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1. Introduction 
More than ever before in the course of human history, the way in which land is being used has become 
a source of widespread concern. The population of the world surpassed 6 billion; hence, never before 
in history have that many mouths to feed (Van Keulen et al., 2000).  In Asia, populations will continue 
to increase sharply between now and 2025. (Roetter et al., 2000). This increase in population in urban 
and rural areas continues to exert pressure on natural resources with an increased focus on productivity 
in order to attain food security. On the other hand, competing demands from urban, industrial, and 
recreational interests are imposing increased pressure on agriculture for efficient land and water use. 
With these ever-increasing demands, the need for improved management of available land and water 
resources is of utmost importance. Optimization of resource management considering the multiple 
goals, priorities, and constraints, using state-of-the-art data generation and estimation techniques 
including simulation models and expert knowledge can contribute significantly to the sustainable 
management of resources.  
 
This form of optimization is usually done on a much larger scale and often details at the field and 
community level are either ignored or aggregated. Medium- to long-term plans and targets selected by 
local or national governments scenario analysis or other methods aiming at regional-scale analysis, 
have little direct impact on farmers. Farmers make decisions about land management of a short- to 
medium-term nature, whereas policymakers make medium � to long-term decisions. They do achieve 
these using different sets of information and objectives. Farmers will respond to these plans when they 
are translated into better markets, better credit systems, improved information, etc. When optimization 
models are applied to whole basin, land units are largely of the order of 1 to 10 km2, meaning that 
there is still much variability in site- and situation-specific conditions. In addition, every farm 
household has different sets of resources at their disposal with respect to land, water, equipment and 
labor, capital and education. Farmers therefore still have the challenge of making many appropriate 
decisions. The better government planning and subsequent translation into improved socio-economic 
conditions, the faster farmers see returns for their investments (Penning de Vries, 2000). 
 
IWMI with KU has initiated a study under Theme 1 titled �Developing a proto-type procedure for 
multiple goal analysis for allocation of land and water resources of river basins: Case Study on the 
Mae Klong River Basin, Thailand�. The purpose of this project is to develop and test a proto-type 
decision support system (DSS) that can be used for river basin analysis to explore possible land and 
water resources management options considering land and water as a limiting resources.  Such 
decision tools will be useful in evaluating development scenarios among different stakeholders taking 
into account the priorities as well as the constraints and opportunities for the use of natural resources. 
 
The development scenarios for river basin planning do not take into account the variability in the 
biophysical and socio-economic conditions at the farm or community level, which may adversely 
affect smallholders and poor farmers. In this study, multiple goal linear programming procedures will 
be used at the farm or village level considering the on-farm and household details in one or two 
representative water and land evaluation units (the smallest unit for optimization at river basin scale). 
The effect of the development scenarios (for the river basin) will be analyzed and alternatives will be 
developed to minimize these effects. The purpose of the study is therefore, to develop sustainable land 
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and water management strategies for sustainable small-holder agriculture through multiple objective 
linear programming procedures for improving productivity, livelihoods and the environment. 
 
2. Development of Multi-Objective Linear Programming Model 
An optimal planning and management model based on linear programming involves identification of 
the decision variables, the constraints and the objective functions which are to be maximized or 
minimized.   
 
2.1 Decision variables 
 
The decision variable, LUA (lt, c), is the area under crop �c� in land type �lt�. 
 
2.2 Objective functions 
The main objective for land and water use planning from a farmers� perspective is the maximization of 
the net economic benefit. While policy makers or governments also want farmers to gain economic 
benefits from any natural resources such as land and water resources planning, at the same time they 
are also wanting to increase the productivity of the natural resources used.  Therefore, the following 
two objectives are considered. 
 
- Maximization of net economic benefit 
- Maximization of the average productivity of water 
 
i. Maximization of net farm income (Z) 
 
Maximize Z = ∑∑ NetBen (lt, c) * LUA (lt, c)     (1) 
 
Where, NetBen (lt, c) = Net benefit (gross return � cost of production) of crop �c� per unit of land area 
for land use type (upland, lowland, etc.) �lt�. 
 
LUA (lt, c) = Area allocated to crop �c� in land �lt� 
 
ii. Maximization of the productivity of irrigation water (WP) 
 

∑
∑∑=
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Where, WatPro (lt, c) = Productivity of water (Baht or US$ per ha-mm of water) of crop �c� per unit 
of land area for land use type (upland, lowland, etc.) �lt�. 
 
Productivity of irrigation water can be determined using the following formula: 
 

( )
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)/$
Pr =   (3) 

 
The objective functions are subject to the following constraints: 
 
2.2.1 Water allocation constraints 
 
The total water requirements for the crops in any period should be at most equal to the total water 
available in that period 
 
 ∑∑ WatReq (lt, c, t) * LUA (lt, c) ≤  AvaWat (t)  ∀ t   (4) 
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Where, WatReq (lt, c, t) = water requirement for �c� in land �lt� in period �t�, i.e. monthly water 
requirement for the crops.  
AvaWat (t) = Water available from the canal at month �t� 
 
Water requirement (WatReq) is the gross irrigation requirement. Available water in the irrigated area 
is the total actual supply of water from the canals.   
 
2.2.2 Land area constraints 
 
The sum of the cropped area in land �lt� in period �t� cannot be greater than the total available land in 
that land type. 
 
∑ LAC (lt, c, t) * LUA (lt, c) ≤  AvaLan (lt, t)  ∀ lt, t    (5) 
 
LAC (lt, c, t) is the land area coefficient for crop �c� in land �lt� in period �t� . t =1 if the crop is in the 
field during the entire month and t = 0 if the crop is not in the field. Intermediate values indicate that 
part of the crop is being planted of harvested during that month.  
 
AvaLan (lt, t) is the total area available for land type �lt� in period �t�.  
 
2.2.3 Constraints for maximum allowable area 
 
These constraints are introduced to limit the amount of production of certain crops for the sake of 
maintaining market price and to limit suitable land for growing specific crops. 
 
∑LUA (lt, c) ≤  LUAMax (lt, c)  ∀ c      (6) 
∑LUA (lt, c) ≤  LUAMax (c)   ∀ c     (7) 
 
LUAMax (lt, c) is the allowable maximum area for crop �c� in land �lt�  
LUAMax (c) is the allowable maximum area for crop �c� in the total area 
 
2.2.4 Constraints for minimum required area  
 
These constraints are needed to fulfill social obligations such as production of minimum requirements 
for certain crops. Different social considerations are introduced into the model by these specific 
constraints 
 
∑LUA (lt, c) ≤  LUAMin (lt, c)  ∀ c      (8) 
∑LUA (lt, c) ≤  LUAMin (c)   ∀ c     (9) 
 
LUAMin (lt, c) is the minimum required area for crop �c� in land �lt�  
LUAMin (c) is the minimum required area for crop �c� in the total area 
 
2.2.5 Constraint due to labor availability 
 
Availability of labor is one of the major factors that dictate the cropping pattern of a certain area. For 
example, rice and sugarcane cultivation require less labor than vegetables or fruit cultivations. 
Therefore, increasing the cultivation of vegetables and fruits may be constrained by the non-
availability of additional labor. 
 
∑∑ReqLab (lt, c, t) * LUA (lt, c) ≤  AvaLab (t)  ∀ t   (10) 
  
ReqLab (lt, c, t) is the labor requirement (man-day) for crop �c� for land �lt� in period �t�. 
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AvaLab (t) is the total available labor in period �t� 
 
These constraints can also be used to generate employment in case the availability of labor is more 
than the required. In such case the constraint is: 
 
∑∑ReqLab (lt, c, t) * LUA (lt, c) ≥  MinLab (t)     (11) 
 
MinLab (t) is the minimum number of labor which must be utilized. 
 
2.2.6 Non-negativity constraints 
 
LUA (lt, c) ≥ 0         (12) 
 
2.3 Solution procedure 
 
The models were solved using the software package LINDO (Linear, Interactive, and Discrete 
Optimizer). 
 
3 Model Application  
3.1 Location 
The model was applied to the command area of the village Ban Nong Fao of sub-district Borsuphan; 
district Song Phi Nong of Suphan Buri Province, which is located within the Song Phi Nong Irrigation 
Project as shown in Figure 1 (village 9). Total area of the village is 640 ha of which 363 ha is irrigated 
area. There are 195 household with a total population of 977. The network of irrigation canals is 
shown in Figure 2. The area is within the command area of canal 6L-2L.  The design discharge of this 
canal is 3.162 m3/s. The canal also supplies water to 5 other villages: village 4, 5, 7 and 17 of 
Tamboon Borshuphan and village 6 of Tamboon Thun Kok. The canal supplies water all the year but 
weeks 23 to 28 and 49 to 5 of the following year. During this time maintenance activities are carried 
out on the canal. In this year (2002), dry season irrigation started on the 6th week (7th Feb 2002) and 
stopped at 22nd week (30th July 2002). Wet season irrigation started on the 29th week (18 July 2002) 
and stopped on the 48th week (28th November 2002).  
 
3.2 Data Collection 
Selective secondary information namely rainfall, canal actual discharge, design capacity and the area 
under each crop were collected from the Song Phi Nong Irrigation Project. However, most of the 
model input parameters are not available on any secondary sources. Therefore, a questionnaire and a 
data sheet were prepared to interview selected farmers of the two villages to have detailed data on the 
decision making for land and water management at the household level. The survey was carried out by 
randomly sampling the different categories of farmers. For the village level information the head of 
the village was interviewed.  
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Figure 1. Song Phi Nong Irrigation Project, location of the focal village (9) of this study. 
 
 

 
 
Figure 2. Schematic canal layout of the Song Phi Nong Irrigation Project. 
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3.3 Crops and Cropping Pattern 
The crop calendar of the area is shown in Figure 3. Crop area for 2002 is shown in Table 1. Sugarcane 
is the major crop of the village as shown in the Table 1. Rice is cultivated in the comparatively low 
land areas, which are not very suitable for sugarcane. Rice is grown usually two times a year, though 
some farmers grow 3 crops of rice. Other crops are cultivated in the upland. Though the benefits (see 
section 3.4.1) obtained from rice and sugarcane are less compared to fruit, vegetables and shrimp, 
farmers cultivate these crops because of low risk, good markets, and low labor requirements. Fruit, 
shrimp and vegetables need high initial investments and labor. Farmers also prefer quick returns on 
their investment which is not possible in case of fruit and shrimps.   
 
Table 1. Area of crop cultivated in 2002.  
Crops Area (ha) 
Rice    21 
Sugarcane 334 
Field Crop 3.2 
Vegetables 1.6 
Fruits 1.3 
Shrimp   1.9 

   
Figure 3. Current cropping pattern of Song Phi Nong Irrigation Project 
 
3.4 Determination of the Model Input Parameter 
3.4.1 Benefit from different crops  
The net benefit obtained from different crops varies from farmer to farmer and from one source to 
another. The variation in benefits for some of the crops are quite significant. In general, farmers are 
not satisfied with the benefit they are getting from the crop. They think crop prices are low while costs 
of production are increasing. One farmer cited the over supply in the market for low price of the 
produce. The benefit from shrimp farming varies widely from farmer to farmer, with some farmers 
losing and some farmers securing higher benefits.  After careful comparison net benefit values used in 
the model are given in Table 2.   
 
3.4.2 Determination of Gross Irrigation Water Requirement 
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Net irrigation requirement was estimated by the following formula using the data collected from the 
irrigation Office.  
 
Crop Evapotranspiration (ETc) = Reference Evapotranspiraton (ETo) x Crop Coefficient (Kc) 
Net Irrigation requirement = ETc + Percolation (P) � Effective Rainfall (Pe) + Land Preparation 
Requirements (only for the first month) 
 
Gross Irrigation Requirement = Net Requirement/ Irrigation efficiencies 
 
To consider, the initial lag period, composite crop coefficients are estimated. Land preparation 
requirement for rice was considered as 200 mm and added only in the first month of the cropping 
period. The land preparation time was considered as one week. The percolation rate in the project area 
is estimated to be 2 mm/day. The irrigation application efficiencies for rice and other crops were 
considered as 75% and 65% which is being used by the Song Phi Nong Project to estimate the 
discharge. The monthly irrigation requirement of different crops is presented in Table 3.  
 
Table 2. Net benefit of different crops used in the model 
Crop   Benefit 
   Symbol $/ha 
Rice 1 C1 254 
Rice 2 C2 254 
Rice 3 C3 254 
Baby corn C4 828 
Sugarcane C5 620 
Water 
Melon C6   
vegetable C7 506 
Grape C8 3634 
Fruit trees C9   
Shrimp C10 8648 

 
3.4.3 Irrigation Water Productivity 
 Irrigation water productivity of each crop was estimated using Equation (3) (Table 4). Productivity of 
grape and shrimp is very high compared to the other crops. The benefit obtained from grape is higher 
although the water requirement is not very high. Both benefit and water requirement for shrimp 
farming are high. Shrimp is also the biggest polluter of water and soil. If one includes the amount of 
water polluted due to the discharge from the shrimp farms or the amount of water needed to flush out 
pollutants from water or soil used for shrimp production to the amount of water used, then the 
productivity of shrimp is considerably lower. 
 
3.4.4 Monthly Available Water from the Canal 
As mentioned before, the canal 6L-2L supplies water to 6 villages including the study site with a total 
command area of 2606 ha. The command area of the study site is 363 ha. The cropping pattern for the 
whole command area is almost similar with little variation. Though, in general it is difficult to 
maintain the equity in water distribution among the different areas of the canal, however, to get the 
available water for the study site water was divided equally based on the command area.  
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Table 3. Monthly Gross irrigation requirements (mm) for different crops. 

Month 
Rice 
1 

Rice 
2 

Rice 
3 Baby Sugar- Water Vege- Grape Fruit Shrimp

        Corn cane Melon tables   Trees   
Jan 0 0 217 110 35 115 110 102 135 173 
Feb 347 0 23 115 18 161 115 106 143 180 
Mar 280 0 0 145 54 70 145 133 183 213 
Apr 298 0 0 120 101 0 120 106 159 199 
May 130 0 0 23 68 0 23 11 58 128 
Jun 0 330 0 28 95 0 28 18 58 125 
Jul 0 163 0 23 103 0 23 13 52 120 
Aug 0 184 0 23 94 0 23 13 50 119 
Sep 0 59 0 0 0 0 0 0 0 53 
Oct 0 0 223 0 0 0 0 0 0 72 
Nov 0 0 196 89 82 0 89 81 114 159 
Dec 0 0 249 112 69 60 112 104 137 175 
Total 1054 735 908 787 718 406 787 687 1087 1716 

 
 
Table 4. Irrigation water productivity of different crops. 

Crop  Symbol Benefit 
Water 
used Productivity

    $/ha mm  $/ha-mm 
Rice 1 C1 254 1054 0.24 
Rice 2 C2 254 735 0.35 
Rice 3 C3 254 908 0.28 
Baby corn C4 828 787 1.05 
Sugarcane C5 620 718 0.86 
Water 
Melon C6   406  
vegetable C7 506 787 0.64 
Grape C8 3634 687 5.29 
Fruit trees C9   1087 0.00 
Shrimp C10 8648 1716 5.04 

 
Two cases of water availability were considered namely, the design discharge of the canal and the 
actual maximum delivery to the canal for the year 2002.  The maximum release to the canal during 
2002 was 2.13 m3/s during the week of 28 February to 06 March. This was only for one week which is 
the land preparation time for rice. The irrigation requirements are usually higher during the month of 
April as evapotranspiration is the highest in this month and rainfall is negligible. This also reflects in 
the actual discharge as we can see that there was consistently higher discharge (2.03 m3/s) during the 
month of April. Considering this discharge monthly available water for the whole command area is 
(considering all months 30 days) = 263,088 ha-mm. Therefore, water available to the command area is 
36,647 ha-mm, which was considered as the maximum water available on a monthly basis in the 
second scenario. 
 
3.4.5 Maximum Allowable Area and Minimum Required Area 
Maximum area available for cultivation of different crops or the minimum required area were 
considered with incremental steps of 5 or 10 ha for the major crops in different scenarios. This allows 
the investigation of the incremental benefit of cultivating a certain crop. 
 
 3.4.6 Scenarios for Model Application 
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The following 15 scenarios are considered:  
 
1. Existing Condition. 
2. No Limit of Area for Any Crop. 
3. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and shrimp area is not > 21 ha, no limit for other crops. 
4. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and shrimp area is not > 21 ha, Grape area not > than 10 ha, no limit for other crop. 
5. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 20 ha, no limit for other crop. 
6. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 30 ha, no limit for other crop. 
7. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 40 ha, no limit for other crop. 
8. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 50 ha, no limit for other crop. 
9. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 

Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 10 ha, Baby Corn not > 10 ha, no 
limit for other crop. 

10. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 
Area = 0 and is not > 21 ha, Grape area not > than 20 ha, Baby Corn not > 20 ha, no limit for 
other crop Shrimp area. 

11. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 
Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 30 ha, Baby Corn not > 30 ha, no 
limit for other crop. 

12. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 
Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 40 ha, Baby Corn not > 40 ha, no 
limit for other crop. 

13. No Rice, Rice Land (Lowland with less percolation rate) will only be allowed for shrimp. Rice 
Area = 0 and Shrimp area is not > 21 ha, Grape area not > than 50 ha, Baby Corn not > 50 ha, no 
limit for other crop. 

14. Rice Area >= 10 ha and Shrimp area is not > 10 ha, Grape area not > than 10 ha, Baby Corn not > 
10 ha, no limit for other crop. 

15. Rice Area >= 10 and Shrimp area is not > 10 ha, Grape area not > than 20 ha, Baby Corn not > 20 
ha, no limit for other crop. 

 
These scenarios are considered for each case of water availability. As mentioned before two cases of 
water availability are considered. 
 
Case I :  Monthly water availability was estimated considering the design capacity of the canal 
Case II: Water availability was estimated considering the maximum actual discharge 
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3.5 Results and Discussion 
The net financial benefit obtained for each of these scenarios and irrigation water productivity are 
presented in Table 5. The results indicate that financial benefit and irrigation water productivity vary 
for different scenarios. The net benefit obtained from shrimp farming and grape production is 
significantly higher compared to that of the other crops. Therefore, the model results are very sensitive 
to these two crops. For scenario 2 no limit of any crops was considered, therefore, the total net benefit 
and irrigation water productivity is considerably higher compared to the other scenarios except 
scenario 3. In scenario 3 only shrimp farming was limited, so the benefit is also much higher because 
all the remaining area is under grape cultivation. These two scenarios are completely unrealistic at 
present or in the near future and therefore were excluded from further analysis.   
 
Average irrigation water productivity for the objective of maximizing net benefit for both cases were 
estimated and plotted against the net benefit obtained from the model as shown in Figures 4 and 5. 
Scenarios 2 and 3 were not included in the plot. Similarly, estimated net benefit for the objective of 
maximizing the average irrigation water productivity was plotted against the model output values of 
the productivity (Figure 6 and 7). These figures show the positive linear relationship between the total 
net benefit and the average irrigation water productivity of the area. This indicates that both net benefit 
and water productivity can be improved at the same time.   
 
Area under different crops for corresponding scenarios are presented in Table 6 through Table 9. For a 
certain scenario even though there is no significant difference between the net benefit and irrigation 
water productivity under two objectives but the area under different crops are varying. This indicates 
that different crop mixes are possible without compromising the total net benefit and productivity. 
This gives farmers or policy makers more flexibility in planning the cropping pattern.  
 
Table 5. Net benefit and irrigation water productivity for different scenarios. 

Scenario Net benefit ($) 
Water productivity ($/ha-
mm) 

  Case I  Case II Case I Case II 
1 287762 209486 0.86 0.86 
2 2422873 1506226 5.29 3.79 
3 1424436 1060708 5.29 5.29 
4 492844 426631 1.40 1.39 
5 520904 455601 1.51 1.53 
6 548964 484571 1.63 1.61 
7 577024 513542 1.75 1.79 
8 605084 542512 1.86 1.93 
9 425868 411663 1.23 1.25 
10 458088 442410 1.36 1.39 
11 490308 473157 1.48 1.54 
12 522528 503903 1.61 1.68 
13 554748 534650 1.74 1.82 
14 359356 338137 0.73 0.99 
15 391403 370769 0.81 1.09 
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Table 6. Area under different crops for maximization of net benefit in Case I. 
Scenario Area of Crop (ha) 

  
Rice 
1 

Rice 
2 

Rice 
3 

Baby 
corn Sugarcane Vegetables Grape Shrimps 

1 21 21 21 3 330 1 1 7 
2   68 42 0 0 0 0 277 
3 0 0 0 0 0 0 342 21 
4 0 0 0 332 0 0 10 21 
5 0 0 0 322 0 0 20 21 
6 0 0 0 312 0 0 30 21 
7 0 0 0 302 0 0 40 21 
8 0 0 0 292 0 0 50 21 
9 0 0 0 10 322 0 10 21 
10 0 0 0 20 302 0 20 21 
11 0 0 0 30 282 0 30 21 
12 0 0 0 40 262 0 40 21 
13 0 0 0 50 242 0 50 21 
14 97 97 97 10 235 0 10 11 
15 96 96 96 20 216 0 20 11 

 
 
 
Table 7. Area under different crops for maximization of net benefit in Case II. 
Scenario Area of Crop 

  
Rice 
1 

Rice 
2 

Rice 
3 

Baby 
corn Sugarcane Vegetables Grape Shrimps 

1 21 0 0 0 295 1 1 2 
2 0 46 26 0 0 0 0 172 
3 0 0 0 0 0 0 242 10 
4 0 0 0 174 104 0 10 21 
5 0 0 0 164 105 0 20 21 
6 0 0 0 155 106 0 30 21 
7 0 0 0 145 107 0 40 21 
8 0 0 0 136 107 0 50 21 
9 0 0 0 10 299 0 10 21 
10 0 0 0 20 277 0 20 21 
11 0 0 0 30 254 0 30 21 
12 0 0 0 40 232 0 40 21 
13 0 0 0 50 210 0 50 21 
14 10 22 43 10 289 0 10 11 
15 10 27 45 20 267 0 20 11 
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Table 8. Area under different crops for maximization of irrigation water productivity in Case I. 
Scenario Area of Crop (ha) 

  
Rice 
1 

Rice 
2 

Rice 
3 Baby corn Sugarcane Vegetables Grape Shrimps

1 21 21 21 3 330 1 6 2 
2 0 0 0 0 0 0 363 0 
3 0 0 0 0 0 0 363 0 
4 0 0 0 332 0 0 10 21 
5 0 0 0 322 0 0 20 21 
6 0 0 0 312 0 0 30 21 
7 0 0 0 302 0 0 40 21 
8 0 0 0 292 0 0 50 21 
9 0 0 10 322 0 0 10 21 
10 0 0 20 302 0 0 20 21 
11 0 0 30 282 0 0 30 21 
12 0 0 40 262 0 0 40 21 
13 0 0 50 242 0 0 50 21 
14 97 97 97 10 235 0 10 11 
15 96 96 96 20 216 0 20 11 

  
 
 
Table 9. Area under different crops for maximization of irrigation water productivity in Case II. 
Scenario Area of Crop (ha) 

  
Rice 
1 

Rice 
2 

Rice 
3 Baby corn Sugarcane Vegetables Grape Shrimps

1 21 0 0 0 295 1 1 2 
2 0 87 32 0 0 0 276 0 
3 0 0 0 0 0 0 276 0 
4 0 0 0 174 104 0 10 21 
5 0 0 0 164 105 0 20 21 
6 0 0 0 155 106 0 30 31 
7 0 0 0 145 107 0 40 21 
8 0 0 0 136 107 0 50 21 
9 0 0 0 10 299 0 10 21 
10 0 0 0 20 277 0 20 21 
11 0 0 0 30 254 0 30 21 
12 0 0 0 40 232 0 40 21 
13 0 0 0 50 210 0 50 21 
14 10 22 43 10 289 0 10 11 
15 10 27 45 20 267 0 20 11 
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Figure 4. Relationship between net benefit and irrigation water productivity (IWP) for maximization 
of net benefit (Case I). 
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Figure 5. Relationship between net benefit and irrigation water productivity (IWP) for maximization 
of net benefit (Case II). 
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Figure 6. Relationship between net benefit and irrigation water productivity (IWP) for maximization 
of irrigation water productivity (Case I). 
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Figure 7. Relationship between net benefit and irrigation water productivity (IWP) for maximization 
of irrigation water productivity (Case II). 
 
4. Conclusions 
A multi-objective linear programming model has been developed for optimal planning and 
management of the land and water resources at the farm level for sustainable smallholder agriculture. 
The model was applied to a small irrigation command of the Song Phi Nong Irrigation Project of the 
Mae Klong River Basin and selective scenario analysis carried out. This paper presents preliminary 
results of the model application. The model is being updated with new information collected from this 
site. The model is also being applied to two other locations within the Mae Klong River Basin which 
will facilitate comparison of net benefit, irrigation water productivity, and cropping practices among 
the different dominant cropping pattern.    
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