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Trade-offs of Economic, Social, and Environmental Objectives in Land Use Planning for

Agriculture of Lamphun Province
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Abstract

In agricultural land use planning to optimize total benefit using multiple goal linear
programming modelling, conflicts between objectives are likely. Trade-off analysis is used to
find the relationships between pairs of objectives. Trade-off relationships will help to
understand how to adjust the target value of each objective in order to find the optimal
outcomes. This article shows results of trade-off analysis of different pairs of sub-objectives
by using interactive multiple goal programming for agricultural land use planning of
Lamphun province. The results show the rather high trade-off rates between economic and
environmental objectives. The reduction of pesticide use by 25 percent will have a high
negative effect on the total net return. The trade-off rates between economic and social
objectives are rather low. The 40 per cent reduction of the total production cash cost will
have only a small negative effect on the total land use and employment. There are also
low trade-off rates between social and environmental objectives. Decreasing use of pesticide
and nitrogen fertilizer will have a small negative effect on the total land use and
employment, except in the case when the use of nitrogen fertilizer is 10 percent higher, it

will have a high negative effect on the total land use.
Keywords: Trade-off, Agricultural Land Use Planning, Multiple GoalProgramming
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Table 1. Objective variables, their units and weights

Aspects Objective variables and their optimization Unit Weight
Economics Maximization of total net agricultural return baht 0.486
Minimization of total cash production cost baht 0.162

Social Maximization  of total employment in man-day 0.102

agriculture

Maximization of total agricultural land use rai 0.230
Environment | Maximization of irrigation water use productivity Baht-rai/m’ 0.104
Minimization of pesticide use ke. of active ingredients 0.086
Minimization of chemical fertilizer use ke.of N/rai 0.029
Minimization of soil erosion ton/year 0.011
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& 1919 Pay-off = ||
Fanlsrasd  HARALWIU.. HUVURUAR.. n1FTEAGUS.. NIFIVUTIN... AITHEAWWI... AtslElFun.. aslifui.. wdeaiwmis..
HERAUWLE. . 5,595,490,897 3,248,823,767 701,118 19,524,481 414,198 479,242 14,244,289 2,559,266
Aunuduan ... 2,957,613,096 1,641,631,707 429,723 9,421,134 305,256 308,369 7,124,974 1,296,986
nslEfRAuTI .. 4,243,484,051 3,249,020,149 701,118 15,951,631 387,132 502,907 8,107,994 2,451,625
TS ... 5,141,372,640 3,953,430,699 701,106 21,708,185 402,644 501,358 22,133,018 2,271,958
AvsEdaWa . 3,580,731,511 3,251,861,331 485,967 11,165,090 305,256 387,094 9,206,171 1,469,532
nisiddsuna... 2,957,613,09 3,251,861,331 429,723 5,421,134 305,256 308,369 7,124,974 1,296,986
avsldtsna... 2,957,613,096 3,251,861,331 429,723 9,421,134 305,256 308,369 7,124,974 1,296,986
waRAwIhgI . 5,439,197,151 3,248,823,767 F01,106 18,123,249 414,035 472,169 9,842,188 2,866,205

MAX 5,595,490,897 3,953,430,699 701,118 21,708,185 414,198 502,907 22,133,018 2,866,205
MIN 2,957,613,09 1,641,631,707 429,723 421,124 305,256 308,369 7,124,974 1,296,986
Weight 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Figure 1 Pay-off table from the IMGP-LPlan for agricultural land use planning of

Lamphun province
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Figure 2 Window showing trade-off analysis using the IMGP-LPlan
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B i g meanaunuaznTi innl s
Ealoh] RETURNS RETURNS fn RV ov RSV OBV
1 414,198 305,256 Kil 305,256 4,166,452,373 73.70 74.46
2 414,198 305,256 .1 316,150 5,209,962,433 76.33 93.11
3 414,198 305,256 2 327,044 5,368,881,804 78.96 95.95
4 414,198 305,256 = 337,938 5,446,420,616 81.59 97.34
5 414,198 305,256 4 348,833 5,486,060,000 84.22 98.04
6 414,198 305,256 5 359,727 5,510,978,179 86.85 98.49
7 414,198 305,256 .6 370,621 5,535,449,570 80.48 98.93
8 414,198 305,256 o 381,515 5,559,920,961 92.11 99.36
9 414,198 305,256 .8 392,409 5,574,809,227 94.74 99.63
10 414,198 305,256 R 403,303 5,585,262,548 97.37 99.82
i1 414,198 305,256 1.0 414,198 5,595,490,897 100.00 100.00

Figure 3 Window showing a result table of trade-off analysis
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@ RETURNS & SOILLOSS @ RETURNS & PEST
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Figure 4 Trade-offs between economic and environmental objectives (a) total net
return and total soil loss (b) total net return and total pesticide uses (c) total

net return and total N fertilizer uses
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(a) (b)

Figure 5 Trade-offs between economic and social objectives (a) total production cash cost

and total land use (b) total production cash cost and total employment
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@ LABOR & SOILLOSS @ LAND & SOILLOSS
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75 80 &5 80 as 100 75 &0 B85 90 95 100
(SOILLOSS) mswsa onisnariaadius i (%) (SOILLOSS) mszdiniananauaadivsm (%)

(a) (b)

Figure 6 Trade-offs between (a) total employment and total soil loss (b) total land use and

total soil loss

@ LABOR & PEST @ LAND & PEST
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(a) (b)
Figure 7 Trade-offs between (a) total employment and total pesticide uses (b) total land

use and total pesticide uses
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Figure 8 Trade-offs between (a) total employment and total N fertilizer uses (b) total land

use and total N fertilizer uses
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