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Abstract

Defining streamflow and rainfall patterns over a period of different land use/cover changes

and understandingthemonu ni t yd0s knowl edge on changes i n
Didessasubbasin of the Blue Nile River wetbe main areas lich ths study dealt with.

Based on the availability of hydrological data 8 out of 14 diffeganigedcatchments of

Didessa sulbbasin were selected for further analysis. For each of thedeasis 15 to 27

yearsof daily stream flonand rainfall data ere collected and analyzegimple time series
graphstemporalhomogeneity testorrelation and regression analysisreused as the main

tools for comparing and illustrating the hydrological andteorological datd&or assessing

the change in the langse/cover of the study ardbe Blue Nile Basin map, arsditellite

images were examined, previous studies were considered and a field visit to the study area

was undertaken. To explore the views of local pedpkParticipatory Rural Assessment

techniques of timeline, key informant interview and focus group discussion were employed.

For most catchments the results revealed that the long term stream flow and rainfall trend and
variations responded in accordance with the forest change of the area.ibnatdialready

accepted hypothesisf or est cl ear i ng rfelsouw 6t sw ai.shheoi bnscerrevaesdi
annual variability in stream flow and rainfall values was large for all catchments. However in

all cases the variability in annual stream flow was Imhigher than in annual rainfall. It was

noted that dry season flows aBdse Flowindices values showed a nsignificant change

for all catchments. Fromthemonu ni t i esd6 perception of <changin
observed that most farmers are mawere on land use/cover dynamics than stream flow and

climate changes. However farmers who use irrigation water for their farm plot appeared to

have a better awareness in the stream flow changes than the ones who followed rain fed

farming.



1 Introduc tion

1.1 Background

Human beings from their firsppearance to the surface eastiéther created by God or

evolved through aertain evolutionary process) one wayor another they were supposed

use the resources which exisband the environment thdiye in. From these@esources fresh
water or rivers are one of the vital means of existencemlgtfor humans but also fany

life on the planet earthHence defining and understanding what influences water resources is
a key issue fofulfilling the onsistent and ever growing demand for water. However since
water by its own is not a complete system, looking at its dynamics together with other natural

resources enhances our complete understanding of it.

The relationship between forests and water isrofentral in perceptions of water in

regional, landscape and watershed séalemd usécover is intrinsically linked with the
hydrological cycle; therefore, a land use decision is often a water décidimmever the land
use/cover change impact on tingdrologic cycle mainly depends on the characteristics of the
watershed. Contrasting research findings suggest that the impacts of land cover change on
water resource systems vary from place to place, depending on site specifié.fah®rs
general hypotésis on this study and Integrated Watershed Management (IWM) is that
changes in land use/cover patterns will influence the hydrological regime and water

resources.

Despite the fact that the Didessa sub basin study area provides the largest amounuef the Bl
Nile River flows and is comparatively well equipped with lengthy hydrological and
meteorological data series, most studies related to the Blue Nile River have focused on the
northern part of the Blue Nile Basin. This makes the Didessaasib one ofdss studied

areas, and a key to better understanding the overall hydrological regime of the Blue Nile.
What is especially interesting about Didessa is that in some areas deforestation has not gone
as far as in the northern part of the Blue Nile-Babins.There is more forest here now and

the amount of forest cover is also changing during a time when we have observational

! Anders Malmer, Future of Forest®Responding to global challenges , Forest cover and global water
governance,2010,page 76

2 J.M.Bosch and D.Hewlett, A review of catchmeiiexperiments to Determine the Effect of

Vegetation changes on water yield and evapotraspiration,1981

¥ Wolddeamlak Bewket, Towards watershed management in highland Ethiopia: the Chemoga
watershed case study,20page 50



records of rainfall and floywvhile much deforestation in the north occurred before the flow
region began.

Given that it is difficult b definethe land use and land cover change ofethtirearea otthe
Didessa sulbbasin within this study, we speculated onsthehanges by correlating the
stakeholder perception and site observations witlexistingBlue Nile river land use/cover
map.Apart from helpingo estmate the land use/cover changé& coanmunity perception
work which was done on the study aedsohelps us to see the stakeholders understanding

towards the dynamics in the natural resouafdbe Didessa SuiBasin.

1.2 Watershed Concept, Hydrological Cycle and Integrated Watershed
Management (IWM)

1.2.1 Watershed/Catchment Concept

Ideally, surface water should be managed on a watershed/catchmefiflohsiss. 6 wat er s h e «
andé c at c hretermd which gomonly considered as synonyms arsed

interchangeablyA particular watershddatchmentefers to an area of land that drains to

particular point along a streaifihe boundary of a catchment is defined by the highest

elevations surrounding the stream. A drop of water falling outside diotnedary will drain

to another watershedlhe sizes of @atchmentan vary from a few tenths of a kio

7,050,000km? (The Amazon River catchment/watershed afda)this study the smallest and

the largest catchments are Urgessa (¥land Lower Didessa$981km?) respectively. The

compilation of different catchments that flow towards one big river can be callgsbasin

1.2.2 Hydrological Cycle

Traditionally thehydrologic cycle as it is shown in Figure, s explained athe non-ending
movement ofvater above, on, and belawgiven watershed/catchmemhe hydrological
cycleis an ever fluctuating dynamic system which is perhaps the most important
phenomenomwn planet earth It comprises various hydrological parameters in which their
existences imne way or another relyn the watershed characteristics of the .area

Precipitation in the form of rain, snow, sleet, or hail falling on the surface of the earth can be

4 Office of the Legislative Auditor, State of Minnesota, Watershed Management, Evaluation Report,
2007 ,page 1

® Mr. Ritesh Kr. Sinha, Application of Gaoformatics in Watershed Management ,2001

® Lev S.Kuchment, The Hydrological Cycle and Human Impact,dRussian Academy of Sciences,

page 4

" Ohio Department of Natural Resources Division of Water Resources Program, 1999, Factsheet 93
18



considered as the beginning of hydrological cycle. As precipitation falls some of it ma
evaporate directly into the atmosphere from bodies of water, and a portion may be intercepted
by vegetatiorf. The amount and type of precipitation that falls in an area ultimately affects

the volume and timing of discharge from a watershed. The obseygainface discharge

from a certain given watershed is generally termeaff or stream flow.? However the
subsurface flow, in a form dbase flow may contribute to the total observable runoff or

stream flow.

. '.< ; Pracipitation
.",'II."I'.__'._
e _-.-:." > Evaporation

Daprassicn

. et storage
molsfure  Perched water toble
PO TP _

—_—

Source: Davis and De Wiest {1966). A:" warer flow

Figurel. Hydrologic Cycle in a certainigen watershed (Davis and Deist, 1996)

Strsam channal \

1.2.3 Integrated Watershed Management

In many developing countries changes in land use are rapidly taking place and the largest
change in terms of land area, and arguably also in terms of water resource impacts, arises
from afforestation and deforestation activitl§Vatersheds are widely accepted as
appropriate geophysical entities for natural resource management. Management of natural
resources oawatershed basis,ifowevera complex process involving several disitipb

and institutiong?

& Land and Water, Conserving Natural Resources in lllinois, Number 13, Page 1

° Streamline, Watershed Managementl&in, Robin Pike, Volume 7, Number 1, Page 1, 2003

%)1an R Calder, Blue Revolution, Integrated land and water resource management, second edition,
2005, page 5

1 Dixit, Sreenath and Wani, Integrated Watershed Management through Consortium Approach, Open
Access Journal, 200Bage 3



IWM is the sustainable development, allocation and monitoring of land and water resource
use in the context of social, economic and environmental objecfiltds. multi perspective

and is therefore istarkcontrast to the traddnal sectored approach that has been used for
ages. The process provides a chance for stakeholders to balance diverse goals and uses for
environmental resources, and to consider how their cumulative actions may affetetriong

sustainability of these rearced?

1.3 Stakeholder Participation

A stakeholder can be defined as an interested individual, group or institution that may or may

not be affected by decisions or actions pertaining to a specific resource, and may or may not

be part of decisiomaking abouthe resourcd. St akehol der playapeayr t i ci p a
important role in integratedatershed management studiesthis study, stakeholder

knowledge is used as the main information source for understanding the dynamics in the

natural resources ofétstudy areaThe stakeholders involved in this study are farmers,

development agents, and local agriculture and rural development office staff members.

To enhance the interaction and participation of the stakeholders, the study chose Participatory
Rural Appraisal (PRA) methods as its main tool. PRA is a set of tools which helps for

interacting with local villagers, and which finally leads to a better understanding about the
stakeholders and the issue which the researcher is looking at. At one leveh&iédaus to

understand and theénangulateto fill up gaps intheempiricaldatg or resolveguestions

aboutsome odd features and flow patisin the observational recar8ut at a deeper eV

the PRA techniques allowed tessee how an observedregor of f | ow r el ated t «
understanding of the natural resource. A major question for us was what sdlewvthi

records could have in integrated watershed management (IWM)

1.4 Deforestation in Ethiopia

Historical information on the land cover/use hes in Ethiopia is quite limited. There are a

few land-useand landcover change studies conducted in different parts of the couasy

12 UNDP, CapNet, 2005A

13 Global Water News, EditoriaNo. 8

4 Barbara Tapela, Stakeholder participation in the transboundary management of the Pungwe river
basin,2006,page 10

15 Solomon Abebd, andUse and Langtover changeni headstream of Abbay Watershed, Blue Nile
Basin, Ethiopia, 2005.



result of this finding precise data on the forest change of Ethiopia might be difficult for one to
acquire Apart fromlooking at the existingnaps andatellite image of the area, this study

uses different literature androonunity knowledge to come up with the most probable land
use/cover figures. This helped us for looking at the effect of laridayss change othe

hydrologicalregimeof the study area.

The late 1980 and 1990 researcbescluded that most of Ethiopia had gone throagigh

rate of deforestation, which dragged down the forest cover of the country from 38%%°to
Most observers agreed that at oneetiimthe pashigh forest covewas 36%, and a total of

66 percent was covered by high forest and savannah wootllandsie early 1950s, high
forests covered 1% of the land®. By the early 1980s it had dropped to 3.6 percent and 2.7
% by 1989(MWRE, 2006). By 2001 FAQeporte4.2% forest coverage of the country.

The Figure Blow is the historical forest coverage of Ethiopia which is first madeeugng,

Matthias (2001) and it ispglated to existing current conditions by taking into account the

June 2010 Ethiopian Agricultural MinistryAnnouncement® This announcement is still

controversial to many forest saars in Ethiopia. Some belietiee announcement overstate

the existing figursjust to showthatthec ount r y 6 s n a tagemenprograraessateu r c e r
on the right path. Othdrelievesthe countryachieveda good afforestation procesgerthe

last decade, though they consider the total forest cover incrementrt@a@%iill be too high

This controversy will come to an end when one comes uplatiébt land use/cover analysis

for the country in general, which no one has yet done.

Y EFAP, Ethiopian Forestry Action Program, 1994

" EFAP, Ethiopian Forestry Action Program, 1994

'8 EFAP, EthiopianForestry Action Program, 1994
http://www.arabtimesonline.com/NewsDetails/tabid/96/smid/414/ArticlelD/156893/reftab/149/t/Ethi

opias-forestcovertriples/Default.aspxacessed 18 July 2010.
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Figl:)ggz. The historical trend of the percentage of forest covers of Ethiopia fromi 1973
201

The south western part of Ethiopia, the study area, is an area whgparatively less

deforestabn has been taken plad®BISPP 2002 report considered this part of the region

asone of the few places of Ethiopia which is stdimparativelyforested. By having 25.5%

forest coveput of the total areat greatly surpasss t he countryod.s average
Howeverthe local rural development office experts of the study area argue that the region has
anannual rate of deforestation of 2.6%, which ishighestin all Oromia Regional states.

These experts fear thattife forest losgontinues, there will not be that much forest leftan

few decades. Right now the average household land holdargafyricultural purposes is 4

hactaresand 0.76 ha per capfta

The main priority forest areas found in the study area artd3€lera, Sigmo and Babya

forests which are register@utheWorld database of protected ar€a¥ayu forest, which is
named as one of UNESCO biosphere reserve in July)i8@artly found in this part of the
studyarea Yayu forest isone of the last reaining Montaneainforest fragments with wild

Coffee Arabica populations in the watfd

*First made byrReusng and Matthias (2001) and it ipdated to existing current conditions
by taking into account the June, J2Ethiopian Agricultural MinistryAnnouncement
ZLyukio Cheng Journal of Forest Researdbeforestation and degradation of natural resources in
Ethiopia: Forest management implications from a case study in the BEleta Forest]998.

2 MWRE, main report 2006

% http://www.wdpa.orgAccessed on July2010)

24 http://portal.unesco.org/science/fr/ev.php
URL_1D=8884&URL_DO=DO_TOPIC&URL_SECTION=201.htrf\ccessed on Jul010)

6
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1.5 Obijective of the study

Relating Stream flow, Rainfall and Land use/cover trends and understanding the
conmunityds knowl edge on c¢ han Didessa sulbasihndfthe nat ur
Blue Nile River is the main areas which this study dealt with. As @asaim study 8 different
catchmentsvere selected for analysis. For each of these catchments 15 to 270y ekity

stream flow and rainfall data has beenhgatd from the Ethiopian Ministry of Water
Resources (EMWR). In addition this study gave some insight about the land/use land cover
changes of the study area from the perspective of the lozethaoity and previous studies.

The three basic objectigef ths study are:

1 To define the Didessa siiasin river flowtrends and variatioaver a period of
deforestation.

1 To comprehend the local peoples understandirige hydremeteorological and land
use/cover chronological changagheDidessa Suibasin

1 To seehe potential for combining sources of knowledge in Integrated Watershed

Management.

Therefore the research question canléneda s ¢ bakkethevDidessa Sub basin river
flow dynamicschanged durin@ period of deforestatiorand to whaextentdoes this

correspond to theommunity épsrception ofchangesn t he nat ur al resour ce



2 Research Design and Methodology

2.1 The study area
2.1.1 The Blue Nile

The Blue Nile and its tributaries all rise on the Ethiopian Plateau at an elevation of 2,000 to
3,000 meters$® The Blue Nile starts at Lake Tanatfre Northwestern Ethiopian highlands.
After leaving Lake Tana it passes through deep Ethiopian gargkegalleys for about

1609km before entering Sudarhe Blue Nile basin encompasses 14 maintmgins vith a

total area ofL76,650km. Its catchment accounts for ab@@% of Ethiopian langurface

Out of the 14 sulbasins; the Didessa sub basin, whicthesstudy area, is located in the

southern most part of the Blue Nile basin.

2.1.2 Didessa Sub- Basin

Contiibuting roughly a quarter of the total flos¥ the Blue Nileas measured at the Sudan
border the DidessaRiver is the largest tributary of the Blue Niletarms of volume of

watef®. It rises at Mt. Vennio and Mt. Wachanges which are located in the 8oWestern

part of Ethiopia. Having a vast number of small and large tributariditdlessasub-basin
drainage area is nearly 880knt.>’ The drainage area touches the three administrativeszone
of Oromia regional state of Ethiopia:nima Zonein the mat upper and middle part,

lllibabur Zone in the middle part and East/West Wellega in the lower part down to its
confluence taheBlue Nile River.Yebu, Urgessa, Temssa, Dabana, Indris, Anger and Tato

rivers are some dhe dozenributaries otthe Didess&iver system.

TheDidessa sulbasinis geographically located between®52 6 a°md 63 € a s t
longitude, and betweed 2 3 6 %4l rBNbrti8latitude The mean annual rainfall in the study
area ranges between 150@nin the outhernto 2322mm in thenortherncatchmentsThe
majority of the area is characterized by a humid tropical cliwéteheavy rainfall and most
of the total annual rainfall is received during one rainy season called Kireeninaximum

and minimum temperature varies between 2136.5¢c and 7.916.8c, respectively. The
altitude ranges between 1#2@nd 2088 above sea level (excluding some top hills and

mountains which can gmore tharB500mabovesea level).

> UNEP/DEWA/GRIDGenevaWater aring in the Nile River Valley19992000,page 21
6 The Climate and Hydrology of the Upper Blue Nile River, Declan Conh@§9, page 56
" Hydrology of the Nile Bais, Volumei 2, Mamdouh Shahijrpage 42
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Below, the forest cover of the Southermnpfthern and Middle part of the Didessabbasin
areclassified and discussed.

2.1.3 The southern part of t he Sub-basin
(Yebu, Urgessa and UppeDidessg

Though it is still highly forestedompare to the middle and northern catchmehts part of
the study areauffered (especially in 1980s and 1998@4)ighpressure due to expansion of
agriculture with only shade trees for coftasing left after conversion to agricultutgéaving
Belete Gera forest on the left and Babye Fola forest on the right b@n#esfsaRiver, this
part of the catchmemirovidesa very good amount of coffee beda the central market that
will be traded mostlyor foreign exchangearningsIn the table below we can see that 17%
of the forest landhas beeronverted to cultivated land (Source WBISPP, 2002)

Tablel. Land Use/Cover of the forest Priority areastomm $outhern Catchments (Source WBSISPP,
2002)

Forest name Total aregkm?) | Natural Forest | Wood land Cultivated Land
(km?) (km?) (km?)

Babiya Fola 25,000 18,169 2,723 4,392

Gera 113,360 93,774 - 19,586

Total 138,360 111943 2723 23,978

% cover 100 80 2 17.3

2.1.4 Middle part of the Sub -basin

(Dabana Buno, Part dfowerDidessa

This part of the study area is also covered with broadleaved high forest of Sigmo, Limu Seka,
Didessaveredagprovinces) On themiddlewest bank oDidessaiver Yayu forest takes its

little share of the catchment, but its majority part tends to the Baro Akobo sub basin which is
amajor tributary othe White Nile. According to WBSISPP report8%of Sigmo forest
(70,672hahas beemonverted to cultivated larid the last 30 yeaf&

2.1.5 The northern part of the sub -basin

(Tato,LowerDidessa, Indris Sire)

Except the Komto forest, thorthernpart of theDidessasub basin whiclis mainly locatel

on llibabur and East welega Zones of Oromia Regional State are intensively cultivated and
hawe been going through a high rate of deforestation for the last half a century. However in

8 \Woody Biomass Inventory and Strategic PlanningeRtqWBISPP), Ethiopia, 2001

10



the eastern part of thrthernpart of the study area we can find lowland wood lands of
Borecha, Limu Seka and Gechin wereff@svinces)

2.1.6 Land use/cover change

Dueto the vastness of the total study area and shortage ofttimes st udy doesnot
empiricd land use/cover change analysis. Mosthaf land use/cover data used on this study

was obtained from the community knowledge and site visits. However difieoe

digitalized Blue Nile maps, which were obtained from the reconnaissance study of the
Geographical Information System department of the EMWR, also helped to characterize the
changes in the land use/cover of the study area.

2.2 Rainfall and Runoff

For eab of these catchments 15 to y¥ars daily stream flow data has been gathered from
the Ethiopian ministry of water resources (EMWR). To see the general hydrological flow
trends the daily flow data has been converted to monthly and atatadfrom the mnthly
flow data the total, peakndBase Flowwasidentified. To define the dry season flow and
base flow, Base Flow Indices (BFiavebeen developedBy using Microsoft exceand JMP
software package programginfall and runoff trends and changes wa@vn for the year
between 1980 to 2004.

Using the rainfall data which was obtained from the National Meteorological Agency of
Ethiopia(NMAE) the runoff coefficient of each catchment was developed. The runoff
coefficienthelped to see the relatioh precpitation and/or stream flow with the catchmisnt
landusecharacteristicd-or understanding the variation or dispersion in a given set of rainfall
and runoff variablesCoefficient of Variationwhich is the ratio of the standard deviation to

the mearwascalculatedFor future posible water resource managemant todefineBase

Flow in relation to the total dischargBase Flowindex (BFl)was also calculatefdr each
catchmentThe BFl is defined as the total annual runoff divided by the runoff ofribstd

month.

Before working on the stream flow and rainfall data, high or low monthly values were
checked against the records of the nearest month that occurred at the same year. Correlation
andregression analysis is used for filling igev missng daly data and extending shorter

length records of some catchments which have fair and satisfactory correlation exatsffici
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with neighboring catchmemainfall and runoff pattes?°After working on the long term
temporal trends of rainfall, runoff and runoffefbicient, the dry Season flow, wet season

flow andBFI of each catchment were analyzed.

For looking at periodic differences and short term deviations in annual stream and rainfall
patterns, the long term data were divided into periods one and two tisenoember of
available data for each catchment differs from one another, periods one and two of each
catchment do not necessatrily reflect the same length and period oB&loe. Table 2

shows listed Hydrological Gauging stations and availableatatdhe time period used for

the Didessa subasin.

Table2. List of Selected Hydrological Gauging Stations and available data.

Latitude Longitude Catchment Available Data
Station | Deg [ Min Deg |Min |Area(knf) |[Period1 |[Period 2
Name
Yebu 07 |48 36 42 47 19801991 | 19922004
Urgessa| 07 | 50 36 39 19 19801991 | 19922004
Temssa | 07 |51 36 35 47.5 19891996 | 19972004
Upper |08 |03 36 27 1806 19801992 | 19932005
Didessa
Dabana | 08 |24 36 17 47 19841993 | 19942005
(Buno-
Bedel§
Lower |08 |41 36 25 9981 19791991 | 19922004
Didessa
Indriss |08 |56 36 57 49 19871995 | 19962004
Srie
Tato 08 |56 36 45 42 19962006

2.3 Stakeholder Perception

A field visit was undertaken in the tlergelected catchments which are Temssa, Dabana and
Tato. Three differer®Participatory Rual Appraisal (PRA) techniquegereused for

interacting with the rural peoples who are liveagd workingin and around the selected
catchmentsParticipatory Rural Appraisal (PRA) abag of toolswvhich greatly helps in
interacting with local villagersjnderstanding anacquiringknowledge from thenPRA

involvesvarious principles, a process ofnamunication and a menu of methods for seeking

29 Abebe Sine and Semu Ayalew, Hydrological homogeneity of Blue Nile, Addis Ababa University ,
2003
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villagerso6 participation in putting forward
themto do theirown analysis with a view to makingse of such learnifThe term PRA is

originally developed oubf anotheparticipatory approach called RRA in the 1980s.

Empowerment, respect, localization, enjoyment astusiveness are the basic principles and
conceps of PRA.

1 Empowerment:
Through the process of sharing their local knowledge to the outsider and among
themselves, PRA buittbr reinforce the local peoplé sonfidence. Finally the people
understand that their knowledge regarding issues reilatbed aea they are livingn
is of highest importance for any research or development process.

1 Respect:
All process in the PR&ansfams the researcher into learner and listener. The
researcher should respect the | adaoval sé cul
the usual norm of acquiring knowledge.

1 Localization:
For avoiding a feel of exterdgldriven research, PRA uses local resources and locally
made materials for all its activities.

1 Enjoyment:
PRA should be enjoyable for all particiga To do so, th researcher should take an
advance preparation before startingleal with the PRA tools and methods.

9 Inclusiveness:
One of the best partf PRA isthatit tries to encompass all the people that directly or
indirectly areaffected by the chosen issudig creates a chance for the marginalized
to be heard. Usually the marginalized are poor peoples, women, illiterates, disabled

etc.

Out of a dozen PRA methods, focus group discussions, key informant interview and Time

line were used.

%0 Neela MukherjeeParticipatory Rural Appraisal Methodology and Applicatic?803(
Page 3681)
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2.3.1 Focus group discussions

Focus Group discussias a structured participatory group process usually applicable for
exploring attitudes and feelings and to draw out precise issues on a specific topic or
progranme of interest. Focus groups are composed of interactive individaalsg some
common interest or characteristics, all representing a particular segment of a certain given
population. The advantage of this qualitative research metlbdtgarticipants interact and
give their view in a group which they can build uponheathed siews. Its flexible format
allowed exploring unanticipated issues and it highly encourages interaction among
participantsUsually the focus group discussion consists of 6 individuals in one focus group,
however in this study because of the wikability of some interest groups, 4 people in each
focus groupwvereused.Having irrigated or rain fed farmland, wealth and amount of total tree

possession in the farmland was the main areas which were used for selecting the groups.

Figure 4 Focus goup discussion at Tato.

2.3.2 Key informant i nterview

Key informant interview was used as a major instrument to ga#ngimportant
Information/Knowledge which | couldot manage to acquire from the group intewiand

Focus group discussioKey informant inerview helps to gather different perspectives and
categories (groups, positions, functions with respect to project activities), which may provide
the needed informiamn on a given issue or subj&ct

3L Anders RudqvistField WorkMethods, 1991
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Even if the peoples in the study area psssaore or les the same culture, language and

ethnic group, their land management systand concern and know how about the dynamics

of the natural system in their living environment is different from place to place. Hence Key
informants wereedected from the two esdf threecatchmerg, upstream andownstream.
Theselection process was mainly done with help of the Woreda rural development office and

the development agenthoar e | i vi ng and wominityng i n the f a

Figure 5.Discussion with Key Informemn
2.3.3 Timeline

Timelineis one of norpopular PRA methagwhich helpsin describing changes in land

cover/usechangsin cropping patterns, chronologies of events relevant to loc#. lifethis
studyTimelinewas applied for ceelating the empirical pattes and trends of rainfall and
stream flow data with the camunity knowledge. In additiofiimelinewas used for looking

at the farmersdéd insight on changes in | and u

%2 Ruggeri LaderchiParticipatory Methods in the Analysis of Pove2001
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2.3.4 Observation
Since direct observatidhcan be made at different pgend leves of the field work it was

anintegral part of the entire study.

2.4 Ethical Considerations

2.4.1 Informed Consent

Before starting any kind of interventions, having the informed eminsf the indigenous

people who were the major actors in the process, was the first priority. It is behevtds

is one of the peopl eds Dirionatdsally applichblevin nbst a | an
previous research interventions though.

Achieving active participation from all the indigenous peoples and making them the main

actor of the study needs prior informing of the purpose and importance of the study for all

who were patrticipating in any of Participatory Rural Appraisal (PRA) tecias. | hope this

lets the villagers to have a sense of ownership and make them active participants for every
discussed issue.

2.4.2 Demand concerning Privacy

The concept of privacy is complex. What is public and what is private is rarelyccig®4in

all interactions giving a mandate for all actors starting from a single farmer to the government
office experts to decide themselves on anonymously refteon some isses which they

believe sensitivavas done However; since this rsthatsek;ms do e sn
sensitiveto individualsandaany party i n some way, there wast
for his thought to be kept anonymous.

% participant observation was made while having lunch and drinks with the farmers and development
agents.
¥ Martyn and Paul, Ethnograph3000
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3 Results

3.1 Long term total Rainfall and Stream Flow patterns

Table 3below show the long term (1972006)temporalannual rainfall and runoff rate of
change and coefficient of variatiof the different catchments of tiledessasubbasin. The

total number of years of the data used for the analysis depends on the data availability for

each catchmenin orderto see the trends of rainfall and runoff relations)off coefficient

which is a percentage ratio afrroff to rainfall has been employed. To understand the

variability of the annual rainfall and runoff valu€xefficient of Variation which is the

ratio of the standard deviation to the mean of annual rainfall and runoff records was

calculated.

Table3.Characterstic ofrmmual rainfall and stream flow of the Didessa ®alsin Catchments

Average Annual | Coeficient of
Annualrate Average | Variation (CV)
Inc/dec Value| (mm) (%)
(mml/yr)
Urgessa Rainfall 7.5 1510 13.8
Runoff | 19.7 1274 33.6 Southern Part
RC (C) 0.7%  61% 24 NB % All catchments except
Yebu Rainfall | 3.7 1509 13.5 Temsseshowed an increasing
Runoff 115 110 38.0 Trend of rainfall and runoff
RC(C)  0.1% 7% 35 Pattern.
Temssa Rainfall | ¢14.8 1531 [ 1238 NB 2 Temssaunoff decreased
Runoff c525 839 45.0 was judged to be n(_)t plausible
RC (C) C2.5% ‘ 54% 47 though no explanation or error
- " could be found.
U_ Didessa Rainfall 9.4 2095 26.0 NB3: 8$6dz0& I S NI
Runoff 130 635 32.0 Runoffappeared to berelatively
RC(C) 0.™% \ 31% 34 very low
Dabana Rainfall 17.6 1773 18.7 Middle Part
Runoff 3.3 774 27.7 NB¢ Increasing Runoff and
RC(C) 17.%% - 44% 19 Rainfall Pattern.
Lower_Didessa | Rainfall | ¢1.5 1829 15.6 Northern Part
Runoff ¢l1.8 485.1 26.6
RC(C) cl12.2% 18% 20 NB¢ All showed Decreasing
Tato Rainfall ¢14.5 20% 11.4 Rainfall and Runoff Pattern
Runoff q22.7 562 39.5
RC(C) «¢3.5% 2% 10
Indris Rainfall ¢4.3 1817 13.1
Runoff ¢40,5 764 37.6
RC(C) c2.0% - 43% 39

In the Southern part of the sblsin (Yebu, Urgessa, Temssa and Upper Didessa) all the

catchments excefifemssaevealed an increase in their stream flvd rainfal pattern.

While the rainfall amount of Urgessa, Yebu and Upper Didessa rainfall increased by annual
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average ofil mm, their runoff amount increases &0n, 11.5mmand 13 mmrespectively.

The runoff coefficient of all the southern catchments are alseases byveragevalue of

0.5%. By looking at an extreme decremstiatrting from 1995, it may feel reasonable to think
whether there is an error in themssastream flow records or there has been some water

holding embankment construction made in the ugpke of the gauging station. The effort to

come up with a possible reason for the extigroddTemssdas st ream f |l ow patt

resultedn discardinghesepossible explanations

On the other hand the catchments which are located arottieernpartof the si-basin
(Tato, Indris and.ower Didessa all revealed a downwam@hnual totaktreamflow pattern
with an annual decreasing value2@.7mm, 40.6mm, and1.9 mmat Tato, Indris and.ower
Didessa respectivelyn addition the rainfall of Tato anddris showed annually decreasing
values of 14.5nmand 4.3mmrespectively. Théower Didessa annual rainfall pattern
shows an insignificant increment of IrBn. The annual runoff coefficient values of all the
northerncatchmentshowed a decreasimagtiernof 12.2%, 3.5% and 2% at LowBidessa,

Tato and Indris correspondingly.

Dabana which is located on the middle part of the Didessaasih possesses an increasing
rate of annual rainfall and runoff values of 16 and 3.3mmrespectively. At the sae
time its runoff coefficient has an annual rate of increase of 17.5% which is the biggest of all

the catchments.

3.2 Long term total Rainfall and Stream Flow Variability

The annual variability which is defined by Coefficient of Variation (CV) is higheruooff

than rainfall at all catchments. The CV for Urgessa, Yebu and upper Didessa rainfall pattern
revealed 13.8%, 13.8%, and 26% respectively. However the variations in runoff amount of
these three catchments are 33%, 38%, and 32% correspondinglyhdsstle total annual
runoff is more variable than rainfall. The

show a trend in their value.
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Figure 7.Variablity of Mean Annual Rainfall and Runoff of Didessalsagin Catchments.

As it has been seen the Southern Catchments, the northern catchments (Tato, Indris, and
Urgessa) also showed a greater annual variability of runoff than rainfall. The rainfall CV
value of Tato, Indris andower Didessa appeared to have a value of 11434% and

15.6% rapectively. Howevethe runoff CV of Tato, Indris andower Didessa 39.5%, 37.6%
and 26.6% correspondingl®abana appeared to have a CV value of 18.7% for rainfall and
27.7% for runoff.

3.3 Period One and Two rainfall and stream flow trends.

Theannualtotal rainfall and stream flow dynamie@se shown in figure8. For each

catchment, excluding Tato afié@mssathe total data series has been classified into two
periods with equal number of years. In Tato and Tenthesdata records were too short to
calculatetrends for two periodg-or further studiesn theses catchments, maavanced
hydrological models of forecasting and estimating, which encompass different parameters,

should be developed.

3.3.1 Southern Catchments (Yebu, Urgessa and Upper Didessa) trends in an nual

rainfall, runoff and runoff coefficient Values
In the first period of the data series three of the southern catchments; Yebu, Urgessa, and
Upper Didessa, recorded an increasing runoff and rainfall trend. However these catchments
appeared to have a sificant annual rate afainfall and runoff decrement eriod two. The
annual rainfall and runoff rate of change of period one of Yebu stands at an increasing trend
of 1.3mmand 19mmr especti vely, 1t didndt shoew any

though. Urgessa possessed an increasing annual rainfall and runoff trending valoerof 58
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and 56mm at period one but it turned up to have a decreasing rate of changenai &6d

38 mmat period two correspondingly. However its runoff coefficient doést

ineitherperiod Li ke the above mentioned

didessa also revealed an increasing annual rainfall and runoff rate of changenom 424

show any

t 6s

t wo

40 mmrespectively. At period two Upper Didessa alppeared to have a decreasing annual

rate of change of rainfall and runoff value ofiimand24 mm
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Figure 8. Period one and two time series plot for annual rainfall, stream flow and runoff
coefficient of the Didessa suiasin catchments.

3.3.2 Northern Catchments (Indris and Lower Didessa) trends in annual rainfall, runoff

and runoff coefficient Values
Contrary to the 8uthern Catchments, at both period one and two, Indris revealed a
decreasing trend of annual runoff and rainfall rate of change. Nevertheless, while Indris
Shows decreasing trend of rainfall and runoff valudso#t periodsi.ower Didessa appeared
to have an almost constant rate of change of rainfall and runoff. When we see the real figures,
at period one, Indris rainfall and runoff noticeably decreased annually tyr3hd23 mm
respectively, while runoff coéfi ci ent doesndét show any trend.
showed an annual decreasing rainfall and runoff trending valuerafisdnd 55mm
respectively, while runoff coefficient revealed an annual decreasing patternnofi2.3
During period onelL.ower Didessa revealed an almost comparatively constant annual rate of
change of rainfall and runoff value of 4.9 &8 mmrespectivelyDuring period2 while

rainfall hasan annual increasing value of 0.8, runoffincreases b{.2mm.

At Dabana catchment whids found in the middle part of the Didessa-balsin, runoff

increased.1 mmannually and rainfall increased &8n per yearneverthelessunoff
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coefficient showed an annual decreasing valuerafriwhich can possibly be considered as

a constant pattern

Table 4 Annual Variation (AV)Annual rate of chang@ARC) andAverage Runoff (AR) for

Didessa Suibasin catchments.

Period JuneOctober  February August Nov-May

(Urgessa) (Wet Season) (Driest Month)  (Wettest Month) (Dry Season)

19802005 AV(%) 8.5 24.4 4.6 22.3
ARQmm) 11.1 0.8 2.9 6.4
AR(mm) 220.5 27 250.1 38.7

1980-1992 AV (%) 18.5 49.5 7.7 69.2
ARQmm) 354 2 6.6 19.7
AR (mm) 203 21.9 223 186.8

19932005 AV (%) 34.2 49.5 20.8 44
ARQmm) ¢15.7 1.8 -20.1 -135
AR (mm) 241.5 32.1 270.8 46.3

Yebu

19802002 AV (%) 17.8 0.1 11 0.1
ARQmm) 1.5 ¢0.01 0.4 ¢ 0.06
AR (mm) 20.7 2.9 17.7 3.4

19801991 AV (%) 0.1 19 0 1.9
ARQmm) 0.5 0.6 - 0.43
AR (mm) 15.2 2.7 17.8 3.2

19922003 AV (%) 6.1 6.3 2.4 20.8
ARQmm) 1.8 ¢0.25 0.4 g2.2
AR (mm) 19.7 3.1 23 3.7

Upper

Didessa

19802005 AV (%) 33 2.7 19.6 116
ARQmm) 14 -0.17 4.2 0.93
AR (mm) 108 7.2 154.6 13.6

19801992 AV (%) 554 1.7 47.6 3.1
ARQmm) 37.8 -1 16.5 -1.4
AR (mm) 88.5 9.5 128.9 13.7

19922005 AV (%) 23.8 16.1 31.2 40.3
ARQmm) -16 -0.34 -6.1 -8
AR(mm) 123.4 5.3 172.3 10

Lower

Didessa

19792003 AV (%) 1.7 11 0.4 1.2
ARQmm) ¢1.2 -0.06 -0.23 18.2
AR (mm)  69.7 2.6 93.4 6

19791991 AV (%) 0 1.2 0.2 37
ARmm) ¢0.33 -0.03 -0.4 0
AR (mm) 72.2 2.3 92.5 5.8

19922003 AV (%) 0 38.4 3.1 16.2
ARmm) ¢0.11 0.26 0.83 141
AR (mm) 67.2 2.9 94.3 6.1
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Indris
19872004 AV (%) 56.7 3.2 29.5 0.5
ARQmm) ¢34 0.2 -9 0.5
AR (mm) 150.7 9.9 182.6 17.3
19871995 AV (%) 19 194 17 24.8
ARQmm) ¢ 36 0.8 14 9.2
AR (mm) 201.4 8.7 251 16.7
19962004 AV (%) 44 0.2 6.4 30.5
ARQmm) ¢39 0.1 -4 -8
AR (mm) 108.1 11.8 130.5 184
Dabana JuneOctober February (Driest SepAug.(Wettest Nov - May (Dry
(Wet Season)  Month) Month) Season)
19842003 AV (%) 0.2 2.3 (Sep 57 13.2
ARQmm) 2 0.1 -2 2.4
AR (mm) 160 4 194.2 11.2
19841993 AV (%) 0 34.7 (Sep 1.5 41
ARQmm) 2.2 0.7 -2.6 7.6
AR (mm) 160 4.3 204 9.8
19942003 AV (%) 0 29.7 (Aug 196 0
ARQmm) ¢l1.4 0.2 -3.3 04
AR (mm) 159.7 3.7 195.2 12.5

3.4 Changes in stream flow at the Dry and wet Season

The study area has three seasons which are the dry sBagar(Octlan); the little rain

seasonBelg (Fé-May) and the heavy rain season, Kiremt (Jugep).However to make the
analysis straightforward drto easily see the significachhanges, two seasons which are Wet

and Dry has been used in this study. Hence accorditigettotal amount of rainfall, dr

season stands for all months between November and May and the Wet season refers to June
to October. In addition the long term average monthly stream flow is lowest in February and
highest in August.

Looking at the seasonal variation of the stream flaay imelp us to understand the basin
characteristics for future possible watershed management and flood controlling measures of
the Didessa subasin. In addition to thi$he Base Flow Index adds another perspective to the
hydrologicalcycle of thestudy ara. All selected catchments, excluding Indris, possess the
same rangef seasonal stream flowndris starts and enits dry seasoatthesame asther
catchmentsbutits wet season starts one month later than theotBelow both the dry and

wet seasofflow are explained separately
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3.4.1 Dry Season Flow

For all catchments as a result of the low amount of precipitation, the dry season stream flow
lies in between November and May. February is the driest season in all cases, but Upper
Didessa revealed its lowteftow in January. Unlikehe annual stream flow, the dry season

flow of the Didessa subasin catchmentll showed an increasing or constant trend for the
total observed data periaddowever when we classify the total period in to two periods, all

excep Lower Didessa and Dabana revealed a decreasing trend at period two.

As shown in table 4he Southern catchments Yebu, Urgessa and Upper Didessa, at period
two, showed a decreasing annual dry season stream flow pattern at a ratamf 27245

mm and 8mm respectivelylndris had a 9.2nmincreasing dry season annual stream flow
trend at period one; nevertheless, it turned to have a decreasing tremanct&eriod two.
HoweverLower Didessa appeared to have a constant annual dry season rate ofathange
period one but it showed a slight increasing trendrgnnual value of 1.41 at period two.
Themost noticeable changhave beembservsedt Urgessa with annual dry season stream
flow that has amcreasing trend of 19mMmin period one to a 17.45m annual decreasing
trend in period two. From having an annual dry season increasing trend at a valuamof 7.6

at period one, Dabana showed an almost constant trend valuenoh@#éperiod two.

In general the southern catchments Yebu, Urgessa and Djgeessa dry season flow
responded with the same pattern as the total annual stream flow.

3.4.2 Base Flow Analysis (BFA)

Base flow is an important component of stream flow, which comes from groundwater storage
or other delayed sources (shallow subsurface stotakes, etc}’ In the study area, farmers

use base flows for irrigating supplementary crops and daily livelihood water needs.
Therefore, understanding the base flow characteristans isportant prt of any

hydrological study.

Since the annual precipiion and total flowhas a strong influence on dry season fldie
amountof dry seasostream flomwas normalized to the tdtannual flow by calculating a
Base Flow hdex. This facilitated a comparison of the catchments intrinsic ability to

transform agiven amount of rainy season precipitation into dry season Tae basic

% SmakhtinV Journal d Hydrology, vol. 240, issue8
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assumptionn BFA is that thedry seasomonthly minimum stream flow is equal to the base
flow.*® The tase flow index (BFI), ishena nondimensional ratio defined as the volume of

base flow divided by the volume of total annual flw

40
35 = Upper Didessa
30 Dabana
g 25 Urgessa
— 20
o Temssa
15 )
e | NATS
10
5 e Arjo-Didessa
0 M Yebu

Figure9. Long term trends in annual Base Flow Indices of Didess&&sib catchments.

The Figure above shows the long term temporal trend of the Base Flow Indices (BFI) of

Didessa Sulbasin catcment . For most catchments the annu
revealed a noticeable temporal trend. However compared to the total stream flow the annual
variability of the base flow is very high for almost all catchments. In table 5 we can see that

Upper Ddessa and Dabana record an annual coefficient of variation of 70.0 and 70.7 percent
respectively, which can be considered as significantly variable. Yemussaand Indris

showed very high Base flow Index values. On the other hand Upper Didessa and Dabana

recorded a comparative very low base flow index values.

% p.J.Wood, in stream mesohabitat biodiversity in three glwater streams under base, flow
conditions, 1999.
37 SmakhtinV Journal of Hydrology, vol. 240, issue43 pp. 147186
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Table 5.Characteristicend changes iBase Flowindices of Didessa Sdbasin Catchments

Coefficient
Average Annual rate of  of Variation
Annual BFI (%) change (mm) (%)

Urgessa

(1980-2003) 2.2 0.02 43
Yebu

(1980-2004) 1 0.27 39
Upper Didessa

(1980-2006) 0.7 T 0.02 70
Temssa

(19892004) 16.7 7 0.85 44
Dabana

(1984-2003) 0.3 0.01 71
Lower Didessa

(19792004) 11.4 0.12 27
Indris

(19872006) 17.3 0.7 42
Tato (1996-2006) 1.9 71 0.14 50

3.4.3 Wet Season Flow

Bearing in mind the long term average monthly stream flow is highest in August, the wet

season recorded between July and October for Indris and flanked between June and October

for all other catchments. While Dabaa 6 s peri od one showed its we
contrary to other catchments, it changed back to August on period two. Upper Didessa

recorded an annual stream flow increasing pattern ofrf8im&t period one and then

unexpectedly the pattern follode@ decreasing trend with annual declining value aht®
Sincethischangpad ecr easi ng pattern di dBBaseFlowshow up o
pattern, itwasprobably causeditherby changedn the land use/cover of the areaerros in

the recordedlata As shown in the table below Urgessa possessed noticeable annual stream

flow decreasing value of 33mand 53mm at period one and period two respectively.
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Figure 10. Flow regimens for period one and two of Didessalsasin catchments.

3.5 Results of the qualitative data (From Field Work)

3.5.1 Socio-Economic Issues

The flow chart below shows the different sotieconomic issugewhich werepointedout

and discusselly thestakeholdersluring field visit part of thisstudf= ar mer sd | i vel i h
education, water supply, health and gender were the mainsommmmic issues discussed by

the different stakeholders at different levdlee complexity othe sociceconomigproblems

mainly laid on the interconnection of the issues one to andilaging high illiteracy rate

will unquestionably worsen the other seeiconomic problems and there is no doubt that
unhealthy citizen wo wlethepllarsd everypfamiydthepossiblkee .  Wo

social- economical injustice on them can negatively affect many.
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Figure 1. Flowi Chart that shows the rich picture of the sdceconomic issues.

3.5.1.1 Farmers Livelihood

As is the case for most other ruparts of the country, the naajty of the inhabitants of the
study area are deriving their means of livelihood from mixed farmingrthalives both

traditional cropproduction and livestock rearing. Farming and livestock do not manage to
always satisfy te annual subsistence requirements of the household. The marginal
productivity perpetuates peasant life involving a lot of toiling. On the other hand the
community perception study has indicated that out of the total involved participants 95%
derive their major source of income directly from crop productiihis indicates that the
farming system is largely dominated by crops production in the area and livestock rearing a

minor part.

% This isthe data that the Developmengénts in the study area estimates
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3.5.1.2 Education

The total number and distribution of schools and student ereotimates are very minimal.
Lack of educatiomnstitutionsandhigh student dropout rate are resolt various sorts of
socioeconomic problems. High student nurslpar class, high student teacher ratio and
lesser participation of girls at all levels @hsol are the major problems identified by
community participants in the study. Most of the above mentioned problems are associated
mainly with poverty of the farmers in the region and the weak and fragile economy of the
country in generaHowevera tremadous effort made by the government and the

community is giving some fruitful successr overall formal educational system of the area.

3.5.1.3 Water supply and Health

There isascarcity of potable water in the study area. Hand dug wells and drinking water
diredly from streams is the main source of potable water in the rural piae afea. As a

result of this vater born diseases are the main challenge the rurahenity is facing. Lack

of health facilities at closer distance from thikagies made the situah worse However in

big towns like Bedele and Agaro there is a clean water supply scheme by channeling from
rivers and ground water. The number of drinkable water supply schemes as well as the
capacity and regularity of the services of schemes is reptriee inadequate in meeting the
demand of the population. Paradoxically; the studied area is rich in water resources, while the
vast majority of the people have no access to drinkable water in sufficient quantitygand at

reasonable distance.

3.5.1.4 Gender Issues

Like most rural pagof the country, women of the study area suffer from cultural and
practical probl ems. For the purposes of addr
Offices of each Woreda are striving currently to change the traditional and att@ade of

the people towards women, increase womeno6s i
matters and acomunity level development interventions and alleviating traditional practices

whi ch are against womenods devmdtheprment and we
problems are early marriage, abduction, rape and female genital organ mutilation. Besides,

there are some interventions launched by Women Affaires Offices organizing women in

credit and saving schemes to create access to income generatiiy acti
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Although considerable improvement is observed regarding school enrollment of girls during
the last decade or so, undoubtedly parents still prefer to send their boys to school than their
daughters. Even when they are sent to school it is very likatythiey are the majority among
dropouts owing to early marriage and also due to the distance of schools from residences
which makes the travel of girls by themselves very difficult. This latter problem has also to
do with the prevalence of rape and abauctWomen have also no say in family planning, be

it birth spacing or limiting the number of children. Therefore, as to the magnitude of the
problem still remains much to be done in the future to solve all the loads which are burdened

on the girls and woan of the study area.

3.5.2 Analyzed Timeline related to the dynamics in natural resources  (Rainfall, runoff
and forest change)
The Timdine below shows the dynamics in the natural resources of the Didesbasinb
between the years 196@005 It is the comied output of thre@ime Tables which were
madeby the farmers in the Temssa, Dabana and Tato catchmentgding to the
respondents the driest time ever recorded was in the mid of 1980s. This had brought drought
related problems to the southern parthaf Didessa subasin. On the other hand, the mid
1980s are the timashenEthiopia experienced a widespread and catastrophic famine in most
parts of the country. Due to this the government relocated peoples which were highly affected
by the famine, mainljrom the northern part of the country, to the northern part of the
Didessa sulbasin.

The 1974 and 1991 changes in national governments caused a massive instability throughout
the country. In some places of the Didessalsagin the instabilityed toadions which were

a threat for the forest cover of the area. By using the instability which downsized rule of law,
some farmers started to clear some part of the forest and changed them to agricultural lands.
lllegal cutting of trees from the governmentreed forests, for personal andnmwercial use

also took place.
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Timeline for Didessa Sub -Basin

High amount of _, Governmet and Policy _, Governmet and Policy

forest (1960-70) Change (1974) Change (1991) _ Millinium Campaign
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AS . part of the country (mostly Instablity
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Didessa Subbasin country
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\ } Government forest
= = controlling measures
Forest- owned by Land = Y increases

Lot @l 2 High deforestation

- ) T People Awarness towards
Forest ownership - belongs = Driest time ever (1983-84) forest has shown a positive
to government change

Deforesation decreases

Figure 2. Chronological natural resource dynamics of Didessa Sasin.

According to most respondents, the other probklerought up as a result of the 1974
government collapse is the foresmd wild life protection policy and land ownership
declaration changend measures taken by the new government. Th&7dgovernment
gave the right to own and manage forests to the local land koggever;when the new

governmentappliedthe land managementeform (Rural Land Proclamation of March 1975)

and all forestsvereconsidered as state ownegapsin controlling illegal deforestation

widened This resulted in a substantial illedafest cutting and clearing activities. Many

respondents ba&lve the 1991 government change brought instability and there were actions

which were a threat t o t h ékelftohae bdersas seboud

as those around 1978he canmunities perception related to rainfall, runoff and &reover

obtained from the field work were analyzed and developed in a table below.

(@
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Table 6Tabulated conmunity perception result.

Parameter

TemssdSouthern

Period one (19800) / Period two (1992000)

Rainfall

T
T

T

Mentioned 1982/83 as the driest time of all time.

Majority of the participants agreed Period two experienced a decrease in
rainfall amount compare to period one

Some participants reflected as rainfall amount is not changing and static |
last 30 yess.

Runoff

About half of the respondents say the amount of the flow is static and the
half said it is decreasing from the time they know the river. But all the pec
strongly agree that the dry season flow decreases.

Forest
Cover

Immediately aftethe 1983/84 draght and at the time government change
(1991), there was instability which leatdancreasing rate of forest cut. But
after some years peopleoncern about advantage of forest riseskanithe mid
of 1990s because of governmémtest corrolling measurs, this resulted in
minimizing the rate of deforestation.

Most believed most of the deforestation occuritean the beginning of 1980s
to the mid of 1990s.

DabanaMiddle

Rainfall

Most respondents praised the 19@6s time of good rainfall; however they
believe that the flow is gradually decreasing from thatud@y now. Hence
they believe periodneholds much higher rainfall than peritao.

Runoff

Most respondestagreed runoff amount is much lower at petiwd compard
to the 1980s, though they agreed that the beginning years of 1980 was a
time.

Forest
Cover

Most farmers believe more than 80% of the forest is gone during 1970s a
1980s and it is still decreasing rapidly.

About 20%of farmers believe®% of t he forest st
agree with afforestation process.

Tato/Northern

Rainfall

Most agreed except the beginning years of the 1980s rainfall at period tw
similarto period one

Runoff

Most believe seam flow is static for all time, though Year 2001 quoted as
high flood Season by mostspondentsThis flooding destroyed a large area
farbmlandThi s fl ood was very sporadic

Forest
Cover

Majority of the farmes believed most of the forest land gone before the tw«
periods. However they defiantly agreed that there was also some defores
in period one and two.
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4 Discussion

4.1 Rainfall vs. Runoff/Stream flow

Even if the relationship between rainfall and riimeay not necessarily refer to a direct

linear relationship, in general it is rational to assume as they follow the same pattern of
existence. Rainfall is the input as drops and runoff is the output as overland or stream flow.
Hence as rainfall increasdsetreases with a certain amount, the runoff should respond in the

same manner, strictly speaking, even though not exactly with the same asithentainfall.

As in retrospect to the ressiftart of this paper, all the catchments located in the soudimein
middle part of the Didessa stasin area, Yebu, Urgessa, UppBidessa and Dabana,
followed a statistically insignificant increasing pattern of rainfall and runoff for the entire
analyzed data period. Surprisingly each of the northern catchmettsl.daer Didessa and

Indris appeared to have a downturn in the hydrological pattern of rainfall and runoff.

When we look into the short term deviations at the two specified periods of the southern
catchments, itods cl ear bhsingrenofopatternofhllalie t he si gn
catchments at period one turned to a recession in period two. Apparently this is mainly

because of the significant decrease in rainfall amount that was recorded at period two. In

addition period two was the time where masithern conmunity respondents agreed that
deforestation practice declined to some exteut afforestatiorprocesshad not been taken

place The abolishing ofleforestation practices (mainly shifting cultivatiavhich has been

taken place might be anottfactor for the flow trend change.

The fact that all the northern catchments possessed a decreasing stream flow, rainfall and

runoff coefficient pattern for the entire period of study is something which can be discussed

in relation to different pointddowever as discussed before this part of the study area is an

area which suffered an intense destruction of forests which basically forced the area to be
predominantly cultivated land. According to public perceptions most of the deforestations

around nortbrn catchments took place before the 1980s, which is the earliest point for which

we have empirical hydrological at a. Because of this, this stu
evidence to link the decreasing flow change with the deforestationfesunest of he

northern catchments. Here it is also imperative to consider the rainfall pattern which shows a
similar decreasing pattern. As a result blaming the annual decreasing rainfall pattern can be

the straight and the only answerthis dilenma. But one can woder about the extent to

34



which forest cover influences precipitatidfor further studies to find out the real happening
which brought the stream floregime to a decliningattern, a more advanced hydrological
modeling concept that encompasses differanmeters and a detail land use/land cover
analysis should be dopas well asta longer time perspective. Eventual relationships

between forest cover and rainfall would also need to be considered

4.2 Dry Seasonand Wet Seasorflow

The trend of the dry sean stream flow for the entire data period varies from one catchment

to another. Whether increasing, decreasing or no trend; all catchments do not reveal any
noticeable dry season stream flow temporal changes. In contrast to most other studies on Blue
Nile subbasins, thelry season flovef all discussed catchments revealed more or less

constant patterns, though we saw some extreme up and down figures duringamya

the data series. Ake majority of the study area farm@mcticedrainfed agricultue, the

consistency of the dry season flow helped them to be one of the few place in the country
which doesnét suffer by drought related prob
flow, Ur gessads dhangeds &% /7smaincredshg@awmuaprate of e r n

change in period one to a significant annual decreasing valuenaiiii period two.

The total amount of wet season stream flow at period two is higher than at period one for
most catchmentsxeept Yebu For all catchmentthe wet seasomonthly annual stream
flow temporal chages showed a declining treatperiod two of the data seri€Bhis was

mainly attributed to the decreasing pattern of rainfall.

4.3 Base Flow Characteristics

The big difference in average base flow values of eachrebéd catchments and their high
fluctuation and vulnerabiligs can resulfrom the different catchment characteristics of each
site. The catchment size, soil type, geology, landscape, vegetation, chivesiseetc. can be
considered as the major catchmelmaracteristics that influence the amount of the base flow
contribution to the total stream flWHowever in this study, out of the mentioned catchment
characteristicsyve can onlyjook tosee the catchment siaadto some extent on tHand

use/covechange influencéhemean value andariability of the base flow indices.

%9 Adane Abebk and Gerd Foerch) Catchment characteristics as predictors of Base Flow
(BFI) in Wabi Shebele River Basin, East Africa, Ethiopiaiversity of Siegen, Germany 2006
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As it is shown in igure 13athereis noa clear cut that can relate the catchmentantthe

amount ofBFI values Boththe smaller and bigger catchmentga&ed high and low BEI

Howeverwith regard to the variability of Blrthe biggest catchmentower Didessa showed

the smallest variatiom its annual BF| valuesvith a coefficient of variation of 27%. This

suggests thahe bigger theatchment, the less will be thariabiity in BFI values.

Table 7. Base flow indegharacteristicendcatchmensize of Didessa Subasin.

Yebu Temssa | Urgessa | U-Didessa | Dabana | Li Didessa | Tato Indris
(1980 (1989 (1980 (19802006) | (1984 (19792004) | (1996- (1987
2004) 2004) 2003) 2003) 2006) 2006)
Mean BFI 15.37 16.74 2.17 0.67 0.3 11.43 1.9 17.27
(%)
C. Variation 39 44 43 70 71 27 50 42
(%)
Ca. Size 47 47.5 19 1806 47 9981 42 49
(km?)
x 80
= 70 = B
©
> 60
E 50 =
T 40 - = = =
IS o
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Figure 13. Base Flow Index characteristioDidessa Subbasin.
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Fig 13cshows the BFI variaility depending on mean BFI values. It is clear from the figure
that there is a marked increase in variability below a mean for BFI of aboUi&bighest
variability shown at Upper Didessa and Dabana which revealed the lowest mean BFI values
of 0.67% ad 0.3% respectivelfhe land use/cover chandeo e s n 6atnotiseahbbénvpact

on the amount of the mean BFI values and BFI variability. The comparatively well forested
Yebu revealed almost the same mean BFI value and variability as the most defodrsted |
Apartfrom these factgo see the apparent relationship of the catchment characteristics with
the base flow, there should be a detail study that constitutes soil, geologikcalpbical,

meteorological andhorphological data.

4.4 Rainfall and Runoff Vs Land Cover/use
(HighDeforestationt UHighAnnualRainfall andRunoff value$

As stated in the result part of this pgpbe estimateof land coveffor the northern

catchment®f the study area showedhigh amount of deforestation before the hydralal

data period wéooked at (198€2005) This probably makes it difficult to see thmmediate

and direct effect of the land cover change in the hydrological cycle of the study area at the
specified period. The stream flow in the period one of the noritechments showed a
decreasing pattern which possibly resulted from the decreasing annual rainfall. This is shown
in the runoffrainfall ratio (runoff coefficient) values of the northern catchmeaigen that

the runoff responded in the same patterraagall, runoff coefficient values of period one of

the northern catchments revealed a trend which is constant for the entire period.

On the Southern Catchments of the Didessabsidin, at period one, both annual rainfall and
runoff values revealed a fp@rn which is increasing. The increasing annual rainfall pattern
ungquestionably contributetd increasing runoff. We speculate that the forest loss during this
period may have an impact as well. Studies in the othebasiins of the Blue Nile River,

like Chemoga catchment, revealed that a decrease in the area under tall vegetative cover

(forest) implied increased surface runoff generétion

“OWeldeamlak Bewket, Towards Integratthtershed Management in the highland Ethiéptiae
Chemoga watershed case study, 2003, Page 64
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Table8. Comparing Rainfall and Runoff with the land cover of the Didessab&sin

Period One

| Period Two

Northean Catchments ( Tatbower DidessaIndris )

Mainly Deforested before 1980, but still
there were some tree cuttings

Decreasing stream flow and rainfall

Deforestedbut still there were some tree
cuttings

Decreaing stream flow and rainfall

Southern Catchmen($emssa,Urgessa, Yebu and UppBidessa )

Deforestation mainly starteat the start of
1980s

Increasing rainfall and runoff pattern

Deforestatiorwent uptill the mid of 1990s

Decreasing rainfall and runoff pattern

At period two, the already massively deforested northern catchments appeared to have a
decreasing runoff and rainfall trends which is similar to period one. In the Southern
catchments deforestatigmactices extendetill the mid of 1990sHowever, the annual

rainfall and runoffwhich increased at period onetire southern catchmergeowed a

decreasing trend in period twbhis may be due in part to the reduction of deforestation
practices which we high during period one. To confirm this and to understand tyalbv
responses of the stream flow towards the land use/cover change, a detail paired catchment
study should be done. However this study can give a general iabigithe Didessa sub

basn stream flow and rainfall responsesato estimated land use/cover dynamics.

4.5 Community perception Vs Empirical data

From the active participation of farmers in the different field interviews, one can easily feel
how the informants are involved and eaigediscuss the situations which take place around
thstanding, this be
from the individual farmers as being facts. Since each farmer has individual objective and

t hem. Not wi canot an assu

knowledge limits,tiagul at i ng t he farmersd responses in
crosscorrelating it with empirical data were found to be neces€amthe other hand it is
also important tdvave ecritical look and speculatenthe errorthat can béound on the

objectivedata especially on the runofs welf.

*' Gebrehiwot SGTaye A Bishop K Forest cover and stream flow in a headwater of the Blue Nile:
complementing observational data analysis with community percepiioinio. 2010 Jun; 39(4):284
94.
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45.1 On Land Cover Data

In most cases the elderly respondents tend to have well established narrative information
related to the chronological pattern and dynamics of the natural resources, especially in
relation to the land use/land cover change. Though most inhabitants perceived the forest
cover in the study area as already declined or as declining very rapidly, there were some
casesvhere some respondentgintainedhat the forest cover had not experieshaay

change at all. Indeed, from the field observations which were done in the area and by looking
a the existing satellite imagettie forest covehas gone through hard timesmost pars

(more on the north and middle part) of the Didessassin.

4.5.2 On Climate and Stream Flow Issues

(More water use fromrivers ? ymoreknowledge towards the stream flow and rainfall

dynamics)

In the climate and stream flow issues there was a conflicting argument in nthey of

i nhabitant sd r eanpasytopi shataam de destribed with reference to an
existing object for most respondents. For instance in Dabana catchment where the empirical
data obtained from the gauge stations doesno
annual and drgeason stream flow, most key informants responded by saying the flow went
downsignificantly for the last two decades. However in Tato catchment which the farmers

had a chance to harvest the river water by using river channels, most respbadefitsvs

in agreement with observed recordshaith rainfall and runoff decreasingiringboth

periods. The empirical data most likely corresponds to thentmity perception on the

dynamics of both rainfall and stream flow. This may help us to pufoha hypothsis that
thosefarmers who have a better use of tiver water forgrowing crops are closer to
informationrelated to changes in the stream flow than farmers who followed rain fed

farming. Though this study observed some information gap in thenaaities 6 awar enes s
towards their changing environment, there was also much knowledge attained from different

stakeholders.

4.6 Inte grated Watershed Management (IW M): as a way out for the
Observed problems

In the study area where all the poverty anguished peopleatg! their entire resources in the
land, there should be an approdichtneed to be adopted in all processsof satisfying

growing demand#or food and tdulfil the aspiratiorof the resourcgoor people. Some part

39



of theliving environment especiallyon the northern side of Didessa sadsin,which

suffered from climax deforestation and land degradation, should have a means to be returned

to its good daysvith more forest covelSince the problem in hand is diversified and deep
into the society, we el to make use of an approach that takes into an account both the
knowledge of indigenous farmers ath@ empirical data which is simply collected and
shelved for agedntegrated Watershed management caarbapproach thdtlfils this need.

In all areasvhich the conmunity/wereda expertise perceptigatheringwvas done, there are

quite a number of problemmeportedwhich may offerchallengg o t he f arTher s o
major problems can be grouped as deforestation, spontaneous floods and socio economic
problems which were describedthe resuls part of this paper. Beside this the agricultural
process in the study aressscantily equipped and its outputsisbject tahe natural potential

of theland without much enhancement by fertilizers or irrigatiin order to solve this W
involves the planning and execution of ndxged soil and water conservation practices and
other socieeconomic interventions which will consequenthprove the sojlreduce thevet-
seasonun-off and improve the livelihoodf the canmunity and thus provide more time for
run-off water to infiltrate intahe soil which will finally contribute to ground watefhis

keeps the constant trends and nature of the dry season and base flow of the area, which are

the main and very ingytant components in the farming cycle of thenownities.

The dynamic process of the biosphere and the effects of vegetation and soils on the processes

such as interception, evaporation, transpiration, infiltration, percolation and surfaafé run
subsuface and ground water flow, are all affected by land management activities on the
watershef. An improper and exploitive farming practiisea canmon featureof Ethiopian
small holder farms. This has led to deterioration of the natesalrcesin our sudy area,

with the exception athose places where extensive deforestationtakasg placethe forest
cover isrelativelygoodand natural resource loss is reported to be minik@alvever the

major challenge is seen to be low awareness afdmenunity for natural resourceg-or that
reason, by leaving narrowly and only engineered solutions and turning to IWM which to a

greater degr ee encour mangeitgowheashipread cendtmentnity ol v e me

might be possible to have a more sustainablepanldnged solution for the problems

mentioned.

“2Mekunent and Rajender, A watershed Management Handbook for Tropical farmers,1994
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4.6.1 SWOT Analysis for the Integrated Watershed Management of the Study Area

As it is shown below SWOT analysis is done to see the strength, weakness, Opportunities and
threats of a potential Integrated Watersheahemenprogramin the study area. The fact

that the study area posses high forest and high amount of mean annual rainfall were put as
strengthfor the implementation of any IWM project. The unstudied nature of the study area
natural resources and theriadility of stream flow have beeegardecdhs a weakness. Good
concern of the local government is one of the things which are listed as an opportunity. The
potential threatistedare kss credibility of local development agents by thmmanity, less

public awareness on the dynamics of natural resopless willingness of expertise to work

in the rural towns and the booming of large scale farming all over the country intiwhich

ongoingDidessa Irrigation Project can be counted as one.

Table 9 SWOT aalysis for the Integrated Watershed Management of the Didessa Sub
Basin.

Strength @ Weakness W

9 Less Studied which results less
information for management

9 Highly variable stream floyattern

which can soratime make it hardly

predictable

Less enggement with the Public on

previous forest management issues,

which makes it involvement of the

community in government projects less

1 Highly forested compare to other place
in the country

1 Comparatively the study area has
congstent and high mean annual rainfa
good amount of dry season flow.

1 Evenly distributed hydrological and l
meteorological gauging stations which
makes it comparatively well equipped
with raw runoff and rainfall data

9 Public Perception towards forest is LA

highly improving
Opportunities @ Threats W

1 Good Concern of the lotgovernment 1 Less credibility of local development
towards forest/watershed managemen| agents by the comunity

1 Applicability of the ule of law on 1 Less public awareness on the dynamig
protecting forests is getting better of natural resources

1 Good stability of the country in general 1 Less willingness of expertise to work i

the rural towns.

1 The booming of large scale farming all
over thecountry, which can bring up
massive deforestatioidessa Irrigation
Project may contribute to this effect
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5 Conclusion and Recommendation

As a general remark the total data period of all the catchments which are located in the
southern and middle part of Didessa-kaisn revealed an increasing trend of rainfall and
runoff. However after we classify the data into two periods, the period two records of these
catchments show a decreasing pattern of rainfall and runoff. The main reason for decreasing
stream flow in periodwo is the decline in rainfall amount. A decreasing deforestation rate
may also contribute to this decline in total runoff. In contrast to all the other catchments
located in Southern part of the Didessa-babin, the northern part of the siéasin appead

to have a decreasing or constant trend of rainfall and runoff both for the entire period and
within periods one and two. Deforestation in the northern part of thbasib had already
occurred before 1980, however. Because of this the direct linkagedrethe stream flow

and rainfall together with deforestationtire study data period was not possible.
Nevertheles the southern part deforestatiorainly took place in the 198@d the first

years of 1990s according to the PRA. The southern catdbtherefore may help us to

explore the low forest high flow hypothesis in more detailed studies.

The dry season flow, except Urgessa, did not change significantly in either period one or

period two of the data seriekhe Base Flow Indices of most diet catchments shows a high
annual wvariability, though their cumul ative
changeThis shows us that the existing land use/land cover change-219805) doesndt
appear to have had a significant influence ordttyeseason flowof most of the Didessa sub

basin catchments. However it has been shown in the other Blue Nile Rivieasinb that

intensive and long terfand cover changean affect the dry season flow significafii|

Hence if deforestation in Didessa sodsin persists, we may also see its influence on the dry
season flow. Since the dry season flow is a very important contribution to the welfare of the

farmers, abolishing the deforestation practices should be considered as a main policy.

The community percdion results which were obtained by applying PRA techniques
generally do not always match to the empirical data which was recorded at the rainfall and
runoff stations (Of course even the observed data needs to be regarded critically). However
our main findng was that communities who use the stream water for irrigation purposes on a

regular basis seemed to have perceptions closer to the empirical data. In general, though the

*3Woldeamlak Bewkétand Geert StefkDynamics in land cover and its effect on stream flow in
the Chemoga watershed, Blue Nile basin, Ethidpiarol. Process19, 445 458 (2005)
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communitiesoO perceptions of t he nsstentwithl reso
observations. Less connection of farmers to the streams and little government effort at
communicating the existing data to the communities may be the main reason for the

knowledge gap of the people towards their changing environment. Aspzenled across

much of the country, most natural resource development projects are undertaken without the
community having a clear picture of the hydrological and land use/cover characteristic of the

area. In addition the potential for using available datae decision making process is very

minimal. As a result the vulnerability of these communities to hydrological changes are very

high and most soil and water conservation structures may fail to function well at the time of

both peak and Base Flow persod his kind of failure and not enough participation by the
communities may possibly develop a | ack of t
attitudes. For alleviating this type of problem and protecting anseceimg natural

resources, as the studlyeady recommended before, Integrated Watershed Management

should be considered as a basis for future development.
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7 Appendixes

Table 9A. Characteristics of monthly and annual rainfall (P) and Stream Flow_(@joDidessa
catchment (19792004)

Lower Didesss

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec

68.5 775 1543 665.3 1405.7 24285 1976.1 1436.5 416.2 196.6
6.6 7.4 19.1 130.0 96.5 129.1 1246 1233 265 123
0.3 0.8 13 5.3 13.0 49.2 487 13.1 6.0 3.7
2.6 3.0 59 256 541 934 76.0 552 160 7.6
1.6 2.0 40 236 18.9 27.2 220 327 6.3 2.8
2.4 4.2 158 557.6 3555 738.2 4824 11722 395 7.7

594 685 66.9 92.3 349 29.1 289 59.3 393 368
1.0 1.0 2.1 3.7 0.1 -0.4 0.9 0.9 01 04

369.6 514.1 1923.7 2452.1 6059.0 8318.2 7851.8 7656.2 7113.7 3688.3 837.4 467.4
527 66.0 209.9 208.0 4309 447.0 4989 4679 370.0 328.1 99.1 140.3

0.0 14.1 37.0 173.7 1859 196.7 193.7 8.9 0.0 0.0
74.0 94.3 233.0 3199 302.0 2945 273.2 1419 322 18.0
53.1 44.0 89.0 70.0 83.2 60.9 52.4 89.1 225 282

Variance 266.9 433.4 2818.2 1939.5 7914.8 4906.4 6927.2 3709.8 2743.6 7935.9 505.2 795.2

71.7 46.7 38.2 21.9 27.6 20.7 19.2 62.8 69.8 156.8
11 0.5 -0.3 0.1 1.2 0.5 0.3 0.4 1.0 3.5

Table 9B. CGiracteristics of monthly and annual rainfall (P) and Stream Flow (Q) of Urgessa

Total 118.3 67.7
Max 9.9 6.0
Min 1.2 0.5
Q Mean 4.2 2.6
SD 2.2 1.4
Variance 5.0 2.0
Ccv 53.4 54.7
Skew 0.9 0.6
Total
Max
Min 0.0 0.0
P Mean 14.2 19.8
SD 16.3 20.8
CVv 114.9 115.3
Skew 1.2 1.0
catchment (198€2003)
Urgesse
Jan Feb
Total 832.0 643.8
Mean 34.7 26.8
Q Max 86.5 47.2
Min 16.1 119
SD 16.3 11.8
Variance 265.4 139.4
CVv 47.0 44.0
Skew 15 05
Total 907.1 840.3
Mean 37.8 35.0
P Max 115.0 88.5
Min 0.0 0.0
SD 324 26.8
Variance 1152.3 720.0
CVv 85.8 76.6
Skew 0.8 05

Mar  Apr May  Jun Jul Aug Sep Oct Nov  Dec

812.4 1179.8 1349.4 2215.9 4968.9 6442.6 5572.4 3729.8 1830.9 1110.2
33.8 450 56.2 923 207.0 2684 2322 1554 76.3 458
79.7 112.3 217.7 2045 3975 7112 524.6 340.7 296.4 138.9
147 133 121 293 856 110.8 79.9 50.2 277 245
158 336 504 447 753 1341 1214 894 575 231

249.8 1125.7 2544.9 1999.0 5677.6 17978.5 14748.0 7990.9 3308.6 534.4
46.7 746 89.7 484 364 49.9 523 575 754 504
1.0 1.2 1.9 0.8 0.5 1.6 0.6 0.9 2.8 3.0

2059.3 3358.6 4488.4 5110.0 4886.7 4973.8 4488.5 2758.7 1461.9 925.8
85.8 139.9 187.0 2125 2036 207.2 187.0 1149 609 38.6
157.7 301.3 341.2 320.1 3123 356.0 298.7 336.7 243.2 161.3
11.2 56.0 122 1136 96.1 91.0 1276 111 13 0.0
379 615 659 528 532 66.2 50.5 81.7 63.8 451
1436.8 3786.0 4337.9 2785.2 2828.9 4377.6 2548.5 6671.3 4071.1 2031.0
442 440 352 248 26.1 31.9 270 711 1147 116.8
0.0 0.7 -0.3 0.3 0.0 0.3 0.9 0.9 1.7 1.6
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Annual

3384.6
485.1
173.2
338.5
89.9
8078.9
26.6
-0.1

20118.4
2322.5
1392.7
1828.9

285.7
81620.2
15.6

0.1

Annual
30578.2
1274.1
2192.1
754.1
427.7
182911.9
33.6
0.6

36249.0
15114
1966.7
1143.8

208.6

43499.5

13.8
0.3



Table 9C. Characteristics of monthly and annual rainfall (P) and Stream Flow (Q) of Upper Didessa

catchment (1982003)
Upper Didess:i
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Total 177.8 194.3 2453 315.8 673.3 1644.8 32785 41741 3470.3 2028.9 669.1 2715 17143.6
Mean 6.6 7.2 9.1 12.1 249 60.9 1214 1546 1285 75.1 24.8 111 634.9
Max 156 475 427 427 71.3 1394 189.9 3122 270.7 182.0 114.0 31.1 1129.8

Q Min 1.0 1.9 1.7 1.6 3.6 17.4 474 36.0 27.2 17.5 2.8 0.5 335.0
SD 3.0 84 84 9.6 17.2 275 39.8 75.8 67.2 448 214 6.4 203.1
Variance 9.2 71.3 70.5 924 2946 757.3 1585.6 5752.6 4513.4 2004.8 458.7 411 41246.8
Ccv 46.2 1174 924 79.1 68.8 45.2 32.8 49.1 52.3 59.6 86.4 63.8 32.0
Skew 1.0 4.5 29 1.7 1.0 1.2 -0.1 0.3 -0.2 0.7 21 1.3 0.1
Total 972.5 1121.7 2418.6 3850.7 6125.7 8395.7 8248.3 8963.5 7723.8 4644.3 1188.5 906.2 54459.5
Mean 37.4 393 93.0 148.1 2356 3229 3172 3448 297.1 178.6 45.7 34.9 2094.6

P Max 148.3 159.8 267.0 322.2 455.3 547.7 7465 7589 669.0 563.0 151.4 201.8 3705.7
Min 0.0 0.0 8.1 35.6 36.9 213.0 54.7 158.3 65.0 16.1 0.0 0.0 1173.0
SD 34.1 40.7 62.4 74.4 111.4 93.2 134.0 159.6 144.5 1319 36.6 49.5 634.4
Variance 1161.7 1656.9 3898.0 5533.4 11275.9 8687.0 17951.1 25469.7 20891.6 17393.4 1336.5 2446.6 402512.7
CcVv 91.1 113.6 67.1 50.2 43.0 28.9 42.2 46.3 48.7 73.8 80.0 141.9 30.3
Skew 1.5 1.4 1.2 0.6 0.5 1.3 0.9 0.9 1.3 1.2 1.1 2.5 0.6

Table 9D. Characteristics of monthly and annual rainfall (P) and Stream Flow (Q) of Yebu catchment

(19802004)
Yebu
Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Annual

Total 965 725 819 740 111.5 200.9 431.2 518.6 443.0 381.6 2222 129.1 2753.0
Mean 39 29 3.3 3.0 4.1 80 172 207 177 153 8.9 5.2 1111

Q Max 185 139 146 79 123 240 538 375 313 367 250 137 199.7
Min 15 0.7 0.9 0.9 1.3 2.6 6.6 6.8 6.4 6.3 3.0 2.8 55.4
SD 36 27 2.8 1.7 2.6 58 113 8.9 7.6 9.0 5.8 2.9 41.8
Variance 132 7.1 7.9 2.9 69 338 1165 80.1 573 813 331 8.2 1748.4
Ccv 940 917 858 574 648 723 598 431 427 591 647 555 38.0
Skew 3.1 33 3.0 1.4 1.7 1.6 2.1 0.2 0.0 1.4 1.4 1.8 06
Total 958.1 868.7 2115.4 3489.7 4650.3 5228.4 5113.0 5193.2 4698.5 2891.9 1529.2 11150 37731.3
Mean 38.3 34.7 84.2 139.6 186.0 209.1 204.1 207.7 187.9 115.7 61.2 40.6 1509.3

P Max 115.0 88.5 157.7 301.3 341.2 320.1 312.3 356.0 298.7 336.7 243.2 161.3 1966.7
Min 0.0 0.0 11.2 56.0 12.2 113.6 96.1 91.0 127.6 11.1 1.3 0.0 1143.8
SD 319 263 379 603 647 543 521 648 496 800 625 453 204.3
Variance 1115.5 691.8 1440.0 3631.4 4182.4 2952.1 2717.5 4201.1 2463.4 6406.6 3903.1 2048.9 41718.6
CcVv 83.1 757 45.1 43.2 34.8 26.0 255 31.2 26.4 69.2 1121 1115 13.5
Skew 08 05 0.1 0.7 -0.3 0.3 0.0 0.3 0.9 0.8 1.7 1.5 0.3
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