
T ~HA i l/i b £  v/£Loph
crt iNCTiTvi't

MACROECONOMIC RESEARCH CONFERENCE 
October 17 -10. 1987 

Tlw Rogcml Chp-Arn Booch Holed

SUPPORTED BY USAID

Paper 6

The Impact of Agricultural Product Price 
Changes on Labor Absorbtion In Thai Agriculture: 

A Non-Linear Programming Approach

BY

CHAIPANT PONGTANAKOHN 

CHALONGPHOE SUSSANGKARN 

KANOK KHATIKARN 

YONGYUTH CHALAMWONG

„ ___________

TilAILAMinn-VVI.Ol'MENT IM-SFAK' ' ' IOi \ | > \ T l ( ) S *
1biJ:i|iur|« nuildlnt! 163 AsnVr Komi Mlnnt' " '



A Study 

of

Impact of Agricultural Product Price Changes

on

Labor Abaorbtion in Thai Agriculture:

A Non-linear Programming Approach

by

Chaipant Pongtanakorn 

Chalongphob SuBaangkarn 

Kanok Khat.ikarn 

Yongyuth Chalamwong

July 1987

Institute
of

DEVELOPMENT
STUDIES
IIBPARY

THAILAND DRVFLOFMFNT RFSF.ARCH INSTITUTE



(ii)

ACKNOWLEDGEMENT

This study was supported by a grunt from the USAID 

through the EPD II project. However, uny views expressed 

here need not necessarily correspond to those held by USAID.

We would particularly like to thank Khun Tosapon 

Maisuwan for his valuable suggestions and assistance with 

the computer program, and Khun Suvadee Kovatana and Khun 

Chatwara Buasap for their help in preparing the manuscript.



(iii)

TABLE OF CONTENTS

Page

ACKNOWLEDGEMENT ( ii )

TABLE OF CONTENTS (iii)

LIST OF TABLES ( iv)

LIST OF FIGURES (vi )

1. Introduction 1

2. Overview 3

3. Analytical Framework and Methodology 15

4. Price Change Effect on 
Model

Optimum Solution of the
33

5. Crop Substitutability 54

6. Conclusion 68

SELECTED BIBLIOGRAPHY 75

APPENDIX I 76

APPENDIX II 83

APPENDIX III 86



( iv)

LIST OF TABLES

Table P&«e

1. Employment by Major Sectors and Periods 4

2. Shares of Employment by Major Sectors 5

3. Labor Requirement per Rai Relative to Paddy 9

4. Share of Labor Use by Cropping Activities in
the North East 10

5. Seasonal Unemployment Numbers and Rates 12

6. Cropping Pattern by Land Types by Regions 16

7. Estimated Coefficients al and a2 by Regions, by
Land Types and Crops 25

8. Comparison Between Actual Land U9ed and
Estimated Value for 1984 30

9. Total Labor Requirement at the Base Year
Optimum by Regions and by Months 32

10. Major Crop Price Assumptions 1986-1991 34

11. Land Utilization in the North-East by Crops
Between 1984-91 36

12. Labor Requirement in the North-East by Crops
Between 1984-91 36

13. Land Utilization in the Central by Crops
Between 1984-91 38

14. Labor Requirement in the Central by Crops
Between 1984-91 38

15. Land Utilization in the North by Crops Between
1984-91 41

16. Labor Requirement in the North by Crops Between
1984-91 41



(V)

Table

17. Land Utilization in the West and East by Crops
Between 1984-91

18. Labor Requirement in the West and East by Crops
Between 1984-91

19. Land Utilization in the South by Crops Between
1984-91

20. Labor Requirement in the South by Crops Between 
1 1984-91

21. Increase in Labour Use by Crops

22. Employment Growth in Wet and Dry Season

23. The Proportion of the Percent Changes in
Production to 5 percent Changes in Price

24. Cross Price Elasticities by Crop by Region

Page

42

43 

45

45

46 

49

55

61



(vi )

Figure Page

1. Total Cultivated Area of Major Crops 7

2. The Shape of the Relationship between
Output and Land 21

3. Polygonal Approximation of a Separable
Function 27

LIST OF FIGURES



1. INTRODUCTION
Like most other developing countries, the majority of 

the Thai labor force is still employed in agriculture. 

Thus, the overall employment situation during the Sixth Five 

Year National Development Plan period (1987-1991) will

depend critically on labor absorption in agriculture.

Agriculture employment, which has been fairly steady at 

around 70% of total employment in recent years, is now

jeopardized by reduced growth of cultivated land, by crop

price changes, and will also be affected by the 

diversification of agriculture to crops with widely varying 

temporal and total labor requirements per unit land area. 

Because the pattern of labour usage vary so much depending 

on the crop, and the cropping pattern also vary a great deal 

by region, a model to analyze the detailed employment

patterns and outlook needs to be fairly rich. One approach 

which has previously been utilized to look at this issue is 

based on the linear programming approach; see eg. Chalamwong 

and Khatikarn (1985). One benefit of this approach is that a 

great deal of information on the production technologies and 

land types can be utilized. A major draw back however is 

that due to the linear nature of the relationships, the 

response of cropping patterns to changes in parameter 

values, such as crop prices, can be too extreme. To obtain 

sensible results, many a priori assumptions concerning the 

degree to which different crops can be substituted in

1



production need to be imposed, (particularly as the data 

available on these issues are still not as rich as one would 

like) .

The purpose of this paper is to construct a non-linear 

programming model of the agriculture sector in Thailand, 

which is then used to analyze the employment consequences of 

crop price changes during the period of the Sixth Plan. 

This model is a simple extension of the standard linear 

programming model, with the main difference being that the 

present approach takes into account likely diminishing

marginal productivity of land as the cultivated area for a 

particular crop is expanded further and further. The

parameters which govern the speed of the decline in the 

marginal product of land can be estimated econometrically. 

The solution from the model is an interior solution, and

changes smoothly with changes in parameter values. This

model is used to estimate the labor demand effects of 

changes in crop prices. Price projections based upon those 

from the World Bank are used to look at cropping patterns 

and the associated labor demand patterns during the period 

of the Sixth Plan. The model is also used to look at across 

crop substitution possibilities.
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2. OVERVIEW
Table 1 presents the overall picture of employment in 

Thailand with breakdowns into agriculture, industry and 

services, and given separately for the periods January-March 

and J u1y-September. The table shows that there is a 

definite seasonal pattern. The Ju1y-September period

corresponds roughly to the peak cultivating season in most 

areas, .while January-March is part of the dry season. We 

can1 see clearly that agricultural employment declines 

drastically between the two seasons. On average,

agricultural employment is around 5-6 millions less during 

the January-March period comparing to the July-Septernber 

period except for the years 1981 and 1982 when the figures 

were around 8 millions. Employment in industry and services 

increases by around 1 million workers in the dry season.

The share of employment by major sector in table 2 

indicates that agricultural employment accounts for about 

70% of total employment. Since 1977, the agriculture share 

has declined from 73.6% to 69.7% in 1984, although since 

about 1979, the share seemed to stabilized at around 70%.

As far as the ability of agriculture to absorb labor is 

concerned, it is clearly related to the availability of new 

cultivated areas. Indeed, this has been the main reason why 

agriculture has been able to retain a very high share of 

employment even though its share in value-added is now

3



T a b l e  1 E n p l o y i e n t  b y  M a j o r  S e c t o r s  a nd P e r i o d s

Year
T J a n u a r y - M a r c h
ftgric I n d u s t r y  S e r v i c e s

1977 9 , 8 4 1 , 1 9 9 2 , 4 2 8 , 1 7 7 3 , 8 3 1 , 7 5 4
1978 1 0 , 5 9 7 , 4 6 0 2 , 2 5 0 , 5 9 3 3 , 9 7 2 , 2 0 4
1979 9 , 7 9 6 , 8 7 2 2 , 8 9 6 , 1 9 6 4 , 2 4 2 , 1 7 2
1980 0 0 0
1981 9 , 4 2 1 , 0 5 2 3 , 0 1 9 , 8 5 3 5 , 1 0 2 , 6 6 8
1982 9 , 7 9 0 , 6 2 4 3 , 3 0 5 , 9 2 8 5 , 5 1 9 , 6 2 4
1983 1 1 , 5 2 8 , 6 7 7 3 , 4 5 8 , 2 4 7 5 , 6 5 3 , 3 7 2
1984 1 3 , 3 9 8 , 6 7 6 3 , 3 1 8 , 9 9 7 5 , 6 0 2 , 8 3 8
1985 1 3 , 3 8 3 , 2 7 1 3 , 3 6 8 , 2 5 4 5 , 8 5 1 , 2 1 7

J u l y - S e p  teiber

f l g n c I n d u s t r y S e r v i c e s Total

1 5 , 0 1 2 , 7 8 6 1 , 7 ) 0 , 9 5 0 3 , 6 2 6 , 5 1 6 2 0 , 4 0 0 , 2 5 2
1 6 , 0 8 4 , 1 8 1 1 , 8 3 0 , 2 4 4 3 , 8 4 3 , 4 1 2 2 1 , 8 0 7 , 8 3 7
1 5 , 1 6 1 , 8 4 1 2 , 2 2 8 , 1 0 3 3 , 9 8 7 , 8 3 9 2 1 , 3 7 7 , 7 8 3
1 6 , 0 9 2 , 1 2 9 2 , 3 2 2 , 8 3 9 4 , 2 6 5 . 8 6 3 2 2 , 6 8 0 , 8 3 1
1 7 , 8 0 9 , 8 5 0 2 , 3 4 6 , 3 1 9 4 , 5 5 5 , 9 1 7 2 4 , 7 1 2 , 0 8 6
1 7 , 4 2 8 , 8 5 3 2 , 6 3 0 , 0 7 9 5 , 2 6 0 , 3 3 5 2 5 , 3 6 9 , 2 6 7
1 7 , 4 0 1 , 4 7 3 2 , 5 1 1 , 6 3 6 5 , 2 7 0 , 4 1 8 2 5 , 1 8 3 , 5 2 7
1 8 , 1 3 0 , 3 5 6 2 , 7 6 7 , 4 9 3 5 , 1 0 1 , 0 8 5 2 5 , 9 9 8 , 9 3 4

0 0 0 0

1 6 , 1 0 1 , 1 3 0
1 6 , 8 2 0 , 2 5 7
1 6 , 9 3 5 , 2 4 0

0
1 7 , 5 4 3 , 5 7 3
1 8 , 6 1 6 , 1 7 6
2 0 , 6 4 0 , 2 9 6
2 2 , 3 2 0 , 5 1 1
2 2 . 6 0 2 , 7 4 2

S o u r c e :  L a b o r  F o r c e  S u r v e y s  1 9 7 7 - 1 9 8 5 ,  N S0
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Table 2 Shares of Employment by Major Sectors 
(July-September Labour Force Surveys)

Year Agric Indus try Services Total

1977 73.6% 8 . 6% \n . 8% 100.0%
1978 7 3.8% 8 . 6% 17.6% 100.0%
1979 70.9% 10 . 4% 18.7% 100.0%
1980 7 1.0% 10.2% 18.8% 100.0%
1981 7 2.1% 9 . 5% 18.4% 100.0%
1982 68 . 7% 10.6% 20 . 7% 100.0%
1983 69.1% 10.0% 20 . 9% 100.0%
1984 69 . 7% 10 . 6% 19.6% 100.0%
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fairly small (around 23% in 1984). In response to past 
population pressures, a portion of the rural population has
migrated to other rural areas to open up new lend for
cultivation. Figure 1 shows the inorea’se in cultivated
areas of major crops between 1972 and 1984. The picture 
indicates that there seems to be a turning point around 
1978, when the rate of expansion in cultivated areas slowed 
down. Between 1972 and 1978, the average growth in 
cultivated areas was around 3.3% per annum. Between 1978 and 
1984, the rate declined sharply to 1.4% per annum. It is 
unlikely that the rate of growth will be any higher than 
this in the future, and is more likely to decline further
due to environmental concerns.

In addition to total cultivated areas, the distribution 
among different crops is also important from the employment 
point of view, not only because each crop has different 
labor requirements for a given amount of land but also 
because the pattern of labor usage by month varies a great 
deal for different crops. Paddy is the most important crop 
in Thai agriculture ii. terms of its share in agricultural 
GDP and also in cultivated area. However, the importance of 
paddy has been declining. In 1976, for example, paddy 
accounted for 69% of all cultivated land, but this declined 
to 64% in 1983. In terms of value added, the share of paddy 
compared to all crops declined from 66.6% in 1972 to 53.6% 
in 1984. Of the other crops, cassava showed the largest
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gain, with its share in increasing from 6.8% to 15.9%

between 1972 and 1984. Sugar also almost doubled its share,

from 6.7% to 11.2%, and maize increased slightly from 5.8%

to 8.9% during the same period.

Table 3 shows the labor requirements for various major 

crops relative to paddy. It can be seen that this varies 

widely. The most labor intensive are cotton and sugarcane, 

with abo.ut twice the labor requirement of paddy. The lowest 

is ’sorghum, requires 28% of paddy’s, and also mungbean 

(49%). What this means is that to estimate the demand for 

labor in agriculture, one must have some idea of the likely 

cropping pattern to be expected. Actually, the issue is 

quite complicated due to the fact that, depending on where 

one is located, the possibilities for changing cropping 

patterns are very different. For example, in flooded 

lowlands, it is difficult to grow other crops in substitute 

for paddy in the wet season.

Besides the different intensities, the various crops

also differ in terms of the requirements on labor time 

through out the year. This is particularly relevant for the 

issue of seasonal employment patterns. In the North-east, 

for example, the percentage of yearly labor requirements for 

two broad periods of the year (January-May and June- 

September) are shown in table 4. It can be seen that for 

most of the crops the labor requirements are almost totally

8



Table 3 Labour Requirement per Rai Relative to Paddy< 1 t A 1

Crop Man/Rai

Paddy 100%
Mai ze 86%
Sorghum 28%
Mungbean 49%
Soybean 96%
Groundnut 165%
Cotton 203%
Cassava 84%
Sugarcane 182%
Rubber 158%
Coconut 67%

9



Table 4 Share of Labour Use by Cropping Activities in the North-east
(January-May and June-December)

•Activities January-May June-December

First Non-Glutinous Rice 
First Glutinous Rice 
Second Non-Glutinous Rice 
Second Glutinous Rice 
First Maize Crop 
Second Maize Crop 
Sorghum
First Mungbean Crop 
Second Mungbean Crop 
First Soybean Crop 
Second Soybean Crop 
First Groundnut Crop 
Second Groundnut Crop 
Kenaf 
Cassava 
Sugarcane

. 5% 99.5%

. 6% 99 . 4%
100.0% . 0%
100.0% . 0%
20 . 4% 79.6%

. 0% 100.0%

. 0% 100.0%
100.0% . 0%

. 0% 100.0%
100.0% . 0%

, 0% 100.0%
100.0% . 0%

. 0% 100.0%
30 . 3% 69 . 7%
39 . 3% 60 . 7%
70 . 9% 29.1%

10



within one or the other of the two periods. A little 

preparation is required in May for the first rice crop, but 

99% of labor time is used during the latter part of the year 

starting from June. The second rice crop is grown in the 

first 5 months of the year. The first maize crop starts in 

May, and continues until August, and the second crop 

occupies September to December. The first and ’second crops 

of mungbean, soybean and groundnut occur exclusively in the 

first and second part of the year respectively. Cassava and 

sugarcane require labor through out the year, with cassava 

requires more labor in the latter part while sugarcane is 

the opposite. Kenaf is grown between April and October, 

with heavy labor requirements in May and October, but in 

terms of the two periods, more labor is required in the 

latter.

The above picture of labor utilization for different 

crops shows that to analyze the issue of labor demand in 

agriculture, the model used must be extremely rich. Each 

crop is different, and a single crop grown in different 

areas and land types are also slightly different in terms of 

labor use and the distribution of labor time over the year.

The seasonal pattern of labor use is particularly 

important, because a major labor market problem in Thailand 

is that of seasonal unemployment. This can be seen from 

table 5, which gives the seasonal unemployment figures and 

rates based on the January-March rounds of the Labor Force

11
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Table 5 S e a s o n a l  U n e m p l o y m e n t  N u m b e r s  a nd Rat e s  
( 1 9 7 7 - 1 9 8 5 )

N o r t h  N o r t h - e a s t  S o u t h  C e n t r a l  Total

L a b o u r  F o r c e  S u r v e y  1977 R o u n d  1: 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

1 , 0 6 5 , 7 4 0  2 , 3 0 6 , 9 1 0  5 3 , 6 6 0
2 4 . 5 1 *  3 0 . 3 2 *  2 . 3 4 *

5 3 7 , 3 1 0  3 , 9 6 3 , 6 2 0
1 3 . 7 8 *  2 1 . 8 4 *

Labour F o r c e  S u r v e y  1978 R o u n d  1: 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

8 6 3 . 9 3 0  2 . 6 7 3 , 8 7 0
1 9 , 5 5 *  3 5 . 2 0 *

3 8 , 8 5 0  4 4 5 , 4 1 0  4 , 0 2 2 , 0 6 0
1.54* 1 1 . 0 9 *  2 1 . 6 8 *

L a b o u r  F o r c e  S u r v e y  1979 R o u n d  1: 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

9 8 5 , 5 7 0
2 1 . 6 0 *

2 , 8 2 3 , 7 8 0  
3 6 . IB*

1 2 8 , 0 8 0
5.3 8 *

4 3 1 , 8 9 0
1 0 .8 6 *

4 , 3 6 9 , 3 2 0
2 3 . 3 4 *

L a b o u r  F o r c e  S u r v e y  1981 R o u n d  1:
S e a s o n a l  U n e m p l o y m e n t  1 , 4 9 7 , 2 0 0  3 , 2 7 4 , 9 7 0  4 8 , 4 4 0  7 4 9 , 9 8 0  5 . 5 7 0 , 5 9 0
S e a s o n a l  Rate 2 8 . 9 8 *  3 9 . 4 8 *  3 . 0 1 *  1 6 . 4 8 *  2 8 . 3 9 *

L a b o u h  F o r c e  S u r v e y  1982 Ro u n d  1:
S e a s o n a l  U n e m p l o y m e n t  1 , 4 8 2 , 0 3 0  3 , 4 4 2 , 9 1 0  7 1 , 4 7 0  4 6 0 , 6 2 0  5 , 4 5 7 , 0 3 0
S e a s o n a l  Rate 2 7 . 3 5 *  4 0 . 1 3 *  2 . 5 7 *  9 . 7 5 *  2 5 . 3 8 *

L a b o u r  F o r c e  S u r v e y  1983 R o u n d  1: 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

9 9 2 , 4 2 0
2 0 . 0 5 *

2 , 7 7 5 , 2 2 0
3 5 . 9 0 *

7 5 , 3 2 0
2 . 8 9 *

5 7 3 , 8 1 0
13.00*

4 , 4 1 6 . 7 7 0
2 2 . 4 2 *

L a b o u r  F o r c e  S u r v e y  1984 R o u n d  1; 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

6 7 5 , 4 1 0
1 2,7 9 *

2 , 7 7 0 , 2 7 0
3 3 . 2 6 *

7 7 , 8 8 0
2. 8 7 *

2 4 4 , 0 2 0
5.37*

3 , 7 6 7  580 
1 8 . 0 5 *

L a b o u r  F o r c e  S u r v e y  1985 R o u n d  1: 
S e a s o n a l  U n e m p l o y m e n t  
S e a s o n a l  Rate

9 4 6 , b8 0  
17.41*

2 , 7 7 1 , 8 2 0
3 1 . 4 7 *

1 2 1 . 3 9 0
4 . 2 9 *

3 4 8 , 6 2 0
7 . 2 4 *

4 , 1 8 8 , 5 1 0
1 9 , 1 4 *

12



Surveys. The data shows that seasonal unemployment is a 

problem that affects a great number of people. The total is 

around 4 million workers, except for 1981 and 1982 when the 

figure was around 5.5 millions. The seasonal unemployment 

rates are around 20%, again except for 1981-2. In the 

South, there is not much seasonal unemployment. The Central 

region has around 400,000, but is less than 10% of the labor 

force recently. The main problem of seasonal unemployment 

occflrs in the North and particularly the North-east, where 

it is severest, affecting over 30% of the work force.

Disregarding the years 1981 and 1982, when the figures 

suddenly jumped, and may possibly be due to sampling 

methodology, the total number of persons seasonally 

unemployed appears to be fairly stable at around 4 million 

workers. The problem appears to be getting much better in 

the Central region, presumably because of the rapid 

diversification of agriculture in the region. The number of 

persons seasonally unemployed appears to be quite stable in 

the North and North-east at around 1 million and 2.7 

millions respectively, and the South shows a slight 

increase.

The large number of seasonally unemployed each year 

represents a huge waste of resources. While some have 

argued that the seasonally unemployed are mostly voluntary 

withdrawls from the labour force (see Bertrand and Squire

fc
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(1980)), recent evidences, based on seasonal migration 

patterns, indicate that this is not the case. Most of the 

seasonal unemployed are quite active in seeking jobs, and a 

I major impediment to their being able to 'find jobs is the 

lack of information on job opportunities (see Sussangkarn, 

Ashakul and Myers (1986)).

Over the period of the fixth Plan, the outlook for the 

prices of major crops are rather poor. Thus, the prospects 

for agricultural employment and incomes are poor. To 

understand the major implications on employment, both 

overall and seasonally, we need to look at the way farmers 

are likely to adjust their cropping patterns in response to
I the price changes. It is hoped that the present study on 

labor absorption in the agriculture sector will provide more 

information on this issue.

i
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3. Analytical Framework and Methodology
In the section, we will develop a non-linear

programming model of the agricultural sector in Thailand 

which will extend the linear programming approach used by 

Chalamwong and Khatikarn (1985).

In this study, the country is divided into 6 regions; 

Central, North, North East, Sputh, East, and West. Within

each region there are different types of crops based on the 

existing, cropping pattern. In addition, the land areas in 

each region are combined into 3 major groups by using land 

type and seasonality as the criterion. There are

1. Wet Season Low Land

2. Dry Season Low Land

3. Upland

The cropping pattern by regions for these 3 major groups are 

shown in table 6.

Each group has a combination of cropping pattern that 

is generally suitable for a particular group. Under the 

profit maximization’s framework, given the limit of the 

total available land, the representative farmer within each 

region-landtype combination allocates the total available 

land to the different crop to maximize net income. The 

mathematical relationships can be written as:

15



T a b l e  6 C r o p p i n g  P a t t e r n  by  ' . a n d  T y p e s  by R e g i o n s

R e g i o n
L a n d

Net S e a s o n  L o *  L a n d
Type

Dry S e a s o n  l o* L a n d U p l a n d

N o r t h e a s t Rice
G l u t i n o u s  Rice

Rice, G l u t i n o u s  Rice 
S o y b e a n  N u n g b e a n  
G r o u n d n u t

M a i z e ,  S o r g h u i ,  
S u g a r c a n e , Kenaf 
C a s s a v a ,  S o y b e a n ,  
M u n g b e a n

N o r t h Rice
G l u t i n o u s  Rice

Rice. G l u t i n o u s  Rice 
N u n g b e a n ,  S o y b e a n  
G r o u n d n u t

■Maize, S o r g h u i ,  
S u g a r c a n e ,  M u n g b e a n  
G r o u n d n u t ,  C a s s a v a

C e n t r a l Rice
G l u t i n o u s  Rice

Rice, M u n g b e a n  
G r o u n d n u t ,  S u g a r c a n e

Maiz e ,  S o r g h u i ,  
S o y b e a n ,  M u n g b e a n ,  
G r o u n d n u t ,  C a s s a v a ,  
S u g a r c a n e ,  Co t t o n ,

H e s t Rice Rice M a i z e ,  C o t t o n ,  
C a s s a v a ,  S u g a r c a n e

E a s t Rice Rice M a ize, C o t t o n ,  
C a s s a v a ,  S u g a r c a n e .

S o u t h Rice Rice

16
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subject Lo S L : = L
1

( 2 )

where P1 = P r i c e /u n i t  of product Q

0' = Input c o s t  per unit of  land for

producing Q' 

L1 = Amount of land used to  produce c ro p  O' 

L = Tota l  land available

From equations (1) and (2), the Lagrangian function can be 

formed a s :

Z = B P ' Q ' - e ' L 1) ♦ X ( L - S L ' )  (3)
i i

where X is an as  yet  undetermined multiplier.  The f i r s t - o r d e r  conditions  are

obtained by setting the first derivative of (3) with respect
i

to decision variables L equal to zero:

$L = p ' r-e ’- x  = o (4)
9L

i
where f is marginal product of land L . Transposing the 

i
third term in equation (4) to the right, the equation can be 

rewritten as:

p'r, - 0' = x (5)

17



i i
where f is a marginal product of land L for crop Q . If

i .
there are n crops in a particular land group, the equation

(5) can be elaborated as:

P'f,  - B1 = P2f2 - B2 = —  = P \  - Bn = X (6)

In some regions a particular land group has only one crop. 

Rice, for example, is the only crop grovn in the wet season 

low land in the East, West and South. Since there is no

substi tution,  the X value can be set  equal to zero,  he relat ionship in (5), 

can thus be transformed to the marginal condition, where, 

marginal value product is equal to input cost.

In the Linear Programming approach, all the marginal 

products and input cost coefficients are assumed to be 

fixed, and the solutions are corner solutions (with 

equalities in the marginal conditions replaced by 

appropriate inequalities). Thus, in general, in order to 

obtain more than one crop in the solution for each region- 

landtype combination, further constraints on how much a 

particular crop can be expanded need to be imposed. This 

will be based on data concerning land suitability etc.

In this study, the idea is to formulate the model so 

that we obtain interior solutions. We follow the LP 

approach by assuming that the input cost coefficients are

18



fixed per unit of land. This, of course, ignores choice of

techniques considerations, and we recognize this weakness,

but hope to extend the analysis to cover this aspect in the

future. Here, we focus instead on the n\arginal product of

land. Rather than a fixed marginal product as in the LP

approach, we shall assume that there are diminishing

marginal productivities on land as a particular crop is

expanded more and more within a region-1andtype combination.

This takes into account the varying land suitability but in

a different way from the LP approach.
i i

Since Q is the function of land L , the relationship

between these 2 variables needs to be established. In this

study, the idea is to assume that productivity will

eventually decrease as the planted area for a particular

crop increases. This is intended to capture effects related

to quality of the land. Normally, in a particular area, the

best land for a crop will be used first. If income from a

certain crop is higher than others, then more and more

people will shift to that crop. The limit of expansion sets

in when the marginal returns on all crops are equalized (as

previously shown), and this gives the solution for the

model. Because of diminishing marginal productivity,

returns are no longer linearly related with land as in the

linear programming framework, and changes in crop prices

will generally lead to gradual changes in the cropping

pattern.
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To empirically implement this idea, a specific 

functional form relating output of a crop to land needs to 

be assumed. One criterion is that we should be able to 

econometrically estimate the parameters that determine the 

rates of diminishing marginal productivities. After some 

experimentation, the following functional form was settled 

upon:

atim'L1
Q' = a U l - e  2 ) (7)

i i i
where a and a are coefficients and m is a 

1 2
ratio of harvested to cultivated land area. The shape of

i i
this relationship between Q and L is illustrated in figure

2. This function shows that the marginal product increased

at a decreasing rate as more land are used. The maximum
i

output for a crop (i) is at point a . Note that it is
i 1 i i

quite possible for a to be very large, and a and a be
1 1 2 

Buch that the curve is almost linear in the range of land

that is available in a region-landtype combination. We do

not impose any a priori constraints on these. From the

relationship in (7), the equation (6) can be expanded to,

p'aJaimV^11’ - 01 = P2a ^ m 2e'^2L2 - 02 = —  = P^nr'e'"3""1" - 0n (8)
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Figure 2 The Shape of the Relationsnip between Output and Land
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Equation (8) equate the optimum relationship among crops

within each land group.
The unknown parameters a and a for individual crops

1 2
will be estimated by utilizing the above equation.

i i
Ideally, the varous a and a should be estimated

1 2
simultaneously. However, in practice, the amount of data 

available does not permit this, What was done instead was 

to select a "base" crop in each of the region-landtype

classification. The a and a parameters for this crop were
> 1 2 then estimated by appealing to equation (7), using a time

series for output and cultivated area (the m parameter, the

ratio of harvested to cultivated area was calculated

separately for each crop, based upon an average of the past

ratio of harvested to cultivated area). The choice of the

"base" crop was based on the availability of a fairly long

time series data and a reasonably smooth trend in the

calculated yield. These were to ensure that the estimates

for this base crop would be fairly robust, as the estimates

for the base crop will be used in estimating those for the

other  c r o p s  as  described below. Using the value a ,  and a 2 f o r  the base crop,

and substituting into (8) we get for the other crops:

Pa^a^m'e â IlL - 01 = PJaJ1a)2m je'32n'LJ - 0j [9]
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where j = 1.2,.#. n-1,

iLn.il I|„l . - * 2 ™  i- q I . q JP ala2m le 1 - 0 + tr [10)

By substituting equation (10) in (7) for crop j, the 

relationship becomes,

P^'.aWe''2"'1' - 81 * 81 
PJmJ

|  - I) (II)

From (11) the parameter a can be estimated by utilizing
2

non-linear maximum likelihood routine and then substitute

i ts  estim ated value (ai) in [10). By substituting the estim ated aJ2 into (10)

j
the estimated value of a can be found,

1

P,a,ta W 5'2mlLl - 0' ♦
a , * (12)

In this study, the la te st year (1984) for the value of Pj, 01 and ^  are used

in (12) in order to calibrate the base year solution.
Since, the estimated value of a and a for all crops are

1 2
found, these values will be subsequently applied in the
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programming model. The estimated values of a and a for1 2
each region, soil type, and cropping pattern are shown in 

table 7.
In the solution procedure, because the only non-linear

feature involves the relationships between output and land,

an extension of the linear programming method called

Separable Programming can be used. This procedure sets up

the separable function which is represented by a polygonal

approximation. An example of a polygonal approximation of a

separable function y = f(x), defined in the interval from

x = x to x = x is shown in figure 3. The grid is defined 
o r

by a set of r+1 points on the x-axis. The lengths of the

resulting intervals on the x-axis are D , D , .., D , and
xl x2 xr

the lengths of the resulting intervals on the y-axis are

D , D , .., D . The separable variable x can be
yl y2 yr

developed as a function of special variables X , X , .., X
1 2 r

where X defines the first interval of length D , X defines
1 1 2 

the second interval of length D , and so on. Any value of X
2

from X = X to X = X can be expressed in terms of the
o r

equation:

X = X + D  * X + D * X + .. + D * X (13)
o x 1 1 x2 2 xr r

Equation (13) is referred to as the grid equation.

Similarly, the separable function Y can be expressed in
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T a b l e  7 E s t i i a t e d  C o e f f i c i e n t s  a l  a nd  a2 by  R e g i o n s ,  L a n d  T y p e s  a n d  C r o p s .

E s t i i a t e d  C o e f f i c i e n t s  
R e g i o n / C r o p s  al a2

N o r t h e a s t
G r o u p  1: G l u t i n o u s  Rice 10.< 2 6

R i c e  1. 0 4 9 8 5
G r o u p  2: G l u t i n o u s  Rice 1 0 . 3 5 9 9 9

R ice t 12426
S o y b e a n  0 . 2 0 4 7 1
fjungbean 0 . 5 9 0 7 2
G r o u n d n u t  0 . 2 8 2 5 9

G r o u p  3: S o y b e a n  0 . 0 6 4 5 3
G r o u n d n u t  0 . 2 2 7 9 7 9
N u n g b e a n  0 . 3 8 9 4 3 9
S u g a r c a n e  6 . 1 7 3 0 9 3
N a i z e  (1) 1 . 7 1 5 3 9 7
M a i z e  (2) 0 . 7 0 3 5 2 5
N a i z e + S o r g h u *  0 . 2 1 7 5 1 8
Kenaf 0 . 3 7 4 7 7
C a s s a v a  2 3 . 0 0 8 5 9

0 . 0 1 9 1 8 3
0 . 2 1 1 4 1

0 . 0 4 8 2 3 9
0 . 0 5 2 5 7 9

0 . 9 1 5 7
0 . 1 3 7 9 8
1 . 9198

3.87
1.0297

0 . 2 8 9 8 6
2 . 7 2 3

0 . 5 6 0 8 3
1.83 8 5
4 . 9 6 1 3

0 . 6 7 3 8 4
0 . 2 7 0 3 4

N o r t h
G r o u p  1: G l u t i n o u s  Rice 

Rice
G r o u p  2: G l u t i n o u s  Rice 

Rice
N u n g b e a n
S o y b e a n
G r o u n d n u t

G r o u p  3: S o y b e a n  
S u g a r c a n e  
G r o u n d n u t  
C a s s a v a  
C o t t o n  
N u n g b e a n  
Mai z e  (1)
N a i z e  (2) 
H a i z e + S o r g h u i  
S o r g h u *  (2)

1 . 0766
1 .08124

1 . 3 5 9 0 6 3
0 . 6 5 9 8 2
0 . 6 1 4 6 2
0 . 8 9 1 8 7

0 . 6 0 3 2 2 2
2 . 6 6 9 9 4 1
7 . 8 0 3 6 7 9

7 . 2 4 8 6
3 . 0 6 8 1 8 3
2 9 . 3 4 9 5 1
0 . 9 6 7 0 7 5
2 9 . 5 7 8 3 3
0 . 4 9 4 4 5 8
3 . 4 5 1 3 2

1 . 0 6 0 5 5 2

0 . 5 2 8 9 6
0 . 4 7 B 6 2
0 . 4 4 6 1
1 . 3 0 1 5

0 . 1 8 7 4 1
0 . 1 8 8 4 1
0 . 3 2 1 1 2

0 . 0 7 3 8 8 5
2 . 2 1 5 3

0 . 0 2 9 2 1 5
0 . 9 9 7 0 7
0 . 0 5 7 3 1
0 . 1 8 7 4 1

0 . 0 1 6 0 0 3
3 . 6441

0 . 1 6 4 8 2
0 . 3 1 6 7 5



Table 7 E s t i i a t e d  C o e f f i c i e n t s  al and a2 by R e g i o n s ,  L a n d  Types an d  Crops. 
( C o n t ’d)

R e g i o n / C r o p s
E s t i i a t e d  C o e f f i c i e n t s  

al a2

Ce n t r a l  
G r o u p  1: G l u t i n o u s  Rice 

Rice
G r o u p  2: Rice

N u n g b e a n  
G r o u n d n u t  
S u g a r c a n e  

G n u p  3: S o y b e a n  
N u n g b e a n  
G r o u n d n u t  
C a s s a v a  
C o t t o n  
S u g a r c a n e  
N a i z e  (1)
N a i z e  (2) 
N a i z e + S o r g h u i

1 . 2495
0 . 6 4 0 3 8 1
3 . 8 4 4 1 8 4

1 .83 2 8
0 . 0 0 6 2 3 5
0 . 5 9 8 1 1 9
0 . 0 3 7 0 8 3
0 . 2 2 2 8 7

0 . 0 1 5 5 4 9
1 . 7 3 0 9 5 3
0 . 5 7 6 5 9 7
7 . 3 2 7 7 5 2
0 . 7 5 4 1 5 6
3 9 . 2 4 3 3 4
1 . 9 3 1 9 4 8

0 . 2 7 0 3 3
I.7389 

0 . 2 2 0 7 3
0 . 0 4 9 9 7 7

37.584
2 4 . 9 9 6
5.11 8 7

0 . 5 8 4 2 3
18.574
II.314 
3 . 8 3 4 8  
1.9473

0 . 8 7 2 5 5
0 . 0 1 5 2 0 4
0 . 2 9 7 7 2

S o u t h  
G r o u p  1: Rice 
G r o u p  2: Rice

3 . 2 9 7 2 0 1
2 . 7 8 9 6 4 3

0 . 0 7 2 1 7 7
0 . 1 0 5 5 4

Mest 
Gr o u p  1: 
G r o u p  2: 
G r o u p  3:

Rice
R ice
C a s s a v a
C o t t o n
S u g a r c a n e
N a i z e  (1)
N a i z e  (2)

1 . 3 4 5 2 4 9
7 . 1 9 3 4 6 6 7

4 , 0 4 9 2
5 . 9 4 4 8 5 1
2 0 . 0 2 1 0 3
1 . 33944

1 0 . 4 9 5 2 8

0 . 1 5 6 5 6
0 . 0 4 4 7 7 6
0 . 6 9 9 7 9
0 . 2 3 4 4 8
0 . 4 9 3 7 2
0 . 3 6 4 1 2

0 . 0 6 5 5 7 7

East 
G r o u p  1: Rice 
G r o u p  2: Rice 
G r o u p  3: C a s s a v a  

Ma i z e  (1) 
C o t t o n  
S u g a r c a n e

1 . 7 6 6 8 8 9
1 5 . 5 8 3 5 9 4

1 0 . 5 9 5
6 . 7 0 5 2 8 2
4 . 1 7 3 1 7 3
5 . 9 6 3 9 4 3

0 . 1 2 3 2 6
0 . 0 1 9 6 8 6
0 . 3 7 0 5 1

0 . 0 4 0 8 3 9
0 . 2 8 0 0 4

2 . 2 2 3

N a i z e  (1) : o n l y  o ne c r o p  a n n u a l l y  
Ma i z e  (2) : tuo c r o p  a n n u a l l y
N a i z e  ♦ S o r g h u i  : fi r s t  s e a s o n  « a i z e  an d  s e c o n d  s e a s o n  s o r g h u i  
S o r g h u i  (2) : two c r o p  a n n u a l l y
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Figure 3 Polygonal Approximation of a Separable Function



terras of the same special variables and the lengths of the 

resultant intervals along the y-axis as follows:

Y = Y + D  * X + D  * X + . . . D * X (14)
o yl 1 y2 2 yr r

The values of X to X that satisfy the grid equation (13)
1 r

also satisfy equation (14), known as the functional 

equation, because of the linearity of the approximating 

functions.

By applying the previous method together with the

estimated a and a to the production relationships between 
1 2

output and land in equation (7), the optimum land used for

each crop in a particular land group can be derived. Since

the coefficients a ’s were derived from the 1984 base year
1

in conjunction with the equilibrium conditions for profit 

maximization, the resulting land use in 1984 obtained by 

using the separable programming procedure should be 

approximately the same as the actual land used in that year. 

The solutions from the model and the actual land used are 

shown in table 8. Even though the values are not exactly 

the same because it involved the piece-wise linear 

approximations, the results, however, are very close to the 

actual base year values. This is in contrast to the usual 

linear programming method, where the base solutions are 

usually rather different from the actual base year values.
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The total labor demand in each region by month is

illustrated in table 9. From the solution, total labor

demand are high during the months of October to December.

These months are both cultivated and harvested period for

most crops, thus requiring a lot of labor. On the other

hand, total demand for labor is small in January, February, 

and September. The gap of labor demand between the peak and 

the bottom period is high. This is clearly related to the 

seasonal, unemployment problem. Aside from total cultivated 

areas, the spread among different crops is also important 

from the employment point of view, because each crop has 

different labor requirements for a given amount of land and 

also because the pattern of labor use by month varies a

great deal for different crops. The data on labor

requirements for each crop by region are shown in Appendix

I. The next section will illustrate some of the application 

of the developed model regarding the impact of changes in 

products’ prices on the issue of agricultural labor demand.
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l a b l e  8 C o r p a r i s o n  B e t w e e n  A c t u a l  L a n d  U s e d  and S o l u t i o n  V a l u e  f o r  1 984

N o r t h - E a s t e r n  
G r o u p  1 : Rice

G l u t i n o u s  Rice 
G r o u p  2 : Rice

G l u t i n o u s  Rice 
S o y b e a n  
M u n g b e a n  
G r o u n d n u t  

G r o u p  3 : M a n e  1 
M a i z e  2 
S o r g h u i  2 
S u g a r c a n e  
Kenaf 
C a s s a v a  
S o y b e a n  
G r o u n d n u t  
M u n g b e a n

N o r t h
G r o u p  1 : Rice

G l u t i n o u s  Rice 
G r o u p  2 : Rice

G l u t i n o u s  Rice  
M u n g b e a n  
S o y b e a n  
G r o u n d n u t  

G r o u p  3 : M a i z e  1 
M a i z e  2 
S o r g h u i  2 
M u n g b e a n  
S o y b e a n  
G r o u n d n u t  
C a s s a v a  
S u g a r c a n e  
S o r g h u i  1 
C o t t o n

A c t u a l  L a n d  U s e d  S o l u t i o n
( 1 , 0 0 0  Rai) ( 1 , 0 0 0  RaiJ

1 1 , 3 9 9 . 9 3
17 , 1 6 7 . 7 1

2 4 6 . 2 4
1 3 8 . 8 5
23.04
54.78
55.41

2 , 4 3 4 . 2 7
4 5 2 . 3 7
1 8 0 . 2 3
4 9 3 . 1 5

1.004 . 0 1
5 , 1 0 3 . 7 0

1 0 2.07
128. 7 7
23 6.21

9 , 6 9 7 . 1 3
3 , 6 1 3 . 5 7

4 5 3 . 5 6  
106.81 
463.31 
2 9 7 . 8 6
9 0 . 1 5

5 , 3 5 4 . 6 7
2 6 4 . 6 6
7 2 3 . 7 0

2 , 0 9 7 . 8 7
7 3 7 . 9 5
3 5 8 . 0 7
3 9 9 . 8 9
562.84
8 1 . 7 8

2 6 6 . 5 6

( 1 , 0 0 0  Rai) 
1 1 , 8 0 0 . 0 0
1 7 . 2 0 0 . 0 0

2 4 6 . 0 0
1 4 0 . 0 0
2 3 . 0 0
5 4 . 0 0
5 5 . 0 0

2 . 4 3 3 . 0 0
4 5 3 . 0 0
1 8 0 . 0 0
4 9 0 . 0 0  

1 , 0 0 0 . 0 0

5 . 1 0 0 . 0 0
1 0 1 . 0 0
1 3 0 . 0 0
2 3 8 . 0 0

9 . 7 0 1 . 0 0
3 . 6 1 0 . 0 0  

(53.00 
106. 0 0 
( 6 3 . 0 0
3 0 0 . 0 0
9 0 . 0 0

5 . 3 6 5 . 0 0
2 6 4 . 0 0
7 2 1 . 0 0

2 . 0 9 0 . 0 0
7 3 7 . 0 0
3 5 8 . 0 0
3 9 9 . 0 0
5 6 2 . 0 0
8 1 . 0 0

2 6 8 . 0 0
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Tab l e  8 C o i p a r i s o n  B e t w e e n  A c t u a l  L a n d  U s e d  a nd S o l u t i o n  V a l u e  for l°84 
( C o n t ’d)

A c t u a l  L a n d  U s e d  S o l u t i o n
( 1 , 0 0 0  Rail ( 1 , 0 0 0  Rai)

C e n t r a l  
G r o u p  1
G r o u p  2

G r o u p  3

Rice
G l u t i n o u s  Rice 
Rice
M u n g b e a n
G r o u n d n u t
S u g a r c a n e
Maize 1
M a i z e  2
S o r g h u i
S o y b e a n
M u n g b e a n
G r o u n d n u t
C a s s a v a
C o t t o n
S u g a r c a n e

S o u t h
G r o u p  1 : Rice 
G r o u p  2 : Rice

1 , 4 8 6 . 5 2
1 00. 8 2

2 . 8 7 7 . 7 9  
121.94

8.66
43. 6 5

1 . 7 4 6 . 7 9  
2 4 8 . 7 9  
8 1 1 . 1 9
57 . 2 0

2 0 9 . 6 2  
2 1 . 9 0

236.31
126. 6 3  
5 7 2 . 1 6

3 , 7 2 8 . 5 0
2 2 3 . 9 8

7 . 4 8 0 . 0 0
1 0 7 . 0 0

2 . 8 7 7 . 0 0
1 2 1 . 0 0  

8 . 0 0
4 3 . 0 0

1 . 7 4 8 . 0 0
2 5 0 . 0 0
8 1 1 . 0 0
5 7 . 0 0  

2 1 1 . 0 0

2 2 . 0 0
2 3 4 . 0 0
1 2 7 . 0 0
5 7 2 . 0 0

3 , 7 2 0 . 0 0
2 2 3 . 0 0

East
G r o u p  1 : Rice 
G r o u p  2 : Rice 
G r o u p  3 : Mai z e  

C o t t o n  
C a s s a v a  
S u g a r c a n e

3 , 2 2 5 . 5 8
4 0 7 . 2 4
5 0 2 . 7 6  
6 0 . 5 5

2 , 7 4 5 . 8 8
5 7 4 . 7 6

3 . 2 2 3 . 0 0
4 0 7 . 0 0
5 0 4 . 0 0  
6 1 . 0 0

2 . 7 4 5 . 0 0
5 7 5 . 0 0

W e s t
G r o u p  1 
G r o u p  2 
G r o u p  3

Rice
Rice
M a i z e  1
M a i z e  2
C o t t o n
C a s s a v a
S u g a r c a n e

1 , 3 9 5 . 7 5
76 . 3 3

2 0 6 . 8 9
97. 9 4
46 . 0 2

2 9 3 . 7 0
1 , 1 4 7 . 4 5

1 . 3 9 0 . 0 0
76. 0 0 

2 0 8 . 0 0  
1 0 0 . 0 0
46 . 0 0  

2 9 3 . 0 0
1 . 1 4 7 . 0 0
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! a b l e  9 lota! L a b o r  R e q u i r e m e n t  at the B a s e  fear O p t i m u m  b y  R e g i o n s  and by M o n t h s
L A B O U R

R E G I O N  ' JAN. FEB. MAR. APR MAi JUN. JUl AUG SEP 0 C T NOV DEt OTAl

N O R T H  E A S T E R N 9 8 8 9 5 29 4 9 6 54 593 8 48 8 2 56 4 8 2 106027 2 8 3 5 4 3 1 32q 8B 4 0 7 3 0 5 2 1 9 6 3 9 2 4 0 6 5 2 0 9 . 5E : 9 6 3 0 1'
N O R T H E R N 54124 30 4 9 5 42292 5 0 i 2 9 3935i 380941 1 7 7280 217 4 7 ; 48 7 2 5 97 5 8 7 3 0 9 1 6 9 sot 735 211430,
C E N T R A L  °LAIN 6 3 9 6 5 26 7 3 6 34182 2 0 9 i 5 q 6 Q 003 .1 5396 87 2 9 6 3444 1 21111 2 i 184 2 6 2 9 3 3 '.4600'’ 1 i 5 U .
E A S T E R N 254 9 5 1B885 42 8 4 3 556 6 3 46097 141002 33 0 0 9 14944 10625 1 2 1266 ;045 1 5 . 0 3 3 5' . ' Vi,
W E S T E R N 295B1 27634 344 58 22 5 3 6 24272 q2228 21 6 8 0 1 2044 9121 1 7394 41 9 6 0 51087 583999
S O u l H E R N 20 4 5 7 8 8 9 5 2 145898 ! 5 q 34 8968 46221 11674 a h 1 a <- 5629! i 6 7 66 9 5068 < * - . 9C

'OTAi 2 9 2517 2 2 2 1 9 8 3 5 4266 4 3 8 3 0 3 444 1 1 3 9 4 1 8 1 5 6 1 4 4 8 2 5 3 9 0 2 5 186603 1147061 1 6 73329 10 4 8 4 5 3 9 0 2 2 3 0
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4. Price Change Effect on Optimum Solution of the Model

The purpose of this section is to assess the impact of 

the expected change in crop prices on the optimum land use 

and labor demand in each region.

The projected future prices for the various crops were 

based to some extent on The World Bank price projection. 

However, they were adjusted to round out the numbers, or 

where the forecasts was thought to be rather unrealistic. 

The major adjustment xs on the price of sugar on which the 

World Bank expects an increase in real terms of over 12% per 

annum to 1990. For the purpose of the simulation, this is 

assumed to increase only 4% per annum in real term. The 

projected prices are shown in table 10. If one assumes that 

the domestic prices of these crops move in the same

direction, the annual percentage changes in table 10 can be 

used as a proxy for future domestic commodity prices. The

projection for some commodity prices, such as glutinous

rice, mungbean, cassava, are derived by using the movement 

of the closely related crops and also based on long term 

price trends.

Expected inflation rate of 3.0% is used to adjust for

both future labor cost and other costs. Future land

available for each group in each region is based on the 

projection by Chalamwong and Khatikarn (1985). Labor force 

constraint is also accommodated by utilizing a 2.0% average
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Table 10 Major Crop Price Assumptions 1986 - 1991

Commodities Real Price Increase Per Annum

Non - Glutinous Rice OX
Glutinous Rice OX
Mai ze -2X
Sorghum - 2X
Mungbean OX
Soybean IX
Groundnut - 2X
Kenaf - 4X
Cassava -0 . 5X‘
Sugarcane 4 . OX
Cotton 0. 5X
Rubber OX
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labor force growth. When the information are incorporated 
into the Separable Programming model developed earlier, the 
new optimum solutions can be generated to find the impact of 
price changes on labor demand.

North-EaBtern Region The scenario to be considered in 
this study is during the period of the Sixth Five-Year Plan 
(1987-1991). One of the major assumption here and in other 
regions is that no new crop will be introduced into the 
region.- This is of course a strong assumption, and there
are two aspects which should be indicated. First, the crops
that are dealt with in the model are restricted to the major
crops. Such things as fruits and vegetables are not
included. The main reason is the lack of data which would 
allow estimates of the model parameters. As better data 
become available, these can be integrated in the future. 
Secondly, the model also does not take into account the 
introduction of a new crop which previously is not grown in 
the area, although it may be grown in other areas. Here 
again there is a lack of data on what would be the input 
coefficients and land productivity were such crops to be 
introduced. Given these qualifications, the optimum land 
use for each crop in 1984 and 1991 are presented in table
11. The simulation results show a change in land 
utilization for most crops. Mungbean is the crop which 
illustrates the highest percentage change. Its utilization 
of land increased from 292,000 rais in 1984 to approximately
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T a b l e  1 1  L a n d  U t i l i z a t i o n  i n  t h e  N o r t h - E a s t  by  C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( 1 , 0 0 0  R a i s )

C o n o d i t i e s Year
1984 1991

C h a n g e s A n n u a l  G r o w t h  
(*)

M a j o r  Rice 2 9 0 0 0 2 9 0 0 0 0 0 . 0 0
S e c o n d  Rice 3 86 208 -178 - 8 . 4 5
N a i z e 2 8 8 6 2992 106 0 . 5 2
S o r g h u i 1B0 180 0 0 . 0 0
N u n g b e a n 29 2 1230 938 2 2 . 8 1
S o y b e a n 124 177 53 5.22
G r o u n d n u t s 185 600 415 1 8 . 3 0
Kenaf 1000 8 00 -200 -3.14
C a s s a v a 5100 5 083 -17 - 0 . 0 5
S u g a r c a n e 490 600 110 2.94

S j i 3 9 6 4 3 408 7 0 1227 0 .44

T a b l e  12 L a b o r  R e q u i r e i e n t  in the N o r t h - E a s t  by C r o p s  B e t w e e n  19 8 4 - 9 1  ( M a n - D a y )

C o a e o d i t i e s  Year C h a n g e s  A n n u a l  G r o w t h
1984 1991

N a j o r  Rice 1 3 3 5 4 1 4 6 1 3 3 5 4 1 4 6 0 0 . 0 0
S e c o n d  Rice 2 1 2 8 8 9 1 1 4712 - 9 8 1 7 7 -8 . 4 5
N a i z e 10 2 7 7 6 4 10 6 5 5 7 7 3 7 8 1 3 0 . 5 2
S o r g h u i 2 2 6 3 9 2 2 6 3 9 0 0 . 0 0
N u n g b e a n 7 3 2 9 5 3 1 4 5 1 0 2 4 1 2 1 5 2 3 . 1 3
S o y b e a n 6 5 9 1 8 9 3 7 4 5 27827 5 . 1 6
G r o u n d n u t s 1 3 8 5 2 2 4 7 2 6 7 5 3 3 4 1 5 3 19.17
Kenaf 6 1 5 5 1 5 4 9 2 4 1 2 - 1 2 3 1 0 3 -3 . 1 4
C a s s a v a 2 9 0 1 4 3 9 2 8 9 1 7 0 2 -9 7 3 7 -0 . 0 5
S u g a r c a n e 3 6 5 0 2 9 4 4 6 9 7 4 8 1 9 4 5 2.94

Su e 1 8 7 7 7 1 5 6 1 9 2 6 9 0 9 2 4 9 1 9 3 6 0 . 3 7
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1.230.000 rais in 1991, Groundnut also increased a lot. On 

the other hand, the second rice crop and kenaf are the only 

two crops that show a significant decline in production from

386.000 rais to 208,000 rais and 1,000,000 rais to 800,000 

rais accordingly.

When the projected labor requirement is considered, the 

requirements for mungbean and groundnut are expected to 

increase by about 23% and 19% per annum. The overall labor 

demand for the existing crops is expected to increase from 

approximately 18 million man-days to 19 million man-days, or 

at less than an average 0.5% per annum.

Central Region Here, as in the Northeast, mungbean 

has the highest percentage increase in cultivated area of 

about 17% per annum. In absolute terms, however, The major 

rice crop has the highest area growth in spite of no real 

price increase. The highest drop in area is maize. It 

declined about 2% per annum or by 258,000 rais from 1984 to 

1991. The reduction is caused by the projected real price 

decline for maize at 2% per annum. The changes in land used 

by crop are illustrated in Table 13. It should be noted 

that in this region, and some other regions, planted area 

for Coconut was also included. This crop, however, was 

treated as an exogenous factor which was not derived from 

the above described model. The total land used in this 

region show a slightly increase of about 1.5 million rais or 

1.4% annual growth.



T a b l e  1 3 L a n d  U t i l i z a t i o n  i n  t h e  C e n t r a l  by  C r o p s  8 e t w e e n  1 9 8 4 - 9 1  ( 1 , 0 0 0  R a i s )

O o s i o d i t i e s tear C h a n g e s A n n u a l  G r o w t h
1984 1991 (»)

M a j o r  Rice 7587 8407 320 1.48
S e c o n d  Rice 2877 2 950 73 0 . 3 6
M a i z e 1998 1740 -258 - 1 . 9 6
S o r g h u i 811 850 39 0.67
M u n g b e a n 334 989 655 16.78
S o y b e a n 57 85 28 5.87
G r o u n d n u t s 31 27 -4 - 1 . 9 5
C o t t o n 127 145 18 1.91
C a s s a v a 234 220 -14 -0. 8 8
S u g a r c a n e 6 1 5 799 184 3.81
C o c o n u t 53 54 1 0 . 2 ’

Sun 1 4724 16266 1542 1 43

Tab l e  14 Lab o r R e q u i r e m e n t  in the C e n t r a l by C r o p s  B e t w e e n  19 8 4 - 9 1  (Man

C o a i o d i t i e s Tear
1984 i 791

C h a n g e s A n n u a l  G r o w t h
I X )

M a j o r  Rice 2 6 3 3 7 7 2 2 9 0 8 8 4 2 2 7 5 0 7 0 1.43
S e c o n d  Rice 1 2 5 6 7 7 5 1 2 8 8 6 6 5 3 1 8 9 0 0 . 3 6
M a i z e 7 8 2 1 8 4 6 8 4 5 4 8 - 9 7 6 3 6 - 1. 8 9
S o r g h u i 1 1 3 4 3 7 1188 9 2 5455 0.67
M u n g b e a n 73261 2 3 7 1 8 9 163928 18.27
S o y b e a n 2 1 4 7 6 3 2 0 2 5 10549 5.87
G r o u n d n u t s 1 8 7 1 0 16772 - 1 9 3 8 - 1 . 5 5
C o t t o n 1 0 9 4 9 9 1 2 5415 15916 1.96
C a s s a v a 9 9 8 7 0 9 38 9 4 - 5 9 7 6 - 0 . S 8
S u g a r c a n e 4 9 4 9 9 3 6 4 1 1 3 8 1 4 6 1 4 5 3 . 7 6

Su * 5 6 0 3 9 7 7 6 1 4 7 3 8 0 5 4 3403 1.33
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Rice which is a major user of labor in this region, 

will still continue to dominate the labor usage even though 

the expected real price is assumed to be stagnant over the 

studied period. At the end of the Sixth Plan, the rice 

sector will utilize roughly 68% of agricultural labor time. 

When it is considered in percentage term, however, mungbean 

has the highest growth at 18% per annum. This crop will 

absorb slightly more than 230,000 man-days in 1991 or an 

increase of about 160,000 man-days from 1984. Maize, on the 

other hand, is the crop that shows the highest decline in 

labor usage. Labor needed in this activity will decline to 

less than 700,000 man-days in 1991 or decreasing by 

approximately 2% per annum. To sum up, the total labor 

demand for all crops in this region will increase to about 6 

million man-day in the next 5 years. This represents an 

average growth of around 1.3% per annum.

Northern Region Maize which is one of the main crops 

in the north besides rice, illustrates a decline by about 3% 

per annum. In addition, sorghum, groundnut and cassava also 

show a decline in producing area. Groundnut is the only one 

crop which lost the competitive position, hence it shows a 

sharp drop in the area to almost none in 1991. The big gain 

is coming from soybean, the growing area anticipated to 

increase slightly more than 2.6 million rais or at 20% per 

annum. Rice shows the second highest increase in land area
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at the 2% annual growth rate which is the total increase 

about 1.7 million rais. The overall utilized area will 

increase by 2.9 million rais or 2% increase per annum.

Total labor requirement in terms of man-days also shows 

a similar increase at 1.6% per annum. Among all crops, 

soybean will take most of the increases in labor. The 

highest decline for the labor used in absolute term is from 

mai ze.

Eastern and Western Regions Since these two regions 
1 #have similar cropping patterns, they will be combined under 

one section. The results from the simulation, nevertheless, 

showed some differences. Maize and cassava in the west will 

be replaced by other more profitable crops. The producing 

areass for these crops in the West will sharply decline to 

become minimal. In the east, on the other hand, land use 

for cassava will decrease only 2% per annum. In absolute 

term, however, producing area for cassava in the east will 

be reduced more than those in the west. In contrast to the 

west, maize activity in the east shows the biggest gain in 

producing area from 504,000 rais to 800,000 rais from 1984 

to 1991 respectively or about 7% annual growth rate.

Rice in both regions illustrates moderate annual growth 

in planted area which is approximately 1%. The increase in 

producing area, however, is not high comparing to other 

regions. The total increase is less than 500,000 rais for 

both regions. Sugarcane is also one of the crops which has
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T a b l e  1 5 L a n d  U t i l i z a t i o n  i n  t h e  N o r t h  by C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( 1 , 0 0 0  R a i s )

C o n o d i t i e s Year
1984 1991

C h a n g e s A n n u a l  G r o w t h
(1)

M a j o r  Rice 13 0 0 0 14750 1750 1.82
S e c o n d  Rice 559 563 4 0 . 1 0
M a i z e 5629 4 6 4 6 -983 - 2 . 7 0
S o r g h u i 80 2 600 -202 -4 . 0 6
M u n g b e a n 2 553 2 629 76 0 . 4 2
S o y b e a n 1037 3700 2663 19.93
G r o u n d n u t s 448 0 -448 - 1 0 0 . 0 0
C o t t o n 268 400 132 5.89
C a s s a v a 3 99 250 -149 -6 . 4 6
S u g a r c a n e 562 680 118 2 . 7 6
Sui 25257 28 2 1 8 2961 1.60

T a b l e  16 L a b o r  R e q u i r e i e n t  in the N o r t h  by C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( M a n - D a y )

C o i i o d i t i e s Year
1984 1991

C h a n g e s A n n u a l  G r o w t h
(*)

M a j o r  Rice 5 4 7 6 5 4 4 6 2 2 1 5 7 3 7 4 5 0 2 9 1.84
S e c o n d  Rice 2 8 8 5 5 3 2 9 0 6 4 9 2096 0 . 1 0
Mai ze 2 1 0 1 4 0 1 1734061 - 3 6 7 3 4 0 -2.71
S o r g h u i 8 1 6 5 4 6 0 6 0 6 - 2 1 0 4 8 -4.17
M u n g b e a n 5 2 7 3 4 6 5 4 4 4 6 0 17114 0 . 4 6
S o y b e a n 4 1 9 0 2 7 1 4 5 3 0 2 8 1034001 19.44
G r o u n d n u t s 3 1 6 7 1 9 0 - 3 1 6 7 1 9 - 1 0 0 . 0 0
C o t t o n 2 4 0 5 8 8 3 5 9 0 B 9 118501 5 .89
C a s s a v a 2 3 3 6 2 9 146384 - 8 7 2 4 5 - 6. 4 6
S u g a r c a n e 4 7 4 7 5 6 5 7 4 4 3 8 9 9 6 8 2 2.76

S ui 1 0 1 6 0 2 1 7 1 1 3 8 4 2 8 8 1224071 1.64
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T a b l e  1 7  L a n d  U t i l i z a t i o n  i n  t h e  R e s t  a nd E a s t  by  C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( 1 , 0 0 0  R a i s )

C o i a o d i  ties
E ast

-o GO

—< CD n>

1991
C h a n g e s A n n u a l  G r o w t h  

(*)
M a j o r  Rice 3223 3 5 0 0 277 1.18
S e c o n d  Rice 407 450 43 1.45
M a i z e 504 800 296 6 . 8 2
C o t t o n 61 62 1 0.23
C a s s a v a 2745 2300 -445 -2.50
S u g a r c a n e 575 700 125 2.85
R u b b e r  ' 952 1016 64 0 . 9 3

■•Coconut 154 214 60 4.81
Sui 8621 9 042 421 0 . 6 8

W est
C o m o d i t i e s Tear C h a n g e s A n n u a l  G r o w t h

1984 1991 m
M a j o r  Rice 1390 1547 157 1.54
S e c o n d  Rice 76 88 12 2 .12
M a i z e 308 0 -308 - 1 0 0 . 0 0
C o t t o n 46 80 34 8.23
C a s s a v a 2 93 0 -293 - 1 0 0 . 0 0
S u g a r c a n e 1147 1672 525 5.53
C o c o n u t 536 616 80 2.01
Su a 3796 4003 207 0.76
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T a b l e  1 8 L a b o r  R e q u i r e i e n t  i n  t h e  E a s t  and N e s t  by C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( M a n - D a y )

C o a i o d i  ties
East

Tear
1984 1991

C h a n g e s •Annual G r o w t h
m

M a j o r  Rice 12 0 8 2 2 0 1312061 103841 1.18
S e c o n d  Rice 1 7 2 2 1 0 190403 18193 1.45
M a i z e 1 8 9 7 8 9 301361 1 1 1592 6 . 8 3
C o t t o n 53 3 0 2 54624 ' 1322 0 . 3 5
C a s s a v a 1 2 9 7 5 7 6 10 8 7 2 2 3 - 2 1 0 3 5 3 -2. 5 0
S u g a r c a n e 415121 5 0 5 6 2 9 90 5 0 8 2.86
Sui 3 3 3 6 1 9 8 3 4 51301 1151 0 3 0.49

Nest
C o n o d i  ties Year C h a n g e s A n n u a l  G r o w t h

1984 1991 (*)
M a j o r  Rice 4 9 9 8 2 5 5 5 6 1 7 9 56354 1.54
S e c o n d  Rice 3 3 0 4 6 3 8 1 7 6 5130 2.08
M a i z e 1 0 8 9 6 8 0 -1 0 8 9 6 8 - 1 0 0 . 0 0
C o t t o n 37691 6 5 5 5 0 27 8 5 9 8 . 2 3
C a s s a v a 1416 2 4 0 - 1 4 1 6 2 4 - 1 0 0 . 0 0
S u g a r c a n e 9 2 0 2 5 7 13 4 1 4 7 2 4 2 1 2 1 5 5.53
Sue 1741411 20 0 1 3 7 7 2 5 9 9 6 6 2.01
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a positive annual growth rate in both regions. The planted 

area is expected to increase by about 650,000 rais during 

the studied period. The shift from other crops to sugarcane

is a result of the relative price increase of sugarcane

compared to other crops in the regions. In the eastern 

region the anticipated land used for both rubber and coconut 

were also presented while in the west there was only coconut 

as an exogenous crop.

Total labor requirements in both regions demonstrate an 

increase of about 1% per annum. The highest annual

percentage increase is in the cotton activity in the west

and maize activity in the east.

Southern Region Apart from rubber and coconut, which 

are treated exogenously in the model, rice is the only crop 

in the model in this region. The total area change is 

roughly 500,000 rais. The annual growth rate is about 2%. 

Total labor requirements for both crops increase at 2% per 

annum.

In general, we can see that the results are intuitively 

reasonable. There tends to be a shift out of crops whose 

price outlook are bad to those where prices are relatively 

better. There are nevertheless variations among regions in 

the crops which are expected to expand or contract as a 

result of the price changes. These depend on which other 

crops are grown in the area and their price outlook. For 

example, in the north, central and the western regions, the
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T a b l e  19 L a n d  U t i l i z a t i o n  i n  t h e  S o u t h  by  C r o p s  B e t w e e n  1 9 8 4 - 9 1  ( i , 0 0 0  R a i s )

C o i a o d i  ties Year
1984 1991

C h a n g e s Annual' G r o w t h
m

M a j o r  Rice 3 7 2 0 4132 412 1.51
S e c o n d  Rice 223 314 91 5.01
R u b b e r 9 3 0 2 9934 632 0.94
C o c o n u t 1332 1418 96 1.00
S u i 1 4577 1 5808 1231 1.16

T a b l e  20 L a b o r  R e q u i r e i e n t  in the S o u t h  by C r o p s  B e t w e e n  19 8 4 - 9 1  ( M a n - D a y )

C o a i o d i t i e s  Year C h a n g e s  A n n u a l  G r o w t h
1984 1991 (*)

M a j o r  Rice 1 7 1 8 0 2 6 19 0 8 2 0 3 190177 1.51
S e c o n d  Rice 1 1 5644 1630 4 8 47404 5 . 0 3
Su i 1 8 3 3 6 7 0 20 7 1 2 5 1 2375 8 1 1.76

4 5



production of maize is expected to decline quite fast, while 

in the east, maize output show an increase. This is because 

in tbe east maize is expected to substitute for cassava, an 

important crop in the east whose price prospect is also not 

good, while in the other areas, other crops such as soybean 

and mungbean and mungbean are more profitable than maize. 

Thus, the potential substitution pattern in each area is 

quite important for determining the resulting response to 

price changes, and this will be looked at in more detailed 

in the next section.

Looking at the aggregate picture on labor requirements, 

Table 21 shows the average growth per annum of labor use for 

the various crops between 1984 and 1991.

Employment in paddy production is expected to increase 

by about 1% per annum. In fact, the substitution

possibilities for the main rice crop is fairly limited, so 

one does not expect any dramatic changes. For the other 

crops, the situation is different.

TABLE 21

INCREASE IN LABOUR USE BY CROPS 
( 1984-1991)

PERCENT 
PER ANNUM

FIRST RICE CROPS 1.1%
SECOND RICE CROPS .0%
CASSAVA -1.7%
MAIZE -1.8%
SUGARCANE 4.7%
SORGHUM -1.2%
MUNGBEAN 8.4%
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SOYBEAN 20.8%
GROUNDNUT .5%
COTTON 5.4%
KENAF -3.1%
RUBBER 1•3%

Maize, which is a major of user of labor in the north, shows 

a decline by 1.8% per annum. This results from a shift out 

off maize in the north into mungbean, sugarcane, cotton and 

particularly soybean, crops whose price prospects are 

better. Employment in cassava is expected to decline by 1.7% 

per, annum. Again, there is shift out off cassava in all 

regions where it is grown. The other losers are sorghum and 

kenaf, crops where prices are expected to decline a lot in 

real terms.

Sugarcane expands as expected, with employment growth 

increasing at 4.7% per annum. This occurs everywhere but is 

most pronounced in the west, where there is a shift from 

both cassava and maize into sugarcane. Mungbean and Soybean 

are big gainers, particularly the latter, because of their 

relatively better price prospects compared to some of the 

other crops. In the north, employment in soybean is 

expected to almost triple, and in the north-east and central 

plains, it is expected to expand by around 45% between 1984 

and 1991. Mungbean expands most rapidly in the north-east, 

especially at the expense of kenaf. Cotton also show a big 

increase in employment, with the gains being substantial in 

tfhe north, east and the west.

47



The case of groundnut is quite interesting. While over 

all it only show a growth in labor usage of .5% per annum, 

the pattern is very different across regions. In the north­

east, it is a big gainer, with labor usage increasing at 

almost 20% per annum. However, in the north, production of 

groundnut is expected to decline to almost nothing. This 

latter result seems to be due to easy substitution 

possibilities between groundnut and soybean in the north. 

This does not seem to be the case in the north-east. Also, 

in the north-east there are shifts from kenaf, a crop whose 

price prospect is the worse, into groundnut.

Looking at the seasonal pattern, Table 22 shows the 

pattern of labor demand by season derived from the solution. 

The results were adjusted to be comparable with the Labour 

Force Survey figures in 1984, by taking the growth rates 

from the model and adjusting the employment figures from the 

Labour Force Survey. (This of course assumes that the 

average working hours of each worker remains about the 

same). For the dry season, average labor use between 

January and May was used, because from the labor use figures 

this seems to correspond to the period when the dry season 

crops are grown. The average for the rest of the year was 

used for the wet season figures.
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T ABLE 22

EMPLOYMENT GROWTH IN WET AND DRY SEASON 
(1984-1991)

1984 1991 AVERAGE GROWTH

DRY WET DRY WET DRY WET
SEASON SEASON SEASON SEASON SEASON SEASON

NORTH 3539760 4525186 4074981 4552721 2 . 86% . 12%
NORTH-EAST 4625913 8182253 5155577 8304627 2 . 19% . 30%
SOUTH 1859400 1960637 2025006 2112888 1.72% 1.51%
CENTRAL 2777426 2964966 3158299 3155455 2 . 60% 1 .25%
TOTAL 128.02499 17633042 1 44 1 3863 18125691 2.40% .55%

A clear pattern is that the growth in labor demand is 

expected to be much greater during the dry season compared 

to the wet season. The fact that wet season labor demand 

does not increase very much is because of the very poor 

outlook on prices. The growth in cultivated area is slower 

than that for the maximum available cultivated area assumed 

in the model. In the dry season, the growth comes mainly 

from sugarcane, where the price is good, and this is the 

crop that is fairly labor intensive (1.82 times that of 

paddy), and also uses more labor in the dry season than the 

wet season, see table 3.

The implication for labor demand is not good. While it 

is true that dry season employment is to grow more than in 

the wet season, the overall rate is about the same as that 

expected for the rural labor force of around 2.5%, see 

Sussangkarn, Ashakul and Myers (1986), chapter 3.
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Currently, the rate of seasonal unemployment is around 19% 

of the labor force, and given a dry season employment growth 

in agriculture of around 2.4% the problem of seasonal 

unemployment will not improve much.

The growth of only .5% per annum in wet season labor‘l
demand is very worrying. This is far less than the expected

i
increase in the labor force indicated earlier. I'o

understand the implications of this result, we have to bear 

in mind, the assumptions in the model used for these 

scenarios. The most important are that real input costs 

(including the real wage rate) will remain as in 1984, and 

also that there are no changes in the production techniques, 

eg. labor intensities. Clearly, if these assumptions lead to 

labor demand growing at only around half a percent per annum 

while the labor supply increases at 2.4% per annum, then the 

imbalance in the labor market may make these assumptions 

untenable. Wages are likely to adjust downwards, and 

farmers may choose techniques that are more labor intensive. 

Other types of adjustments may also occur. Over all, from 

the analysis, a number of adjustments are likely to occur in 

the rural areas.
I

1. Real wages in the rural areas may fall during the 

period of the Sixth Plan, rather than be constant 

as assumed in the simulation. This would be a 

severe blow to the prospects of the rural
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population, who are already much worse off than 

those in the urban areas, particularly those in 

Bangkok.

2. Underemployment may increase rapidly, so that in 

effect, agricultural work is more shared out among 

the rural population. Again, this will not help in 

terms of per capita.income growth in the rural 

areas.

3. There will be an accelerated move in the expansion 

of other currently minor activities, such as 

fruits, vegetables, and other minor crops. This 

would be in line with the trend emphasized in the 

Sixth Plan. However, because their employment

bane is still very small, it is unlikely that this 

will have much over all impact on the employment 

prospects of the rural labor force in the next 5 

years. Of course, over the longer term the impact 

can be much greater.

4. There will a faster shift towards off-farm

employment in industries or services in the rural 

areas. However, because much of rural industries 

and services are related to the general prospects

of agriculture, if the latter is poor then rural

industries and services are unlikely to be able to 

expand much. One thing that would help would be 

an expansion of industries, particularly those
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• t • * * * 1 Of* r * f* ' ‘ • * • • * • I ' *
currently going through a boom phase, eg. the

* i ,
labor intensive exporting industries, into the

rural areas. This may occur to some extent near 

the larger cities, but may be mainly only around 

the central, east and south regions.

5. Migration from the rural areas will accelerate. 

Indeed, currently the ratio of employment in 

agriculture in Thailand (70%) seems to be much 

higher than other countries with a comparable 

share of agriculture in GDP. In the future, with 

the poor prospects in the major crops, the out­

migration from the rural areas is likely to

dominate the picture on population change in

Thai land.

There is no doubt that with the expected trends in the 

prices of major crops, the outlook for the rural population 

cannot be anything but bad. This modeling exercise has

tried to quantify part of the problem, at least as far as it 

relates to the demand for labor in the major crops, which is 

of course a major determinant of incomes in the rural areas. 

While the model did not take into account the minor crops 

and such things as livestock and forestry, the results do 

nevertheless give the likely trends for the major crops.

The results indicate the substitutability patterns that can

be expected given the change in relative prices. In the

52



next section, the possibilities for crop substitution 

explored further.

are
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5 . Crop Substitutability

The last section gave the outlook for the cropping 

pattern and labor demand in light of the expected prices for 

the major crops over the period of the Sixth Plan. The 

outcomes depended on the substitution possibilities between 

different crops in various areas. In this section, we look 

at this issue in more detailed because the model is 

particularly well suited for such an analysis. The extent 

of crop substitutability is related to the yield curves for 

the various crops which are estimated in the model, as these 

will determine the changes in yield as the cultivated area 

of a particular crop is expanded or reduced. The analysis 

will indicated which crops are good substitutes in various 

areas, and the responsiveness of the substitution 

possibilities to price changes.

We carried out experiments where for each experiment 

the price of one particular crop is increased by 5% while 

all the input costs and the prices of other crops are kept 

constant. Then the percentage changes in production of the 

various crops are observed.

Table 23 illustrates, for each region and for each 

crop, the production before and after the price increase of 

that crop, and also the proportion of the percent changes in 

production to the percent changes in price (which is 5%). 

This latter value is an approximate estimate of the own 

price elasticity of supply of each crop. In the north-
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Table 23 The P r o p o r t i o n  of the P e r c e n t  C h a n g e s  in P r o d u c t i o n  to 5 P e r c e n t  C h a n g e s  in Pr i c e

N o r t h - E a s t
C o i i o d i t i e s P r o d u c t i o n  (Tons) 

B e f o r e  Af t e r
P r o p o r t i o n

Rice B87 3567 8 9 8 9 7 4 B 0 . 2 6 1 9
Ma i z e 1 0 4 0 5 9 2 1 062829 0 . 4 2 7 4
S o r g h u i 36557 370 3 6 0 . 2 6 2 1
N u n g b e a n 29 1 7 9 323 0 5 2 . 1 4 2 6
S o y b e a n 2 25 9 3 246 1 8 1 . 7 9 2 6
G r o u n d n u t s 3 8 0 6 5 42530 2 . 3 4 6 0
Kenaf 1 6 6 1 7 6 1735 7 6 0 . 8 9 0 6
C a s s a v a 1 3 3 3 5 5 5 4 1 3 4 9 2 2 2 5 0 . 2 3 5 0
S u g a r c a n e 3 5 0 1 3 9 6 3 5 4 5 2 0 2 0 . 2 5 0 2

E a s t
C o i i o d i t i e s P r o d u c t i o n  (Tons) 

B e f o r e  Af t e r
P r o p o r t i o n

Rice 1 2 1 1 5 0 9 1 3 18829 1 .77 1 7
M a i z e 1 3 5999 2 1 4 6 4 7 1 1 . 5 6 6 0
C o t t o n 6249 6 4 0 3 0 . 4 9 2 9
C a s s a v a 5 7 2 2 9 3 1 5 7 9 9 3 0 6 0 . 2 6 6 9
S u g a r c a n e 3 4 7 6 7 2 6 3 5 6 5 8 4 9 0 . 5 1 2 7

Nest
C o i i o d i t i e s P r o d u c t i o n  (Tons)  

B e f o r e  Af t e r
P r o p o r t i o n

Rice 5 7 8 1 7 3 8 0 4 7 7 5 7 . 8 3 8 6
M a i z e 1 1 9 3 8 6 1 341 0 9 2 . 4 6 6 5
C o t t o n 6 2 6 2 10848 1 4.6471
C a s s a v a 6 8 4 3 3 6 8 0 4 9 8 6 3 . 5 2 6 0
S u g a r c a n e 7 8 4 6 6 2 3 8 1 3 4 1 8 7 0 . 7 3 3 0
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Ta b l e  23 Th e  P r o p o r t i o n  of the P e r c e n t  C h a n g e s  in P r o d u c t i o n  to 5 P e r c e n t  C h a n g e s  in Price  
( C o n t ’d)

C e n t r a l
C o a n o d i  ties P r o d u c t i o n  (Tons)  

B e f o r e  Af t e r
P r o p o r t i o n

Rice 4 5 1 0 5 9 3 4542841 0 . 1 4 3 0
Mai z e 6 9 3 0 7 9 764031 2 . 0 4 7 4
S o r g h u i 1 4 1 4 9 6 147611 0 . 8 6 4 3
M u n g b e a n 3 3 2 9 5 52356 1 1 . 4 4 9 8
S o y b e a n 8 943 9 4 9 0 1 . 2 2 3 3
G r o u n d n u t s 6521 6732 0 . 6 4 7 1
C o t t o n 20 9 8 5 220 8 9 1 . 0 5 2 2
C a s s a v a 6 1 3 1 1 9 6 1 6 7 6 8 0 . 1 1 9 0
S u g a r c a n e 42 3 4 7 8 1 43 1 7 0 5 7 0 . 3 8 8 6

N o r t h
C o n o d i t i e s P r o d u c t i o n  (Tons) 

B e f o r e  Af t e r
P r o p o r t i o n

Rice 5 4 5 0 3 1 8 5 9 0 9 9 7 6 1 .68 6 7
M ai z e 2 3 5 7 1 1 7 2 6 1 3 8 2 5 2 . 1 7 8 2
S o r g h u i 1 4 3 9 3 3 160787 2 . 3 4 1 9
M u n g b e a n 3 3 1 6 3 7 3 4 5 0 6 0 0 . 8 0 9 5
S o y b e a n 176954 2 5 2 2 8 6 8 . 5 1 4 3
G r o u n d n u t s 9 1 4 5 0 1 6 3659 1 5 . 7 9 2 0
C o t t o n 42958 63891 9 . 7 4 5 8
C a s s a v a 9 1 9 4 2 9 10 1 6 3 2 4 2 . 1 0 7 7
S u g a r c a n e 4 3 0 1 8 6 2 4 4 8 8 6 1 3 0 . 8 6 8 2

S o u t h
C o a i o d i t i e s P r o d u c t i o n  (Tons) P r o p o r t i o n

B e f o r e  . Aft e r
Rice 1 1 1 1 1 8 4  1324341 3 . 8 3 6 6
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eastern region, for example, groundnut has the highest own- 

price elasticity of supply, at about 2.35, while that for 

cassava is the lowest, at 0.235. The basic determinant of 

these elasticities are the rate at which the yield of a crop 

changes as the cultivated area is changed. If the yield 

curve for a crop is rather flat atTvthe base cultivated area, 

then ceteris paribus as the price increases the cultivated

area of the crop will tend to expand by more than if the

yield curve shows rapid diminishing returns. Crops with 

rather low own-price elasticities are generally those where 

most of the suitable land in the area has been exploited,

and diminishing returns will set in fast with further 

expansion in the cultivated area. Of course, the own price 

elasticity will depend also on the yield curves of other 

crops in the area, because in general the expans ion in one 

crop is at the expense of other crops (unless there are a 

lot of unused area for cultivation in the region-landtype 

combination), thus how fast the yield of other crops change 

as their cultivated areas is changed will also affect the 

final solution point as given by the first order conditions.

Looking at table 23, we can see that there are a great 

deal of variation in the pattern of the own-price 

elasticities across regions. As already indicated, mungbean 

has the highest elasticity in the north-east, and this is 

also true in the central region. However, in the north, the 

own-price elasticity of mungbean is only 0.81, while the
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highest elasticity in the north is that for groundnuts.

In the north-east, apart from mungbean, soybeans, and 

groundnuts, where the elasticity is greater than one, all

the other elasticities are less than one. Thus, it appears 

that for most crops the suitable cultivation areas have been 

exploited, and production increases in response to price 

increases will not be rapid. It should be borne in mind, 

however, that this presumes that there are no major changes 

which will alter the yield patterns, such as might happen 

with the introduction of new large scale irrigation projects 

in the north-east.

In the eest, the potential for an increase in the 

production of maize seems to be very good, given an increase 

in price. The elasticity is very high, at over 11.5.

However, the base production of maize in the east is still 

very small, and the model indicates that its production can 

still be expanded quite a lot without substantial declines 

in yield. For the other crops except for paddy, the

elasticities are all very small. In contrast, in the west, 

the elasticities are generally high. This means that the 

yield curves for most crops are fairly flat, and crop 

substitution can occur easily. This explains the reason why 

the output of maize and cassava are expected to decline to 

just about nothing in the simulation reported in the last 

section. These crops have poor price prospects when compared
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to cotton and sugarcane, and because substitution can occur 

fairly easily, farmers shift out of these crops to cotton 

and sugarcane.

In the central region, the crops are fairly evenly 

spread out between those with relatively high and low own- 

price elasticities. Rice and cassava have the lowest

elasticities, at 0.14 and 0.12 respectively. Sorghum, 

groundnuts and sugarcane also have elasticities less than 

one. For the other crops, mungbean has by far the highest

elasticity, at 11.45. Maize follows at 2.05, with soybean 

and cotton at just slightly above one.

The north is similar to the west in that elasticities 

are generally high. Apart from mungbean and sugarcane, 

whose elasticities are less than one, all the other crops 

have elasticities greater than one. Groundnut, cotton and 

soybean in particular have rather high elasticities,t I
indicating substantial scope for increased production, if 

price prospects are good. Those for maize, sorghum and 

cassava are also larger than 2. Thus, one can expect that 

the cropping pattern can change quite a lot in the north if 

relative prices change substantially. This was reflected in 

the simulation result in the last section. There we find 

that the production of groundnut is expected to decline to 

almost nothing; that for soybean expected to increase by 

almost 20% per annum; and for sorghum, cotton and cassava

expected to change (both positively and negatively) by
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around 5% per annum.
One trend common to all regions is quite interesting. 

This is the fact that the own-price elasticity of sugarcane 

is less than one everywhere. This is the crop with the best 

price prospects in the assumed price scenario. Given the 

low elasticity, however, the shift towards sugarcane in the 

simulation is not as great as if the price of some other

crops had increased by as much as that for sugarcane is

expected to. Nevertheless, in terms of the increase in land 

area, this is still quite substantial, with the cultivated 

area for sugarcane expected to increase from 3.39 million 

rais in 1984 to 4.45 million rais in 1991, or an average 4% 

per annum growth.

Apart from looking at the impact of the increase in

price of a particular crop on its own production, we can

also examine the cross effects. These are shown in table 

24. The table indicates the cross price elasticities 

derived from the experiments. Thus, in the table for the 

west, the entry of -2.46 in the sugarcane column and maize 

row indicates the ratio of the percentage change in the 

production of maize to the percentage change in the price of 

sugarcane (5%), holding all other prices and costs constant. 

The cross elasticities are useful in indicating the 

substitution possibilities across crops.
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T a b l e  24 C r o s s  P r i c e  E l a s t i c i t i e s  b y  C r o p  by  R e g i o n

C h a n g e s  in Pr i c e

N o r t h e a s t
C o m o d i  ties Rice M ai z e S o r g h u i
O u t p u t  
Maj o r  Rice 0 . 2 3 0 . 0 0 0 . 0 0
S e c o n d  Rice 1.86 0 . 0 0 0 . 0 0
M a i z e 0 . 0 0 0 . 4 3 0.02
S o r g h u i 0 . 0 0 0 . 0 0 0 . 2 6
M u n g b e a n -1.76 - 1 . 2 8 -0.21
S o y b e a n -0.40 0 . 0 0 0 . 0 0
G r o u n d n u t s - 0. 1 0 -0 . 4 2 0 . 0 0
Kenaf 0 . 0 0 0.00 0.00
C a s s a v a 0 . 0 0 -0.10 0 . 0 0
S u g a r c a n e 0 . 0 0 0.00 0 . 0 0

E a s t
C o i i o d i t i e s Rice Mai z e C o t t o n
O u t p u t  
M a j o r  Rice 1.70 .. 0 . 0 0 0 . 0 0
S e c o n d  Rice 2.11 0 . 0 0 0 . 0 0
M a i z e 0 . 0 0 11.57 -0.06
C o t t o n 0 . 0 0 -8.74 0 . 4 9
C a s s a v a 0.00 -1.21 0 . 0 0
S u g a r c a n e 0 . 0 0 -0 . 5 3 0.00

N est
C o i i o d i t i e s Rice Nai z e C o t t o n
O u t p u t
M a j o r  Rice 8 .05 0.00 0 . 0 0
S e c o n d  Rice 4 .99 0.00 0 . 0 0
M a i z e 0 .00 2.47 - 2. 3 5
C o t t o n 0 . 0 0 - 2 . 6 0 14.65
C a s s a v a 0.00 0 . 0 0 0 . 0 0
S u g a r c a n e 0 . 0 0 - 0. 3 0 -0 . 1 6

M u n g b e a n S o y b e a n G r o u n d n u t Kenaf

0.00 0 . 0 0 0 . 0 0 0 . 0 0
-1.09 -0.21 - 0 . 1 6 0 . 0 0
-0.05 0 . 0 0 -0.01 -0 . 2 5
-0.88 0 . 0 0 - 0 . 1 6 - 0 . 8 8
2.14 -0. 5 8 - 1 . 2 8 -1.28

-0.27 1.79 0 . 0 0 0 . 0 0
-0 . 4 2 -0 . 0 9 2.35 - 0 . 4 2
0 .00 0 . 0 0 0 . 0 0 0 . 8 9
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0.00 0 . 0 0 0 . 0 0 0 . 0 0

C a s s a v a  S u g a r c a n e

0.00 0 . 0 0
0.00 0 . 0 0

-1.33 -0.78
-1.81 -1.81
0.27 0 . 0 0

-0.34 0.51

C a s s a v a  S u g a r c a n e

0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0

-2 . 3 5 -2 . 4 6
-2.60 -2 . 6 0
3.53 -1.47

- 0 . 4 0 0 . 7 3

C a s s a v a  S u g a r c a n e

0.00 0.00
0.00 0.00

- 0. 3 4  0 . 0 0
-0.88 0.00
- 1 . 9 9  -0. 5 8
0.00 0.00

- 0 . 4 2  - 0 . 1 9
-0.24 0 . 0 0
0 . 2 3  0 . 0 0
0 . 0 0  0 . 2 5
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l a b l e  24 C r o s s  P r i c e  E l a s t i c i t i e s  by C r o p  by R e g i o n 
( C o n t ’d)

C h a n g e s  in P r i c e

C e n t r a l  .
C o i e o d i t i e s Rice M a i z e S o r g h u a M u n g b e a n
O u t p u t  . ...
M a j o r  Rice 0 . 0 0 0 . 0 0 0 . 0 0 o.uu
S e c o n d  Rice 0.40 0 . 0 0 0 . 0 0 -0.98
Mai z e 0 . 0 0 2.05 -0 . 0 3 -0.35
S o r g h u * 0 . 0 0 0.86 0 . 8 6 0.00
M u n g b e a n -3 . 7 6 -3.21 -0. 1 2 11.45
S o y b e a n 0 . 0 0 -3 . 1 0 0 . 0 0 0.00
G r o u n d n u t - 0 . 1 3 -1 . 1 0 0.00 -0.34
C o t t o n 0 . 0 0 -1.49 0.00 0.00
C a s s a v a 0 . 0 0 - 0 . 2 8 0 . 0 0 0 . 0 0
S u g a r c a n e 0 . 0 0 -1 . 3 8 -0. 3 5 -0 . 3 9

N o r t h
C o a i o d i t i e s Rice M ai z e S o r g h u ® M u n g b e a n
O u t p u t  
Major Rice 1.59 0 . 0 0 0 . 0 0 0.00
S e c o n d  Rice 3.23 0 . 0 0 0 .00 -2.12
Ma i z e 0 . 0 0 2 .18 0 . 0 9 0.00
S o r g h u i 0 . 0 0 0.07 2.34 0.00
M u n g b e a n -0. 3 6 -0 . 4 5 0 . 0 0 0.81
S o y b e a n -0 . 5 3 -2.11 0 . 0 0 -0.88
6 r o u n d n u t s - 0 . 2 0 - 1 1 . 7 3 -0.09 -0.81
C o t t o n 0 . 0 0 - 5 . 8 0 - 2 . 0 8 0 . 0 0
C a s s a v a 0 . 0 0 -0 . 2 6 0 . 0 0 0 . 0 0
S u g a r c a n e 0 . 0 0 -1 . 4 4 - 0. 6 6 0.00

S o u t h
C o i i o d i t i e s  Rice
O u t p u t
M a j o r  Rice 4.17
S e c o n d  Rice 0.09

S o y b e a n G r o u n d n u t C o t t o n C a s s a v a S u g a r c a n e

0.00 0 . 0 0 0 . 0 0 0.00 0 . 0 0
0 .00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

- 0. 0 3 0 . 0 0 -0 . 1 0 -0.01 -0 . 2 6
0 . 0 0 0 . 0 0 0.00 0.00 0 . 0 0

-0.12 -0 . 0 7 -0 . 1 2 -0.07 - 0 . 1 2
1.22 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
0 . 0 0 0 . 6 5 0.00 0 . 0 0 0 . 0 0
0 . 0 0 0 . 0 0 1.05 0 . 0 0 0 . 0 0
0.00 0 . 0 0 0 . 0 0 0 .12 0.00
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 9

S o y b e a n G r o u n d n u t C o t t o n C a s s a v a S u g a r c a n e

0.00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
-2.12 - 0 . 2 0 0 . 0 0 0 . 0 0 0.00
-0.41 -0. 8 2 - 0 . 1 5 -0 . 0 8 -0.08
-0.27 -0.27 0 .00 0.00 0.00
- 0. 6 8 0 . 0 0 0.00 0 . 0 0 0.00
8.51 -0.61 -0.53 0 . 0 0 0 . 0 0

-3.44 15.79 -0.18 -0.09 0 . 0 0
-2. 0 6 - 2 . 0 8 9.75 -2.08 -1.29
0 . 0 0 0.00 0 . 0 0 2.11 0 . 0 0

-1.44 - 1 . 4 4 -1.44 -0.01 0.87
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In the northeast, cassava showed the highest increase 

in cultivated area at about 100,000 rais in responding to a 

5 percent rise in its own price (see appendix II). From 

table 24, we can see that cassava will replace maize, 

sorghum, mungbean, groundnut and kenaf, as the elasticities 

for these crops with respect to an increase in the price of 

cassava are all negative. The crop that has the highest 

proportionate decline in output is mungbean with an 

elasticity with respect to the price of cassava of around -

2. However, while one crop may have a low cross elasticity 

with respect to the price of another crop, the absolute 

decline in area may be very large, simply because the base 

cultivated area is large. Thus, in the case of the increase 

in the price of cassava by 5%, the largest substitution in 

absolute terms occurs in maize, whose cultivated area 

declined by 50,000 rais (see appendix II). This shows that 

maize and cassava are important substitutes in the 

northeast. Another thing that should be borne in mind in 

interpreting the results in table 24 is that many of the 

zero cross elasticities are the result of the linear 

approximation used in deriving the solutions, so that small 

changes in cultivated areas are not captured. Of course, 

with some crop such as the major rice crop the reason is 

technological, because it is grown in a landtype in which it 

is difficult to grow other crops.

In the northeast, other crops which show a lot of
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substitution possibilities are mungbean, groundnut and 

kenaf. An increase in the price of mungbean leads to a 

shift away from the second rice crop, maize, sorghum, 

soybean and groundnut. The crops which will be substituted 

by an increase in the price of groundnut are the second rice 

crop, maize, sorghum and mungbean. For kenaf, the 

substitution are with maize, sorghum, mungbean and 

groundnut. As far as sugarcane is concerned, the own-price 

elasticity is very low, and mungbean is the main substitute.

In the eastern region, the most important substitution 

possibility is between maize and cassava. Although the 

cross-elasticity of cotton output with respect to the price 

of maize is the highest, the base cultivated area of cotton 

in the east is quite small, so the absolute substitution 

impact of maize and cotton is not that large. In response 

to an increase in the price of maize by 5%, the cultivated 

area for maize is expected to increased by about 296,000 

rais by replacing 245,000 rais of cassava, and only 27,000 

rais of cotton and 25,000 rais of sugarcane. Similarly, 

when the price of cassava is increased by 5%, the shift 

towards cassava is mainly out of maize.

In the west, sugarcane is by far the most important 

crop apart from the main rice crop. Here, sugarcane shows a 

wide degree of substitution with the other crops in this 

region. When the price of sugarcane is increased by 5
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percents, there will be a shift out of maize, cotton and

cassava. The biggest impact is on maize, followed by

cassava.
For the central region, except for the impact of an

increase in the price of maize, the cross-elasticities are

generally low. An increase in the price of maize will shift 

some of the resources from mungbean, soybean, groundnut, 

cotton, cassava and sugarcane. The largest elasticities are 

for mungbean and soybean. In absolute terms, however, the 

cultivated area of sugarcane will decline the most in 

response to the increase in the price of maize, because the 

base cultivated area of sugarcane in the central region is 

much higher than that for mungbean and soybean. Mungbean 

price also shows a wide range of impact on many crops. It 

will make a decline in cultivated areas for second rice, 

maize, groundnut and sugarcane. These cross elasticities 

are small however. Rice is one of the most important crop 

in the central region. Currently, the total cultivated area 

for both major and second rice are about 10 million rais. 

The simulation shows that 5 percent increase in rice price 

does not affect the cultivated area for the major rice, 

nevertheless, it increases the area for the second rice by 

reducing the areas for mungbean and groundnut. The area for 

major rice does not response to the rice price increase 

because the suitable area for major rice (land type 1) is 

exhausted at the current land constraint (and also because
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of the technological assumptions). Presently, the

government has a policy to try to reduce the cultivated area 

of » the second rice crop. From the analysis, one way this 

may happen is for the price of mungbean to rise, as the 

model indicates a substantial decline in the cultivated area 

of the second rice crop where this to occur.

Maize price increase has an effect on all crops except 

for rice in the northern region. The largest percentage 

decline in output is that of groundnut, followed by cotton 

and soybean. In absolute terms, groundnut also shows the 

largest decline as the price of maize is increased, followed 

by soybean and cotton. Unlike the other regions, soybean 

price increase in the north has a wide impact on many crops 

except cassava, suggesting that it is a suitable crop in 

this region. Groundnut also shows a wide substitution 

impact on many crops. The main substitutes for cassava are 

cotton and mc.ize. The cross-elasticity of the latter with 

respect to the price of cassava is very low, but the base 

cultivated area of maize in the north is the highest after 

rice. Maize and cotton are also the two main substitutes for 

sugarcane in the north. A five percent increase in rice 

price in the north will increase the cultivated area for 

both major and second rice by 7 and 16 percent respectively. 

The gain in area for the second rice crop is at the expense 

of mungbean, soybean and groundnut. These are the crops for
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which if price increases occur, will lead to a shift from 

the second rice crop.' Thus, the policy to reduce the 

cultivated area for the second rice crop can be implemented 

if price of mungbean, soybean, and groundnut rise 

suf f iciently.

These results from the model yield a lot of useful 

information on the pattern of crop substitutability in 

various regions. They can act as a guide for policy makers 

interested in influencing the cropping pattern in 

agriculture. While the model concentrated on the major 

crops, the results should be useful as a guide on which 

crops can more feasibly by promoted compared to others, and 

which can be more easily substituted for others. As already 

seen, the pattern tends to vary a great deal depending on 

the regions and landtypes.
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6. Conclusion

The results derived from this study in general seem to 

be intuitively reasonable. The changes in cropping pattern 

appears to relate in a sensible fashion the changes in 

relative prices. In the simulation on future outlook, the 

total cultivated areas are expected to expand in all 

regions; however, the annual growth rates are rather small. 

Rice, cotton, mungbean, soybean and sugarcane are the crops 

whose cultivated area rise in all regions but this is not 

the case for the rest. On the contrary, cassava and kenaf 

show a decline in cultivated area in all regions. To sum

up, one would suspect that there would be a shift out of

crops whose price outlook are poor to those whose prices are 

better. Certainly, there is a limit on how far this can 

occur, because an expansion of a given crop will usually 

imply the utilization of land which is less suitable with a 

decline in productivity. Nevertheless, some substitution is 

bound to take place, and this is actually what the solution 

shows.

Concerning the labor market for agriculture, the total 

increase in labor use by crops by regions were summarized 

and shown in the section 4. These tables illustrated the 

growth per annum of labor requirement for the various crops 

between 1984 and 1991. Rice which is the main crop in every 

region showed a small increase in labor needed. In reality,

there is also a limited chance for other crops to replace

§

♦ *
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rice. Cassava, which is a major user of labor in the 

northeast, shows a slide in labor requirement not only in 

this region but also in other regions. Maize also

demonstrated a big drop in labor requirement in the north, 

central and west but showed some increases in the northeast 

and east. The other losers are sorghum and kenaf, crops 

whose prices are expected to decrease in real term.

Sugarcane, on the other hand, indicated labor requirement 

growth everywhere due to relative price jump. Mungbean and 

soybean are anticipated to use more labor because of their 

relative price prospects is better compared to some of the 

other crops.

A feature of the solution which should be of great 

concern to policy makers is the very low expected growth in

total labor demand in the peak agricultural season. This is

expected to increase at only around .5% per annum, while the 

total labor supply in the rural areas, given normal 

migration conditions, is expected to grow at more than 2% 

per annum. As already outlined in section 4, this is likely 

to imply that real income in the rural areas may stagnate 

and even decline during the period of the Sixth Plan, and 

out-migration from the rural areas will probably accelerate 

substantially.

The outlook for the dry season employment situation is 

better, as the change in cropping tends to favor dry season
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employment. However, the expected growth in labor demand in 

the dry season is only in line with the expected increase in 

the labor supply. Thus, the seasonal unemployment problem 

is likely to stabilize, but unlikely to improve much.

In this study, the cross substitution effects among 

crops were also simulated from the model to show how the

output of a particular crop responds to changes in other 

crops’ prices. The results were useful from the policy 

point of view because it showed the degree of

substitutability among crops. The cultivated area of the 

second rice crop in the north and northeast, for example,

was influenced by the price of mungbean, soybean, and

groundnut. Thus, the policy to raise paddy prices by

reducing its cultivated area, particularly of the second 

rice crop, can be indirectly implemented by using price or 

production policies on these crops. Among these crops,

mungbean showed the highest impact on second rice output 

since a price increase of 1 percent for mungbean is expected 

to lead to a decline in the output of the second rice crop 

by 1.09, 2.12 and 0.98 percent in the northeast, north and

central region respectively.

In addition to mungbean, soybean was also an important 

substitute for the second rice crop in the north and 

northeast. In the north, it is also an important substitute 

for many other crops. If the cultivated area in the north 

was partitioned into two parts, soybean could be a

70



substitute for the second rice crop in irrigated dry season 

low land, and for other crops in the upland areas.

Cassava is another important crop that should be 

mentioned here. Presently, the government has a policy to 

reduce the cultivated area for cassava because of its 

limited export market. This is due to the fact that it 

faces quotas in the major export market, the EEC. From 

this study, the simulation showed that maize is generally 

the most important substitute for cassava. Again one of the 

policies that can be used to discourage cassava production 

is to increase the profitability for maize; such as 

encouraging the use of technology to raise yield, or 

improving post-harvest procedure to reduce Alfa-Toxin. 

However, a severe limitation is that the price outlook for 

maize is also not very good, with the real price of maize 

expected to decline on average by 2% per annum.

Presently, mungbean is one of the promoted crops by the 

government to be grown during the dry season. If the price 

of mungbean increases, given other things equal, many 

crops's production will be replaced by mungbean. These 

crops are the second rice crop, soybean, sorghum, groundnut 

and maize. The degree of substitution between mungbean and 

each crops, however, tends to vary from one region to 

another.

Other minor crops in this model such as cotton, kenaf,
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* and groundnut also had an impact on the other crops’s 

production when their prices changed. Nevertheless, it did 

not show a systematic effect among crops across all the 

regions. In addition to all the crops in this study, there 

were important minor activities which had been left out from 

the model due to data limitations at present. These 

activities include the production of sesame seed, castor 

seed, vegetables, tree crops, inland fishery, and livestock. 

Some of these activities were policy crops introduced by the 

government to replace the second rice crop and cassava. In 

1987, for example, government set a target to encourage 

farmers in 10 provinces to replace 17,000 rais of the second 

season rice crop by vegetables and tree crops.

Presently, most of these other minor activities are not 

playing an important roles in terms of the total cultivated 

area. However, the situation may eventually change in the 

future due to tremendous support by the government, and the 

poor prospects on the prices of the major crops. If it is 

true, the whole picture of labor utilization in the rural 

area will be affected. Thus, in the future, if more data 

became available, then one should think about improving the 

model by rectifying some of the limitations in this current 

study.

Apart from the exclusion of many minor activities which 

may become 

limitations
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important in the future, there are also other 

in this study. Many data series have only a few



observations available to estimate the relationship between 

land and output. The methodology used also had some weak 

points, such as for example, the sensitivity of the 

estimated coefficients to the choice of a base crop in each 

region-landtype. Also by using the Separable Programming 

technique, the linear approximation inevitable lead to some 

rigidities in the substitution process, and thus, as can be 

seen in the cross-elasticity tables, there were many cases 

where the production of a crop did not change, although if 

full non-linear programming techniques had been used on

would expect some changes, though small.

Another important limitation is the lack of treatment 

of the choice of production techniques. The introduction

does not present technical difficulties, however, but one

would need a much richer database for the model, which would 

include the input requirements for other available 

techniques for production. This can be attempted in the 

future.

Detail land suitability is another limitation regarding 

this model. In this study, land had been grouped into three 

categories in each region. In some regions, however, it may 

be more appropriate to have a finer break-down due to 

special physical soil characteristics. These

characteristics, such as sandy or clay type soil, can 

physically influence the type of crop that can be grown in
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such areas.

The problems previously mentioned are the

qualifications major points that should be borne in mind in 

the interpretation of the results of this study. Future 

researches are expected to correct some of these weaknesses.
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C h a n g e s  in C u l t i v a t e d  A r e a  b y  C r o p  by R e g i o n  in R e s p o n d i n g  to 5 t P r i c e  I n c r e a s e s

C h a n g e s  in Price

N o r t h - E a s t
C o n m o d l t i e s Rice Ma i z e S o r g h u m M u n g b e a n S o y b e a n  G r o u n d n u t Kenaf C a s s a v a S u g a r c a n e

L a n d L a n d L a n d Land L a n d L a n d L a n d L a n d L a n d
Rice 43B 0 0 -21 -4 -3 0 0 0
Mai z e 0 66 3 -10 0 -2 -40 -54 0
S o r g h u m 0 0 3 -10 0 -2 -10 -10 0
M u n g b e a n -34 -18 -3 38 -8 -18 -18 -28 -8
S o y b e a n -3 0 0 -2 13 0 0 0 0
G r o u n d n u t s -1 -4 0 -4 -1 23 -4 -4 -2
Kenaf 0 0 0 0 0 0 60 -16 0
C a s s a v a 0 -41 0 0 0 0 0 100 0
S u g a r c a n e 0 ’ 0 0 0 0 0 0 0 10
Sue 400 3 3 -9 0 -12 -12 0

East
C o m m o d i t i e s Rice M a i z e C o t t o n C a s s a v a S u g a r c a n e

L a n d Land Land L a n d L a n d
Rice 320 0 0 0 0
M a i z e 0 296 -2 -34 -20
C o t t o n 0 -27 1 -6 -6
C a s s a v a 0 -245 0 55 0
S u g a r c a n e 0 -25 0 -16 25
Sum 320 -1 -1 -1 -1
West
C o n m o d i t i e s Rice M a i z e C o t t o n C d s s a v a S u g a r c a n e

L a n d Land Land Land L a n d
Rice 587 0 0 0 0
Maize 0 37 -38 -38 -40
C o t t o n 0 -6 ' 34 -6 -6
C a s s a v a 0 0 0 57 -23
S u g a r c a n e 0 -21 -11 -28 53
Sue 587 10 -15 -15 -16
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C h a n g e s  in C u l t i v a t e d  Area by C r o p  by R e g i o n  in R e s p o n d i n g  to 5 X Pri c e  I n c r e a s e s  
( C o n t ’d) . . . . . . . . .

C h a n g e s  in Price

Ce n t r a l
C o e s o d 1 1 1 es Rice Ma i z e

L a n d Land
Rice 73 0
M a i z e 0 242
S o r g h u m 0 39
M u n g b e a n -72 -51
S o y b e a n 0 -10
G r o u n d n u t -1 -2
C o t t o n 0 -12
C a s s a v a 0 -5
S u n a r c a n e 0 -62
Sui 0 - 139

N o r t h
C o m m o d i t i e s Rice Ma i z e

Land L a n d
Rice 1095 0
Ma i z e 0 611
S o r g h u i 0 -2
M u n g b e a n -59 -63
S o y b e a n -30 -107
G r o u n d n u t s -5 -258
C o t t o n 0 -78
C a s s a v a 0 -6
S u g a r c a n e 0 -62
Sui 1001 35

S o u t h
Cotfliodi ties Rice

L a n d
Rice 781
Sui 781

S o r g h u m M u n g b e a n S o y b e a n  G r o u n d n u t
Land L a n d Land L a n d

0 -177 0 0
-2 -41 -3 0
39 0 0 0
-2 217 -2 -i
0 0 4 0
0 -1 0 i
0 0 0 0
0 0 0 0

-16 -18 0 0
19 -20 -1 0

S o r g h u m M u n g b e a n  S o y b e a n  G r o u n d n u t
L a n d L a n d L a n d L a n d

0 -67 -67 -6
39 0 -109 -219
93 0 -12 -12
0 137 -113 0
0 -50 463 -31

-2 -20 -78 352

I rvj OO 0 -28 -28
0 0 0 0

-28 0 -62 -62
79 0 -6 -6

C o t t o n C a s s a v a S u g a r c a n e
L a n d L a n d L a n d

0 0 0
-11 -1 -31

0 0 0
-2 -1 -2
0 0 0
0 0 0
8 0 0
0 2 0
0 0 18

-5 0 -15

ott o n C a s s a v a S u g a r c a n e
L a n d L a n d L a n d

0 0 0
-39 -21 -21

0 0 0
0 0 0

-27 0 0
-4 -2 0

132 -28 -17
0 51 0

-62 0 38
0 0 0
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Table. 111,1- - Effect of 5 Percent- Changes-in-Price 'of' Rice
on The Area and Output

C UL T IVATED tV f\ 0 D U C TI 0 J l̂ E STL P N )

COMKOD ITI EC CULTIVATED 
( 1 000 RAIS )

PPOD UCTION 
( TON 3 >

MAJOR RI £ E 1,958 753,279
SECOND RICE 95 51 , m
MAIZE 308 1 19 ,386
COTTON 46 6,262
CASSAVA 293 684,336

" SUGAR CANE 1,147 7,846,623



Table III.2 Effect of 5 Percent Change in Price of Maize
on the Area and Output

C U L T I V A T E D , P R O D U C T I O N  t V. E S T E R N )

C O M M O D I T I E  S C U L T  I V A T E D P R O D U C T I O N

I I 0 0 0  RA I S I < T ON  S )

MA 'J OR R l c r I .  3 9 0 S 3 6  . 9 6  1
S E C O N D  R I C E 7 6 H 1 . 2  1 2
MA 1 ZE 3 H 5 1 3H , 1 0  9
C O T T O N H 0 S i H H 9
C A S S A V A 2 9  3 6  fi M , 3 3 6

S U G A R C  A N E 1 , 1 2 6 7 , 7 3 0  , 0 e  H



Table III.3 Effect of 5 Percent Changes in Price of Cotton
on the Area and Output

C U L T  I V A T E D  . P R O D U C T  I ON ( W E S T E R N )

C O MMOD  ( T I E S C U L T ! V A T E D  

( 1 QOO R A I S )

P R O D U C T I O N  

( T O N  S j

m * u o r  r i c e 1 .  3 9 0 5 3 6 . 9 6 )
s e c o n d  R I C E 7 6 H 1 . 2  1 2
MA 1 2 E 2 7 0 1 0 5  , 3 3 2

c o t t o n e  o 1 0  , A  Mf l
c a  s s *  V A 2 9  3 6  8 H  ̂ 3 3 6
S U G A R C  A N E I » I 3 fc 7 . 7  e S  .  7 5  H



Table III.4 Effect of 5 Percent Changes in Price
of Cassava on the Area and Output

C U L T  I V A T F C  , F  T l U U C T I  OFn! ( W F S T L P N  )

c o M M o n r i r s  c u l t i v a t e d  
(10 0 o PAIS)

P P O n i C T I O I -  
( T O M S  )

M A J O R  R I  C ^  "

S E C O N D  P I C E
MAIZE
coTTor:
C A S S A V A
S U G A R C A N F

1,390
7 6

27o
40

3 5o
1,119

5 3 f. 9 e ,  
4 1  > 1  I 

1 U5,732
5,440

.3 i)4 , 9? r 
rA01-Ilf



Table III.5 Effect of 5 Percent Changes in Price of Sugarcane
on the Area and Output

C U L T  I V A T E D  . P R O D U C T  I ON ( W E S T E R N )

C O h K G D  I T 1 E S C U L T I V A T E D P R O D U C T  I O N

( 1 0 0 0  R A I S ) ( T O N S )

M A J O R  R I C E 1 , 3 9 0 6 3 6  , 9 6  1
S E C O N D  R I C E 7 6 M l  , 2  1 2
MA 1 ZE 2 6  8 1 CM , 6 9  3

C O T T O N M 0 5  ,  H M 9
CA  S S A  V A 2 7 0 6 3M , 0  I 7
S U G A R C  A N E 1 . 2 0 0 e ,  1 3M ,  I 8 7



Table III.6 Effect of 5 Percent Changes in Price of Rice on
the Area and Output

C U L T  I V A T E C  , P R O D U C T  I ON ( E A S T E R N )

C O M M O D  I T I  E S C U L T  I V A T F D P R O D U C T I O N

I J 0 0 0  R A I S ) ( T O N S )

m a u o r  r J c e 3 * S O O 1 » 0  9 6  i 0 9 S
S E C O N D  R I C E H S 0 2 2 2  . 7 3 H
MA I ZE S O M i 3 S  , 9 9 9

c  O T T O N 6 1 6  ,  2 H 9
CA S S A  V A r  , 7 H S S , 7 2 2  , 9 3  1
S U G A R C  A N E S 7 S 3 » M 7 6  . 7 2  6



C U L T  I V a T e o . P R O D U c T I O N  ( E A S T E R N )

Table III.7 Effect of 5 Percent Changes in Price of Maize
on the Area and Output

C 0 M I 1 0 D  I T I E S c u l t i v a t e d P R O D U C T  1 ON

( 1 0 0 0  R A I S ) ( T ON S )

m a j o r  r i c e 3 . 22  3 1 , 0 ) 0 , 0 2 7
s e c o n d  R I C E h O 7 2 0 1 > H 8 2
MA I 7 E 8 0 0 2 I S  , 6 H 7
C O T T O N 3 H 3 , S  1 8
C A S SA V A 2 ,  S D O S , 3 7 7  t 0 6  7
S U G A R C A N E s s o 3 , 3 BH , 8 1 8



Table III.8 Effect of 5 Percent Changes in Price of Cotton
on the Area and Output

C U L T I  V A T E D  . P R O D U C T I  ON ( E A S T E R N )

C 0  Ml MOD I T I E S C U L T  1 V A T E D P R O D  UC T I  ON

< 1 0 0 0  R A I S ) < T O N S )

U O R  Rl  CE 3 . 2 2 3 1 . 0  1 0  . 0 2 7
S E C O N D  R 1 CL H 0  7 2 0 1  , M 8  2
MA ] ZE S O  2 1 3 5  , 5 9 8
C O T  T ON 6 2 6 , Mq 3
C A S S A  V A 2 . 7 S S 5 , 7 2 2 , 9 3 1
S U G  A R C  A N E 5 7 S 3 , M  7 6  , 7 2 6



Table III.9 Effect of 5 Percent Changes in Price of Cassava
on the Area and Output

C u l t  I V  A T E D , P K O D U C T I  ON ( E A S T E R N )

C o m m o d i t i e s C U L T 1 V A T E D P R O D U C  T I  ON
< 1 0 0 0  ft A I S ) < T ON  S >

M a j o r  R j CE 3 ,  2 2  3 1 , 0 1 0  , U 2  7
S E C  ON D  R I C E HO 7 2 0  1 , ‘ 1 8 2
m a i z e H 7 0 1 2 6  , 9 6 0
C O T T O N 5 S 5  . 6 8  H
C A S S A V A 2 , 8 0 0 5  , 7 9 9  , 3 0 6
S U G A R C A N E 5 5  9 3 , H I 8 , 1 6 5



Table III.10 Effect of 5 Percent Changes in Price of Sugarcane
on the Area and Output

C U L T I V A T E D , P R O D U C T I O N  ( E A S T E R N )

C O M M O D 1 T I E  S C U L T  I V A T E D P R O D U C T I O N

( 1 0 0 0  R A I S ) ( T ON 5 )

MA J O R  R I C E 3 , 2 2  3 1 , 0 1 0 , 0 2 7
5 E C 0 N D  R 1 CL HO 7 2 0 1  » M B 2
MA I ZE H B H 1 3 0 , 6 9 0

C o t t o n S S 5 ,  6  fl  H
C A 5 5 A V A 2 .  7 H S 5 ,  7 2 2  , 9 3  1
S U G A R C  a n e 6 o o 3 , 5  6 5  ,  faM 9



Table III.11 Effect of 5 Percent Changes in Price of Rice
on the Area and Output

c u l t  r v a t r r , r r o d u c t  t o n  ( n ' r t h - e a s t e r e  )

c m -, m o d  i T i r s c u l t i v a t e d  
( 1 U O O  K A I S  )

P R O D U C T  [ O f !  
( T P M  5 )

M A J O R  K I C  r ■’ > , 4 0 0 3 , 8 0 4 , 8 1 1
S E C O N D  R I C E 4 ?  4 1 8 4 , 9 3 7
1 - i A l Z E 4 / 8 a 6 1 ,  0 4 0  ,  *5 9 2
S O R G H U M 1 8 0 7 A ,  5 5 7
l i U N P B E A N 2 5 8 2 6 , 6 1 5
S O Y P E A N 1 2 1 ,  1 3 6
G R u U N N U T S 1 o 4 3 7 , 8 7 6
K F N A F 1 , 0 0 0 1 6 6 , 1 7 6
C A S S A V A 3 , 1 0 0 1 3 , 3 3 5 , 5 3 4
S U G A R  C a N E 4 9 0 3 , 5 0 1 , 3 9 6



Table III.12 Effect of 5 Percent Changes in Price of Maize
on the Area and Output

C U L T i V A T F L , f  H O D U C T I O N  ( I J G R T H - l A i J G R H  )

C O H f - ' O D x T  i T S C U L T I V A T E D  
( 1 o 0 0  R A I S )

P R O D U C T  ( u i i  
( T O M s  )

l - U J O P  |c X C C ^ / 0 0 0
S L  COM D R I C l '5 8 6 1 t ' *  / 1 7  5
K A  1 2  E > ? 1 ,  0 *  ? ,  R c Q
c o k g h l i m 1 * *o
( u n  r. b  r  m i . <LtU U S
S O Y P P A N 1 , 5 O ’’*
L H C U K N L ' T F 1 « 1 1 1 ,  J 6 7
f- C l < A F 1 ,  0 A 0 1 ' 4 , 1 7 6
C A S T . A V a i  , 0 * 9 1 ^ 7 <?A9/ 9 i; H
S I ' O A R C A R l I ° 0 ,  ‘j 01  ,  3 °  6



Table III.13 Effect of 5 Petfcent Changes in Price of
Sorghum on the Area and Output

c u L T i v A i r c , p r u D u c j r i o n  ( n o r t h - l a s t e r n i

C O M M O D I T I E S  C U L T I V A T E D  P R O D U C T I O N
(1000 KAIS) (TCm s }

M A J O R  R I C E Z ^ / O O O
? ,  7 ^ 4 , 3 9 2

S E C O N D  P I C E 3 8  6
1  6 9 , . ,  7  5

M A I Z E
1  ,  0  4 ^  ,  4  ( j  6

S O R T  H U M 1  8  3 3 7 , 0 3 6

m u n g p e a m 2 8 9 c 8  8 7 0

S O Y P E A N 1 2 4 2 2  ^

G R G U N N U T S 1 « S 3 8 ' 0 6 5

k  F  l \  A  F 1 , 0 0 0 1  0 6  1 7 6

C A S S A V A
5 , 1 C C

1 3 , 3 2 5 , 5 5 4

s u g a r c a n c 4 9 0 3  ,  5  u 1  , 3 9 6

t i t  »  >  >  »  1  t  •  »  >  ,  t
i  ■  ♦  *  *  4



Table III.14 Effect of 5 Percent Changes in Price of
Mungbean on the Area and Output

C U L T I V A T E ,PRODUCTION ( HU<Th-EASTERN>

C O M T ' O D  I T  I C i , c u l t i v a t e d
( 1 0 0 0  K A I S J

P R O D U C T  T OM
( t o n s )

1 - i A J O k  k i . C E 2 9 , 0 0 0 f  , 7 u A , 7 0 ?
S E C O f - j D  R I C E 3 6  5 1 5 9 , 0  ^ 2
K A I 7 R ? , b  7 6 1 , 0 ! 5 7 , a < * 6
S O R G H U M 1 7 0 7 ,  9 4 5
H U U G D E A f ! 3 3  0
S O Y  R E A M 1 2 . ’ ’ , 2 9 0
cr:  c L' Mr1 u t  r 1 8 1 7  7  ,  ? 6 7
kf. f-. Af-' 1 , 0 0 0 1 t A ' , 1  7 A
C A S S A V A 5 , 1 0 0 1 7 , 3 ^ , S 5 A
S U G A R  C A N  I. A O o 5 o l  , 3 9 7



Table III.15 Effect of 5 Percent Changes in Price of Soybean
on the Area and Output

C U L T  I  V A T  R E P R O D U C T I O N  ( N O R T H - L A  S T E R N  >

C O l s MO D  j . T I  F S c u l t i v a t e d
( 1 0 0 0  R A I S )

P R O D U C T I O N  
( T 0 n S )

M A J O R  R I C T 2 *  ,  0 0 0 8 ,  7  0 E 3  9 2
S E C O N D  R I C E 3 ! U 1 6 7 , 3 9 6
MA  1 7 E £ , £ • 8 6 1 , 0 A u , 5 9 ?
S O R G H U M 180 3 6 , 5 5 7
M U N G B E A N 2 8  6 , 3 3  6
S O Y B E A N 1 3 7 2 6 , 6 1 8
C E O  U N N U T S •I ».t,
r 1 l . H 1,000 1 i f , 1 7  6
C A S S A V A b ,  1 00 1 7  ,  3 3 5 ,  c- 5 6
s u g a r c a n e 6 9 C 3 ,  5 01  , 3 9 6



Table III.16 Effect of 5 Percent Changes in Price of
Groundnut on the Area and Output

C U L T  I V A T E C , P R O D U C T I O N  ( I . G R T f ! - L : A G T L N I ,  )

C O r l M O D I T I F S c u l t i v a t e d  
c i  o n o i< a  I  s )

P R u D l C T T U R  
C T O M j j )

M A J O R  N I C E w V ,  o 0 0 6 ,  7  u 4 ,  T  9 7
S E C O N D  R I C l ■5 8 J 1 c 7 , S 6 0
f) A 12 E J  X s  A 4 1 , 0 4 0 , 0 ° *
S O R G H U M 1 7 6 7 6 , 7 6 6
l l U H G R F A u c7iy C "  , ' 5 0 6
S O Y P E A N 1 .7 4 c : » ' s 9 r .
G R  GI J f J M U T  f. 2 0 a 0
K F N  A F 1 / 0 0 0 1 c. A ,  1 7  6
C A S S . a V A 6 , 1 0 0 1 7  ,  3 7  0 ,  5 6 4
S U G A R  C A N E 4 9  0 * / ;> b 1 / 7  9 6



Table III.17 Effect of 5 Percent Changes in Price of Kenaf
on the Area and Output

CULT IVATEC.PrpDUCTION (NORTH-EASTERN ) ̂w u  ̂e ■ : ---: * — —  — ....... .........

COMMODITIES CULTIVA j ED PRODUCTION
( 1 000 RAIS ) (TO m s )

MAJOR RICE •^/OOO P, 7u?.,79 2
SECOND F. I Cl 3? 6 1 6 9 ^ 7 5
MAIZE C* 8 A 6 1,0/7,673
SORGHUM 1 70 34,945
HUN GB E AN 274 17 305---#----
SOYBEAN 124 22,593
GRbUNNUTS 1 ^ 1 37,?67
KENAF 1,060 1/1 576
CASSAVA 5 100 1^,375,554
s u g a r c a n e 490 3 , 5 01 ,396



Table III.18 Effect of 5 Percent Changes in Price of Cassava
on the Area and Output

C L l . T  i V A T ^ r , r  . " ' P U r T ' f  u N  ( A 7 T  L t 1 )

COt-. r-  C D  I T  • r t C u i . T l V A j E C  
( 1 d 110 ( \ A l S )

f t -c  d u c t  t o r : 
( T C r i S  )

K A J C F :  n i c e u V ,  0 0 C 8 , 7 ^ , 3  9 2
i t  c n c  n [ C l S t  6 1 A 9 , 1  7  i
K A . I T 1 ,  0 2 2 , 6 v ?

C H I  I K 1 7  0 7 4 ,  9 i . c
k U t . C F T . U , 2 A /, ?< > ,> . 7  C>
S C Y F  F A N 1 2 4 >? ,  S Q ~
C P o l ' H f i U T S 1 2  1 • / >- °
K T H A F y f i 4 1 A-A 7 1 7  6
C A S T . A V  A b , ? . 0  o 1 v- , 4  v ?  / 2 > s
S U C A P  C A N T 4 9 0 3 ,  5 1 / 7 c>a



Table III.19 Effect of 5 Percent Changes in Price of Sugarcane
on the Area and Output

C U L T I V A T E  , H  G C j U C T T O n  ( Mf [j T  H - [  A  t T L R  f )

L G M -  G D  . T ' l ' C C U L T I V A y E D  
( 1  T O  K « i S )

p p O P f C T  f f i F  
( T  C || s )

r  A J A p  k  . .C F y. v  / o o o P ,  7  ( H  ,  3 v  '•
r r c c r ' D  r : c l J  ^ o 1 ^ , 1  ? 5
t ‘ / w 7 F 2 ,  3  g o 1 , 0  A h  , ■>* <•
D O R  f: H I T 1 t 0 ■' A ,  CT  7
i . U K  e r r  Ai  • JL t 2 0 , 5  7  A
S 0 Y r T A N 1 £ A 2 2 , 5 V 7
G F C . U N n i J T ' 1 * 3 3 7 , 7 « i ;
I T i . / ' F 1 , 0 0 0 1 f  O  7 o
C A S  5 A T  A 5 ,  1 0 0 1 3 , 3 3 5 , 5 5  A
s u g a r  c a n : 5 0 0 7  ,  5 A j  ,  2 0 ->



Table III.20 Effect of 5 Percent Changes in Price of Rice
on the Area and Output

C U L T  I V A T E C  . P R O D U C T  | O N  ( C E n T H * l  P L  A I N 1

C 0 M M 0 d  1 T I e  b C U L  1 | V A T E D P R O D U C T I O N

( 1 0 0 0  R A  1 5  ) ( T O N S )

M A J O R  R I C E 7 » S B 7 2 ,  8  8 2  , 6 6  2
S E C O N D  R I C E 2 , 9 5 0 1 , 6 6 0  , 1 7  9.
MA 1 7 E 1 , ^ 8 6 9 3  , 0 7 9
S O R G H U M B I 1 1 b 1 , b 9  6

M U N G B E  AN 2 6 2 2 7 , 0 3 8
S O Y B E A N S 7 8 , 9 b  3

G R O U N D  N U T S 3 0 6 , b  7 7

C O T T O N 1 2 7 2 0  , 9 6 5
C A S S A V A 2 3 b 6 1 3 , 1 1 9
S U G A R C  A N E 6 1 5 b , 2  3 b  , 7 8  1



Table III.21 Effect of 5 Percent Changes in Price of Maize
on the Area and Output

C U L T  I V A T E D  , P R O D U C T  I ON ( C E N T R A L  P L A I N )

C OMMOD I T I r  S C U L T  j V A T E D P R O D U C T  I O N

( 1 0 0 0  R A I S ) ( T O N S )

M A J O R  R I C E 7 , 5 0 7 2 , 8 8 2 , 6 6 2
S E C O N D  R I C E 2 . 0  7 7 1 . 6 2 7  . 9 3  1
MA 1 ZE 2 , 2 H 0 7 6 b  , 0 3  1
S O R GH UM 8 S 0 1 H7  , 6  1 I
MU N G B  E A N 2 8  3 2 7 , 9 5 9
SOyBEAN b 7 7 , 5 5 6
G R O U N D N U T S 2 9 6 , 1 6 2
C O T T O N 1 1 S 1 9  , H 2 6
CA S S A V A 2 2 9 6 C H , 5 7  7

S U G A R C  a n e S S  3 3 » 9 M 3 , H 5  H



Table III.22 Effect of 5 Percent Changes in Price of Sorghum
on the Area and Output

C U | _ T  I V  A T E D  . P R O O u C T  I O N  ( C E N T R A L  P L A I N )

C 0 M N 0 D  I T I E  5 c u l t i v a t e d P R O D  u C T l  ON
( I □ □ □  R A I S ) ( T O ki S )

M A J O R  R I c  E 7 , 5 8 7 2 , B e 2 , 6 6 2
S E C O N D  R I C E 2 , 8 7 7 I , 6 2 7  , 9 3  I
MA I ? E 1 , ^ 6 6  9 2  , 1 8  3
S O R G H U M 8 S 0 1 H 7  , 6  I I
M U N G B E  AN 3 3 2 3 3  , o e 7
S O  y B E  A N S 7 8 , 9 9 3
G R O U N D N U T  S 3 1 6  . 5 2  1
C O T T O N I 2 7 2 0  , 9 8 5
C A S S A V A 2 3 9 6  1 3 , 1 1 9
S U G  A RC A NE 5 9 9 H ,  1 6 0  , 7 3 2



Table III.23 Effect of 5 Percent Changes in Price of Mungbean
on the Area and Output

C U L  T I V A TE D , p ROD u C T I ON ( C E N T R AL  P L A I N )

C O MMOD  1 T 1 E s C U L  T i V AT E D P R O  D U C T  I O N

( 1 O P O  R A I S ) ( T ON  S I

M A J O R  R I C E 7 , 5 8 7 2 , 8 e 2  , 6 6 2
S E C O N D  R 1 CL 2 , 7 0 0 1 , 5 H 8  , 0 7 7
MA 1 ZE 1 , 9 5 7 6 8 0 , 8 8 1
s o r g h u m 8 1 1 1 M I , H 9 6
M U N G B E  AN 5 5  I 5 2 , 3 5 6
S O r B E A N '  5 7 8 » 9 H 3
G R O U N D N U T S 3 U 6 , H  1 1
C O T T O N 1 2 7 2 0  , 9 8 5
C A S S A  V A 2 3  H 6 1 3 , 1  i 9

S U G A R C A N E 5 ^ 7 8 , 1 5 1  » 3 3 H



Table III.24 Effect of 5 Percent Changes in Price of Soybean
on the Area and Output

C U L T  I V A T E D  , P R O D U C T I  ON < C E n T R A l  P L A I N )

C OMMOD  I T I  £ S C U L T  ,I V A T E D P R O D U C  T I  ON
( 1 QOO R A I S ) ( T O N S )

MA J O R  R I C E 7 ,  S 8  7 2 , 8 8 2 , 6 6 2
S E C  OND R I C E 2 . 8  7 7 1 . 6 2 7  , 9 3  1
MA I ZE 1 ,  9 9 S 6 9 2 , 1 6 6
S O R G H u M 8 1 1 1 M 1 , 4 9  6
M U N G B E  AN 3 3 2 3 3  , o e 7
s o y b e a n 6  1 9 , 4 9 0
G R O U N D N U T S 3 1 6 , 6 2 1
C O T T O N 1 2 7 2 0  , 9 8 6
C A S S A V A 2 3 S 6 I 3 . 1 J 9
S U G A R C A N E 6 1 5 4 , 2  3 4  , 7  £  1



Table III.25 Effect of 5 Percent Changes in Price of Groundnut
on the Area and Output

C U L T  I V A T E D . P R O D U C T  I O N  ( C L n T R A L  P L A I N )

C OMMOD I T I  E S C U L  T i V  AT E D P R O  D U C T  I O N
( 1 0 0 0  R A I S ) ( T ON  S )

M A J O R  R I C E 7 ,  S B  7 2 , 8 8 2 , 6 6 2
S E C O N D  R I C E 2 * 8 7 7 1 , 6 2 7 , 9 3 1
MA I 2E 1 , 9 9 8 6 9 3 , 0 7 9

S O r G H i j M e i i 1 H 1 , 9 9  6

M U N G B E  AN 3 3  3 3 3 , 1 8 0
S O y B E  A N S 7 8 , 9 9 3
G R O U N D  N U T S 3 2 6 , 7 3 ?

C O T T O N 1 2 7 2 0  , 9 0 S
C A S S A V A 2 3 9 6 I 3 ,  I i  9
S U G A R C  A N E 6 1 S 9 , 2 3 9  , 7 8 1



Table III.26 Effect of 5 Percent Changes in Price of Cotton
on the Area and Output

C U L T T V A T E P / P r .  O D U C T I O N  ( C E N T R A L  P L A I N )

coi-iroDjjirs c u l t i v a t e d  p r o d u c t i o n
( 1 000

I  I  I  9 I  I  I  ,
M A J O R  R i t e
S E C O N D  R I C l
M A I 7 E
S O R G H U M
M U h  f  B r  Af l
S O Y B E A N
6 R O U N D N U T T
C O T T O N
C A S S A V A
S U c- A R C A N E

RAIS) (TONS)

/, 5^7 2,88?,6 6 ?
2/B77 1,627,93!
1 , V R 7 6 09,600

8 1 1 1^,496
 3 3 2_ _3 T 0 6 7

5 7 8 > 4 7
71 6,521

1 7 5 22,0S9
274 6 17 , 1 1 8
615 4,234,781



Table III.27 Effect of 5 Percent Change in Price of Cassava
on the Area and Output

C U L T I V A T E D . P R O D U C T I O N  ( C E n T R A l  p l a i n )

C O M M O D I T 1 £ S C U L T  | V A T E D P R O D U C T  I O N
I I 0 0 0  R A I S ) < T O N S )

MA J O R  R I C E 7 , 6 8 7 2 , B 8 2  , 6 6  2
S E C O N D  R I C E 2 . 8 7 7 I , 6 2 7 , 9 3 !
MA I ZE 1 , 9 9 7 6 9 2  , 6 3  1
S O R G H u m b I 1 1 4 1 , 4 9 6
MU N G B  E AN 3 3 3 3 3 , 1 8 6
S O Y B E A N 6 7 8 , 9 4  3
G R O U N D  N U T S 3 1 6  , 6 2  1
C O T T O N 1 2 7 2 0  , 9 8 5
C A SS A  V A 2 3 6 6 1 6 , 7 6 8
S U G A R C  A NE 6 1 6 4  , 2  3 4  , 7 8  1



Table III.28 Effect of 5 Percent Changes in Price of Sugarcane
on the Area and Output

C U L T I V A T E D , P R O D U C T I O N  ( C E N T K A L  PL A I N )

C O M M O D 1 T I E S C U | _ T I V A T E D  
( 1 0 0 0  R A I S )

P R O D  u C T l  ON 
( T O n  S )

M A J O R  R I c E 7 , S 8  7 2 , 8 8 2  , 6 6  2
S E C O N D  R I C E 2 , 8 7 7 1 , 6 2 7 , 9 3 1
MA 1 z c 1 . 9 6 7 6  8 3  . 9 6  0
S O R G H U M 8 1 1 1 9  1 , 9  9 6
MU N GI 3 E  A N 3 3 2 3 3  , 0 8 7
S O Y B C  AN % 7 8 , 9 9 3

G R O U N D N U T S 3 1 6  » S 2 1
C O T T O N I 2 7 2 0  , 9 8 5
C A S S A V A 2 3 9 6 1 3 , 1 1 9
S U G A R C  AN E 6 3 3 9 , 3  1 7  , 0 5 7



Table III.29 Effect of 5 Percent Changes in Price of P'
on the Area and Output

ciLTiVATT^roDuCTiwN (rrkTi.rn: )

C C M c r  I T  I c s r  li i t  i  v a  r r L
( 1 0 0 0  I.A I S )

P f C P L C l  I C i i  

( T f V s )

i a j c f . k i c r U  /CO 1 o 7 7 , n 2

SFCC I  R I CL 6 r 7 :5 76 ,  5 O'-
1 A I T T r r ( . ? ^ ? , 3 1 7 , n 7

3 OR f h U I ' 1
r- .ui . r- . rr/! . 7 25 7 0 3

c o y t  r  / r ■ 1 , 0 0 7 n  ? '  ? f. r

CR C l :f. [ , r U T r 4 4 3 VO '  0 21

C o n o r ? 61 4 2 , n  >•

C AC r AV t 3 9 9 9 1 9 # 4 2

o u r ; r  c a r r r f  ^v ' I 4 , 7 C 1 , P 6 2



Table I Cl.30 Effect of 5 Percent Changes in Price of Maize
on the Area and Output

C U L T  I V A T F L  , P f C D u C T l  U N  < L  T K T  H T R N! )

c o k s o c  i t  i r c C U L T I  
( 1 0 0 0

V A  y  E  o 
k  A I  Z  )

F P C O l C T l O N  
( T P N S )

K A J P R  K I C F 1 1 , 0 0 0 5 ,  i  2 6 ,  ? 0 1
S F C P K T  P I C E 5 5 9 3 ? 4 , 1  1 7
i : a i 7 e 6 ,  2 A P ? ,  6 1 3 ,  2 5
S O P  C H U  S' & ° q 1 A A , A 5 5
M U N  G P L  A N 2 ,  A 9 0 7 P A , 2 1 3
S 0 Y  P C A N 9 7 0 1 5 0 / 3 2 E
C R C u n r  m u t t . 1 9 c ’ t ' c u
C O T T O N 1 9 0 ' 0  , 5 0 A
C A S S A V A 3 9 3 9 C-  ,  5 fi F
S U G A R  CAI . ’ E 5 0 0 7 ,  9 51  , 8 6 ?



Table III.31 Effect of 5 Percent Changes in Price of Sorghum
on the Area and Output

CULT TVATtr ,J-rCDUCTlON C I-rRTr.rIsN )

com or it irs, CULTI VA-jTL ( 1 OCC it AI r ) prcnLCTICC 
( TrNS )

I ' . A o C i .  pier 1 3 , 0 0 0 5 , 1 ? A , 2 C 1
er cr i! r Pier 5 5? 7 ^ , 1 1 7

I - . A I 7 C L /CAf; ? a ,7? ^
EOF-. r.HLi-' <-0 c i' n,  7  y 7f- uc n rAh 2, 552 7  ’ 1 ,52 7r, o y  r e a  c 1 , 0 7 7 1 76,95/-
CRC.  U h T h U T L 4 i ft n1 ,03 A
C O T T O C 2 4 0 3 f> , 4 9 ?
C A E  S A V A 399 919,42°
L U l - A f . C  A C L 53 A 2,100,242



Table III.32 Effect of 5 Percent Changes in Price of Mungbean
on the Area and Output

C U L T  T V  A T  L C  ,  K  C D u  C T I  u h  < I . C R T H F R H  )

cc-m errirs CULTIVAtFu 
( 1 000 l<A 1 f. ) PRC Due Tier ( Tffic )

K A o r F. KICT 1 -5,000 1?6,?01srccf; pice 49Z ? c 9 , ?. 7  P
t; m r r S s i ? * ) ? / T r / , 1 1 7CCf THLv fcf'? 1 43,̂I" U f: r B E A f i 2,690 14 5 ,0 6 0SOYBFAI. op 7 U9.H7CPC Hf.Df.UTC 4 ? 8 87,72fCD IT or ?A8 4 2 , 9 r- ?C A L D A V A 799 9 1 0 , 4 i bCIJCARf Al.t : > t z 4 , 7 01 , 8 ( ?



Table III.33 Effect of 5 Percent Changes in Price of Soybean
on the Area and Output

CULT IV/'TCl ,F FLDUCTIul ( IJOflTHERM )

c o m  cr it i rs Cl l TIVATFL 
( 1 0 0 0 F A I S )

ppC D L'C T10 1, 
( TC'fjS)

rv- jcp f i c r 13,C0C 5 , 1 A # 2 0 1
srcor-jr c i cl ?K},e'cF
V A I 7 l S. 52C 2,? C9,274
ELI- CHUi-. 7 90 1 M  ,97c
rUhCPCAI. 7 :o ,32 7
SC Yt E A |v 1 , 5CC 2 52 7 V t
c f. c u f: c k u t r ?7C 7*'7C'1
CCTTCK ?AC 3P,^5?
CASS AVA 399 9 1 9 , £ 2 9
SUC^f-C A NT son 3, 9 91 ,667



Table III.34 Effect of 5 Percent Changes in Price
Groundnut on the Area and Output

CULT IV ATED/ PFODllCTICN (NORT h FRN )

COKMOD IT IES CULTIVATED 
(100o RAIS )

PRODUCTION 
(T O N S )

MAJOR RICE 13,000 5,126,201
SECOND RICL 553 320,824
MAIZE 5,4 1 0 2,260 ,968
SORGHUM 790 1 41 ,975
MUN GEE AN 2,553 331 ,637
SOYBEAN 1,006 1 71 ,591
g r o u n d n u t s 8 p 0 163,659
COTTON 240 38,492
c a s s a v a 399 919,429
SUGARCANE 500 3 ,991 ,8 6 ?



Table III.35 Effect of 5 Percent Changes in Price of Cotton
on the Area and Output

C U L T I V A T E C , P n O D u C T I O N  ( I. C R T H F f\ N )

COhf-CC IT ICS CULTIVAjEC 
( 1 0 0 0  h AIS )

PRODUCTION
( tons )

MAJOR Ricr 1 j , 0 0 0 5,126,201
SECOND RICE 559 324,117
NAIZE 5,590 2,3*0,007SORCHUM EOZ 1 AT , 9 3 3
.NUN GEE AN 2, 553- 331 ,627
SOYEEAN 1 , 0 1 0 1 72 ,260
g r c u n d .n u t s AAA 90 ,62 1
COTTON 400 62,891
CASSAVA 399 9 1 9 , A 2 9
SUGARCANE 500 7,901 ,862



Table I I I . 36 Effect of 5 Percent Changes in Price of Cassava
on the Area and Output

C U L T I V A T T C , P R O D U C T I O N  ( N C r t h E R N  )

C O M M O D I T I E S C U L T I V A y E D  
( 1 0 0 0  R A I S )

R P O D L C T I O N  
( T O n S )

M A J O R  K i c r 1 3 , P 0 C 5 , 1 2 6 , 2 0 1
S E C O N D  R I C E 5 5 9 3 2 4 , n  7
M A I Z E 5 , 6 0 f i 2 , 3 4 8 , 0 4 9
S O R  C H U M 80 2 1 4 3 , 0 3 3
K U N  c o r  A N 2 , 5 5 3 3 3 1  , 6 3  7
S O Y  H E A N 1 , 0 3 7 1 7 6 , 9 5 4
C R C  U N T  N U T S 4 4 o 91  , 0 3  6
C O T T O N 2 4 0 7 P . ,  4 9 2
C a s s a v a 4 5 C 1 , 0  1 6 , 3 2 4
S U C A R  C A N T 5 6 2 4 , 3 0 0 , 2 4 2



Table III.37 Effect of 5 Percent Changes in Price of Sugarcane
on the Area and Output

C U L T  I V A T  C D , P R O D U C T  I O N  ( N O R T H E R N  )

C O M ' O D  I T  I  E £ C U L T I V A T E D  
( 1 0 0 0  R A I S )

P R O D  VCT I O N  
( T 0 K)S )

K A J O R  K I C T 1 3 , 0 0 0 5 , 1  2 6  , 2 0 1
S E C O N D  P I  C L 5 5 9 3 2 A , n 7
H A I Z E 5 '  6 0 P 2 , 3 A 8 , o A 9
S O R G H l ' H : 1 A 3 ,  9 3 ?
K, U N  t B  E A N 2 , 5 5 3 3 3 1  , 6 2  7
S O Y P E A N 1 , 0 ^ 7 1 7 6  , 9 5  A
G R O U N D N U T S A A 8 91  ,  A 5 0
C O T T O N 2 5 1 A 0 , 1 9 5
C A S S A V A 3 9 9 9 1 9 , A 2 9
S U G A R C A N C 6 0 0 A ,  A f 8 ,  6 1  3



Table ill.?8 Effect of 5 Percent Changes in Price of Rice
on the Area and Output

C U L T  I V A T E D  . P R O D U C T I O N  ( S O U T h E R N )

C O M M O D I  T 1 E E C UL  T I  V A T E D P R O D  UC T I  ON

( 1 0 0 0  R A I S ) ( T ON  S )

M a j 0 R r I CE H , 5 0 0 1 , 2 3 3  ,  1 0 6

S E C  OND R ] CL 2 2 H 91  , 2 3 5
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