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This study examines the impact of sustainable land and watershed management (SLWM) on value of agricultural production and 
livestock holdings.  Analysis suggests that plots that received investment in the first period (1992) experience a 20.6 percent high-
er value of production in 2010. Although value of production increases with investment, results indicate that SLWM infrastructure 
must be maintained for at least seven years in order to reap positive increases in value of production. Although value of produc-
tion increases over time, benefits may not outweigh costs in the short term, and mechanisms to incentivize farmers to maintain 
the SLWM infrastructure on their plots may be needed. 

In Ethiopia, prevailing forms of agricultural land use, advanced 
deforestation, mountainous terrain, and seasonally heavy rain-
fall intensify land and watershed degradation, and may de-
crease agricultural productivity to unsustainable levels. The 
trade-off between short-term welfare and long-term agricultur-
al development in the highlands of Ethiopia represents a chal-
lenge to successful economic development in a predominantly 
agricultural-based economy.  

Data and methods 
The household survey used for this analysis was completed in 
September 2010, and includes 1,810 households in nine 
woredas, spatially distributed throughout the Blue Nile Basin. A 
random sample was selected of approximately 200 households 
per woreda, and included households that: 1) were selected for 
a current SLWM program, 2) have not participated in any past 
SLWM program, and 3) participated in any past program. 

We use a nearest-neighbor matching technique developed 
by Abadie and Imbens (2002) in order to: measure the impact of 
SLWM structures on value of production and livestock holdings, 
understand how long SLWM structures must be maintained in 
order to experience a significant benefit, and calculate the mar-
ginal benefits of each additional year of maintenance. 

Land and Watershed Management in Ethiopia 
Under Ethiopia’s previous 5 year economic development plan 
(PASDEP: 2005–2010), the government invested in a series of 
land and watershed management activities with the goal of 
augmenting agricultural production. In the country’s recent five-
year plan (Growth and Transformation Plan: 2010–2015), the 
government outlines the need to promote and invest in soil and 
water conservation activities.  
According to previous studies, the on-site effects of land degra-
dation (i.e. erosion and top soil loss) in Ethiopia, measured in 
lost agricultural production is estimated to cost 2 to 6.75 per-
cent of Agricultural GDP per annum. A primary purpose of the 
SLWM household survey was to better understand the context 
of and constraints to longer term agricultural planning objec-
tives, such as effective SLWM systems.  

The survey asked a series of questions pertaining to private 
SLWM investments on agricultural land. Responses varied dra-
matically by woreda and by previous exposure to an SLWM pro-
gram. For example, only 2 percent of respondents from Jeldu 
woreda implemented SLWM on their own land, but 40 percent 
identified erosion as a problem (Table 1). Jeldu has received few 
SLWM support programs, and no respondents had worked on a 
previous public SLWM program (as compared to the sample 
average of 36 percent participation). In comparison, 82 and 54 
percent of respondents in Dega Damot and Fogera respectively, 
reported implementing SLWM on their private land, while 43 
percent of respondents in each woreda had participated in a 
past community SLWM program. 

The most common public SLWM infrastructures built in the 
sample villages focused on erosion mitigation and water con-
servation, such as terraces, tree planting, and check dams. The 
survey further queried farmers regarding the most successful 
SLWM activity; stone terraces, soil bunds and check dams were 
ranked highest by 34, 29, and 11 percent of households, respec-
tively. 
Table 1—Households using SLWM on private land 

 Woreda Percent of 
plots 

Year of first  
community 

program 

Most common 
investment on SLWM 

plots (percent) 
Alefa 50% 1990 soil bund (64%) 
Fogera 54% 1983 stone terrace (66%) 
Misrak Estie 54% 1977 stone terrace (36%) 
Gozamin 21% 1988 soil bund (41%) 
Dega Damot 82% 1986 soil bund (43%) 
Mene Sibu 7% 1992 soil bund (90%) 
Diga 32% 2000 irrigation canal (3%) 
Jeldu 2% na stone terrace (24%) 
Toko Kutaye 79% 1989 soil bund (34%) 
Source: Authors’ calculations 
Note: na = not available 

Impact of SLWM activities on private land  
Unlike technologies such as fertilizer or improved seeds that 
immediately reap increased yields, benefits from constructing 
SLWM structures accrue over longer time horizons. Nutrient 
and soil depletion is acute in areas of Ethiopia, and repletion is a 
multi-year process. Analysis suggests that maintenance of 
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SLWM structures is crucial to reap significant benefits. Adopters 
that did not maintain their infrastructure for at least seven 
years do not experience a significant impact on value of produc-
tion. Conversely, adopters that maintain SLWM infrastructure 
for at least 7 years see a positive increase in value of agricultur-
al production at the end of the 7th year (Table 2).  

Not only is the marginal effect of adopting terraces, bunds, 
or check dams positive assuming maintenance for at least 7 
years, but also the marginal benefit increases at an increasing 
rate. For example, if one sustains SLWM structures for 7 to 8 
years, the value of production would increase by about 2 per-
cent by the end of the 7th year, whereas if a household contin-
ues to maintain SLWM for 14 to 15 years the expected value of 
production increases by 13 percent in the 15th year. Although 
the marginal benefit increases with each additional year that 
the structure is maintained, this increase becomes statistically 
insignificant after 15 years. Theoretically, this is not surprising 
as, assuming that nutrient repletion and erosion control is suc-
cessful after long-term maintenance of SLWM structures, one 
would expect to see diminishing returns to SLWM infrastructure 
as the necessary biophysical components are replaced. 
Table 2—Marginal effect on value of production per extra year of 
maintenance 

Years SLWM 
structure 

maintained 
Marginal 

effect 
Years SLWM 

structure 
maintained 

Marginal 
effect 

1 -0.1 9 0.05* 
2 -0.08 10 0.06* 
3 -0.05 11 0.08* 
4 -0.03 12 0.09* 
5 -0.01 13 0.10* 
6 0.01 14 0.12* 
7 0.02* 15 0.13* 
8 0.04* 

Source: Authors’ calculations 
Note: * significant at least at the 10% level 

Cost–benefit analysis 
The late onset of benefits suggested by the continuous treat-
ment effect analysis (increase in value of production after 7 
years) raises the question of whether these benefits outweigh 
initial investment costs and annual maintenance expenses in 
the long run. We compare the yearly marginal benefits with a 
rough estimation of costs, in terms of initial investment, labor, 
and time in order to evaluate net present value. Benefits and 
costs are evaluated under two scenarios, both assuming SLWM 
investment occurred in 1992 but with differing levels of initial 
investments—2,000 birr or nothing. 

At a five percent discount rate, the first scenario assumes a 
2,000 birr initial investment. In this scenario, benefits 
outweigh costs beginning in 2007 (benefit:cost ratio of 1.28), 
assuming a shadow wage rate factor of 50 percent (Table 3). 
Under the same discount rate, with zero initial investment 
costs (house-holds still incur annual labor costs for 
maintenance), benefits exceed costs in 2005 (benefit:cost ratio

 of 1.72). Under the three percent discount rate scenario, 
benefits outweigh costs in 2006 and 2004 for the two scenarios 
(2,000 birr and zero birr initial investment) respectively, and 
net benefits are 1.46 and 1.89 times that of costs. Thus, 
assuming an initial investment in 1992, the earliest that 
benefits would exceed costs is 12 years later, assuming the 
initial investment is fully subsidized and household expenses 
are equivalent to annual maintenance labor costs. 
Table 3—Cost–benefit of investing in SLWM infrastructure (1992–
2009) 

3% Discount rate 5% Discount rate 
Initial invest-
ment (birr) 2000 0 2000 0 

NPV of bene-
fits 10,621 10,621 11,478 11,478 

Shadow wage 
rate factor 1 0.5 1 0.5 1 0.5 1 0.5 

NPV of costs 14,535 7,267 11,229 5,614 17,918 8,959 13,334 6,667 
NPV benefits/ 
NPV costs 0.73 1.46 0.95 1.89 0.64 1.28 0.86 1.72 

Year of net 
benefit > 0 na 2006 na 2004 na 2007 na 2005 

First year of 
MB > MC 2001 1999 2001 1999 2001 1999 2001 1999 

Source: Authors’ calculations 
Notes: NPV = Net present value; MB = marginal benefits; MC = marginal costs; na = 
not available 

Concluding remarks 
Over the last two decades, the Ethiopian government and a va-
riety of development partners have invested in a myriad of sus-
tainable land and watershed management (SLWM) programs. 
Thus far, studies suggest that long-term maintenance of SLWM 
structures is not common among rural communities (Shiferaw 
and Holden 1998; Tadesse and Belay 2004; WFP 2005). 

These results suggest that long term maintenance is crucial 
to reaping positive gains in value of agricultural production. Dif-
ferent sequences and scenarios of investment packages in order 
to enhance benefits and improve payoff horizons of SLWM ac-
tivities may be necessary. For example, market development 
and access is necessary to spur agricultural surplus, lower 
transportation costs, and improve distribution mechanisms of 
fertilizer and improved seed. These investments in tandem with 
SLWM measures may enable Ethiopian farmers to reap more 
sustainable benefits in the short and long run. 

References 
Abadie, A., and G. W. Imbens. 2002. Simple and bias-corrected matching estimators 

for average treatment effects. NBER Technical Working Papers 0283. Cambridge, 
Mass., US: National Bureau of Economic Research, Inc. 

Shiferaw, B., and T.S. Holden. 1998. “Resource Degradation and Adoption of Land 
Conservation Technologies in the Highlands of Ethiopia: A Case Study of Andit Tid, 
North-Shewa.” Agricultural Economics 21: 53–67. 

Tadesse, M., and K. Belay. 2004. “Factors Influencing Adoption of Soil Conservation 
Measures in Southern Ethiopia: The Case of the Gununo Area.” Journal of Agricul-
ture and Rural Development in the Tropics and Subtropics 105 (1): 49–62. 

World Food Programme. 2005. “Report on the Cost-Benefit Analysis and Impact 
Evaluation of Soil and Water Conservation and Forestry Measures.” Managing En-
vironmental Resources to Enable Transitions to More Sustainable Livelihoods 
(MERET) Project. Addis Ababa, Ethiopia: World Food Programme. 

Copyright © 2012 International Food Policy Research Institute. All rights reserved. To obtain permission to republish, contact ifpri-copyright@cgiar.org 

mailto:ifpri@cgiar.org
http://www.ifpri.org/
mailto:mahlet.mekuria@cgiar.org
http://essp.ifpri.info/
mailto:exe-director@edri.org.et
http://www.edri-eth.org/

	In Ethiopia, prevailing forms of agricultural land use, advanced deforestation, mountainous terrain, and seasonally heavy rainfall intensify land and watershed degradation, and may decrease agricultural productivity to unsustainable levels. The trade-...
	Data and methods
	We use a nearest-neighbor matching technique developed by Abadie and Imbens (2002) in order to: measure the impact of SLWM structures on value of production and livestock holdings, understand how long SLWM structures must be maintained in order to exp...
	Land and Watershed Management in Ethiopia
	Table 1—Households using SLWM on private land

	Impact of SLWM activities on private land
	Table 2—Marginal effect on value of production per extra year of maintenance

	Cost–benefit analysis
	Table 3—Cost–benefit of investing in SLWM infrastructure (1992–2009)

	Concluding remarks

