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Table 6.8. Estimated total area (ha) under cultivation of different crops in Borkhar sub-
district in the various policy runs  

Crop Base P1 P2-1 P2-2 P3 P4-1 P4-2 P4-3 
Wheat  3950 3748 4004 4143 4185 4215 4244 4297 
Colza  194 125 154 60 363 185 167 107 
Barley  827 658 923 507 831 933 997 921 
Sunflower  324 305 330 57 358 351 354 355 
Sugar beet  971 916 991 942 1074 1054 1062 1065 
Maize  647 611 660 628 716 703 708 710 
Melon  224 207 249 247 273 255 261 293 
Watermelon  100 99 81 67 85 96 93 62 
Alfalfa  205 187 202 181 350 192 199 223 
 
Table 6.9. Estimated total production (106 kg) of different crops in Borkhar sub-district in 

the various policy runs  
Crop Base P1 P2-1 P2-2 P3 P4-1 P4-2 P4-3 

 Wheat  15452 15129 15557 16173 16649 16739 16610 17215 
 Barley  2801 2295 3051 1784 2774 3372 3386 3026 
 Colza  454 294 363 139 852 430 395 250 
 Sunflower  683 670 745 117 791 824 841 680 
 Sugar beet  36268 34543 37397 35661 39353 38100 39900 36976 
 Maize  22766 21329 22096 22183 23833 24806 24293 26696 
 Melon  4934 4628 5281 5233 5904 5632 5566 6100 
 Watermelon  2025 2008 1650 1354 1741 1955 1887 1261 
 Alfalfa  1145 1101 1100 960 1895 1103 1139 1076 
 
Comparison of the indicators related to policy objective 1 (increasing 
production of strategic crops) shows that the best performance in terms of colza 
production is attained in policy run P3, combined with satisfactory performance 
for the production of wheat and sugar beet (Figure 6.2-a). Maximum production 
of wheat is attained in policy run P4-3, however combined with lower 
production of sugar beet and colza than in policy runs P3, P4-1 and P4-2. 
Production of sugar beet is highest in policy runs P3 and P4-2, 8 and 9% higher, 
respectively than in the base run. Overall, policy run P3 shows the best 
performance in terms of the indicators for policy objective 1. 
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Table 6.11. Ratio of the indicator values in the various policy runs and in the base run 

Objective Sub-objective Indicator 
Policy run 

P1 P2-1 P2-2 P3 P4-1 P4-2 P4-3 

Ec
on

om
ic

 

Production of 
strategic 

crops (Policy 
objective 1) 

Wheat 0.98 1.01 1.05 1.08 1.08 1.07 1.11 
Sugar beet 0.95 1.03 0.98 1.09 1.05 1.10 1.02 

Colza 0.65 0.80 0.31 1.88 0.95 0.87 0.55 
Production of 
forage crops 

(Policy 
objective 2) 

Barley 0.82 1.09 0.64 0.99 1.20 1.21 1.08 
Silage maize 0.94 0.97 0.97 1.05 1.09 1.07 1.17 

Alfalfa 0.96 0.96 0.84 1.66 0.96 0.99 0.94 

Productivity 
(Policy 

objective 3) 

Water 1.01 0.99 0.93 1.05 1.08 1.05 0.94 
Labour 1.03 0.98 0.92 1.11 1.13 1.10 0.97 
Land 1.04 0.98 0.93 0.98 0.99 0.97 0.86 

Net income Income 0.96 1.00 0.85 1.08 1.07 1.05 0.93 
Production 

cost 
Production 

cost 0.93 1.04 1.08 1.15 1.11 1.14 1.28 

Subsidy 
Fertilizer 0.97 1.03 0.96 1.12 1.10 1.10 1.09 
Irrigation 
system 1.05 1.05 1.01 4.01 3.97 4.01 3.97 

So
ci

al
 

Overall self-
sufficiency 

Energy 0.94 0.99 0.95 1.09 1.08 1.08 1.11 
Protein 0.95 1.00 0.96 1.10 1.08 1.08 1.11 

Household 
self-

sufficiency 

Energy 0.79 1.00 0.98 0.95 0.97 0.96 0.98 

Protein 1.02 1.01 1.05 0.99 0.97 0.96 1.11 

Employment Total 
employment 0.93 1.01 0.92 0.98 0.94 0.95 0.96 

Income 
distribution 

(equity) 

Gini 
coefficient 1.00 1.02 1.08 1.08 1.08 1.10 1.12 

En
vi

ro
nm

en
ta

l 

Nitrogen 
leaching N Loss 0.96 0.98 0.94 0.94 0.91 0.94 0.88 

Pesticide use Pesticide use 0.93 1.02 0.97 1.10 1.07 1.08 1.08 

Fertilizer use 
Fertilizer (N) 0.97 1.00 0.95 1.10 1.07 1.08 1.06 
Fertilizer (P) 0.95 1.03 0.96 1.10 1.09 1.09 1.08 
Fertilizer (K) 0.87 0.89 1.07 0.90 0.77 0.97 0.79 

Agricultural 
land use Cropped area 0.92 1.02 0.92 1.11 1.07 1.09 1.08 

Agricultural 
water use 

Irrigation 
water use 0.95 1.00 0.91 1.03 0.99 1.00 0.99 
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With respect to the indicators for policy objective 2 (increasing production of 
forage crops), the production of alfalfa and barley shows more variation than 
that of silage maize in the various policy runs (Figure 6.2-b). Maximum 
production of alfalfa is attained in policy run P3 (1895 Mg), i.e. 1.66 times that 
in the base run, while production of silage maize and barley is higher in policy 
runs P4-1, P4-2 and P4-3. Maximum production of silage maize and barley is 
attained in policy runs P4-3 and P4-2. In neither of the policy runs are the most 
favourable values for all three indicators of policy objective 2 combined. Hence, 
selection of the most appropriate policy instrument for this policy objective is 
not unequivocal. 
 
Examination of the indicators related to policy objective 3 (increasing 
productivity of agricultural inputs) shows that only in policy run P1 the values 
of all indicators are higher than in the base run (Figure 6.2-c). Maximum values 
of water and labour productivity are attained in policy run P4-1, i.e. 8 and 13% 
higher, respectively than in the base run. In addition, the relative increase in 
labour productivity is larger than that in water and land productivity in policy 
runs P3, P4-1, P4-2 and P4-3 (Figure 6.2). The productivity of inputs expressed 
in different terms (net income, energy and protein) shows different trends. 
Water and labour productivity in terms of energy and protein are higher in 
policy run P4-3 than in the other policy runs (Table 6.12). 
 

Table 6.12. Ratio of productivity of agricultural inputs based on net income, energy and 
protein in different policy runs and that in the base run 

Productivity Term  P1  P2-1  P2-2  P3  P4-1  P4-2  P4-3 
Water Income 1.01 0.99 0.93 1.05 1.08 1.05 0.94 

Energy 0.99 0.99 1.04 1.05 1.10 1.07 1.12 
Protein 1.00 0.99 1.05 1.06 1.10 1.07 1.13 

Land Income 1.04 0.98 0.93 0.98 0.99 0.97 0.86 
Energy 1.02 0.97 1.04 0.98 1.01 0.99 1.03 
Protein 1.03 0.98 1.04 0.99 1.01 0.99 1.03 

Labour Income 1.03 0.98 0.92 1.11 1.13 1.10 0.97 
Energy 1.01 0.98 1.03 1.12 1.15 1.13 1.16 
Protein 1.02 0.98 1.04 1.13 1.15 1.13 1.16 

 
Net income of farm households is higher in policy runs P3, P4-1 and P4-2 than 
in the base run. In policy run P1, both indicators of farm household objectives 
(net income and production cost) are lower than in the base run. Net income is 
highest in policy run P3, i.e. 8% higher than in the base run, combined with 
15% higher production cost, while in policy run P4-1, income is 7% higher with 
an 11% increase in production cost.  
 
Total food production and overall self-sufficiency are highest in policy run P4-
3. In all policy runs, except P2-1, total employment is lower than in the base 
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run, with the lowest value in policy run P2-2. In all policy runs, the inequality in 
income distribution, as expressed in the Gini coefficient, exceeds that in the 
base run. The most unfavorable value for this indicator is attained in policy run 
P4-3. As the installation cost of sprinkler irrigation systems per unit area 
increases with decreasing farm size, the system is adopted on large farms, 
resulting in increased income, while income of the small farms, where the 
system is not adopted, is not affected. Labour requirements of sprinkler 
irrigation systems are lower than those of surface systems, so that total labour 
requirements decrease with increasing area of sprinkler irrigation systems. 
 
From an environmental point of view, more favorable values than in the base 
run for all indicators are attained only in policy run P1. In terms of the 
individual indicators, policy runs P4-3, P2-2 and P4-1 show better performance 
than P1 and the base run for the indicators N Loss, N-fertilizer use and K-
fertilizer use, respectively. 
 
6.6 Evaluation of policy instruments 
As indicated in the introduction, selection and assessment of indicators is an 
important step in the policy formulation process. The overall value of a policy 
(instrument) depends on its overall impact, taking into account all indicators. As 
illustrated for the different indicators in Section 6.5, it is difficult to select the 
most appropriate policy instrument, even for one policy objective, as no single 
instrument leads to improvements in all indicators. Therefore, a multi-criteria 
evaluation technique is used for analysis and aggregation of the indicators. Such 
a multi-criteria evaluation of the impacts of policy instruments evaluates the 
performance of each policy instrument with respect to the various indicators. 
DEFINITE software (Janssen et al., 2001) was used for the analysis that 
includes the following steps: 
 
6.6.1 Standardization of indicators 
Indicators should be standardized before further analysis, as they are expressed 
in different units and display different ranges of values (Table 6.10). All 
indicators were converted into utility with a value between 0 and 1, using the 
maximum standardization method (Table 6.13). In this method, scores are 
standardized with a linear function between 0 and the highest absolute score. 
For a benefit effect the absolute highest score is indicated with 1, for a cost 
effect the lowest score becomes 1 (Sharifi, 2005). It would be better to decide 
about the standardization method for each indicator individually. 
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6.6.2 Assigning priorities to objectives, sub-objectives and 
indicators 

The relative importance of the objectives, sub-objectives and indicators for each 
sub-objective was defined through assignment of a weight factor. A structured 
pair-wise comparison method (Sharifi et al., 2004) was applied to determine the 
weights. In this method, objectives, sub-objectives and indicators are first sorted 
based on their importance from most to least important. The relative importance 
of each indicator is then derived through comparison with its neighbour. Since 
the indicators are in rank order, an indicator in comparison with the adjacent 
one can be equally, weakly more or strongly more important. In this method, 
the most important indicator is not compared to the least important one and only 
the two adjacent ones are compared with each other (Taleai et al., 2007).  In this 
process, equally important indicators attain identical values. Weakly and 
strongly more important indicators will receive 1 and 2 extra points in value 
judgment, respectively. Ideally, this process should be carried out in 
collaboration with the relevant stakeholders. As time constraints prevented 
stakeholder consultations, weights were assigned based on subjective judgment 
of the author: Economic objectives were assumed more important than social 
and environmental objectives. Weight settings within the economic objective 
are presented in Table 6.14 as an example. Table 6.15 shows weights derived 
for each objective, sub-objective and all indicators.  
 
 

Table 6.14. Weight settings within the economic objective (Method: Structured pair-wise 
comparison) 

 

Production 
of 

strategic 
crops 

Production 
of forage 

crops 
Productivity Net 

Income 
Production 

cost Subsidies Weight 

Production 
of strategic 
crops  

1 2 2 2 3 4 0.315 

Production 
of forage 
crops  

 1 1 1 2 3 0.176 

Productivity    1 1 2 3 0.176 
Net Income    1 2 3 0.176 
Production 
cost     1 2 0.097 

Subsidies      1 0.060 
 
 



Chapter 6 

 205

Table 6.15. Weights of main objectives, sub-objectives and indicators at each level and 
overall weight of the indicators determined by structured pair-wise comparison 

Level 1 Level 2 Level 3 
Overall 

Objective weight sub-objective weight Indicator Level 3 

Economic 0.60 

Production of 
strategic crops 

(Policy objective 
1) 

0.315 

Wheat 0.50 0.095 

Sugar beet 0.25 0.047 

Colza 0.25 0.047 

Production of 
forage crops 

(Policy objective 
2) 

0.176 

Barley 0.33 0.035 

Silage maize 0.33 0.035 

Alfalfa 0.33 0.035 

Productivity 
(Policy objective 

3) 
0.176 

Water 0.50 0.053 

Labour 0.25 0.026 

Land 0.25 0.026 

Net income 0.176 Net income  0.105 

Production cost 0.097 Production 
cost  0.058 

Subsidy 0.060 
Fertilizer 0.50 0.018 
Irrigation 
system 0.50 0.018 

Social 0.20 

Overall self-
sufficiency 0.424 

Energy 0.50 0.042 

Protein 0.50 0.042 

Household self-
sufficiency 0.227 

Energy 0.50 0.023 

Protein 0.50 0.023 

Employment 0.227 Total 
Employment 1 0.045 

Income 
distribution 

(equity) 
0.122 Gini 

coefficient 1 0.024 

Environmental 0.20 

Nitrogen 
Leaching 0.250 N Loss 1 0.050 

Pesticide use 0.250 Pesticide use 1 0.050 

Fertilizer use 0.250 

Fertilizer (N) 0.33 0.017 

Fertilizer (P) 0.33 0.017 

Fertilizer (K) 0.33 0.017 
Agricultural water 

use 0.125 Irrigation 
water use 1 0.025 

Agricultural land 
use 0.125 Cropped area 1 0.025 
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6.6.3 Ranking of the policy runs 
The policy runs were ranked based on the scores of the indicators and their 
relative importance for the various objectives using a weighted additive linear 
function (weighted sum). Results of the multi-criteria analysis (Table 6.16) 
show that policy run P3 ranks first. This policy run yields the highest score for 
the economic objective, but the lowest score for the environmental objective. 
The first rank thus derives from the high weight assigned to the economic 
policy objective and the smaller variation in scores of the best and worst policy 
runs with respect to the environmental objective. Obviously, if other priorities 
would have been assigned to the indicators and their corresponding sub-
objectives and objectives, the ranking would have been different. In the practice 
of policy formulation, the priorities should be based on the views of the 
decision makers. In fact, the multi-criteria evaluation should be used as a forum 
for discussion, negotiation and decision-making involving all stakeholders.  
 
Table 6.16. Overall score and scores of the economic, social and environmental objectives in 

the multi-criteria evaluation of the various policy runs 

Policy run Economic  Social  Environmental  Overall 

Base 0.76 0.83 0.06 0.64 
P1 0.73 0.78 0.12 0.62 
P2-1 0.75 0.83 0.06 0.63 
P2-2 0.67 0.79 0.11 0.58 
P3 0.82 0.85 0.03 0.67 
P4-1 0.78 0.84 0.06 0.65 
P4-2 0.77 0.84 0.04 0.63 
P4-3 0.7 0.86 0.07 0.61 

 
6.6.4 Uncertainty analysis 
To evaluate the robustness of the ranking, an uncertainty analysis on the 
weights and scores has been carried out. Errors in the scores (assuming 10% 
error in the scores of all indicators) would result in some changes in the middle 
part of the rankings, but the same policy runs would be selected as the most and 
the least favorable (Table 6.17).  Even 20% error in the weights of all indicators 
would not affect the ranking of the policy runs (Table 6.18).  
 
6.6.5 Sensitivity analysis 
 The difference between the overall scores of the two most effective policy runs 
(P3 and P4-1) is small (Table 6.16). An analysis was carried out to determine 
the weights of the main objectives that would lead to reverse ranking of these 
two policy runs.  
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To reverse the order in the ranking of the two top policy runs, the weight of the 
economic objective should be reduced by 50% in favor of the environmental 
objective (Table 6.19), meaning that the decision makers would have to strongly 
change their minds to arrive at an alternative ranking. In other words, only 
stakeholders with widely diverging views would select different policy 
instruments, so it can be concluded that the ranking is robust.  
 
Table 6.17. Probability of different policy runs obtaining different ranks due to uncertainty 

in the scores (10% error in the scores of all indicators) 

Polic
y run 

Rank Overall 
score (out 

of 8) 1 2 3 4 5 6 7 8 

P3 0.64 0.24 0.06 0.04 0.01 0.00 0.00 0.00 7.40 
P4-1 0.11 0.33 0.29 0.16 0.08 0.02 0.00 0.00 6.11 
Base 0.18 0.19 0.11 0.11 0.12 0.10 0.11 0.08 5.06 
P4-2 0.01 0.09 0.25 0.32 0.24 0.08 0.01 0.00 5.03 
P2-1 0.02 0.07 0.18 0.26 0.27 0.15 0.05 0.01 4.67 
P1 0.04 0.07 0.10 0.10 0.16 0.19 0.20 0.16 3.68 
P4-3 0.00 0.00 0.00 0.01 0.10 0.39 0.45 0.06 2.58 
P2-2 0.00 0.00 0.00 0.01 0.03 0.07 0.19 0.70 1.46 
 
 

Table 6.18. Probability of different policy runs obtaining different ranks due to errors in 
their weights (20% error in the weights of all indicators, sub-objectives and objectives) 

Policy 
run 

Rank Overall 
score (out 

of 8) 1 2 3 4 5 6 7 8 

P3 1 0 0 0 0 0 0 0 8 
P4-1 0 1 0 0 0 0 0 0 7 
Base 0 0 0.67 0.34 0 0 0 0 5.72 
P4-2 0 0 0.34 0.63 0.03 0 0 0 5.31 
P2-1 0 0 0 0.03 0.97 0 0 0 4.03 
P1 0 0 0 0 0 0.98 0.02 0 2.98 
P4-3 0 0 0 0 0 0.02 0.98 0 2.02 
P2-2 0 0 0 0 0 0 0 1 1 
 
 
Table 6.19. Weights of the main objectives used in the overall multi-criteria assessment and 

at the reversal point of runs P3 and P4-1 
Objective Original weight Weight at reversal  point 

Economic 0.60 0.31 
Social 0.20 0.22 
Environmental 0.20 0.47 
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6.6.6 Analysis of results 
The integrated impact assessment of the policy instruments shows that policy 
run P3 is the most attractive, followed by P4-1. Implementation of the policy 
instruments specified in these runs results in expansion of the area under 
sprinkler irrigation systems to 2000 ha. The difference between the two policy 
runs is in the duration of water availability in the canal: In P4-1, 12 months, 
compared to 7 months in P3. This difference results in a 1 and 4% lower total 
net income and total production cost, respectively in P4-1, as a consequence of 
the different cropping activities that are selected. Consequently, different 
impacts are expected on the different indicators. The impacts in policy run P3 
are superior to those in P4-1 in terms of the social and economic objectives, but 
are less favorable in terms of the environmental objective. Examination of the 
overall scores of the impacts of all policy runs shows that policy run P3 is the 
most favorable in terms of the economic, second in terms of the social and most 
unfavorable in terms of the environmental objective. The most unfavorable 
policy run is P2-2 in which the price of both, canal and groundwater is 
increased. The most unfavorable but one is run P4-3, which is the same as P2-2, 
with the addition of an expanded area under sprinkler irrigation systems.  
 
Increasing the price of canal water hardly affects the behavior of farmers, as 
illustrated by the small differences in the overall scores for the various 
objectives (economic, social and environmental) of runs that only differ in the 
price of canal water (P1 vs. base run and P4-1 vs. P4-2) (Table 6.16). This is the 
consequence of the low price of canal water, and thus its small share in the total 
production costs.  
 
On the other hand, the price of groundwater has a larger influence on the 
behavior of farmers and consequently on the scores of the various objectives, as 
the cost of groundwater constitutes a much larger proportion of the total 
production costs. Impacts are most unfavorable in policy runs P2-2 and P4-3, in 
both of which the price of groundwater is increased.  That results in the lowest 
values of net income, at 85 and 93%, respectively of that in the base run. 
Increasing the price of groundwater leads to increased (land, labour and water) 
productivity in terms of produced energy and protein, but reduced productivity 
in monetary terms (Table 6.12). As the productivity indicators have been 
defined as economic indicators, increasing the groundwater price results in 
more unfavorable values for the economic indicators, but in improved values for 
almost all environmental indicators (comparison of the impacts in policy runs 
P2-2 vs. P2-1 and P4-3 vs. P4-2).  
 
As the irrigation efficiency of sprinkler irrigation systems is higher than that of 
surface irrigation, and water availability is the major constraint for agriculture in 
the region, the total cropped area and as a result total fertilizer and pesticide use 
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are higher in these systems. Hence, increasing the area of pressurized irrigation 
systems (compare impacts in P3 with the base run) leads to more favorable 
overall scores for the economic and social objectives, but more unfavorable 
scores for the environmental objective.  
 
Increasing the period of water availability in the canal from 7 to 12 months (P1 
vs. the base run and P4-3 vs. P3) results in lower net income and production 
cost, with a greater reduction in production cost. This is due to the differential 
weights assigned to net income (0.7) and production cost (0.3) in the model. 
The assumption is that farmers are taking into account both net income and 
production cost to select their cropping activities. Overall assessment of the 
indicators shows that this policy measure results in more unfavorable scores for 
the economic and social objectives and more favorable scores for the 
environmental objective.  
 
Results of this analysis show that different policy instruments show interactions 
and that implementation of a combination of different policy instruments would 
not be the best policy. In this study, in policy run P4-3, representing 
implementation of the combination of all policy instruments, water productivity 
in terms of energy and protein is highest, but the overall score is lowest. Thus, 
the question arises whether higher water productivity should be pursued at all 
costs.  
 
6.7 Discussion and conclusions  
6.7.1 Methodology 
Policy formulation starts with definition of policy objectives, followed by 
identification of potentially available policy instruments and assessment and 
analysis of policy impacts. Usually, policy makers want to attain a multitude of 
policy objectives with varying priorities, as was illustrated for agricultural 
policy makers in Iran. Various policy instruments are available to policy makers 
to influence the behavior of farmers in order to achieve their objectives. For 
selection of the most appropriate policy instrument, ex-ante analysis is required 
to identify the response of farm households to their implementation, as a basis 
for establishing the effectivity and efficiency of the instruments.  
 
The response of farm households to various policy instruments has been 
determined using a distributed simulation model that integrates their biophysical 
and socio-economic situation at local level (farm type - land unit). This model 
simulates the selection of a mix of cropping activities for different types of farm 
households for different land units within each village (spatially), taking into 
account the possible effects of various policy instruments. These activities are 
aggregated to higher spatial scales (farm type, village and sub-district). Social, 
economic and environmental indicators, required to assess the policy 
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instruments, are aggregated for each policy instrument at these different scales. 
This provides a basis for policy impact analysis at different scales, based on 
site-specific information. Development and application of this distributed model 
is one of the strengths of this study. 
 
The multi-criteria evaluation technique which has been applied for overall 
assessment of the policy instruments allows evaluation of their impacts on 
policy objectives from different perspectives.  
 
Results of this type of analysis can be used as a basis for negotiation among 
various stakeholders with different objectives. Policy makers can also use this 
approach to learn more about the acceptability of various policy instruments and 
their expected effectivity and efficiency. 
 
This type of analysis can support policy makers in selecting the most 
appropriate policy instrument(s) before implementation, and thus save time and 
money and reduce frustration. If the situation would change, the model could be 
updated and the analysis repeated to examine whether action is required. 
 
In practice, the best results are to be expected when the priority of the relevant 
indicators is determined in collaboration and discussion with the various 
stakeholders. In the current study, a (subjective) bias has been introduced 
towards economic indicators. A bias in the list of indicators is one of the 
weaknesses of many developed impact assessment tools (Van Ittersum et al., 
2008).  On the other hand, the results of the uncertainty and sensitivity analyses 
show that the ranking of the policy instruments is not very sensitive to 
deviations in the scores and weights of the indicators. However, further analysis 
is necessary to establish the range in scores and weights among different 
stakeholders.  
 
The method of standardization of the indicators is also important in determining 
their score. In principle, one should try to develop proper value function for 
each indicator. In this study, all indicators were converted to utility, applying 
the maximum standardization method.  
 
6.7.2 Expansion of the methodology 
In this study, only a few policy instruments were analyzed, although many 
others could have been studied. For this purpose, the simulation model (Chapter 
5) should be adapted for examination of alternative policy instruments. 
Depending on the selected policy instrument, input/output tables or model 
parameters should be adapted or it may be necessary to add (an)other set(s) of 
constraints. Easy updating of the model has been a consideration in the process 



Chapter 6 

 211

of model development. For this purpose, all parameters and calculations have 
been defined at the lowest spatial scale possible. 
 
Subsidies on energy and agricultural inputs were part of the policy instruments 
in the various national development plans in Iran. However, in the latest 
development plan, reducing the subsidies was identified as a new policy 
objective. By reducing the subsidies, production cost will increase as will crop 
farm gate prices, the magnitudes depending on the contribution of subsidies to 
the production cost. The higher crop prices may result in lower demand, which 
could lead to a reduction in crop prices. In this study, prices were defined as 
exogenous variables; therefore, this tool may not be very suitable for subsidy 
analysis. For more realistic results in subsidy analyses, it might be better to 
determine prices exogenously, using macro-economic models (Khaledi, 2007) 
or expert knowledge, and introduce the new set of prices in the optimization 
model. So, connecting micro and macro level analyses is essential for analysis 
of this type of policy instruments (Sissoko, 1998; Van Ittersum et al., 2008).    
 
Providing technical support to farmers is a new policy instrument, recently 
introduced in Iran. Agricultural engineers are giving technical support to 
farmers with low production efficiency. This policy instrument can also be 
analyzed with the current model, as crop production efficiency is one of the 
characteristics of the farm types identified.   
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7 General discussion 
 
Agriculture is one of the most important sectors in the Iranian economy, 
providing a substantial proportion of the food to the country’s 70 million 
inhabitants, in addition to raw materials for some of its industries. The 
contribution of the agricultural sector to the value of non-oil exports (year 2005) 
and total employment (year 2006) was around 22 and 18%, respectively (SCI, 
2006; IRICA, 2007). The sector is the major user of land and water in the 
country. More than 17 million hectares of land are cultivated and about 94% of 
all available water in Iran is used in agricultural production (Alizadeh and 
Keshavarz, 2005).   
 
Agricultural planning and policy formulation in Iran is carried out as part of 
national development planning. After formulation of nine national development 
plans, ample experience in planning has been built up, which is mainly based on 
general information about existing resources, vague goals, and expert judgment. 
Although extensive detailed information related to bio-physical and socio-
economic conditions has been and is being collected, that is rarely used in the 
planning process. One of the reasons for this situation is the lack of an 
appropriate discussion and decision support tool that allows integration of 
biophysical and socio-economic information in the planning and policy 
formulation process. Therefore, there is a need for a support system that can 
integrate and aggregate (detailed) biophysical and socio-economic information 
at various spatial scales to facilitate agricultural planning. 
 
The number of issues and the associated problems involved in agricultural 
policy formulation are immense. On the one hand because the agricultural 
sector is expected to contribute to a wide range of objectives, such as food 
security and food safety, production of raw materials for industries, generation 
of employment, generation of export income, provision of ecological goods and 
services, to mention the most important ones, and on the other hand, because 
the agricultural sector is heterogeneous, comprising a relatively large number of 
producers, each with its own resources, constraints and aspirations. Moreover, 
increasingly, consumers and special interest groups, such as nature 
conservationists and animal protection groups claim a stake in the agricultural 
production process and its impacts on quality of the food and the natural 
resources. Consequently, contributions from a wide range of disciplines are 
required to assess and analyze the impacts of agricultural policies. Tensions 
between aggregation levels, between stakeholders and between disciplines 
which frequently occur (Rabbinge and Van Ittersum, 1994), make agricultural 
system analysis complex, tedious and thus very difficult. Under these 
conditions, formulating policies and selecting policy instruments to achieve 
agricultural policy objectives that may be in conflict with other objectives of 
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policy makers and with those of other stakeholders, is challenging. Therefore, 
ex-ante assessment of the effects of agrarian policies on objectives of different 
stakeholders, including policy makers and on agricultural sustainability is an 
absolute necessity for agricultural planners and policy makers.  
 
Iran, like many other countries in the world, has launched many different 
programs and projects to evaluate the capacity of its various resources. In the 
framework of these projects and programs, large amounts of detailed data and 
additional information on different themes have been and are being collected, 
e.g., social, economic, biophysical, that constitute rich data sources, some of 
which are directly and some indirectly related to the agricultural sector. On the 
other hand, in the scientific community, many natural and socio-economic 
processes are studied, and the insights gained in these studies have been 
formalized in the form of various agro-ecological and bio-economic models that 
can potentially be used in support of the agricultural planning and policy 
formulation processes (Van Keulen, 2007). In the social and decision sciences, 
knowledge about planning and decision support systems has increased. 
Integration of these models, data and knowledge in a system to support 
agricultural planning and policy formulation is an important issue that receives 
extensive attention in the research community (e.g., (Bazzani, 2005a; López-
Ridaura et al., 2005; Roetter et al., 2005; Nidumolu et al., 2006; Hengsdijk et 
al., 2007; Van Ittersum et al., 2008; Sterk et al., 2009) and was the subject of 
this research.  
 
This study aimed at development and evaluation of an appropriate spatial 
planning support system to formulate agricultural policies and assess the impact 
and effectiveness of possible policy instruments. The system follows the 
framework for planning and decision making as developed by Sharifi and Zucca 
(2009). It will make use of the relevant and available socio-economic and 
biophysical information, and data collected for research and development 
projects by various organizations.   
 
The specific research objectives were: 
1. To develop a model for land resource analysis 
2. To develop a planning model that integrates biophysical and socio-

economic information to support agricultural policy formulation 
3. To develop a model to support policy impact analysis 
 
The system should provide a base for analysis at different spatial scales and 
negotiations among various stakeholders, including agricultural planners at 
different positions. As planning is a dynamic process and the “planning 
process” is becoming more important than the “plan” itself (Sharifi, 2003), the 
planning process requires proper support. 
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The philosophy behind this study was that a concept should be developed that 
can be implemented for agricultural policy formulation within the framework of 
national development planning.  Therefore, the study has focused on 
methodology development, using one of the districts of Esfahan province as a 
case study. Following extensive discussions with policy makers on the 
usefulness and effectivity of the methodology, it may be extended to other 
regions in the country. 
 
7.1 Strengths of the methodology 
The planning support system developed in this study integrates detailed data 
from different sources and organizations (e.g., Ministry of Jihad-e-Agriculture, 
Ministry of Energy, meteorological stations, agricultural research institutes, 
disciplinary specialists, farmers) in different formats (reports, databases, maps, 
…) to support agricultural policy formulation and analysis.  
 
In this section, some of the strong points of the methodology are discussed. 
 
7.1.1 Spatial estimation of biophysical input-outputs 
Spatial and temporal variability in biophysical resources and their impacts on 
crop yields and input requirements for crop production have been taken into 
account. Use of agro-ecological models to estimate crop production and its 
input requirements (water and fertilizer) per land unit for single and double 
cropping systems is one of the strengths of the method. Results of the 
biophysical resource analysis show significant spatial and temporal variation in 
yields, water and fertilizer requirements. These characteristics also vary 
significantly for different irrigation regimes and cropping systems.  
 
The results of spatial analyses of biophysical resources can be used for different 
purposes (Chapter 5) by agricultural planners; in this study, they were used for 
generation of biophysical input-output coefficients in the planning model. 
Traditionally, agricultural planners in Iran have been using average crop yields, 
production targets and input requirements over the district in their plans, 
estimated on the basis of trend analyses of crop yields and production inputs, 
neglecting spatial variation in resource qualities. Use of location-specific input-
output coefficients and spatial estimation of production resources (e.g., land and 
water) improves the quality of the analyses by reducing the aggregation bias due 
to spatially fixed input-outputs and ignoring inter-farm type variability in 
resource endowments (Jansen and Stoorvogel, 1998). 
 
Spatial analysis of biophysical resources can be used to identify and assess 
(spatial) policy instruments. The policy instrument(s) that might be effective in 
achieving the policy objectives can be related, among other factors, to the gap 
between current and potential levels of crop production. This issue was not 
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pursued in the current study, as the policy objectives and policy instruments that 
were analyzed were extracted from current agricultural policy documents in 
Iran.  
 
7.1.2 Integration of biophysical and socio-economic data 
Identification of an integrated unit of analysis was one of the crucial points for 
integration of biophysical and socio-economic data (Mohamed et al., 2000), as 
these data are reported for different spatial units (e.g., socio-economic data at 
the village scale, i.e. an administrative unit and biophysical data at the land unit 
scale, i.e. a natural resource unit), and its effects on the magnitude of 
aggregation bias (Day, 1963; Jansen and Stoorvogel, 1998). The integrated unit 
of analysis (farm type-land unit, FTLU) in this study is a combination of farm 
type (FT, identified based on data from agricultural holdings in the agricultural 
census of 2003) and land unit (LU, identified based on soil and administrative 
data), homogenous units in terms of socio-economic and biophysical 
characteristics, respectively. In each FTLU, resource endowments (e.g., land 
and water), potential production level and production efficiency are relatively 
similar. Therefore, based on Day’s principle (Day, 1963), this should lead to 
restricted aggregation bias (Mohamed, 1999).  
 
Separation of land unit and farm type is useful for possible updating of these 
units in the course of development. The properties of farm types that are 
assumed homogenous in terms of socio-economic characteristics, may change 
substantially in a relatively short time in the course of agricultural development, 
through for instance specialization or expansion, contrary to those of land units 
that only change over much longer time horizons.  
 
In policy assessment, the integrated biophysical and socio-economic 
information is applied to simulate the reaction of farm households to policy 
instruments. Biophysical data at land unit scale were used for simulation of crop 
production in the potential and water-limited production situations. As the crop 
growth simulation model does not consider crop management, the concept of 
production efficiency was introduced in the farm classification to convert 
potential biophysical input-output coefficients at land unit scale to expected 
input-output coefficients at farm type-land unit scale. Socio-economic data were 
introduced into the system at farm type, village and sub-district scales.  
 
7.1.3 Stakeholder involvement 
Unfortunately, in this study stakeholders were insufficiently involved, as time 
constraints prevented extensive stakeholder consultations, but their possible 
involvement is considered in the design of the system, specifically in the sub-
systems of policy impact assessment and policy analysis. Objectives of farmers 
used in this study (net income and production cost) were derived from 



Chapter 7 

 217

interviews and discussions with farmers in different groups of agricultural 
production systems, managers of agricultural cooperatives, local officials and 
experts of the Jihad-e-Agriculture organization, provincial and national 
agricultural planners. As the (relative) importance of objectives is not the same 
for all farm types, in the model a provision is included to assign weights to 
different objectives for different farm types. The relative importance of different 
objectives for each farm type should be determined in consultations with and 
analysis of different groups of farmers.  
 
Policy makers constitute the most important group of stakeholders involved in 
the process of policy impact assessment and analysis. Policy formulation starts 
with identification of policy objectives and relevant policy instruments. To 
assess the impact of different policy instruments, which aim at interventions in 
different components of the system, the planning model should be adapted. 
Policy impact analyses can be carried out from the perspective of policy makers 
at different spatial scales (e.g., local, provincial or national) or from that of 
different interest groups (e.g., agricultural, environmental, economic, consumer, 
etc.).  
 
Transparent discussions, with participation of all relevant stakeholders can be 
based on explicit results of the model, provided there is agreement on the 
indicators. Discussions in which national and provincial policy makers 
participate might reduce the conflicts and disagreements about proposed plans 
between national and provincial planners. 
 
7.1.4 Integrated assessment of policy impacts  
A multi-criteria evaluation technique was used for integrated assessment of the 
policy impacts on the various social, economic and environmental objectives 
from the various perspectives of stakeholders. The most challenging issues in 
this analysis are the selection of the indicators and the assignment of their 
weights (preferences). It is not realistic to expect policy makers and 
stakeholders to be able to quantify the weights for the various objectives in 
advance (Sharifi et al., 2002). The structured pair-wise comparison method 
(Sharifi et al., 2004) is a simple method suggested to guide weight assignment. 
This method is carried out in two steps, which makes it easier for stakeholders: 
First a ranking is proposed of all indicators, after which each indicator is 
compared to its neighbor in verbal form (equally, weakly more or strongly more 
important) (Taleai et al., 2007). Although the weight assignment is challenging, 
analyses can be repeated easily by changing the weights and comparing the 
individual scores of the indicators, as well as the overall score. Such multiple 
analyses allow illustration of the consequences of priority setting in the 
objectives on the degree of goal attainment and the exchange values between 
different objectives. The DEFINITE software (Janssen et al., 2001) which was 



General discussion 

 218 

used in this study for multi-criteria analysis, supports sensitivity and uncertainty 
analysis on the weights and the scores of the indicators, which is useful for 
testing the robustness of the ranking, as a basis for selection of the most 
favorable policy instrument(s). 
 
7.1.5 Multi-scale analysis 
The developed model for agricultural policy formulation is a distributed model 
that simulates the behavior of farm households in response to policy measures, 
taking into account their socio-economic situation, the biophysical 
characteristics of their land and various production constraints at different 
spatial scales. Aggregation bias which is inherent in linear programming 
models, can be considerably reduced in the developed model for policy 
formulation, by selecting an appropriate basic planning (modelling) unit and the 
linkage between the planning models at different spatial scales. The regional 
model is constructed through aggregation of the farm type-land unit models and 
in linking, constraints were specified at different levels. 
 
The decision on the relevant agricultural policy is mainly based on the overall 
assessment of the impacts of policy instruments at higher spatial scales such as 
the district, but impacts of policy instruments at lower scales such as farm 
(type), village, Dehestan and sub-district are also important for policy and 
decision makers, especially since the ‘ultimate’ decisions on land use (change) 
are made at farm (household) scale. In this study, impacts of policy instruments 
on the selected indicators are determined at the scale of the basic planning unit 
(FTLU) and then aggregated to higher scales. Therefore, the impacts of the 
policy instruments can be assessed at different spatial scales. 
 
In addition, the aggregated outputs of the model can be used by agricultural 
planners to estimate the requirements for agricultural inputs such as fertilizers 
and pesticides.  
 
7.2 Limitations/weaknesses of the methodology  
In this section, some of the weaknesses/limitations of the planning support 
system are discussed, per sub-system.  
 
7.2.1 Biophysical resource analysis  
Homogeneity of the EMUs The Elementary Mapping Units (EMU) were 
assumed homogenous in terms of soil, weather and administrative unit. 
However, they might show different degrees of homogeneity, because: 
a)  The most detailed available soil maps were used that were of different 

scales in different parts of the district. 
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b) As no information was available on the borders of the villages, borders were 
created on the basis of Thiessen polygons. As a result, village polygons 
might not be accurate.  

c) Weather was assumed homogenous over the agricultural area in each 
village. Weather characteristics were generated by interpolation of weather 
data from the weather stations for the centre of each village. In large 
villages (with the synthetic borders), the weather could be different in the 
centre of the EMUs and at its borders, although this difference is unlikely to 
be significant in terms of crop yields and input requirements.  

 
Validity of crop parameters  Several cultivars for each crop are cultivated in 
the study area, but only one set of characteristics for a specific cultivar for each 
crop was used for growth simulation in the entire district. Moreover, crop 
characteristics of silage maize, sugar beet, sunflower and potato were calibrated 
only marginally, because of lack of field data.  
 
Different accuracy in the spatial estimates of crop yield and water 
requirements WOFOST could not be applied for some of the crops in the study 
area, either because of model limitations or lack of available data for model 
calibration.  The alternative approach that was used for estimation of the water 
requirements of alfalfa, melon, water melon and colza could not properly take 
into account the spatial variation in crop water requirements. The crop 
coefficients used for calculation of the water requirements vary spatially, 
because of the spatial variation in weather characteristics, but in this study an 
average value for the entire district was used. Although WOFOST is a generic 
crop growth simulation model and use of a generic model is preferable, its 
application for indeterminate crops such as melon and watermelon is difficult. 
Incorporation of a routine for such crops could be an option in its further 
development. 
 
Limitations of the crop growth simulation model in the water-limited 
production situation WOFOST, the model applied for crop growth simulations 
has some shortcomings in the water-limited production situation: 
 The root zone is assumed homogenous in vertical direction 
 Interactions of water and nutrients are not taken into account 

 
7.2.2 Policy impact assessment 
Homogeneity of farm types Farm type classification was based on agricultural 
census data from the district, using statistical analysis, using available land, 
available water, production efficiency and net income per ha as criteria. In 
estimating these variables, assumptions had to be made that may not be valid 
for all farm households. For example, total available water for the farms was 
calculated assuming full irrigation of the crops (applying the potential water 
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requirements) and fixed irrigation efficiency for all farms. In addition, in 
estimating the production efficiency, actual yields were divided by calculated 
potential yields per crop for each village. Potential water requirements and crop 
yields were estimated in the biophysical resource analysis based on daily 
weather data of the census year. These values were thus derived from the 
models, that may have errors. As a result, the homogeneity of the farm types 
distinguished cannot be unequivocally established. 
 
Distribution of land and water resources among farm type-land units In the 
absence of (spatial) information on the ownership of the land and water 
resources, several assumptions were made to distribute available land and water 
among the villages and farm types. Although the applied methodology for this 
distribution can be considered one of the strong points of this study, 
improvements may be possible.  
 
 Digital maps of land and water resources were available, but it was not clear 

to which village and which farm type they belonged. Allocation of land and 
water resources among villages was thus based on the village borders, 
created using the Thiessen polygons.   

 
 The area of each land unit has been partitioned among the farm types in the 

village, based on the number of farm types and the available land per farm 
type. This assumption may not be valid for smallholders.  

 
 Total available water in each village has been distributed among the farm 

types in the village based on the number of farm types and the available 
water per farm type, calculated in the farm type classification. This assumes 
that water is freely available to all users within the village.  

 
Modelling issues Despite the qualities of the developed bio-economic model in 
simulating the response of farm households to implementation of policy 
instruments, there are possibilities to improve.  
 
 Crop rotation Crop rotations were considered in earlier versions of the 

model (Farhadi Bansouleh et al., 2008), but have subsequently been 
removed, because of lack of local data to quantify sequence effects of crops 
as a basis for generation of input-output coefficients for crop rotations.  

 
 Animal and horticultural activities More than 30% of the agricultural 

holdings in Borkhar & Meymeh district owned at least 2 animals in the year 
2003. Animal husbandry, fruit tree cultivation and greenhouse activities 
should be included in the bio-economic model, as they are using part of the 
agricultural resources (e.g., land, water, and labor) and are thus in 
competition with arable cropping activities. These activities may also 
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influence the farmers’ objectives and constraints. In this study, these 
activities and their effects on the behavior of farmers were not taken into 
account. In the current model, only one constraint (alfalfa production 
constraint) related to animal husbandry activities was specified for some of 
the farm types. Although alfalfa is cultivated in the district and used for 
animal feeding, it was not selected by the model, as it can not compete 
financially with other crops and income from animal husbandry activities 
was not included in the model. To force the model to select alfalfa which is 
needed to feed animals, the constraint on alfalfa production was specified 
for large holdings and agro-industrial units, which practice animal 
husbandry as an economic activity. 

 
 Irrigation regimes for each crop in double cropping activities In the current 

model, both winter and summer crops in double cropping activities are 
assumed to apply the same irrigation regime, which, in practice is not 
always the case.  

 
 Risk  Risk is an important issue in agricultural planning, for instance with 

respect to both, crop production and prices (Laborte, 2006). It was not 
investigated in this study and should be considered in subsequent versions 
of the model. 

 
 Other objectives of farmers and the weights of the objectives in the 

discussion with farmers Some of the farm types may have other objectives 
than considered in this study. The objectives of farmers and their relative 
importance should be determined in discussions and consultations with 
farmers’ representatives. In an earlier version of the model, maximization of 
water productivity was also considered one of the objectives of farmers 
(Farhadi Bansouleh et al., 2008), but it was omitted in the final version of 
the model, as it is an objective of policy makers not farmers. 

 
Data issues: All data that were used in this study were available from earlier 
studies and projects. Collection and management of these data was a major task, 
as they were stored in different organizations in different formats. This made 
data collection, saving data in databases, and quality control of data a time-
consuming and tedious task. Some data were not made available at all for this 
study or only after a prolonged period and complex negotiations. 
Inconsistencies appeared in the data and maps provided, sometimes even within 
one organization. One of the strengths of this study was development of a 
planning support system based on accessible data.   
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7.2.3 Policy analysis 
 Vague list of policy objectives Careful examination of agricultural 

development documents yielded a long list of objectives for agricultural 
planning that, however were vague and too general. Identification, 
quantification and prioritization of relevant indicators for all these 
objectives needs further study and discussions with planners and policy 
makers involved in the actual practice of national and/or regional 
development planning. However, by increasing the number of indicators, 
assessment of policy instruments will become more difficult.  

 
 Limited involvement of stakeholders Although the importance of 

stakeholder involvement in the development of a collaborative spatial 
planning support system was understood, insufficient attention was paid to 
stakeholder consultation in this study.  

 
 Bias in the water and irrigation issues A bias toward water and irrigation 

management is apparent in the list of activities and policy instruments in the 
current study. This bias has two reasons: 1) Importance of water and 
irrigation in Iran Water is the major constraint for agricultural development 
in most of Iran, especially in the study area which has a dry climate. 
Therefore, irrigation methods and regimes leading to high water use 
efficiencies are promoted by agricultural policy makers and used by 
farmers. 2) Interest and position of the author as one of the stakeholders: 
The author is an irrigation engineer who is working in the Water 
Engineering Department of Razi University, Iran, involved in teaching and 
research in the field of irrigation and water management.  

 
7.3 Operational issues for application of the system 
The methodology developed in this study can be applied to other regions 
(districts) of the country, as it was developed on the basis of data availability in 
Iran. No primary data collection was carried out, as one of the starting points for 
this study was that all required data for this system would have to be extracted 
from earlier and on-going projects, programs and studies. Implementation of 
this system in other regions requires data for and knowledge of the models 
developed for biophysical resource analysis, policy impact assessment and 
policy analysis. Almost all required data for implementation of the system are 
available for different administrative units in Iran. Scarcity of data, such as for 
solar radiation does not limit application of crop growth simulation models, as 
this characteristic can be derived from other weather characteristics, e.g., 
sunshine-hours and temperature with acceptable accuracy. Calibration and 
validation of crop characteristics needs at least two years of detailed field 
experimentation, which should be planned.  
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Understanding of the basic principles of the three types of models used in this 
study is required for implementation and possible modification of the system in 
other regions. The following issues should be considered for operationalization 
of this system.  
 
Complexity of the system Complexity in the spatial planning support system 
for agricultural policy formulation is unavoidable, because agricultural planning 
is complex and influenced by a wide variety of factors and processes such as 
policy objectives of policy makers, biophysical characteristics of the land, 
availability and quality of other resources, available technologies for 
agricultural production, markets, type of policy instruments, aims and 
aspirations of farmers, etc. Moreover, some of these elements vary in time 
and/or space or among (groups of) agricultural production systems. The 
complexities in the developed system reside mainly in the biophysical resource 
analysis and policy impact assessment parts that should be executed by analysts. 
The multi-criteria evaluation technique, which was applied in the overall 
assessment of policy impacts, looks easy, but it is not. It needs stakeholder 
analysis, consultation with the stakeholders, and translation of the verbal 
preferences of stakeholders into weights of objectives from different 
perspectives. 
 
Knowledge requirements Knowledge from different disciplines (e.g., soil 
science, meteorology, agronomy, economics, environmental sciences, social 
sciences, planning, simulation, etc.) is used in the developed system.  For 
implementation of this system in other districts, elements of the models (e.g., 
list of activities, input-output coefficients of the activities, priority of objectives, 
available resources, etc.) should be modified, based on the situation in that 
district. Therefore, for implementation of the system in other districts, basic 
knowledge about these models is required. 
 
User-friendly interface for interaction between different models The 
developed system comprises different models, in which part of the outputs of 
one model were used as input in another model.  As the focus of this study was 
on system development rather than system automation, interactions between the 
models are carried out manually. Development of a user-friendly interface to 
integrate all these models and data would be a useful addition to the system. 
 
Investment requirements Crop characteristics included in the crop growth 
simulation model are variety-specific. These characteristics should be calibrated 
and validated based on at least two years field data. Considering the different 
varieties cultivated in different parts of the country, a major investment should 
be made in a national research project to collect the necessary information. 
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It is recommended to design a national research project to calibrate and validate 
crop characteristics for major crops/varieties in different climates of Iran. Use of 
available data from historical and on-going research would be an option for 
calibration of crop characteristics. In some agricultural studies, especially in 
agronomy departments, daily field observations are recorded. This wealth of 
data could be used to initiate calibration of crop characteristics, as crop varieties 
cultivated in Iran are generally location-specific.  

 
Up-scaling of the methodology The original objective of this study was to 
develop a planning support system for national level; however, the question is 
whether the applied methodology can be applied at provincial and national 
level. A multi-disciplinary research project is required for up-scaling of the 
developed planning support system to provincial and national level. In the 
aggregation, the link between micro and macro levels should be considered, and 
prices of crop products should become endogenous. Involvement of agricultural 
planners, especially experts of APERI, the Agricultural Planning and Economic 
Research Institute, involved in supporting agricultural policy formulation in the 
Iranian Ministry of Jihad-e-Agriculture, would increase the chances of 
development of an appropriate planning support system for agricultural policy 
formulation at national level.  
 
7.4 Concluding remarks  
The system developed in this study represents a relevant further step in the 
development of computer-aided decision support systems for land use analysis 
that have received ample attention in the research community, in response to the 
perceived needs of policy makers (Sterk et al., 2009). As these authors 
extensively document, however, impact of these modeling tools in what has 
been called the ‘unruly practice of land use planning’ (Van Keulen, 2007) is 
extremely difficult to assess. It thus appears that still a long way has to be gone 
to bridge the gap between ‘the policy makers that are asking questions that land 
use modelers cannot answer and the land use modelers that are generating 
answers to questions that policy makers are not asking’, to paraphrase an 
assessment by prof. C.T. De Wit of Wageningen Agricultural University, one of 
the ‘fathers’ of land use modeling (De Wit et al., 1988). 
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Summary 
 
In this study, a system was developed to support agricultural planners and 
policy makers in land resource analysis, policy formulation, identification of 
possible policy measures and policy impact analysis. The research is part of a 
larger programme, aiming at development of a model system to support 
agricultural policy formulation at national level. The current study focused on 
methodology development and its implementation in Borkhar & Meymeh 
district in Esfahan province, Iran.  
 
The system comprises three main components, i.e. resource analysis, policy 
impact assessment and policy evaluation. The biophysical resource analysis was 
carried out using CGMS, the Crop Growth Monitoring System which includes 
WOFOST, a generic crop growth simulation model. This model simulates 
growth of annual crops in the potential and water-limited production situations, 
based on daily weather data, crop characteristics and soil physical 
characteristics. For this purpose, crop characteristics of winter wheat and winter 
barley were calibrated based on research data from the agro-meteorological 
research center of Kaboutar Abad, Esfahan, Iran. Crop characteristics of silage 
maize, sugar beet, sunflower and potato were calibrated based on yields of the 
best agricultural producers in the region. 
 
For the weather stations in which solar radiation was not measured, it was 
estimated from sunshine-hours or temperature, using empirical relations. A 
sensitivity analysis on method of solar radiation estimation was carried out to 
test model performance in terms of simulated crop yield and water requirements 
for winter barley and sugar beet as representatives of winter and summer crops, 
respectively. Results of this analysis showed that the maximum difference in 
simulated crop yield based on estimated and measured solar radiation is less 
than 10%.  
 
CGMS was used for land resource analysis at the regional (district) scale. The 
potentially suitable area for agriculture in the district was identified and 
classified into 128 homogenous units (referred to in this study as Elementary 
Mapping Units, EMU) in terms of soil, weather and administrative unit. For 
each EMU, soil physical characteristics were derived from available soil maps 
and soil analyses reports. Daily weather characteristics (maximum and 
minimum temperature, vapor pressure, wind speed, rainfall, and solar radiation) 
were generated for the centre of each EMU by interpolation of daily weather 
data of 33 weather stations, located in and around the district. CGMS was then 
modified to allow calculation of irrigated crop yields. Yields of major crops and 
water requirements per decade were simulated using CGMS for three irrigation 
regimes (full irrigation, 20% and 40% deficit irrigation).  Fertilizer requirements 



Summary 

 242 

for the three macro-nutrients, nitrogen, phosphorus and potassium, for each 
level of crop production were estimated based on soil chemical characteristics, 
crop yields and nutrient content in economic crop products and crop residues. 
An alternative methodology was developed for spatial estimation of crop yields, 
water and fertilizer requirements of crops (alfalfa, melon, watermelon, and 
colza) that could not be simulated by CGMS, either because of model 
limitations or lack of data for model calibration.  The ratio of current and 
potential crop yields, referred to as production efficiency, was used as an 
indicator of management ability of farmers and was used in farm classification.  
 
The policy formulation process consists of three steps: i) selection of policy 
objectives, ii) identification of policy instruments and iii) assessment and 
analysis of their impacts. In this study, policy objectives and relevant policy 
instruments were derived from the latest agricultural development documents. A 
model was developed to assess the impacts of policy instruments and another 
model for analysis of these impacts from different perspectives.  As reactions of 
farmers to policy instruments may be different, depending on their socio-
economic situation and the biophysical characteristics of their land, a planning 
(modelling) unit was defined, homogenous in terms of biophysical and socio-
economic characteristics. For this purpose, farms belonging to each of the 
agricultural production systems (e.g., traditional, cooperative and agro-
industrial) were classified into farm types, based on land and water availability, 
overall production efficiency and average net income per ha. These farm types 
were combined with land units to form the basic units of analysis, i.e. farm 
type-land units (FTLU), homogenous in terms of biophysical potential, as well 
as in resource endowments and management ability of farmers.  
 
A distributed linear programming model was developed to assess policy 
impacts by simulating the response of the various farm types to specific policy 
instruments. This model is optimizing a utility function, composed of a 
combination of net income and production cost, subject to various constraints at 
different spatial scales (e.g., farm type-land unit, farm type, village, and sub-
district). The model was validated based on the conditions of the year 2002-03 
by comparing simulated crop yields and total crop production in Borkhar sub-
district with detailed agricultural census data. Indicators, representing the 
effect/impact of policy instruments on economic, social, and environmental 
objectives of various stakeholders were selected and quantified in a post-model 
analysis.  
 
In a model experiment, the reactions of the different farm types to three policy 
instruments, aiming at increasing agricultural water productivity in Borkhar 
sub-district were simulated.  A multi-criteria evaluation technique was used for 
policy analysis through overall assessment of the various economic, social and 
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environmental indicators to evaluate the effectiveness of various policy 
instruments.  
 
The developed system represents a further step in the development of computer-
aided decision support systems for land use analysis that have received ample 
attention in the research community, in response to the perceived needs of 
policy makers. The consultations with planners in the course of the study, leads 
to the conclusion, however, that still a long way has to be gone to bridge the gap 
between the policy makers that are asking questions that land use modelers can 
not answer and the land use modelers that are generating answers to questions 
that policy makers are not (willing to) ask(ing). 
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Samenvatting 
In deze studie is een systeem ontwikkeld ter ondersteuning van 
landbouwkundige planners en beleidsmakers bij de analyse van natuurlijke 
hulpbronnen, formulering van beleid, identificatie van mogelijke 
beleidsmaatregelen en analyse van de effecten van invoering van dergelijke 
maatregelen. Deze studie maakt deel uit van een groter onderzoeksprogramma, 
gericht op de ontwikkeling van een model ter ondersteuning van het formuleren 
van landbouwbeleid op nationale schaal. De huidige studie richtte zich op de 
ontwikkeling van methodologie en toepassing van di methode in Borkhar & 
Meymeh district in de provincie Esfahan, in Iran. 
 
Het systeem bestaat uit drie grote onderdelen, namelijk analyse van natuurlijke 
hulpbronnen, beleidsontwikkeling en beleidsevaluatie. De biofysische analyse 
van de natuurlijke hulpbronnen is uitgevoerd met behulp van CGMS, het Crop 
Growth Monitoring System, waarvan WOFOST, een generiek 
simulatiemodel.voor de groei van éénjarige gewassen, deel uitmaakt. Dit model 
simuleert de groei van éénjarige gewassen in de potentiële en de water-beperkte 
productiesituaties, op basis van dagelijkse weersgegevens, 
gewaskarakteristieken en fysische bodemkarakteristieken. Daartoe zijn de 
eigenschappen van wintertarwe en wintergerst gekalibreerd, gebaseerd op 
gegevens uit onderzoek in het agrometeorologische onderzoekscentrum van 
Kaboutar Abad, Esfahan, Iran. Gewaskenmerken van snijmaïs, suikerbiet, 
zonnebloem en aardappelen zijn geijkt op basis van de opbrengsten van de beste 
agrarische producenten in de regio. 
 
Voor de weerstations waar zonnestraling niet was gemeten, is die straling 
geschat op basis van gemeten zonne-uren of van temperatuur, met behulp van 
empirische relaties. Een gevoeligheidsanalyse is uitgevoerd om de gevoeligheid 
van modeluitkomsten, in termen van gesimuleerde opbrengsten en benodigde 
hoeveelheden water, te toetsen voor wintergerst en suikerbiet als 
vertegenwoordigers van de winter- en de zomergewassen. De resultaten laten 
zien dat het maximale verschil in gesimuleerde opbrengst gebaseerd op 
geschatte en gemeten zonnestraling minder is dan 10%. 
 
CGMS is gebruikt voor de analyse van de natuurlijke hulpbronnen op regionale 
schaal. Het potentieel voor landbouw geschikte areaal in het district werd 
vastgesteld en verdeeld in 128 eenheden, homogeen in termen van 
bodemkarakteristieken, weersgesteldheid en administratieve eenheid (in deze 
studie worden die eenheden aangeduid als Elementary Mapping Units, EMU). 
Voor iedere EMU zijn de bodemfysische karakteristieken afgeleid uit 
beschikbare bodemkaarten en bodemanalyses. Dagelijkse weersgegevens 
(maximum en minimum temperatuur, luchtvochtigheid, windsnelheid, neerslag 
en zonnestraling) zijn gegenereerd voor het centrum van elke EMU door 
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interpolatie van de dagelijkse weersgegevens van 33 weerstations, gelegen in en 
rondom het district. CGMS is daarna aangepast om berekening van de 
opbrengst van geïrrigeerde gewassen mogelijk te maken. De opbrengsten van de 
belangrijkste gewassen en de waterbehoeften per tiendaagse periode zijn 
gesimuleerd met behulp van CGMS voor drie irrigatieregimes (volledige 
irrigatie, 20% en 40% deficit irrigatie). De kunstmestbehoeften voor de drie 
macronutriënten, stikstof, fosfor en kalium, voor ieder van de productieniveaus 
zijn berekend op basis van bodemchemische kenmerken, gewasopbrengsten en 
nutriëntengehalten in de hoofdproducten en de gewasresten.  
Een alternatieve methode is ontwikkeld voor de ruimtelijke schatting van 
gewasopbrengsten en water- en kunstmestbehoeften voor de gewassen (luzerne, 
meloen, watermeloen, en koolzaad) die niet konden worden gesimuleerd door 
CGMS, hetzij als gevolg van beperkingen van het model of vanwege het 
ontbreken van gegevens voor calibratie van het model.  
De verhouding van actuele en potentiële opbrengsten, gedefinieerd als 
productie-efficiëntie, is gebruikt als indicator voor de kwaliteit van het beheer 
van de bedrijven en is gebruikt in de bedrijfsclassificatie. 
 
Het proces van beleidsformulering bestaat uit drie stappen: i) selectie van de 
beleidsdoelstellingen, ii) identificatie van relevante beleidsinstrumenten en iii) 
beoordeling en analyse van hun effecten. Beleidsdoelstellingen zijn afgeleid uit 
recente beleidsdocumenten. Vervolgens is een model ontwikkeld om de effecten 
van de verschillende beleidsmaatregelen vast te stellen, en een model om de 
effecten te beoordelen vanuit verschillende perspectieven. De reacties van 
boeren op beleidsmaatregelen kunnen verschillen, in afhankelijkheid van hun 
sociaal-economische omstandigheden en de kwaliteit van hun land. Daarom zijn 
planningeenheden gedefinieerd die homogeen zijn in zowel sociaal-economisch 
als biofysisch opzicht.  
Bedrijven uit elk van de verschillende productiesystemen (traditionele, 
coöperatieve en agro-industriële) zijn geclassificeerd in bedrijfstypen, gebaseerd 
op de beschikbaarheid van land en water, hun productie-efficiëntie en het 
gemiddelde netto inkomen per ha. Deze bedrijfstypen zijn gecombineerd met 
landeenheden om te komen tot de basiseenheden van de analyse, de 
bedrijfstype-landeenheden (FTLU), homogeen in termen van biofysisch 
potentieel, beschikbaarheid van hulpbronnen en de beheerscapaciteit van de 
boeren.  
 
Een gedistribueerd lineair programmeringsmodel is ontwikkeld om de respons 
van de verschillende bedrijfstypen op het invoeren van de beleidsmaatregelen te 
simuleren. In het model wordt een ‘utilityfunctie’ geoptimaliseerd, die bestaat 
uit een combinatie van het netto inkomen en de productiekosten, met 
verschillende beperkingen gedefinieerd op verschillende ruimtelijke schalen 
(bijv. bedrijfstype-landeenheid, bedrijfstype, dorp, en sub-district). Het model is 
gevalideerd op basis van de situatie in het jaar 2002-03 door vergelijking van 
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gesimuleerde opbrengsten en totale productievolumes van verschillende 
gewassen in Borkhar sub-district, met gedetailleerde gegevens uit de 
landbouwtelling. Indicatoren, die de effecten weergeven van beleidsmaatregelen 
op de economische-, sociale- en milieudoelstellingen van de verschillende 
belanghebbenden zijn geïdentificeerd en gekwantificeerd in een post-model 
analyse. 
 
In een experiment met het model zijn de reacties van de verschillende 
bedrijfstypen gesimuleerd op drie beleidsmaatregelen, gericht op het verhogen 
van de waterproductiviteit in de landbouw in Borkhar sub-district. Een multi-
criteria evaluatietechniek is gebruikt voor een overall analyse van de 
verschillende indicatoren om de effectiviteit van de verschillende 
beleidsmaatregelen vast te stellen. 
 
Het ontwikkelde systeem vormt een belangrijke verdere stap in de ontwikkeling 
van computer-aided beslissingsondersteunende systemen voor 
landgebruiksanalyse, zoals die ruime aandacht hebben gekregen in de 
onderzoekswereld, in response op de aanwezig geachte behoeften van 
beleidsmakers. De interactie met planners in de loop van de studie hebben 
geleid tot de conclusie dat er nog een lange weg te gaan is om de afstand te 
overbruggen die bestaat tussen de beleidsmakers die vragen stellen die de 
ontwikkelaars van landgebruiksmodellen niet kunnen beantwoorden en de 
ontwikkelaars van landgebruiksmodellen die antwoorden genereren op vragen 
die beleidsmakers niet (willen) stellen. 
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ارزيابی منابع  در اين مطالعه يک سيستم جهت پشتيبانی برنامه ريزان و سياست گزاران کشاورزی در
اين تحقيق بخشی از يک برنامه وسيعتر . تدوين و آناليز سياستهای کشاورزی تهيه گرديد و  اراضی

ين سياستهای کشاورزی در سطح ملی می می باشد که هدف آن ارايه يک سيستم پشتيبانی برای تدو
شهرستان (در مطالعه کنونی تمرکزروی تدوين متدو لوژی و بکار بردن آن در يک شهرستان . باشد

 .بوده است) برخوارو ميمه واقع در استان اصفهان
  

 برآورد آثارو تعيين ) 2ارزيابی منابع اراضی، ) 1سيستم تدوين شده دارای سه زير سيستم به نامهای 
سيستم نظارتي  ارزيابی منابع بيو فيزيکی با استفاده از .ارزيابی آثار سياستها می باشد) 3سياستها و 

. می باشد، انجام گرفت WOFOSTکه شامل مدل شبيه سازی رشد گياه  )1CGMS(رشد محصول 
WOFOST  يک مدل عمومی)Generic (می باشد که قادر  محصولات کشاورزی شبيه سازی رشد
براساس ) کم آبياری(گياهان زراعی يک ساله را درشرايط پتانسيل و آبياری محدود  است رشد

. خصوصيات گياهی، اطلاعات روزانه هواشناسی و خصوصيات فيزيکی خاک شبيه سازی کند
. بايد برای گياهان مختلف بر اساس شرايط محلی کاليبره شود WOFOSTپارامترهای گياهی مدل  
ای گياهی اين مدل برای گندم و جو براساس اطلاعات موجود ازمشاهدات و در اين مطالعه پارامتره

. تحقيقات انجام گرفته در مرکز تحقيقات هواشناسی کشاورزی کبوتر آباد اصفهان کاليبره گرديد
و سيب زمينی براساس ) آجيلی(پارامترهای گياهی برای ذرت علوفه ای، چغندرقند، آفتابگردان 

  . گرديد ر عملکردهای ثبت شده در منطقه به طور تقريبی کاليبرهاطلاعات موجود و حداکث
  

تشعشع خورشيدی يکی از پارامترهای اساسی در رشد گياه می باشد که در تعداد کمی از ايستگاههای 
اين پارامترهواشناسی در ايستگاههايی که اندازه گيری نشده است از . هواشناسی اندازه گيری می شود

محاسبه ) ساعات آفتابی يا درجه حرارت(براساس سايرپارامترهای هواشناسی طريق روابط تجربی 
آناليز حساسيت روی نتايج مدل شبيه سازی رشد گياه نسبت به روشهای مختلف برآورد تشعشع . گرديد

به عنوان نمايندگان ( عملکرد و آب مورد نياز گندم و ذرت علوفه ای  برای اين منظور. انجام گرديد
براساس تشعشع خورشيدی محاسبه شده با روشهای مختلف، با استفاده ) ستانه و تابستانهمحصولات زم

نتايج آناليزنشان داد که بيشترين ميزان .  برآورد و مورد آناليزقرار گرفت WOFOSTاز مدل 
اختلاف در عملکرد برآورد شده براساس تشعشع محاسباتی با روشهای مختلف با عملکرد برآورد شده 

  .درصد می باشد 10تشعشع اندازه گيری شده کمتر از براساس 
  

در . استفاده گرديد) شهرستان(ارزيابی منابع اراضی درسطح منطقه جهت  CGMSدر اين مطالعه از
واحد در  128(اين راستا ابتدا اراضی مناسب برای کشاورزی مشخص وسپس به تعدادی واحد همگن 

) Land Unit; LU(ضی اواحد ار ، وو اداری تقسيم از نظر خاک، اقليم) شهرستان برخوارو ميمه
واحدهای همگن از روی نقشه ها و گزارشهای خصوصيات فيزيکی خاک هر کدام از اين . ناميده شدند

درجه حرارت حداقل و حداکثر، ( پارامتر های  روزانه هواشناسی  .خاکشناسی موجود استخراج گرديد
در مرکز ثقل هر کدام از ) گی و تشعشع خورشيدی، بارند)رطوبت نسبی(سرعت باد، فشاربخار

) درون شهرستان و يا مجاور آن( ايستگاه هواشناسی  33واحدهای همگن با ميانيابی داده های روزانه 
عمده منطقه درحالت پتانسيل برای  محصولات) برای هر دهه(عملکرد و آب موردنياز. توليد گرديد

قادر به درنظر گرفتن آبياری بطورمستقيم  CGMSآنجا که از . هرکدام ازواحدهای همگن محاسبه شد
از طريق اين برنامه . نيست، برنامه جداگانه ای برای محاسبات زمان و عمق آبياری تهيه گرديد

درصد کم آبياری محاسبه ودر زمانی که بايد  40و  20مقدارآب خالص جهت آبياری در رژيمهای 

                                                 
1  Crop Growth Monitoring System 
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در حالت آبياری محدود بيانگروضعيت  CGMSنتايج . رديدآبياری انجام گيرد به بارندگی اضافه گ
يونجه، خربزه، (تعدادی از گياهان موجود در منطقه . رويشی گياه با رژيم آبياری اعمال شده می باشد

به دلايل محدوديت مدل و يا کمبود اطلاعات جهت کاليبراسيون پارامترهای گياهی ، )  هندوانه و کلزا
برای محاسبه عملکرد و آب موردنيازاين گياهان در واحدهای . مدل نبودندقابل شبيه سازی با اين 

نيتروژن، فسفر و (ميزان کود مورد نياز برای سه عنصراصلی . همگن  يک روش ترکيبی ارائه گرديد
برای تمامی محصولات و ) درصد کم آبياری 40و  20آبياری کامل، (درسطوح مختلف توليد ) پتاسيم

اس خصوصيات شيميايی خاک، ميزان عملکرد و درصد اين عناصر در واحدهای همگن براس
نسبت عملکرد جاری به عملکرد پتانسيل  که کارايی . محصول اصلی و بقايای گياهی برآورد گرديد

ناميده شده است، شاخصی از وضعيت مديريت مزرعه می باشد ) Production efficiency(توليد 
  .است که در گروه بندی مزارع بکار رفته

  
) 3و  هاتعيين سياست) 2انتخاب اهداف سياستی  ) 1: فرآيند تدوين سياست شامل سه مرحله می باشد

در اين مطالعه، اهداف و ابزارهای سياستی از سندهای . و تعيين سياست مطلوب ارزيابی آثار سياستها
العه روی مرحله عمده تمرکزاين مط.  مربوط به توسعه بخش کشاورزی ايران استخراج گرديده است

آثارابزارهای سياستی و مدلی ديگر برای آناليز ) برآورد(يک مدل برای تعيين . اين فرآيند می باشد 3
از آنجا که واکنش کشاورزان به ابزارهای سياستی با توجه . اين آثار از ديدگاههای مختلف تهيه گرديد

يکی اراضی آنها ممکن است اجتماعی آنها و همچنين خصوصيات بيوفيز-به خصوصيات اقتصادی
اجتماعی و بيوفيزيکی تعريف -متفاوت باشد، واحد برنامه ريزی همگنی از نظرشرايط اقتصادی

سنتی، شرکتهای تعاونی توليد و ( از سيستمهای توليد  يک برای اين منظور بهره برداران هر. گرديد
 کلاس نگين درآمد در هکتار بهبراساس ميزان آب، زمين، راندمان توليد و ميا) واحدهای کشت ودام

با تقسيم کردن اراضی واحدهای . گروه بندی شدند) Farm Type; FT( بهره برداریهای مختلف 
های موجود در آن واحد، واحدهايی همگن از نظر منابع  Farm Typeبين )  Land Unit(ارضی 

 ( Farm type-Land unitاجتمايی توليد گرديد که در اين مطالعه  -بيوفيزيکی و شرايط اقتصادی
  . و به عنوان کوچکترين واحد برنامه ريزی انتخاب گرديدميده شده نا) FTLUاً اختصار

  
يک مدل برنامه ريزی خطی برای هر يک از واحدهای برنامه ريزی تعيين آثارسياستها ه منضورب

های بزرگتر از قبيل از اجتماع و به هم پيوستن مدل واحدهای برنامه ريزی، مدل واحد تدوين گرديد که
را شبيه  هاواکنش گروههای مختلف کشاورزان به سياست اين مدل. ده، دهستان و بخش به دست آمد

اين مدل اهداف کشاورزان را که ترکيبی از درآمد خالص و هزينه توليد ميباشد با توجه . سازی می کند
. بهينه می سازد) و بخش ، روستا، دهستان FTLU ،FT( به محدوديتهای مختلف در سطوح مختلف 

 در بخش برخوار 2002 – 2003جهت بررسی اعتبار مدل تهيه شده، مدل براساس شرايط سال 
با آمار ) سطح زير کشت و توليد محصولات مختلف( اجرا و نتايج مدل   شهرستان برخوارو ميمه

  . استخراج شده از سرشماری کشاورزی در همان سال مقايسه گرديد
      

ه ازمدل تدوين شده واکنش کشاورزان بخش برخوار به سه ابزارسياستی پيشنهاد شده جهت با اسفاد
آثارسياستها روی اهداف . افزايش بهره وری آب در بخش کشاورزی مورد بررسی قرار گرفت

، محاسبه  اقتصادی، اجتماعی و زيست محيطی توسط شاخص هايی که به اين منظور تعريف گرديده
از ) Multi Criteria Evaluation(استفاده از روش ارزيابی چند معياره  اين شاخصها با. شد

ديدگاههای مختلف قابل بررسی و آناليز می باشند که در مطالعه کنونی به عنوان نمونه از يک ديدگاه 
  .اين آناليز انجام گرفت

   
تری پشتيبان تصميم سيستم ارايه شده دراين مطالعه قدم ديگری است در زمينه توسعه سيستمهای کامپيو

گيری برای تجزيه وتحليل کاربری اراضی که با توجه به نياز سياستگزاران، به طور قابل ملاحظه ای 
از مشورتهای انجام شده در طول اين تحقيق با برنامه . در جامعه تحقيقاتی به آن پرداخته شده است
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تا فاصله بين سياستگزاران و تهيه ريزان ميتوان نتيجه گرفت که هنوز راه طولانی در پيش می باشد 
سياستگزاران سوالاتی را می پرسند که تهيه کنندگان . کنندگان مدلهای کاربری اراضی برداشته شود

مدلهای کاربری اراضی نميتوانند به آنها جواب بدهند و تهيه کنندگان مدلهای کاربری اراضی 
 .نيستجوابهايی را آماده می کنند که مورد سوال سياستگزاران 
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Annex 1: Calibrated crop file of barley 
 
CRPNAM='Barley , Iran, Kabutarabad' 
 
** emergence 
TBASEM   =  0.0    ! lower threshold temp. for emergence [cel] 
TEFFMX   =  30.0    ! max. eff. temp. for emergence [cel] 
TSUMEM   =  210.0     ! temperature sum from sowing to emergence [cel d] 
 
** phenology 
IDSL     =   0      ! indicates whether pre-anthesis development depends 
                    ! on temp. (=0), daylength (=1) , or both (=2) 
DLO      = -99.0    ! optimum daylength for development [hr] 
DLC      = -99.0    ! critical daylength (lower threshold) [hr] 
TSUM1    = 1147.0     ! temperature sum from emergence to anthesis [cel d] 
TSUM2    = 693.0     ! temperature sum from anthesis to maturity [cel d] 
DTSMTB   =   0.00,   0.00,     ! daily increase in temp. sum  
                         2.00,   2.00,     ! as function of av. temp. [cel; cel d] 
                        35.00,   35.00, 
                        45.00,   35.00 
DVSI = 0.           ! initial DVS 
DVSEND   =   2.00   ! development stage at harvest (= 2.0 at maturity [-]) 
 
** initial 
TDWI     = 200.00   ! initial total crop dry weight [kg ha-1] 
LAIEM    =   0.274 ! leaf area index at emergence [ha ha-1] 
RGRLAI   =   0.0075 ! maximum relative increase in LAI [ha ha-1 d-1]  
 
** green area 
SLATB    =   0.00,    0.0020,   ! specific leaf area   
                       0.45,    0.0020,   ! as a function of DVS [-; ha kg-1] 
                      1.05,    0.0020,  
                      2.00,    0.0020 
SPA      =   0.000  ! specific pod area [ha kg-1] 
SSATB =  0.0, 0.0,  ! specific stem area [ha kg-1] 
                  2.0, 0.0   ! as function of DVS 
SPAN     =  40.0  ! life span of leaves growing at 35 Celsius [d] 
TBASE    =   0.0    ! lower threshold temp. for ageing of leaves [cel] 
 
** assimilation 
KDIFTB = 0.0, 0.55, ! extinction coefficient for diffuse visible light [-]  
                   2.0, 0.55  ! as function of DVS 
EFFTB  = 0.0, 0.45, ! light-use effic. single leaf [kg ha-1 hr-1 j-1 m2 s] 
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        40.0, 0.45  ! as function of daily mean temp. 
AMAXTB   =   0.00,   35.00,      
                         1.00,   35.00,      
                         1.70,   35.00, 
                          2.00,    5.00 
TMPFTB   =   0.00,    0.00,     ! reduction factor of AMAX 
                      10.00,    1.00,     ! as function of av. temp. [cel; -] 
                      15.00,    1.00, 
                      30.00,    1.00, 
                      35.00,    0.00 
TMNFTB   =   0.00,    0.00,     ! red. factor of gross assim. rate 
                        3.00,    1.00      ! as function of low min. temp. [cel; -] 
 
** conversion of assimilates into biomass 
CVL      =   0.72  ! efficiency of conversion into leaves [kg kg-1] 
CVO      =   0.74  ! efficiency of conversion into storage org. [kg kg-1] 
CVR      =   0.72  ! efficiency of conversion into roots [kg kg-1] 
CVS      =   0.69 ! efficiency of conversion into stems [kg kg-1] 
 
** maintenance respiration 
Q10      =   2.0    ! rel. incr. in resp. rate per 10 Cel temp. incr. [-] 
RML      =   0.0300 ! rel. maint. resp. rate leaves [kg CH2O kg-1 d-1] 
RMO      =   0.0070 ! rel. maint. resp. rate stor.org. [kg CH2O kg-1 d-1] 
RMR      =   0.0100 ! rel. maint. resp. rate roots [kg CH2O kg-1 d-1] 
RMS      =   0.0150 ! rel. maint. resp. rate stems [kg CH2O kg-1 d-1] 
RFSETB   =   0.00,    1.00,     ! red. factor for senescence 
             2.00,    1.00      ! as function of DVS [-; -] 
 
** partitioning 
FRTB     =   0.00,    0.60,     ! fraction of total dry matter to roots 
                    0.40,    0.45,     ! as a function of DVS [-; kg kg-1] 
                    0.76,    0.04, 
                    1.00,    0.00, 
                    2.00,    0.00 
FLTB     =   0.00,    0.80,     ! fraction of above-gr. DM to leaves 
                    0.33,    0.80,     ! as a function of DVS [-; kg kg-1] 
                    0.80,    0.40, 
                    1.00,    0.10, 
                    1.01,    0.00, 
                    2.00,    0.00 
FSTB     =   0.00,    0.20,     ! fraction of above-gr. DM to stems 
                    0.33,    0.20,     ! as a function of DVS [-; kg kg-1] 
                    0.80,    0.60, 
                    1.00,    0.90, 
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                    1.01,    0.15, 
                    2.00,    0.00 
FOTB     =   0.00,    0.00,     ! fraction of above-gr. DM to stor. org. 
                    0.80,    0.00,     ! as a function of DVS [-; kg kg-1] 
                    1.00,    0.00, 
                    1.01,    0.85, 
                    2.00,    1.00 
            
** death rates 
PERDL    =   0.040  ! max. rel. death rate of leaves due to water stress 
RDRRTB   =   0.00,    0.000,    ! rel. death rate of stems  
                       1.50,    0.000,    ! as a function of DVS [-; kg kg-1 d-1] 
                      1.5001,  0.020, 
                       2.00,    0.020 
RDRSTB   =   0.00,    0.000,    ! rel. death rate of roots 
                        1.50,    0.000,    ! as a function of DVS [-; kg kg-1 d-1] 
                        1.5001,  0.000, 
                        2.00,    0.000 
 
** water use 
CFET     =   1.00   ! correction factor transpiration rate [-] 
DEPNR    =   4.5    ! crop group number for soil water depletion [-] 
IAIRDU   =   0      ! air ducts in roots present (=1) or not (=0) 
 
** rooting 
RDI      =  10.     ! initial rooting depth [cm] 
RRI      =   1.2    ! maximum daily increase in rooting depth [cm d-1] 
RDMCR    = 90.     ! maximum rooting depth [cm] 
 
** nutrients 
** maximum and minimum concentrations of N, P, and K 
** in storage organs        in vegetative organs [kg kg-1] 
NMINSO   =   0.0110 ;       NMINVE   =   0.0030 
NMAXSO   =   0.0310 ;       NMAXVE   =   0.0105 
PMINSO   =   0.0016 ;       PMINVE   =   0.0004 
PMAXSO   =   0.0060 ;       PMAXVE   =   0.0020 
KMINSO   =   0.0030 ;       KMINVE   =   0.0070 
KMAXSO   =   0.0080 ;       KMAXVE   =   0.0280 
YZERO    = 200.     ! max. amount veg. organs at zero yield [kg ha-1] 
NFIX     =   0.00   ! fraction of N-uptake from biol. fixation [kg kg-1] 
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Annex 2:  Average of soil characteristics of top soil in the 
villages of Borkhar & Meymeh district 
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1101 Ali Abad 7.4 6 12.8 10.6 44.9 6.4 157.6 
1102 Ali Abadchi 7.4 4.8 9.7 8.4 35.9 4.9 146.2 
1103 Donbai 7.5 2.8 21.5 6.6 21.4 10.6 146.0 
1104 Habib Abad 7.4 6 12.8 10.6 44.9 6.4 157.6 
1105 Komshecheh 7.3 3.8 15.4 7.8 27.8 7.9 172.7 
1106 Margh 7.5 2.8 21.5 6.6 21.4 10.6 146.0 
1107 Parvaneh 7.4 4.3 6.4 8.5 32.2 3.2 159.3 
1108 Shoorcheh 7.5 2.8 21.5 6.6 21.4 10.6 146.0 
1201 Dastgerd 7.4 4.5 11.1 10.8 33.7 5.6 196.4 
1202 Dawlat Abad 7.4 7 5.4 7 52.4 2.7 92.8 
1203 Khorzough 7.4 7 5.4 7 52.4 2.7 92.8 
1204 Mohsen Abad 7.2 3.7 8.7 6.6 26.4 4.7 161.0 
1205 Robat Soltan 7.8 4.5 8.1 7.1 36.7 3.1 82.1 

1206 Shahpour 
Abad 7.3 6.2 25.3 11.6 45.3 13.0 183.6 

1207 sherkat Iran 
chai 7.4 7.5 9 7.7 56.1 4.6 96.8 

2101 Hasan robat 
paein 7.6 8.5 42.9 7.1 66.5 20.6 66.2 

2102 laibid 7.6 8.5 42.9 7.1 66.5 20.6 66.2 
2103 Loshab 7.6 8.5 42.9 7.1 66.5 20.6 66.2 
2104 Mooteh 7.6 8.5 42.9 7.1 66.5 20.6 66.2 
2201 Azan 7.6 8.5 42.9 7.1 66.5 20.6 66.2 
2202 Ghasem abad 7.6 5.4 16.6 12.9 42.2 7.8 169.2 

2203 Jihad 
Khodkafaei 7.4 4.7 11.7 5.2 35.2 5.9 91.8 

2204 Khosro abad 8.1 4 14.8 8.4 34.7 5.7 60.0 
2205 Maravand 7.9 7 14.7 19.3 58.3 5.4 139.5 
2206 Meimeh 7.5 6 9.8 5.7 45.9 4.6 77.0 

2207 Robat agha 
kamal 7.9 7 14.7 19.3 58.3 5.4 139.5 

2208 Vandadeh 7.6 5.4 16.6 12.9 42.2 7.8 169.2 
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Annex 2 (continued):  Average of soil characteristics of top 
soil in the villages of Borkhar & Meymeh district 
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2209 Vazvan 7.6 13 43.8 32.7 101.7 20.6 214.8 
2210 Ziad abad 7.6 8.5 42.9 7.1 66.5 20.6 66.2 
3101 Gaz 7.5 5.1 12.7 8.4 39.0 6.1 127.5 
3102 Gorghab 7.3 4.6 8.6 10.2 33.6 4.5 199.3 
3103 Jafar Abad 7.4 4.4 11.5 5.8 32.9 5.8 107.0 
3104 Jehad abad 7.7 2 6.1 3.8 16.0 2.7 80.0 

3105 

mojtameh 
karkhaneh 
haee sanati 
va 
sangbori 

7.5 5.1 12.7 8.4 39.0 6.1 127.5 

3106 Noorabad 7.4 5.9 8.6 7.4 44.1 4.3 111.4 

3107 Shahin 
Shahr 7.3 4.6 8.6 10.2 33.6 4.5 199.3 

3108 Sin 7.3 3.8 9.5 13.2 27.8 5.0 292.3 

3109 yaghoot 
abad 7.8 4.5 8.1 7.1 36.7 3.1 82.1 

3201 Bagh 
miran 7.9 7 14.7 19.3 58.3 5.4 139.5 

3202 Bidashk 7.9 7 14.7 19.3 58.3 5.4 139.5 
3203 Kalahrood 7.9 7 14.7 19.3 58.3 5.4 139.5 
3204 khal sefid 7.4 2.9 7.1 7.3 21.7 3.6 174.2 

3205 Mazreh 
dastkan 7.4 4.7 11.7 5.2 35.2 5.9 91.8 

3206 Mazreh 
dogholi 7.8 4.5 8.1 7.1 36.7 3.1 82.1 

3207 Moorcheh 
khort 7.4 3.9 12.8 6.1 29.2 6.4 121.8 

3208 Padghan 
Darkhoein 7.3 4.5 5.7 5.4 32.9 3.1 107.1 

3209 Soh 7.9 7 14.7 19.3 58.3 5.4 139.5 
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Annex 3: Code of villages 
Village name Village ID Bakhsh 

code 
Dehestan 

code 
Village 

code 
Ali Abad 1101 

1  
(Borkhar) 

1 
 (Eastern 
Borkhar) 

01 
Ali Abadchi 1102 02 
Donbai 1103 03 
Habib Abad 1104 04 
Komshecheh 1105 05 
Margh 1106 06 
Parvaneh 1107 07 
Shoorcheh 1108 08 
Dastgerd 1201 

2  
(Central 
Borkhar) 

01 
Dawlat Abad 1202 02 
Khorzough 1203 03 
Mohsen Abad 1204 04 
Robat soltan 1205 05 
Shahpour Abad 1206 06 
Sherkat Iran chai 1207 07 
Hassan Robat paein 2101 

2  
(Meymeh) 

1 
 (Zarkan) 

01 
Laibid 2102 02 
Loshab 2103 03 
Mooteh 2104 04 
Azan 2201 

2 
(Vandadeh) 

01 
Ghasem Abad 2202 02 
Jihad khodkafaei 2203 03 
Khosro abad 2204 04 
Maravand 2205 05 
Meymeh 2206 06 
Robat agha kamal 2207 07 
Vandadeh 2208 08 
Vazvan 2209 09 
Ziad Abad 2210 10 
Gaz 3101 

3  
(Central) 

1 
 (Western 
Borkhar) 

01 
Gorghab 3102 02 
Jafar Abad 3103 03 
Jehad Abad 3104 04 
Mojtameh karkhaneh haee sanati  3105 05 
Noorabad 3106 06 
Shahin shahr 3107 07 
Sin 3108 08 
Yaghoot abad 3109 09 
Bagh miran 3201 

2  
(Moorcheh 

khoort) 

01 
Bidashk 3202 02 
Kalahrood 3203 03 
Khal sefid 3204 04 
Mazreh dastkan 3205 05 
Mazreh dogholi 3206 06 
Moorcheh khoort 3207 07 
Padghan darkhoein 3208 08 
Soh 3209 09 
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Annex 4: List of indices 

Index Description Members 

Crop Crops Wheat, Barley, Sugar beet, Sunflower, Potato, 
Maize, Alfalfa, Melon, Watermelon, Colza      

Cropsys Cropping systems 

Wheat, Barley, Maize, Sugar beet, Sunflower, 
Melon, Watermelon, Potato, Colza, Alfalfa, 
Wheat-Maize, Wheat-Melon, Wheat-Sunflower, 
Wheat-Watermelon, Barley-Maize, Barley-
Melon, Barley-Sunflower, Barley-Watermelon, 
Colza-Maize, Colza-Melon, Colza-Sunflower, 
Colza-Watermelon 

Irsys Irrigation systems Surface, Sprinkler 

Irman Irrigation 
managements 

Fully irrigation, 20 % Deficit irrigation, 40 % 
Deficit irrigation  

WR Water Resource Canal, qanat, well 
FT Farm types FT1*FT8, AI1*AI5, G1*G7, K1*K4 
LU Land units 128 land units in the district 
V Villages 47 villages in the district 

Dehestan Dehestans Eastern Borkhar, Central Borkhar, Western 
Borkhar, Moorcheh khoort, Zarkan, Vandadeh    

Mon Months 
January, February, March, April, May, June, 
July, August, September, October, November, 
December 

Decade Decade DEC1 – DEC 36 
Product Type of products Main-product, By-Product 

Objective Objectives of farmers Net Income, Production cost 
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Annex 5: List of variables and parameters in the model  
Variable / Parameter Explanation Unit 

Alfalfa_required FT The required alfalfa production per FT kg 
Available land FT Total land of each FT ha 
Available land FT, LU Available land of each FTLU ha 
Available land LU Suitable area for agriculture in the LU ha 

Available Tractor hours Mon 
Number of available hours of tractors in 
Dehestan hour 

Available water FT Total available water of each FT L/s 

Available water FT, V Total available water of the FT in the village 
per year m3 

Available water FT, V, Mon 
Available water of each FT in each village 
per month m3 

Available water V, Mon 
Total available water of each village from 
different water sources per month m3 

By Yield crop, Irsys, Irman, FT, LU Yield of crop by-products with specific Irsys 
and Irman per FTLU kg 

CWR Crop, LU, Irman, Decade 
Crop water requirements per land unit, 
irrigation regime, and decade  mm 

D objective, FT Auxiliary variable per objective and farm 
type - 

E objective, FT Auxiliary variable per objective and farm 
type - 

EC Crop 
Maximum permitted Electrical Conductivity 
(EC) of the saturation extract of the soil  dS/m 

EC WR Electrical Conductivity of irrigation water 
source  dS/m 

Fertilizer Cost Crop, Irsys, Irman, FT, LU Cost of fertilizers per crop, Irsys and Irman Rials/ha 

Gross Income crop, Irsys, Irman, FT, LU Gross income of each crop with specific Irsys 
and Irman per FTLU Rials/ha 

Gross Income cropsys, Irsys, Irman, FT, 

LU Gross income  of each activity per FTLU Rials/ha 

IE Irsys, LU Irrigation efficiency of irrigation system per 
land unit - 

Income goal FT Goal of farm type for objective of net income Rials 

IR Crop, LU, Irman, Irsys, WR, Decade 
Irrigation requirements of the crop per land 
unit, irrigation regime, irrigation system, 
water source, and decade  

mm 

Irrigation Requirement Cropsys, Irsys, 

Irman, FT, LU, Mon 
Irrigation requirement of each activity per 
FTLU and month  mm 

Labor requirement Cropsys, Irsys, Irman, 

FT, LU, Mon 
Labor requirements of each activity per 
FTLU and per month man-day/ha 

Labour Cost Crop, Irsys, Irman, FT, LU Labour cost for production of each crop with 
specific Irsys and Irman per FTLU Rials/ha 

Lag coefficient Fraction which tractor can not be used in the 
case of maintenance - 

Land Fraction FT, V Land fraction of FT per village - 

LF Crop, WR Leaching fraction per crop and irrigation 
water source - 

LR Crop, LU, Irman, Irsys, WR, Decade 
Leaching requirements  of the crop per land 
unit, irrigation regime, irrigation system, 
water source and decade  

mm 
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Machinery Cost Crop, Irsys, Irman, FT, 

LU 
Cost of agricultural machinery for each crop 
with specific Irsys and Irman per FTLU Rials/ha 

Main Yield crop, Irsys, Irman, FT, LU Yield of main crop product with specific Irsys 
and Irman per FTLU kg 

Maintenance & Operation Cost 

Irsys, FT 

Cost of maintenance and operation of 
irrigation system per irrigation system and 
farm type 

Rials/ha 

Maximum available water V Maximum available water per village in the 
year m3 

Maximum available water V, Mon 
Maximum available water per village and 
month m3 

Net Income Total net income  Rials 

Net Income cropsys, Irsys, Irman, FT, LU   Net income of the production of each activity 
per FTLU Rials/ha 

Number of holder FT, V Number of holders of each FT in each village - 
Number of tractors Dehestan Number of available tractors in Dehestan - 
Number of workday Mon Number of work days per month day 
Number of worker v Number of available workers per village Man 
PE FT, Crop  Crop production efficiency of FT - 
Pesticide Cost Crop Cost of pesticides for production of each crop Rials/ha 
PR Irsys Percolation ratio of the irrigation system - 
Price crop, by-products Price of crop by-products Rials/kg 
Price crop, main yield Price of main crop product Rials/kg 
Production Cost crop, Irsys, Irman, FT, 

LU 
Total production cost of each crop with 
specific Irsys and Irman per FTLU Rials/ha 

Production Cost cropsys, Irsys, Irman, FT, 

LU:  Production cost of each activity per FTLU Rials/ha 

Production cost goal FT Goal of farm type for objective of production 
cost Rials 

Relation Cropsys, Crop 
Dummy variable for the relation between 
cropping system and crop; equals 1 if crop is 
part of the cropping system, otherwise 0 

- 

Relation LU, Dehestan 
Dummy variable for location of village; 1 if 
LU is located in the Dehestan, otherwise 0 - 

Relation LU, V 
Dummy variable for relation between LU and 
village; equals 1 if LU is located in the 
village, otherwise 0 

- 

Seed Cost crop Cost of seed for production of each crop Rials/ha 

Tractor requirement Cropsys, FT, Mon 
Tractor requirement of each cropping system 
per FT and month  hour 

W objective, FT Weight of the objective for each farm type - 

Water Cost Crop, Irsys, Irman, FT, LU water cost for production of each crop with 
specific Irsys and Irman per FTLU Rials/ha 

Water Fraction FT, V Water fraction of FT per village - 

Wheat_required FT  The required wheat for self consuming per 
FT kg 

X cropsys, Irsys, Irman, FT, LU Area allocated to each activity per FTLU ha 
Yield Crop, FT, LU Expected crop yield per FTLU kg/ha 
Yield Crop, LU Simulated potential crop yield in the LU kg/ha 
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Annex 6: List of Acronyms 
 

Symbol Description 
APERI Agricultural Planning and Economic Research Institute 
asl above sea level 
CAP Common Agricultural Policy 
CGMS Crop Growth Monitoring System 
CSPSS Collaborative Spatial Planning Support System  
CV Coefficient of Variation 
DEM Digital Elevation Model 
DM Dry Matter 
EC Electrical Conductivity 
EMU Elementary Mapping Unit 
FAO Food and Agriculture Organization 
FFYDP Fourth Five-Year Development Plan 
GAMS General Algebraic Modeling System 
HI Harvest Index 
HPC Housing and Population Census 
I/O Input/Output  
IRIMO Islamic Republic of Iran Meteorological Organization 
ISWRI Iranian Soil and Water Research Institute 
ITC International Institute for Geo-information Science and Earth Observation 
JRC Joint Research Center  
LAI Leaf Area Index 
LAIM Maximum Leaf Area Index 
LINGRA LINtul GRAssland 
MARS Monitoring of Agriculture by Remote Sensing 
N.A. Not available 
OECD Organization for Economic Co-operation and Development 
PSS Planning Support System 
SCI Statistical Center of Iran 
SMU Soil Mapping Unit 
SRTM Shuttle Radar Topography Mission 
SWAP Soil Water Atmosphere Plant 
TAGP Total Above Ground dry matter Production 
TWSO Total dry Weight of Storage Organs 
WOFOST WOrld FOod STudies 
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