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Abstract Watershed degradation in Ethiopia has become
a major environmental threat and caused significant damages both in the natural environment and the development
of human society. This paper assesses an overview of the
extent, causes, and effects of watershed degradation and
the management actions in north-western highland Ethiopia, taking the Rib watershed as a case study site. The data
were collected from field observations, interviews, and
questionnaire surveys administered to 210 farmers. The
results show that watershed degradation is a serious and
widespread problem in the study site. The major causes of
watershed degradation include population growth, uncontrolled grazing, unsustainable land use and management
practices, and weak land ownership system. Watershed
degradation, mainly in the form of soil erosion, has
adversely reduced agricultural production and worsened
food insecurity and poverty in the study area. Various
watershed management practices that combine structural
and biological measures have been practiced to curb the
problem. However, the farmers’ decisions to adopt and
implement the measures have been highly influenced by
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a range of socioeconomic, biophysical, and institutional
factors. Access to support services, size of the farmland,
educational level, and plot ownership were found to influence farmers’ decisions positively at a statistically significant (P < 0.01) level. It needs efforts to create farmer
environmental awareness and develop strong watershed
management standards and guidelines. The watershed
could benefit from hand in hand efforts of local farmers,
concerned governmental agencies, and researchers.
Keywords Binary logistic regression . Farmers’
perception . Highland Ethiopia . Watershed degradation .
Degradation control measures

Introduction
Watersheds are vital components of the terrestrial ecosystem. Healthy watersheds such as freshwater and land
resource systems not only provide important ecosystem
services to humanity (Knüppe and Meissner 2016) but
also maintain the physicochemical and biological processes that occur within the watershed (Jones 2002;
Zhihui Li et al. 2015). Watersheds, however, are globally degrading and the services they provide are continually deteriorating, yet demand for these services is
increasing (Coxhead and Shively 2005; Darghouth
et al. 2008; Gebremeskel et al. 2018; Gebretsadik
2014; Haregeweyn et al. 2012; Mengistu and Assefa
2019; Shroder 2014). Watershed degradation processes
can have both natural and anthropogenic origins. Global
processes such as climate change, land use/land cover
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changes, urbanization, together with rapid population
growth, are among the major factors causing the longterm deterioration of watersheds worldwide (Azam
2016; Darghouth et al. 2008; Zhihui Li et al. 2015;
Zhiying Li and Fang 2016; Nyssen et al. 2015; Pumo
et al. 2017; Sharma et al. 2010; Tarfasa et al. 2018;
Wang and Dong 2019).
Watershed degradation is of particular concern in
Ethiopia where millions of poor farmers depend on
subsistence agriculture. Continuing watershed degradation mainly in the form of soil erosion, deforestation,
and surface and subsurface water deterioration has resulted in a long-term reduction in quality and quantity of
land and water resources, and seriously threatened the
agricultural productivity of the country and people’s
livelihoods, particularly in highland parts where croplands are very scarce resources (Bishaw 2001;
Gebregziabher et al. 2016; Haregeweyn et al. 2015;
Hurni et al. 2010; Nigussie et al. 2017a; Nyssen et al.
2015). Ethiopian highland watersheds had inherently
fertile and productive soils (Haregeweyn et al. 2012).
But most recently, these areas have faced severe degradation because of increasing stress to produce more food
for the ever-growing population. Sustainable management of watersheds is, therefore, of utmost importance
to recover the degraded areas and improve agricultural
production and the livelihood of the society.
Although the issue of conserving watersheds in highland Ethiopia was largely neglected until the early 1970s
(Adgo et al. 2013; Shiferaw and Holden 1999), over the
past few decades, the government of Ethiopia in collaboration with native and international donors has made efforts
to rehabilitate and conserve watersheds and improve people’s livelihoods (Bishaw 2001; Haregeweyn et al. 2015;
Nigussie et al. 2017a; Nyssen et al. 2009; Sonneveld and
Keyzer 2003; Tesfaye et al. 2014). The largest work of the
period was that carried out between 1976 and 1985 in
which the farmers were extensively mobilized to participate
in soil and water conservation (SWC) program, mostly
mobilized by Food for Work (FFW) and Food Security
Package (FSP) programs (Gebregziabher et al. 2016;
Haregeweyn et al. 2012; Hurni 1988). Later, the program
was developed into the Local Level Participatory Planning
Approach (LLPPA), and then scaled up into the program
called Managing Environmental Resources to Enable
Transitions (MERET) to more sustainable livelihoods
(Desta et al. 2005).
Since the early 2000s, integrated watershed management has been considered as an integral part of the
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agricultural extension and widely implemented to curb
watershed degradation and improve the livelihood of the
people. Recently, the government of Ethiopia has also
launched an annual nationwide public campaign lasting
for approximately 2 months (January and February) and
aimed at mobilizing the community for integrated watershed management and development activities (Bekele
et al. 2018; Wolancho 2015). Despite these huge and
continuous efforts towards sustainable watershed management in almost all parts of the country, the achievements were far below the expectations, and watershed
degradation has remained a big challenge for agricultural
and economic development in highland Ethiopia
(Admassu et al. 2008; Adugna and Bekele 2007;
Gebreselassie et al. 2016; Gebretsadik 2014; Shiferaw
and Holden 1999). The Rib watershed in the Lake Tana
Basin is among the most affected areas by watershed
degradation where continuous and widespread soil erosion and land degradation have significantly threatened
agricultural productivity, food security, and rural livelihood (Lemma et al. 2019; Setegn et al. 2009).
Regardless of the severity and seriousness of the
problem, no meaningful efforts have so far been made
to properly address the issues of watershed degradation
and causative agents in the Rib watershed. The factors
that affect farmers’ adoption of watershed management
measures (WMMs) have also been not adequately addressed. Moreover, previous studies suggest that the
farmers’ willingness to use WMMs varies from place
to place concerning the range of socioeconomic, institutional, and biophysical (Adugna and Bekele 2007;
Moges and Taye 2017; Nigussie et al. 2017b; Tarfasa
et al. 2018; Teshome et al. 2016). Therefore, this study
focuses on (1) investigating the current status of watershed degradation and its causes, and (2) identifying
major WMMs implemented to reduce watershed degradation and factors affecting the adoption and sustainable
use of the measures. An insight into the existing watershed degradation and management practices would help
design appropriate policies and conservation strategies,
and thus facilitate the decision-making processes.

Materials and methods
The study area
The study was conducted in the Rib watershed, a highly
degraded agricultural watershed located in the upper
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Fig. 1 Location map of the study area

The watershed has a highland tropical monsoon climate which is highly affected by the seasonal migration
of the intertropical convergence zone (ITCZ) and complex topography (Lemma et al. 2019). More than 70%
of the rainfall comes from June to September (main
rainy season) while other months receive little or no rain
(Fig. 2). The mean annual rainfall (1973–2016) varies
from 1040 to 2151 mm, whereas the mean annual
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part of Lake Tana Basin in north-western highland
Ethiopia (Fig. 1). It is located approximately between
11° 40′ N and 12° 20′ N latitude and between 37° 30′ E
and 38° 20′ E longitude. The elevation ranges from 1758
to 4104 m a.s.l., with a drainage area of 1975 km2. The
watershed is characterized by hills and peaks which are
responsible for creating the drainage networks flowing
towards Lake Tana, the western part of the watershed.

664

Page 4 of 15

Environ Monit Assess

temperature ranges from 14.95 to 16.4 °C. The geology
of the watershed is mainly dominated by Tertiary and
Quaternary basalts and alluvial deposits (Beyene et al.
2018; Lemma et al. 2019), where about two-thirds of the
catchment is covered by Termaber basalt (thick basaltic
rock interlocked with tuffs, scoriaceous lava, and
paleosols) (Moges et al. 2019). The watershed is dominated by soils derived from weathering of basaltic rocks
including Luvisols, Vertisols, Leptosols, and Regosols.
The agriculture of the watershed is characterized by
mixed crop-livestock systems. The major crops grown
include maize, barley, tef, wheat, beans, and rice. The
crop production is almost entirely dependent on rainfall,
mostly occurring during the monsoon (Kiremt) season
from June to September. The remaining months are
therefore dry or receive little rain, and farming is only
possible through irrigation, which is not widely practiced in the watershed. Livestock production, which
largely depends on common lands, also plays a crucial
role in the livelihoods of the society in the watershed.
The dominant land use type in the watershed is cultivated land (covering more than 90%) followed by small
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remnant grass, forest, and shrublands (Moges and Bhat
2018). Like in many parts of the country, the watershed
has historically lost significant forest cover, and only
small leftover natural forests are currently found mainly
around the Orthodox Christian churches and inaccessible hilly areas. Due to extensive deforestation combined
with steep slopes, erratic and erosive rainfall, and poor
land use and management practices, the watershed is
also characterized by severe degraded. Basic information about biophysical and socioeconomic characteristics of the watershed is provided in Table 1.

Data and methodology
A multistage stage sampling approach incorporating
purposive and random sampling techniques was used to
select the respondents. In the first stage, the watershed
was arbitrarily classified into upstream and downstream
reaches based on elevation and suggestions by the
farmers and watershed management experts. During the
pilot study process, it was clear that the rate of watershed

Table 1 Biophysical and socioeconomic characteristics of the watershed
Attribute (unit)

Upstream

Downstream

Total area (km2)

1079.54

895.46

Altitude (m a.s.l.)

2100–4103

1758–2100

Topography

Undulating

Relatively plain

Slope range

Moderate to very steep

Nearly level to moderate

Mean annual rainfall (mm)

1358.5

1194

Rate of soil erosion

Severe (runoff and topsoil removal )

High (more of sedimentation)

Agro-climatic zone

Humid, alpine

Humid, sub-humid

Dominant soil type

Cambisols, Regosols, and Leptosols

Fluvisols, Vertisols, and Luvisols

Dominant crops

Finger millet, maize, tef, barley, potato, and beans

Rice, maize, wheat, lentil, and potato

Dominant livestock

Cattle, sheep, and equine

Cattle, sheep, goats, and equine

Risk of flooding

Low

High

Irrigation practice

Poor

Better

Access to the regional capital

Low

High

Access to the zonal city

High

Low

Access to the main road

High

Medium

Number of total villages

45

31

Name of the villages

Kolay Dengors and Atadidim

Wej and Esitifanos

Total population

16,896

15,560

Total households

3462

3493

Sample households

104

106

Sample villages and households
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degradation is relatively higher in the upstream areas than
the downstream, and the type of degradation also differs.
In the upstream areas, watershed degradation is
commonly observed in the form of runoff and removal
of topsoil, whereas sedimentation is a dominant problem
occurring in the downstream areas when eroded materials
that are being transported by water from the upstream
areas settle out of the water column onto the surface. The
study by Nigussie et al. (2017a) also shows that the
farmers who reside or have farmlands in the upper catchment are more likely to perceive the severity and impact
of soil erosion compared with the downstream counterparts. Based on these rationalities, the watershed was
classified into two clusters. In the second stage, two
villages or locally known as Kebeles (smallest administrative unit of Ethiopia) were randomly selected from
each cluster, for a total of four villages. Thirdly, a systematic random sampling technique was used to select
210 respondents (household heads). The list of household
heads was obtained from local agricultural offices of
respective villages.
The household survey was carried out between November 2016 and May 2017 using a semi-structured
questionnaire covering detailed information about the
socio-economic, biophysical, and institutional aspects of
the watershed. The questionnaire interviews were carried
out with the help of four enumerators who were bachelor
degree holders and have good knowledge about the study
area and well acquainted with local language and culture.
The survey questionnaire which comprised both openended and close-ended questions were initially designed
in English and later translated to Amharic (local language). A pre-survey test was conducted in each of the
villages with randomly selected households to customize
the questions to local conditions. Besides the household
survey, personal observations, informal communications,
key informant interviews (KIIs), and focused group discussions (FGDs) were conducted to gather detailed and
first-hand information on the current status of watershed
degradation and management practices. Four FGDs (one
in each village) were held with 36 farmers (8 to10 farmers
in each group), comprising different social status, age,
educational level, and gender. The participants of FGDs
were purposively selected with the help of development
agents (agricultural extension workers) and the watershed
management committee. Moreover, several in-depth KIIs
were held with senior citizens, village and district administrators, development agents, and watershed management committee members.
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The data were analyzed in both quantitative and
qualitative methods. The data collected through openended questionnaires were encoded and processed using
IBM SPSS statistical software (ver. 23.0, IBM, Armonk,
NY, USA). A logistic regression model was employed
to determine the factors controlling the farmers’ decisions to implement WMMs, whereas the data collected
through field observation, FGDs, and KIIs were qualitatively analyzed and used to supplement the information gathered through household surveys.

Empirical model
A binary logistic regression model was used to quantify
the relationship between the dichotomous-dependent
variable and a set of explanatory variables. This model
has been widely used to assess the influence of various
independent variables on farmers’ decisions to adopt
and apply WMMs (Alemayehu and Bewket 2017;
Asfaw and Neka 2017; Mekuriaw et al. 2018; Teferi
et al. 2013). A dichotomous farmers’ willingness to
adopt and practice WMMs was taken as the dependent
variable and represented by dummy variable taking 1 if
the farmer is willing to adopt WMMs and 0 otherwise.
The farmers’ decisions to adopt and apply any kind of
natural resources management technologies are always
controlled by a set of complex and interrelated factors
(Nigussie et al. 2017b). In this study, several explanatory variables (Table 2) hypothesized to influence
farmers’ decisions to implement WMMs on their plots
were selected based on the interview results, previous
experiences, and available literature.

Results
Characteristics of the respondents
Table 3 shows a summary of the statistics of some
household characteristics of the sample respondents.
About 32, 38.5, and 29.5% of the respondents participated in the survey were 18–35, 35–50, and above 50
years old, respectively, with the mean age of 41.3 years.
About 95.7% of the respondents were married and the
men were the heads of the household in all married
couples. The majority (76.2%) of the respondents were
illiterate; those who did not attend any formal and/or
informal education and thus cannot read and write. Out
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Table 2 Description of explanatory variables included in the
model
Variable
name

Description (unit/coding)

Expected
sign

Plot size

Size of the area managed by the
household (ha)
Family size Family size of the household (adult
equivalent)
Plot
Plot distance to residence (walking
distance
minute)
Education The educational level of the household
head (1 if literate; 0 otherwise)
Extension Access to extension services measured in
services
the number of extensions contacted
per year
Slope
The slope of plots (%)

+

Training

+

Participation in any watershed
management related training (1 if
participated; 0 otherwise)
Plot
Ownership of the plot managed by the
ownerhousehold (1 if the plot is own; 0
ship
otherwise)
Income
Total income of the household per
level
annum (ETB)
Position of Position of plots in the watershed
plots
landscape (1 if upstream; 0 otherwise)

±
−
+
+

±

+

+
+

+, −, ± signs indicate a positive, negative, and indeterminate
influence of the variables on farmers’ decisions, respectively.
ETB is Ethiopian Birr (currency)

of 23.8% literate respondents, about 1.4% were college
graduates and 14.1% had attended primary and/or secondary schools, whereas the remaining 8.3% did not
attend any formal education rather taught through
Table 3 The characteristics of survey respondents (n = 210)
Variable

Category

Responses
No. Percentage

informal education (locally called meserete timhert)
mostly carried out around the homesteads. Most of the
educated respondents were young (aged below 35
years), most likely attributed to the recent improvements
in educational facilities that created good opportunities
for young farmers (Tefera and Sterk 2010). Educated
farmers have a better understanding of the causes and
consequences of watershed degradation and the benefits
of conservation measures than uneducated counterparts
(Moges and Taye 2017), thus they could serve as contact persons for extension agents in disseminating
information.
About 12% of the respondents were members and of
different social committees in the watershed such as
village cadre, watershed management, and development
group, local justice committee, and so forth. The farmers
who participate in such kind of social activities could
easily contact the agricultural expertise and other governmental bodies therefore, have better access to information regarding watershed management and agricultural development issues. The maximum and minimum
family size of the respondents was 9 and 2 persons,
respectively. The overall mean family size was 6 persons (with the most common family size of 4 to 7
members), which is above the national average family
size of 4.9 persons per household. The shortage of
farmland is one of the critical factors hampering agricultural practice in the study area, thereby significantly
affects food security and livelihood opportunities. The
landholding size ranges from 0 to 5.25 ha with the mean
size of 0.85 ha. The processes through which land was
acquired and the size of land varied from household to
household. To overcome the land shortage problems,
most farmers in the watershed also use sharecropping
and renting techniques in addition to their lands allocated by the government. Along with crop cultivation,
livestock production also plays a crucial role in the
livelihood of the watershed community. As a result,
almost all farmers in the watershed raise different livestock types.

Age (years)

18–35
35–50
> 50

67
81
62

Gender

Male
Female

204 97.14
6
2.86

Education

Illiterate
Literate

160 76.2
50 23.8

Current status of watershed degradation

Marital status

Single
Married
Divorced
Widowed

4
201
3
2

2
95.7
1.43
0.95

26
74

12.38
87.62

The farmers were asked about the occurrence of any
form of watershed degradation on their farm plots and
villages. About 94% of the respondents confirmed the
widespread existence of watershed degradation in the
study area (Fig. 3). The majority of the respondents
perceived that soil erosion is the dominant form of

Participation in social committees Yes
No

32
38.5
29.5
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Yes

Low

Medium

High

Severe

Current status of watershed degradation

3.33

13.81

20.00

27.30

41.25

82.86
No

Occurrence of any
form of watershed
degradation

11.45

5.72

Farmers' responses (%)

94.28
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Increasing Decreasing No change
Trend of the problem over the last
10 years

Fig. 3 Summary of farmers’ perception of watershed degradation

Fig. 4 Major causes of watershed
degradation in the Rib watershed
perceived by the farmers

Major causes of watershed degradation

watershed degradation which has notably challenged
daily farming activities. Nutrient depletion, loss of vegetation and biodiversity, and reduction in quality and
quantity of water were also the forms of watershed
degradation perceived by the respondents. Extensive
gullies and bare lands where the top fertile soils had
been taken by erosion were also observed during the
transect walks.
Although most of the respondents agreed on the
existence of watershed degradation, they had varied
perceptions regarding the severity of watershed degradation. To understand the farmers’ view on the current
status of watershed degradation, they were given the
choice for four levels of degradation (low, medium,
high, and severe). Among the farmers who acknowledged the occurrence of watershed degradation in the
study area, about 41% perceived the problem as severe,
whereas only about 11% perceived low degradation.
Relatively high erosion rates were observed in the upland areas with low vegetation cover where surface
runoff has caused significant transportation of top fertile
soil and formation of deep gullies. Farmers were also
asked to indicate the trend of watershed degradation

over the last ten years. The vast majority (about 83%)
of respondents confirmed that the rate of watershed
degradation in their village is increasing over time. In
contrast, about 14% of the respondents perceived a
decreasing rate of watershed degradation which might
be attributed to the integrated watershed management
efforts made by the government and the local community over the last few years, basically through a public
campaign. Watershed degradation is not a sudden phenomenon rather it is always the result of several
interacting factors. A set of factors that were perceived
by the farmers as causes of continuing and widespread
degradation of the studied watershed are indicated in
Fig. 4. It was clear from the survey results that because
of increasing demand, the farmers in the watershed
usually use crop residues and animal dung for household energy and animal feed (Fig. 5), instead of using
them for soil fertility improvement and conservation.
Impacts of watershed degradation
Watershed degradation has various social, economic,
and environmental impacts. It has an immediate

Poor land management practices
Urban expansion
Topography of the landscape
Soil erodibility
Changes in rainfall and temperature
Increased human population
Poor crop residue management
Overgrazing
Tenure insecurity
Poor rural infrastructure
Land use change
Deforestation
Administrative problems
0
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Minor
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Fig. 5 Drivers of watershed degradation. Animal dung prepared
for household fuel and energy (left side), and crop residues collected for animal feed and different household purposes (right

side) (Adapted from photo by the corresponding author,
March 2018)

negative implication on agricultural production, leading
to higher food insecurity and poverty rates among the
rural community who directly and largely depend on
smallholder subsistence agriculture. To assess the impacts of watershed degradation in the study area, a list of
possible consequences was given to the farmers and
they were asked to indicate the extent to which they
perceive the effects based on a 5-point Likert type scale
(5 = perceived at a greater extent; 1 = perceived at very
little extent). Table 4 summarizes the major effects of
watershed degradation in the Rib watershed perceived
by the farmers. As perceived by majority of respondents, watershed degradation in the study area has
caused significant loss of fertile soil and nutrients (x̄ =
3.73 σ = 0.81) and consequent reduction in crop yield (x̄
= 4.38, σ = ± 0.68) and livestock production (x̄ = 3.28, σ
= 0.92). Moreover, loss of wildlife and vegetation, reduction in farm income, and flooding and sedimentation
were also highly perceived as critical outcomes of watershed degradation.

Watershed management practices
The interview results confirm that the farmers in the
study area were well aware of the watershed degradation
problems and their impacts. As a result, several watershed degradations controlling techniques that combined
structural and biological measures were commonly applied in the study area. The vast majority (87.25%) of
the respondents used at least one type of WMMs. The
most commonly used WMMs in the study area can be
grouped into two broad categories, i.e., agronomic/
biological and structural/physical measures. The summary of major WMMs implemented in the study area is
indicated in Fig. 6. Most of the structural measures were
implemented through a community-based campaign
lasting approximately 2 months (January and February)
every year and which is aimed at mobilizing the community for collective watershed practices (Fig. 7). Since
the Rib watershed is located in topographically hilly and
undulating areas, structural WMMs are very crucial to

Table 4 Mean score of perceived effects of watershed degradation in the study area (n = 210)
Effects of watershed degradation

No.

Max.

Min.

Mean (x̄ )

SD (σ)

Reduction in crop yield

210

5

3

4.38

0.68

Decline in farm income

203

5

2

3.69

0.93

Loss of fertile soil and nutrients

209

5

2

3.73

0.81

Reduction in livestock production

207

5

2

3.28

0.92

Increase in cost of production

210

5

1

3.37

1.00

Reduction in farmland size

194

5

1

2.83

0.96

Destruction of infrastructure

92

4

1

2.05

1.16

Loss of wildlife and vegetation

210

5

2

3.96

0.77

Decline in water quality/quantity

135

5

1

3.00

1.15

Flooding and sedimentation

148

5

1

3.21

1.19

Food insecurity

191

5

1

3.10

1.01

Climate change

146

5

1

3.04

1.42
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Fig. 6 Commonly practiced watershed management measures in
the study area; where, C, composting; CF, chemical fertilizers;
CR, crop rotation; CD, check dam; SB, stone/soil bund; T,

terracing; CM, crop residue management; CD, cut-off-drain; and
CP, contour plowing (Adapted from household survey
2016/2017).

reduce surface runoff and increase water infiltration,
thereby prevent soil loss through erosion.

influences of plot distance from residence, income level,
and slope of plots on farmers’ decisions were found to
be insignificant at 5% and 1% level of significance.

Factors controlling farmers’ decisions to implement
WMMs
Discussion
The empirical results obtained from the binary logistic
regression model are presented in Table 5. The results
indicate that the farmers’ decisions on adoption and
continued use of WMMs are highly associated with a
set of factors. Plot distance and slope were negatively
correlated with the implementation of WMMs, while
other variables had a positive correlation. The negative
signs show that as the value of variables increases, the
willingness to apply WMMs decreases.
The logistic regression analysis results indicate that
among the ten explanatory variables included in the
model, four variables, namely, plot size, education, plot
ownership, and extension were found to have statistically significant (P < 0.01) association with farmers’ willingness to apply WMMs in their plots. Similarly, family
size, access to training, and position of plots in the
watershed were identified as factors that affect the likelihood of the farmers’ decision to implement WMMs at
a 5% significance level (Table 5). However, the

Fig. 7 Community participation in watershed management in the
Rib watershed. Construction of cut-off-drains for diversion of
runoff coming from upstream areas and to trap sediments (left

Degradation of watersheds in Ethiopia has become one
of the major environmental problems which highly affects agricultural productivity and the livelihoods of the
rural community. The Rib watershed is among the highly degraded watersheds in north-western highland Ethiopia. It has been clear from the interview and filed
observation results that several interacting factors are
responsible for the prevalence of watershed degradation
in the studied watershed. Population pressure, land use
change, poor land management practices, and climate
variability and change were among the highly perceived
causes of watershed degradation in the study area. The
Rib watershed is one of the densely populated watersheds in highland Ethiopia, which has increased competition on limited arable land and forced the farmers to
intensively cultivate their plots to increase the shortterm productivity of land with minimum care given to
management practices. Increased population also

side) and discussions after the campaign (right side) (Adapted
from photo by the corresponding author, January 2017)
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Table 5 Estimated coefficient of the binary logistic regression
model (n = 210)
Variable name

Coef.a

Std. Err.b Sig.c

Odds ratio

Plot size

1.9335

0.1969

0.0035*** 2.391

Family size

0.0518

0.0154

0.0213**

0.935

Plot distance

− 0.1071 0.6052

0.5118

1.421

Education

0.6498

0.0961

0.0031*** 1.662

Extension services 0.0587

0.0496

0.0079*** 2.201

Slope

− 0.9213 0.0235

0.0946*

3.226

Training

0.5245

0.0244

0.0431**

1.855

Plot ownership

0.1672

0.0086

0.0084*** 0.853

Income level

0.7355

0.1461

0.6252

5.166

Position of plots

0.0926

0.0527

0.0466**

0.665

***, **, * indicate significance at 1, 5, and 10% level, respectively
a, b, and c denote coefficient, standard error, and significance
level, respectively

intensifies other causes of watershed degradation such
as land use change, overgrazing, deforestation, and
misuse of crop residues and animal dung in various
ways. Livestock production is an integral part of the
farming system in the watershed because livestock
provides various benefits to households including
food, labor, income, manure, and transportation. The
source of feed for livestock in the study area is usually
natural grazing. The large livestock size and a shortage
of grazing land have caused overstocking and
overgrazing, which constituted the major cause of
watershed degradation. It was also clear from key
informant interviews and field observations that huge
gullies and bare lands were located in grazing lands,
particularly in areas with high slope and unmanaged
lands, due to overstocking and overgrazing.
Overgrazing in the watershed has also destroyed
structural soil conservation structures and supportive
vegetative measures. Tefera and Sterk (2010) and
Mekuriaw et al. (2018) have also reported the negative
influence of free-gazing on the sustainability of structural soil conservation measures in other parts of
Ethiopia.
Inappropriate land use and farming practices were
perceived by the vast majority of respondents as the
drivers of watershed degradation. Farming practices
such as soil compaction, fine tilth seedbed, plowing up
and down, and intensive cultivation of steep slopes were
recognized as the major contributors to widespread watershed degradation. According to Taddese (2001), the
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cultivation of steep slopes without effective conservation measures directly leads to severe watershed degradation. Some cereal crops (e.g., tef and wheat) require
plowing several times to prepare the fine tilth seedbed,
which results in breaking up of soil aggregates and
facilitate soil loss, especially under erratic and intensive
rainfall conditions. Traditionally, the farmers in the watershed use soil compaction by letting cattle walk on the
fields before planting tef (Eragrostis tef) and finger
millet (Eleusine coracana) crops. Soil compaction is
believed to increase the rate of germination and suppress
the growth of weeds (Tefera and Sterk 2010). However,
this practice significantly causes the removal of topsoils
and nutrient losses on smooth and bare land through
sheet erosion, especially before the growth of seeds
takes place. The farmers also prepare downslope final
drainage channels, locally called feses, to facilitate
drainage in relatively flat fields where waterlogging is
high. Field observation results show that these drainage
channels have notably caused highly facilitated the development of surface runoff and resulted in sedimentation of downslope fields.
High altitude and rugged landscapes characterize major areas of the Rib watershed. In areas under such
morphological characteristics, soil erosion is generally
severe due to the high surface runoff rate. The slope of
the study area ranges from 0% (downstream area) to more
than 100% around Mount Guna (upstream area). In principle, slopes more than 30% should not be used for
agricultural purposes rather should be allocated to natural
vegetation (Gebreselassie et al. 2016). However, the field
survey results show that there is no slope limit for crop
production in the study area; all parts of the watershed
were intensively cultivated with limited management
practices. Similar to our findings, the studies by
Gebreselassie et al. (2016), Laekemariam et al. (2016),
and Taddese (2001) indicate the influence of intensive
cultivation of high slope and marginal lands on severe
watershed degradation in many places of Ethiopia. The
interviewed farmers confirmed that shortage of cropland,
lack of land use policy, and decline in soil fertility and
crop yield were the major drivers for the cultivation of
steep slopes. Watershed degradation, particularly in the
form of soil erosion, poses a serious threat to the farming
systems and livelihoods of the watershed community.
Since agriculture is the chief source of economic activity
in the watershed, the impact of soil erosion on the agricultural productivity of the watershed would imperatively
influence the entire socioeconomic conditions of the
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watershed such as food security, livelihood opportunities,
and the social well-being of individuals and society.
The watershed degradation problem in the study area
often goes beyond soil loss and a decline in agricultural
yields. It has significantly affected the habitats and
biodiversity of the watershed through deforestation
and land use changes. The entire ecosystem in the
watershed is being destroyed rapidly through watershed
degradation, and the plant and animal species are becoming extinct at an alarming rate. It was significantly
perceived (x̄ = 3.96) that watershed degradation has
caused worth mentioning losses of wildlife and vegetation in the study area. The vast majority of farmers also
acknowledged flooding and sedimentation as the major
outcomes of watershed degradation that significantly
impacted the availability and quality of surface and
groundwater and influenced a huge portion of the watershed community who largely depends on the rivers
and ponds for drinking and various household purposes,
particularly in the downstream landscape.
To curb watershed degradation and ensure ecological
and economic sustainability, the farmers in the watershed
have implemented various conservation actions that combined structural and biological measures. Several studies
(Gebrernichael et al. 2005; Jemberu et al. 2017; Klik et al.
2018; Kosmowski 2018; Meheretu et al. 2014;
Monsieurs et al. 2015; Nyssen et al. 2007; Taye et al.
2018; Vancampenhout et al. 2006) show that structural
watershed conservation measures such as terraces and
stone-faced bunds are highly effective in reducing runoff
rates and trapping the sediments, and thus sustainably
manage watersheds in mountainous areas like Rib watershed. According to Nyssen et al. (2007), soil/stone bunds
are highly effective in reducing the slope gradient of the
land between the bunds and in the reclamation of steep
lands. However, results show that structural WMMs are
rarely implemented in the study area and lack proper
construction and maintenance. During the field observation, it was clear that most of the stone bunds constructed
in the study area were filled with sediments due to lack of
proper maintenance. The check dams and vegetative
treatments implemented for the rehabilitation of widespread gullies, particularly in grazing and intensively
cultivated plots, were also poorly constructed and lack
regular maintenance.
The factors that hinder the farmers from
implementing structural WMMs were examined using
the binary logistic regression model. The results of the
model revealed that the farmers’ willingness to
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implement the structures was influenced by several socioeconomic, biophysical, and institutional variables.
Access to support services is one of the important determinants of farmers’ decision to apply any type of
management structure on their plots. Access to information is a key factor that determines farmers willing to
invest in land management projects (Nyanga et al.
2016), where a lack of technical support negatively
influences the farmers’ cooperation in adopting land
management measures (Tefera and Sterk 2010). Our
result shows a significant (P < 0.01) positive relationship between the frequency of extension contacts and
farmers’ willingness to implement WMMs. The implication is that the farmers who had frequent contacts with
extension agents were more aware of the effects of
watershed degradation and the benefits of WMMs, and
thus more motivated to manage their farmlands compared with those who had fewer or no contacts. Similar
to our findings, access to support services also influenced farmers’ decisions on investing in natural resources management in Ethiopia (Asfaw and Neka
2017; Moges and Taye 2017; Nigussie et al. 2017b).
Farmland is an important source of livelihood in the
watershed. Thus, the size of the plot remarkably influences the decision of farmers to apply any type of
WMMs. The interviewed farmers confirmed that the
construction of structural WMMs such as terraces,
stone/soil bunds, and cut-off-drains highly compete for
space of farmlands, thereby reduce their preparedness to
apply WMMs. In this study, the significant positive (P <
0.01) correlation between plot size and watershed management investment suggests that farmers who hold
large farm sizes were more likely to implement in
WMMs compared with the farmers holding small farm
sizes. This finding contradicts the study conducted in
Tanzania which indicates that farmers holding more
plots are less likely to carry out WMMs on all fields
due to lack of enough finance, time, labor, and other
inputs (Nyanga et al. 2016). However, our finding is
supported by Tesfaye et al. (2014), Nigussie et al.
(2017b), and Teshome et al. (2016) who reported that
large plot size may create a positive incentive for smallscale farmers to implement and maintain WMMs. Education shows a significant positive (P < 0.01) correlation
with watershed management investments. This is because education provides a better understanding of watershed degradation and management benefits, and thus
positively influences farmers’ decision towards management actions. This result is in agreement with that
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of Alemayehu and Bewket (2017) which indicates a
positive influence of education on farmers’ perception
of watershed degradation and management.
Another key factor that highly influences the farmers’
decision to implement WMMs is tenure security. Lack of
plot ownership undermines farmers from investing in
WMMs (Akinnagbe and Umukoro 2011; Tefera and
Sterk 2010), whereas the farmers would be willing to
implement long-term WMMs when they feel secure
about their lands (Alemayehu and Bewket 2017). In
Ethiopia, the land is owned by the state government and
the farmers have only the right to use. To make farmers
feel secure about their lands and ensure sustainable land
management, the government of Ethiopia has stopped
land redistribution since 2005 (Mekuriaw et al. 2018).
Interview and FGD results indicated that although most
of the farmers feel secured about their land use rights
because of the land certification, the majority of them still
feel unsecured due to previous frequent redistributions.
As explained elsewhere in this paper, most of the croplands operated in the study area were either rented or
sharecropped for a short period, usually arranged for 1
year. It was clear from filed observation and interviews
that own plots are more managed than sharecropped and
rented plots. The farmers less likely to invest long-term
watershed management practices on sharecropped and/or
rented plots rather they would give more emphasis to
increase short-term yields through maximum exploitation
of all available resources. As a result, plot ownership was
found to influence farmers’ decisions to apply WMMs
positively at a 1% level of significance.
The position of plots in the watershed was found to
influence farmers’ decisions positively at a 5% significance level. The possible explanation is that the farmers
who reside or have farm plots in the upstream areas of
the watershed are more aware of the severity of watershed degradation and likely to invest in WMMs than
those who reside and/or cultivate lands in the downstream areas. Interview results also confirmed that
farmers who reside and/or cultivate lands in the upstream areas of the watershed better perceive surface
runoff and soil erosion problems compared with downstream counterparts. Family size (adult), access to training programs, and position of plot in the watershed were
also found to influence farmers’ decisions positively at a
5% level of significance. The shortage of labor is one of
the most important factors hindering the implementation
of WMMs in Ethiopia (Haregeweyn et al. 2015). Thus,
the positive correlation between adult size and

Environ Monit Assess

(2020) 192:664

willingness to invest indicates that farmers with more
working force have a better capacity to implement
WMMs, compared with those who have less labor force.
Similarly, the significant positive relationship between
access to training and implementation of WMMs implies that the farmers who participated in any sort of
watershed management, and development-related training had better knowledge about the benefits of WMMs
compared with those who had no training access.

Conclusions
This study used the survey data of smallholder farmers
in the Rib watershed of north-western highland Ethiopia
to assess the extent, causes, trends, and impacts of
watershed degradation and the factors influencing the
successful use of management measures. The results
revealed that the study area is severely affected
by various forms of watershed degradation such as soil
erosion and loss of biodiversity resulted from the clearing of vegetation, expanded croplands, overgrazing, and
land use/cover changes. The relatively high degradation
rates were observed in the upstream fields with low
vegetation cover and poor conservation practices where
high runoff has caused the significant transportation of
uppermost fertile soil. Watershed degradation in the
study area has affected ecological, social, and economic
sustainability in one way or another. A wide range of
structural and biological watershed management practices have evolved in the studied watershed to conserve
and rehabilitate the degradation problem. However, the
quality and continuity of watershed management practices were not up to the required standard, highly
constrained by various and complex factors. Farmland
size, educational levels, access to support services, and
plot ownership were found to have positive and statistically significant (P < 0.01) influence on the farmers’
willingness to implement WMMs on their fields. Family
size, access to training related to watershed management, and position of plots had also a positive significant (P < 0.05) relationship with the implementation of
WMMs. In general, the current status of watershed
degradation needs better watershed management plans,
policies, and practices to control the adverse and multiple effects of degradation and ensure food security and
livelihood sustainability of smallholder rural farmers.
The effective and efficient watershed management goals
could be achieved by improving environmental
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awareness of the local community and by considering
their priority needs while designing and implementing
the watershed management projects.
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