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Abstract: Land degradation has been identified as one of the most serious problems that threaten the sustainability of
agriculture in Ethiopia. In an effort to address these problems, the basic paradigm and approach to soil and water
conservation has itself evolved over time. In recent years more holistic and land-scape wide approaches that go beyond
resource conservation towards improved land husbandry and water management for beneficial conservation have been
promoted using a national guideline known as Community Based Participatory Watershed Development, where its impact
is yet to be seen. In this respect, after having worked for many years on the core part of land management practices, some
projects realized the need for value adding and natural resources management (NRM)-based income generation at
household level. Hence, the major concern of this study was to evaluate the impact of those integrated land management
interventions on crop production value per hectare and annual gross income of smallholder farm households in West
Harerghe Zone of Oromia National Regional State. To meet this objective a total of 398 sample households, consisting 183
soil and water conservation program and 215 non-program participants, were randomly selected from nine program and
nine counterfactual kebeles in three districts (DaroLabu, Messela and Oda Bultum). Descriptive statistics with appropriate
statistical tests and propensity score matching (PSM) were used to meet the stated objective. Results of the descriptive
statistics showed that before matching there was difference between program and non-program households in terms of sex,
education, farming experience, land holding and livestock ownership. Estimates of propensity score matching (PSM)
indicate the existence of a positive additional significant crop production value premium of birr 1,510.42 (US$ 80.55) per
hectare and annual gross income of birr 4,288.29 (US$ 228.7) for program groups compared to non-program groups. This
indicates that on average participant households earned 8.3 percent more crop production value per hectare and 21.2
percent more gross household income than their matches. The independent analysis result of the data also revealed that the
value of crop production was fairly higher on moisture stress program kebeles (1,771.35 EB/hectare) than in the high
rainfall areas of the program (1,439.28 EB/hectare). Therefore, in agriculture dependent country like Ethiopia, soil and
water conservation is crucial in improving the livelihoods of the rural farm households. However, to realize the intended
outcomes, agro-ecology specific technologies that are linked with natural resource management based income generating
activities should be promoted.
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40% of the world’s agricultural land is seriously degraded,
where 80% of this degradation is caused by soil erosion [4,

Degradation of the Earth’s surface (i.e. land degradation) 5] This worldwide depletion of land resources continues to
is one of the most severe global problems of our times [I, e @ serious hazard, particularly, in the least developing
2], which affects 33% of the land surface; with countries, where agriculture is the main pillar of their
consequences for more than 2.5 billion people [3]. About economy [1,6]. Perhaps nowhere have these effects been

1. Introduction



112

Yenealem Kassa et al.: Impact of Integrated Soil and Water Conservation Program on Crop Production and Income in

West Harerghe Zone, Ethiopia

deeper or have they created greater hardship than the farm
population of Sub-Saharan African (SSA) countries [7].
Land degradation in Ethiopia accounts for 8% of the global
total [8]. The most serious problem concerning country’s
land resources, however, is the removal of fertile topsoil by
water. This is much more severe in the highlands where, 85%
of the human and 77% of livestock population are living
and agriculture is intensive [9]. As estimates from national-
level studies indicate, more than 2 million ha of Ethiopia’s
highlands have been degraded beyond rehabilitation, and
an additional 14 million hectares severely degraded, which
is reflected in cereal yield reduction averaging less than 1.2
tons per hectare in most of the highlands [10]. The
comparative analysis report of a decade by Environmental
Forest Development on the cost of land degradation also
indicated that, the net amount of soil eroded in 1995 was
130 million metric tons and this has increased to 182
million metric tons in 2005 and the nutrient loss from lost
soil in terms of phosphorus and nitrogen was 1.1 and 1.3
million metric tons respectively. The monetary value of
productivity loss, due to soil loss, also shows 639 and 766
million Birr in 1995 and 2005, respectively [11].

As a result of this extensive land degradation, which in
turn are caused by various intermingled factors, soil
productivity has been negatively affected and agricultural
production has not been able to meet the basic food
requirements of the growing population. This has
significantly contributed to the hunger faced by some five
to seven million people in the country, thereby requiring
external assistance every year for their survival and more
than 45% of the total population to toil below the absolute
poverty line [12].

In response, governments and development agencies
have invested substantial resources in promoting soil
conservation practices as part of efforts to improve
environmental conditions and ensure sustainable and
increased agricultural production [13]. Despite the
increasing efforts made and the growing policy interest,
adoption of those technologies by smallholder farmers
outside of intensively supported project locations has
generally been. Regardless of all those efforts, the natural
resource base is deteriorating from time to time and
becomes major causes for food insecurity and vulnerability
[14,15].

Studies conducted in different parts of the country came-
up with different factors that explain the low level of
success of conservation initiatives - ranging from the poor
performance of the technologies themselves to policy and
institutional deficiencies at different levels [16, 12, 17, 18,
14]. The interventions were primarily technology oriented
and top-down with limited participation of the beneficiaries
in decision making [15]. Such command and control type
of policies that have not been linked to the indigenous land
conservation knowledge of the farmers as well as their
local institutions, made the people to have limited sense of
responsibility over the assets created [16, 10]. Policies,
programs and projects for sustainable land management

were also designed without making a distinction between
proximate and underlying causes. This in turn obliged the
technologies to focus narrowly on structural measures to
arrest soil erosion only, without fully considering the
underlying causes of low soil productivity, socio-economic
factors, and the need for tangible benefits to be attractive to
poor farmers [15]. However, although many scholars raised
different factors affecting the sustainability of conservation
measures, the major problems with past conservation
efforts are largely rooted in a lack of understanding of the
important interface between resource conservation and
agriculture, and of the factors that motivate farmers to
invest in sustainable land management over the long run
[12,17,15].

In an effort to address these problems, the basic
paradigm and approach to land and water conservation has
evolved over time [18]. In recent years, the Ethiopian
government has changed its land management policy to a
more holistic and land-scape wide approaches that go
beyond resource conservation towards improved land

husbandry and water management for beneficial
conservation [19, 20]. Given this strategy, different
sustainable land management programs have been

implemented throughout the country. The central question
is thus, do these land conservation interventions have an
impact in improving crop production in value per hectare
and gross annual income of participating households? If
yes, how much is the impact? Answering these questions
empirically would be of interest to program administrators
and policy makers in promoting a major change in the
preceding approaches. Against this backdrop, this study
was carried out in West Harerghe Zone of Oromia Regional
State, where various conservation programs have been
executing aiming at improving the livelihoods of most
vulnerable households though value adding and natural
resources management (NRM)-based income generation at
household level.

2. Research Methodology
2.1. Description of the Study Area

West Harerge Zone is one of the 17 Zones in Oromia
National Regional State, geographically located between 70
32’ - 90 47°N latitude and 410 24’ - 430 48’E longitudes
(between 70 52° 15” - 9028’43 North latitude and 400 03’
33” - 40034°13” East longitudes. The capital town of the
Zone is Chiro, which is located at a distance of 326 km
East of Addis Ababa. The area coverage of the Zone is
1,723,145ha (17,231km2), comprising of 14 districts with a
combined population of 1,871,706, of whom 912,845 are
women. While 160,895 or 9.36% are urban inhabitants, a
further 10,567 or 0.56% are pastoralists [21]. West
Harerghe is subdivided in to three major climatic zones
known to be Temperate tropical highland locally known as
dega (12.49%), Semi-temperate/Tropical rainy mid land or
woinadega (38%), and Semi-arid/Tropical dry or kola
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(49.5%). The topography of the zone is characterized by
steep slopes in the highlands and mid-highlands and large
plains in the lowland areas. The ecological zones are set
based on the differences in altitude variation ranging
between 500 up to 3500 meters above sea level kola (500 -
1500 m a.s.l), woinadega (1500 - 2300 m a.s.l) and dega
(2300 - 3500 m a.s.d). The mean monthly minimum
temperature ranging from 16°C to 20°C, while the mean
maximum is 24°C to 28°C. Rainfall is dispersed throughout
the year into two rainy seasons belg rains falling in
February-April and meher or main season rains fall from
June-September with small showers in dry months. Annual
rainfall averages range from below 700 mm for the lower
kolla to nearly 1,200 mm for the higher elevations of
woinadega and dega areas. The rainfall is variable from
year to year both in terms of intensity and distribution
during the growing seasons causing a wide range of
climatic hazards [22].
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Figure 1. Map of Ethiopia and West Harerghe Zone
2.2. Sampling Procedure

Both purposive and multi-stage stratified sampling
techniques were used to collect primary data. Considering
the objective of the study and representativeness of the
sample, out of the 14 districts in the zone, three pastoral
woredas were excluded and the study focused on the
remaining 11 (eleven) non-pastoral woredas. Based on this,
in the first stage, three woredas were selected randomly in
consultation with West Hararghe Zone Natural Resource
Development Office in Chiro (Asebe Teferi). Accordingly
Messela, Oda Bultum and Daro Lobu districts were
selected. Second, from the sampled districts, all kebeles
where soil erosion is severe and many conservation
strategies of land management have been undertaken were
selected purposely (to increase the chance of sampling
adopters). Yet again, from among these kebeles, nine
kebeles were chosen randomly. Concurrently, nine
comparison Kebeles were chosen purposively based on
their close similarity to the conserved Kebeles in their
social, infrastructure, agro-climatic and economic
characteristics. Accordingly, data was collected from both
households  participating and non-participating in
conservation strategies of land management using the same
interview schedule at the same time. To give equal chance
in selection of the study units from each concerned woredas,

probability proportional to size (PPS) was applied. Again
PPS was used to draw sampling units proportionally from
each kebele administration of the three woredas.
Consequently, the total sample size, 398 households were
randomly drawn from each KA using simple random
sampling procedure via sampling frame (183 households of
direct participants and 216 non-participant households).

2.3. Data Analysis

To measure the impact of conservation strategies of land
management on rural households’ livelihood, Propensity
Score Matching (PSM) technique was employed. The PSM
technique enables us to extract from the sample of non-
participating households a set of matching households that
look like the participating households in all relevant pre-
intervention characteristics. The study attempted to
estimate the average impact of treatment on treated' (ATT).
The word “treatment” implies participation in the program,
which is soil and water conservation program, and “impact”
is meant for the change on crop production value per
hectare and annual gross household income as an outcome
indicator. On the other hand, “control” stands for non-
participant/non-treated  households  that used for
comparison. Following [23], when estimating ATT there
are five steps to be followed.

2.3.1. Estimation of Propensity Score

The first step in estimating the treatment effect is to
estimate the propensity score. To get this propensity scores
any standard probability model can be used (for example,
logit, probit or multi-nominal logit) [24]. As the propensity
to participate is unknown, the first task in matching is to
estimate this propensity scores. Matching can be performed
conditioning on P(X) alone rather than on X, where P(X) =
Prob (D=1|X) is the probability of participating in the
program conditional on X. If outcomes without the
intervention are independent of participation given X, then
they are also independent of participation given P(X). This
reduces a multidimensional matching problem to a single
dimensional problem [25].

In this study logit model was used to estimate propensity
scores using a composite of pre-intervention characteristics
of the sampled households [25], and matching was then
performed using propensity scores of each observation. In
estimating the logit model, the dependent variable was
participation, which takes the value of 1 if a household

participated in the program and O otherwise. The
mathematical formulation of logit model is as follows:
e”
Pi= @)
1+e”

Where, Pi is the probability of participation,

! According to Bryson et al. (2002), ATT refers to mean impact of the
program on individuals who actually participated.
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Z,=a0+Y aiX,+U, (5)
i=1

Where, i=1,2,3,---,n
a0 = intercept
ai = regression coefficients to be estimated
Ui= a disturbance term, and the probability that a
household belongs to non-program group is:
1-P—

LiveZ

(6)

The logit model via which the propensity score is
generated should include predictor variables that influence
the selection procedure or participation in the program and
the outcome of interest [26, 27].

2.3.2. Choice of Matching Algorithm

Estimation of the propensity score per se is not enough
to estimate the ATT of interest. This is due to the fact that
propensity score is a continuous variable and the
probability of observing two units with exactly the same
propensity score is, in principle, zero. Various matching
algorithms have been proposed in literature to overcome
this problem. The most commonly applied matching
estimators are Nearest Neighbour (NN) Matching, Caliper
Matching and Kernel matching. The methods differ from
each other with respect to the way they select the control
units that are matched to the treated, and with respect to the
weights they attribute to the selected controls when
estimating the counterfactual outcome of the treated.
However, they all provide consistent estimates of the ATT
under the CIA and the overlap condition [23]. The choice
should be guided in part by what the distribution of scores
in the comparison and treatment samples looks like.

2.3.3. Overlap and Common Support

Imposing a common support condition ensures that any
combination of characteristics observed in the treatment
group can also be observed among the control group [26].
It requires deleting all observations out of the overlapping
region, whose propensity scores are smaller than the
minimum and larger than the maximum, of the treatment
and control groups respectively [23].

2.3.4. Testing the Matching Quality

Matching quality has to be checked if the matching
procedure is able to balance the distribution of the relevant
variables in both the control and treatment group, since
conditioning is not on all covariates but on the propensity
score [23]. There are different approaches in applying the
method of covariate balancing (i.e., the equality of the
means on the scores and all the covariates) between treated
and non-treated individuals. Among different procedures
the most commonly applied ones are; Standard bias, t-test,
joint-significance and pseudo-R”. Furthermore, different
researchers become increasingly aware that it is important
to test the robustness of results to departures from the
identifying assumption. Since it is not possible to estimate

the magnitude of selection bias with non-experimental data,
the problem can be addressed by sensitivity analysis. The
basic idea of all approaches is to compare the situation
before and after matching and check if there remain any
differences after conditioning on the propensity score.

2.3.5. Estimating the Average Treatment Effect on the
Treated
Following the literature of program evaluation, let Y; be
crop production value per hectare when the individual i is
subject to treatment (C=1) and Yythe same variable when
an individual is exposed to the control(C=0). The observed
outcome is

Y=CYl+(1-0Q)Y, (7)

When (C=1) we observe Y1; when(C=0) we observeY,.
Our goal is to identify the average effect of treatment (ATT)
on program and non-program households. It is defined as:

ATT=E(Y, -Y,IC=1)=E(Y,IC=1-EY,=1 (8)

The evaluation problem is that we can only observe
E(Y, I C =1) however E(Yy | C = 1); does not exist in the
data, since it is not observed. A solution to this problem is
to create the counterfactual, by matching treatment and
control households. As discussed by Heckman [28], a
critical assumption in the evaluation literature is that the
no-treatment state approximates the no program state (4).
For matching to be valid certain assumptions must hold.
The primary assumption underlying matching estimators is
the Conditional Independence Assumption (CIA). CIA
states that the decision to adopt is random conditional on
observed covariates X (Wooldridge, 2002). In notation,

(Y1, Yo) C1X) (€))

This assumption implies that the counterfactual outcome
in the treated group is the same as the observed outcomes
for non-treated group.

E(Y,X, C = 1)E(Y,|X,C = 0) (10)

This assumption rules out selection into the program on
the basis of unobservable gains from participation. The CIA
requires that the set of explanatory variables (X) should
contain all the variables that jointly influence the outcome
with no-treatment as well as the selection into treatment.
Under the CIA, ATT can be computed as follows:

ATT = E(Y;, — YoIX,C = 1) E (,1X,C = 1) —E(Y,|X,C = 1) (11)

Matching individuals based on observed covariates
might not be desirable or even feasible when the
dimensions of the covariates are many. To overcome the
problem of dimensionality, Rosenbaum and Rubin [25]
show that instead of matching along X, one can match
along P(X), a single index wvariable that summarizes
covariates. This index is known as propensity score
(response probability). It is the conditional probability that
household i adopts ponds/well given covariates:
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P(X) =P[C=1[X].
The ATT in equation (7) can then be written as:

ATT = E(Y,|P(X),C =1) —E(Y, IP(X),C=1 (12)

The intuition is that two individual households with the
same probability of adoption will show up in the treated
and untreated samples in equal proportions.

Finally, using predicted probabilities of participation in
the program (i.e. propensity score) match pairs are
constructed using alternative methods of matching
estimators. Then the impact estimation is the difference
between simple mean of outcome variable of interest for
program and non-program houscholds. In our case, the
mean stands for household crop production value and gross
household income. The difference involvement in soil and
water conservation technologies between program and
matched non-program households is then computed. The
ATT is obtained by averaging these differences in
participants’ outcomes (Y;) across the k matched pairs of
households as follows:

>/p

b NP
ATT = (Yijl - ) 1Yij0
i=
j=1

Where, ATT is crop production value per hectare and
gross household income, Yij; is the post intervention on
crop production value per hectare and gross income of
household j, Yijj is the crop production and gross income of
household of the i™ non-program attached to the j®
participant, NP is the total number of non-program and P is
the total number of program. A positive (negative) value of
ATT suggests that households who have participated in soil
and water conservation program have higher (lower)
outcome variable than non-programs.

On the basis of the various studies reviewed, it was
hypothesized that both farmer's participation in the soil and
water conservation program and maximization of their crop
and gross income and are influenced by the combined
effect of a number of factors. Thus, those specific
hypotheses set for the selected variables and their prior
expectations are described as follows:

X; SEX (sex of the household head) (+)

X, EDUC (education level of the household head) (+)

X3 FARMEXP (farming experience of the household

head) (+/-)

X4 FAMSIZE(total family size of the householde) (+)

Xs DEPRATIO(dependency ratio, the ratio of non-

active labor to working) (-)
Xs LANDSIZE (area of land in hectares (+)
X; TLUs (number of livestock owned) (+/-)
Xg EROPERCEP (erosion problem as perceived by
the farmer) (+)

Xy DISFTC (average distance of extension agents
Office) (-)

X;0 DISPLOT (average distance to pots) (-)

(13)

3. Results and Discussion
3.1. Descriptive Statistics

Results of the descriptive statistics showed that before
matching there was difference between program and non-
program households in terms of sex, farming experience of
the household heads, family size, land holding and
livestock ownership. The most widely and intensively used
improved land management practices by the program
participants (n=183) were fanya juu’, soil bud’, stone bund,
check dam and farm forestry. Out of them 71.0 percent,
53.5 percent, 48.6 percent and 7.1 percent uses soil
bund/stone faced soil bund, stone bund, fanya juu and
check dam. As well, majority (98 percent) of these
households adopted grass strip, mostly with soil and stone
bunds and 58.5 percent of them planted different trees on
their farm. From the users of the program, only 33.9
percent of the respondents were used a single conservation
strategy, while (66.1 percent) used combinations of two,
three and more conservation strategies on their plots.
Moreover, in realizing the need for value adding and
natural resources management (NRM)-based income
generation at household level, the projects linking natural
resource management with fruit tree promotion, animal
fattening, improved poultry and improved apiculture
production, fuel saving stoves and other income generating
activities through different community based institutions.
As a result, 92 percent of the sampled program participants
were involved at least in one of these activities.

3.2. Estimation Results

Before proceeding to the estimation process, appropriate
diagnostic measures were used on the data and the
independent covariates. Accordingly, eleven outlying
observations (seven observations from program participants
and four observations from non-participants) with extreme
influence (residual value of >2.5) were discarded from
analyses. Results of multicollinearity test using the values
of the variance inflation factor (VIF) showed that there was
no serious problem of multicollinearity. Similarly,
hetroscedasticity test was done using Breusch-Pagan and
the P-value was 0.6098 which is insignificant indicating the
absence of the problem of hetroscedasticity.

3.2.1. Estimation of the Propensity Scores

The logistic regression model specified in equation (5)
was employed to estimate propensity scores for matching
treatment household with control households. The
dependent variable in this model was a dummy variable
indicating whether the household has been in the
conservation strategies of land management program which
takes a value of 1 and 0, otherwise. The explanatory
variables used are variables that explain soil and water

? Faniajuu is a terrace made by digging ditches and trenches along the
contour and throwing the soil uphill to form an embankment.
3 Abund is a barrier that prevents soil and water from escaping the plot.
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conservation participation characteristics of the farm
households. The logit estimate result appears to perform
well for the intended matching exercise. The pseudo-R’
value 0.2008 shows that the competing households do not
have many distinct characteristics overall, so that finding a
good match between the treated and non-treated households
becomes easier.

The maximum likelihood estimate of the logistic
regression model result shows that program participation
status has been significantly influenced by five variables
(Table 1). Sex of household head, farming experience, size
of cultivated land, distance from office of extension agents,
and number of livestock holding in tropical livestock unit

affect the probability of adopting conservation technologies.

Ownership of large farm size and farming experience
affected participation positively at 1% significance level.
Whereas the FTC distance from farmers plots determine
the participation negatively at 1% significance level.
Similarly, Sex of household head and livestock influenced
the probability of soil and water conservation participation
positively and significantly at 5%. Meaning those farmers
who have better farm experience, having larger land
holding and living relatively near to office of extension
agents have high chance of being participant. In addition,
households having more number of livestock and male
headed are more likely to be participant in conservation
strategies of land management interventions.

Table 1. Logit estimates of the propensity scores

Variables Coef. Std. Err VA

Sex 1.347261 .5744699 2.35%*
Education .30249 2397622 1.26
Farm experience .0564162 .0148324 3.80%**
Family size -.0001096 .0614306 -0.00
Dependency ratio -.1982986 1493985 -1.33
Land size 9990616 .3028573 3.30%%*
Livestock in TLU 2557058 .1023559 2.50%*
Erosion perception 2879915 240823 1.20
Distance to pots -.0329202 2091472 -0.16
Distance of FTC -1.883405 .3079087 -6.12%**
_cons -2.794246 .8144358 0.001
Number of obs 387

LRChi? (10) 109.97

Prob > Chi2 0.0000

Log likelihood -211.67698

Pseudo R2 0.2062

propensity score of both the treatment and the control
groups are similar. Hence it is possible to match the two
groups using the common support region.

Kernel density estimate

LoTTES

~,

4 .6
psmatch2: Propensity Score

All households
----- Treated households
Control households

kernel = epanechnikov, bandwidth = 0.0682
Figure 2. Kernel density of propensity scores

In setting the common support conditions the minima
and maxima comparison was made. The basic criterion for
determining the common support is to delete all
observations whose propensity score is smaller than the
minimum of the program and larger than the maximum in
the opposite group [23]. The estimated propensity scores as
shown in Table 2 vary between 0.0793 and 0.9660 (mean =
0.5895) for program households and between 0.0008 and
0.8776 (mean = 0.3424) for non-program households.
Therefore our common support region would then lie
between 0.0793 and 0.8776. As a result of this restriction,
41 households (19 program and 22 control housecholds)
were dropped from the analysis in estimating the average
treatment effect.

Table 2. Distribution of estimated propensity scores

Groups Obs. Mean Min Max

All households 387 4547804 .0007543 9660464
Participants 176 .5895123 .0792587 9660464
Non-participants 211 .3423973 .0007543 .8776269

*** and ** indicate the level of significance at 1 and 5 percent,
respectively.

“Fig. 2” shows the distribution of propensity scores of
both treatment and control observations before common
support condition is imposed. Most of treatment
households are found in the right side of the distribution,
whereas most of the control households are found partly in
the centre and partly in the left side of the distribution. The
figure also shows that there is wide area in which the

“Fig. 3a” and “Fig. 3b” portray the distribution of
estimated propensity scores, with and without the
imposition of the common support condition, for program
and non-program households, respectively. Most of the
program households have propensity score around 0.5
whereas a significant majority of the non-program
households have propensity score less than 0.5.

Kemel density estimate

Kemel density estimate
Pl

N\

Figure 3. Density of propensity scores after matching
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The alternative matching estimators (algorithms) were
searched in matching the treatment and control households
in the common support region. The final choice of a
matching estimator was guided by three criteria namely:
the equal mean test (balancing test), pseudo-R’ and
matched sample size [23]. A matching estimator which
balances all explanatory variables (i.e., results in
insignificant mean differences between the two groups),
bears a low pseudo-R* value and also results in large
matched sample size is preferable.

In line with the above indicators of matching quality,
kernel matching (bwidth 0.5), was found to be the best
matching algorithm for the data. Therefore, all the
estimation results and discussions would be outcome the of
kernel matching algorithm with band width 0.5.

Table 3. Performance of matching estimators

Table 4. Propensity score and covariate balance

Standardized

Performance Criteria

Matching Estimator Balancing , Matched
test*® L0 sample size
NN(1) 5 0.141 346
NN(2) 5 0.143 346
NN(@3) 5 0.145 346
NN(4) 5 0.144 346
NN(5) 5 0.143 346
Band width of 0.1 4 0.123 346
Band width of 0.25 7 0.058 346
Band width of 0.5 10 0.012 346
Caliper 0.1 5 0.112 346
Caliper 0.25 9 0.027 346
Caliper 0.5 8 0.067 346

Mean . T-ratio
Varia W o
ble S Tre Con Bias il/eo; t- P>ltl
ated trol % ue value
Unmatc
595 595 118.1 11.57  0.000
Pscore  hed 59.4
Matched 557 452 479 1.37 0.171
Unmatc
e TR W s Zm Lo
Matched : : ! :
Unmatc
243 192 56.9 5.57 0.000
EXPR  hed 67.0
Matched 23.0 213 188 0.16 0.874
Unmatc
494 422 146 1.43 0.154
EDU hed ’ 49.0 ’
Matched 484 447 74 0.36 0.719
Unmatc
7.19 653 315 3.09 0.002
FAMS  hed 51.4
Matched 7.1 679 153 0.21 0.836
Unmatc
1.16 133 -20.7 -2.01 0.045
DEPR  hed 52.2
Matched 124 133 -99 -0.08  0.937
Unmatc
m BEe 25 D @ o, 3 07
Matched : : : : :
LAN }lgmatc 819 640 417 o 409 0.00
D Matched 754 673 18.8 0.33 0.744
Unmatc
195 153 363 3.52 0.000
TLU hed ’ 54.9 ’
Matched 190 1.71 164 0.59 0.556
Unmatc
539 512 5.6 0.55 0.585
STPS hed ’ ’ 27.9 ’
Matched 529 509 4.0 0.23 0.819
DSFT Ergnatc 442799 730 . 7.00 0.000
C © A74 565  -187 2079 0432
Matched

* Number of explanatory variables with no statistically significant mean
differences between the matched groups of program and non-program
households.

After selecting the best performing matching estimator,
the balancing test of covariates before and after matching
was checked by applying the selected matching algorithm
(Table 4). As the Table indicates, the standardized
difference in X before matching was in the range of 3.7%
and 73%. After matching, the remaining standardized
difference of X for almost all covariates lay between 4.0%
and 18.8%, which is below the critical level of 20%
suggested by Rosenbaum and Rubin [25]. The T-values
also indicated that before matching more than half of
chosen wvariables exhibited statistically significant
differences, while after matching all the variables have
statistically insignificant differences. Thus, the matching
process has created a covariate balance between the
treatment and control samples which makes it possible to
precede the matching procedure (Table 4).

*kk % and * indicate the level of significance at 1, 5 and 10 percent,
respectively.

The low pseudo-R* and the insignificant likelihood ratio
tests support the hypothesis that both groups have the same
distribution in covariates X after matching (Table 5). These
results clearly show that the matching procedure is able to
balance the characteristics in the treated and the matched
comparison groups. Therefore, the results are used to
evaluate the effect of soil and water conservation
interventions among groups of households having similar
observed characteristics.

Table 5. Chi-square test for the joint significance of variables

Sample Pseudo R” LR chi® p>chi’
Unmatched 0.209 111.57 0.000
Matched 0.012 2.90 0.992

3.2.2. Average Treatment Effect on the Treated

This section presents evidence as to whether or not the
soil and water conservation program has brought
significant changes on the livelihood of the beneficiaries.
After controlling for other characteristics, the propensity
score matching model using the kernel matching estimator
result (band width 0.5) indicates the existence of a positive
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additional significant crop production value premium of
birr 1,510.42 (US$ 80.55) per hectare and annual gross
income of birr 4,288.29 (US$ 228.7) for program groups
compared to non-program groups. This indicates that on
average participant households earned 8.3 percent and 21.2
percent more crop value per hectare and gross household
income than the control groups, respectively. The
independent analysis result of the data also revealed that
the value of crop production was fairly higher on moisture
stress program kebeles (1,771.35 EB/hectare) than in the
high rainfall areas of the program (1,439.28 EB/hectare).

Table 6. Average treatment effect of the intervention

Wiz Treated Control T S.E'.

Variable nce UEvRITe

Value  of
crop
production
per hectare
Annual

gross
income

18512.2 17001.8 15104  803.54 1.889*

20189.2 15900.9 42883 823.89  5.205%**

** and * indicate the level of significance at 5 and 10 percent, respectively,
! bootstrapped SE.

In order to check for unobservable biases, using
Rosenbaum Bounding approach sensitivity analysis was
performed on the computed outcome variables. Table 7
presents the critical level of e'=1 (first row), over which the
causal inference of significant soil and water conservation
effects must be questioned. The first column of the table
shows those outcome variables which bear statistical
differences between treated and control households in our
impact estimate above. The rest of the values which
correspond to each row of the significant outcome variables
are p-critical values (or the upper bound of Wilcox on
significance level -Sig+) at different critical value of e.
The results show that inference for the effect of soil and
water conservation does not change, even though the
participant and non-participant households were allowed to
differ in their odds of being treated up to 200% (e'=2) in
terms of unobserved covariates. Thus, it is possible to
conclude that our impact estimates (ATT) are insensitive to

unobserved selection bias, being pure effects of
conservation measures.
Table 7. Results of the sensitivity analysis

Outcomes ey=1 ey=1.25 ey=2 ey=2.5 ey=3
Value  of

crop P<0.000  P<0.000  0.000 1.10E-16  6.20E14
production

Net

household P<0.000  P<0.000  0.000 P<0.000  4.70E-15
income

Note: ¢’ (Gamma) = log odds of differential due to unobserved factors
where Wilcoxon significance level for each significant outcome variable is
calculated

4. Conclusion and Implication

This paper examined the impact integrated soil and water
conservation interventions on crop production value per
hectare and gross income of smallholder farm households
in West Harerghe Zone of Oromia Regional State, Ethiopia.
The study was based on the data obtained from 398 sample
households, consisting 183 soil and water conservation
program and 215 non-program participants.

The most widely and intensively used improved land
management practices by the program participants (n=183)
were soil bud, stone bund, fanya juu, check dam and farm
forestry. Out of them 71.0 percent, 53.5 percent, 48.6
percent and 7.1 percent uses soil bund/stone faced soil
bund, stone bund, fanya juu and check dam. As well,
majority (98 percent) of these households adopted grass
strip, mostly with soil and stone bunds and 58.5 percent of
them planted different trees on their farm. From the users
of the program, only 33.9 percent of the respondents were
used a single conservation strategy, while (66.1 percent)
used combinations of two, three and more conservation
strategies on their plots.

The study empirically demonstrated that integrated soil
and water land management program has a significant
contribution in increasing crop productivity and hence,
increase income to reduce food insecurity of smallholder
farmers. These estimated performances of the program also
show considerable variability by agro-ecological type of
the sampled kebeles. Therefore, it can be concluded that in
agriculture dependent country like Ethiopia, soil and water
conservation is crucial in improving the livelihoods of the
rural farm households. This sends an encouraging signal for
program designers, implementers, and funding agents. Thus,
to realize the intended outcomes, future development
strategies should consider on how to link such interventions
with natural resource management based income
generating activities that can provide farmers with short
term Dbenefits. These estimated performances of the
program also show considerable variability by agro-
ecological type of the sampled kebeles. The outcome
variability by agro-ecological type, also suggesting a need
for the design and implementation of appropriate site-
specific soil and water conservation technologies than
blanket recommendation.

Though impact study of a given intervention
encompasses the spillover effects on production, income,
environment, and on social welfare in general, and soil and
water conservation measures have both on-site and off-site
effects on society at large. This study limited its scope with
the direct effects of the interventions on value of crop
production and household income of small holder farmers.
Therefore, taking the other livelihood indicators in to
consideration is necessary to extend the research work to
the other onsite effects and off-site effects of the projects
too. In realizing sustainable land management by providing
farmers with short-term benefits, the projects linked with
natural resources management based income generation at
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household level. Thus, assessment of major constraints and
determinants of such income diversification will have
immense contribution to scale up the interventions, and
hence it is one potential area for research and development.
The collectives and the institutional arrangements under
each water shade also require the attention of researchers.
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