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MICRO-LEVEL IMPACTS OF PRICE POLICY REFORMS ON INCOME, EQUITY
AND ENVIRONMENTAL SUSTAINABILITY IN LOW RAINFALL AREAS IN WANA

Abstract

Small ruminants supported by barley production and natural grazing in the extensive
rangeland, are the main principal economic activities in low rainfall areas. Increased demand
for livestock products has encouraged a rapid expansion in small ruminant numbers over the
last two decades. Attempts to improve resource management in the low rainfall areas by using
technological change are often impeded by non-technical problems related to farmers risk
behavior, insecure property rights and inadequate policy context. A major concern of
governments is to achieve sustainable economic growth and to alleviate poverty without
jeopardizing the quality of the environment. This represents particular problems to the
agricultural sector because of the direct links between production and the natural resource
base, especially in the developing countries where dependence on agriculture for income and
employment is generally high.

This presentation examines the impact of relative price changes on rural communities
based on the three basic parameters equity, growth and environmental sustainability,
reflecting the strong relationship between people and their environment. The specific
objectives are to analyze the effects of different domestic pricing reforms for crop and
livestock products and to identify the potential trade-off between income growth, income
distribution and environmental sustainability. In order to achieve these objectives, a
mathematical programming model was developed separately for three poor communities
(Mkaifteh and Falha in Jordan and Sidi Frej in Algeria). Private and common resources
endowments in addition to technical, market and institutional constraints were introduced in
the model. Furthermore, the model is designed to allow for crop-livestock integration, a key
feature in rainfed agriculture.

The micro-level is appropriate for primary policy analysis because it is at the level of
the individual farm and community that the actual decisions are made about cropping
patterns, production intensity, livestock management and common resource use. To show the
income distribution effects, farmers in the selected community have been clustered into
homogenous groups. Simulations of the reform of agricultural policies (a key and sensitive
element in Euro-Mediterranean Partnership) and its associated impact on these three
communities show that the policy reforms would improve the allocation of resources and
reduce incentives to misuse rangelands and marginal lands by substantially reducing livestock
numbers and feed use. The agricultural pricing reforms would tend to reverse the negative
environmental impacts associated with crop and livestock production. The effects of reduced
feed subsidies and lower output prices confirm that policy reforms in protected sectors have
a substantial negative impact on farm revenues and income distribution. The question then
becomes of finding incentive schemes that must be implemented to spur growth and guarantee
sustainable and equitable outcomes without compromising free trade or cooperation
agreements between the South-Med Countries and the European Union.
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MICRO-LEVEL IMPACTS OF PRICE POLICY REFORMS ON INCOME,
EQUITY AND ENVIRONMENTAL SUSTAINABILITY IN LOW

RAINFALL AREAS IN WANA1

INTRODUCTION

In the drier zones of West Asia and North Africa (WANA), the low and variable
rainfall limits the options available to farmers. Small ruminants supported by dryland barley
production and natural grazing in the extensive rangelands and nature pastures, are the
principal economic output of these zones. Increased demand for livestock products has
encouraged a rapid expansion in small ruminant numbers over the last two decades. One of the
major problems faced by the region is that of finding enough feed to support the small
ruminant population and therefore the livelihood of rural families who depend on them.

The native pastures can no longer satisfy such a large proportion of the feed needs of
the livestock population, and supplemental feeding with barley grain, straw and other crop
byproducts has become essential. Attempts to meet the widening "feed gap" have resulted in
an expansion of the area planted to barley, the principal livestock feed, achieved primarily
through cultivating previously uncultivated marginal land and by replacing the traditional
barley/fallow rotations with continuous barley cropping. Production in these areas is based on
minimal inputs, and yields are low. Continuous barley cropping is rapidly depleting soil
fertility and stimulates the build up of pests and diseases; there are indications that barley
yields in these systems are declining. The present situation has dire consequences for the
natural resource base: intensified land use on poor soils in dry areas, the extension of
cultivation into agriculturally marginal areas and increased pressure on natural pastures all
threaten the future capacity of these resources.

Governments in the WANA have long intervened in their domestic agricultural
markets and have used various schemes to influence their relation with international
agricultural products. Government interventions, mainly through guaranteed prices, input
subsidies and trade barriers though tariffs, and trading monopolies, which generate distortions
in the domestic market and trade, reduce economic efficiency at the national level and often
lead to negative effects on the environment. Aware of these problems, governments have
initiated reforms of their agricultural policies.

Difficulties encountered by the agriculture system in WANA have lead researchers
and policy-makers to examine in more details the performance of agricultural policy. It was
clear that the agricultural policy is seldom targeted to specific outcomes or recipients, or
tailored to provide efficient transfers to achieve those outcomes or reach the intended
recipients.  Price guarantees are provided to all producers regardless of the production system
they follow. Small farms tend to receive only a small proportion of the total support although
they need the support more than the large farms.  There is limited empirical work on this
issue for the WANA region looking at the distribution of support on the supply side as most
studies tend to be related to the efficiency of consumer subsidization programs. The impact

                                                
1 This presentation is a summary of the full report submitted to the FEMISE Network to which new results for
a third case study have been added.  For a more extensive literature review, a full description of the model and
the complete result discussion, consult the full report.
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of agricultural policy on rural development is often assessed in terms of (i) its effectiveness in
raising or at least maintaining rural incomes and employment and (ii) its success in achieving
supply growth goals.  In developed countries, there is evidence that output related agricultural
policies have positively contributed to maintaining the socio-economic strength of rural areas
while at the same time influencing the level and mix of agricultural output and resources
utilized for its production.  However, the question has been raised about whether the impact
is wholly positive, cost effective and whether this trend is sustainable over time (OECD,
1998a)

There is no doubt that the level of support and its administration has an influence on
the current land use practices and livestock production methods and contributes to the kind of
environmental impact observed and degree of resource use.   The experience show that the
reduction of output support and the lowering of input subsidies have generated in many cases
a double benefit (OECD, 1998b).  The first benefit stems from more efficient allocation of
resources in agriculture.  The second benefit comes from the reduction of negative and the
enhancement of positive environmental externalities.  For example, some positive outcomes
have been reached as reform has pushed farmers to keep small animal herds and lower
stocking densities with positive environmental consequences such as reduced grazing pressure
and lower soil erosion and nutrient leaching. While it was recognized that the removal of
support in the agriculture support could cause not only environmental benefits but also
hardship, the current thinking tends to be directed towards compensation for those who might
suffer as a result.  This, for example, could be done through selected and targeted financial
incentives for farmers who would agree in return to adopt environmental friendly farming
practices. Several studies have analyzed the situation of WANA countries, but they have not
given adequate evaluation of the microeconomic impacts of orienting agricultural policy
towards greater reliance on the market. Very little in known on how farmers react to cope
with furthers change in policy environments. Policy-makers would benefit from such studies
of how pricing policy reforms simultaneously affect the efficiency, equity and environmental
sustainability

Attempting to improve resource management in the low rainfall areas of the WANA
region   by primarily using technological change is often impeded by non-technical problems
related to farmers’ risk behavior, insecure property rights and inadequate policy context.
Then, a great need is emerging to promote a broader innovative approach to ensure sustainable
resource management and social welfare in low rainfall areas by integrating at the micro-
community level research on policy, institutional and property rights issues with that on
technological development. However, changes in market prices, supply and demand of major
agricultural products and inputs are underway as a result of policy reforms in many WANA
countries. The reforms consist of structural adjustment programs (SAP), joining in the World
Trade Organization, Free Trade Agreements with the European Union, or membership in the
Great Arab Free Trade Areas. Given the importance of low rainfall areas for the agricultural
sector of WANA countries and the strong relationships between crop and livestock
productions, any policy reform targeted at the corresponding markets may result in
significant effects on the social, economic and environmental well-being of these threatened
areas.

The purpose of this study is to present a community model for evaluation of key policy
reforms and to assess the impact of these measures on the cereal and livestock sectors. The
synthesis of the research will present three case studies of the impact of pricing policy
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reforms in rainfed agriculture in the Algerian community of Sidi Frej and the Jordanian
communities of Falha and Mkaifteh with the purpose of drawing relevant implications at the
regional level.  More precisely, the research addresses some questions related to the impact of
policy reforms on efficiency, equity and environmental sustainability. These questions are:

•  What are the potential impacts of reforms in terms of market support and input
subsidies on agricultural production and resource use?

•  How effective feed price subsidy in targeting the farmers that need it the most? How
does the removal of this kind of subsidies affect different farm groups?

•  Does the removal of less distorted output and input markets lead to positive
environmental impact?

•  If liberalizing crop and livestock markets, what kind of complementary policies should
be recommended to mitigate the negative impacts?

The research attempts to analyze decisions of rural households that are quite heterogeneous in
terms of wealth, and access to credit, technology, and input and output markets. The analysis
is based on three community models, constructed from the results of various household
surveys. This research is expected to add to the understanding of how agricultural pricing
policy reforms could potentially affect dryland agriculture in WANA. It is hoped to help
identify additional operational policies and investment strategies that could be used to
simultaneously spur growth, improve income distribution and reduce resource degradation.

RELATED RESEARCH

There is growing interest in the field of policy analysis with the aid of farming
systems modeling in agriculture to explicit the trade-offs among various policy objectives and
reduce the uncertainty on the effect of potential policy reforms. Swinton and Black (2000)
present an overview of agricultural system models. Beginning with why systems are modeled
and for what purpose.  They emphasize that the recent modeling development includes the
integration of biophysical models with the economics and environmental models. At the
community scale, sociological and economic models of rural community structure are being
developed to evaluate long-term viability. At a broader level, system models may be used by
policy makers to predict social welfare outcomes of proposed policies. Van Keulen,
Kuyvenhoven and Ruben (1998) review the major changes that have taken place in the past
decade, with regard to the available policy instruments for food security and rural
development in the context of structural adjustment programs carried out in the agricultural
sector. They also discuss the linkages between agricultural policy and farmers' supply
response by emphasizing the influence of macro-policy for decision-making at the micro-level
of a farm household. They propose an integrated bio-economic modeling framework that
allows a better understanding of the effects of macro and sectoral policy interventions. Ruben,
Moll and Kuyvenhoven., (1998) demonstrates an integrated bio-economic modeling
framework for the simultaneous appraisal of agro-ecological and socio- economic parameters.
They find that policy analysis for sustainable land use is critically dependent on the
specification of the linkages between decision-making procedures regarding resource allocation
by farm households and their supply response to changes in the economic and institutional
environment. Hengsdijk, van Ittersum and Rossing (1998) analyze the impact of various
output and input pricing policy reforms on two farm types in South Mali in a cotton
producing area.  They found that while the impact of these policy changes is positive in terms
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of income growth, while the environmental sustainability indicators show an ambiguous
effect.

Barbier (1988) introduce a modeling method, which simulates a village's response to
population and market pressure. The model combines a recursive and dynamic linear
programming model with a biophysical model of soil condition and plant growth that predicts
yields and land degradation for different type of land, land use and cropping patterns. The
model simulates farmers' plans aggregated at the village level under constraints of risk
aversion, food consumption, land area, soil fertility, soil depth, labor and cash availability.
The method has been calibrated for a village located in the sub-humid region of Burkina Faso.
The results show that population pressure leads to intensification and investment in land
conservation practices but not necessarily to better farm incomes. Increasing market
opportunities can play a more positive role in boosting productivity. On a similar work,
Barbier and Bergeron (1998) evaluate the effects of population pressure, market integration,
technological improvement and policy decisions on natural resource management in the
hillsides of Honduras. The simulation results confirm that technology improvements such as
irrigation and new varieties can help overcome diminishing returns to labor due to population
pressure. Population increases in the village of La Lima had only a small effect on the
condition of natural resources because the cropped area increased only slowly thanks to the
intensification of production.

In spite of a wide application of bio-economic modeling for developing country sites,
limited applications could be found for the WANA region despite the existence of widespread
rural poverty and resource degradation. Nordblom et al. (1994) have developed whole-farm
models to analyze the impact of medic pasture introduction or livestock based technologies.
The model represents in detail impacts of rotation on yields, labor requirements of alternative
farm activities, availability of family and hired labor, subsistence income requirements,
livestock feed sources and uses at different times and a choice of sheep stocking rates.
Biological data for the analysis are based on a large six-year cropping and grazing experiment
near Aleppo. They found that modest increases in the prices of sheep products (especially
milk) have a major impact on the economic performance of medic. On small farms, labor
availability per hectare is high, favoring the production of labor-intensive crops such as lentil
and watermelon. On larger farms, labor costs of these enterprises are substantial, increasing
the relative profitability of medic, especially if labor prices increase. Jacquet and Pluvinage
(1997) use a discrete stochastic programming model for cereal-livestock farms in Algeria to
examine the impact of agricultural policies of highly remunerative prices for wheat. Despite
the increase in the wheat growing area as a result, expected crop intensification has not been
achieved. One major reason for this failure is thought to lie in the way farmers take into
account climatic variability in their decisions in areas where barley cropping for grain, straw
and fodder withstands drought better that wheat. The multiple uses of this crop as a
marketable commodity for livestock consumption, as well as its higher grain and straw yield
than wheat in mediocre years, are the reasons for its superior advantages. This emphasizes
the limit of policy based on higher wheat prices for Algeria and other Maghreb countries
where inter-year income variation may be notably buffered through diversification of
enterprise.

 The studies reviewed above show that the development of an understanding of the
income growth, equity and environmental sustainability implications is critically important to
understanding the process of decision-making in agriculture.  Because of the linkages between
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the different outcomes or objectives of policy reforms, impacts have to be examined not only
in one dimension separately, but also in two or three dimensions simultaneously.

METHODOLOGY

Mathematical programming, the tool used to build the community models, refers to a
set of procedures dealing with the analysis of problems in which a decision maker wishes to
optimize a measure of wealth or satisfaction by selecting values for a set of decision variables
subject to some constraints dictated by the environment and beyond his control (Pannell,
1997; Hazell and Norton, 1986).  The modeling approach adopted in the community studies
consists of the following four modules: (i) a farm-household module that specify the
underlying behavioral relations regarding farm household resource allocation and consumption
priorities; (ii) an input-output module for crop and livestock activities that specifying the
technological coefficients for current and potential activities; (iii) a mathematical programming
optimization procedure to evaluate the farm household response to changes in the market
environment (e.g. changes in policy instruments); (iv) an aggregation procedure to address the
exchange of individually owned factors of production (land, labor and capital) and the access
to common resources at the community level. The community model represents an abstract
and simplified picture of an aggregation of typical whole-farm systems found in low rainfall
areas in WANA. The smallest unit of analysis is the farm, which is assumed to have minimum
cash requirements to be met by crop and livestock income or off-farm employment either
within or outside the community.  Farm families have different resource endowments for
crop-livestock production in terms of land, labor and capital.  The individual farms are linked
not only between themselves in terms of exchange of factors of production but also to the
market for input purchases and output sales.  

In very generic terms, the model used in the community studies relies on a standard
mathematical programming formulation of the type

    

MaxZ = CΧ
s.t. ΑΧ ≤?b

 Χ ≥  0

where c is a vector of net average returns, A a matrix of input-output coefficients, b a vector
of resource endowment levels and X a vector of decisions related to land allocation, and input
use for crop production, sales and purchases of animals, sales and purchases of feed, labor
allocation and financial farm management.  Farmers in the community model have been
grouped into farm types. We have maximized a weighed profit function where the weights αj

represent the importance of each farm type (the frequency of which is nj ) in the sample or
population of size N.

  

Max TW =  α j
j

h

∑ jπ

α j =
n j

N
The total number of types h has been chosen to represent farm typology (between four and
six). This procedure is justified on computational and policy recommendation grounds. The
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principle goal of farm typology is to minimize the problem of unequal resource endowment
proportions at different level of aggregation to achieve a certain degree of constraint
proportionality (Hansen and Stoorvogel, 1988). Therefore, clustering into farm types was
conducted by identifying relatively homogenous groups of farmers based on selected
characteristics and attributes related to socio-economics, resource endowment, behavior and
agro-ecological conditions. Therefore, key discriminative variables were identified on the basis
of a detailed analysis of household survey data using factor and hierarchical cluster analysis
(SPSS, 1985).

To capture crop-livestock integration, an important feature in the production system
found in arid zones, the crop output has been distinguished into three components (grain,
straw and stubble) to capture the joint product nature of crop production. This distinction is
important and related to the qualitative and quantitative feed needs for the herd as well as
herd composition.  The feeding strategy was specified in a way that for each kind of animal,
disaggregated by sex and age, has nutritional requirements of dry matter, crude protein and
energy within certain limits. The constraints of the problem include two types of constraints:
one set for the minimum requirements in terms of energy and protein, and one set for the
maximum requirements for dry matter. Two sets of parameters are needed to setup the
feeding system according to feed origin and nutrient composition. These nutritional
requirements are to be covered wither from farm or purchased feed from the market or
accessed through monetary or non-monetary contractual arrangements. The chemical
compositions of local feedstuff are obtained from FAO (1994) and NRC (1985). Private and
common resources endowments are considered in addition to technical, market and
institutional constraints. Furthermore, the model is designed to allow for crop-livestock
integration and analysis of equity issues as related to growth objective.

Risk and uncertainty are important factors in dryland agriculture because of agro-
ecological factors. In addition to the crop and animal production risk arising as a result of
weather and performance based factors, pricing policy and institutions tend to modify the
nature of price risk faced by farmers in the LRA.   In order to incorporate the nature of
agricultural decision making under uncertainty, the conceptualization of decision problems
under risk in low rainfall environments was done through various formulations developed and
tested in the area of risk and uncertainty.  In the three community studies, the Mean-Variance
(EV) approach (Hazell and Norton, 1986; Hardaker, et al. 1997) and the Target-MOTAD
approach (Tauer, 1983) have been selected to represent risk and uncertainty in the
community models.

The bio-economic problem in the context of crop-livestock integration in the three
community studies was analyzed by combining mathematical modeling with computer
analysis with the aid of a high-level modeling language, GAMS, a General Algebraic Modeling
System (Zenios,1996). Several runs and experiments were done to optimize resource
allocation within each module, and then all modules were combined together. In order to be
confident of the results obtained from the community model, two broad methodologies were
used. Verification means that the matrix may be inconsistent with the problem definition (e.g.,
due to a coefficient being wrongly placed), and validation, which means that the problem
definition may be incorrect or inappropriate in some way. Checking procedures of model’s
consistency were carried out on the final results to ensure that the model output compared
correctly with its design criteria. However, for this purpose, the entire community was
chosen as an example that will be discussed in detail below. All the individual numbers were
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checked against the original data sources. The baselines have been obtained in such a way that
the models in the initial runs roughly replicate actual figures in terms of production activities
(crops, livestock and labor) and level of income at the community level.  After completion of
the above validation process, the community model was then used to assess the impact of
input subsidy removal and output support reduction for the major crop and livestock
products as a result of new trade

RESULTS AND DISCUSSION

The agricultural price policy reforms simulated in this study cover both product
prices and input prices. To get a clear understanding of the adjustment implications, enough
disaggregation in the type of output and input prices (by product and channel used) is
allowed by the three models. For example, the Algerian community model distinguishes
between feed bought from the public channel and subjected to quantitative restrictions and
feed directly purchased from the free market.  This study of the impact of policy reforms on
these three low rainfall area communities aims to identify options, priorities, measures and
levels of intervention to mitigate the potential adverse effects on some categories of households
and producers and strengthen the positive consequences on the corners of the critical triangle.
The practical design and sequencing of agricultural price policy reform needs to be developed
based on a thorough exploration of various combinations of pricing reforms. To assess the
impact of policy reforms in the community, three broad scenarios were implemented across
the three communities and compared to a baseline Scenario (S0). The scenarios are:  (S1)
subsidy removal on the major feed stuff by (20-30 percent); (S2) reduce output price subsidy
for the major crops and livestock products by (20-25 percent) and (S3) a simultaneous
combination of S1 and S2.

Results for the Mkaifteh community

The effects of reform depend on the way pricing policies and policy change influence
farmers’ decisions: through, for instance, the total cultivated land area, changes in the crop or
livestock composition, shifts in agricultural practices, and feed strategies. Reduction in market
price support for crops and livestock as well as feed subsidies has an effect on land usage.
Farmers are responding differentially to in term of resource allocation and herding practice. As
a result of subsidy removal, large flock holders tend to reduce flock size by 18 percent,
whereas farmers holding small flocks tend to allocate more land to barley and double the herd
size (Figure 1). The landless small livestock holders tend to reduce livestock numbers and rely
more on off-farm activities. Farmers who integrate crop and livestock activities in a more
balanced way are less affected by the policy changes than the other farm groups as revealed
by the lower the price elasticity of feed demand of this group (–0.16) compared to –0.25 in
the case of small and large farmers who have to rely only on livestock as the main source of
income.
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Figure 1: Impact of Pricing Policy Refroms on Herd Size in Mkaifteh
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The effects of reduced feed subsidies confirm that reduced support has a substantial
negative impact on farm revenues. The total wealth of small farmers decreases by 14 percent
while it goes down by only 9.7 percent for crop-livestock farmers. The wealth of cereal
farmers decreases also by 7.4 percent. On the contrary, the removal of output support affect
more cereal farmers that livestock farmers. On average, there will be a14 percent drop in
farmers’ wealth as a result of output support removal. Farmers in these low rainfall areas tend
to reallocate the planted areas from wheat to barley to meet the nutrient requirements of their
animals. However, as a result of these reforms, legumes could play an important role in
feeding livestock with the straw produced and provide much needed nutrient to the low
fertility soil found in these areas.  An increase in the price of concentrates makes forage
legumes a good alternative feedstuff in the livestock ration if technical factors could be
overcome.

A simultaneous change in the input and output price policy could reduce income for
small and large livestock farmers by 27 percent (Figure 2). The cereal farmers and farmers
who integrate crop and livestock will lose 20 percent of their income. The composition of
crop and livestock output changes as a result of changes in the relative profitability of one
commodity compared to other commodities within the same group.  For example, farmers
substitute sheep with goat, this could be explained by the fact that goats have less nutrients
requirements and more fertility rate. Such shifts in herd composition occur in the case of
general support reductions because support levels differ across commodities prior to pricing
policy reform. In summary, whether changes on the input and output pricing are conducted
separately or simultaneously has a bearing not on the direction of the change but more on its
magnitude.  As the changes affect the major production activities in the low rainfall areas
(sheep and barley), the impact is quite heavy for farmers in the community selected regardless
of their initial level of wealth though the magnitude of the loss differs across farm types.
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Figure 2: Impact of Pricing Policy Reforms on Income in Mkaifteh
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The effect of price reform on the environments can be assessed by the areas of
rangeland utilized during the grazing period extending from January to April. The results
show that the direct effect of policy reforms is a substantial reduction in flock sizes. This
could lead to a decrease in the rangeland areas utilized by sheep and goat with a lower
livestock density leading to potential forage plant regeneration.

Results for the Falha community

We notice some similarities in the land use pattern changes as more land goes into
wheat production because of lower prospects to meet minimal needs for family consumption
by buying food grains from the market. At the same time, in response to higher feed prices,
farmers have to increase land allocated to barley to meet the feed needs of their animals.  This
increase is due to the large farmers in Falha having to produce their own feed rather than
renting their lands to outside farmers from other communities. Input pricing reform with the
reduction of feed subsidies to the livestock sector is transmitted also to the crop sector, as
some important cropping pattern changes have to be made to feed animals along changes in
the level of output and its composition.  With reductions in crop and livestock producer
prices and input subsidies, livestock production declines substantially with sheep production
going down by 33 percent, while crop production tends to increase by 34 percent for barley.
Reductions in feed subsidies push farmers tend to sell goats (- 38 percent) to maintain sheep
at constant levels.  When reforms are applied to market price support, a different trend
emerges.  There is a decline of 4 percent in sheep production and goat numbers go down by
20 percent.

Figure 3 shows the simulated impact of input pricing reforms as well reduced output
price support on income for the whole community. The figure shows how vulnerable crop
and livestock producers are in Falha and how dependent they are on input and output
support. There seems to be limited diversity and input substitution potential for crops and
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livestock in even though production of olives tend to provide additional opportunities in
Falha.  

Figure 3: Impact of Various Pricing Reforms on Falha Community Income
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Estimates of changes in income distribution based on the Gini coefficient shows that
the income distribution for the various farm groups moves towards more inequality.  The
equity imbalances appear partly as a result of the large livestock owners acquiring the highest
share of subsidized feed stuffs.   A lower support on the output side reduces equity as large
and rich farmers tend to adjust more effectively and able to maintain an adequate level of
income as opposed to the small and poor farmers being hit harder in those circumstances.
Overall, a policy reform combining reduced feed subsidies and lower output support leads to
a worsened income distribution in Falha community. The analysis for the community in
Jordan shows that the distribution of support is close to the distribution of livestock output
(in terms of sheep numbers), with the largest, and hence the richer farmers, being the main
beneficiaries (Table 1) of the feed subsidy program. In this sense, support is not equitable
when 30 percent of the community population is enjoying more than 50 percent of the total
feed support.  The removal of output support tends to increase income disparities between
farm types.

Table 1: Concentration of production and support for various farm types in Falha
Shares of each farm type

Farm type Population Livestock Subsidy
Small 15% 4% 5%
Small-to-medium 15% 7% 9%
Medium 40% 29% 35%
Large 30% 60% 51%
Notes: While the population and livestock shares are derived from household survey data, the subsidy numbers are
based on the model simulation results for the base-run.
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When pricing policy reform results in less crop production, it is typically the least
productive and suitable land that tends to be withdrawn. When these marginal lands are
environmentally fragile, their conversion to trees or grazing land has the potential to reduce
land erosion. Shifts from cereal production to grazing or forage production can also improve
soil quality. The changes in pricing policy simulated in this study tend reduces livestock
densities that could potentially lead to lower grazing pressure on rangelands, with substantial
beneficial effects for land resources.

In summary, support to farmers in Jordan tends to maintain the original disparities
between large and small flock owners since the support is more output related than targeted
to specific segments of the population.  This condition could provide a justification for the
Jordanian policy-makers to review the criteria of equity in agricultural support and pay a
closer attention to targeting considerations.

Results for the Sidi Frej community

The Sidi Frej community has important similarities and differences with the Falha and
Mkaifteh communities. Though the major ecological features in terms of rainfall, temperature,
soil type are similar, socio-economic characteristics and elements in the production system
tend to differ. The same type of emphasis will be made for the simulations in terms of result
presentation.  Table 2 shows selected key averages for production and financial indicators.

By lowering price support and input subsidies, changes in land use and composition
of activities appear.  The most important change in trends is relative to the conversion of
opuntia (prickly pear), a perennial crop providing fruits for market sales and pads for animal
feeding, by cereal crops (mostly durum wheat and barley).  The reduction in input subsidies
tends to yield relatively smaller changes than those obtained with reductions in output
support (2.1 percent versus 6.3 percent for the cereal area and -1.2 percent versus –6.4
percent for animal sales).  Because of the higher costs for livestock feeding and reduction in
gross margins, farmers in Sidi Frej tend to keep feeds produced on their farm and rely less on
the market.

The market liberalization leads to negative outcomes in terms of income. Indeed, the
removal of input subsidies and more importantly the reduction in output support worsens
the condition of the average farmer in Sidi Frej.  It is the reduction in output support that
could hit farmers the hardest with a reduction in income of more than 20 percent.  Reducing
distortions on the input side reduces the average income by less than 3 percent.
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Table 2: Impact of Policy Reforms on Key Indicators in Sidi Frej Community (Algeria)

Policy Reform Scenario S0 S1 S2 S3

Variables
(Average Indicators) Baseline Run

Feed Subsidy
Removal

Reduced
output price

support

Subsidy removal
and reduced output

support
Area in Cereals (ha) 15.1 2.1% 6.3% 11.0%
Off-farm Labor (man-days) 300.9 1.5% -48.7% -52.0%
On-farm Labor (man-days) 665.0 -15.2% 12.0% 11.0%
Sales of Storable Feeds (Kg/period) 381.7 -4.2% -42.0% -49.3%
Purchases of Feeds (Kg/period) 400.0 -26.5% -42.0% -50.0%
Area in Opuntia (ha) 6.8 -4.4% -13.6% -24.1%
Short-term Loans (DA) 104038 -11.6% -31.3% -40.3%
Sales of Livestock (head) 17.9 -1.2% -6.4% -7.8%
Rangeland Intake (UF) 574.4 -4.6% -26.4% -29.1%
Average Revenue (DA) 507058 -2.6% -21.5% -21.3%
Gini Coefficient 0.23 0.22 0.20 0.15
Note: 1US$ ≈ 75 DA.

While a policy reform combining reduced feed subsidies and lower output support
leads to a worsened income distribution in Falha, an improvement in equity is noticed in Sidi
Frej with a Gini coefficient moving from 0.23 to 0.15.  It is the reduction in output support
that yields the higher changes in terms of income distribution (0.20 versus 0.22 with lower
input subsidies).  This could indicate that there is a limited need to design complementary
targeted subsidization schemes in Algeria low rainfall areas.  It is a broad complementary
policy to improve income prospects for all segments of the population that seems to be
required in order to improve the welfare of this type of community.

Pricing policy reforms could lead to land resource degradation in Sidi Frej.  The
reduction of the area devoted to the perennial crop and the increase in cereals is not a
promising factor according to agronomical benchmarks.  While efforts have been put in place
over the past 10 years to grow opuntia on environmentally sensitive areas, they could be
annihilated by the type of policy reforms suggested in the context of agricultural structural
adjustment.  Despite of the relevance and adequacy of these pricing reforms, additional
measures should be put in place to mitigate the negative environmental outcomes and
reinforce the positive impact on the nearby rangelands as evidenced by the lower intake
patterns for the three scenarios (from –4.6 percent to –29.1 percent).

Policy Implications

Agricultural policy reforms of the type simulated in this research have important
implications on sustainable development taken in its broader sense as encompassing the
economy, the environment and human and social concerns.  Measuring the impact of these
reforms require the use of a set of commonly accepted indicators reflecting each side of the
notion of sustainable development.  Support in agriculture has reinforced more the negative
than the positive environmental effects of agriculture. The overall level of assistance to the
sector, the relative level of support across crop and livestock commodities, are factors that
have influenced not only land use, farming practices and the number of animals kept but also
their impacts on the resource condition.  Simulations of the reform of agricultural policies and
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its associated impact on three dryland communities show that the process should improve the
allocation of resources and reduce incentives to misuse rangelands and marginal lands in this
type of agro-ecology. Hence, by substantially reducing livestock numbers and feed use (due
to a combination of lower output prices and changes in relative input prices), the agricultural
pricing reforms would tend to reverse the negative environmental impacts associated with
crop, livestock and feed specific policy measures. On another hand, policy reform could
reduce environmental performance, as it was the case for the Sidi Frej community.

Though reductions in price support could initially increase land allocated to grains for
animal feeding purposes as part of a short-term adjustment strategy, policy reform is likely to
lead to a de-intensification of crop production in the least productive areas. Some land could
be shifted into fruit production, which is more adapted to the potential of marginal lands but
requires a initial investment that farmers lack the capacity to set aside with the current
agricultural policy setting and the short-term loss in income.

At the same time, if reform is to result in smaller animal herds and lower livestock
densities, thereby reducing grazing pressure, increases in animal productivity could be reached
as farmers get rid of the least productive elements in their herds.  It is in fact this change in the
feeding costs and the relative output prices that could lead farmers to rely more on feed
produced at the farm level, integrating thereby their cropping and livestock activities in a more
integrated way as noticed for the Mkaifteh and Sidi Frej communities.

A closer examination at the beneficiaries of price support in the Jordanian
communities has shown that while the richer farmers tend to benefit the most from the output
support and feed subsidies, it is the small and poor farmers that lose the most from the policy
reform process.  This is due to the fact that this type of support is generally proportional to
the volume of output or input as it is the case for feed subsidies. Such policies tend to
disproportionably benefit farmers on large-size farms or with large herds, rather than landless
farmers or those on small-size farms, whom policies are supposed to benefit.  There are
concerns then that equity not only in the level of income but also in the level of support
might be reduced if reform causes the least endowed segment of rural populations in low
rainfall environments to suffer more than those who can get by without support.

This assessment of pricing policy reforms in the agricultural sector of two countries,
Algeria and Jordan, having a Cooperation Agreement with the European Economic
Community, suggests that bilateral trade liberalization in markets where the European Union
faces high level of tariffs for its exports could have important welfare implications for rural
communities located in low rainfall environments.  Crop and livestock markets in these South-
Med countries still enjoy protective measures that could soon confront the policy-makers
with a situation in which they need to provide their farmers with alternative income
generating strategies.  In the case of Sidi Frej, there seems to be a potential to rely more on a
high value crop such as cactus fruits if marketing problems could be solved by creating a
bigger market for the crop.  There is evidently a potential for exporting various products and
by-products of opuntia if long-term prospects for the crop are warranted (e.g. a commitment
from the European Union for low tariffs and limited barriers to entry). The Jordanian
communities face a different fate, as there exists limited cropping alternatives in low rainfall
areas.  What they could be capitalizing on rather is the potential for sheep milk to be
transformed into various products not only for the domestic markets but also for with an
export potential to European countries.
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SUMMARY AND CONCLUSIONS

This synthesis of results obtained with a bio-economic model built for three rural
communities examined the income growth, equity and resource condition impacts of
agricultural policy reforms at the output and input level carried in Algeria and Jordan.  It
emphasized the potential effects in terms of land use, crop and livestock production, income
levels and its distribution, and environmental sustainability.  The results are obtained based
on a “what-if” type of analysis by looking at how farmers might respond to changes in the
pricing environment. This analysis while showing some important common trends reflects
nevertheless the diversity of the local production system and socio-economic context.

Changing the incentive structure in the livestock pricing systems in low rainfall
environments raises some concerns about who will stay in the business of livestock rearing
and who will be unable to assure productivity levels and feeding patterns that could yield
profitable levels of returns.  Removing feed subsidies calls for some substantial reshuffling in
terms of feeding strategies and herd composition.  The cropping operations tend also to adjust
to the new incentive structure. These changes are being reflected by the variation of the non-
subsidized portion of income, once feed subsidies are taken into account in the computation
of their total income.

Results show that Mkaifteh and Falha farmers have a very limited potential to
increase substantially the non-subsidized portion of their income. This indicates that the feed
support system has a very limited multiplier effect, as farmers are not able to substantially
transform the feed support in a higher value added and acts as a mere transfer system with
limited potential to generate improvements in terms of productivity.   The poor and small
farmers do not necessarily react to changes in the policy environment by increasing their
pressure on the resource despite their reduced income level as a result of lower support.  To
this extent, poverty does not appear to contribute to the degradation of natural resources.
This confirms that the possible link from poverty to resource degradation is not so well
supported by empirical evidence as the link from resource degradation to poverty.  

The overall policy reforms do yield a positive impact on at least one sustainable
development indicator (equity in Sidi Frej and the environment in Mkaifteh and Falha)
despite some negative outcomes for specific indicators.  It is therefore the outcome in terms
of reduced income in three communities and its distribution in Mkaifteh and Falha that merits
to be given priority for the respective policy-makers looking for the establishment of a
sustainable rural development in the less favored areas relying on barley and sheep
production.  
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