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Ongoing debate over water resource management and land degradation suggests a need for efficient sustainable land man-
agement mechanisms to improve agricultural output in the Blue Nile basin in Ethiopia. Numerous econometric and hydrolog-
ical models have been developed to assess the effects of sustainable land and watershed management (SLWM) investments. 
However, these models fail to address the trade-offs faced by rural farmers in maintaining such structures. This study com-
bines household survey data that evaluates the economic determinants of program sustainability with a detailed hydrological 
model that explores location specific effects of SLWM structures. Simulations suggest that more comprehensive investments 
(such as SLWM with increased fertilizer application) may reap more economically significant increases in household income. 
Cost benefit analysis suggests that a packaged investment approach is needed in order to outweigh the opportunity costs 
(foregone labor, particularly) of investing in SLWM infrastructure at farm level. 

SLWM programs implemented in Ethiopia’s highlands are designed 
to decrease erosion and increase agricultural yields, thereby im-
proving rural household welfare. Thus, it is important to under-
stand the linkages between production increases, corresponding 
output price changes, and household income effects in the pro-
gram areas. Maintenance of SLWM structures in rural Ethiopia is 
uncommon, with a variety of factors influencing adoption. There-
fore, understanding the opportunity costs to farmers of maintain-
ing such structures is important when designing effective SLWM 
programs that ensure sustainability. By incorporating multiple in-
fluences, a systems evaluation allows for a wider inclusion of influ-
encing factors and potential outcomes. 

Study focus 
The hydrological model used in this study to estimate benefits of 
SLWM adoption on different slope types (steep hills, midlands and 
flat lands) forms the basis of the analysis of SLWM investments in 
nine population clusters within the Blue Nile Basin. The analysis ex-
plores the costs and benefits of providing packaged investments 
and the impact of these on agricultural production, producer and 
consumer prices, and household income in the short to medium 
term. 

Five simulations are used in this study: 1) a calibrated baseline, 
2) terraces built on steep and mid-slope terrain, 3) increased ferti-
lizer application with no SLWM intervention, 4) terraces built on 
steep and mid-slope terrain and increased fertilizer application, 
and 5) terraces built on steep and mid-slope terrain and increased 
fertilizer, combined with road investments that decrease transpor-
tation costs. 

Modeling investments in SLWM infrastructure  
The model developed for this evaluation is grounded in detailed 
empirical data and technical parameters related to Ethiopian high-
land agricultural systems. It takes into account different production 
systems based on slope type, and uses information collected from 
household surveys that is representative of similar geographic and 
topological areas in the rural highland cereal agro-ecological zone.  

The model specifies the supply of consumer goods: teff, maize, 
barley, sorghum, and wheat (the five main cereals in Ethiopia); fer-
tilizer; and other activities, including non-agricultural goods and 
services. Impacts of SLWM are modeled on 4 different household 

groups: 1) households located on steep slopes, 2) those on mid-
lands or rolling hills, 3) those on flatlands, and 4) a representative 
household for the rest of Ethiopia (ROE).  

Data on production, prices, income and demand, and labor and 
input costs of SLWM and fertilizer are also incorporated. These are 
derived from a variety of sources.  

Results  
Using the soil and water assessment tool (SWAT) to model hydro-
logical processes, simulations suggest that the most effective 
SLWM investments in terms of decreasing surface flow and erosion 
are 1 meter tall terraces on steep agricultural areas (greater than 
20 degree slope) and 0.5 meter tall terraces on midland (5-20 de-
gree slope) agricultural areas (Figure 1).  

Figure 1 – Average monthly surface flow (2009-2030) 

 
Source: Authors’ calculations using survey data 

On flat slopes, SLWM provided mixed results when analyzing 
agricultural yield data due to increased flooding or waterlogging of 
agricultural crops during high rainfall years.  

Econometric results suggest that maintenance of SLWM struc-
tures is critical. For example, if SLWM structures are maintained on 
a plot for 7 years, the value of production is estimated to be 2 per-
cent greater than that on non-SLWM plots. Whereas, if a household 
continues to maintain SLWM for 15 years, the expected value of 
production is 12 percent greater (Schmidt and Tadesse 2012).  
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When integrating the hydrological model and econometric re-
sults into a multi-market model that is able to take into account 
market interactions and production systems, simulation results 
suggest that doubling fertilizer application to 100 kg/ha (average 
fertilizer use in the representative area is 50 kg/ha), maize produc-
tion increases 1.5 times that of the base simulation immediately 
(Figure 2 – fertilizer base). Although fertilizer application increases 
yields initially, sheet erosion and gulley formation decrease agricul-
tural production gains over time if SLWM is not also maintained. 

Comparing agricultural production gains across all simulations, 
results suggest that increasing fertilizer application achieves large 
gains in productivity. For example, increasing fertilizer application 
without investing in SLWM increases maize yields by approximately 
60 percent in flat, middle and steep slope areas (Figure 2). Applying 
fertilizer and investing in terraces on middle and steep terrain al-
most doubles production of maize in middle and steep terrain, and 
has similar effects for teff production.  

However, given that agricultural markets are thin and trans-
portation infrastructure is limited in more remote areas, simula-
tions suggest that these increases in production have an indirect 
effect of lowering producer prices of both teff (by 14.5%) and maize 
(by 30.7%) due to increases in supply. Given that market prices de-
crease as production increases, percentage gains in producer in-
come are less than the percentage gains in quantity produced.  

Figure 2 – Total maize production in rural representative watershed 

 
Source: Authors’ calculations 

MST = Middle and Steep Terraces 

Other impacts 
Market access - Investments in roads that improve market access 
(through a 50 percent decrease in transportation cost) attenuate 
price decreases with increases in production of specific commodi-
ties  

Off-farm lost income - Households that invest in SLWM must de-
vote labor to construction and maintenance that could otherwise 
be allocated to off-farm income activities. This significantly de-
creases off-farm income. The simulations show that 63 percent of 
off-farm labor is lost during the first year of SLWM construction. 

Mid-slope areas - Households located on slopes ranging from 5-20 
degrees derive a greater share of income from agriculture than 
households living in steep or flat areas. Therefore, returns on in-
vestments in SLWM represent a high share of their total income 
and SLWM investment is more beneficial for these households. 

Crop yields are also significantly higher for households in mid-slope 
areas that implemented SLWM and increased fertilizer use (Ta-
ble 1). 

Table 1 – Middle slope simulation results, percentage change from 
baseline 

Simulation 
Teff pro-
duction 

Maize pro-
duction 

Teff 
price 

Maize 
price Income 

Calibrated baseline * 0.52 1.08 2.23 1.11 2.69 

Terraces on medium slopes 24% 23% -4% -9% 0% 

Fertilizer alone 56% 60% -10% -23% 10% 

Terraces and fertilizer 92% 95% -15% -31% 21% 

Terraces, fertilizer, and 50% re-
duction in transport cost 

93% 96% -7% -25% 29% 

Source: Authors’ calculations 
* Baseline production is reported for all medium-slope areas within the highland area of the 
Blue Nile Basin in Ethiopia in millions of metric tons. Baseline teff and maize prices are re-
ported in ETB/kg. Baseline income is reported in thousands of Ethiopian Birr per household. 

Policy options on SLWM uptake and maintenance 
Simulation results suggest that the benefits of implementing only 
SLWM do not outweigh the cost of foregone off-farm labor oppor-
tunities. In addition, increased output due to SLWM investments 
and increased fertilizer application does not compensate for price 
falls in the agricultural commodity market due to increased supply. 
Thus, a more comprehensive investment approach may be neces-
sary to ensure that SLWM provides tangible benefits to rural house-
holds in a timelier manner.  

Other policy instruments may need to be introduced to offset 
the initial construction and labor costs of SLWM investments on 
middle and steep slopes. A benefit-cost analysis of a variety of in-
vestment packages suggests that government transfers during the 
first phase of SLWM investment would provide farmers the needed 
incentive to maintain SLWM structures on their land during the 
slack labor season. Investment packages that include fertilizer ap-
plication may also provide the production increases needed to reap 
greater private benefits from SLWM. However, this would need to 
be evaluated within the context of the specific market to make sure 
that prices are not depressed by excess supply. Similarly, simula-
tions suggest that upgraded transportation infrastructure paired 
with increases in fertilizer application and SLWM significantly im-
prove household welfare results. 
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