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Abstract 
Traditional ex post impact assessment methods such as benefit cost analysis or 
productions functions use cannot take into account the complexity of change 
in natural resource management processes that are dynamic and interactive. 
This paper proposes to use a bio-economic model based on linear 
programming to valuate the ex post impacts of NRM researches.  This model 
is used to valuate the impacts of spine less cactus -alley cropping system in the 
arid and semi arid area of Maghreb.  

The case study is the Zoghmar community in the Central Tunisia, the area 
covered by the Mashreq/maghreb Project, the Femise project and the SPIA 
Project (ICARDA projects). This community is located in dry lands 
characterized with less than 350 mm rainfall and periodic droughts. Agro-
pastoral systems are dominant production systems, and people derive their 
incomes from both livestock and crop production. The main results imply that 
the implemented technology has basically benefited to small farmers with a 
ewe capital inferior to 30 heads. 

1. Introduction  
Due to Natural Resource Management (NRM) nature and its complexity, the approach 

of impact assessment of this kind of research has became a real stake for new researches 

because of the need to integrate the multi dimension aspects of the impacts. Generally, 

NRM researches imply to understand a complex system which is composed with 

various farm systems, bio-physical systems, eco-systems and organizational systems. 

The farm systems describe the individual strategies or logics of use of the natural 

resources; the bio-physical systems describe the chemical and physical transformations 

due to external or internal changes; the eco-systems include the agronomic 

performances or productivity changes due to bio-physical and human phenomena; and 

the organizational systems explain the use of the resource beyond the farm.  Moreover 

NRM researches aim to improve the viability and the durability of the system. The 



 

concept of viability supposes the improvement of life conditions of people to ensure 

their reproducibility beyond a threshold. The durability or sustainability of the systems 

includes the long term and dynamic reproducibility of the whole system. These two 

concepts imply conducing multi-disciplinary approaches to analyze the system.  

However, the usual ex-post impact assessment methods are mainly based on 

statistical data analysis that measure the agronomic performances of the system (in term 

of productivity and production) and the economic efficiency (in term of factor allocation 

and surplus). Environmental studies attempts to measure the negative and positive 

externalities and refer to the institutional aspect to improve the management of the 

natural resources considered as public goods. But the impacts of NRM technologies 

imply to integrate the dynamic and the heterogeneity effects. This model based on 

statistical data makes difficult to capture the complex interactions and feed back effects 

between the different sub-systems at the farm and community level.  

The objective of this paper is to discuss the interest of using a bio-economic model 

traditionally used in ex ante impact assessment to valuate the ex post impact assessment 

of NRM research. The model is developed and applied to a research case study on the 

impacts of spineless cactus in alley cropping in the arid and semi arid areas of Maghreb.  

2. Background: Description of the decision problem 
In the low-rainfall areas (annual average of 200-350 mm) of Maghreb, small ruminant 

production represents the principal economic activity. In the traditional production 

system, the main sources of feed are natural pastures. The region has experienced a 

substantial increase in livestock numbers over the two last decades, encouraged by 

increased demand for animal products combined with favourable price ratios between 

livestock products and barley. This increase has led to a drastic reduction of resource 

rangeland to cover feed requirement, with a decrease from 65% in the beginning of the 

1950s to less than 25-10% at present (Nefzaoui, 2002), and the structural component of 

supplementation in the feeding system, inducing an increase of market risk and large 

dependence of public support during drought conditions (Alary et al., 2002). In this 

context, past and ongoing research attempts to identify technologies and management 

strategies for developing improved crop-livestock production systems, based on the 

integration of local and on-farm feed production. 

Cactus production has long been developed in the Maghreb countries. Well adapted 

to the harsh environments of the dry areas, cactus represents an interesting production 



 

option for farmers as a feed source for the animals as well as providing a means of 

protecting the natural resource base by reducing soil erosion. The innovative process 

has been to develop new varieties of cactus, spineless cactus, planted in alley cropping. 

This technology has the advantage of enabling the farmer to continue cultivating the 

land while the tree/shrub species planted in intermittent rows help to maintain the 

quality of the soil. In contrast to other experiences, cactus is not a legume species. 

Therefore, one would suspect the benefit from using cactus in alley cropping systems. 

Our objective is addressing the evaluation of spineless cactus-alley cropping system.  

The case study is the Zoghmar community in the Central Tunisia, the area covered 

by the Mashreq/maghreb Project, the Femise project and the SPIA Project (ICARDA 

projects). This community is located in dry lands characterized with less than 350 mm 

rainfall and periodic droughts. Agro-pastoral systems are dominant production systems, 

and people derive their incomes from both livestock and crop production.  

3. Research methodology 
Technology improvement has two general properties: output/input ratio increasing or 

risk-reducing. Traditional ex post impact assessment analysis are focused 1) on the 

measurement of productivity gain (economic surplus) and the increase in the incomes of 

farmers adopting the technology and 2) on the understanding of the adoption level. 

Widespread adoption of new technology is expected to have important market level 

effects and welfare impacts at the regional or national level. 

In the framework of the impact assessment of NRM research, the traditional 

methods give information about the factors of adoption and the expected results in term 

of productivity and profitability. But the econometric models are mainly based on a 

reduced form in which exogenous variables are used to explain or predict endogenous 

state variables. This model based on statistical data makes difficult to capture the non 

linear interactions and feed back effects between the different sub-systems (economics, 

bio-physical and agro-ecological). In this framework, bio-economic models based on 

decision process models or bio-physical models offer interesting perspectives to assess 

NRM research impacts.  

The problematic of impact assessment of the NRM research links explicitly and 

implicitly technical choices at the farm level, agricultural and environmental policies at 

the national level and issues with environmental and natural resources (such as soil 

erosion, soil degradation, water conservation) at the territory level. Technical choices 



 

are quite complex and depend on the household (objectives, resource endowment, off 

farm opportunity, risk behaviour, etc.) and the perception of the physical environment. 

This perception is a combination of experience (observation of productivity change, soil 

degradation) and trade off between present and future. This trade-off is susceptible to 

change according to household orientation (off-farm orientation, bequest considerations, 

etc.) and resource endowments (land tenure and property rights), for example.  

Since the 80s, integrated modelling system approaches have been developed to 

facilitate the search for solutions to complex problems that links human (food security, 

poverty, growth rate) and environmental problems. Brown (2000) reviews a total of 21 

models ranging from simple empirical models to complex integrated models. Integrated 

bio-economic models gather two types of models: 1) modular models: this approach is 

implemented by executing each model in turn, and passing values of a subset of state 

variables from one sub-system to be used as inputs into another sub-system (Figure 1); 

2) Full integrated models: the bio-physical and economic models are unified in one 

model; the variables for both disciplines are interconnected (Anthe et al., 2003).  
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Figure 1- Bio-economic model 

Swinton and Black (2000) discuss from 4 purposes of agricultural systems models: 

“description, prediction, “postdiction” and prescription”. Descriptive models allow to 

characterize and to understand the system. The prediction or normative models propose 

some solutions on management of a system. Prescriptive or positive models describe 

what ought to be done if certain objectives are to be achieved at the individual or 

collective levels. “Postdiction” models which are used for analysis of past performance 



 

would be the more convenient for our objective. This implies that using bio-economic 

models in an ex post impact assessment is not a new idea. But few research works use 

these models (economic optimization models) in this way.  

4. Description of the method chosen 
This study will assess two specific impacts: economic impact at the household and 

community levels and environmental impacts. Our first objective was to couple two 

models: an economics model that represents the behaviour of the farmers and a bio-

physical model which will model the nutrient cycle and soil erosion in a framework of 

modular models (above cited). The Soil Changes Under Agro-forestry Model (SCUAF) 

developed by the International centre for Research in Agro-forestry (ICRAF) has been 

identified. First simulations have been done thanks to data collection in 2004 on 

biomass production and soil analysis. But the calibration and validation of this model to 

assess the erosion process and biomass trends need more information on nutrient cycle 

and on the physical environment (especially soil characteristics) at different times. So 

we have integrated “engineering production functions” in the economic model; these 

functions results from research trials in situ.  

The community modelling will be used to assess the impacts of the technology at 

the farm and community levels by taking into account the complexity of the activities in 

the whole farming systems, the technical and socio-economic constraints that limit or 

condition the adoption and the community constraints due to social or economic 

arrangements in the community.  

The community model includes four modules: 

(i)  Farm household module that specifies the underlying behavioural relations between 

household resource allocation and consumption priorities; 

(ii) Input output module for crop and livestock activities that details technological 

coefficients for current and potential activities; 

(iii) Optimisation procedure to evaluate household responses to changes in the market 

environment; 

(iv) Module of aggregation that tackles trade-offs between individually owned 

production factors (mainly land and labour) and access to common resources at the 

community level. 

The originality of this model is its ability to represent interrelations between the 

different components of the farming system: livestock system and cropping system in 



 

term of resource supply/demand competition and complementarities and the 

interrelations between the management or socio-economical system, in particular the 

cash flow management, and the bio-technical system that explain why farmers don’t / 

cannot choose the technical or economic options considered as the best (optimal). 

Figure 2 proposes a sample schedule of the model. 
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Figure 2 – Schedule of the community model 

The community model represents a simplified picture of an aggregation of typical 

whole farm systems. The typical whole farm systems are identified through cluster 

analysis on the database issued from the household surveys. Six types are identified and 

described in appendix 1. Each farm is characterized by its different resource 

endowments (land, labour and capital) and its main farming system (crop and livestock 

systems). The farmers interact among themselves through exchanges of factors, like dry 

or green fodder, labour forces, land. At the community level, the farmers are linked to 

the market for input purchases and output sales and the institutional environment for 

credit access or land and labour access.  

The model developed relies on a standard mathematical programming formulation; 

it is the maximization (or minimization) of a function under constraints of resource 

endowment and technical opportunities. To consider the trade-off between the present 

and future, we developed a dynamic and recursive model. Risk behaviour is one of the 

main factors to explain technology adoption. This risk behaviour will depend on farms’ 



 

characteristics (diversification, capital endowment, characteristic of the head of the 

family, etc.), the market conditions and the technology perception. The risk taking is 

formulated under the Target MOTAD approach proposed by Tauer (Tauer, 1983) and 

the function is written as: 
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where E(Z) is the objective function for maximizing, Cye the vector of expected income 

from productive activities in the year (ye), Xye the vector of activities’ level, T the 

minimum target income,  Ω the Risk aversion coefficient according to Target MOTAD 

method, λye the sum of negative deviations related to the income threshold (fixed for 

each farm type), T the planning horizon, τ the discount rate, A the input/output matrix 

and Bye the matrix of available resources that depend on decision in the previous season 

(ye-1). 

The model has been validated using data of the period 1999/00 to 2003/04 by 

comparing empirical data (household surveys conduced in 1999, 2002, 2003) and 

simulated data (Alary et al, 2004).  

5. Results 
To evaluate the impact assessment of the technology “cactus in alley cropping”, we 

suppose in the first simulation that the technology option doesn’t exist. The farmers 

have only one alternative related to cactus: planting spine cactus in plain. This situation 

could be considered as the counterfactual situation and allows estimate the all benefit of 

the technology at the farm level. In the figure 3, abscissa axis corresponds to the 

counterfactual situation without the technology and the deviation in % measures the loss 

or the gain that the farmers have registered with the technology and the institutional 

actions compared to the counterfactual situation.  



 

 

Figure 3 - Gaps for ewe stock with and without the technology package (in %) 

From this figure 3, it is noted that the technology has basically benefited to small 

farmers (EA2, EA3 and EI2; cf. Appendix 1 for farm typology in Zoghmar community), 

with a ewe capital inferior to 30 heads. For the large farmers, the situation is different 

because they have important spine cactus plantations. For the group of diversified small 

agro-pastors (EA2), farmers could maintain their reproductive capital around 27 ewes, 

compared to 11 ewes in the counterfactual situation. Without including the EA2 that 

register an important increase in relative value, the annual average ewe capital is 6% 

more than in the counterfactual situation during all the horizon planning. So this 

confirms the role of cactus during drought years to avoid de-stocking. 

Figure 4 measures the cash flow’ gain at the end of the agricultural year due to the 

technology compared to the situation without the technology. The Zoghmar community 

registers in average an increase of 7 % of the annual cash flow. But it is observed a lot 

of fluctuations and differences between farm types. 

 

Figure 4 - Gaps for cash flow with and without the technology package (in %) 
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To analyze the difference, we must isolate the farmers who enjoy irrigation from 

2001/2002. For EI1, EI2 and EI3, the increase of cash flow from 2001/2002 is partly 

due to alternative and less risky agricultural activities such as irrigated vegetable crops 

that are profitable. For farmers’ groups in dry areas (EA1, EA2, EA3), the increase 

doesn’t exceed 1%. This is mainly explained by the relative maintenance of the flock 

during the dry years, compared to the case without cactus. And so the farmers are 

obliged to buy more feeds than in the counterfactual situation.  

One of the objectives of the technology is to make profitable the marginal cereal 

lands and reduce inefficiency of traditional system of cereal production on these lands. 

Figure 5 shows the reduction of cereals crops on marginal lands with the introduction of 

the technology. It is registered a reduction of 21% of traditional cereal areas on 

marginal land. The marginal land allocated to the technology is around 15.7%. So 

farmers reduce by 5% the traditional cereal areas. 

 

Figure 5 - Gaps for cereal areas with and without the technology package (in %) 

 

If the cash flow registers an increase of 7% compared to counterfactual situation, is 

the technology reduce the inequity? Concerning the relation between technology 

adoption and poverty, a Pearson chi-square test based on poverty/technology adoption 

cross table is implemented and the result indicates that no significant relationship exists 

between being poor and adopting the technology. The community model gives similar 

results for the Gini coefficient (Table 1).  
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Table 1- Trend of GINI coefficient in the Zoghmar Community (Central Tunisia) 

 1999/00 2000/01 2001/02 2002/03 2003/04 

Reference with project 0.28 0.28 0.31 0.29 0.31 

Counterfactual 0.28 0.27 0.31 0.26 0.29 

 

Comparing the counterfactual scenarios (without the technology) with the 

reference (with the technology), the technology seems to have slightly increased the 

inequity. It is true that the large farmers such as the groups EA1 and EI1 represent 9.7% 

of our sample and have planted 72% of the area with the technology considering that the 

group EI1 plants 30 ha. 

6. Discussion – Conclusion 
These preliminary results exposed above show that a dynamic and recursive 

mathematical model could be used in an ex post impact assessment and give new 

information compared to econometric or static method of valuation. In this case study, 

the model allows valuating all the technical and economical changes at the farm and 

community level due to the technology and with respecting the priorities at the farm 

level such as the food security, family labour forces, etc. We can identify the constraints 

that limit the adoption and approach the effects of the technologies on the non adopters 

at the community level. NRM researches imply different scales of analysis and above all 

different disciplines. This bio-model offer interesting opportunities to integrate all these 

dimensions. The main advantages and the key features of these approaches are: (1) to 

model competition, interactions and feedback effects between the different sub-systems, 

(2) The possibility  to integrate various competing or complementary goals, (3) Choices 

are extended to many areas such as marketing behaviour, allocation of resource to farm 

and non farm activities, consumption choices and patterns, (4) Integrating dynamic 

processes (important for natural resource management) and (5) Respect of the 

household heterogeneity. 

But as for the classic methods, the counterfactual situation is difficult to establish. 

In this analysis the counterfactual situation is a simulation compared to the 

benchmarking which is the situation with the project. Now integrating a biophysical 

model will allow simulate the impacts of the technology on the environment. And 

integrating environmental and socio-economic parameters is central to NRM researches 

to approach the complexity of these systems and their capacity and degree of adaptation, 



 

viability and sustainability at long term. But biophysical model such as SCUAF requires 

important data on nutrient cycles, soil quality over times. The first measurements on soil 

and plants must be validated at least at the community level or regional level and take 

into account the spatial and temporal changes. Moreover the dynamic and recursive 

processes that approaches the impacts of decisions on the biological processes and the 

feed back effects are complex for natural resource management knowing that bio-

physical process (such as erosion, water saving) are long-time compared to farmers’ 

decisions that suit to agricultural & livestock process.  
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Appendix 1: Farm typology in Zoghmar community 
This typology is an ascendant hierarchical classification based on multi-factorial K-
tables analysis developed in the FEMISE Project and presented in an 
ILRI/ICARDA/USAID Project: 

Young producers (EI2) 

The type EI2 gathers young farmers with less than 15 ha with 1-2 ha in the irrigated 
perimeters. Olive trees occupy the rainfed areas and cactus the marginal cereal land. To 
fund their agricultural activities, they often work as casual workers. The livestock 
activity is reduced to less than 10 ewes. These farmers haven’t specific feeding 
strategies to reduce the impacts of droughts. Their main objective is to intensify the 
cropping system with the introduction of new crops in the irrigated areas.  

Sedentary pastors or agro-pastors (EA1, EA2) 

EA1 and EA2 types group the farms which are mainly oriented to livestock activity. 
The ratio number of ewes/agricultural area is the highest (with more than 60 ewes) and 
the total agricultural area ranges between 23 and 40 ha. The feeding system is mainly 
based on barley straw and grain, hay, bran and cactus during drought years. These 
groups register good animal performances with a numeric productivity more than 1.1. 
The cultivated area is planted with barley for animal and durum wheat for family self 
consumption. It is distinguishes: 1) The pastors (EA1) who affect the majority of land to 
barley and cactus (more than 8 ha is planted with cactus); 2) The diversified agro-
pastors, (EA2), who affect more than 8 ha to durum wheat and 5 ha to olive trees, 
mainly as edge.  

The mixed agricultural livestock systems with off-farm activity (EI1) 

These farms are the largest agricultural farms with more than 50 ha and 3 ha are located 
in the irrigated perimeter. The main source of funding to invest in agriculture comes 
from the off-farm activity. The irrigated area is mainly affected to fodder crops (oats, 
sorghum) and cereal crops (barley and wheat) to cover the feed requirements. The 
average herd size is between 20 to 52 ewes.  

The diversified herders (EA3, EI3) 

These farmers have less than 9 ha without any property rights. The area is mainly 
affected to barley. These farmers have a diversified herd with 10 to 20 ewes and 5-8 
she-goats. In this class, two sub-groups may be distinguished: 1) Old herders –with 
more than 65 years old- (EA3), who devote their land to the livestock. They register the 
best animal performances with a low use of hay and an important use of cactus in the 
feeding system. 2) The diversified herders (EI3) who have ewes and goats. These two 
groups are seen different during the dry years: if the group EA3 de-stocks, the second 
group EI3 tries to keep his herd by increasing the cactus ration and temporary off-farm 
activities.  

 


