] 187 &0l

whancy Services for ETH-94-RS§
IATE, INYDROLOGY AND WATER RESOURCES REPORT



Ethio-1tahan Cooperalion Arsi-Bale Rural Development Project November. 1997

Table 1.2.1.2 Monthly Rainfall @ Asasa

Station: Asasa
Lat. 7°09'N Long. 39°11°E Alt. 2400 mas!

Year Jan[ Feb| Mar| Apr] May| Jun| Jul] Aug] Sep| Oct] Nov| Dec| Annual
1987 26.0| 46.9] 55.8| 55.0 L__9_5_2 244| 353) 208 31.2( 458 30| 57| 4389
1988 13.9| 28.0| 104 74.3] 0.0|104.7/190.1] 224.0( 56.5| 37.2| 00| 0.0¢ 7391

T 1989] 7.8 6.1{100.4] 1621 331! 67.9| 131.7| 161.4| 62.5] 51.4| 5.1} 39.8] 8293
1990  0.0] 156.4] 47.1| 65.5[132.0] 67.3[181.1] 1622 521 0.0} 39| 00| 8676

" 1991 05| 11.0] 6351 20/ 177] 735[224.6] 1749 58.2| 00 13| 562| 6834
1992 71.9] 39.6] 46.9; 74.9| 13.4) 58.8 1614 221.5] 98.8] 31g| 48 37 8275

1993 38.1] 55.3] 3.2|130.6] 57.8] 60.5/135.1| 123.9] 93.3] 29.7| 6.37 00 733.8
1994 00| ©01] 26.7' 282 25111632/ 179.1| 2338 67.1] o0.0] 18.8] 21| 7442

1995| 24| 459| 53.0;1224] 133| 362[117.0] 137.0] 61.9] 37.3| 2.8 36| 6328

1996| 14.7] 66| 61.9] 286|111.7] 68.0(2585] 1622| 455] 22| 19.4[ 123| 7916

Mean | 16.9] 39.6| 469 74.4] 49.9| 72.5[161.4] 162.2] 62.7| 235] 6.5/ 123] 7288
Max. | 71.9] 156.4] 100.4 162.1| 132.0| 163.2] 258.5| 233.8] 98.8] 51.4| 19.4] 56.2| 867.6
Min. |7 00l 01} 32 20] 00] 244] 353] 208 31.2] 00| 00j 00| 4389
80%Dep.| 04| 65| 234 285] 13.4| 543|1288| 1344] 508| 00/ 2¢ 00| 6733
StDev. | 22.7| 45.6| 28.1) 506| 469 38.4| 61.8] 62.1] 20.3| 20.7| 6.9 19.5| 124.2
Cv 1.34] 115] 060| 068/ 0.94] 053] 0.38] .0.38] 0.32] 0.88] 105/ 158 0.17|

nsultancy Services for E111-94-R51
CIMATE, HYDROLOGY AND WATER RESOURCES REPORT




.ltahan Cooperalion Arsi-Bale Rural Developmeni Project

Table 1.2.1.2 Monthly Rainfall @ Assela

Station: Assela School{Assela Town)
Lat. 07°57

Long. 39°08"

November, 1997

Alt. 2400 masl

Year

Feb] Mar|

Apr] May] Jun

Jul

Aug

Sep

Oct

Nov

Dec

nnual

1966

1987

T 71968] 1

)| 125 5]

1125
0.0

52.5;
1395

1969

131.0/134.0,

1970

35.0{275.0

1971

20| 98.0

1972

43.0| 88.5

111.5 275 146.5!
715 180.5, 112,51

74.0. 840, 149.0
720 770 92.0
1530 1850 1640

256. 0- 75. 5] 134.0|

1973

00| 1.0

1974

35.0

1860'

1975

24.5| 157

1976

453| 90.0

T 1977

16.3[113.2

" 1978

152.6

1979

342| 87.8|

1980

42.11 109.6

83.5

1981

18.81 166.2

1982

521 7586

T 1983

"786| 813

1984

0.3J

57

1985

149

1.8:

1986

24 .4

98.5

11.3] 236 3272
48171750 1790
846|1722 1129

1987

0.0

60.1| 703j

1988

T4

520! 84

1989

1.7

267126 6|

40.5/194.5] 172.5

2315
367.0

soo 278 5 1110 1990‘2669

215
281.0

139.0

211.5

825
2120

1.5

100 5'

2675

267.5]

20.0

249.5

247.0

182.0

39.0

150

0.0
140
17.0

14.0

50

285.0

2255

187.0|

65.0

0.0

00

191.0

200.0

171.0

38.5

25.5

27.0

'160.5

341.0

117.0

2.0

6.5

20

1273

195.0

135.0

53.0

0.0

o)

230 1220 1055
46.5. 775|237o
1090 841'1364

162.0

133.3

208.7

27.0

00

0.0

223.0

284.0

161 1

31.5

00|

00|

2593

207.8

83.8

74.0

481

213

1271 933 1937

220.5

234.0

182.4

1122

0.0

27.5

497 153.0/ 124 8

2853

349.5

302.3

99.8

815

1520, . 160.2{ 1035

228.8

3226

290.7

824

0.0

101 3 966

177.8

173.0

166.1

145 S5 470
941 1209

I1317

193.0

191.1

280.5

66.8

470]

127
100

168.3

391.8

213.8

48.3

50.1

210 1 2558 145 4]

135.7
2935

238.5

25839

219.6

72.5

22.5

156.5

209.1

244.9

2066

150.4

153.8

1.6

135(

17.8

[118.0]

2465

166.2

256.0

43.1

26.7|
723

1059 81.3; 126.4

136.5

114.9

45.5

80

753: 511]2795

168.2

148.1

66.5

11435
1692 5
1627.9
13545
14255
1284.0
1256.0

920.8
10163
1114.7
1179.2f"
1356.2

1724 6
1422.9

11091 4

11795
13866

)[1597.9

11477

711266.0

1397 0
9123
1082.5

26820 4021323

13990

0.0

111.5] 93.0

1991]

0.0

42.4]162.1]

1992]

36.0

90.8; 58.3

1993

13.2

223] 200

1994

0.0

0.0{132.9

1995

0.0

23.2) 1224

1996

628

16.0] 171.7]

169.3

130.0

532

1161. 8

198] 871
576] 117.6]

92 1:
34.4

186.4

153.7

492

149.1

39.1

1.5

142 17 335|440

206.3

220.0

72.7

1001.8
'803.8

1096.5

1508 778! 387

166.3

140.0

172.9

150 8 77 8,
2038

164.5

178.1

55/ 1

9199

44.9' 838
1189

164.2

97.6

220

e

1538 967
193.9

132.7

133.9

31.5

1083 3
108(‘ 3

3112315

Mean

20.2

954

Max

Mm
80% Dep.

| REEXIR
0.0}
03'

2750

1.0

16/ 50

1559.156.5
1164' 111.71143.3

2158

178.4

278.5' 327.2] 293 5| 3

230 19.8' 387

497 576 1055

111 9
160.5

391.8]
1327
1645

3023
39 1

133. 9,

56.5
2120
15
22:

IR

0[12245

17246
503 8
1080.3

St.Dev.
Cv B

2«.0i
1.19!

433] 59.9!
0.89: 0.63:

704 686 58.0'
060 0.61 040

56.7
0.28

67.8
0.31]

627" 4637 258 202

0.35i

0.82

1.38,

1.44

2329
019

ultingy Senucvjm L 0. K31
MATEIVDROLOGY AND WATER RESOURCES REFORT



Ethio-italian Cooperation Arsi-Bale Rural Developmeni Project November, 1997

Table 1.2.1.2 Monthly Rainfall @ Bekoji__

Station: Bekoji
Lat. 7°19'N Long. 39°09'E Alt. 2850 masl

Year Jan| Feb| Mar] Apr] May] Jun] Jul]l Augl Sep| Oct] Nov] Dec|Annual
1987  2.5| 37.5]206.9| 123.1|117.5] 97.7| 67.4: 179.6] 60.3| 44.8] 32| 232| 9637
1988 12.5| 36.5] 81.1]201.3] 52.7/ 109.5 199.6{ 262.6| 103.4} 1246] 83| 50| 11971
1989| 20.2| 46.2| 98.3[1556| 82.8| 87.1|172.9] 155.0| 67.2/101.1] 116] 80.0 1078.0
1990| 412249/ 108.1] 146.9] 38.0] 59.5]155.1] 2338]100.7] 40.8] 17.2] 33| 11324
1991| 53| 61.4]140.9] 30| 81.1]123.31197.2] 255.1| 97.4] 89| 09| 242 102656
1992| 112.9] 91.2] 39.4] 121.1] 54.7[116.9] 164.31 216.0] 36.2] 126.7] 51.8] 13.1] 11443
1993| 54.5| 99.4; 2.7]148.9;175.8] 123.9( 163.8] 221.8[138.2] 504| 35/ 32| 11861
1994|  08' 0.0] 37.4]1282] 47.5/168.0{241.5; 2507| 89.2] 631 386 50| 10132

1995|  0.0] 414| 94.2/ 151.8] 73.4| 501|181.7° 230.0| 157.2] 175 12| 32.4| 10309
1996] 58.7; 12.3]140.2] 55.5[154.3[ 1251] 158.0] 229.2| 86.1] 350/ 3.1| 59| 10634

Mean | 27.2] 65.1| 94.9]126.3] 87.8/106.1]170.2' 2234] 936] 556/ 139] 19.5| 10836
Max. | 112.9]224.9] 206.9] 201.3|175.8] 168.0] 241.5: 262.6 157.2|126.7| 51.8] 80.0] 11971
Min. | 00| 00[ 27| 309] 380] 50.1] 67.4! 1550] 36.2| 63| 09] 32| 9637
80% Dep.[ ~ 2.2| 317| 39.0{108.0] 51.7| 81.6/157.4; 208.7| 658| 158 27| 4.7| 10239
StDev. | 3711 64.1] 59.6] 49.7| 46.9] 34.4| 445 335| 355 456] 17.5| 23.7| 78.4)
Cv 1.371 098] 063] 039 053] 032 026 015 038! 082 126] 121 0.07

rlm-ur_; "S(:;\-:rrs for ETH-94.RS1
JATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-Italian Cooperation Arsi-Bale Rural Development Project November. 1997
Table 1.2.1.2 Monthly Rainfall @ Degaga
Station: Degaga
Lat. 7°26'N Long. 38°50'E Alt. 2040 masl
Year Jan{ Feb| Mar| Apr| May| Jun| Jul] Aug| Sep| Oct] Nov| Dec| Annual
71972 13.01113.0] 29.0] 114.0} 121.2| 104.4{ 129.0| 319.0| 130.0] 39.0] 11.0/ 40| 11266
71973 40{ 00] 00| 88.0;142.0| 97.0|252.0] 93.0/184.0f 290 0.0 10.0] 899.0
1974 12.0| 12.0{141.0| 19.0{ 150.0] 98.0| 216.0{ 140.0( 159.0f 21.0] 0.0/ 0.0f 9680
-1975| 00| 19.0| 17.0|/101.0] 81.0| 159.0| 1740/ 2350|2510 530/ 0.0/ 0.0) 1090.0
1976 0.0| 28.0] 12.0{ 54.0{112.0] 73.0|273.0|179.0{ 138.0} 83.0/ 90.0| 26.0] 1068.0
- 1977 28.0{ 19.0] 89.0| 48.0{121.0! 950/ 180.0|183.0/ 198.0| 178.0{ 26.0] 28.0] 1193.0
Mean 9.5] 31.8] 48.0| 70.7| 121.2| 104.4| 204.0{ 191.5| 176.7| 67.2] 21.2| 11.3] 10574
Max. 28.0{ 113.0[ 141.0| 114.0{ 150.0] 159.0| 273.0| 319.0 251.0f 178.0| 90.0{ 28.0f 1193.0
Min. 0.0 0.0{ 00| 19.0f 81.0{ 73.0}129.0/ 93.0/130.0f 21.0{ 0.0f 00 899.0
80% Dep. 0 12 12| 48| 112 95| 174] 140| 138 29 0 0 968
St.Dev. 10.7| 40.8| 552 36.2{ 24.3| 28.8| 535 784| 448]| 585| 352[127] 107.2
Cv 113| 1.28] 1.15| 051| 0.20{ 0.28{ 026{ 041| 025 087 1.66] 1.12 0.10

sultancy Services for ETH-94-R51
IMATE, IIYDROLOGY AND WATER RESOURCES REPORT



Ethio-llalian Cooperation Arsi-Bale Rural Development Project November, 1997

L TV

Table 1.2.1.2 Monthly Rainfall @ Diksis

Station: Diksis State Farm
Lat. 8°05'N Long. 39°21'E Alt. 260G masl

Year] ~ Jan] Feb] Mar] Apr] May| Jun] Jul] Aug| Sep| Oct] Nov] Dec] nnual
_1987] 26 26.1110.9] 52.8/155.9] 88.7) 137.1/236.1{ 141.1; 40.3] 0.0] 0.0 991.6
1988 4.8 163 479 877 393 968 989 2184 138 574 24 59| 8138
1989 0.0, 14.0] 427] 48.8] 86.7]129.5) 162.9] 240.0{ 138.0] 57.4] 3.0] 36.0| 959.0
1990|  2.71127.9] 23.0/110.6] 26.6] 96.11265.1{259.1| 132.0/ 520| 14.5] 5.8]11154
1991| 7.0 21.9[137.9] 65.8/ 1085 73.7] 168.0{ 240.0| 151.6] 22.7| 0.0[ 13.6/1010.7

1992| 297, 19.2| 28.8] 61.6/102.2] 132.1! 168.3! 392.8| 196.7] 80.5! 18.6] 28.0|1258.5
1993| 77.41 504 0.0 91.1/132.6] 131.2] 1862 181.3] 134.0: 127.5; 0.7| 11.6(1124.0
1994|  00] 00| 11.8| 82.9] 76.9|219.7| 241.9/ 180.7| 147.6] 455 46.3]. 0.0{1053.3

1995| 00 29.4| 876 934| 8456|1208 1554, 2118 63.2; 333 0.0/ 21.1| 9006

1996]  112] 00| 0.0] 31.0[ 86.5]206.8] 45.6]240.0{ 138.0] 57.4] 9.5 13.6] 839.6

1997) 135] 00| 36.5] 99.2| 53.4]129.5] 162.9/240.0] 138.0] 57.4] 9.5] 13.6] 953.5
Mean 13.5] 27.7] 47.9] 75.0] 86.7] 129.5] 162.9] 240.0] 138.0] 57.4] 9.5| 13.6/1001.8
Max. 77.41127.9/137.9] 110.6] 155.9] 219.7| 265.1| 392.8] 196.7| 127.5] 46.3| 36.01258.5
Min. 00| 0.0] 00| 31.0] 266] 737, 456|180.7| 63.2] 2271 00! 0.0 813.8
80% Dep.| _ 0f 0| 118 528 534| 361!1371|211.8] 134, 403 0| 58| 6006
St.Dev. 229] 36.5] 455] 246] 383] 460 59.91 56.5| 30.6 27.7| 13.8] 11.2| 1314
Cv 1.69i 1.31] 0.95] 0.33] 044} 036] 0.37] 0.24] 0.22| 048| 1.45] 0.83] 0.13

usultancy Services for ETH-94-R51
IMATE, HYDROLOGY AND WATER RESOURCES REPORT



Elhio-lalian Cooperation Arsi-Bale Rural Development Project November, 1997
Table 1.2.1.2 Monthly Rainfall @ D'era
Station: D'era
Lat. 8°20'N Long. 39°19'E Alt. 1680 mas|
Year Jan| Feb| Mar| Apr] May| Jun| Jull Aug| Sep| Oct| Nov| Dec{ Annual
1977] 49.0{ 8.0f 13.0{ 113.0{ 89.0] 149.0| 145.0] 145.0| 115.0| 148.0| 107.0} 16.4] 10974
1978 0.0[162.0] 140| 140 220{ 24.0| 80.0| 166.0| 15.0( 420 0.0] 43.0f 5820
19791 480 30| 56.0| 0.0|109.0/ 92.0|174.0 147.0/ 50.0; 80.0| 00} 200| 7790
1980 280 0.0 80| 250| 390| 74.0|152.0{110.0f 71.0{ 49.0f 60| 00| 5620
1981 0.0] 7.0}1430/ 400, 50} 50]183.0{1410]{147.0| 63.8/ 276| 16.4 778.8
1982 2.0/ 68.0 90| 21.0{1440| 49.0;157.0{ 189.0] 100.0| 162.0; 108.0( 49.0] 1058.0
1983 18.5( 16.0( 23.0f 94.0{190.0/ 9.0 950| 1496| 753| 63.8| 276| 16.4 778.2
1984 18.5| 0.0| 51.0f 20.0{ 74.0{ 78.0|105.0|/ 129.0| 61.0 0.0l 00| 3.0/ 5395
1985 21.0f 00| 00| 450 700, 6.0/180.0|/ 2430/ 80| 0.0 00] 00} 5730
1986 00| 0.0|126.0f 74.0{ 30.0{ 680|105.0/ 76.0{111.0] 29.0( 00; 00| 6190
Mean 185 26.4| 443| 446 77.2| 55.4|137.6|149.6] 753} 63.8/ 276| 16.4] 736.7
Max. 49.0| 162.0{ 143.0/ 113.0| 180.0( 149.0| 183.0| 243.0] 147.0{ 162.0/ 108.0| 49.0| 1097.4
Min. 00| o00{ 00Ol 00| 50/ 50f 800| 760f 80| 0.0/ 00| 00f 5395
80% Dep. 0 0] 88| 18.8| 284| 84| 103]125.2 43| 232 0 0| 5708
St.Dev. 18.8; 51.9| 51.1; 37.2| 58.1] 46.3| 38.1| 448 44.3| 548| 435|175 2035
Cv ' 1.02| 1.97f 1.15| 0.83] 075 084| 0.28{ 0.30f 0.59| 0.86| 1.58] 1.07 0.28

-.ull(‘l;l:‘_)‘ Services for ETH-94-R51
MATE, HYDROLOGY AND WATER RESOURCES REPORT




Ethio-halian Cooperation Arsi-Bale Rural Development Project

Station: Dodola (Edo)

Table 1.2.1.3 Monthly Rainfall @ Dodola

November, 1997

Lat. 06°59' Long. 39°11° Alt. 2500 mas!
™ Year| Jan[ Feb] Mar[ Apr| May] Jun] Jul] Aug| Sep| Oct] Nov| Dec| Annual
"1954] 251| 40.4| 54.6| 824 456] 718 388 1586]1619] 730] 217 245/ 7984
1955| 331| 20[ 29.7| 39.0) 380] 81.2|138.0;149.7, 1252 45.1] 246| 38.0] 7436
1956| 285 156] 32! 739 65| 820[154.0:10151138.5|131.0] 24.3] 30.0| 789.0
1957| 50| 489 66.1|2122] 850 60.0| 132.0: 109.0] 29.0] 38.0] 32.0] 30| 8202
~ T19s8] 530] 930 27.0] 26.01 19.0[ 93.5/186.0!188.6] 610] 59.0] 79.0] 220} 9071
7959 74.0] 230 240] 1271] 704| 121.4 2018’ 227.0[227.0] 570 315 135| 11977
" 74960] _4.6] 18.0[119.0] 330] 1159 68.0| 166.0,222.0/1030] 0.0} 125] 230| 8835
" "7q961| 33.7] 7.0| 81.0]1450; 460| 840 2470 220.0]123.4] 58.3[ 317" 21.0] 10983
“1962| 00| 4.0 78.0] 81.0] 46.0/ 136.0[ 209.0{ 221.0] 114.0] 539 29.3[ 19.7| 9919
1965 216] 00| 414| 288 57| 88| 172511777 988 79.7| 259] 313| 6922
"1966] 27.0]131.9] 53.1]142.5] 88| 90.8] 131.1i179.6]112.8] 533 29.0{ 197| 9797
""{968] 14.1| 346| 46.8| 7071 392 987| 1123 101.4] 600 159 56 46| 6039
1972| 245| 329] 6221449 438| 814[1059 731 89.7| 424| 231] 19.7| 7437
1975|222 00! 202| 480, 315 986|156.1,158.011189| 381] 00| 197] 7113
""1976| 00| 00| 70| 758. 914| 765|127.1.139.8] 89.2| 42.1] 229 197| €916
1977/ 1353 111.1] 40.4]127.0' 811| 79.5/191.2: 1353 997| 98.5] 660 08| 11659
"1978| 11.1| 634] 469 73 48| 378! 112:1292] 995| 544| 64| 122] 4842
1979 67.4| 24.9] 786 404 782[110.6] 1507 165.8]105.7) 49.9] 27.2] 19.7] 9191
“1988] 243| 39.1| 528] 718 63/ 1256|114.11196.4] 748] 551| 00| 32| 7637
" "1989| 26.8] 298] 44.9[1119 353| 84.1{144.7° 1359 800| 204| 55.5| 64.8] 834.1
1990] 50[1649] 874|189.9' 441| 475/ 198.7; 1665 588 41| 195 42| 9906
1991| 34| 757(1386| 42, 76, 749 998 137.0] 87.3[ 41.3] 22.5] 197 7120
1993| 995[1173] 26.4{ 12361 1453| 65.1/128.8! 181.8] 817| 491| 138] 0.0 10354
1994 45| 15| 53.8| 562, 989|1488|197.8; 1658 105.3| 35| 192| 86| 8659
1995 32| 155[ 87.2[2124; 262|1113] 84.7: 1318/ 1257| 42.1| 111| 360| 8872
1996| 464 © 71]1155| 636] 7661123/ 165311748 63.0[ 114] 190] 34.1] 8891
Mean 30.5] 42.4] 57.3] 90.0] 49.9] 86.5] 144 811595/ 1013| 46.8] 251 19.7| 8538
Max. | 1353|164 9] 138.6| 212.4! 1453] 148.8| 247.01 227,01 227.01 131 0| 79.0] 648| 11977
Min. | 00{ 00| 32 8, 88| 112! 7311 200 00| 00| 00| 4842
80% Dep.| 45| 4| 294 39} ¢ 8/ 112.3/131.8] 748| 20.4| 125/ 46| 7120
St.Dev. | 32.7| 461| 338| 59. 6| 305 5231 401’ 385 291| 182| 143| 1680
Cv 1 107/ 109! 059 0.361 025 038] 062| 072] 072 020

mll{m('l Services Jor £115- vars:
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Ethio-Italian Cooperation Arsi-Bale Rural Development Project November, 1397

Table 1.2.1.2 Monthly Rainfall @ Eteya

Station: Eteya
Lat. 8°10'N Long. 39°14'E Alt. 2060 masl|

Year Jan| Feb| Mar] Aprl May| Jun]| Jull Aug| Sep| Oct} Nov| Dec| Annual
1987 6.3 37.5[ 15.5] 863{204.7] 55.0/186.4] 86.1] 67.9] 00| 00| 22| 7479|
1988{ \{ 9.3] 69.0] 16.9| 80.6f 28.0] 42.8|232.4|157.1|164.7] 495 0.0| 65 856.8
1989] = 0.0] 23.5] 755/ 111.0] 29.4| 110.5/1845{266.7{ 1157 00| 00| 18] 9186
1990 0.0{146.7| 55.2] 93.1) 33.0] 29.2/237.8/188.8] 825 0.0f 00/ 42| 8705
1991 28| 3656|1376/ 51.4| 293| 39.0{191.4}1054] 24| 00| 00| 83| 6032
1992f 205 00] 14.6| 58.6| 40.5| 79.1/180.8|294.4! 1851|1140/ 0.0/ 3.0/ 9906
1993 25| 324| 00[1246| 486( 18.3]219.7/3042[1362| 79| 00| 33| 8977
1994] 00| 0.0} 640/ 56.8/1351| 64.0| 193.9/198.7|116.1| 21.9] 00| 33| 8538
19954 00| 303| 924| 97.2] 93.0] 90.2|192.4{ 201.7{ 124.7] 26.0{ 0.0/ 0.0 9479
1996] 215/ 00f 818 57.8/191.2|111.8{119.8/1842[1658| 00| 00| 00| 9339
1997) S7.3] 00f 482| 77.0| 69.2/119.6)193.9]198.7{116.1] 21.9] 00] 33| 9052

Mean 109} 34.1| 54.7| 81.3] 82.0f 69.0/193.9/198.7{116.1| 219| 00| 33| 866.0
Max. 57.3|146.7| 1376 124.6| 204.7{ 119.6| 237.8| 304.2| 185.1| 114.0{ 0.0| 8.3 9906
Min. 0.0/ 0.0] 00 514| 280] 18.3{119.8{ 86.1 24; 0.0 0.0/ 00] 603.2
80% Dep. 0 0] 15.5{ S57.8| 294 39| 184.5] 157.1] 82.5 0 0] 18| 8538
StDev. | 17.3] 432| 414 24.0] 662 355] 31.4| 69.5] 51.4] 344] 00| 25/ 1074
Cv 1.58{ 1.27| 0.76/ 0.30] 0.81| 051| 016| 0.35{ 044 1.57| 00| 076 0.12

sultancy Services for ETH-94-RS ]
'MATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-ltafian Cooperation Arsi-Bale Rural Development Projecl November, 1997

Table 1.2.1.2 Monthly Rainfall @ Ginir

Station: Ginir
Lat. 7°08'N Long. 40°43'E Alt. 1950 masl

. Year Jan| Feb| Mar] Apr| May| Jun| Julf Aug| Sep| Oct| Nov| Dec| Annual
1980{ 06| 26.0] 40.0{211.0] 53.0/ 230] oo0| 80| 72.0] 71.0] 150 0.0] 5196
1981 06| 650][2650]3280] 530 30| 36.0] 72.0/124.0] 950! 0.0] 00| 10416
1982 0.0| 28.0/204.0]2240|2220| 340| 270 9.0 73.0{212.0] 79.0( 46.0f 1158.0
< 1983 3.0/ 61.0[ 0.0]189.0/2750| 47.0] 31.0]{127.0/101.0/ 134.0] 84.0] 0.0] 1052.0
71984 0.0{ 00| 30| 8201280/ 190 0.0 16.0] 185.0] 49.0] 24.0{ 38.0] 5440
1985 00| 00| 85.0]2990[1690| 150| 350| 0.0] 96.0] 61.0] 710] 510 8820
1986 00| 20| 26.0/263.0[199.0] 235| 43.0 23.0] 13.0{143.0{ 400] 70| 7825

Mean 0.6 26.0] 89.0]228.0] 157.0] 23.5] 24.6| 36.4] 949(1093] 44.7[ 203] 8542
Max. 3.0 65.0]2650) 3280|2750 47.0] 43.0] 127.0| 185.0{212.0] 84.0] 51.0] 1158.0
Min. 00/ 00| 00 820/ 520 30/ 00| 00] 130 490 00| 00| 5196
80% Dep. 0| 04| 76|/1934] 68 158| 54| 82| 722| 63| 168 0 5917
St.Dev. 1.1] 27.9]/104.8] 810 842] 140 175 465 52.8] 57.6| 33.5] 236] 2519
Cv 1.83] 1.07] 1.18| 0.36] 054] 060[ 0.71] 128 0.56] 053] 0.75] 1.16] 0.29

onsultancy Services for ETH-94-RS 1
‘LIMATE, HYDROLOGY AND WATER RESOURCES REPORT



Ethio-Ntalian Cooperation Arsi-Bale Rural Development Project November, 1997

Table 1.2.1.5 Monthly Rainfall @ Goba

Station: Goba
Lat. 07°01' Long. 40%0 Alt. 2700 mas|

Year| Jan| Feb| Mar Apr[ May| Jun| Jul] Aug| Sep| Oct] Nov| Dec| nnual
1962| 305| 520 82.2[190.9]|153.5/ 1155 741|117.4[1201| 496| 69.8] 181|1074.6
1963| 50.1] 82.3| 454|2486|1002| 62.0{ 151.9]/232.6/108.9] 37.7[154.4] 00]12741
1964 78| 00| 00][1327[136.0] 592 97.2{130.2[ 103.8| 160.8] 57.4] 119.3]1004 4
1965 10.3| 15| 24.6] 875 54.4] 26.9] 63.9/101.2[154.2[ 118.3| 85.5] 9.2| 7375
1966{ 18.1] 81.9] 23.9|1798(100.2] 51.4| 90.1[132.0{101.0| 110.7] 64.4] 0.0] 9535
1967| 157 01| 692 1542 775 705]136.7] 72.0{140.1| 68.0|226.7| 0.0{10307
1968| 19.1[ 33.1] 51.5/119.6] 725 782] 54.9| 60.7/147.1] 108.9] 82.2] 31.1] 858.9
1969| 24.1| 91.3{155.0] 80.5|127.0] 909|108 1]|121.3/159.1] 566| 56.7| 17.7[1088.3
1970 77.5 19.4] 1694|162 1| 33.9] 340! 61.0/106.8] 87.0{1294] 00| 00| 8805
1971 15 36| 59.2| 930|1156| 564, 54.6[119.3[1105] 94.1| 747| 142| 7967
1972| 14.2[1026| 54.8(185.7] 823/ 1056/ 524[119.6] 911{177.1] 44.4] 26[1032.4
1973 79| 90| 00| 739i1422| 39.1 12991340 136.8/ 117.2] 6.2 381 8343
1974] 11.4[ 7.7[1433| 77.2| 98.4| 554 108.2[124.5/159.9] 726] 87| 11.7| 8790
1975| 2.4] 131] 308[127.011436| 796/ 1314]116.7[ 1216] 97.1| 44.7| 33| 9113
1976] 11.8] 44.0] 457|1634|2357| 46.1; 61.8/109.6] 133.7| 86.0] 30.6| 18.6| 987.0
1977 66.1] 78.6| 56.8 1189|129.4| 519] 1405 75.1|169.1]| 2636|1266 26[1279.2
1978| 106[106.3] 51.8/119.1| 146.0] 37.8]142.8[172.0] 71.3]129.1]102.3] 2.0[1091.1
1979| 78.4| 200| 78.7{ 83.7/ 1080 750| 835 775| 770 837 12| 71| 7738
1980 0.7 39.9] 471[1140| 522| 771 50.4| 69.9]1357| 775 422| 05| 7072
1981  0.0] 23.8] 99.0{2429| 91.2| 239! 817[142.3]1332] 429| 29.7] 127[ 9233
1982] 179| 44.4] 76.7/1943[1215| 458! 63.9[1233] 53.7| 147.8] 57.4] 74.3{10210
1983| 403 29.8] 16.8|184.9] 1235 s4.9]121.1] 191.2/186.9] 119.9] 50.1] 7.2[112656
1984] 00| 11.5] 11.1[102.4]|138.4| 246| 38.1] 86.2]153.3] 835 50.4| 17.7| 7172

Mean | 22.4| 39.0] 606|1407|112.3] 59.2] 912|118.9]124.1[105.7| 638| 17.7| 9558
Max.- 78.4/106.3| 169.4| 248.6| 2357| 115.5] 151.9| 232.6] 186.9| 2636 226.7 119.3[1279.2
Min. 0.0/ ©00[ 00| 739 339/ 239 381 60.7] 53.7| 37.71 00| 00| 707.2

80%Dep.| 46| 82| 242| 897 79.4] 383 57.3| 81.0) 951| 69.8] 30.1| 1.1} 8117

StDev. | 240| 350 459| 515) 425| 246; 356| 401| 339] 502| 52.0] 2738| 1606
Cv 107} 0.90[ 0.76] 037" 0.38] 042 039] 0.34| 0.27] 047| 082 156 017

nsultuncy Services for ET1-94-RS 1
LIMATE, HYDROLOGY AND WATER RESOURCES REPORT




Ethio-talian Cooperation Arsi-Bale Rural Development Project November, 1997

Table 1.2.1.2 Monthly Rainfall @ Goro

Station: Goro
Lat. 7°00°N /U, Long. 40°29°E Alt. 1780 masl

Year Jan| Febj Mar| Apr| May| Jun| Jull Aug| Sep| Oct] Nov| Dec| nnual
1987|  4.4] 33.5/135.6|127.9|240.5| 22.1] 00| 66! 1151] 142.5] 46.3[ 23.5] 898.0
1988 1.7 488| 69.4[1788] 99| 16| 82.8[105.6] 78.5[118.5] 24| 0| 8231
1989 88| 245 86.8/333.5] 985 258 9.8| 454|107.2|157.6] 46.3[ 75.0[1019.2
" 1990| 14.8] 59.4] 93.2[157.6/103.2| 37.4] 154| 54.4] 50.6| 92.8]138.7| 6.8| 824.3
©1991| 49.6[ 11.0[137.9[230.6] 155.9] 40.5] 29.1; 53.8| 81.0{ 142.5] 46.3] 23.5[1001.7
1992| 135] 338 954! 168.8] 144.3] 90.9| 39.6; 96.0{139.4!161.7| 79.4] 59.0{1121.8
1993|  33.0{ 144.8| 0.0/ 3036/ 204.0] 21.6] 00 0.0 0.0]1425] 0.0] 0.0 849.5
1994 00| 0.0{ 311!1151]279.7] 30.8| 282 65.9] 74.9[202.9] 66.1] 17.1] 911.8

1995| 0.0 16.0; 118.7, 306.0{ 113.5 13.8] 420 32.91 821, 1500| 24] 65| 8929
0.0

1996| 102 00| 117.4|394.8[219.3] 87.1] 119 77.1, 81.0/105.0| 13.4| 23.5/1140.7

1997| 12.4] 00| 488{2202| 56.5] 59.9] 60.8] 53.8] 81.0] 142.5] 46.3] 23.5| 805.7
Mean | 135 338[ 84.9/2306]1559] 40.5] 29.1! 53.8] 81.0]142.5] 46.3] 23.5] 9353
Max. | 49.6|144.8/137.9]394.8[279.7| 90.9| 82.8] 105.6] 139.4]| 202.9| 138.7] 75.0[1140.7
Min. | 00| 00{ 00/1151] 565/ 138 00, 00i 0.0/ 928/ 00| 0.0 8057
80% Dep.| 17! _ 0| 4838]1576] 99| 2i6| 9.8 329 749|1185 134] 65| 8243
StDev. | 1521 41.9| 44.1| 919| 707 27.2| 259 328| 358| 29.9| 39.6] 23.7| 1183
Cv 113| 1.24] "052] 0.40] 0.45| 0.67| 0.69| 0.61! 0.44| 02| 0.86] 1.01] 013

ansultancy Services for ET1-94-RS
LIMATE, fYDROLOGY AND WATER RESOURCES REPORT



Ethio-ttalian Cooperation Arsi-Bale Rural Development Project November, 1997
Table 1.2.1.2 Monthly Rainfall @ Kofele
Station: Kofele
Lat. 7°02'N Long. 35°28'E Alt. 2680 masl
Year Jan| Feb] Mar| Apr| May| Jun Julf Aug} Sep| Oct| Nov| Dec| Annual
A 1991 14.4[107.0{1745] 64.3[ 1612| 72.0[105.6] 183.3[167.9] 11.7] 29.3] 61.0] 1152.2
1992|  79.4| 168.3[113.4| 203.5[127.4] 106.3| 178.6| 281.8]216.7| 92.7|146.5| 85.5| 1800.1
1993| 87.9] 61.6| 64.3]164.2(2929|106.2] 196.0] 131.4| 203.6| 189.9] 37.6] 0.8 15364
1994 00| 0.6 916/117.8/ 132,01 110.4] 146.5| 130.3[ 106.0] 15.3] 9.3; 201| 8799
1995 20.5| 18.7| 80.4}300.7] 752| 79.5[169.0| 1423|1046/ 58.8] 7.8 87.8| 11453
~1996| 135.8] 34.4]204.9) 244.6[ 133.9] 83.4[ 182.1] 142.6]177.4] 78.5| 454! 317| 14947
1997| 60.0] 8.2/160.3] 188 5/ 104.4| 190.2[ 163.0] 168.6] 162.7] 74.5| 46.0] 47.8] 13742
Mean | 56.9] 57.0]127.1[1834]146.7/1069]| 163.0] 168.6] 1627 74.5| 46.0] 47.8| 13404
Max 135.8| 168.3{ 204.9] 300.7| 292.9/ 190.2 196.0] 281.8| 216.7| 189.9] 146.5| 87.8| 18001
Min. 0.0 06| 64.3] 64.3] 752 72.0[1056, 130.3[104.6] 11.7] 78] 08| 8799
80% Dep.| 156( 10.3| 82.6]127.11109.0| 80.3[149.8] 133.6| 117.3] 24.0] 13.3] 22.4| 11467
St.Dev. 48.4| 61.2| 53.2| 78:3] 698 39.7; 29.7| 53.6] 436] 59.7| 47.0| 32.7| 3056
Cv 085 1.07] 042| 043] 048] 037/ 018/ 032 027 080] 1.02]7 068 023

sultancy Services for ETH-94-R51
IMATE, HYDROLOGY AND WATER RESOURCES REPORT




Elhio-Halian Coaperation Arsi-Bale Rural Development Project

Station: Kulumsa

Table 1.2.1.2 Monthly Rainfall @ Kulumsa

November,_ 1997

S2VRTNET, 1997

Lat. 7°58'N Long. 39°08'E Alt. 2600 mas!
Year Jan} Feb| Mar{ Apr| May| Jun| Jul] Aug| Sep| Oct] Nov| Dec| Annual
1987|  2.2| 21.6]108.8] 150.3[158.5] 49.4] 83.1] 116.0] 882 58| 31| 11.7] 7987
1988| 64.2] 79.3] 250| 1136 60.4| 82.7]133.9] 1225/ 136.4] 56.3] 00| 02| 8745
1983] ~ 0.0] 50.4] 69.9] 177.9] 25.0{132.4] 115.9] 180.0| 96.8] 316 o0.0] 41.2] 9211
~1990]  0.0[160.6] 100.6{ 155.2| 30.5] 97.1 180.9] 109.8{120.3| 2271 55| 09 984.1
1991 10.4] 42.7[1853] 11.1] 93.1] 62.5/158.3] 1237| 86.3] 10.8] 00| 111| 7953
1992 26.5] 96.0] 45| 65.6] 28.8] 68.0] 109.1] 174.3/104.6| 81.5. 36.1| 14.5] 8095
©71993|  206| 72.0[ 12.9]1480|152.0] 49.0]112.4| 155.2[128.1] 59.2] 00| 30.8] 940.2
" 1994| 0.0] 13.0] 34.5] 66.7] 42.8[143.3]120.1! 133.6/1056] 1.1] 32.9] 154| 714.0
1995 0.0l 34.1[164.0{ 140.3] 648 79.3]120.0] 142.1| 74.4] 22| 0.0; 458| 8670
1996 421] 4.3]|132.4] 58.9/1825[134.6,130.4] 985] 875 1.3] 34| 00[ 8759
Mean | 16.6] 57.4] 83.8(108.8] 83.8] 90.5]| 126.4] 135.6]102.8] 27.3] 8.1 17.2] 8580
Max. | 64.2|1606|1853[177.9] 1825/148.3] 180.9] 180.0| 136.4| 815| 36.1| 458 984.1
Min. 00 43| 45| 11.1] 250] 49.0] 831] 985 744| 1.1 00; 00| 7140
80% Dep.| 00| 19.9| 226| 643/ 30.2| 59.9[111.7| 114.8] 87.3] 20| 00| 0.8/ 798.0|
StDev. | 22.1| 46.8] 64.5] 54.6] 59.6] 36.5| 27.1| 27.2] 20.1| 29.0] 141] 16.7|  80.2
Cv 1.33] 0.82] 0.77] 0.50] 071] c40[ 0.21] 020] 0.20 1.06] 1.74] 0.97]  0.09

vx'ulranry Stf\'i(‘(s—}t;' ETH-94-R51
IMATE, HYDROLOGY AND WATER RESOURCES REPORT
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Aasella School

Monthly Total Ramnfall

Region Arusi

Jan Feb Mar Apr May Juo £ Jul l Aug | Sep Oct Nov Dec
170 [ 1125} 525 | w5 | 275 | 1465 | 2315 | 2215 | 1390 | 825 15 0.0
25 00 11395 | 715 | 1805 | 1125 | 3670 | 281.0 | 2115 | 2120 | 1005 x
100 | 1255 ] 500 | 2785 § 1110 ] 1990 | x | 2675 | 2675 | 200 15.0 17.0
460 | 1310 | 1340 | 740 | 840 | 1490 | 2495 | 2470 | 1820 | 390 14.0 5.0
1120 | 350 | 2750 | 720 | 770 | 920 | 2850 | 2255 | 1870 | 650 0.0 0.0
290 | 20 | 980 | 153.0 | 1850 | 1640 | 1910 | 2000 { 1710 | 385 | 255 270
230 | 430 | 885 | 2560 | 755 | 1340 | 160.5 | 3410 | 1170 | 20 6.5 90
2.0 00 10 | 405 | 1945 | 1725 | 1223 | 1950 | 1350 | 530 00 00
143 | 350 | 1860 | 230 | 1220 ] 1055 | « 1333 | 2087 { 270 |- .00 00
139 | 245 | 157 | 465 | 775 | 2370 | 2230 | 2840 | 1611 ] 315 0.0 00
X X X X 84.1 X 2593 | 207.8 | 83.8 74.0 48.1 21.3
360 | 163 | 132 | 1270 | 933 | 1937 | 2205 | 2340 | 1824 | 122 | 00 275
X 1526 | 835 | 497 | 1530 | 1248 | 2853 | «x X X 81.5 5.1
440 | 342 | 878 | 520 | 1602 | 1035 | 2288 | 3226 | 2907 | 824 0.0 16.7
“ 187 X 109.6 X X X X 173.0 | 166.1 66.8 12.7 0.0
00 | 188 | 1662 | 1455 | 470 | 804 x| 1911 | 2805 | 470 10.0 0.0
21 x 756 | 94.1 x | 1316 { 1683 ] 3918 | 2138 | 483 | 501 173
ss | 786 | 813 | 2101 | 2558 | 1454 | « x | x x x x
0.3 57 | 113 | 236 | 3222 1357 | 1565 | 2091 | 2449 | 16 x X
149 1 18 | 481 | 1750 | 1790 | 2935 | 2066 | 1504 | 1538 | 135 | 267 2.7
x 98.5 | 846 | 1722 | 1129 | 1180 | 246.5 | 166.2 | 2560 | 431 723 23
00 | 601 x 1059 | x | 1264 x' 1365|1149 | «x 8.0 13.7
141 | 520 | 84 | 753 | S11 | 2795 | 2183 | 168.2 | 1481 | 66.5 0.0 00
17 | 26.7.1 1266 | 2682 | 402 | 1323 | 1119 | 1693 | 1300 | 532 132 88.5
00 frys ) 930 | 921 | 198 | 871 | 1978 | 1864 | 1537 | «x 112 0.0
00 { 424 | 1621 | 344 | 576 | 1176 | 1788 | 1491 | 39.1 15 12 200
3060 | 908 | s83 | 1421 | 335 | 440 | 1316 | 2063 | x X x 337
2 | 2y | 0 | isos | 387 | 1179 | 1663 { 1800 | 1729 | 00 0.0
0.0 00 ] 1329 | 449 | 838 | 2038 | 2497 | 1645 | 1781 | 55 x 35
no_ | "2 1224 1 1338 | 962 1189 | 2120 [ 1642 | 976 2240 0.0 69.5
A8 {0 77 [ ssy 1565 | 1939 | 1635 | 1327 | 1339 | 515 L9 43
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1.3 RAINFALL INTENSITY (@ ASASA)

1.3.1 INFILLED

1.3.2 OBSERVED
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Ciuo-daban Coopeanen ArsiHale Rugl Develupment Projecy Noyember_ 1997

infilled Monthly Maximum Rainfall Intensity in 60 min. @ Asasa

Station: Asasa

Lat. 7°6.5'N  Long. 39°11"E Alt. 2350 masl

Year | Jan| Feb| Mar| Apr| May] Jun| Jul] Aug} Sep}| Oct] Nov| Dec] Maximum
1971 | 19.9] 306| 24.1| 24.0] 26.6] 16.8] 16.2 33.0] 225] 36| 00| 48 33.0
1972 | 19.9] 159 241| 240l 28] 7.9[ 10.1] 4.4 225] 32| 08| 10 24.1
1973 | 19.9| 55| 09| 198 66| 91| 127 11.5] 12.4] 171] 00| 3.0 19.9
1974 | 0.7 20] 18] 156] 26.6] 42.2| 28.0] 37.4] 144] 04] 00| 02 42.2
1975 | 07| 2.0[ 21| 21.5] 85] 20.3] 27.4] 134] 34] 64| 00] 10 27 4
976 | 12| 02| 33[ 229] 69| 12.3] 5.0] 141] 113] 11 72| 45 22.9
1977 | 56| 45| 2.4] 167 37| 12.4] 175 374 24] 336] 00| 00 374
1978 | 33| 179] 49| 80| 64| 7.8 39 163] 55( 317 00| 30 17
1979 | 85| 30.6] 9.8 83| 15.1] 29.9] 150] 239] 98] 22| 13| 28 30.6
1980 | 199] 23| 23| 10.0] 96| 42.2] 28.0f 255] 77| 08| 0.0| 0.0 42.2
1981 | 43| 191] 7.2| 1:4] 266] 42.2] 28.0| 17.3| 140] 03] 57, 00 42.2
1982 | 19.9] 306] 241| 153] 96| 69| 11.0] 176 225] 76| 39| 38 306
1983 | 23| 58| 16| 117 266 41| 14.5) 146 37| 1.7] 60] 72 26.6
1984 | 19.9] 30.6| 24.1] 240| 266] 204| 28.0] 11.6] 13.9] 338| 72| 72 336
1985 | 19.9] 30.6] 24.1] 24 0| 266 42.2| 28.0] 37.4| 223] 07| 04} 16 42.2
1986 | 00| 00| 52| 107] 106] 11.0] 145 47| 123} 205| 08| 26 205
1987 | 45| 130| 13.7] 10| 165] 55| 41| 237 41| 17.8] 15; 21 237
1988 | 00| 00| 00| 154] 3.0] 185| 205 23.0] 21.6] 160| 00; 00| 23.0
1989 7.5 60| 210| 130] 158 98| 16.2] 229 13.0] 82| 50/ 00| 229
1990.| 24| 306] 241] 240[ 11.3] 35/ 195] 72| 79| 23| 7.2, 12 306
1991 | 154| 306| 4.9 06| 13.4] 126] 182] 125| 10.8] 04} 14| 72 30.6
1992 | 00| 00| 15| 100] 00| 00| 1.2] 250] 212 58] 00l 00l 250
1993- 153] 70| 15| 3.1 00f 150[ 17.0] 187 14.4| 88| 00; 00 18.7
1994.| 00 00| 68| 240 44| 11.2] 280] 234] 165 336| 72| 72 33.6
Mean | 88| 13.1| 98| 154 12.7] 16.8] 172[ 19.9] 12.9| 107} 23| 25| 283
Max. | 19.9] 30.6] 24.1| 24.0) 266 42.2] 28.0] 37.4] 225| 336 .7.2| 7.2 42.2
Min. | 0G| 00| 00| 06/ 00 00| 12[ 44| 24| 03] 00] 00[  187]
StDev| 84| 27| 96| 71| 93| 132| &6| 97| 66 118] 29} 26 74
Cv 0.95| 0.97| 0.98| 046| 074 0.79] 0.50] 0.49] 0.51] 1.11} 1.26] 1.04 0.25

wsultoncs Services for ETI9IR5T
LINIATE, IHYDROLOGY AND WATER RESOURCES REIPORT



1.3.2 OBSERVED

E‘T:mency Service for ETH-94-R51
CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT

November 1997



n _ASSIB3

ent Monthly Rainfall Intensity 1n 60 min

Region Arust

car Jan J Fch MarJ Apr TMBJ_ Jun Jul Aug | Scp Oct Nov Dec
mo| NO DATA 168 | 162 | 330 | & 3.6 00 48
72| > 159 NO DATA 28 79 10.1 4.4 s 3.2 038 1.0
m | M 5.5 09 198 | 66 9.1 127 | 115 | 124 | 171 00 30
74| 07 2.0 18 | 156 NO DATA ¥ 144 | 04 00 02
5 | 07 2.0 21 | 215 | 85 | 203 | 274 | 134 | 34 6.4 00 10
76 12 02 33 | 29 | 69 | 123 | 50 141 { n3 !l 11 72 45
77 5.6 45 24 1 1672 | 37 | 124 | 175 | 374 | 24 | 336 00 0.0
78 33 | 179 | 49 80 | 64 738 39 | 163 | SSs | 317 0.0 30
9 8.5 9.8 83 | 151 | 299 | 150 | 239 | 938 22 13 28
0 199 | 23| 23 | 100 | 96 | 422 | 280 | 255 | 77 08 0.0 0.0
1 43 | 190 | 72 | 114 NO DATA 173 | 140 | 03 57 00
2 NO DATA 153 | 96 69 | no | 176 { 25| 76 39 38
3 23 [ 58 i 16 | 117 | 266 | 41 145 | 146 | 37 1.7 6.0 X
1 NO DATA 204 | * 16 | 139 f * X *
S N O A T A 23 | 07 04 16
. 0.0 0.0 s2 1107 | 106 | 110 | 145 | a7 | 123 | 205 08 26
' 45 | 130 | 137 | 110 | 165 | 55 a1 | 237 1 41 178 15 2.1
0.0 0.0 00 | 154 | 30 | 185 | 205 | 230 | 216 | 160 00 0.0
75 60 | 210 { 130 | 158 | 98 | 162 | 229 | 130 | 82 50 00
24 | 306 | 241 | 240 | 113 | 35 | 1951 72 | 79 23 X 12
154 > 49 | 06 | 134 | 126 | 182 | 125 | 108 | 04 14 72
0.0 0.0 15 | 100 | 00 00 12 | 250 | 212 | 58 00 0.0
153 | 70 15 3.1 00 | 150§ 170 | 187 | 144 | 88 0.0 0.0
L 00 | 00 | 68 »oloar 2l o2 | mafes |- X
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1.1 FLOW DATA
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CLIMATE, HYDROLOGY AND WATER RESOURCES REPORT



L tro- lahian Coopesation, Assi-Uale Rurad Develupaient Frogec

Novewber, 1297
Table 11.2.1.1 Monthly Flow of Ketar River nr Sagure
(in Million Cubic Meters)
CA=1975Km’
Year Jan[ Febr Ma?f':"’)\"&T Ma;[ Tunl Jui Aug Sep Ocl] Nov Dec| Annual
1982 = 390i 557, 702 1191 1122 1004 3227 11131 2158] 666 1453 1053 2465
1983 384|427 527 1239 3628 3551 2732 29329 9051 4536 1016, 685/ 5713
1984|578/ 478] 450 408 549 988 4017 51.24] 3946 599] 466; 436 1804
1985(  3.84] 3a1i 386 517 13 01 576 6766 9269 61.66] 1059 438 390] 2759
1986 330 346! 405 687 714 447 5973 119.79| 64g2| 1995 467, 405| 3024
1987) 370 3470 942 3561 2395 21100 1500 5695 2058) 1046/ 410} 404] 2084
1988] 393 444 435 540 560 G610 6750 21976| 7155 76.12| 1271| 827| 4857
1989| 673 603 604 1400° 963 947 3335 6240| 6357] 1486 790 ¢ 913 2431
_1990| 620] 2689] 4342) 4435 1355 841l 2772 11686| 6354 1192| 514 429 3723
1991) 388 437| 7550 802 485 §g} 2243: 12239] 7311 729 _249] 331 2650
o992 341] 409 319° 561’ 467 474l 1482 167.19] 7695 3698| 1877, 558/ 3460
1993)  473] 11891 437 1064, 2846 27151 37.98) 179.94| 71.45| 4153 10.01| 510| 42s4
1994| ~ 523|397 481! 497 783 92| 4244; 14637] 7039 2623| 89| 659 3368
1995)  G11] 545 822° 2794 1385 9011 4929; 136.16] 11310] 2203 564l 788 4647
Mean 46| 68l 83" 1a3. 123 1197 384’ 1340[ 645] 2407 81] 60| 3337
Max. 67] 269|434 aa4! 363 355 677; 2933 1131| 761 188 105 5713
Min. 33| 34l 320 a1 a7 45 148 512] 206] 60 251 ‘23| 1804
St.Dev. 1.1663| 6.2318] 10.276; 12678, 97017 93566, 17.441 66.136| 24 508] 19.962] 4.6798] 2.2526| 111.02
cv 0.2528] 09463 1.2395, 09012: 07321 0789! 04541, 0.4935| 0.3802] 08313 05744° 0376/ 033
% of MAF 1.4 20 25 42 40 36 115 402 183 72 24 18] 100
: -
! Fig. 11.2.1.1 Ketar River: Mean Monthly Flow
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Euue-lulian Cooperauon Arsi-Bale Rural Development Frogect November. 1997

Table 11.2.1.2 Monthly Flow of Ashebeka River nr. Sagure
(in Million Cubic Meters)
CA = 236 Km’

[ Year| Jan| Feb] Marf Api] May[ Jun] Jul] Aug] Sep] Oct] Nov[ Dec[annual
1982 170 157 172 249 257 191 338 1431 423 415 204 202| 422
71983} 193 173 201 276 680 438 578 4785 884 518 233 206 917
1984] 1.99 _1.71{ 178, 168 197 210! 413 586/ 636] 212| 1.73] 181 332
T1sal 171 162, 2280 203 4300 8711 682 271 194 192 376

205! 278 308 382" 833} 1873 791| 514 215 201 593
"1987) 195] 193] 3011 609° 352 312 269, 3.36| 324 275 206] 2.03] 357
7988|092 1.03] 093 1270 140! 167l18.94| 3472] 6.29] 3.50] 1.48| 1.28| 734
"1989| 1.28] 1.22| 146| 3161 158 161 4.89| 624| 524 227] 152 170 322
1990| 157 279] 362| 513 208, 205 429 826] 818 261 159] 157| 440
1991} 0.90] "1.08[ 231[ 213, 212: 218 577 1261] 695| 190 149] 160{ 410
1992| 163| 1.73] 1.98] 451! 274, 2571 439| 2578] 914 3.06| 183 179 612
1993{ 184] 229] 17+] 2781 327" 182] 3.46] 1054 7.39] 375] 211] 166 426

Mean 160| 168] 205 305, 278 244] 586] 1641] 672] 3.26] 186] 179 495
Max. | 193] 279] 292| 609] 680, 438l 18.94] 47.85] 9.14] 518 23| 206| 9165
Min. | 090] 103] 093] 127, 140i 141} 269 3.36{ 324 190] 148! 128] 322
St.Dev. 038] 050 077| 1470 1420 088/ 437} 1342| 178 111| 029] 024| 1830
cv 7| To0%al 029 036 Gas. 051 036 075 082 027] 034] 016] 013] 037
% of MAF 32) 34| 41, 62 56, 49 118 332 136! 66{ 370 36[ 100

Fig. 11.2.1.2 Ashebeka River: Mean Monthly Flow
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tupo: futan Coopcrastivn Arsi-Bale, Ruead Developmens Propeg

Table 11.2.1.3 Monthly Flow of Wabe River d/s of Bridéé"Cbesing

(in Million Cubic Meters)

Noycmber. 1922

CA = 1035 Km’

Year Janr Fetq Mar] AprI MaA Jun[ JulI Augl Seﬂ Ocl—[ Novr Dec| Annual
1967| 273 324 329 495 659 495 2732 4928 6376 56.25 4173 6.27| 2704
1968] 372 641 935 4692 2507 2226 21.02 3160 4484 1920 4.98 439 2398
1969 894, 1062 18.08; 889, 12.72] 1052 38 30: 79 55. 42511 954; 4.92] 4.02| 2486
1970| 662, 445 19.31| 2040| 15.27| 7.08| 20.49| 69.91, 58 06! 22:34] 581 383| 2536
1971 439! 331 456 811 19.93| 23.54] 54 37| 79.01, 3810| 30531 9.12| ‘675 2617
1972 6.20] 1920 13.80| 40.70] 19.20] 850| 3500| 34.90} 3620| 6.90| 6.00| 540| 2320
1973| 520i 4.40. 470] 450 7.40| 7.90| 16.90| 48.30] 34.30| 15.70; 510| 530| 1597

"~ {974{ 5710] 460! B90| 610] 540 650 23.40| 20.30] 27.80) 6.80! 570| 510| 127.8
1975) '6417324" 408| 7.47] 6.82| 18.10] 3962] 47.70' 5202} 1345: 7.15' 594 2075
1976 4.52; 370° 43| 459] 756 893| 1659 4003} 3250/ 835! 1151, 483| 1466
1977| 996 9.02, 546| 10.84| 9.34| 16.97| 4538] 50.88. 59.58| 28.50i 1565/ 520 266.9
1978| 3781 561 1493; 772 13.09] 10.37| 22.75] 5115} 40.70; 3220° 516! 581 2133
1979| 617, 852 10.05, 12.74] 6.60| 9.57| 1585 19.87! 3437; 1527 506! 395| 1480
1980 4.C0i° 320 4,600 732| 13.42] 10.37| 4516| 33.62; 2322} 14.7G  4.28] 355 1675
1981] 343, 3.34 68| 506] 554] 425] 1320] 5007 47 a5{ 1440, '5.73; 460{ 1868
1982| 471" 510 485 7.28 10.05] 1102| 3187 6169 4441’ 3335, 2525 2207} 2615
1983| 829 362 11.32| 3585] 6551] 15, , . 9.28 22.43' 492 3869
“1984| 372 321 362 363] 614] 2028| 41.17] 42.94' 2768 652 7.27. 590| 1721
1985| 413: 342 435 1018] 23.55] 24.06] 3471, 49.00° 50.74' 1734 574 467| 2319
1986| 374 524° 478 1329] 15.29] 2181] 2657] 43.56 4694 2353 503; 540 2152
1987| 481, 552 14'2’5}"1'66? 39.82] 20.55| 16.42] 5127 3539 3532, 1328; 6.04| 2703
1988| 519 787 4471 799 7.26| 1507| 33.76| 74.88! 5228 3725 7.08. 458/ 257.7
1989 430) 539: 483, 886 6.70| 623| 1136 3057 3330; 19.41. 736! 2505 1643
1390| 6.501 18 19; 20 10| 32.44| 10.39 3 574! 540 2071
1891) " 421) 8791 592 798| 871 374317 407 1276
1992| " 577: 965 8.30] 2412 16.98] 21. . 49} 26 10, 10.30; 861] 2685
1993| 5511 7.70: 8.06| 9.39| 35.60| 33.98| 51.80| 4927x 30.14° 3593 1182 460| 2838
1994| 415, 350" 536 5.00] 15.95] 33.78] 54 40| 55.28; 2976 22411 954, 44| 2457
1995| 264! 2.130 426| 721] 7.80] 7.89| 1435 23.48! 3520, 1117 407/ 304] 1243
1996| 10.371 1.08' 10.26] 21.03] 26.18| 44.18| 31.29| 63.95! 36.34: 2241! 9,54, 644| 286.0
{Mean 516 6.22 845| 1431] 1567| 1565 28.49] 4/.39] 4205, 2240 954] 644} 2218
Max. 1037' 19.20° 20.70! 46.52| 65.51| 44.18| 54 40| 75 55| 83 00: 53.28: 41.73| 2565| 386.9|
Min. 194; 310 329|363 540| 425 642! 1987, 23.22: 6.52° 407! 304 1243
St.Dev. 204" 4066 4951 1157 12.88( 10.091 1371 16.34' 13.02: 1329 7.939; 4932| 605
Cv 040 065 053] 081 082] 064 048] 034 031 059 083{ 077 027
% ol MAF 23 28 38 65 7101 71l 128 214 190 101 43! 29]  100|

iiaey Seeiices Jo: E_I—I.\N/f\l- T
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Liduo-Jualan Coevperatien Adss Baje Kural Devilopment Fegpect

Table 11.2.1.4 Monthly Flow of Weyib River nr. Agarfa

(in Million Cubic Meters

)

Novembxr, 1797

CA=771.9 Km'

™ Year JanL Feb] MarL Apr] Maﬂ-__ Julqi JuLL Aug Sep[ Octr Nov Oec| Annual
19801 0578 1888 1490] 9460 7397 1721 5242 166310 5986 8050! 1690| 06%0| 608
1981/ 0463 0557; 13,140] 90.950 6080 0706 7.240, 49250: 30020 7870 1430 0683] 2084
1982| 0761 0716, 0552| 12580; 24260 3865 4360: 19820; 3520 15690° 5730| 9.8%0 1017
1983 1540 19200 1200' 9.510. 30660 7130; 5590; 65490 26140 139780 5580 1360 1959
1984| 0628 0408 0350, 0452 1424 1614| 6480 11290i 19.090. 2380 0.898| 0.564| 456
0420 1710 9520 24160  1050; 8860, 34780 10370 7560; 2.100] 0770| 1021
0530, 1100 12.260; 23280 25430| 18.240| 42110, 22.430; 13620: 2350| 1480 1633
0648' 36901 23180, 573101 5780| 12001 4200] 6440 10080 3250] 0.976| 1174
0600, 0960! 69801 2730, 1710] 29,5901 52140} 20790! 39000 2600 0863} 1585
| 05801 1280 5333 9690 1.270| 32700, 10,160 9950 12.30! 1474
10790 14.200| 3203 790! 5.450. 5.430; 1146
rosol Gex) 790, 2700] 4900|3010} 1260 26% | of 1188
27200 0.790] 2390! 1.300| 6.730: 90.840| 12.150: 47 120; 1922
1993] 7.070! 407000 27230! 12650° 1756 14.380] 29.743] 4190° 21.032 1499
1994| 0909 0794! (0866 14300 1296] 17 685! 95.640| 11.440! 18.085 . 1568
1995) 0356 1162 1.496! 7980, 1656| 15.659] 20.410 15.386. 38.585! 2.521, 3110 1180
Mean 1194097 323 16037 373 1136] 3605 125 1808" 4nl 3uf 1345
Max. | 707; 4070i 1420 57.31° 2543] 3270, 9564' 30.02° 47.12, 1303' 1281| 20839
Min.. 036 04if 035 0 142 071! 1280 401 352 238 090 054 4558
St.Dev 164 1008: ; 2482, 1835 606] 933 2849, B43 1475 1369 404 4585
cv 137 248 i vz 102; 162|082 079 065 082 090 13 034
% of MAF 09 30, 24! 153 1191 28/ 85/ 268 9.6 134 300 23] 100
Fig. 11.2.1.4 Weyib River. Mean Monthly Flow
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Vil Tahan Covpersuon A Bale Rucal Dexelopmeny Projec

Table___ Monthly Flow: Lelisso River at Adaba (Drainage Area = 126.3 Km’)

el No Year Jan Feb Mar Apr i May Jun Jut Aug Sep Nov Oec | Annual
T 1975|052 0760 051] 2091 083 117. 407 10399 2389 085 055] 141.88
2 1976] 049 04S. 070] 1.38| 1543 068 1123 3004 608 4021 1171| 81.43
3 erzf 262 195 118[° 213) 356 159 1515 3318 1151, 15280 07911774
a| 1978] 0500 200 355 226, 258 128 828 1234 1236} 1011 166 5552
S| 1980l 068 0491 052| 081 064 060 198 123 489 077, 064] 2623
6/ 198t] 056 050 175 2434] 166 154 828 4376 10.13i 376: 166]110.85
7| 1982 102 086 105 11831 528 103 1283 3540 974l 320; 1.44| 11071
8 1983] 075 1361 182 2961) 2652 214 885 11638 775 3421 143] 20652
9| 1984] 1.33° 108 ia2[” 103 379 382 642 481l 153] 565 356
Mean 105 159 839 1547 828; 4376 1013] 376! 166] 98.50
Max 200] 375 2961 26520 379° 1515 11638 2389! 1528|  565( 20652
Min. 9 045, 051 081] 060, 198 642 48} 077 055 2623
StDev. | 069; 060 124 1115 877 097, 439 1975 585 4521 1.56] 5650
Cv 0.73: 0570 078 1.33] 135 063; 053 091 058 1201094 057
% of MAF 100 11 16[ 85 66 16' 84 444 103! 381 1.7] 1000
i - -
Fig.___ Mean Monthly Fiow of Lelisso River at Adaba
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Lo lahan Covperanon At Bale Rural Develupnen Fregeet

Table_ Monthly Flow: Robie River at robie (Oranage Area = 171 Km’)

éb; Né ’ -_;Ea_r-_jn_n—?e_b Mar ﬂﬂgr' . _May Jun Jul Aug Sep Oc|_ __[yg_v_____(.)_e_(:_ ﬂnnual
© T 71 97912540 0768 0838 1050 13800 1870 4330 5080 1820 4460 0355 0099| azo
2 1980 0028 000: 0003 0020 0015 0031 19340 2310 0943 1200 0232 0146| 24279
3| 1981 0077 0148 4960 7330 0855 0218 0947 4B S010 4050 1780 051030575
a 1982| 0230 0260 0210 2040 3560 0540 4600 5580 2460 5860 0730 1170| 2727
S 1983 0308 0287 023 1 660 6980 I690. 3680‘ 10790 7020 10670 0824 0 206] 44 346
6 1984] 0090 0070 0060 0150 0520 0630 3040' 3860 6960 0570 0360 0350 1670
7 1985{ 0317 0241 0210 0449 3741 0266 1208 6628 5301 1115 0295 022219993
8 1986| 0191 0155 0351 2130 4210 0930 4140 8420 0945 1530 0395 023023627
9 1987| 1200 2450 0950 6430 12150 2190 1890. 2670 4670 2470 0450 0283 3780
10f 1988 0219 0192 0170 1310 1050 0559 1680 8420 5010 5200 1030 0414f 25254
1] 1989 0358 0589 0194 2010 2200. 0346; 1850 4960. 13680 9510 13650 2320| 51667
12 1990| 0617 17230 4500 9980 1100 1080 2550° 15460 5010 4050 0650 0440| 62 667
13| 1991| 0270 0410 0680 1280 2620 1520) 4140 16810, 2140 1050 2030 0280] 3323
14/ 1992) 0392 0416 0173 0295 1245° 1114; 7.080. 10860 8.020 2760 0412 04la| 33181
15| 1993] 1210 13460 06RO 10790° 9140. 1.030, 1.680: 19.520: 6.130 6240 3560 0470| /39
Mean 120 245 095 311 421 093 414] 842 501 405 178 051 3677
Max. 1254 1723 496 1079 1380 219 1934’ 1952 1368 1067 1365 232 739
Min. 003 001 000 002 002 003 085 231 094 05 023 010 1670
St.Dev. 316 532 15 361 435 065 451 530 329 307 340 056 1633
Ci 262 217 165 116 103 070- 109 063. 066 076 191 111 044
% of MAF 33 67 26 B85 115 25 113 229 136 110 49 14| 1000

Fig.___ Mecan Monthly Flow of Robie River at Robie
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Table 11.2.1.3 Monthly Flow of Keleta R. nr. Sire
{in Million Cubic Meters)

R

Year| Jan| Feb] Mar] Apr] May[ dun[  Jul[ Aug]  sep| oct] Nov]
1962] 355 377 630: 739 865 719 2080 3133' 2809 821 233
1963| 189, 166° 1.76] 352 1256 271] 1891 5311] 1511} 4970 384
1984| 2.44i 173 226/ 252( 245 377| 1625 5603| 4236! 15_;‘;5; 488
19661 355; 377 6300 739 154 303] 13.02( 1916 5678 1066] 403
i967] 2310 196 221| 455 706 338 2044| 8622 5726 4501 1577
196¢| 335 728 585 2948 777 648[ 17.39] 2142] 3176 1592, 421 ¢
1969] 374! 594, 2461] 591| 668 682] 3522\ 8406l 2723, 489 274
1970|310, 263 1085/ 638] 792 350| 2636} 7570] 29991 615, 193 1
1971) 140 122 1.42; 339 545 1048 1391/ 1961! 1453; 200 108 0
1972) 072 146 161, 484) 177" 208 1064| 3033] 1594: 064 018 0
1973|098 152 180, 1.82] 523 412 9.96] 2487) 17217 727 208 1
1974| 160 136 2801 199 151 209] 8.02| 44561 4668. 1416 785 7
1975| 693 616 656, B.24) 814 084j 22.60| 4356/ 39.04] 1296 628 S
1976) '521 437- 520 6.05' 863 600 1539 3162 2216’ 680 714 4
1977) 556] 581 6237 830, 791 862 1899] 20969 1583; 3052 13 5
1978 438! 589: 632 a1l a9 4951 16.47) 26541 15731 1073 132 0
1979| 1a7 160 2070 339l 4'3'6 4551 11461 31561 2100 774 455 4
1960|603 408 a9 373 405 age s 103 972 725 3m 3
1981 3170 303 1017] 1590 410. 224| 10.54] 3746| 10609° 1505 1016 9
1982] 996" 987 933 14.89| 1865 17.66] 31.54] _4_6:_59_[ 22311 21.73° 1092 10,
19831 575" 559 1034) 10.34] 4034 2236 4214] 5261 4354 875 170 1
1984) 316, 273 336, 313| 576 60i] 1403 2085 2833 388 286 2
1985/ 256' 236 2641 120| 512 326] 1245 2156 21.96° 423 245 2
1986| 355 377 630] 676 1003 1055 8328 49.78! 26.5'. 1289 402 3-
1987| 338" 353: 1638] 1662 2644. 2278 17.73| 2767 23871] 2388, 488 31
Mean 355 3777 60| 7.39] 865 719] 2080 3757 3176 1207 488 3¢
Max. 9.96] 9.87. 2461i 29.48| 4 4034- 2278[ 83.28| 8406 1Q§_Qg' 4901 1577 10¢
Min. 0720 122, 142 182 157" 208 802 1309 972, 084 0.18.
St Dev 1994 2254 531 6179] 855 5811, 15 391 17.65! 20285 10.36 3.775 2.6+
Cv 056 060 084 B4l 099 081 074) 047° 064 08 077 07
* of MAF 24 26 43; 500 59  49: 4.l 255 215 82 33 2

S, for 17050 Rad
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Table___ Monthly Flow: Katar River at Abura {Drainage Area = 3350 Km’)
(in Million Cubic Melters)

v

Spr No |Year Jan - Feb : Mar : Apr - May Jun Jul Aug Sep Oct Nov ! Dec¢ |Annual
) [ 1975] 446: 375, 350 464 477 987 6126 26922 18257 3339. 695 56759005
2{ 1976] 3.60; 282, 290; 453 93 500 2762 11046 6257 1164 10771 4.17| 25559

3| 1977] 696] 625 500 1366 1267 1160 4621 12147 10056 6392, 55.40| 9.54| 45324

4| 1978 527| 5500 1446] 526 797, 786 8147 14067 4273 3586 10.40| 674) 36419

5| 1979 1049, 19231 1682} 20.29! 2091 1981 4854 10804 4531 2781 990| 6.32] 36247

6| 1980 4771 453 409] 426 452 88 4511 9045 3577 1928' 538 439|23136

7| 1981 381 335 922) 439 1862 537 2891 15524 13396 4452 7.76] 533[ 46005

8] 1982| 525! 442i 449] 13410 1316 889 2829 12200' 4042, 33691 1095 10.55| 29522
Mean 1262] 965 4595 13969] 8049, 33.76) 1469| 6.59] 37652

Max. _a396] 29917 1981 8147 26922, 16257 6392 55.40| 10.55] 590,05

Min.. 290 426 452i 500 27.82° 9045 3577 11641 538] 4.17!2313

S1.Dev 5.38] 1355 '84i: 465 1865 55990 5381 15881 1657| 2.32{12019

Cv , | 071] 09| 067 048 o041 04c. 067 047, 113] 035 032

% of MAF 150 170 20| 36| 34 26 122 371 214 90" 39| 17| 1000

Fig.__ Mean Monthly Flow of Katar River at Abura :
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1.2 OBSERVED FLOOD DATA
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llalian Co-operation, Arsi-Bale Rural Developmenl Project

Table It.1.1 Ketar River near Sagure: Observed Floods
Catchment Area = 1975km’

Ser No. Year|Month Quumag (M15] Qi (M)
1 llgquugust_:; ,310.5 N.A.
2| 7 t98dlyuy > | 6334] NA_
3 1985/August - | 1128 NA
4| 1986[July 7T 78963 NA.
5| 1987JAugust - | 6544| NA
6 1988JAugust - | 1488 NA
7|7 1989|September 4 T 77.48( NA
8| 1990|August - |  7862| NA
g " 1991|August 1393] NA.

Mean 120.7 o
St.Dev. 778
C, 064

Table 11.1.2 Ashebeka River near Sagure: Observed Fioods
Catchment Area = 236 km’

Ser No. Year Month Qpnemap (M5 Qpp (MY5)
1 1982|August +/ 11.95 N.A
2 1983|August 60.91 N.A.
3 1984 |September . 9.35 N.A.
4 1985{July 6.73 N.A.
5 1986{August .- ¢ 21.81 NA.
6 1987{August , ° 3.48 N.A.
7 1888|Augusl 478 N.A.
8 1989]Augusl 10.1 N.A
9 1990|Seplember -| 13.12 N.A.
10 1991 August 11.06 N.A.
Mean 19.6
St. Dev. 19.2
Cv 0.98
Notes

Qo' Max Mean Daily Peak
F e’ Momentary Peak Factor

Qne Momentary Peak
N A Nat Availabte

tancy Services for ETH-94-R51
\TE, HYDROLOGY ANO WATER RESOURCES REPORT




-ahan Co-operalion, Arsi-Bale Rural Development Project

Table il.1.3 Wabe River at Dodola Bridge: Observed Flood Peaks

Catchment Area = 1035km?

Ser. No. |Year Month Qumdp (M| Qp (M/5)
1 1967|October 81.80] NA
2 1968|September 48.70]  NA
3 1969|August - 59.00] NA
4 1970|August - 74.70 N.A.
¢ 1971|August - 66.00] N.A.

6 1972|April - 4220 NA.
7 1973 |August 4290 NA
8 1974|September 20.301 NA.
9 1976]Sepiember |- 36.90 N.A.
10 1977{September i~  45.00 N.A.
11 1978|October "36.12[ NA.
12 1979|September 20.24 N.A.
13 1980|July 3300 NA
14 1981|September 40.50| N.A.
15 1982|September 40.10[ NA
16 1983|September 56.15 NA.
17 1984 |July 3222 NA
18 1985|September 4050 NA
19 1986(September 5427 NA
20 1987}August 59.48] NA
21 1988|Seplember | 49.24] NA
22 1989|September 3168 NA
23 1990 (April 46127 NA
Mean 46.0
St. Dev. 15.4
C, 0.34
Notes

Qmmgp' Max Mean Daily Peak

Fro Momentary Peak Factor

Q. Momentary Peak
N.A. Not Available

Mancy Services for £ TH-94-R51
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)-Malian Cooperation Arsi-Bale Rural Development Project

Table I1.1.4 Weyib River at Agarfa: Observed Flood Peaks

Catchment Area = 772 km?*

November_1997

Ser. No. |Year Month Qunmag (M/5) |Quup (M8 Frp
1 1881|April 99.30 1470 1.5
2 1982|May 49.35 N.A -
3 1983{Augus! 51.98 173 23
4 1984|Seplember 18.17 233 i3
5 1985]Augus! 30.48 4115 14
6 1986 ({August 51.98 69.58 13
7 1987 |May 164.20 N.A.
8 1988]August 55.63 N.A.
9 1989 April 171.40 NA. -
10 1990{April 104.60 1233 1.2
11 1991|Apri 53.79 N.A.
12 1992 August 137.20 N.A. -
Mean 823 86 9 15
St. Dev. 52.0 496 0.4
Cv 063 0.57 0.26
Table 11.1.5 Robie River at Robie: Observed Flood Peaks
Catchment Area = 171 km?
Ser No. |Year --|Month Qundp (M) {Qup (MYs)  F g
1 1979|May - 52 45 N.A
2 1980|July 14157 N.A.
3 1981 }August 6.75] NA
4 1982 |October 12.14 NA,
5 1983{Oclober 60.91 N.A.
6 1984 |September | - 8.70 N.A
7 1985|Seplember | 15461 NA.
8 1987|May ~ 5330 N.A
g 1988|0October 11.52 N.A.
10 1989|Seplember | 3867 NA
11 1990{February 7163 N.A.
12 1991 ]August »/ 64631 NA.
13 1992|Augusl » ( 769 NA
14 1993|Aprit 4978 NA.
Mean 42.5
St. Dev. 254
C, 0.60
Notes

Q- Max, Mean Oaily Peak

F mo: Momentary Peak Factor

Q" Momentary Peak

N.A  Not Available

1ancy Services for ETH-94-R51
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1.3 WATER QUALITY DATA
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