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ABSTRACT

The role of community based watershed managemedirfate change, in the case of

‘mariamshewito’ watershed in Adwa, North Ethiopia.
Meaza Hadush
Addis Ababa University, 2014

Currently, climate change and its impacts is a k&yue in Ethiopia. Adaptation to
climate change is making a system suitable to naddehe impact of climate change or
deal with the consequence or to take advantagewfapportunities. In line with this, the
thesis has assessed the role of community managestsived for climate variability
adaptation in Adwa in the case of mariamshewito ef¢ied. To address the above
objective, the study uses both qualitative anangjtative data type. In order to collect
valuable information, semi structured questionnaifecus group discussion, key
informant guide checklist, and observation tootsrirboth primary and secondary data
sources were applied. Similarly, different statest methods such as percentage of
frequencies, bar graphs, Xtest, independent and paired sample T-Test andwme
ANOVAs were used. The key finding of theesish presents that due to different
interventions the livelihood of the community waseiified and enhanced especially;
income,  soll fertility, crop productivity, forestvater and food availability become
improved. Even if it has some gaps in the procéssnplementation such as lack of
linkage between sectors, lack of targeting probteraddress the poor, the young and
the women, weak stakeholder linkage. It is cateduthat the watershed management
can play a significant role to enhance household/slihood and cope with climate
change impacts. Then, to fill the gap and go althregsustainability of the watershed, the
study recommended based on the findings.

Keywords. Climate Change, Climate variability Adaptation, \&fahed Management,
Livelihood Diversification Index (LDI), ANOVA, Pait and Independent T-Test and Chi-
Square Test.
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CHAPTER ONE

INTRODUCTION

1.1. Background of the study

Ethiopia is one of the most vulnerable countriethto adverse effects of climate change
due to its geographical location, topography andviye dependent on rain-fed
agriculture, under-development of water resourcéggh population growth rate, low
economic development level, inadequate road infregtre in drought prone areas, weak
institutions in combination with low adaptive capp¢NAPA, 2007).

Climate change influences the growth and developrotéithiopia through changes in
agricultural productivity, water availability, roadfrastructure maintenance and extreme
events. To the amount that climate change redugresuéfural or hydropower output in a
given year, it also reduces income and hence ssayiEQRI, 2013)

Currently, the Ethiopian policy provides more atiigm to adaptation. Adaptation to
climate change is making a system suitable to natelé¢he impact of climate change or
deal with the consequence or to take advantagewfapportunities. Thus, adaptation by
communities will be governed by them and facilithtey their own social capital and
livelihood resources (O’Brien and Leichenke 2000).

Until the early 1970s, the issue of natural reseumanagement was given little attention
in Ethiopia. After the problem realized in 1973 afiv4, since the early 1980’s, natural
resource-conservation efforts initiated through ithelvement of World Food Program
by providing incentives for conservation activitid3ating back to the 1980’s, natural

resource management activities had been perform#teiEthiopian dry lands to control
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degradation, increase the adaptive capacity of dhea, and decrease the area’s
vulnerability to climate change (Temesgen et.a0Q0

The application of watershed management is the mmostern and recently developed
method of land rehabilitation (Darghouth et.al, 00Natershed development planning
in Ethiopia was started in the 1980’s. Since thea government, nongovernmental
organizations and local community efforts on rulalvelopment have been based on
watershed development program. This approach tgpkrly relevant to Ethiopia given
its hydro-geology, it applies equally well in seslerregions across the world.
Participatory Watershed Development is now placadsilvely at the centre of Ethiopian
development policy (MOARD, 2005).

Watershed management attempts to incorporate asgensgtize the different uses,
services, and values of water jointly in managenusdisions and regulatory activities
rather than attempting to maximize selected ressunr regulate individual negative
impacts (Cobourn, 1999; German et.al, 2006; Dartfhoet.al, 2008). In this
multidisciplinary approach, the local people are thief actors in the process. Watershed
projects in developing countries that focus on wdi@rvesting and soil conservation
typically state three objectives: 1) conserve anengithen the natural resource base, 2)
make agriculture and other natural resource-baséditees more productive, and 3)
support rural livelihoods to alleviate poverty. labgeople, especially the poor and
disadvantaged, organize themselves with supportm fragovernmental and

nongovernmental organizations to actively manage fasources (Kerr et.al 2002).



1.2. Statement of the problem

Ethiopia looks onward to take advantage of its entrreconomic growth by becoming
more resilient to the impacts of climate changeulgh the development of community
based adaptation strategies. The government, neergmental organizations and
households made an effort to adopting a varietgaping mechanisms. In the farming
areas, many are shifting to more drought tolerampsand varieties, improved watershed
management practices to protect land degradatidrciamate change hazards. The basic
approach has shifted from top-down to community-ag@ad approaches. Watershed
approach was implemented to address issues oftgauad land resource degradation in
different parts of the country (Kaur, 2013).

Tigray is the most degraded region in Ethiopia. gtesthis, a number of positive
changes have been recorded. Different soil/watesewation, water recharging, and
water harvesting structures have been constructedei region. More than 80% of the
region is now covered. The whole activity is movifigm soil/water conservation to
water harvesting, and other natural resources neanewt (Kifle, 2012).

In the study area Adwa, which was known by recurgnought and food insecurity
problems in the past, many people live in conddiaf chronic famine with a low
average calorie supply. The combined problems wir@mmental degradation, irregular
rainfall, high population pressure, recurrent cyafedrought, lack of diversification in
economic activities and institutional factors ar@ topographic feature of the area,
which is characterized by mountain chains, platédls and small proportion of plains,
threaten food security in the wereda. Currentlgpite this, a number of positive changes

have been observed.



In the rural areas of Adwa, the regional governmean-governmental organization and
the general population have been making effortsaistrol the degradation of natural
resources since 1992 through the development &l llmvel participatory approach.
Consequently, many watershed management measwesbkan initiated, at the same
time for climate change adaptation, including tleaservation of soil, forest and water
through the construction of check dam, ponds arehtplg of trees.Watershed

management (WM) is widely used land-managementigcin Adwa.

However, except in a few cases, research in soil waater has not taken into
consideration the watershed management. Few sthdiesexamined the extent to which
WM interventions have resulted in the desired eéffde.g. Pathak et.al, 2007, Assefa,
2011). Assefa (2011) examined the role of watergnadagement for climate change
adaptation in Choke Mountain upper Muga watersime&ast Gojjam of Ethiopia and
results from his study indicated that as a resuthe watershed management livelihood
resources especially; income, soil fertility, lapdoductivity, forest, water and food
supply become improved, even if it has some gapthenprocess of implementation.
However, impacts of watershed management in difteegro-ecological zones were
different, so it needs additional study. Likewiggtershed management is a continuous
process, so it needs continuous assessment. oOherdfis study tries to fill the existing
research gap by focusing on the overall benefitwatershed management in the study
area. If not studied the sustainability of the wslted management may be in question

and in turn households were vulnerable.



1.3 Objectives of the study

The research has general and specific objectives.

1.3.1 General objective

The primary objective of the research is to asskssrole of watershed approach for
climate variability and change adaptation; in Marsaewito watershed in Adwa.

1.3.2. Specific objectives

The specific objectives are to:

I.  Assess household participation and watershed mareage practices
implemented in the study area.
II.  Examine the contribution of watershed approachojgecwith climate variability
and change.
Ill.  Assess the impact of watershed management on famdlenarginalized farmer’s
livelihood.
IV. Identify the major challenges in the implementatia the watershed

management.



1.4. Research questions

The research attempts to answer the following b@séstions.

What are the conservation practices implementédemwatershed?

How households participated in the implementatibwatershed management?
What are the incentives used in the implementatfomatershed management??
What are the contributions of watershed managententcope with climate
variability?

How watershed management does impacts female angjinalézed farmers
livelihood?

VI.  What are the main challenges in the implementaifdhe watershed

management?

1.5. Significance of the study

This research has the following significances

I.  Examine the overall advantages of watershed maregefor climate change
adaptation.

II.  Ensure the sustainability of the watershed managepractices in the study area
by identifying the challenges and gaps in the imm@etation process.
Additionally it could help to extend the managemeamiactices to other
unprotected watersheds in the ‘woreda’ by providinfprmation about the
benefits of the intervention that can help the @olnakers, local administrators,

the farmers of Adwa ‘woreda’ and in particular famm of Mariamshewito
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‘kebele’ to look for host of strategies and instemhtowards the improvement of
community livelihood. Similarly, it may help housdtis to make informed
decision for better practice on watershed managemen

lll. Besides, the result of the study may serveaabase for further comprehensive
research that can be done in the area of watersl@dgement roles for climate

change adaptation.

1.6. Delimitation of the study

The scope of this paper is limited to study the kflwatershed approach on climate

variability and change adaptation in Adwa, in theecof Mariamshewito watershed.

1.7. Limitation of the study

Investigating the role of watershed management moad area of the study, which
includes the direct and indirect benefits for difiet sectors, needs to including a number
of multiple sectors. But, only the major items weéneluded in deriving the role of
watershed management for climate change adaptatioMariamshewito watershed.
Similarly, although taking the entire populatioringportant, however the study was used

selected households to collect data due to timebaddet constraint.



1.8. Organization of the Thesis

This study is organized into five chapters. Chamtee deals with background of the
study, statement of the problem, objectives, rebegquestions, and significance of the
study and limitations. Chapter two is mainly comesl with review of some relevant
literature. Chapter three focuses on methodologpl@yed including study design and
sampling techniques, data source, data collectiethods and analysis. Chapters four
briefly explain the results of the study in linethwresearch objectives. Finally, Chapter
five summarizes and concludes the ideas discusspdeceding chapters and forwards
the possible recommendation for policy implicatamwell as for the implementers of the

intervention.



CHAPTER -TWO

REVIEW OF RELATED LITERATURE

This chapter deals with the most relevant litemtassociated to the role of watershed
management to climate change adaptation. Additypnalalso closely looks at concepts
of climate change, climate change adaptation, whésl management and its contribution

for rural livelihood as well as challenges in deyghent of watershed.

2.1. Trends of Climate change in Ethiopia

Mean annual temperature and rainfall variabilityravebserved over the arid and semi-
arid parts of Ethiopia in the period 1951-2006 (MAR007). According to the UNDP

Climate Change Profile for Ethiopia (Oxford, 2008)e average annual temperature in
Ethiopia has increased by 1.3°C between 1960 afil,2Q an average rate of 0.28°C per

decade (McSweeney et al. and others, 2008).

Due to the high rainfall variability between yearsdecades, noticing long-term rainfall
trends is difficult. No statistically significanhanges of annual, Kiremt and Belg rainfall
totals and rainy days over central, northern andhnaestern Ethiopia observed in the
period 1965-2002. In contrast, the annual and timenk total rainfall in eastern and

southern Ethiopia show a significant decline sib@82 (Seleshi and Zanke, 2004).

Likewise, Conway (2000), noted that no evidencarof long-term trend or change
in rainfall in the north east Ethiopihighlands. In addition, Conway et al.

(2004) marked no trend in rainfall for the periddB98-2002) in the central Ethiopian



highlands. However, Funk C. and others (2012) tegoBelg and Kiremt rain fall in

Southern, South western and south eastern Ethisgri@ decrease by 15-20%.

Average annual minimum temperature in Tigray redgmas been increasing by about
0.72°C every ten years while averagsmuah maximum temperature has been
increasing by about 0.36°C and slight decreasaimfall per decade over the period
1954-2008 (Gebrehiwot and Veen A., 2013). Conw&p00) also reported
predominantly higher inter-annual variability inetldrier areas of Wollo and Tigray.
Gebre et.al (2013) also finds that rain fall in réig region is highly variable with non

significant trend in both annual and seasonaldotal

2.2. Impact of Climate Change in Ethiopia

Climate change is the most serious and difficulin@nage of all the environmental and
international development problems of the twentgtfcentury. Many aspects of human
society and well beings such as their living, theywhey live, the means of earn of their
wage, and the way to create their recreationdiiend on a relatively generous range of
climatic conditions, even though this dependencbeing reduced and covered in the

modern industrial societies by their wealth andhtetogy (Dessler and Parson, 2006).

Climate change leads to changes in the frequentsnsity, spatial extent, duration, and
timing of extreme weather and climate events, whiesult in extraordinary extreme
weather and climate events and has crisis on edendmealth and safety, food

production, security, and other dimensions (IPCI 7.
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In Ethiopia drought and flood are the most frequelimhate related natural hazards
impacting the country significantly which happeniaery three to five years. Ethiopia is
the most damaged country by drought which has éxpeed at least five major national
droughts since 1980’s. Persistent drought eventiserpast have resulted in huge loss of

life and property as well as migration of peopldh, 2007).

Likewise, flood is also foremost climate hazardjohihcaused loss of life and property in
the country. Major floods were occurred in differ@arts of the country in 1988, 1993,

1994, 1995, 1996 and 2006 (NAPA, 2007).

Climate change especially increase in temperatave  great damage in Ethiopia. Due
to temperature increase during winter, summer g@niche net revenue reduces by US$
375.83, 1877.69 and 21.61 respectively. Likewiserdase in erratic rain fall during

spring, winter and summer significantly reducesmegenue by US$ 225.08, 464.76 and

18.88 respectively (Temesgen and Hassan, 2009).

2.3. Climate Change Adaptation in Ethiopia

Climate change adaptation is incessant processutmome of process which enable
individuals to reduce damage or risk of damageabde to achieving benefits related with
climate variability and climate change (UNDP, 2Q0&)can thus be enhanced by i)
altering exposure ii) reducing sensitivity of thestem to climate change impacts and iii)

increasing the adaptive capacity of the system (DEXD10).
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For environmental friendly development adaptatiolanping, implementation and
assessment is required for all countries, partitufar developing and least developed
countries, suffering from drought and floods (UNRZGQ007).

Adaptation is fight back the existing climate chanmpacts and increase resilience to
expected impacts for vulnerable populations, ssectoommunities and ecosystems. It
also allows increasing the coping range throughifivation of the critical threshold, and
thus helps limit vulnerability to climate changepacts (UNFCCC, 2007).

Adaptation approaches off set the impacts of cknatange by enhancing the social,
economic, and environmental sustainability througiductions in vulnerability to
climate-related risk, thus supporting and promosuogtainability in social and economic
development. The promotion of adequate preparedoestisaster is also a function of
disaster risk management and adaptation to clictaage (IPCC, 2007).

Different adaptation activities are identified blyet Ethiopia’s National Adaptation
Program of Action which includes a food guaranteegmm, enhancing early warning
systems for both drought and floods, small scaigation and water harvesting systems,
better management of both rangelands in pastoealkaand wetlands, community-based
carbon sequestration, natural resource manageméithwenable to improve the
livelihood of the community (NAPA, 2007).

Since the 1970 the Ethiopian government implemenéede national programs to
mitigate the impact of climate change and resodeggadation. However, these were not
enough in managing the rapid rate of demographosvtr within the country, rapid

resource degradation, and high risks of low rairdald drought. The government has
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supported rural land rehabilitation, through theplementation of community based

watershed management since the 1980 (MOAR, 2005).

2.4.Watershed Management as Instrument for Climate Chage Adaptation.

Watershed development is the logical and commurslijable exploitation of all the
natural resources for optimum production to achignepresent needs and reduce future
risks through well utilization of natural resourcasch as land, water and environment
(MOAR, 2005).

Watershed management productively used to bring &ad preserve the agro-ecological
feasibility and production potential of various essheds throughout the world, using
land-use management techniques that integrate sasexgors and also address socio-
economic concerns of local populations. Likewisat®shed management is considered
as risk management, chiefly related to landsligdesms and floods (FAO, 2006).
Because of the advantages that watershed managexpprdach offer, few regional
states have now initiated several watershed manageprojects and depending on the
success of these more of similar development piojped! be initiated.Effectiveness of
the approach is assessed in terms of hydrologi@dtsp changes in soil erosion rates,
land and water productivity, and land cover/lanet;uand the level of community
participation and local sustainability of the pres€Oloro V., 2006)

The Opportunities for water harvesting, income gati@n opportunities from cash crops,
bee-keeping, livestock fattening or dairy, accessoad and other infrastructure are all
depends on the watershed development as well agheninteractions between

communities and the different levels of the watedshunits. On the other hand, the
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vulnerability to climatic hazards and food insetyrs depending on the capacity of the
watershed to support the local livelihood (MOARDQS).

The major impact of watershed interventions wash seeimproving the surface and
groundwater availability which in turn increasedmping intensity and diversification to
more extensive land use systems involving livestokrticultural and vegetable
production. Similarly, the watershed program hatuced land degradation, enhanced
agricultural productivity and incomes, decreasetstepty of rural poor, reduced labor
migration and improved environmental quality (ICRIS 2007).

Watershed management contributes to all sectorsiqéityre (crop production and
livestock), water availability and quality, heal#gosystem service, socio economic and
all human livelihood activities) directly or indc#y through chain reaction available

between sectors (MOARD, 2005).

2.5.  Watershed Management Practices in Ethiopi

Ethiopiadue to its geo-physical position and socio-econoroiatext is highly prone to
regular natural hazards and the impacts of clirchnge.Projected changes in rainfall
and sea level rise and more extreme weather brékg to the security of our water
resources, agricultural systems and settlements,t@he health of people as well as

animals (MOARD, 2005).

Land degradation, recurrent cycles of drought aratiéquate infrastructure seriously
affects livelihoods and food security of milliors Ethiopia and threatens the livelihood
of many people. The main land degradation arises ff1) high soil erosion rates as a

result of steep slopes, continuous encroachmentcaliyation of marginal lands; (2)
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long history of deforestation, overgrazing, negatwping strategies such as the burning

of animal dung, extensive use of charcoal and rediuctation periods (MOARD, 2005).

Consequently, the farming systems that exist in twaintry are progressively
impoverished and more vulnerable to shocks. Thessexious constraints to sustainable
development and a main cause of unstable, poodengyht prone production systems

(MOARD, 2005).

For a long time the Ethiopian government has reizeghthe solemn implication of
implementing large national soil and water consgoma to mitigate environmental
degradation in the 1970s and 1980s. However, tloeteiof such programs were seen to
be insufficient in managing the rapid rate of demapyic growth within the country,
widespread and increasing land degradation, and éggs of low rainfall and drought.
Since 1980, the government was initiated waterslea@lopment to supported rural land
rehabilitation, through well utilization and congation natural resource (MOARD,

2005).

In Ethiopia watershed projects were limited in nembThe initiation of community
based projects was supported by FAO, and was paligiaimed at capacity building of
Ministry of Natural Resource’s technicians and etgpand development agents in the
highland regions of the country. As a result minimplanning on bottom—top approach
were initiated. This means the projects were usedstib- watershed as the planning unit
and sought the views of local technicians and mesnbé the farming community to
prepare plans for soil and water conservation. @pjgroach was tested at the pilot stage

through FAO technical assistance under MOA duriagg8t1991(MOARD, 2005).
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In the last decades the government in collaborawth several NGOs and bilateral
organizations adopted participatory land use-plagrapproach in their perspectives
intervention areas. For instance, GTZ succeedel this approach in South Gondar,
North and West Shoa of Oromia and in some weredadigray initiated and

mainstreamed the participatory element inte ttand use-planning and natural
resources management approach introducing Witthogical and physical soil and
water conservation measures, crops and farmiactipes; in North Wello and Wolaita

(MOARD, 2005).

Watershed development projects in Ethiopia not @néserve river basin ecosystem but
have a principal role to maintain sustainable dgwalent. This means that, watershed
development would hold back the natural environmeggradation and contribute to
mitigating the possible outcome of climate chandgéeces. Hence, undertaking
participatory sustainable watershed managemens hbfp nation to be able to develop
electric power and expand irrigation schemes anobhers (Shiferaw, 2013).

2.6. Using indigenous knowledge and practices in waashed management

Rural people have abundant indigenous knowledgaaiaral resource management,
agriculture, health, livestock management and aghbjects. Thisndigenous knowledge
should be identified and used in watershed prajédesv ideas should build on what
people already know so they can understand angaitaeadily. Likewise, indigenous
practices provided invaluable knowledge and aichaking best use of natural resources
( Sharma et.al, 2009).

However, indigenous practices in environmental rganaent in Tigray is undermined by

the incentives, such as providing food or cash dommunity members’ work in
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enriching the enclosures by planting trees. Sittyildrhe grass root decision making and
election of accountable leaders are replaced bly fsiandardized regulations that seem
to be suggested mainly by Das and sub districtelesadvho come into office because
they are literate rather than because they understavironmental and development

issues (Yohannes and bayers, 2007).

2.7. Challenges in Watershed Management

Watershed management has been faced with manyecbe#i while applied without
community participation and using only hydrolagicplanning units, where a range
of interventions remained limited and poshatalitation management aspects were
neglected (MOARD, 2005). Several insights may et from the challenges faced in
implementing watershed management. Formulation @prapriate institutional
arrangements for more widespread application, givleam separation of different
disciplines — and of research from developmentthiwiexisting institutions is challenge
in watershed management. Integration is a frequdralenge, given the role of
disciplinary biases in favoring certain viewpointand approaches, and the

institutionalization of disintegration (Hussein ().

2.8. Empirical Framework of the Study

Retnareddy et.al (2004) studied participatory veited development in Indian. His
finding showed that watershed management graspeaibecity for enhanced livelihood
security even in geo-climatic conditions where tiwatershed cannot bring direct
irrigation benefits on a large scale. In such fegnvironments however, watershed

development is a necessary but not sufficient d¢mrdialone for sustaining rural
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livelihood needs to complemented with other programorking on livelihoods, poverty
alleviation, land reform, education and health éssmake it easier to effectively address

environmental and socio-economic issues.

Umrani (1991) concluded that wells in Kolhewadi @rahed area (Maharashtra) grasp
adequate irrigation and drinking water. The farmeow use improved equipment.
Fertilizer use has gone up and the cropping intghsis increased by 17 percent and area

under horticultural plantation increased trementous

Kapse and Shinde (1999) indicated that varioustrtreats carried out in the Nannaj
villages of north Solapur tahsil helped to bringnegkable changes in the household’s
livelihood. The proportion of area under irrigaterdps was increased by two and half
times as a result beneficiaries could diversifyirtteop activity which resulted in

increase in high value crop including fruits andetables.

Pathak P. et.al (2007) examined Rural Prosperitputih Integrated Watershed
Management. His finding indicates that as a resultzatershed management the socio-
economic status of people significantly improvdte productivity of crops, livestock’s,
cereals and ruminants increased substantially dueduction in soil erosion, reduced
sedimentation and run off, increased soil moistuebabilitation of degraded lands and
decreased the adverse effect of drought, resutihggher profit margin.

A study for Ethiopia is done by Gebrehaweria 2@&mined watershed management in
Ethiopia. His result showed that land and crop potigity and additional area for
cultivation increased, as a result of land rehttibn activities, increased availability of

water for supplementary or full scale irrigationdatime introduction of new agronomic
18



practices. Farm income, food security and acces$etth and education services
increased.

Study for Ethiopia also conducted by Assefa (20&tamined the role of watershed
management for climate change adaptation. Results his study indicated that as a
result of the watershed management livelihood nessuespecially; income, soil fertility,
land productivity, forest, water and food suppld®e improved, even if it has some
gaps in the process of implementation such as tdcgarticipatory decision making
process, targeting problem to address the poor,ytheng and the women, weak
stakeholder linkage and some conflicts over utilimaof communal livelihood resources
(forest and range land),which means lacks for tbeeldpment of social and human
capital. It is concluded that the project can @agignificant role to improve the adaptive
capacity and livelihood condition of the local peogt also finds that the implementation
of climate change adaptation mechanisms were diftawithin the different age, sex and
wealth groups. Male and better of households weatteb implemented the climate
change mechanisms.

Study for Tigray region was conducted by Kifle (2Dlexamined the Costs and Benefits
of watershed management. Results from his studgatet that Tigray is considered as
the most degraded region in Ethiopia. Despite thisumber of positive changes had
been recorded due to watershed management. [idifira Fertility of the soill,
groundwater and microclimate around the treatedensheds improved and moisture

stress within the soil and flooding reduced.
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2.9. Conceptual Framework of the Study

Climate change is a serious global issue; it isifeated through different process, such
as increase in temperature, rise in sea levelab#ity on rain fall and wind and it has
adverse effect on human being directly or indisee8pecially in the poor countries like
Ethiopia. However, In order to minimize the adverstects of climate change
governments and non-government organizations degugglevelop adaptation measures

such as soil and water conservation or throughnsiaéel management.

Watershed management is the process of managingarhuativities and natural

resources in an area defined by watershed bousddrries an evolving and continuous
process through which decisions are made for th&tasable use, development,
restoration and protection of ecosystem featuresctions and linkages. Watershed
management allows us to address multiple issuehjedtives; and enables us to plan

within a very complex and uncertain environmentr{§€grvation Ontario 2009).

Watershed is not simply the water entity but alsticGceconomic-political and ecological
unit, which plays a key role in maintaining sus#dile livelihood to rural community
(Wani et al.2008 as cited in ICTISAT,). It servessaameans to conserve resources such
as water, soil, forest and pasture resourcessét ahhances the agricultural production
both by conserving moisture in the soil and by @asing irrigation and do have
significant impacts to reduce soil erosion, bettater availability and quantity, reduce
deforestation, enhanced cattle milk production, rompd livestock production, better

crop production more bio mass and fuel wood avaitp§lGES, 2008).Hence, in order
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to avoid the conceptual gaps on watershed manadgeandnits role on climate change
adaptation or livelihood development, the logicalogesses and outcomes were

constructed as below.
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Figerl. Watershed management and climate change golation framework

developed based on DFID sustainable livelihood fraework (2014).
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CHAPTER-3

MATERIALS AND METHODS

3.1.Description of the watershed

Fig.2. Map of the study area
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The study was conducted in mariamshewito watersh@dwa. Detail description of the

study area was presented as follows.

3.1.1. Location
Mariamshewito watershed is located in Adwa distriehich is found in the Central
Zone of the Tigray regional administration. Adwaasated some 1006kms away from
Addis Ababa via Woldia-Mekelle road, in the extrenwethern Ethiopia, within £415'N
and 38 52'E geographically. Topographically, the woredas!in midland with
temperature 27, rainfall 600-850 and altitude 1808.s. The agro ecological zone of the
woreda is Weina-dega (Midland), and gola 63% arfb 83&spectively. These altitudinal
agro ecological belts are generally accepted agmppdand use forms suitable for crop
cultivation of barley, Wheat, pulses, teff, maizedasorghum, as well as horticulture
production of vegetables and fruits in the vaserigide valleys of the fertile low lands
(Adwa wereda Agricultural office, 2014) .
Soil types of the woreda are locally call ‘walkdiutsa’ and ‘qeyih’, 24.43%, 19.75%
and 55.82% respectively. The total population efworeda is 112,987 of which 56,307
male and 56,650 are female. While the householdshefiworeda are 25,165 of which

17,654 male and 7,571 female.

The watershed is situated 17 km to the east westtdin from the adwa town which lies
between38’ 57’ 52” E t038°59’ 38” E longitude and 4’ 13’ 15” N to 14’15’ 50” N

latitude. It is surrounded by selam & yeha tabiahia north, soloda tabia in the west,
endaba — gerima tabia in the south and gendebia italthe east. The total area of the
watershed is 3503 ha from which about 17.6% of dhea is cultivated land. The
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watershed contains 4 kushets (Genya, ketema, daesmi and Erar). The total
population in the ‘kebele’ is 7353 of which 36561@)&8697 female. But the total house

hold head living in the watershed are 1676, male&t female 1169.

3.1.2. Climate
According to the elevation of the area, the watedsis categorized under two climatic
condition called “weyna dega” and “semi qola” 85%nd 15% respectively with
temperature 27, rainfall 650-850 and altitude 19200 m.a.s. The average annual
rainfall ranges from 650-850mm. On top of its inquigcy, it is uneven spatial and

temporal distribution.

3.1.3. Topography
The land form of the watershed consists up and danchis dominated by rugged train.
The cultivated land and homesteads are situatedively in gentle slope. Whereas
grazing and bush land area characterized by steppessthat ranges from 30%-90%.
There are many rills, gullies and torrents in alld use types. The upper part (or starting
point) is from mountainous that rugged and domuhdgtorrents. The total length of the

large gullies is about 20.5km.

3.1.4. Soil characteristics of the watershed
The watershed has different verity of soil type whkee go from top to the lower part of
it. On the sloppy part of it, shallow soils withhavater holding capacity and low fertility
are common. Whereas, relatively deeper, mediumetwytexture soils are common in

the lower valleys and flat bottom land. The soxtieal classes are clay to silt clay. The
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soil type of the watershed is dominated by thellpcalled “ Bae’kel” , “hutsa”, “geyh
meret” 70 %, 20% and 10% respectively and theamesdepth of the soil ranges from

50-60cm.

3.1.5. Existing land use
The land types of the watershed include cultivased b land, wood land, grazing land &
homestead land. The Bush & shrub land is the langgs of the watershed consists of
241%a. Out of which 546 ha of the area is irrigataatlan this is restricted the whole

year from free grazing. The overall land use typksted out in the following table.

Tablel. Existing land use type of the watershed énectare)

No Land use type Area coverage Percentage
1 Cultivated land 618 17.6%

2 Grazing land 194 5.5%

3 Homestead 110 3.1%

4 Bush & shrub land 2415 68.9%

5 Miscellaneous land 166 0.5%

Total area 3503 100%

Source: - Agricultural development office, Adwa {20

The cultivating land (rain fed):- The cultivating land of Mariamshewito watershed
covers 618 ha that covers 17.6% of the watershieid.clltivating land found in all parts

of the watershed and has slope from gentle to Slege that is from slope 5 to 45%. The
cultivating land has not uniform land form it iefmented. In this cultivating land there

26



are homesteads which they are scattered and in sogaewhich are neither used for
cultivation nor grass or other type of productidime farmer says many areas that are
used to separate one cultivation land from the rotfiee area of cultivated land is

reducing every year due to severe soil erosion.

Some of the cultivating land is free for grazingnaals during the dry season while most
are collapsed. Therefore, they need complete nreant® & to introduce new technology

on the farm land.

Grazing land: - The grazing land is found near to the lowert gdrthe catchments
(watershed) and total area of it is 194 ha, whicthe smallest portion of the watershed
(i.e. 5.5%) This grazing land is mostly used foe trazing of shout & pack animal

especially during the rainy season.

Bush land & shrub land (BU & SH):- Bush land & shrub land is found in between the
cultivating land and homestead and in a steep slbipe bush land & shrub land is the
third largest of the watershed followed by culteétand irrigated land that covers
2415ha (which is 68.9% of the watershed area). THmd use is used as source of fire

wood, forage (fodder) for household construction.

Home stead - Most of the homesteads are found on and arthumdultivated area while
these homesteads are scattered and are found amadispart of the watershed except in
some part. The total area of the homesteads cdvHdsha (which is 3.1% Of the

watershed area).
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Miscellaneous land (ML)- Miscellneous land is cosists of rivers, roadsrents and
area which is rock out. Miscellaneous land is allarich is not productive and can't
change easily to productive land. The total arethefmiscellaneous land covers 126 ha
(which is 3.6% of the watershed area). which is ¢seeond smallest portion of the
watershed followed by grazing land (0.5%). Thisaaie charectarized by roads, rivers,
roacky area and so on. Some of the miscellneows dan be changed in to productive

land.

3.1.6. Farming system
Farming system of the watershed is subsistenceofvEayming. The major crops grow in
the area are teff, millet, wheat, barley and mafzes sowing period of the area is from
June to July while the harvesting period from Seytter to November. Commonly, the
community use cow dung and woodlots as their soafceiel wood. The community

also gets water from spring, rivers, and hand pumps

3.2. Research Design and sample frame
According to Dawson (2002) research design is theceptual structure within which
research would be conducted. Therefore, the rdseavwas usedross sectional survey.

It assesses the overall activities at one shot.

Sample Frame

The sample frame of the study was peasant asswctiai of households’ roster.
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3.3. Sampling Techniques and Sample Size
The study involved different sampling techniquesotder to select the study area and
respondents for interview the researcher used piuposampling method. Stratified
sampling also used to categorize households to ncakeparative analyses among
different groups in the community. First, categakidivision is based on their wealth
while the second extended category is within weedltegory; there is also a need to
address the gender balance in order to unders@mmndbth groups are contribute to and
benefit from the management practices. After acdsmpg the strata and having to the
sampling frame, disproportional simple random samgplwas implemented in each

stratum to accomplish the whole process.

Sample Size

Care must be given to make the sample size of tindy 90 be as representative as
possible in accordance with the time and budgetated. The rationale for deciding this
sample size is based on factors like the homogeoéipopulation, cost of the survey,

shortage of time, number of factors to be analyaed the precision level required. The
household number of the study area ( mariamshekebele) is 1676, of which 1169

male, 507 female. Therefore, the researcher decmeeélect about 5% of each stratum
that is 85. The sample size from each stratum wetermhined by using the

disproportional sample selection.

3.4. Data Sources and Methods of Data Collection
Both primary and secondary data sources were wsetthi§ study. Primary data sources

were household heads, ‘Kebele’ and ‘woreda’ adrstiers and other natural resource
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or watershed experts through household survey redsen, interview, and questionnaire
and focus group discussions. On the other handndecyp data sources for this study
were books, internet, research papers, recorded patrnals and reports on trends of
climate variability, impacts and adaptation mechars, published and unpublished
research papers on assessment of watershed mamagemegibution to climate change
adaptation and rural livelihood sustainability. Bles, Maps and Satellite images were

used to delineate the watershed using GIS tools.

In order to obtain the relevant information theewesher were used different methods of
data collection such as household survey, focusmdiscussion, interview, observation,

photograph and review documents.

Household Survey The household general information (socio-econdnaod the
watershed activities, which have been implementeddmmunity based institution with
its implication to development of adaptation opsicor livelihood improvement, were

assessed by using semi structure questionnaire.

Focus Group DiscussionSometimes it is preferable to collect informatfoom groups

of people rather than from a series of individu@s« focus group discussions were
carried out with the stratified categories in thebkle, which is two from the poor (one
from female and one from male), the second two ggdtom medium( one from female
and one from male) and the rest two were from ittgletter off) ( one from female and
one from male). This is because to capture a getidaggregated data from the process.
Each group comprises 6-8 individuals of variousegigmces with careful supervision to

keep them on track of what is needed to be stuldg.riiain objective of this method was
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to triangulate the survey method and investigatditiathal facts about the watershed

activities and benefits that were not addressetthégurvey method.

Key Informant Interview: Key informant interviews and discussions were cahalith
sixteen different individuals at ‘Kebele’ and weael@vels. At the ‘kebele’ level twelve
(4 male and 4 female) farmers were select, who hadeexpert knowledge to generate
climatic data and watershed activities and bendfitee community key informants who
have had specific information about the area, (Okebele’ administrator, one
Community Based Organization leader, one agricaltevelopments agent and one
natural resource management expert, one healthtexipe ) were used to integrate the
facts. In addition, at the wereda level one thaehaad expert knowledge of the area, one
Agricultural and Rural Development expert who issigsed as Natural resources

conservation expert and one health expert were asé&dy informant discussants

Observation and Photographs:This method was used it to understood the overall
conditions of topography, the cropland conditioaftgrns of the grazing land with its
status, as well as how forest status and patteensed at current times. Observations of
the environment can provide valuable backgrounorimétion about the environment and
adaptive practices. Besides, these; this methodused to investigate the main natural
resources conservation mechanisms and/or methati$idive been implemented by the

local communities.
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Document Review:To understand the watershed performances and €fféata from
secondary source such as; published books fronaryiband internet, unpublished

documents at the ‘kebele’ and ‘wereda’ levels wekeewed.

3.5. Data Type
The researcher was used both qualitative and daawvé data gather from the
households, stakeholders, wereda administrators ahdr bodies to get relevant

information.

In this thesis, qualitative data was used to uridedsthe overall benefits of watershed
management for climate change adaptation wherazmtitptive data used to show
comparative analysis among different age, sex, tiveadd farm land size groups, of the
sample households in order to understand how brotlpg are contributed to and benefit

from the management practices.

3.6. Methods of Data Analysis and Presentation
Both quantitative and qualitative methods were usedanalyzing the information

collected using different instruments.

Qualitative data obtained using semi-structuredstjoenaire, interview, observations,
FGD and document analysis were analyzed qualitgtivsing appropriate words.
Explanation and description of different qualitatiinformation will make as deemed
necessary. Descriptive statistics such as meaogpges and frequency were employed
to analyze the quantitative data. This study atdlows a kind of comparative analysis

among the different gender and wealth categoryhefsample households using IBM-
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SPSS 20 package program. Statistical tests andunesasf variation were also used to
analyze the involvement of different groups of tbeal community on the watershed

management practices.
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CHAPTER FOUR

RESULTS AND DISCUSSION

This chapter presents the results of both quanitatnd qualitative analysis of data in
line with the specific objectives of the study. Ttieapter consists of the background
information’s of respondents which are related he tmplementation of adaptation
mechanisms such as; demographic, socio-econonaiadieristics of households and
climate change adaptation mechanism, impacts oivdtershed management and others
analysis which helps to assess the role of watdrshanagement for climate change

adaptation are the main parts of this chapter.

4.1.Socio-economic Characteristics of Households

The subjects involved in this study were mariamstweitabia’ households, agriculture
experts/ natural resource experts, ‘wereda’ adinatien and other stakeholders. The
researcher believes that the respondents are giedatholders and as a result they were

considered to be relevant as main sources of irdtom for the study.

Among the sampled household heads in the study 39¢69.4%) were males and 26
(30.6%) were females. Female headed householdsr aheel to divorce, death of

husbands and migrations of husband, etc.

4.1.1. Wealth Status of Sample Households

Regarding to distribution of sampled householdshiwitwealth status, out of 85

households, 27, 29 and 25 households were with, ppedium and better-off wealth

34



status respectively. Among 27 households with peealth status 15(55.6%) are male
headed and 12(44.4%) are female headed. While; 2@sampled household heads with

medium wealth status 19(65.5%) were males and 18¥d4were females.

Similarly, out of 29 sampled household heads Wwegtter-off 25(86.2%) were males and
4(13.8%) were females. Generally, majority of htwdds were male heads, in both
wealth categories. Short discussion was made withdf/iduals and 3 development

agents to identify the indicators of wealth catggarthe study area.

The researcher followed the approach followed leyRhoductive safety net in the study
wereda to classify the household’s wealth categBgsed on that, size of farm land,
number of oxen, cows, sheep’s and goats were tha imdicators of wealth status in the
study area. Accordingly, a person is called ri¢tha or she would have 3 timad (0.75
hectare) and above land size, 2 and above oxend5above sheep and 5 and above
goats. Likewise, for a person to be medium shetfoelld be own 2-2.5 timad (0.5-0.62
hectare) of land size, one ox, 3-5 sheep’s ana)8afs. Moreover, a person is considered
as poor if less than 2 timed (0.5ha) land, no oXess than 3 sheep’s and less than 3

goats.
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Table2. Wealth status of sampled households wéh thand owned and_nof oxen per

household
land owned by household wealth status of househdld otal
poor Mediu | Better-
m off
<2 timad no of oxen per no oxen | 23 23
household
Total 23 23
2-2.75 no of oxen per nooxen | 3 0 3
timad household loxen 0 27 27
>loxen | O 2 2
Total 3 29 32
>3 timad no of oxen per no oxen 1 0 1
household >loxen 0 29 29
Total 1 29 30
Total no of oxen per no oxen| 27 0 0 27
household loxen 0 27 0 27
>loxen | O 2 29 31
Total 27 29 29 85

Source: - Survey result, 2014
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4.1.2. Educational status of households

In developing countries like Ethiopia low level @lucation and high level of illiteracy

rate is common (Mathyalu M.,2013). Indeed, educalvel of households was assumed
to increase participation of households in impletagon of climate change adaptation
mechanisms. The higher educated household headsimeeased their ability to find

information, better understanding and applicatibmew technologies and in turn have
better ability to cope with climatic risks. Frometsurvey, 54.12%, 9.41%, 34.12% and
2.35% of the respondents are illiterate, read antgwgrade 1-8, grade 9-12 respectively

(finger 2).

Finger3. Household’s educational status -% of redpats

eductional status of hh

eductional
status of hh
Cilltrate
@A read and write
[£l1-8
Eaaz

Source:- survey result, 2014
The education level indicates resistance to a damparincident as better knowledge on
the origin of events and about the methods to edgiethem reduces the risk. Education

level also has strong relation to the socio-ecooatatus (Cutter et al., 2009). Generally,
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the low educational backgrounds are found to hildeiseholds from implementation of
adaptation mechanism.

The survey result indicates that more than 50%efrespondents were illiterate. This is
assumed to affect the adoption of new soil and maieservation technologies

negatively and in turn reduce the capability to eopith climate change impact.

However, education is very vague terminology; icdeto identify the type of education,
if consider only the formal education it does matliide those illiterate farmers who have
had deep root experience and knowledge of natesalurce management.

4.1.3. Demographic characteristics

Demographic structure is an important consideraa®the elderly and youths considered
as less implementers of climate change adaptatiactipes. The total household of the
watershed were 1676 and the sample households 8geid which 59 males and 26
females. The majority of the sample household adeuthe age of adult (30-60) counted
58.8% of the total sampled household. The numb&oasehold under the age of young
(18-30) was computed 12.9%. Likewise, householdb wie age of elder (>60) were
counted 28%. Therefore, more than 70% of the samptauseholds were under the
active age group. Majority of the households havanaily size of 4-6 counted 43.5% of
the sampled households. Similarly, 30.6% of theskbolds have a family size of 6-8.
Besides, 21.2% of the households have a family &ize4 and rest 4.7% have a family

size of >8.
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Table3. Demographic characteristics of households

Sex of sampled Households Age of sampled Households Total
young (18- | Adult ( 30- | Elder (
30) 60) above 60)
Male family size <4 6 3 6 15
per household 4-6 2 14 7 23
6-8 0 11 6 17
>8 0 2 2 4
Total 8 30 21 59
Female | family size per | <4 | 2 0 1 3
household 4-6 | 1 12 1 14
6-8 | O 8 1 9
Total 3 20 3 26
Total family size per |<4 | 8 3 7 18
household 4-6 | 3 26 8 37
6-8 | 0 19 7 26
>8 |0 2 2 4
Total 11 50 24 85

Source: - Survey result, 2014

The household size indicates the level of overciogidand thus coping capacity in a

community. Household size majso be related to the socio-economic status, which
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determines the capability of household to implenwaying strategies. The smaller the
household size, greater are the chances of peatey affected. On the other hand,
larger households represent critical social networks arghpuwer, which may be

valuable in emergengituations (Cutter et al., 2003).

4.1.4. Land holding

Land is important in the agrarian society like Btha since it depends on agricultural
production. Since the 1983 land has been undesttte ownership and there had been
redistributions and readjustments since then. @keland readjustment had been taken
in 1983E.c in the study area. The study indicag¥s1%, 37.6% and 35.3% of the
sampled household owned <2 timad (0.5 ha), 2-2mad (0.5 — 0.65hac) and >3
timad(0.75ha) respectively. The average houselawd holding size in study area was

0.43 hectare which is too small.

Share croping is the means to gain land for thdse mave shortage of land. Those who
have no labour, oxen and seed was provided thedsl for sharecroping and they took

half of their lands production.

The study indicates, difference in involvement tmarecroping before and after the
watershed management. Before the watershed managemeseholds were give a little
value to their land and by providing their land &rarecroping, they migrated to other
areas to involve in other activities. 30% of thenped households of which 5% male and
25 % female household heads provided their langHi@recroping. But after watershed

management the number of households involved iresh@ping reduced and only 10%
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women households were provided their land for sitapeng as a result of access to
credit, agricultural extension service and shortafgyland owned by the households due
to high population pressure and well understandinghe advantage of land and says

“aoCetn HyNh a0y eynh’”.

Fig3. Land holding and household size of sampladgabolds-% of respondents
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Source: - Survey result, 2014
4.2. FARMERS VIEW ON CLIMATE CHANGE TRENDS

4.2.1. Farmers view about trend and change in temperature

To compare meteorological data with the househagb@sception survey on the three
main indicators of climate change were conductethenstudy area. These are trend of
temperature, rainfall and wind. The trends of terapge were examined in two ways,
hot days and hot season per year. The study irdica8.8% of the respondents said that
there is an increased and very increased and 3&&ith there is no change in
temperature. While, 3.5% of the respondents sa@d there is decreased and very

decreased of the hot days. Moreover, 63.5% of #@spandents said that there is an
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increased and very increased in hot days, whil@%4of the respondents said that there
is no change and the rest 2.4% of the respondeidstisat there is no change and
decreased and very decreased of the hot days.ifdisates that more than 60% the

household heads said that daily and seasonal tatapes were in increased trend.

The data from the group discussants and intervisweas also consistent with the
survey. But it adds new ideas. The growth ratediiéérent crops were increased. The
time of harvesting were changed. Before 30 yeardithe of harvesting was from April
to October but now’s a day from July to Septem&zops were matured earlier due to
the rise in temperature. It was important oppotiutd mature crops on short period and
escaped from drought. Also reveals that the dag &wven in the rainy season becomes
very hot which were not common before and the conitpuwas challenged to
accomplish their activity in the day time. Durirfgetdry season many people had faced

with health problem due the high temperature.

Next, the researcher nullified the hypothesis thate is a difference in explanation of
trends of climate variables among the different ageup farmers. The %Xshows
p=0.013-0.02 ( df=4, 3¢ 12.6-16.6) for different age category which hasraplication

of significant difference among age groups towandslanation of trends of hot day and
years in the past 20-30 years. Elderly group redpots assured that there is a significant
difference in the trend of hot day and season obdmgn the Adult and youngest groups,

and most of the youngest group said no changeonds:

All of the ideas presented by the households weecensistent with the meteorological

data analyses of insignificant increased trend mmual maximum and minimum



temperature. Therefore, it is generalized that d@lengh there are contradictions in the

trends of temperature in the area, there is tertyreraariability in the study area.

4.2.2. Farmers view about trend and change in Rainfall

For this study the trend of rainfall look at inekrways, duration, intensity and amount of
rain fall. The study indicates, 17.6 %, 32.9 % d8#4 % of the respondents said that
there is an increased and very increased, no chemtjelecreased and very decreased in
the amount of rainfall respectively. Furthermor&.9%6, 23.5% and 50.6% of the
respondents said that there is an increased agdn@eased, no change and decreased
and very decreased in the intensity of rainfalpessively. Likewise, 20%, 35.3% and
44.7% of the respondents said that there is arased and very increased, no change
and decreased and very decreased in the duratiomimfall than 30 years back

respectively.

The data from the interviewees also supports the datained by the survey. However,
it added some new ideas, in view of that the crogivested 30 years back such as
‘chalay’, ‘kalay’, ‘gunazay’, were not harvestedd&y since they required more rain.
Similarly, the volume of rivers and streams wererdased and the water sources for
irrigation from rivers were decreased. Rivers amelasns flow were stay 9-10 months 30
years back but at the present time dried not siagdr than 4-5 months. Most of the
respondents’ argument on rainfall variability wassistent with the meteorological data

analyzed, especially the old peoples view.
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The researcher also nullifies the hypothesis thetet is a difference in explanation of
trends of rain fall trends among the different ggeup farmers. The %shows p=0.000 (
df=4, X?= 23.87-33.3) for different age category which hasmplication of significant
difference among age groups towards explanatigreafls of rain fall intensity, duration
and amount in the past 20-30 years. Elderly andt aplaup respondents assured that
there is a significant difference in the trend ainrfall intensity, duration and amount
than the youngest groups, and most of the yourgrestp said no change of trends of
rainfall intensity, duration and amount. All ofethideas presented by the Elder
households were consistent with the meteorologlesh analyses of decreased trend in
annual amount of rainfall. Therefore, it is genieed that there is decrease in rainfall
intensity, duration and amount in the area, sinlentifying these trend change require

experience and long live in the area.
4.2.3. Farmers view about trend and change in wind pattern

The survey indicated that 17.6 % of the respondsaits that there is an increased and
very increased in wind pattern and 32.9 % respbatithere is no change, while 49.4 %
of the respondents said that there is no changaelaactased and very decreased in the
wind pattern respectively. Moreover, the data fribra interviewees indicated that the
growth periods of crop were changed. Before 30 sy¢lae growth period for different
crops were not less than 5 months but today d2¢3mmonths due to strong wind pattern.
Based on these all data’s, it is concluded thaktigea significant temperature, rain fall
and wind pattern variability in the study area agdneralized that the area is

characterized by climate change. This is consistgtit many findings, for example
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Hadgu and others (2013) reported Tigray region wemacterized by climate change
which is dominantly expressed in terms of kirenit ffall. Likewise, Assefa (2011) find
that there is a climate change in the choke nt@n, east Gojam particularly,
temperature increases, hot seasons also beconges lmd changes observed in rainfall
pattern and fluctuate in its amount, duration, nstyy and variability together with
occurrence of strong wind.

4.3. Status of Climatic hazards in the watershed beforamtervention

The data from the group discussion and intervieticetes that due to unwise utilization
of natural resource for construction materials,| fweod, grazing land, primitive and
continuous farming , the area were exposed to sesal erosion, soil nutrient depletion,
moisture stress, deforestation and over grazing.f@md in the cultivating land is poor
due to sheet and rill erosion on the upper catclsn@mully erosion on the lower part of
the land. Before the intervention, new gullies wereated every year and the existed
gullies were widened from year to year. There haghbactive and passive soil erosion in

the watershed, part of the cultivated lands becom®f use and rock.

The survey indicates that 65.8%, 23.5% of the Hooisls consider drought as very
severe and severe respectively. While 5.5 and 2%e households considered as
moderate and less severe respectively, in the saugly before the intervention. Almost
all households sort out the flood hazards befoternnention as very severe and severe
and about 5.5% percent consider it as not sevel@msevere. 90% of respondents also
perceive that the crop damage due to erratic thisfaevere to highly severe. Regarding,

frost, human disease about half of households tegdrighly severity.
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Likewise, the discussants and interviews revealest tlimatic hazards like flood,

drought, and rain fall and temperature variabilitgre very severe impact in the study
area. Flood hazards were sever in the study amegodinat conflict among the upper and
lower stream settlers were very common. This prakikemuch serious for people around
the steep slope areas. The interviewees statebefae the intervention conflicts among
households due to the flood hazards were very umuleven some peoples were lost

their life.

The data from the interviewees with the agriaaltexperts from the ‘Tabia, also
supports the idea. Most of the people want to teeeda to report about their conflict
every day. Further, there were also serious problefrboundary dispute due to flood
hazards, especially, between genya which is orteeofqushets’ in mariamshewito and

may’agam neighboring tabia in accessing grazing.lan

Moreover, the study indicates that the farmlanésfieagmented, less productive, severely
degraded and the soil is infertile due to thatdbenomic activity of the community were
put at risk and unable to support the livelihood tbé community. Thus seasonal
migrations of family members in to western zoneTajray were common, looking

employment as daily labors to cope up with the ictpaf climatic hazards.

Similarly, the main sources of drinking water fatiy the people and animal were rivers
and streams. As a result, the qualities of drigkirater were also poor and many people
were with health problems. Accordingly the climaktiazards in the study area before
intervention were generalized as very severe amdrgeThis finding is consistent with

many studies for instance, NAPA, 2007, drought ffoad are the most frequent climate
46



related natural hazards impacting Ethiopia sigaiitty which happening every three to

five years.

4.4.  Analyses of the Watershed Management Practices the Study Area

For a long time the Ethiopian government has reizeghthe solemn implication of
implementing large national soil and water consgoma to mitigate environmental
degradation in the 1970s and 1980s. However, floetefof such programs were seen to
be insufficient in managing the rapid rate of demapyic growth within the country,
widespread and increasing land degradation, ard risgs of low rainfall and drought.
Since 1980, the government has initiated waterslesglopment to supported rural land
rehabilitation, through well utilization and congation natural resource (MOARD,

2005).

In Tigray, the 1966, Farmers were familiar withditeonal soil and water conservation
practices in their day to day activities such a=lly we call “Deret” that synonymous

with ‘grass strip’ or ‘soil bund’. But, their actties were not supported technically.

Likewise, farmers were familiar with different tiidnal soil management practices in
the study area. According to the discussants ataiviewees, management practices in
the study area were initiated since 1970-1980(dwing the derge regim) and their main
focus were on area closure and physical structuigslittle attention to their impact to
productivity in limited areas. World food programade a significant contribution to
those conservation efforts by providing food forrkvim the study area. This was done by
small projects and these projects unite and nareddERET in 1972. However, most of

the bunds constructed on the previous were destrbyehuman and animal due to the
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free grazing of animals and human consumption éenlt®77 (during the drought period).
The 1977 production year was the drought year eénvthole Tigray. As a result peoples
were used the area closure for fuel wood and fadewise they used free grazing for

their animals as a result the area was very dedrade

In 1980, the FDRE were started to planning fordbeelopment of large watershed in the
area. The major management practices in the stredy\aere started in the 1988-91 by
the World food program. Through experience 1992 ALfocal Level Participatory

Planning Approach), the official name of the projeow a day is known as MERET-
PLUS (Managing Environmental Resources to Enabkndition to More Sustainable

Livelihoods-Partnership and Land User Solidarity@rev designed to integrate NRM
interventions, productivity intensification meassireand small-scale community

infrastructure.

In many studies local methods of adapting to clenaariability in rural agricultural

society is widely acknowledged. As mentioned in G&06il and water conservation
measures have the potential to be effective inamreing the effects of climate change,
providing a more secure livelihood for the rurappttion and improving their standard

of living.

Physical conservation measures as well as agronamiic/egetative measures, including
agro forestry were implemented to prevent soil iergsland degradation and climatic

hazards, in the study area.
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The main purposes of mechanical/structural/physscal and water conservation measures

were to control the movement of water over the smiface and limit its erosive capacity.

Biological soil conservation are assets of condemgractices, which is the adequate cover of
soil surface, the re-circulation of organic mated nutrients as well as the establishment of
vegetative barriers across the slope, preventsoilmoisture loss, improve soil properties and

maintain /restore the productivity and stabilitytbé agro-ecology. The increase in vegetation
cover was significant to reduce the rate of sailsem and permits percolation of rain crop in

to the underground trees also re-enforces the gdiysiructure. These are also capital assets
and sources of income for the community which camgénerated through proper management

of these resources.

As the data from the farmers, the main physicalkeoration measures implemented in
the watershed were soil bund, deep trench, terrhiéside terrace, haring bonce, half

moon, gabion, gully cutting and stone bund.
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Table4. types of physical soil and water consémnatin the study area from 1997 -2005

Year Type of SWC practices or activities
Stone | Tre | Tre | Hill Deep | Bench | Haring | Half | Eye Gab| Gull
bund | nch | nch | side trenc | terraces| bonce | moo | borrow |ion |y
in in bun | terraces| h in in M* inno | nin | basinin cutti
KM KM |d in KM | KM no no ng
1997 3 8 110.7 - 326 - - -
1998 | 11.26| 154 117.58 4985 - - - -
1999 | 16 29 17 11 - 2169 - - - - -
2002 | 5.5 -1 43| 91.9 -| 1063 4269  32p9 - - -
2003 - 185 | 23 - 18.6| 1464.5 -| 8000 - - -
2004 - | 17 28 - -| 1544 -| 3009 2778 455 32

Source: Natural resource development office, Adwa

The physical structures are sustained when thegdaiupported) by biological

measures. The major biological soil and water coadi®n measures implemented in

mariamshewito watershed are compost making, vegeténcing, intercropping, crop

rotation, strip cropping, grass strips along theteors, stabilization of physical structures

and farm boundaries, fertilization(dissemination dfemical fertilizer), manuring,

mulching, A forestation, area closure protectionl gtantation. Moreover, conserving

and promoting of high yield local

crop varietiemt only yield but also disease

resistance, crop rotation, changing planting datd aonserving indigenous forests

species were implemented by the households in tindy sarea to cope with climate

change. Plantation of indigenous forest speciesdely implemented in the study area.
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The number of indigenous forest species plantetthenstudy area were increased from
8,801 in 1996 to 344,451 in 2004 and 65% of thea arlesure was cover by forest

(Natural resource development office, Adwa, 2014).

Similarly, the various water harvesting structuresnstructed at mariamshewito
watershed are check dam, shallow well, Shallow eattan for household consumption,
river diversion, motor pumping, tanker(vaska), pétion diet and spring development

(see table 5).

Table5. Water harvesting structures in the studg ar

No Type of structure Noof structures
1 Chek dam 24

2 Shallow well 430

3 River diversion 9

4 Motor pumping 60

5 Spring development 6

6 Vasca (Tanker) 2

7 Percolation diet (Horeye) 624

Source: Water resource development office, Adwa420

According to the data from the group discussants iaterviewees, the above physical
and biological soil and water conservation werelengented in private and communal

land.

According to IPCC, 2001; IUCN, 2009; Kurukulasurigad Mendelssohn 2008 as cited
in Assefa, 2011, these above practices were camesidaes climate change adaptation

mechanisms. Based on the data generated from theysand different sources the local
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communities, the watershed communities were imphete the above adaptation

mechanisms.

Watershed management cannot be achieved withouvithegness of local people to
participate (Pretty and Ward, 2001 as cited in $ade According to the group
discussants, the households were participatedeirplémning and implementation of the
conservation measures. They were contributing fedr yearly (20-40 days) on
communal land management. In the survey, an eifast made to see the participation of
households in soil and water conservation. Accardm the respondents, most of the
households participate in the implementation of tabkove climate adaptation

mechanisms.

According to the survey data, 78.8% and 60% ofrniheseholds have been constructed
soil bund and trace respectively. The stone buddaes and stops the velocity of runoff
and consequently reduces soil erosion and theystdine in fertility and crop yields.
They are semi- permeable structures unless seadtédsuail in their upper side. They
increase the moisture retention capacity of thepofile and water availability to plants,

and increase the efficiency of fertilizer applioas if any.

Likewise, 65.9%, 76.5% and 72.6% of the househloéd® implemented gully reshaping,
hill side treatement and stone check dam. A stdreelc dam is a structure across the
bottom of a gully or a small stream, which redutesvelocity of runoff and prevents the
deepening and widening of the gully. Sediment acdatad behind a check dam could
be planted with crops or trees/ shrubs grass amsl phovide additional income to the

farmer.
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Moreover, 83.5%, 70.6% and 82.4% of the househattigpted fuel saving stove, crop
rotation, planting and protection of forest ancabishment of vegetation barriers across
the slope, prevent soil and moisture loss, impsnieproperties and maintain/restore the
productivity and stability of agro- ecosystem. ABB8.5%, 35.3% and 83.5% of the
households have implemented cut and carry systeaning land rehabilitation, irrigation
practices, using improved agricultural input, costgareparation and water development

practices respectively.

These all indicates that most of the respondenpgeimented the adaptation mechanisms,
especially construction of soil bund and stoneeratompost preparation, community
forest protection from deforestation, using fezgli and improved seed, implementing cut
and carry system, gully reshaping and land reltabdn were implementing more than

other activities.

Next, the researcher needs to nullify the hypothdsat the implementations of climate
change adaptation mechanisms within the differeatgs of the community, age, sex

and wealth category.

Gender differential in implementation of climatkange adaptation mechanisms have
been investigated using the independent T-Test.iMp&mentation status of the above-
mentioned dependent variable by gender shows ib@rsignificance difference between
the two groups. The independent T-test indicated, tA=0.000(t=4.3-9.4, df=84) for all
mentioned above variable has an implication ofifigance mean difference between the

two groups.
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Likewise, the analysis of the implementation of Himve activities by different wealth
groups indicates there is a significant differeangng the wealth groups. It offered that
most types of adaptation mechanisms were well impiged by the better off wealth
categories. The statistical analysis of the one WBYDVA shows that p=0.000-0.041
(F=3.3-21.4, DF=2) for all performances. In additido this the post hock analysis of
most activities shows the significance differercexisted between the poor and medium
and poor and better off. However, no significanigedence between medium and better
off. This indicates the acceptance of null hypothélsat is adaptation mechanisms are
more implemented by the better-off and medium gsotipan the poor with large

proportion difference.

Moreover, the analysis of the implementation of #mve activities by different age
groups indicates that there is a significant défere among the Age groups except for
crop rotation and check dam construction. The siedil analysis of the one way
ANOVA shows that p=0.001-0.038 (F=3.4-7.56, DF=@) &ll activities except for crop
rotation p=0.106 (F=2.309, DF=2) and check dam ttoogon p=0.124 (F=2.144, DF=2)
which indicates insignificant difference. Besid&s this the post hock analysis of most
activities showed that the significance differemaes existed between the youngsters and
Elders and Adult and Elders. However, no signifesamlifference between Adult and
youngsters. Adult and young households were morgcimated in the implementation

than elder households.

From all the above discussion it could be concludeat, even though different

management practices implemented in the study alieaouseholds were not equally
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participated, especially women’s and marginal fagweere less participant. This finding
was consistent with study by Assefa (2011), firat there is a significant difference with
in the different age, sex, education and wealtregm@ies in the implementation of
climate change adaptation mechanisms in Choke Mgunipper Muga watershed in

East Gojjam of Ethiopia.

According to the respondents, the most importaasaor that some farmers did not
implement SWC measures on their farmland is the thd not have adequate farm land.
As survey result indicated that, an average landimg of the study area were 0.43ha
which is too small. Likewise the women discussaatealed that they have no enough
time to participate in the implementation of suetervention since they have a work load

in their home and due to low economic performance.

Fig5. Household’s participation in gully rehabititan

Source:- Natural resource development, Adwa, 2014
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However, according to the interviewees, househopdigicipation in decision making
was low. Most of the decisions in the watershedewsade by the DAs which undermine

the household’s indigenous knowledge and expergeanenatural resource management.

4.5. The Role of Watershed Approach for Climate variabiity and change

Adaptation

Watershed management has been successfully useshgoback and preserve the agro-
ecological feasibility and production potential wérious watersheds throughout the
world, using land-use management techniques thagrate across sectors and also

address socio-economic concerns of local populafBAO, 2006).

4.5.1. Impact on Crop Production
The opportunity for water harvesting, income getienaopportunities from cash crops,
bee-keeping, livestock fattening or dairy, accessoad and other infrastructure are all
depends on the watershed development as well agheninteractions between
communities and the different levels of the watedshunits. On the other hand, the
vulnerability to climatic hazards and food insetuis depending on the capacity of the

watershed to support the local livelihood (MOARDQZ).

Crop is the most important source of householdnmem the study area. The main crops
in the study area were teff, barely, wheet, maizeé millet. 60%, 20% and 20% of the
respondents revealed that crop was contributed @M% and 40% of their incomes
respectively. This indicates that most of the hbot#s were dependant on crop

production as primary source of their income. Dwe the different watershed
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interventions the productivity of most of the cropsre increased and in turn increased

the household’s income (see table 7).

Table6. Status of Crop production and income ofarouseholds before and after

watershed management

Before watershed management ( 1987) After waterstienanagement(2005)
Crops Average Average Crops Average Average
production in tone Income production in  income
per year tone per year
Teff 0.08 1160 Teff 0.15 2175
Wheet 0.15 1200 Wheet 0.297 2376
Maize 0.10 570 Maize 0.05 285
Mustard( 0.05 410 Mustard 0.075 615
dagusha) (dagusha)
Barly 0.025 250 Barly 0.045 450
Millet - Millet 0.055 412.5
Vegetable - 400 Vegetables - 1000
Total 3990 - 7313.5

Source: - survey, 2014

Note: - In all cases income is calculated by currermdepto avoid inflation effect.

These data clearly shows that crop production waueh higher after the intervention
compared to before the intervention in the studaaand average income of sampled

households from crop production increased from 3@9@313.5 birr. According to the
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group discussants and interviews, the increasingrap production and income were
attributed to the watershed management activitike physical soil and water
conservation which contributes to increased surfand ground water availability,
improved crop management practices like integratetient and water management,
integrated pest management and improved crop iexiadopted by the farmers in the

watershed.

Enhancing farm production through introductionactess to credit such as application
of improved seed, fertilizers and other technolsgias also the focuses of the watershed
management. Access to credit reduces vulnerabiitproviding the poor with financial
resources and opportunities for income-generatiigiges. Credit available is expected
to ease possible capital constraints thereby eagmg the adoption of high yielding

technologies which further increases the produgtioi land and labor.

Credit enhance small household business startnghgrvide working capital, facilitate
occupation shifts, reduce poverty, and provide riaisce against bad times, increase the
confidence of the poor (especially women), and emgrmg them to more effectively
confront inequities. Similar literature stated thslicrocredit enables clients to protect,
diversify and increase their income, as well asatoumulate assets, reducing their

vulnerability to income and consumption shocks”lfiRgon, 2002).

According to discussants and interviewees, housé&haktcess to credit was increased in
the study area, following the implementation of tha&ershed management and in turn
increased the household’s livelihood. From the esyrdata, 87.1% of the households

have access to credit. Comparability, percentafjesuseholds access to credit is higher
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for better off which is 36.5%, medium 35.1% and poer 28.4% of the respondents have
an access to credit. Likewise, the percentage ¢ ime@aded households is higher than
female headed households which is 67% male and f&3fale households have an

access to credit. This indicates that male headeddiholds have high access to credit

than female headed households.

The poor, middle and better-off households were&ides loans from 1200 to 5000 ETB
which used for different purpose such as purchasattle, beehive and other business.
The repayment period for loans is 1-5 yeaepending on the value of the
package. All loans have a 9% interest rate andyrapat begins one year after loan
payout. Accordingly, sources of credit were bothnfal and informal institutions like:
microfinance, NGO and informal lender like: Idikub, relatives and from better-off

farmers.

According to the discussants and interviewees #otofs that hinder households from
getting credit are; low levels of income and assstumulation, widespread poverty
render poor rural households to a high risk profitich makes them less attractive to
lenders, households have low assurance that tlo#t evél be potentially profitable, if
investment should turn out badly it put up househtd additional risk. Another
significant factor playing a role in household cteaccessibility is the differences in
borrowing costs among various types of lender@rinél money lenders are usually only
concerned about their own interest and charge mnhgher interest rates; these
discrepancies in costs strongly affect the williegs of the rural poor to seek loans from

informal lenders. This is expected to increaseatiagptive capacity of households.

59



In the study area, credit can provided also in seoh agricultural inputs such as

improved seeds, fertilizers and water harvestiogrelogies like motor pumping.

The major improved seeds distributed in the studha avere teff and wheet. The
distribution of improved seeds in the study areaewacreased teff from 4 quintal in
1997 to 7.2 quintal in 2003 and wheet from 7 quimal997 to 67 quintal in 2003 (

table 8). This helped households to reduce dromgpé@ct since matured earlier.

Table7. Distribution of improved seed in the stagga, 1997-2003.

Year 1997 1998 1999 2000 2001 2002 2003
Type of Teff 4 7 5 9 9 8 7.2
improved seed Wheet 7 11 16 15 30 28 67

Source: - Adwa agricultural office, 2014

The survey data indicates about 96.5% of the sammfaemers used improved seeds
through the extension service system. Even if atmath households’ used improved seed
there were differences in the distribution betw#endifferent wealth status households.
The mean amount of improved seed used by the pusium and better-off households

were 19.85, 35.67, 70 kg/ year respectively.
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Figure6. Distribution of improved seed among défgrwealth status
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The researcher nullified the hypothesis that, thera difference in the distribution of

improved seeds among the different wealth groupgjume way ANOVA (see table 9).

Table8. ANOVA of improved seed distribution amoraubkeholds with different

wealth status

Sum of df Mean F Sig.
Squares Square
Between 37124.1 2 18562.0 47.9 .000
Groups
Within 31747.6 82 387.166
Groups
Total 68871.7 84

Source: Own computation from household survey, 2014

The variation of mean within and between wealthustas statistically significant at,

p=.000 (F=47.9, df =2). Given that, there is a gahsignificant mean difference in
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distribution of improved seed by wealth status. §/jroceed and look to pair wise (Post
Hoc) mean difference between dependent variablgpadng to each wealth status (poor,

medium and better off).

As given in table 10 a significant difference wetgained between all wealth groups,

between better off and poor and better-off and omadjp= 0.000) also poor and medium

(p=.003).

Table9. LSD Pair wise Post Hoc analysis of improseed distribution as dependant

variable and wealth status as independent variable

(I) wealth status | (J) wealth status| MD (I-J) Std. Error | Sig.

of household of household

Poor medium -15.83780 5.26213 .003
better-off -50.14815 5.26213 .000

Medium poor 15.83780 5.26213 .003
better-off -34.31034 5.16731 .000

better-off poor 50.14815 5.26213 .000
medium 34.31034 5.16731 .000

Based on observed means,

The mean difference is significant at the .05 Ilgvel

LSD -Fisher's Least Significant Difference MD(I-J)=Meaifference of (l) and (J)

wealth status

Source: Own computation from household survey, 2014
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Likewise, there were also differences in the disiion of improved seed between the
different gender groups. The mean amounts of ifagtilfor male and female households

were 47.74KG and 29.12KG respectively.

Similarly, the researcher nullified also the hypastis that, there is a difference in the
distribution of improved seeds among the differgemder groups using independent T-

Test (see table 11).

Tablel10. Independent T-Test analysis of improved shstribution by Gender group

ILevene's Test[T-test for Equality of Means
[for Equality of

[improved seed distribution by [Variances

[Gender groups (male and | [Sig. |t df  [Sig. (2- [Mean [Std.
[female) tailed) |Differe |Error
nce Differe

nce

amount of  Equal variances
4.058.047  [2.880[82 |.005 18.62596.46694

[improved seeassumed

|used per yearEqual variances
3.310(68.13|.001 18.62595.6267¢
lin kg not assumed

Source: Own computation from household survey, 2014
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The independent T-test analysis revealed thatigtglaition of improved seed by gender
have significance difference between the two gramkthe independent T-test indicated

that, P=0.047(t=2.88 df=82).

The FGD and interviewed farmers confirmed that ithproved seeds used to escape

from drought during the early session of rain $atice matured earlier.

Accordingly, before the watershed intervention, ttoeisehold’s agricultural production
was poor due to erratic and unreliable rainfall apglication of poor seeds. However,
after the intervention, the farmers have overcohese challenges by producing food
grains/vegetables more than once in a year dued®ased water availability and its

proper utilization of improved seeds.

Likewise, households access to fertilizer was iaseel which constitutes major elements
of watershed management and sequentially incraasesop productivity. The major
fertilizers distributed in the study area were dap urea. The distribution of fertilizers in
the study area were increased dap from 200KG i® 269299.4KG in 2003 and urea

from 220KG in 1999 to 336.4KG in 2003 (see table12)

Tablel1l. Distribution of fertilizer in the studyea, 1999-2003.

Year | 1999 2000 2001 2002 2003
Type  of| dap 200 147 240 307 299.6
fertilizer | urea 220 168 240 323 336.4
Total 420 315 480 630 636

Source: - Adwa Agricultural office, 2014
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This indicates the distribution of fertilizer peear in the study area was in increased
trend. This finding was consistent with the study Omrani (1991) revealed that
Fertilizer use has gone up and the cropping intghsis increased by 17 percent and area
under horticultural plantation increased trementjous Kolhewadi watershed area

(Maharashtra).

About 98% of the sample farmers used fertilizeriryrthe previous production year.
Even though almost all households’ used fertilizeere were differences in the
distribution between the different wealth statu§dse mean amount of fertilizer used by

the poor, medium and better-off households werdl 68, 162 kg/ year respectively.

Figure?. Fertilizer distribution among the sampbdeiseholds with different wealth
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The researcher nullified the hypothesis that, tieeedifference in the distribution of

fertilizer among the different wealth groups usorge way ANOVA (see table 13).

Tablel12. ANOVA of fertilizer distribution among heeholds with different wealth status

Sum of df Mean Square F Sig.
Squares
Between 141231.763 2 70615.88 57.911 .000
Groups
Within 99988.825 82 1219.376
Groups
Total 241220.588| 84

Source: Own computation from household survey, 2014

The disparity of mean within and between wealthustas statistically significant at,
p=.000 (F=57.9, df =2). This indicates an overdfingicant mean difference in
distribution of fertilizer by wealth status. Thewse$, continue and considering the pair
wise (Post Hoc) mean difference between dependatdble contrasting to each wealth

status (poor, medium and better off).

As given in table 4.10 a significant difference e@btained between all wealth groups,

between better off and poor, better-off and medaunth poor and medium (p= 0.000).
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Table13. LSD Pair wise Post Hoc analysis of feilidistribution as dependant variable

and wealth status as independent variable

(I) wealth status (J) wealth MD (I-J) Std. Sig.  95% Confidence
of household status of Error Interval
household Lower Upper
Bound Bound
Poor medium -37.037* 9.338 .000 -55.6145 -18.4596
Better-off -99.1060 9.338 .000 -117.6835 -80.5285
Medium poor 37.0370 9.338 .000 18.4596 55.6145
Better-off -62.0689 9.170 .000 -80.3117 -43.8263
Better-off poor 99.1060 9.338 .000 80.5285 117.6835
medium 62.0689 9.170 .000 43.8263 80.3117

Based on observed means,

*. The mean difference is significant at the 0.0%Vel.

LSD -Fisher's Least Significant Difference MD(I-J)=MeanDifference of (I) and (J)

wealth status

Source: Own computation from household survey, 2014

There were also differences in the distributiorfestilizer between the different gender

groups. The mean amounts of fertilizer for male terdale households were 119.4 and

83.7 KG respectively.
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Figure8. Fertilizer distribution among the sampbei$eholds with different gender
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This indicates distribution of fertilizer was hightor male households than women

households.

Likewise, the researcher nullified the hypothesiatt there is a difference in the

distribution of fertilizer among the different gesrdgroups using independent T-Test (see

table 15).
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Tablel4. Independent T-Test analysis of fertilidistribution by Gender group

Levene's T-test for Equality of Means
Test for
Fertilizer distribution| Equality of
by Gender group Variances
F Sig| t Df Sig. | Mean | Std. | 95%
(2- Differ | Erro | Confidence
taile | ence |r Interval of the
d) Diff | Difference
eren | Lowe | Uppe
ce r r
amoun | Equal 1.237 | .27 299 | 82 .004 35.7 11)9 11.08 5950
t of variances
fertiliz | assumed
er used| Equal 3.12 | 53.3| .003| 35.7| 11. 12.75 58.[/3
per variances
year not
inkg | assumed

Source:

Own computation from household survey, 2014

The independent T-test analysis revealed thatiffexehce in distribution of fertilizer by

gender was statistically not significance betwdenttvo groups and the independent T-

test indicated that, P=0.269(t=2.99 df=82).
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According to FGD and interviewees revealed that ghdicipation of women'’s in all
activities in the watershed due to their less ento@erformance. Even some of the poor
women’s have been sold the fertilizer and improseeld they borrowed for the better off

farmers to use for consumption.

Likewise, food availability of the households wamproved due to the different
conservation measures and application of improwgitatural inputs. As the survey
data revealed, before the intervention 38.8%, 44.3%8% of the households harvest
was able to cover the household’s food demand fér -8, 8-10 months respectively.
This indicates that more than 80% of the househelele covered their food demand for
less than 10 months from their harvest. As the diata the group discussants and
interviewees, the remained food gap was supplermdmyea combination of activities
including food purchasing from the market or p@pation in government and non-

government relief programs like Food for Work os@dor Work and daily work.

However, after the intervention 3.5%, 48.2%, 31.8%d 28.2% of the households
harvest was able to cover the household’s food ddrfax < 6, 6-8, 8-10 months and full
year respectively. This indicates that more tha¥ @ the households were covered their

food demand for greater than 8 months from theaivédsting.
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Figerl6. Food availability of sampled household®teeand after watershed
management.
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The data from the discussants and interview supgdbe survey and added few ideas.
Feeding capacity of almost all families was inceghsas a result of the different
interventions. Before the interventions there waesever hunger, most of the family were
feed one injera for 5 to 6 family and also mosthef family eat ones per day. But today,
it is possible to say there is no hunger. Mosheffamily has feed more than 3 times per
day due to the different interventions and riskuatbn programs like productive safety

net applied in the study area.
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Tablel5. Paired sample T-Test on household’s feadability before and after

watershed management.

Food availability before and | Paired Differences T df Sig.
after watershed Mean Std. Std. (2-
Deviation | Error tailed
Mean )
Pair | food availability -1.131 | .617 .067 -16.81083 .000
1 before and after
watershed

Source: Own computation from household survey, 2014

This indicates that the difference in food avalipifrom harvesting before and after

watershed management is significant (p=.000).

Productive Safety Net Program (PSNP) izash (food) transfer program aimed
at alleviating household vulnerability to seaddoad insecurity consumption across
the hunger period. It provides seasonal employraermgublic works in exchange for cash
or food transfers to help protect household assetd smooth a shift away from

emergency food aid toward a more predictable ampgtted safety net.

Household’s access to safety net was also widebfeimented in the study area to cope
with climatic hazards, following the implementatiof the watershed management as
incentive to introduce new technology. However,itfeentive is continues for long time,
which might be created dependency syndrome. Froenstirvey data, 84% of the

households have access to safety net. The distbof safety net is depending on the
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family size and wealth status of household. Coniphinyg percentages of male and

female household’s income from safety net is 41328d 5358.49 ETB respectively.

Likewise, the percentage of poor households inwlnesafety net is higher than medium
and better off households since the objective tselp poor households. The poor people
were used the income from safety net for consumptieans to purchase food and cloth.
While the medium and better off were used to stgrtnew business and purchase
agricultural inputs. The maximum family membersdived in safety net were 9 (see

Figl7).

Figl0. Sampled household’s family size and incoraefsafety net
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Households were graduated from the productive wafet program yearly based on the
change in their economic performance. The critarifuim graduation were based on the
available livelihood resources of the household&pclivestock (cattle, goat, and sheep)

production, forest resource and other sources afme of the households. The mark
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points for graduation were different with differeateas depending on the resource
availability of the area. The mark points for gration in the study area were 5000birr.
The FGD and interviewees revealed that, the prodrasnsuccessfully offset households
climatic risk impacts and provide households witimtchgency finance to cope climate-

related risks.

The data from female and poor households revehbddhe productive safety net was the
main source of their income and if the productie¢etyy net were phase out they are
vulnerable. Accordingly, the poor and female hoos#h were used the income from

safety net only for consumption.

From all these data, it is concluded that if inoesd in the form of cash or grain is used
strategically for limited time to introduce new b@ologies it might be sustainable,

otherwise if it continues for long time it creadebendency syndrome.

4.5.2. Impact in Livestock and Ruminant Production

Livestock is an integral part of the farming systeamd they are particularly important
for increasing the resilience of vulnerable pooogle subjected to climatic and income
shocks. This is possible through spreading risk ameasing assets. The loss of
livestock, especially ox (bullock) is critical asnot only ruins the asset base, but also

deprives the general productive capacity of thesbbalds.

Thus, the ownership of livestock is often used asiralicator for wealth and food
security. The majority of sample households haverint types of livestock. The major

Livestock’s in the study area includes cattle, phemats, donkeys, horses and poultry.
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Households’ livestock ownership is measured by #tverage amount of Tropical

Livestock Unit (TLU) (see table 17).

Tablel6. Distribution of the livestock populatiohsampled households

Before watershed management After watershed mareage
Livesto No TLU Total No of TLU Total

ck Species | of Conversion| TLU livestock | Conversi | TLU

livestock | factor on factor

Cow 85 1 85 76 1 76
Oxen 176 1 176 136 1 136
Sheep 300 0.13 39 248|3 0.18 32.28
Goats 270 0.13 35.1 189.93 0.138 24.7
Donkey 50 0.7 35 33 0.7 23
Horses 1 1.1 1.1 - 11 -
chicken 601 0.01 6 564 0.01 5.6
Total - - 377.2 - - 297.58

Source: - Survey result, 2014

Watershed management has an impact on livestoek asid type. From the survey,
household size and type were decreased after \wattrasanagement. The total livestock
of sampled households before and after interveriere 377.2 and 297.58 respectively.
As the discussants and interviewees revealed, there deceasing in livestock size and
type due to food shortage as a result of the zeamirgg. Almost all households have not

own grazing land in the study area. The availgbitif communal grazing land after
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watershed management was decreased. Even thougland cut system were used it is
not sufficient. Many animals were died due to faitbrtage. This indicates that the

watershed management was negative impact in ligkesiae and type.

4.5.3. Impact on Water Availability and Qualities
The major impact of watershed interventions wash seeimproving the surface and
ground water availability. Increased water avallgbiresulted in increased cropping
intensity and diversification to more remunerati@ed use systems involving livestock,

horticultural and vegetable production (ICRISAT0ZD.

According to the discussants and intervieweeshpiblegical and physical soil and water
management practices were great contribution ttaseirand ground water availability.

There were problems of drinking water scarcity e tstudy area before watershed
management. As a result, conflicts among the iddiais were apparent for a long time
in fetching water. Communities were also affectathwater born diseases since they
reliant on unimproved water sources such as posdwll dugouts, streams and
commonly shallow hand-dug wells. Moreover, peoplage walked too long distance to

fetch drinking water since the unimproved suppditen fail in the dry season.

According to the data from surveyed households reetbe intervention 70% of the
respondents have taken 50-60 minutes to fetchidgnkater. On the other hand, 30% of
the households were taken 20-30 minutes to fetderwHowever, after the intervention
75% and 25% of the households have taken 10-15teniand 20-25 minute to fetch
drinking water respectively. Accordingly, the implentation of water harvesting

structures were helped them to save their timeraddce their workload and water born
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diseases. Similarly, it also revealed that the éenpntations of water harvesting
structures were helped in sustaining ground watezl$ even in the years of shortage of
rain. Most of the households affirmed that the 2p@&luction year was characterized by
shortage of rain fall due to the late arrival amaalye cessation of rainfall. Rain was fall

only one month in the whole year.

Likewise, revealed that before intervention mostha households used drinking water
from unprotected springs and rivers. Nevertheledsiost all households used from
protected sources like tap water and in turn irsgdathe household’'s health after

watershed management.

Irrigation together with adequate technologicalesscmakes households more resilient to
climate change. According to group discussant antkrviewee farmers, the
implementation of soil conservation and water hsting structures were significant
contribution to increase access to irrigation. Tingated land for vegetables doubled

from 45 hectares to 524 hectares between 1997 G0l (See table 18).

Tablel7. Change in irrigated land size due to vgaet management in mariamshewito

Year 1997 1998 1999 2000 2001 2002 2003 2002005

Irrigated land 45 48 60.75 117.5131 335.75 501.75 521 524

in hectar

Source: - Adwa water development office, 2014
The data from the survey revealed that 56.5% ohtheseholds were practiced irrigation.

Irrigation and the introduced packages lethtas to grow diverse spices, crops (



like maize, and vegetables like cabbage, potatm@sn and tomatoes during the dry
season. Farmers’ average income from this actixipjed from 400 ETB to 1,000 ETB.

This is income in addition to their traditional mefied farming during the rainy season.
This change was consistent with the study by Kagpse Shinde (1999) indicated that
various treatments carried out in the Nannaj agds of north Solapur tahsil
helped to bring remarkable changes in the Hmidss livelihood. The proportion of

area under irrigation was increased by two ahdlf times as a result beneficiaries
could diversify their crop activity which result@dincrease in high value crop including

fruits and vegetables.

Figll. An irrigated plot in mariamshewito watershed

Source: - Field photo, 2014

Water sources used for irrigation purpose werel@alvell, ponds, check dam, vaska,
tanker, percolation diet and small streams priyaagld communally owned, which have
not constant flow. The method of irrigation praetddy most of the farmers was shallow

well by means of motor pumping to irrigate theiotpdnd the water is distributed to the
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users on a rotation basis. The households useddate their parcel turn by turn in early

morning after it collected tonight.

Besides, 64.7% of the households used water lifeggnologies for irrigation like motor
pumping, Cama, sanbardino, rovan, lawinton and aiangwWater lifting technologies
utilization is considered as an advantage to btmsd security in the area. The youth
now transferred into irrigation practice and thewdé motor pump through credit. The

more the use of irrigation the more food secutedyiand thus resilient households.

Figurel2. Sampled household using pump motor fgyation
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According to the group discussants and interviewkek of natural rain fall and low

economic status were constrained households framy nsotor pumping.

According to the group discussants, shortage ofl ldne to population pressure,

topography of land, water scarcity and poor resolrase are the major factors affect
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irrigation practice in the study area. Land avaddafor irrigation is very small. Most of
the households own less than 0.03 hectare of lamdhwis too small for cereal crop
production, for this reason most of the househualdee used to cultivate vegetables like;
tomato, onion, pepper, potato, garlic, cabbageuséd for home consumption and sold
to local market. As researcher observed, small éflwalds have cultivated cereal crops

through irrigation in the study area.

The result of interview done with households algpp®rts the idea with few additional
ideas; Topography and natural rain fall are theomigctors affecting surface irrigation.
The location and elevation of the water supply tredato the field is crucial in

determining irrigation, unless the area is flatrigation is unlikely.

4.5.4. Impact on Employment Opportunity and Migration

The different watershed management practices weneoges households with different
employment opportunity. The farmers in the watedsaee well organized and increased
working duration as far as they are confluent togged return. Households involved in
irrigation, trade and bee keeping activities andstart-up new businesses. Working
culture of households has changed. For examplarddhe intervention households
cultivate their land ones only before sowing bueaintervention most of the households
cultivating minimum 3 times before sowing as a hesiie impact of pesticide were
reduced. The involvement of households in differantivities reduced household’s

migration in the study area.
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The relationship between watershed management dgchtian were complex. The
implementation of watershed management can affedgration through an increase
in short-term employment as well as long-tenodpctivity gains. Due to the different

activities in the watershed management migratios reduced in the study area.

Qeshi Teferi is a farmer in mariamshewito ‘tabidhigh were justified that there had
been an overall decrease in migration. Before thgesshed management, due to the
different environmental hazards, there were largenigrations from the  area.
According to his view, from all his ten fdyimembers, 6 of them are males and he
leave the area with 5 of his boy children, and werthe western Tigray such as humera,
dansha and Adwa town for 11 years to lead thdivelihoods by engaging in daily
laborer. But after the intervention migration wasluced and none of his family was
migrated out due to livelihood diversification. ldagaged in irrigation and bee keeping

activities with his family and his livelihood werscreased. This is consistent with the
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Study by the Global theme on Agriculture, 2007 orégd that watershed Management in
Gokulpura-Goverdhanpura, india were enabled toeaeli high success in reducing the
seasonal migration rates by providing better emplayt opportunities to the farmers in

the village itself with satisfactory remunerativenk:.

4.5.5. Impact in Social Interaction

Enhancing social network of households was also @nthe main objectives of the

watershed. The government introduced 1 to 5 houdshoetwork which have a great
contribution to enhance household’s social intéosacand adoption of new technologies.
This was worked on the assumption that if one faras®pts a technology successfully,
other farmers may learn the improvement from him/bed share with others, thereby
developing a multiplier effect Social network wasrh key farmers who acted as
teachers or advisers to the other farmers. Likewise discussant and interviewees
affirmed that this network improves household’stipgration in different activities by

making competition each other.

Similarly, the female household discussants comdnthat the introduction of such
networks provided us an opportunity to access métion and exchange ideas and
experience. Therefore, households and communities tetter able to cope with climate

hazards.
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4.5.6. Impact on Livelihood Diversification
Surface and groundwater availability increasedtduge various water storage structures
and biological and physical soil conservation resliin increased cropping intensity and
helped households to find new ways to raise incoanelsreduce environmental risk. The

watershed management helped households to divénsifylivelihood activity.

Income or livelihood diversity is important to copath climatic risk. If one income
source were lost then still have other sourcesnobme which make households and
communities better able to cope during hazardstae@fore make them resilient (Adger,

1998).

Livelihood diversification index in this research based on the Simpson index of

diversity (Nicholas et al., 2006) modified by resseer in a way to fit for data available.

SID=1-— 22_1 Pi2 ~Where, Pi is proportionate contribution of i-tletigity to

income of household. In this research data avalabregarding a number of livelihood

activities that households practice. For this reabe proportionate is the inverse of the

number of livelihood activities reported by a hdusld heads.

1

LDl =1 - 51

LDI- Livelihood diversification index

Ki- is the number of livetiod activities practiced by household head
the value of LDI always falls between 0 and 1. Ae humber of livelihood activities
increases, the inverse of livelihood activitiesgticeed by households’ decreases so

that LDI approaches to 1. Accordingly, householdthwnost diversified incomes
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will have the largest diversification index, ancethess diversified incomes are
associated with the smallest index.

The livelihood diversity index for each househokhtis before and after watershed
intervention is calculated to see the intervengdfect. It indicates that livelihood

diversification is the highest after watershedmation than before.

Tablel8. Mean and Standard deviation of househblddihood diversification before

and after watershed management

Sex of Livelihood diversification | Livelihood diversification

househol | before WM after WM

d Mean | N Std. Mean N Std. Deviation
Deviation

Male .6629 | 59 7573 7573 59 .07448

Fem .6458 | 26 .7004 .7004 26 .09910

ale

Total 6576 | 85 7399 7399 85 .08631

Source: Own computation from household survey, 2014

The mean livelihood diversification of householdatie before and after watershed
management was 0.66 and 0.74 respectively. Thandss nullified the hypotheses that
there is difference in livelihood diversificatior lnouseholds before and after watershed

management using the paired sample T-Test.
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Tablel19. Paired sample T-Test on livelihood diveraiion of sampled households

before and after watershed management.

Crop Mean Std. Deviation T df Sig ( 2-tailed)
diversification| -.08224 .06992 -10.843 84 .000

before and

after WM

Source: Own computation from household survey, 2014
The test result indicates that there is a signmiticfference in livelihood diversification
of households before and after watershed manageifeativelihood diversifications of

household’s were higher after watershed managethentbefore the intervention.

According to the group discussants and interviethe different soil and water

conservation practices were contributes farmemsnggage in different activities such as
bee-keeping, trade due the access of credit aigdtion etc. Accordingly, the changes in
livelihood diversification were accredited to thel €ind water conservation practices and

application of improved agricultural inputs.

Even though there were improvements in livelihoaceigification, it is different within
the different wealth status. The researcher nedlifthe hypothesis that, there is a
difference in livelihood diversification among tdéferent wealth groups using one way

ANOVA (see table.21)
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Table20. One way ANOVA analysis of livelihood dis#ication by wealth status

Crop diversification before and Sum of | Df Mean F Sig.
after watershed management | Squares Square

with different wealth status

crop Between 247 2 124 26.81 .000

diversification | Groups

after Within Groups | .378 82 .005

watershed Total .626 84

management

crop Between 440 2 220 42.06 .000

diversification | Groups

before WM Within Groups | .429 82 .005

Total .870 84

Source: Own computation from household survey, 2014

The difference of mean before and after interventietween wealth status is statistically
significant at, p=.000 (F=42.061, df =2) and p=626.809, df=2) respectively. This
indicates an overall significant mean differencdivelihood diversification by wealth

status before and after intervention. Thereforedeeto look the pair wise (Post Hoc)
mean difference between dependent variable commgasd each wealth status (poor,

medium and better off).
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As given in table 4.10 a significant difference ev@btained between all wealth groups,

between better off and poor, better-off and medp#1{.000) and poor and medium (p=

0.001).

Table21. LSD Pair wise Post Hoc analysis livelihdocersification before and after
intervention as dependant variable and wealth sdundependent variable

[Dependent () wealth  (J) wealth  Mean Std. |Sig. [95% Confidence
\Variable status of  status of Difference (I-J[Error Interval
household household Lower [Upper
Bound |Bound
0001 medium -.06536 .01817/.001 |.1015 [.0292
crop Better-off -.13295 .01817|.000 [.1691 [.0968
diversification . pooI .06536 .01817/.001 |.0292 |1015
after watershed MCIU™  Better-off  |-.06759 .01784/000 |1031 |.0321
[management Better-off pooI .13295 .01817/.000 0968 |.1691
medium .06759 .01784/.000 |0321 |1031
000! medium -.09802 .01935|.000 [.1365 [.0595
Better-off -.17733 .01935|.000 [.2158 }.1388
ggsgrsiﬁcaﬂon redium PO .09802 .01935(000 |0595 |1365
before WM Better-off -.07931 .01900/.000 [.1171 [.0415
Better-off poon. 17733 .01935/.000 |.1388 |.2158
medium .07931 .01900/.000 |0415 |1171
*. The mean difference is significant at the 0.8l

Source: Own computation from household survey, 2014

Likewise, livelihood diversification was also difeat within the different gender

households. The mean livelihood diversification fmale and female households was .66

and .64 before intervention and .75 and .70 afitrvention respectively. The livelihood

diversification for male and female were increassd .9 and .6 respectively. The

increasing in livelihood diversification was highfer male household heads than female

household heads.
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Likewise, the researcher nullified the hypothediatt there is a difference in the

livelihood diversification among the different gemdgroups using independent T-Test

(see table23).

Table22. Independent T-Test analysis of fertildistribution by Gender group

Levene's Test for

T-test for Equality of Means

Equality of Variances | F Sig. |t df Sig. |[MD SED | 95% CID
between gender groups (2- Lowe | Upp
taile r er
d
crop Equal 272 | .603| .615| 82 540 .0147 .0289 -.083 .062
diversifi | variances
cation assumed
before Equal .630 | 50.99| .531 .01475 .0234 -.032 .0B1
WM variances
not
assumed
crop Equal 476 | .032| 2.91| 82 .00 .0570 .0196 .0180 .096
diversifi | variances
cation assumed
after Equal 2.62 | 38.42| .013 .05703 .0217 .0129 .101
watershe| variances
d not
manage | assumed
ment

Source: Own computation from household survey, 2014

The independent T-test result shows that thereoissignificant difference in mean

between the groups before intervention, p=.603. 8ifference is significant after

intervention p=.032.

Therefore, even though the different watershedruetgion enhanced the livelihood

diversification of the household in the study ateat, not all households were benefited

equally, especially poor and female households Vem® beneficiaries of the watershed.

This is consistent with the study by Assefa(20l1é&ported that poor and female
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households in the Choke Mountain upper muga watdrsh East Gojjam of Ethiopia

were less participant and beneficiary of the wieds

4.5.7. Impact on Female and Marginal Households
Enhancing female and marginal farmers were onehef dbjectives of watershed
management. As discussed earlier the participatidemale and marginal farmers in the
implementation of climate change adaptation medmasiand benefits from the different

interventions were lower in the study area.

The discussion with the female households revetilatl the main reason that female
households were not participate well in the impletagon of watershed were due to
workload since they have internal (home) and eslemesponsibilities and lower

economic performance. Says thhatie edi mis kilite edi maere kiserih aykielifi

Similarly, as discussed earlier, female househa@ldd marginal farmers were lower
access to Agricultural access like fertilizer, ioyped seeds and other technologies like
motor pumping in the study area. The provisionthefe agricultural inputs in the study
area were not considered the poor and female holdsehather focus on the general

household interest.

As discussants from poor households, revealedthigaprovisions of agricultural inputs
were not consistent with the economic backgrounthefhouseholds. For instant for the
landless households forced to borrow bees or bepiitt is difficult to borrow begait for

landless households due to zero grazing land.ddsteis better when they provided with

cash to introduce their own business.
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Generally, the watershed performance in enhancemale and marginal farmer’s

livelihood were low even if some efforts were made.

4.6. Status of Climatic Hazards in the Watershed after htervention
The data from the group discussion and interviedicetes that due to the different
interventions implemented, there had been improwsnim resource management and

utilization in the study area and in turn redudsalimpacts of climatic hazards.

The survey indicates that 63.5% and 25.8%, of Hualds consider drought as
moderate and less severe in the study area a#@entiervention. Whereas, 5.5 and 5.2%
of households as very severe and severe respgctiddout 75.6% of households
perceived the trend of drought decreased. Almd#ish@useholds ranked the flood
hazards after intervention as less severe andewatres and also perceived its trend as
decreased almost all. 90% of respondents also igertieat the crop damage due to
erratic rainfall is moderate to less severe. Alfoost and human disease about half of

households reported as moderate and less severe.

As indicated in the survey almost all householdsgiged the climatic hazards in the
study area after intervention as moderate andskegsre. As discussed earlier households
perceived the impacts of climatic hazards befoteruention as very sever and sever but
after intervention seeming as moderate and lessrseffrom this it understood that the

watershed management was great contribution taceegiopacts of climatic hazards.

Regarding to the status of main climate relatectdsbefore and after the intervention
was discussed by group discussants; all focus gdmgussions held assured that the

90



impacts of main climate related disasters occurimthe study area i.e, flood, drought
due to longer dry spell, frost /cold/, hailstorrandl slide/erosion, rise in temperature,
human and animal diseases, crop pests, flood wedaced due to the watershed
interventions. This finding is consistent with Sguay Assefa, (2011), reported that the
status of climate hazards like flood, drought, fir@®il erosion and landslide in Choke
Mountain in East Gojjam of Ethiopia were reduced &m decreasing trend due to the

various watershed management practices.

The physical soil and water conservation techniqwese a greater contribution to
increase fertility of cultivating land and crop prztion. Moreover, Marginal gully were
changed into productive land. From the total 29.%kbutaries in the watershed 17.1 km

were treated and become source of forage and twdabth animals and human.



Figerl3 Gully area changed in to productland in mariamshewito waterst

Before watershedmanagemen

SourceNR development office,Adwa,2014 Sot- Field photo, 2014

Soil conservation practices can be effective irseiting soil erosion and increasi
productivity by reducing nutrienlosses and conserving moisture when appropria

implemented.

From all discussions so far, it is generalized thia¢re has been a significe

improvement in crop productivity, food availabilitywater status, livelihoo
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diversification, income, employment opportunity,cisb relationship, rehabilitation of
degraded lands and reduction in migration and ¢lovfeazards in the study area. These
improvements were consistent with the Study foridgtla conducted by Assefa, (2011)
examined the role of watershed management for tdirnhange adaptation which were
found that as a result of the watershed managemeaithood resources especially;
income, soil fertility, land productivity, forestyater and food supply become improved.

These all developments enable households to capeciivhate change impacts.

4.7. Challenges in the Watershed

According to the data from the group discussantsiaterviewees, the implementations
of watershed management practices were faced watials economic and natural
limitations/ challenges. Accordingly, the major béiages in the watershed management
were shortage of land, lack of awareness in resom@nagement, disagreement between
the households and local leaders, unwillingnessyofingsters to participate in
conservation practices due to landlessness, clivatability, lack of follow up, lack of
knowledge and means of utilizing the available vese, water scarcity, low skill of

using agricultural technologies and inputs, lackntégration between sectors.

A substantial proportion of farmers indicated thladrtage of land is a major challenge in
the area. Farmers were not volunteers to implerseihtand water conservation in their
farmland since their farmland size was too smalkewise, the farmers were also not
interested to adapt improved seeds and fertiliz8gggest that the distribution of
fertilizers were not matched to the land size ofudeholds and in turn affects

productivity.
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Similarly, climate variability is also a major clalge in the study area. Shortage of
natural rain fall strongly affects the successesvafershed management practices. For
instance, some of the shallow wells (water tabs)dared during the dry season and non

functional due to shortage of natural rain fall.

Another challenge in the implementation of the wsited was lack of awareness of
households in the intervention. For instance, tbmraunity’s were conflict with the
guard hired to accessing the area closure. Theg to access the area closure at night

time by hitting the guard. Trees planted in theaarlesure were cut illegally.

Similarly, lack of integration between sectors isoamain challenge in watershed
management. Sometimes programs are overlapped. ovartelack of technology,
information and skills, infrastructure were alsdeafs the watershed management

implementation.
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CHAPTER -5

CONCLUSION AND RECOMMONDATION

5.1. Conclusions

The focus of this research was to analyze the obleommunity based watershed
management to climate change adaptation in Adwadeemariamshewito watershed
utilizing the data collected from 85 householdsd@nly selected from mariamshewito

kebeles.

The government together with NGOs and local comitimsnperform many activities in
the study area to support the local communitiesofpe with climate change, such as;
Physical soil and water conservation measures aactoil bund, deep trench, terraces,
hill side terrace, check dams, and water diversiammsnpost preparation (organic
fertilizer compost and manure), dissemination ofroltal fertilizer, aforestation, area
closure protection and management, water managenjeater harvesting and
groundwater recharging structures such as cheok &hallow excavation for house
hold consumption and irrigation, percolation tardpring development, irrigation
practices, cut and carry system as discussed iralbloge. Moreover, conserving and
promoting of high yield local crop varietiespot only vyield but also disease
resistance, crop rotation, changing planting dadeserving indigenous forests species

and awareness rising to conserve natural resources.

Even though households were participated in thdementation of the various climate

change adaptation mechanisms all households werequally participated, especially
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marginal and poor households were less participdlioreover, households were less

participant in decision making.

The different interventions enabled to improve cpopduction, food availability, water
status, livelihood diversification, income, emplagmbh opportunity, rehabilitation of
degraded lands and reduction in migration and ¢lomaazards and in turn improved

household’s resilience to climate change in thdysarea.

The impacts of main climate related disasters oowyin the study area i.e, drought due
to longer dry spell, flood, frost /cold/, land didrosion, rise in temperature, human and
animal diseases and crop pests were generalizedrassevere and severe before the

intervention and less severe and not severe afantervention.

However, some gaps were observed in the watershiedvention such as lack of
intention at the disadvantaged part of the commuegpecially youngsters, females and
marginal farmers, interventions were in conflictttwithe household’s livestock

production, lack of follow up and collaboration wetn different sectors.

Likewise, in the implementation of such activitesme challenges were facing such as
shortage of land and natural rainfall, climate aility, lack of follow up, lack of
knowledge and means of utilizing the available vese, water scarcity, and low skill of
using agricultural technologies and inputs, lacknbégration between sectors. Some of
the adaptation strategies implemented particulanging motor pump, fertilizer and

improved seed may also cause mal-adaptation. Usioigpr pump may lead to water
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shortage. At the same time, using fertilizer angrioned seed may reduce the quality of

water and soil.

5.2 Recommendations

Based on the finding of the study the followinggtigal recommendations are pinpointed
to overcome some of the constraints and maximize kénefits of the intervention

following suggestions are provided on the basigheffinding.

& Since there had been many improvements in thehHn@tls of the community
as a result of the interventions, such intervemtishould be designed and
promoted to other similar agro-ecological areas.

& The watershed interventions have in conflict witle household’s livestock
production due to the zero grazing many animalsehded due to food
shortage. Even though the cut and carry system wpmied it is not
sufficient to compensate the problem of food slgwmtaHence, when land
previously used for grazing is selected for re-vagen or area closure,
another alternative which can able to offset tlwbf@m should be developed.

& Marginal and female households' participation i Watershed management,
access to different agricultural inputs as welliasihood diversification was
lower in the study area. Therefore, while watersinéervention implemented
attention should be given to female and marginahéas.

& Households’ participation in decision making is lo®o, it is better to
consider households decision while making decisiosiace they have

indigenous knowledge and experiences of the area.
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& Some of the adaptation strategies like using maomp, fertilizer and
improved seed may lead to mal-adaptation. Thegefattention should be
given to the appropriateness of the adaptatiotesfies to the area.

& Even though many interventions were implementedesOthe interventions
implemented cannot check whether these intervergrenwell functional or
not, especially water harvesting structures. Mamyew harvesting structures
(water tape) were poisoned and malfunctioned iratka which in turn affects
the household’s health. Therefore, investment imitoang, follow up and
impact assessment of such interventions shoulébessary.

& The community’s were conflict with the guard hirexl accessing the area
closure and tried to access the area at night tiynkitting the guard. Trees
planted in the area closure were cut illegally. rfefme, Community based
training is required to sustainable watershed mamegt to avoid future
conflicts on resource utilization.

< In the study area there is no collaboration betwbendifferent sectors as a
result overlap between programs were faced. Thexeftor sustainable
watershed management there is a need to develdgbadtion between
sectors.

< Finally, although many interventions were impleneehin the watershed, due
to absence of baseline data it is difficult to déphe exact socio-economic
and environmental effects of these activities. €fee, training on

documentation and proper management of data stheutegcessary.
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Appendix A. Survey Questionnaire
Addis Ababa University
School of graduate studies
Department of Geography and Environmental Studies

This questionnaire is prepared for acquiring information to condueiangs for partial
fulfillment of Master of Arts in Geography and Environmentaldss (Climate Change and
Human adaptation). It has objectives; for assessing the role efsivatl management to climate
change adaptation and is going to be filled by sampled househaotitsiremariamshewito‘tabia’.
Significantly, it provoke local administrators, and the farnoénsmariamshewito‘tabia’ to look for
appropriate measures to meet and grasping all importantodreancern in which peoples
minimize the impact even eliminate the adverse effectliofate change and variability. The
selection of participants is depending on random sampling not of any other pezssoakt

Start Finishing Name of enumerator:
Respondent time: time: | e
code:_ | - ol -
Part I. Place
1.1.Zone: Wereda/District
Kebele/Tabia:

1.2.Name of Watershed:

Part Il. Socio-economic characteristics of household

2.1. Age of household head : ( Years)

2.2. Gender of household head| e [ Jale

2.3. Educational Status: IIIite|:| can read arDte
Junior primary schoD High school and preparaEP-lZ



College Certificate and {

2.4. If you attended school, what is years of schooling

2.5. Family size:

2.7. Are you member of the watershed{ ps [ ] No
2.8. Doyou have your own farm land?[ b [ Jo

If your answer is “Yes” answer question 2.8.

2.8.1. How much is the size of your farm land in timid/ hectar?

Before intervention (1997);

After intervention (2004/2005):

2.9. Do you have an access to Seftynet?
Before watershed management (1996/7); [ Jes [ ]No
After watershed management (2004/2005); [ ps [ INo

If your answer is “yes” how many people from your familg anvolved? How many kg

annually or cash total are you got?

Before watershed management (1996/7);

After watershed management (2004/2005);

2.10. Would you have access to credit for your livelihood activities?
Before watershed management (1996/7) _les [ o
After watershed management (2004/2005|:|s QO

If your answer is “yes” what is the source of your credit?

Part Ill. Farmers view about climate changes and their adaptation medmisms



3.1. How do you perceive the trends of the following climate elements when ymac®with

30 years back?

Climate variables

Trend 1l.very increased 2.increased

change 4.decreased 5.very decreased

1 2

3 4

Temperat

ure

Hot days

Hot night

Hot season

Rain fall

Amount of RF

Intensity of RF

Erratic rain fall

Duration of RF

Wind

Strong wind

Drought

3.no

3.2.How do you manage your private and communal lands (indigenous practices)isfore t

intervention of watershed approach? What measures do you use?

3.3. What are the main climate change adaptation mechanisms implemetited in

watershed?Are you participated in the adaptation mechanisms?

Implemented

activities

Response

Implemented

Yes No

activities

Response

Yes

No

Construction of

soil bund

Using fertilizer

Irrigation

Crop rotation




utilization

Check dam Construction
construction of deep
trenches
Using improved Plant
seed community
wood lot
Using fuel Participate
saving stove in managing
range
lands

Forest protection

Gully reshaping

from practice
deforestation

Gully Sowing grass
rehabilitation

Compost Grazing land
preparation rehabilitation
Leveled land Stone terrace

Area closure

Live fence

Water

development

Cut and carry

system

3.3.1. Are you involved in sharecropping?

3.3.2. Do you use improved seed?

Before watershed management (1997);

After watershed management (2004/2005);

If your answer is “yes” How much in kg?

3.3.3. Do you use natural Fertilizer?

Before watershed management (1987); [ b

After watershed management (2004/2005);

If your answer is “Yes” How much in kg?

[ ]
[ ]

[}
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Before intervention (1987);
After intervention (2004) ;

3.3.4.Do you use artificial Fertilizer?

Before watershed management (1996/7); %S Lo
After watershed management (2004/2005); [P |:[\Io

If your answer is “yes” How much in kg annually?
Before intervention (1997);
After intervention (2004/2005):

Part4. Watershed impacts

4.1. What are the main sources of your livelihood? Specify in pergerierms of their
contribution to your household income?

Source of Before watershed management After watershed management
income

Quanti Perce Income Quant Perce Income
ty nt (%) Diversifica | ity nt (%) Diversifica

tion tion

Crop

Livestock

Vegetable

Saftynet

Daily

work

If any

other specify

Total

4.2. What are the crops you cultivate? Indicate the type of crop awal dultivated during
rainy/post rainy season and amount of land allocated for each crops cultivated?

Before watershed management ( 1996/7) After watershed management(2004/5)

11




Ty Ar

pe of| ea
crop | covera
ge

Total
production
in KG(Qt)

Crop
diversificat

ion

Type of
crop

Area

coverage

Total
productio
nin KG

Crop
diversificati

on

4.2.1. How many times you grow crops on your farm land every year?

Before WM

After WM

4.2.2. Are you use technology to increase crop production?

Before intervention: | | [ b

After intervention: |:|

[ ]

If your answer is yes, what are the technologies’ used?

Before WM

After WM

4.23.For how long do you feed from your farm land?

Before WM

After WM

4.2.4. What is your total annual crop production?

Before WM

12




After WM

4.3. What are your main livestock possessions?

Before watershed management (1996/7) After watershed management(2004/5)
Type of No of Am Type of No of
livestock livestock ount of livestock livestock
income
]
y
4
g
¢
1

4.3.1. Are you patrticipate in cut and carry system?
Before watershed management (1987/8); |:| I:INO
After watershed management (2004/2005); ] [ o
4.4.Are you participated in Bee keeping activities before / after theshat? How much total
income you earned from bee keeping in birr?
Before watershed intervention (1987/8)
After watershed intervention (2004/2005)

4.5. How much cash and food reserve you saved per year (birr)?

Before watershed management (before1987/8);

After watershed management (2004/2005);

4.6. How do you perceive water availability in your area before died the watershed

management?

4.7. How much time do you consume to fetch water?

Before WM

13



After WM

4.8 What are the Major Sources of your drinking water?

Before WM

After WM

4.9.Do you have irrigated land?

Before intervention (1997); yd | No [ ]
After intervention (2004/2005); yd | No [ ]
If “yes” how many hectare of your land is under irrigation?

Before intervention (1997);

After intervention (2004/2005):

4.10. Are you conflict with your neighbor?

Before watershed management Y | [ D
After watershed management Q [ ]

If your answer for Q4.11 is yes, what is the reason?

4.11.1f you compare the situation before and after the watershealgeraent, how was the

impact of climatic hazards? Answer by ranking the seweaiftcalamities in the table

below and perceived trend.1. Very sever 2.Sever 3.Medium 4.Less sevey kS

sever

before WM | WM

No. Climatic hazards Severity Severity

Ranking Ranking After

Perceived trend after

watershed management

Increa Decr

14




sing

easing

ame

4.12 Drought due to less

A rainfall during the rainy
season

4.12 Floods due to intense
2 rainfall

4.12 Crop damage due to
3 rainfall variability

4.12 Crop damage due to
4 temprature variability

4.12 Rise in temperatures
.5

4.12 Human diseases
.6

4.12 Animal or crop pests
v and diseases

4.12 Frost
.8

4.12 Landslide
9

4.12 Soil erosion
10

4.12 Spreading of exotic
A1 weeds

4.12 Others (specify and
A2 rank)

4.12What changes do you observe on the plot level, soil fertility,aboelation (mahber,
equib, one to five network of the gov’'t), communal grazing, acae$sel wood and

irrigation after the watershed?

15
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Appendix B, QESTIONS FOR INTERVIEW

How do you perceive the status and trends of temperature, rainfall and wind when you
compare with 30 years back?
How do you manage your private and communal lands (indigenous practices) lbefore t
intervention of watershed approach? What measures do you use?
When the watershed management is started? By whom? Which were theantpigm
bodies? For what purpose do you use the watershed areas before 1963 and during Derg?
How do you manage your private and communal lands (indigenous practices) lhefore t
intervention of watershed approach?
What are the main adaptation options developed in the watershed to adapt ¢tlanges?c
What incentive does the government/non government use in the implementatiaréd&Vha
the reasons that some households were not participated in the watershed inagil@m?ent

7. Either any change in your livestock and crop production size or type afietehgention?

What are the perceived or observed impacts of watershed management oim the ma
sources of your livelihoods?

Crop production

Livestock size and type

Water resource availability

Health

16



Migration and Employment generation

Social linkage,

Forest resource

Annual income

Annual production

9. What was before and after the watershed (plot level, communal grazingcasd axfuel
wood, access to improved agricultural input, irrigation and credit?
10.Indigenous practices and extension work in harmony and in conflict the farmers?

11. What are the main challenges in the watershed implementation?

17



Appendix C

Focus Group Discussion (FGD) Guiding questions

The followings are the series of questions usddans group discussions

Discussion topics

Guiding questions

climate change

trend and variability

How you perceive about the past and present clin
trend and variability?

How do you perceive the major climatic hazards
(flood drought, human and animal disease, laneslid

and soil erosion etc.).

Climate change
adaptation

mechanisms

What are the major activities implemented in the

watershed? Who are the implementers

Do you think male households are more
implementers of climate change adaptation mechani
than female households? Why? Support your argum

with reasons and with what you actually observed

Do you think better-off households are more

nate

5M

ent

implementers of climate change adaptation mechanism

than poor households? Why? Support your argument

with reasons and with what you actually observed?

£

Impacts of the

watershed

What are the major contribution of the watershed

economic well being

What are the major contribution of the watershed
health

What are the major contribution of the watershed

environment

18



What are the major contribution of the watershed

social relation, employment opportunity and migra#

4 Challenges in the
watershed

management

What are the major challenges you observed

What are the solutions for such problems accordi

to your opinion?

The NEXT appendices are important to clarify what's written in the main

document.
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Anex.1. maximum temperature data

Year | Jan| Feb| Mar Apr May Ju Jul  Au&ep | Oct Nov Dec
1992 | NA | NA | 32.0 30.5| 30.1 29.8 24.1| 22.1|24.6| 26.2 | 25.6 26.6
1993 | 26.2| 26.9| 29.528.2|29.2 29.0 26.1| 25.0| 26.5| 28.2 | 27.8 28.0
1994 | 28.5| 29.4| 30.831.1|30.8 28.4/ 23.4| 22.9|25.1|27.7 | 27.8/ 27.7
1995 | 28.0; 29.1| 29.630.5| 30.6 30.5/24.0| 23.7| 26.1| 28.3 | 28.5 27.7
1996 | 27.6] 30.1| 29.530.0| 28.1 24.8 24.3| 23.8| 26.5| 28.4 | 26.1 26.7
1997 | 27.8| 29.2| 30.029.4| NA 304 NA |NA |NA |NA NA | NA
1998 | NA | NA | NA | NA | NA NA | NA | NA | NA | NA NA | NA
1999 | NA | NA | NA | NA | 314 30.6 23.5| NA | NA | NA NA | NA
2000 | NA | 29.6 | 31.028.4| 30.8 30.0 24.7| 23.1| 25.6| 26.7 | 26.6 25.7
2001 | 26.4] 29.2| 29.p031.2|31.6 27.4/ 24.0| 23.3|26.4| 27.8 | 25.8/ 26.2
2002 | 26.7| 29.2| 30.030.5|32.1 29.4/ 26.5| 24.2| 26.9| 28.9 | 28.1 27.6
2003 | 28.3| 30.1] 31.631.8| 324 29.524.1| 23.5| 25.9|27.7 | 27.6/ 27.3
2004 | 28.2| 28.9| 30.230.5|32.3 28.3 24.4| 23.7| 26.5| 27.4 | 28.0/ 27.7
2005 | 27.5] 30.8] 30.530.3|30.4 29.2024.2|124.3| 26.1|27.9 | 27.3 27.0
2006 | 28.6| 30.4| 30.230.7|29.9 29.0 24.7| 23.2| 25.4|27.8 | 27.2 27.2
2007 | 27.6| 29.6) 31.830.1| 31.3 27.6/24.0|24.4| 255|274 | 27.1 27.0
2008 | 27.8| 28.9] 30.829.6| 30.3 28.0 24.5|24.2| 26.2| 27.7 | 27.2 27.2
2009 | 28.1] 29.9] 31.p31.2|31.6 30.7/ 24.3| 24.3| 27.5| 28.6 | 28.8 28.1
2010 | 28.1] 29.3| 29.531.3|31.3 29.3 23.8| 23.5(25.9/28.1 | 27.9 26.9
2011 | 27.6] 29.7| 29.131.4|30.2 29.1 33.3| 23.8| 25.6| 27.7 | 27.6/ 27.8
2012 | 28.7| 30.5| 31.831.1|31.6 28.8/ 23.7| 23.5| 25.6( 28.2 | 27.9 27.6
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Anex.2. Rainfall data

Year |Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1992 | NA | NA | O 22.6 64 | 54.5/192|321.1/131.2/10.9|18 |25
1993 | 34 | 2.7 42 | 68.161.2| 42.2/ 199| 176 130.332 | O 0
1994 | O 6 0 17 | 44.4 123 20(69.8|132.8|0 18 |1
1995 | O 0 30.731.8| 79.5| 39.6 213| 233.7|174.2/85 | 0 11.2
1996 | 13.2| O 110 62.697 152 | 183 243.2| 128.3| 0 45 | 1.6
1997 | O 0 27.30 76.6| 88 | 1861524 NA 149 |30 | O
1998 | 0.8 | O 13.53.1 | 46.2| 104| 387360.8| 121.5/17.5|0 0
1999 | 419 O 11.98.6 | 24.9| 61.2 275| 327.9| 123.3/41.2|0 25.8
2000 | O 0 1.7| 91.8329.5| 33.1 183| 215.9| 114.3/86.1| 22 | 9.5
2001 | O 0 14929 | 98 | 81.7265|430.7/39.5 | 16.5 0 0
2002 | O 1.5 17.310.8|/ 0.9 | 51.7/132| 236.1| 80.8 | 5.7 1.1
2003 | O 9.6 | 9.2 82| 45 14D 312235/145 | 31| 08| O
2004 | 20.8] 8 0 24.40 105 | 222/ 272.7|24.7 | 24.2| 1 0
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2005 | O 0 102| 97.838.3| 74.5149| 273 | 105408 | 2.4
2006 | O 0 16.934.6/ 50.8| 106| 191 341.9|/85.2 | 27.7| 2 6.5
20071 01| O 16.845.4|19.4| 71 | 283 253.8/ 100.6| 2.2 | 1.5
2008 | 31.8] O 0 37.Y37.5| 81.5203|172.7/91.4 | 2 14 | O
2009 | O 0.2 12 | 28| 2.5 74{£09|264.7/149 | 15| 27| 1
2010 | 09 | O 17 | 13.511.2| 89.7| 265| 244.9| 251.9| 12.1| 0.2
2011 | O 0 27| 26.948.2| 25.3 241| 123.1|103.6/43 | O

2012 | O 0 0 43| 17.83 111 18335.7|136 | 32.1 61

Anex-3. X- test(Chi-Square Tests) result on farmers viewstatus of hot days

Age of hh * farmers Valu df Asymp. Sig. (2-sided)
view on status of hot e
|days
) 12.6
Pearson Chi-Squa 4 .013
39
o ) 13.6
Likelihood Ratio 4 .008
92
Linear-by-Linear 7.09
o 1 .008
Association 4
N of Valid Cases 85

Anex-4. X- test (ChiSquare Tests) result on farmers view on statu®b$éason. Amount al

intensity of RF

IAge of hh * farmers view on Value df Asymp. Sig. (2-sided)
statusof hot seasons
) 16.611
Pearson Chi-Square a 4 .002
Likelihood Ratio 18.468 4 .001
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Linear-by-Linear
o 12.838 .000
Association
N of Valid Cases 85
Age of hh * farmers view Value df Asymp. Sig. (2-sided)
Jon amount of RF
Pearson Chi-Square 8.467 .076
Likelihood Ratio 8.157 .086
Linear-by-Linear
o 6.210 .013
Association
N of Valid Cases 85
Age of hh * farmers view onfValue df Asymp. Sig. (2-sided)
Iduration of RF
Pearson Chi-Square 23.876 .000
Likelihood Ratio 27.142 .000
Linear-by-Linear Associatiof22.076 .000
N of Valid Case 85
Age of hh * farmers view Value df Asymp. Sig. (2-sided)
lon wind strength
_ 14.635
Pearson Chi-Square a .023
Likelihood Ratio 18.763 .005
Linear-by-Linear
o 2.964 .085
Association
N of Valid Cases 85

Anex-5. One Way ANOVA, on the implementation of keholds with different

wealth status
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Sum of  [df Mean F Sig. |
Squares Square
Between Group{.679  _2 340 2.044 136
|construction of soil bund Within Groups [13.463 (81 .166
Total 14.143 |83
Between Group§4.618 2 2.309 11.629 .000
firrigation utilization Within Groups [16.084 (81 199
Total 20.702 (83
Between Groupj2.021 2 1.010 4.492 .014
|using fuel saving stove Within Groups |18.217 81 225
Total 20.238 (83
Between Group5.019 2 2.509 14.551 .000
[crop rotation Within Groups [13.969 (81 172
Total 18.988 |83
Between Groupj1.608 2 .804 4.776 011
|check dam construction Within Groups [13.631 (81 .168
Total 15.238 |83
Between Groupj3.159 2 1.579 0.446 .000
|participate in planting fore Within Groups [13.544 [81 167
Total 16.702 |83
sarticipate in gually reshapir Bétween Group{l.126 2 .563 4.326 .016
_ Within Groups [10.541 (81 130
practic Total 11.667 |83
Between Group§2.730 2 1.365 7.457 .001
|participate in carry ancut Within Groups |14.829 81 .183
Total 17.560 |83
Between Groupy.565 2 .282 1.946 .149
|lgrazing land rehabilitation Within Groups |11.756 |81 145
Total 12.321 |83
participate forst protectic Between Group{l.799 2 .900 4.889 .010
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|grass strip

Jusing pump motor

implemetation of stone trace

[compost preparation

participate in water developme

practice:

Within Groups
Total

Between Group
Within Groups
Total

Between Group{6.674 2

Within Groups
Total

Between Group
Within Groups
Total

Between Group
Within Groups
Total

Between Group
Within Groups
Total

14.903 81
16.702 |83
2.832 2

[9.489 81
12.321 |83
12.314 81
18.988 |83
1.030 2

13.113 81
14.143 |83
2.325 2

[9.341 81
11.667 |83
2.325 2

[9.341 81
11.667 |83

.184

1.416
17

3.337
152

.515
162

1.163
115

1.163
115

12.087

21.950

3.181

10.082

10.082

.000

.000

.047

.000

.000

Anex-6.Independent T-Test on the implementatiohafseholds with different

wealth status

[Levene's
Test for
[Equality of
\Variances

t-test for Equality of Means

|F

Sig. |t d

f Sig. (2
tailed)

Mean
Differ

ence

Std.
Error
Differe

nce

95%
Confidence
Interval of the

Difference
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Lowe

Upper

Equal variance

constructio
assumed

n of soil

Equal variance
bund

not assumed

Equal variance
irrigation assumed
utilization Equal variance

not assumed

Equal variance

|using fuel
_ assumed
saving _
Equal variance
stove
not assumed
Equal variance
crop assumed
rotation  Equal variance
not assumed
Equal variance
check dam
~assumed
constructio _
Equal variance
n
not assumed
o Equal variance
participate
i ~assumed
in planting _
Equal variance
forest

not assumed
participate Equal variance
in gually assumed
reshaping Equal variance

practice  not assumed

|6.296

.007

101

|5.603

26.301

|6.453

3.820

.014

934

752

.020

.000

.013

.054

1.355

1.255

2.653

2.645

.166

.165

4.302

4.043

3.344

2.920

1.480

1.394

1.014

940

81

40.783

81

48.168

81

A47.727

81

42.060

81

36.251

81

42.279

81

40.796

179

217

.010

011

.868

.870

.000

.000

.001

.006

143

171

313

.353

132

132

.303

.303

.020

.020

443

443

321

321

157

157

.090

.090

.098

.105

114

115

118

119

.103

110

.096

110

.106

112

.089

.096

-.062

-.081

.076

.073

-.215

-.219

.238

222

.130

.098

-.054

-.070

-.087

-.104

.326

.345

.530

.533

254

.258

.648

.665

512

544

.367

.383

.268

.285
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o Equal variance
participate
i assumed
in carry _
Equal variance
and cut
not assumed

grazing  Equal variance

land assumed

rehabilitaticEqual variance

n not assumed
o Equal variance
participate
assumed
forst

~ Equal variance
protectior
not assumed
Equal variance
~assumed
lgrass strip _
Equal variance
not assumed

Equal variance

using pumgassumed
motor Equal variance
not assumed

i Equal variance
implemetat
assumed
on of stone _
Equal variance
trace
not assumed

Equal variance

compost assumed

preparatio Equal variance
not assumed

participate Equal variance
‘in water assumed

10.101

132

|6.453

14.868

20.664

.553

10.001

3.820

.002

718

.013

.000

.000

459

.002

.054

2.186

2.041

.183

.180

1.480

1.394

2.057

1.809

1.906

2.060

-.363

-.370

1.660

1.480

1.014

81

41.462

81

46.520

81

42.279

81

36.727

81

58.957

81

50.885

81

37.710

81

.032

.048

.855

.858

143

171

.043

.079

.060

.044

718

713

101

147

313

.233

.233

.017

.017

157

157

.185

.185

211

211

.036

.036

146

146

.090

107

114

.092

.094

.106

112

.090

102

A11

.103

.099

.097

.088

.099

.089

.021

.003

-.167

-.172

-.054

-.070

.006

-.022

-.009

.006

-.232

-.230

-.029

-.054

-.087

27

446

464

.200

.206

.367

.383

.364

.392

432

416

161

.158

322

347

.268




developmeEqual variance

940 }40.796 |.353 |.090 |.096 [-.104(.285

t practices not assumed
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