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ABSTRACT 

 
In Ethiopia, as in the rest of sub-Saharan Africa, soil degradation (decline in soil quality 

due to topsoil loss and net nutrient extraction) has become the most important natural 

resource problem imposing on-site costs to individual farmers in terms of reduced yield 

and off-site costs to society as a result of externalities. Excessive soil loss rates reaching 

over 100 tons/ha on croplands are not uncommon. Much worse, the amount of nutrients 

extracted from the soil through cropping is estimated to be several folds the nutrient 

inputs added to the soil in the form of organic and inorganic nutrients. Consequently, per 

capita food production, income and savings have been falling.  

 

Nonetheless, despite the seriousness of soil degradation problems and its negative 

consequences on food security and income to individual households and the nation at 

large, the magnitude of the threat that soil degradation poses on current as well as future 

income and how best to address the problem is not well known. The few available 

estimates based on static models that do not account for the inter-temporal use of the soil 

capital indicate the importance of the soil degradation problem but could not provide the 

full costs that continued soil degradation will have on the country’s economic 

development. Furthermore, the attention provided to the analysis of soil conservation 

adoption and soil nutrient management practices to date is minimal. This thesis, 

therefore, using an inter-temporal optimisation framework analysed the tradeoffs of soil 
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use that smallholder farmers’ face in their production decisions. Also, using econometric 

models that account for simultaneity of choices and plot level survey data, the thesis 

analysed the determinants of soil fertility and soil conservation adoption decision 

behaviour of smallholder farmers in the Central highlands of Ethiopia. For the former 

purpose, the study developed a dynamic analytical control model, derived optimality 

conditions, solved steady state dynamic and profit maximizing static solutions and then 

compared results with current average farmer practices. For the latter purpose, 

multinomial logit models for discrete dependent variables involving multiple choices, 

Heckman’s two-step and Tobit regression models for the censored continuous dependent 

variables of intensity of inorganic fertilizer and stone/soil bunds, respectively, were 

employed.  

 

Four major conclusions are drawn from the optimization results. First, steady state 

optimal output and input levels under the dynamic decision rule are found to be 

significantly higher than the static solutions signifying that the static decision rule is sub-

optimal. Second, current farmer practices involve a net nutrient (N) extraction of 16.2 

kg/ha from bottomlands and 56.7 kg/ha from slopping lands entailing a total soil user cost 

of Birr 255 per ha and Birr 928 per ha, respectively, suggesting smallholder farmers 

discount the future heavily (display a high rate of time preference) and hence over exploit 

the resource stock. Third, although current soil nutrient inputs and conservation efforts 

are lower than the dynamic steady state solutions it is well above the requirements of the 

static decision rule. Smallholder farmers, therefore, appears to have private incentives 

and hence consider some of the externalities of soil degradation. These findings suggest 

that the social gains from better utilization of soil resources are tremendous and 

government assistance that unlocks the private incentives and help smallholder farmers 

adjust input use levels towards the socially desirable steady state levels would be 

desirable to improve profitability of smallholder agriculture and attain sustainable use of 

the soil capital. Fourth, a comparison of steady state dynamic solutions where Nitrogen 

stock is the sole determinant of soil quality with a case where both Nitrogen stock and 

rooting depth impinge on soil quality confirm the main hypothesis that the socially 
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optimal path of soil use not only diverged from the private optimal path but also depends 

on the nature of soil degradation smallholder farmers face on their plots. In the highlands 

of Ethiopia where smallholder farmers manage multiple plots of heterogeneous soil 

quality and where perception of soil degradation is a function of plot characteristics, soil 

conservation projects and programs should consider plot heterogeneity in program design 

and implementation.  

 

The sensitivity analysis of the steady state dynamic solutions showed that a rise in the 

discount rate lowered steady state optimal input levels, output and the resource stock 

whereas a lower discount rate have the opposite effect. Measures that raise the future 

worth of soil resources would, therefore, be crucial to induce smallholder farmers to 

adopt soil conserving farming techniques. Similarly a rise in output price and a fall in the 

price of inorganic N fertilizer would have the impact of raising steady state optimal input 

and output levels whereas a fall in output price and a rise in the price of inorganic N 

would have the opposite effect. Policies aimed at improving market access and efficiency 

of existing input and output markets that ensure the delivery of inorganic fertilizers at the 

right time, product mix and reasonable price, therefore, are likely to increase the use of 

inorganic fertilizers and soil conservation practices which ultimately contribute to a more 

sustainable use of soil resources. 

 

The econometric analyses of soil fertility and soil conservation adoption behavior of 

smallholder farmers provided a number of findings of policy relevance. First, the study 

showed the importance of farmer education in raising the likelihood of using most of the 

soil fertility management (SFM) practices as well as intensity of use of inorganic 

fertilizer and stone/soil bunds suggesting investment in education are indispensable to 

reducing soil degradation and improve farm income. Second, livestock, a proxy for the 

wealth position of households, is positively and significantly related with the likelihood 

of using inorganic fertilizers and integrated soil fertility management (ISFM) practice. 

Livestock also has a positive and significant effect on the intensity of use of inorganic 

fertilizers and stone/soil bunds. Households with livestock (particularly oxen) utilize not 
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only their land more productively but also lease in additional land from fellow farmers, 

take the production and marketing risks associated with using inorganic fertilizers and 

stone/soil bunds. Improving smallholder farmers’ access to better livestock husbandry 

techniques particularly veterinary services coupled with measures that increase oxen 

ownership (individually or collaborative) would be vital to enhance adoption of soil 

fertility and conservation practices. Third, project assistance in sharing the initial 

investment costs of soil and water conservation (SWC) structures and access to extension 

are found to be important determinants of the intensity of SWC and inorganic fertilizers 

as well as the likelihood of using ISFM technologies suggesting government assistance is 

vital in improving adoption and hence contribute to more sustainable use of soil 

resources. Fourth, the likelihood of using manure, ISFM and stone/soil bunds is found to 

be significantly higher on owned lands than rented in or sharecropped plots suggesting 

that improved tenure security is a precondition for households to engage in soil fertility 

management and soil conservation practices that have a long gestation period.  Fifth, plot 

size and number of plots, a proxy for farm size, are positively and significantly related 

with the likelihood of using all types of SFM but animal manure. Land redistribution in 

the already degraded and land scarce highlands, therefore, not only contribute to land 

fragmentation but also by raising the fixed costs of operating micro (very small) and 

dispersed plots further undermine sustainable farming and increase nutrient mining. 

Sixth, while access to institutional credit for the purchase of inorganic fertilizers 

enhanced both incidence and intensity of inorganic fertilizers it has a detrimental effect 

on the use of stone/soil bunds. This is an important tradeoff that should be considered 

seriously in policy formulation. 
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SCRP   Soil Conservation Research Project 

SD   Soil Depth 

SF   Seasonal Fallowing  

SFM    Soil Fertility Management 

SLEMSA  Soil Loss Estimation Model for Southern Africa 

SSA   sub-Saharan Africa 

SUEST  Seemingly Unrelated Estimation  

SWC   Soil and Water Conservation 

TGE   Transitional Government of Ethiopia 

TLU   Tropical Livestock Unit 

US   United States 
USD   United States Dollar 

USLE   Universal Soil Loss Equation 

VCE   Variance-Covariance  

WEPP   Water Erosion Prediction Project 

WFP   World Food Program of the United Nations 
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