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INTRODUCTION
The Thailand Agricultural Sector Analysis Program is a cooperative
project between Iowa State University, the Ministry of Agriculture and
Cooperatives (through its Division of Agricultural Economics) and United
States Overseas Mission/Thailand.

The project was initiated July 1, 1973,

in response to direct requests by the Ministry of Agriculture and
Cooperatives for cooperation and collaboration in the development and
application of sector analysis models and methods that have practical
utility in guiding future development of Thailand agriculture at national,
regional, and local levels.
Agricultural Sector Analysis in Thailand emanated from a strong
desire by the Ministry of Agriculture and Cooperatives (MOAC) and other
Royal Thai Government agencies to deal more forcefully and efficiently
with basic problems facing the Agricultural Sector and its integration
into the national economy.

Focus of the project is directly on the 21.8

million people living in rural households which make up 63.6 percent of
the nation's population.

The average cash income per rural household in

1970 (5.88 people/household) was $195 from which $120 of farm expenses
were paid, leaving $75 net income from farming.

To supplement the farm

income, the members of the rural household sought employment off the
farm which generated an average of another $100 per year.

This brought

the total household income to $175, or less than $30 per capita.

In

constrast, the average per capita incomes for urban areas was $315.
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The average Thai farm has 25.6 rai (10.2 acres)

of which about

three-fourths is paddy land used primarily for rice production.

The

remaining land is used for upland crops, fruit and tree crops, flowers
and vegetables, woodland, and building sites.

The operating expenses

are about $4-5 per rai ($10-12.5 per acre) for fertilizer, chemicals,
equipment, supplies, power, and capital charges.

In some regions the

operating expenses are as low as $2 per rai, indicating a very low level
of technical input.
the interest

When capital is borrowed for the farming operation,

charges are 12-15 percent for limited supplies from insti-

tutional sources and as high as 60-90 percent from merchants.
This poor majority constitutes the sector for which RTG is attempting to develop policies and programs to increase employment and income
equity while providing for expanded food production to meet projected
domestic consumption and export requirements.

Decision makers face the

complex problem of choosing and allocating the scarce government resources
(personnel and financial) among competing policy or program alternatives
which have widely variant impacts on the short- and long-run development
of the Thai economy.

Raising income levels of the poorest segment of

the economy merits immediate attention, but extreme care must be exercised to identify and develop those alternatives that are complementary
rather than competitive to the economic growth of the economy.

A mis-

allocation of scarce Thai resources could result in even lower income
levels for the poor majority and more grievous inequities.
The Agricultural Sector Analysis program includes the construction
and application of large-scale and sophisticated linear programming
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models that allow evaluation of trade-offs or comparison of alternatives in policy and development programs. The models and research
activities are expected to provide detailed and operational policy and
planning information for use by administrators and planners in evaluation of development potentials and policy alternatives.

The models will

be used for developing the upcoming five-year plan for the agricultural
sector and, once developed, will be kept operational for continuous
analysis of alternatives and policy impacts of the agricultural sector,
its regional and commodity components, and its interaction with other
sectors and international trade.

Because of the detail and breadth of

the models, they are expected to eventually allow evaluation of and
decision among location-specific objectives, particular investments or
projects, various commodity and resource development possibilities, the
most efficient means of stimulating food production and agricultural
productivity, and the economic importance of policies directed toward
particular regions, income groups, commodities, foreign trade objectives,
and national growth goals.

The program of work also addresses the means

for enhancing the contribution of agriculture to other sectors of the
Thai economy with particular concern for employment, income generation
and distribution, balance of payments, import substitution, export
expansion, poverty elimination, and integrated development.
Although it was not expected that the models and research activities
can accomplish or be used for all these purposes early in the project,
they are directed toward immediate use and the development of capabilities
in the DAE that will make them available as ongoing tools for these purposes.
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Initiation of a research program with these objectives has important
prerequisites in data availability, computer facilities, data processing, trained and experienced personnel, research organization, and model
formulation.
The ISU personnel serve as an integrated part of the DAE staff.
Therefore, they have also performed other activities and functions within
the Division.

Although their major function is in developing the core

models which will serve as the ongoing means of sector analysis and
policy evaluation in the MOAC and RTG, they have necessarily devoted a
large amount of time to auxiliary activities in the DAE.

These auxil-

iary activities relate to analysis and development of policy recommendations on current and pressing Thai agricultural and economic problems;
to training DAE personnel in data collection, generation, processing
methods and computer programming for general research activities of
the DAE; to teaching courses which upgrade DAE staff capabilities in
computer programming, statistics, economic analysis, and sector modeling;
to providing personal guidance and consultation for individual DAE staff
members in their current research work; and to analyzing miscellaneous
individual problems of urgency in the DAE in the capacity of making
policy recommendations for administrative bodies.

In this manner, the

ISU personnel have served effectively as members of the DAE staff in
its general and ongoing functions of research and policy recommendations.
However, development, quantification, and application of the central
models for sector analysis, policy selection and investment, and developmental evaluation remain as the central objectives and thrust of the project.
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The project is intended to develop subsequent generations of sector
analysis models for use in the DAE.

Although it'will be large, detailed,

and rigorously defined, the initial linear programming model will be
conventional in consideration of regional demand, resource, and commodity
relationships as these interact in national and export markets.

This

model and variations of it will provide an immediate basis for examining
alternatives of the agricultural sector and in developing the five-year
plan.

More complete and analytically powerful models will be developed,

however, as time and Thai staff are available for these later generations.
Within the constraints of staff, data, and computer facilities, the objectives are to complete operationally useful models as rapidly as possible.
The dimensions can be extended to subsector or specific commodity analyses
with the return of Thai staff on leave for professional training and
improved data and computer capabilities.

For example, after completion

of the first generation linear programming model, plans call for development of an integer component of it so that individual projects (e.g., the
investment returns of an irrigation project in one locality or cash recovery possibilities of a project in another location) can be analyzed
in the context of the best national plan with alternatives in food production, improvement for low income groups, national development, etc.
Plans also call for a second-generation model that will incorporate
demand relationships in a nonlinear manner and allow endogenous
ation of commodity prices as well as quantities.

determin-

Thus, it was necessary

to initiate, somewhat simultaneously, research that would provide point
demand estimates for the first generation programming model and that
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would provide demand relationships for the second-generation programming
models.

Furthermore, the paucity of commodity demand analysis, and the

urgency of certain commodity problems and policies, places a premium on
demand research even apart from the more inclusive sector models now
underway.

For example, the impacts of larger or smaller export premimums,

consumer subsidies, export quotas, input subsidies, pricing policies, and
consumer welfare programs for rice and other commodities cannot be adequately and effectively analyzed or evaluated until more demand research
is completed.

Hence, as for other relationships, quantities, and problems

under analysis for the core models, the demand work not only serves as a
component of the sector modeling work but also will provide a basis and
knowledge for ongoing and continuous intelligence and program evaluation
in the MOAC.
Other facets of the initial work will serve in a similar manner over
the long run.

The central task of the ISU-DAE modeling group upon initi-

ation of the work in July 1973 was to develop the first-generation linear
programming model.

This was a very large-scale undertaking since the

model must incorporate yields, input requirements, subsistence and commercial demands and alternative technologies for each crop and product
in each region of the nation.

For all regions, supplies of each resource

class and resource requirements of producing activities are specified
for each month.

Hence, the entire ISU staff and the assigned Thai staff

of the DAE began a collective attack in this particular modeling effort
and its basic organization and quantification task.

A decision was

made to approach the problem on a region-by-region basis.

In other words,
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a series of regional models was to be developed with internal consistency so they could eventually be linked together in a national model.
Agroeconomic

Zone 7 was the first zone selected for this purpose.

By

initiating the work with a zone model, a procedure was developed whereby
the DAE staff could understand the modeling process, could assess the
availability and quality of data, acquire experience in processing and
computer programming, and conduct a preliminary validation check.

This

procedure ultimately would allow more rapid progress and, as the DAE
staff members gained experience in the entire process, various groups
could go ahead on specific regional models.
After this process was far enough along, the ISU staff could then
extend

its

efforts along somewhat different analytical paths in addi-

tional modeling activities and in providing information needed for
improving regional
of Thai agriculture.

employment, income, market, and other dimensions
The eventual initiation of demand studies was for

this purpose, as was initiation of research on transportation and market
models and on regional or rural development models.

Hence, the evalua-

tion of the project during the year progressed from concentration first
on the national linear programming model, based on agroeconomic zone
components, to initiation of studies in commodity demand, transportation
and agro-industry facilities, and rural development.

The zone models

of the linear programming analysis provide a natural foundation for
developing detailed regional or rural development models, and the zones
for the regional programming models have been selected accordingly.
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NATIONAL LINEAR PROGRAMMING MODELS
Summary
Progress during the second year was in increasing the complexity
and the number of models constructed and in achieving increased Thai
staff involvement in model construction and interpretation.
During 1974-75, construction of linear programming models of crop
production for agroeconomic zones 5, 8, 10, and for zones 11-19 was
completed.

(The construction of the models for the remaining zones had

been completed during the first year of the project.)

During 1974-75

additional solutions and interpretations were obtained for all 19 zones.
After construction of the individual zone models was completed, one
aggregated national crop model with interregional competition was constructed from the 19 agroeconomic zone models.
By the end of the second year of the project, DAE staff participation
in the definition, construction and running of basic linear programming
models had evolved to the extent that ISU staff members might not be
involved with a particular model unless unexpected computer problems
developed.

However, much of the responsibility for solution interpre-

tation still lies with the ISU staff.
Relationship between models and policy analysis
In the modeling effort, the policymaker is viewed in the Tinbergen
sense as having control over a set of policy variables used to meet a
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set of goals (Figure 1).

The model is used to predict, subiect to

economic and physical data and to perceived behavioral assumptions, the
effects of possible policies on economic and other dependent variables.
The relationship between proposals for policy and the modeling effort
is outlined in Figure 1.

The process begins with a set of exogenous

projections and admissible policy parameters.

The economic model with

a particular policy set provides both consistency or feasibility checks
and estimates of the values of the dependent variables of the system.
The choice of objective function depends on the particular set of goals
facing the analyst.

The two objective functions currently used are

either to minimize the cost of production, transportation, and marketing
required to meet final levels of demand or to maximize the value of
foreign exchange earnings after meeting domestic food needs.

The analysis

of the programming solution may indicate the need for more economic
analysis, changes in policy, the directions for policy revisions followed
by more economic analysis, or the acceptance of the policy proposal by
the policymaker.
Program of work in the development of national agricultural sector model
Agroeconomic zone models

The procedure has been to construct a

series of linear activity analysis models with one model for each of
the 19 agroeconomic zones in Thailand (Figure 2).

These agroeconomic

zone models are the building blocks for models at the regional and
national level.
The general structure of a linear programming model, shown in
Figure 3, has been discussed previously.

During the current year, the
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THAILAND

Figure 2.

Agroeconomic zones of Thailand
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models for agroeconomic zones 5, 8, and 10, and for zones 11-19 were
completed.

The models for the other zones were completed previously.

However, during the current year one or more additional solutions
were obtained for all of the zone models.
National interregional competition model of crop production--overview
Because of computer space limitations, it was necessary that the
first national linear programming model be more aggregated than the
individual agroeconomic zone models.
model contained about 80 restrictions.

For example, the average zone crop
To construct a national model

without aggregation would require more than 1,500 equations and would
exceed DAE computer capacity.

Computational experience with the IBM 8K

1130 computer in the DAE indicated the practical limit would be about
400-500 equations.
With the above limitations in mind, the DAE-ISU modeling groups
have constructed a national interregional model of crop production.
The national crop model is composed of aggregated modules of the agroeconomic zones.

Within each agroeconomic zone, the monthly constraints

for land by class, for labor, and for capital have been aggregated into
the seasonal constraints shown in Table 1.

It is intended that livestock

be incorporated into the model as soon as possible and that the national
agriculture model be linked with the macro model.

The current national

crop production model contains 400 equations and 1,000 production and
transportation processes.
A structural outline of the national crop production model is
contained in Figures 3 and 4.

All of the crop production techniques or

activities defined at the agroeconomic level have been retained.

The
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Table 1.

Resource constraints included in each agroeconomic zone of
the national crop production model

Crop section of the national model should be limited to about 300 rows
Aggregation of crop production restraints
The rows in each agroeconomic zone were aggregated as follows:
Land I (deep flooding paddy)

wet season constraint

Land II (irrigation land)

wet season constraint
dry season constraint

Land III (ordinary paddy)

wet season constraint
dry season constraint

Land IV (upland)

wet season constraint
dry season constraint

Labor

wet season planting labor
wet season harvesting labor
dry season constraint

On farm capital

wet season constraint
dry season constraint

Borrow capital

annual maximum from merchants
annual maximum from relatives
annual maximum from institutions
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Figure 4.

Schematic illustration of the northeast section of the national
crop production model (The illustration uses two crops to show
detail by land type in Zone 1 while matrices are used to represent production coefficients in zones 2, 3, 4, and 5.)a
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aggregation is strictly in the form of
agroeconomic zone

constraints.

Within each

there were wet and dry season constraints for each

land class and for capital use.

The wet season labor supply, however,

was subdivided into wet season planting and wet season harvesting
constraints.

The subdivision of labor in the wet season was according

to the peak periods of labor

usage as determined in the individual

agroeconomic zone models.
Consuming regions

Several agroeconomic zones have been combined

to form one consuming region.

The grouping of the 19 agroeconomic zones

(Figure 2) into 4 consuming regions was:
Northeast

Agroeconomic zones

1, 2, 3, 4, and 5

North

Agroeconomic zones

6, 8, 9, and 10

Central

Agroeconomic zones

7, 11, 12, 13, 14, 15, and 16

South

Agroeconomic zones

17, 18, and 19

Figure 5 shows the noncentral cities chosen as shipment points between
consuming regions.

Initial policy analysis will be concerned with the

feasibility of meeting export targets, and the noncentral cities chosen
in each region do reflect existing gateway points for regional imports
and exports.
The pattern of transportation between agroeconomic zones within each
region was predetermined in the following way.

First, a farm-to-market

assembly and processing charge was added to farm production costs for
each crop activity.

In addition, the cost of transportation from each

zone within a region to the noncentral city shipment point for that
consuming region was also added to production cost.

For example, the
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cities selected as shipment points in each consuming region
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cost for an activity representing production of rice in Zone 1 in the
Northeast includes the farm level costs plus farm-to-market and processing costs within Zone 1 plus the cost of shipping the product from Zone
1 to Zone 5.
The selection of shipment points and treatment of interconsuming
region assembly charges attempt to reflect the optimal (and existing)
pattern of commodity flows which would be obtained from a much larger
model.
The models constructed for regional analysis allow detail about
interzone transportation and marketing problems.

The interaction between

the more aggregated (national) model and less aggregative (regional)
models involves the selection of viable activities from the less aggregative models for the more aggregative models.

In turn, more aggregative

models provide regional or zone price levels and/or production targets.
The initial structure of the national model is not regarded as
permanent.

The cities designated as shipment points can be changed and

the transportation charges recalculated without involving a great research
effort.

It is also possible to subdivide the large consuming regions

for some or all products.

For example, to subdivide the North with

consuming areas for zones 9 and 10 and for 6 and 8, it is necessary
only to add additional demand rows, recalculate the interconsuming
transportation charges and add interzone transportation activities.
Variable costs

The variable cost of production for each crop

activity is the sum of purchased farm inputs plus charges for the
assembly, processing and transportation of the product to the transportation point for the consuming region.
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The variable costs for purchased farm inputs include:
Fertilizer
Insecticide
Fuel, oil, repairs
Hired machinery
Value of animal inputs
Depreciation
The nonfarm input charges associated with each production activity
include:
Transportation from farm to market
Transportation from market to processor
Processing charges
Load in, load out, and assembly charge to changwat
Level and line haul charges to transportation point for
the consuming region.
Model summarization and interpretation

By the end of the second

year, significant progress had been made in the area of model construction.
Developing summarization and interpretation capability was started
with the agroeconomic zone models of the North.

The results of the models

along with their economic interpretations were summarized and published
as part of the DAE Sector Analysis publication series.
The initial publication served as a guide for similar efforts in
the Northeast and Central Plain.

The latter were done by the Thai staff.

The bulletin for the Central Plain was written entirely by the DAE staff.
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The process of summarization is, itself,
methods are used.

A.

tedious process if hand

A certain amount of hand calculation in summarization

seems to be essential for understanding.

Once calculation procedures

are understood, however, considerable time can be saved and accuracy
can be increased by using computer programs to tabulate the results from
a linear programming model.
A FORTRAN program called SLANA was developed for processing LPMOSS
linear programming solutions on the IBM 1130 8K computer.

During the

solution processing, attempts were made to relate the results
of the linear programming models to the more familar farm budgeting cash income concepts.

Probably the greatest impact on under-

standing resource use was made by developing computer plots showing
monthly resource use against the supply of that resource.

The graphs

showing seasonal employment from both the zone models and from the
following regional analysis did have significant effect on understanding
the need for increasing dry season employment.
An abstract of the results for agroeconomic Zone 6 is included to
demonstrate the type of results and methods of presentation developed.
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PRELIMINARY REPORT ON AGRICULTURAL DEVELOPMENT PLANNING
IN THE NORTHERN THAILAND

The following extracts from the above report indicate the kinds of
data going into the linear programming analysis and, even though preliminary, illustrate the kinds of agricultural development issues and
potentials that can be addressed.

The report deals with agroeconomic

zones 6, 8, 9, and 10 in the North.

The extracted material is for Zone

6.

Data and results of agroeconomic zone models
The initial results from the programming problems of the North are
presented in this section.

The results were obtained under assumptions

of 1971-72 prices and technology.

In some cases the existing pattern of

production for certain crops in 1971-72 was forced to check income calculations and to indicate directions in which existing patterns of production could be changed to increase resource efficiency and factor
earnings.
Agroeconomic Zone 6

Agroeconomic Zone 6 contains changwats

Loei, Phetchabun, Nakhon Sawan, and Uthai Thani.

The topography consists

of mountains on both the eastern and western sides of the zone with a
large basin in the central part.

The zone contains 23.9 million rai,

14.7 million of which are in forest, 5.6 million of which are in agricultural holdings, while 3.6 million rai classified as other.

The
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historically important agricultural commodities in Zone 6 are rice, corn,
mungbean, cotton, sorghum, kenaf, groundnut, tobacco, sesame, caster
bean, and livestock.

The production activities shown in Table 2 were

based on DAE farm survey data for 1971-72.

From the survey, 25 pro-

duction activities were estimated which model the major crops and production techniques found in Zone 6.

The monthly requirements for labor

and capital are shown in appendix tables.

There is more variability

in the estimated coefficients between observed production techniques
than one would like to have, but in general the coefficients differ in
the desired directions.

It is expected the variability will be reduced

when data from the 1970 survey and from the 1973-74 survey are merged
with the 1971-72 data.
The main results of linear programming models for Zone 6 are summarized in Tables 3, 4, and 5, and Figures 6 and 7.

The solution for

Zone 6 indicates a potential net value of production (including subsistence demands) of 10,100 Baht per agricultural household.

This is

3,060 Baht per economically active person and 1,980 Baht per capita.
The estimated average per capital income in the Bangkok municipal area
was 6,300 Baht per capita in 1972.

The major sources of net value from

production in Zone 6 were rice (34 percent)

and oil crops (47 percent).

These crops occupied 85 percent of the total planted area and accounted
for 87 percent of the total labor and 89 percent of the total capital
used.
With the exception of land Class III, limitations on additional
income earnings occur in the form of limited resource (land, labor, and

Abbreviations used:

427.10
547.52
29.64
1,030.40
692.92
9.47
141.03
19.50
0.00
180.72

300.12
169.73
79.80
400.80
312.86
19.36
154.36
19.70
28.00
192.02

ng = nonglutionous; br =broadcast; nv = native variety; gt = glutinous;
nw = new variety; Ll = land class 1; up = upland.

Mar. Oct.
July Dec.
May Oct.
Feb. Jan
Nov. Feb.

179.66
153.44
24.57
2,160.00
1,917.86

L4
L4
L4
L4
L4

133.78
272.66
554 .02_
131.61
254.69

28.47
12.98
50.15
51.81
14.38
50.55
98.16
246.15
32.88
88.57
50.19
14.84
50.15
57.33
15.88

70.85
115.00
270.93
46.79
63.31

Kenaf
Cotton
Castor seed
Sugar fresh
Tobacco Virginia

Sept. Dec.
Nov. Feb.
May Aug.
Aug. Nov.
Aug. Nov.

L4
L4
L4
L4
L4

Mung bean
Soybean, nv
Peanut
Black sesame
White sesame

185.86
135.47
275.34
4.26
55.10

25.00
17.29
39.95
69.06
31.10

220.52
246.76
374.45
246.00
25.46

147.64
107.04
427.68
283.92
216.18

131.47
161.51
60.81
70.78
21.62

21.44
21.44
33.28
25.62
25.19

25.00
21.21
57.24
74.63
34.55

245.19
203.68
300.28
349.12
133.32

37.97
34.33
91.29
37.19
83.20

33.26
56.80
109.49
200.84
71.78
17.29
24.03
29.14
24.00
50.33

Rice, ng, up, nv, L4 July Nov.
Rice, gt, up, nv, L4 July Nov.
Maize reed
L4 June Sept.
Maize human
L4 July Sept.
Sorghum
L4 Sept. Dec.

June
June
Aug.
Aug.
Nov.

279.82
361.05
469.29
360.00
67.67

L3
L3
L3
L3
L3

Dec.
Dec.
Dec.
Dec.
Mar.

nv,
nv,
nw,
nw,
nv,

46.21
21.50
98.69
64.93
44.41

Revenue
Baht

79.77
112.84
130.84
87.10
244.01

tr,
tr,
tr,
tr,

Jan.
Jan.
Dec.
Dec.
Apr.

Rice, nc,
Rice, ct,
Rice, ng,
Rice, gt,
Tobacco

June
June
June
June
Jan.
196.60
171.31
536.00
412.72
105.40

Ll
Ll
L2
L2
L2

br,
br,
tr,
tr,

Rice, ng,
Rice, gt,
Rice, ng,
Rice, gt,
Mungbean

nv,
nv,
nv,
nv,

Yield
kg.

Reguirements Eer rai
Variable
Capital
Labor
costs
Baht
Baht
hours

Crop production activities defined for agroeconomic Zone 6

Activity description

Table 2.

N

w

4.22
2.11
6. 72
10.01

Resource use for average household
16.98
1,473.63 3,857.07 830.83
8.48
323.46 6,469.79
0.00

60

0

3

12,076.44
0.00

2,408,573

73

1,907

4

746

126,781

15

650,084

541,642

106,963

43

139,330

101 '020

92,614

435,734

211,611

Net revenue
(Baht)

Abreviations used: ng = nonglutinous; gt = glutinous; nv = new variety; ov = old variety; tp =
transplant; be =broadcast.

Total used
Total available
2.67
2.67

66

200

455

345,386 904,014
75' 813 1, 516' 378

3,981
1,989

1,575
2,347

990
494

627
627
100
200

194' 728

33

20

203

0

0

0

Tobacco, Virginia __Q

Total used
Total available
Percentage used

19

742

52

3,998

2

0

0

0

Sugarcane, eating

11

3

192

2,811

3

231

89,088

1

0

0

Castor bean

0

0

5

58,846

0

0

Cotton

0

0

1

288,831

58,846

317,908

1,173

25,785

0

0

Kenaf

0

194,996

29,480

228,449

1,987

12,464

210

0

White sesame

0

0

35,516

21,974

52,151

0

705

209

0

Groundnut

0

0

722

762

3,563

10

20,216

1

0

Soybean, ov

495

0

30' 772

0

0

Mung beans

0

28,965

151,951

506

9,856

13,449

5,747

0

Maize, for food

0

0

15 '272

147,835

0

35,768

20,864

28,987

123,326

0

33,909

53,331

0

Maize, for feed

411

0

0

152,254

106,231

546,096

0

16,467

Var. Cost
(Baht)

297

0

Rice, gt, tp, nv

0

1,164

0

54,174

Labor
(hr.)

48,831

Capital
(Baht)

265,206

Prod.
(kg.)

0

627

Rice, ng, be, ov

0

0

Land 4

4

0

Rice, ng, tp, nv

495

Land 2 Land 3
(rai)

0

0

Rice, ng, tp, ov

Land 1

~

N

Total production, of various crops, use of land, labor, capital, value of nonagricultural inputs
used to maximum net income under 1971-72 prices and technology in Zone 6

Activity units
(thousands)

Table 3.

Total

0

Merchant cap

. 30
.18

capital

.95

347.3

Institutional

Own

Labor

Land IV

0.0

238.9

Land II

Land III

102.9

Marginal
value
product
Baht

6,152
50
32
0

6,469
166
177
253
8,157

1,521

0

260

142

Value

4.36

5.16

1.08

1. 38

Small
Amount
of
resource

491

344

323

6,469

8.48

10.01

2.11

2.67

10,524

30.27

10,038

0

62

97

6,152

1,564

1,096

1,029

19,964

0

198

309

6,152

0
35.73

0

6,469

1,799

7.53

504

Total
earning
Baht
982

Large
Amount
of
resource
9.53

275

2,948

.r-~......-

Average
Total
Amount
earning
of
Baht
resource

Size of holding

Potential earnings by households with small, medium and large holdings in Zone 6 with
1971-72 prices, resources and technology

Land I

Resource

Table 4.

N
I.Jl
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Table 5.

Market value of household consumption and estimated cash
income from crop production in Zone 6 with 1971-72 prices
and technology for average household

Commodity

Quantity
Consumed
Sale

Market value
Sale
Consumed
Baht

kg.
Rice nonglutinous

968

Rice glutinous

631

473

15

3

Maize food

3,018

833

2,596

Soybean

974

2,420

Maize feed

648

680

Groundnuts

1,355

3,024

222

509

Mungbeans

566
Total

1,875

9,229

Less variable costs

831

Less interest payments

189

Net cash income

8,209

alncludes white sesame, kenaf, castor bean, sugarcane (fresh),
and tobacco.
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Figure 6. Land use by months for types of land in Zone 6
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Figure 7. Monthly distribution of labor and capital for Zone 6
millions
rJ units
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capital) during certain months of the year.
August, and December.

Labor is limiting in June,

The marginal value product of an additional hour

of labor during these three months is 3.9, 0.6, and 3.5 Baht per hour,
respectively.

The major uses of labor are for rice 30 percent and oil

seeds 53 percent.

In this solution, capital from merchant sources was

not limited but available at 60 percent annual rate of interest.

That

is, capital could be borrowed as long as it was profitable to do so.
The major use of capital is rice production (59 percent) and oil seeds
(29 percent). Figure 7 indicates the farmers' initial capital supply
would be exhausted by 3 months into the growing season.

Land Class I

is fully utilized during the available growing season.

The service of

one additional rai of Class I land would be worth 103 Baht.

Land Class

II is double cropped, producing rice during the wet season and mungbeans
during the dry season.

The marginal value product of one additional

rai of Class II land is 240 Baht.
7 months of the year.
soybeans (dry season).

Land Class IV is completely utilized

The major crops are groundnuts (wet season) and
One additional rai of Class IV land is estimated

to generate an additional 347 Baht. Land Class III is used to about
75 percent of capacity producing rice.

More extensive use of Class III

land would require more labor and/or lower cost capital so more capital
intensive methods of production could be employed during the months of
labor shortage.
The average household is shown producing approximately 2.67 rai
of glutinous rice on land Class I, 2.1 rai of nonglutinous rice and
2.1 rai of mungbeans on land Class II.

The average household would
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plant another 7.4 rai of rice on land Class III leaving 2.6 rai of Land
III unused because of labor shortages.

The upland area (land Class IV)

for the average household would contain 2 rai of groundnuts and maize
during the wet season and 2 rai of soybeans during the dry season.
The potential for additional irrigation land area can be inferred
by calculating the differences between shadow prices or marginal value
products of the various classes of land.

Irrigation projects applied

to existing paddy land take the form of transferring land or converting
land from one class to another.

Hence, the

conversion of Class I land

to Class II land would yield net returns of 137 Baht (240-103)
given 1971-72 prices and production practices.

per rai,

The conversion of Class

III land to Class II land would increase net returns to farmers of 240
Baht (240-0) per rai.

This annual change in the income stream per rai

can be compared to the per rai amortized cost stream of an irrigation
project as an indicator of its feasibility.

Strictly speaking, the

marginal value products are valid at the margin and further, more
extensive

analysis would be required to ascertain size of a project to

be considered.
The shadow price or marginal value product of a land class provides
an estimate of the value of increasing agricultural holdings of each
land class by one additional rai.

The desirability of doing so would

depend on the opportunity of this land class in alternative uses.

A

current alternative use of land is forest reserve area.
Under the assumptions of free resource mobility between resource
holders, it is possible to calculate upper bounds on resource earnings
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from various resource bundles.

The following designation of small

and large is somewhat arbitrary.

However, the size designations

are approximations of holdings by households in the 5 and 95 percentile
rankings by size of holding.

In subsequent solutions on a given zone

comparing changes in income earnings on a given holding, size can be
used as a rough measure of policy impacts on that size group.

The

average household might expect 10,000 Baht while farms at the 5 and
95 percentile levels might earn 8,150 and 20,000 Baht, respectively.
Table 5 contains the division of the total market value of production between subsistence demands and the market value of production
remaining for sale.

In Zone 6 the estimated market value of subsistence

demand is about 1,900 Baht per household or about 28 percent of the
total market value of production.
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REGIONAL AGRICULTURAL SECTOR MODELS
Background and Methodology
Although the national, interregional competition linear programming
model forms the analytical core for agricultural sector analysis in DAE,
other models are being constructed and supporting research conducted,
simultaneously, in the areas of demand analysis, marketing research,
and modeling of intersector

linkages.

Although each of these supporting

research efforts is expected to produce "stand alone" analytical models,
the essential general structure will be integrated directly into the
central model where national policy questions will be addressed.

In

contrast, the regional development modeling is focused on the development of independent, subnational models for each of the four major planning regions in Thailand.

Emphasis of the regional models is on capa-

bility to analyze regional specific policies or programs where the
impact can be allocated to specific geographic areas within the country.
The regional models are being designed to retain and develop much greater
detail than can be

developed in the national model, for practical and

computational reasons.

The basic research strategy for the regional

models involves several stages, the first of which is modification of the
individual zone crop models to incorporate a competitive market structure
where subsistence demand and marketing activities for each commodity are
forced to compete with other zones against a set of point demand estimates
(market bounds) for the region.

The competitive market structure, in turn,
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forces regional competition and resource allocation which will provide
maximum net revenue--given the resource base, implied technology, relative prices, and market bounds.
The Northeast Regional Model (NEREGON) is the first in the series
of regional planning models to be constructed in Thailand.

The region

under study includes the 15 changwats (provinces) of Northeast Thailand
which have been aggregated into five agroeconomic zones for agricultural
planning purposes by DAE, MOAC (7). 1

The Northeast covers an area of

approximately 99.3 million rai, 2 of which 35.9 million rai is forest
area and 25.9 million rai is agricultural land holdings (7, pp. 9-12).

Rain-

fall for the individual zones in the region ranges from a low of 111.2
centimeters per year to a high of 165.6 centimeters.

The seasonal

distribution of rainfall is uneven, however, and about 22 percent of the
annual total comes in one month--August or September--depending on the
specific zone.
There was

a total of 1.9 million households

agricultural.
hold

The region had a population of 11.7 million in 1970.
of which 1.5 million were

In 1970, there were approximately 6.1 residents per house-

of which 1.9 were economically active.

ences are apparent between sectors.

However, significant differ-

Agriculture has 3.75 economically

active members per household while there are only 1.30 per nonagricultural household.

The average farm holding in the Northeast was reported

as about 30 rai per household in 1970.

The farm unit generated 2,122

1 see reference list at end of section.
2one hectare equals approximately 6.25 rai.
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Baht 3 of income but required 1,195 Baht of expenses for an annual
net income of 927 Baht per household (247 Baht per economically active
member of household).

The average cash income from off-farm employment

was 1,081 Baht per agricultural household, or 288 Baht per economically
active member (8, pp. 178-180).

The focus of NEREGON is on improving

income and employment opportunities for the nine million people living
in agricultural households.
NEREGON is a linear programming, interzone competition model with
five consuming and five producing regions.
activities and 432 rows or equations.

The model contains 892

The activities in the model

include one or more production processes in each zone for each commodity on each type of land during each season where production has
been observed historically.

Separate activities have been defined for

the same commodity whenever a distinct production process could be
identified that would affect the resource requirements, costs, and/or
yield.

Although this does not provide for unlimited resource sub-

stitution, it does provide for some basic substitution.

As new activ-

ities are defined and the model expanded, further resource substitution
will be possible.
In addition to the production activities, the model contains separate
supporting activities for each zone.

These include:

marketing activities

for each commodity; subsistence demand (on farm consumption) for selected
commodities; capital borrowing by month from institutions, from relatives

3one Baht equals approximately U.S. $0.05.
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and friends, and from merchants; and capital transfer activities.

The

subsistence demand activities are bounded by equalities, lower bounds
to force production where necessary, and upper bounds to avoid confusion with off-farm marketing activities.
The Northeast model has separate bound sets for each zone which
include land by type and month, labor by month, capital by month, and
capital borrowing by source.

In addition to the bound sets for each

zone, point demand estimates have been added in the form of regional
marketing bounds for each commodity.

The point demand estimates serve

as upper limits for on farm consumption and off-farm marketing at the
prices specified in the model.

These restraints force the five zones

to compete against one another for a limited regional market.

Details

of the basic structure of the individual zone models, coefficients, and
characteristics of the zones are being summarized as a report on the
Northeast similar to the one released for the North (9).
Initially, each of the five zone models were revised for compatibility in the regional framework and solved to check the new structure.
At the same time, the optimum basis for each zone was punched on cards.
The starting basis for NEREGON was developed by combining the basis
from each zone solution with additional cards for the market-bound rows
which were added to the regional sturcture.
As previously indicated, the base year for the original model
formulation is the 1971-72 crop year.

The recorded production patterns

for major crops in Northeast Thailand during the base year were compared
with a summary of the normative production pattern resulting from the
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profit maximization solution to NEREGON.

The solution, of course,

is preconditioned by the resource base, technology, and price structure
as observed in the base year.

In general, the solution follows the

historic production pattern quite closely.

The solution was further

analyzed to estimate income and expenses per household by individual
zones and regional aggregates.

Estimates were obtained for gross

revenue, cash sales, value of on farm consumption, and production
expenses.

Again, the solution results compare very favorably with

regional survey data on household income and expenses.

Additional post-

optimization analysis has provided information for each zone on sources
of income by major commodity groups, utilization rates of monthly labor
supplies, land use patterns, and monthly capital requirements.
NEREGON, although an early version of more complex models to be
developed, has been used to derive demand curves for labor in the wet
and dry seasons and to study the income and production impact of offfarm employment opportunities at various wage rates.

Using parametric

pricing, normative supply curves have been derived for major commodities
in the Northeast.

Simultaneously, it has been possible to study the

impact on production of other commodities, seasonal employment, and
net income generated in the agricultural sector.
A similar model has been developed for Northern Thailand (NOREGON)
as the second in the series of regional models.

The Northern Region

includes 17 changwats which have been aggregated into four agroeconomic
zones.

The North covers an area of 112.9 million rai

of which 81.5

million rai is forest area and 16.3 million rai is agricultural land
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holdings (7, pp. 12-16).
in 1970.

The region had a population of 7.8 million

There were 1.4 million households

agricultural.

of which 1.0 million were

The average farm holding in the North was reported as

about 24 rai per household in 1970.

The farm unit generated 4,243

Baht of income, but required 2,074 Baht of expenses for an annual net
income of 2,168 Baht per household.

The average cash income from off-

farm employment was 1,570 Baht per agricultural household (8, pp. 178180).

As in the Northeast, demand curves for agricultural labor in

the wet and dry season have been derived, as well as the impact of
off-farm employment opportunities at various wage rates on agricultural
productivity.

Normative supply curves have been derived for major

commodities produced in the North.
Construction of the third regional model, which will cover the
Central Plain, is now underway.

Work on the Southern Region is scheduled

to begin as soon as the preliminary Central Plain model is operational.
Applications and Extensions
The regional crop models, although viewed as only preliminary
versions of more complex models to be constructed, are useful in the
present form for selected policy questions.

Studies of labor pro-

ductivity, employment, potential migration, supply response, production patterns, income, and resource use have already been mentioned and
analyzed in one or more of the regional models.

Validation and revision,

where necessary, are essential before expanding the scope of the models.
Once the basic model structures have been validated against known
production and resource use patterns, numerous extensions are planned.
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Not necessarily in the order of priority, the following extensions
have already been conceptualized.

At an early opportunity each of

the regional models will have livestock activities defined and

in-

corporated which are compatible with the basic crop structure.

The

demand for, and supply of, draft animals as a power source is directly
related to cropping patterns and land utilization in some zones.

Like-

wise, the livestock activities are directly related to the cropping
activities because of the competition for resource such as land (forage),
labor, and capital.

Selected livestock activities also utilize and

create a demand for some feed grains directly or crop by-products such
as rice bran for swine, straw for buffalo, etc.
The basic regional models are being developed directly from the
original zone models, which in turn

were constructed primarily with

data from the 1971-72 National Sample Survey.

In some cases sampling

procedures failed to detect all production enterprises in each zone.
As a result, the original zone models are not necessarily exhaustive of
all activities that are currently in each zone.

Therefore, the struc-

ture of each zone model, or subsection of the regional models, should
be examined carefully to determine where additional activities should
be identified.

A major contribution of the modeling effort (whether

at zone, regional, or national level) is to develop a comprehensive
description of production agriculture.

By and large, this has not been

done in Thailand and certainly not with the scope undertaken in the
Sector Analysis work.

Consequently, it is important to look beyond

the surveys in an individual zone to decide whether a complete set of
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activities has been defined.
other zones in the region.

Each zone model must be compared with the
Where some zones have different activities,

two questions must be answered.
looked in one or more zones?

Has a production activity been over-

If the given activity actually doesn't exist

in a specific zone, is it feasible?

In addition to cross-checking the

zone models, each model should be compared with other records to detect
activities that have been overlooked.

For the current Sector Analysis

work some obvious sources include the DAE Farm Management and Production
Economics records and other production reports.

Sources outside of DAE

include Department of Extension, Department of Agriculture, National
Statistical Office, and many others.

This extensive effort to identify

traditional production processes should not be confused with a related
effort to identify and estimate coefficients for additional activities
representing new technology or alternative resource substitution patterns.
In contrast, once the basic models have been revised to include a
reasonably complete set of traditional production practices (activities)
and traditional livestock production has been incorporated into the
model, the process of validation and system check is virtually complete.
Up to this point the solutions to the models can be checked against known
base period production patterns to determine how near the model comes to
approximating reality.

From this point on it is necessary to rely more

heavily upon the estimating procedures developed in construction and
checking of the basic models and analytical knowledge of Thai agricultural performance and less on direct cross-checks with available data.
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Because most of the coefficients in the preliminary models were
estimated from survey data, they represent a cross-section of the
current level of production technology.

Various studies have shown

relatively low levels of capital inputs in Thai agricultural production
which suggests fairly traditional production practices.

At this point

the modeling is at the projection stage and opens the way to evaluation
of anticipated alternatives rather than analysis of historic performance.
Emphasis in the modeling process shifts to gleaning additional information from various sources in order to define feasible production processes which reflect more efficient resource use.

Efficiency, of course,

can be measured in substitution of resources which result in reduced
costs, reduction in total resource requirements, increased production
from given resources, expansion of resource use with a proportionately
larger expansion in production, or combinations of these.

The problem

involves defining technology packages which are not currently in use
but which could be implemented, given the appropriate access to resources,
knowledge, and incentive to make the transition.
Sources of information for this effort are virtually unlimited,
yet they may

be very

difficult to locate.

The new activities do not

necessarily have to represent new technological discoveries.

Because

the basic models include sampling data, they tend to be heavily weighted
toward traditional agriculture.

Production practices currently applied

by a few of the progressive farmers represent significant progress in
resource utilization.

Data for activity estimation can be gathered

either from the DAE farm management records or selected sample surveys.
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Research results, published and unpublished, should represent an
abundant source of information.

However, a large proportion of the

research experiments have failed to show significant variety or treatment differences because of large experimental error and, thus, cannot
be used to draw usable conclusions.
notable exception.

For the Northeast, there is a

The reference manual published by the Northeast

Agricultural Center at Tha Phra in 1973

(2) attempts to provide tech-

nology packages for a wide range of upland crops and paddy rice.

The

manual includes recommended varieties, appropriate planting times,
recommended fertilizer rates, cultivation practices, and expected
yields.

For the current modeling effort, the major missing elements

include variable cost estimates and labor requirements.
Thailand is not currently pressing the frontier of production technology in this area of the world.

Evidence of this is apparent when

Thailand's yields (per rai) for selected crops are near the bottom of
the list when compared with other countries of the region.

Because

Thailand has a climate at least as favorable for production as its
regional neighbors and land resources comparable to these countries,
some of the technology being applied in other countries could be transferred directly to Thailand with a minimum of experimentation and
adaption.

The dominance of rice in Thailand focuses attention directly

on the disparity between Thai yields and those in Taiwan and Japan which
are double and triple.

It must be kept in mind that those yields are

produced under a specific technology package and that success in
Thailand would require adoption of a comparable package of cultural
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practices.

Similarly, when gathering data to model high production

technology in Thailand, the researcher must remember to model all
the essential elements and costs of the high yield package.

This may

lead directly to policy recommendations for supporting institutions.
Certainly research being conducted by universities, government
agencies, and international organizations should not be overlooked
where significant results have been obtained.

In addition, some re-

search is being conducted outside of the region which has application
in Thailand, but first emphasis should be on gathering, sythesizing,
and applying what has already been proven under similar conditions
in East Asia.

Later exploration for new technology may need to reach

beyond nearby countries, but certainly implementation of available
technology would have a significant impact on Thai production.
Currently the zone and regional models are designed and solved
to maximize the value of the objective function--net income.

Many of

the policy questions and types of analysis which apparently will be
addressed in Thailand take the form of

assessing the impact of setting

specific targets for directly or indirectly implied production.

In this

case, a more appropriate and useful form of the structural model may be
the one where the objective function (cost) is minimized subject to a
set of production targets.

Where resources are inadequate but the

targets seem reasonable, supplementary activities should be defined
(corresponding to feasible institutional changes) to expand the resource
base.

In other cases, the targets may prove inconsistent with the

available resources, and the targets need to be modified.

In any event,
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cost minimization models will be developed to analyze policies which
are particularly adapted to this formulation.

One of the difficult

problems with the cost minimization models is extracting the maximum
information.

Shadow prices in the model should be very helpful in

determining minimum prices necessary to generate profits and stimulate
production.

However, the solution is a minimization of cost (resource

use) subject to a specified production constraint.

If the production

constraints are lower than levels that would exhaust a given resource
supply, the opportunity cost is zero.

Consequently, the shadow prices

on the commodities will be unusually low.

At the heart of the problem

is the question of what the opportunity cost or reservation price is
on resources such as land and labor.
can be reforested.

At minimum, for example, cropland

Most likely there are alternative uses which would

generate even greater revenue or opportunity cost.

Significant effort

must be devoted to defining realistic alternative production processes
which will use resources productivitly to generate products or services
for which the market is not saturated if shadow pricing is going to be
useful in setting price policy.
Another extension planned for the regional models involves multiple
year solutions to capture the "long term" elements of planning.

However,

because of the current computer capacity in DAE, computation for a multiple year solution would require use of equipment outside of DAE, major
modifications to reduce the detail in each year's submodel, or a sequencing of solutions where the model is revised between each solution to
represent time and structural changes.

Computation outside of DAE is
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is expensive and tends to discourage the number of policy alternatives
and assumptions evaluated.

Revising the model by giving up detail is

feasible and is, in fact, similar to development of the national model.
However, this type o'f revision defeats the basic effort to make detailed
analysis of regional problems.

The third choice, sequencing solutions,

loses most of the "long-run" optimization characteristics desired and
results in a series of short-run optimizations.

Although this may not

deviate significantly from traditional decision making, national planning presumably is attempting to facilitate decisions of a long-run
nature.

If sequential models are used for analysis, it will become

essential to capture the recursive nature of decision making and solutions
such that established patterns of adjustment will be sustained.

Auxiliary

equipment has been ordered for the DAE computer, and hopefully it will
allow for multiple year, recursive solutions on the DAE equipment.
As national demand functions for selected commodities are developed
by the Demand Analysis Group and can be disaggregated to the regional
level, the models will be modified to replace point demand estimates
with regional demand functions.

With the linear form of the model and

the general constraint on capacity, this can most easily be accomplished
with a series of bounded marketing activities for each commodity which
approximate a curvilinear demand function with linear step segments.
Similarly, when the Marketing Research Group develops a set of national
transportation, storage, and processing activities which include activities for each region, these will also be integrated into the regional
models.

To the extent that the macroeconomic modeling effort is

45

successful in linking agricultural and nonagricultural sectors and
these linkages can be disaggregated to the regional level, intersector
linkages will also be incorporated into the regional models.

Earlier

in this section, specific policy research was mentioned which has
already been completed using the preliminary models for the North and
Northeast.

For the Northeast, a comprehensive analysis and development

plan has already been developed by Louis Berger, Inc. (1).

This study

included a comprehensive set of policy recommendations which need to be
analyzed for validity and consistency.

An integrated quantitative

analysis of these recommendations should move the Regional Analysis
Group a long way toward developing and understanding of feasible
alternatives for development in the Northeast.

Similar development

studies are available for the North (5) and the South (6).

Further

policy proposals are being developed in DAE, specifically directed to
development of the fourth Five-Year Plan.

In addition, numerous other

agencies have developed or are developing policy or project proposals
which affect agriculture.

They, too, should be processed and added

to the set of policies for which quantitative cost and benefit assessments have been made.

DAE and other planning groups will want to

conceptualize still more policy proposals for development.

Ultimately,

the series of solutions and subsequent analyses will form a portfolio
of information on a wide range of policies which are being or should
be considered for each region and provide an assessment of the tradeoffs involved when conflicting policies or goals are pursued.
should be the type of information that decision makers need to
facilitate unified and consistent development in Thailand.

This
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DEMAND ANALYSIS MODELS
The commodity demand analyst completed his tour and departed in
February 1975.
The demand analysis contributed to three objectives.

The first

was to make fixed point estimates of domestic and export demand for
each of the commodities which appear in the interregional competition
models of Thailand's agriculture.
consuming region in the model.

Such estimates were made for each

Second, the work was intended to yield

estimates of the market demand relationships which relate consumption
and prices for these same agricultural commodities.

Such relationships,

when made specific to individual consuming regions, are to be incorporated
into the second generation interregional competition model in order to
provide a capability for modeling the determination of agricultural
prices, production, and consumption simultaneously.

Third, the research

was intended to contribute to the capability of DAE's Marketing Branch
to construct and use statistical demand models in independent studies
requiring prediction, evaluation, etc.
Major ISU staff input into demand research began in February

1974.

By the end of the 1973-74 reporting year, ISU staff, together with
cooperating members of DAE's Marketing Branch, had completed a fiveequation statistical model of Thai kenaf demand and price determination
and had begun data assembly and preliminary processing for studies
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of the nonglutinous and glutinous rice markets and for maize, mungbeans, and soybeans.

In each case, the work is being conducted in a

way which serves all three of the objectives cited above.
The commodity demand analysis concentrated on kenaf, glutinous
and nonglutinous rice,

mungbeans, soybeans, and maize.

The kenaf model

was discussed in the 1973-74 annual report.
During the current year, extensive work was done on rice demand
analysis.

Demand structures for glutinous and nonglutinous rice have

been considered separately.

The work was directed toward modeling

the determination of domestic consumption, stock change, exports,
domestic prices, and export prices.

The initial specification of all

equations in the rice model has been completed
have been obtained.

and preliminary results

The results are still tentative and further research

in this area will be required.
The rice demand analysis was conducted mainly by the ISU staff.
The DAE staff has assumed responsibility for work on mungbeans, maize,
and soybeans.
The data assembly on components of supply and demand for soybeans,
soybean cake, and soybean oil were completed and first attempts at estimation are about to begin.

Developing an adequate data series on soy-

bean crushings in Thailand has been difficult.

However, the research

effort was to model demand and price determination for soybeans, soybean
oil, and soybean cake.
markets.

Soybean crushings is the link between the three

The initial model contains 12 equations of which 7 equations

contain unknown parameters to be estimated.
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The structure for modeling demand and price determination for
maize has been laid out by the DAE staff but no estimation has yet
been attempted.
Transportation and Marketing Models
The agro-industry, marketing and transportation research has been
following two major complementary directions.
The first has been to provide marketing inputs for the national
model of agricultural production.

The commodity markets provide the

linkage between producing region so there will be interregional competition to meet demand requirements.

This allows the production of a com-

modity to take place where it has a comparative advantage.

The market-

ing functions of processing and storage will be included when applicable.
The second direction has been individual commodity research on the
transportation, storage, and processing functions.

It includes the

estimation of economic information on these functions and the building
of models to describe their physical operations.

This research will

serve as input to advanced versions of the national model as well as
incorporate information from it.
The two complementary research directions were concentrated in
three areas.
Transportation and processing
Information collected and developed on transportation included
finding the location of services by mode
provinces.

and the distances between

Various methods were used to estimate transportation costs,
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and a computer program was developed to calculate and list in tabular
form these costs from province to province for all of Thailand.

The

transportation cost tables are for truck, rail and barge single mode
shipments, and truck-rail and truck-barge multiple mode shipments
through the transshipment province resulting in the least cost.

In

addition, ocean freight rates to Thailand's major foreign customers
have been collected.
Processing activities for major commodities (rice, sugarcane,
cassava, corn, kenaf and rubber) were explored, and estimates on costs
have been completed for:

1) kenaf into bailed kenaf and gunny bags,

2) sugarcane into sugar, 3) rubber into smoked sheets, block, crepe,
and latex, 4) corn shelling and drying, 5) paddy processed into rice,
and 6) cassava into chips, pellets, flour and sago.

Capacity estimates

have been made for kenaf and sugarcane, and estimates are being made for
cassava.
This transportation and processing information will provide input
for the national model as well as for individual commodity models.
Supply and Disappearance
Estimates were made of 1971-72 supply and disappearance for the
major commodities.

The components estimated for supply include pro-

duction, beginning stocks, and imports, if any.

Those estimated for

disappearance include human consumption, feed use, seed use, industrial
use, loss, waste and ending stocks.

These estimates were made at the

province (and/or agroeconomic zone) level and at the national level
for rice, corn, cassava, kenaf, sugarcane, and rubber.

In addition,
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1974-75 estimates of supply and disappearance for rice by province
were made along with monthly estimates on rice production by province
for 1974-75.

From this information regional (Northeast, North, Central,

and South) fixed point demand estimates were made for five of the major
commodities and were used in the national model.
Model
Once the transportation cost and supply-disappearance estimates
were completed, then

the construction of transportation models began.

Since these models are large in size, a generalized computer program
was developed to generate them using the collected economic and physical
information as inputs.

Models with multiple modes of transport have

been built and initial solutions obtained for rice, sugarcane and
rubber.

A solution shows what the commodity trade patterns and implied

prices would be when total transportation costs are minimized.
state the economic concept another way, it gives:

Or, to

1) the trade patterns

between competitive and geographically separated markets, and 2) it
determines the implied prices in those markets such that they differ by
an amount less than or equal to the transportation cost.

As would be

expected, there is no trade between markets when the implied prices
differ by less than the transportation cost.
The implied prices from the solutions of the rice models (zone
and province) were statistically compared, by linear regression, to
their real world price counterparts.

The comparisons showed that the

implied prices from the models give a good description of the real
world spatial price relationships at both the zone and province levels.
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A model has been designed to describe the marketing functions
of transportation, storage, and processing (TSP) for paddy rice.

A

sample model has been built, solved and the economic output checked
for consistency through space, form and time.

With the collection

of information on processing and storage, similar TSP models are planned
for sugarcane, kenaf, cassava and, possibly rubber.

A description of

the operation, output of economic information and use of these models
was given in the paper, "DAE/ISU Marketing Research in Thailand," by
Dennis M. Conley, presented at the Food and Agricultural Organization inservice training seminar on agricultural sector analysis, Bangkok, Thailand,
June 19, 1975.
From the work done on TSP models, detailed transportation and processing activities have been developed for use in advanced versions of
the national model.

However, due to computer space limitations, it was

necessary to develop cost procedures which both estimated and consolidated
assembly, processing, and interregional transport costs into production
costs by commodity and by zone.

This effort allowed the marketing

sector to use a minimum number of rows and columns in the national model.
Working Relationship
During this process of model building and estimation of economic
parameters, the Thai colleagues working on transportation, storage, and
processing have been challenged to learn as much as possible, to raise
questions when something was not understood or they were curious, and
to be able to build, solve, and use these models by themselves.

The

day-to-day tasks of finding sources, collecting, estimating, checking
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and double-checking, model building and computer programming are demanding tasks, and they require great care and time in their performance.
The establishment of this working relationship in DAE with Thai colleagues along with their acceptance and expansion of responsibilities
makes it possible for the depth of research and the output of economic
information to be much greater than otherwise seems feasible.
Supporting Assistance
A six-week, three-times-per-week, in-service training class on
simulation and model building was taught in DAE.
Advising on the development and operation of a farmers' market
included addressing questions on the need for co-op storage and processing facilities and whether there is adequate capacity of both to
handle expected near future exports by the farmers' market.
Assistance on the development of papers in DAE included a digest
of transportation problems in Thailand and the editing of two papers
to be presented by DAE to FAO; one was on agricultural development in
Thailand and the other on the marketing of food in Bangkok-Thonburi.
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MACRO AND SECTOR LINKAGE HODELS
The work on econometric models of the nonagricultural sector of
the Thai economy started in September 1974.

This activity was added

to the project because the ISU team members and DAE staff who were
doing the early work on the linear programming models of the agricultural sector felt that focusing only on the agricultural sector would
give an incomplete picture of the Thai economy for policy simulation
purposes.

It was felt that identifying and quantifying the linkages

between the ag and nonag sectors was desirable to analyze properly
the effect of agricultural policies on the nonag sector and vice versa.
Therefore, a fifth full-time ISU team member was added in September 1974,
to investigate these linkages.
The early work on this project was concerned primarily with the
investigation of (1) work on econometric models of the Thai economy
that had been done previously and is being done currently and (2)
the availability, adequacy, and consistency of the time series data
needed for macroeconometric analysis.

Contrary to the linear program-

ming models of the agricultural sector, which are using largely primary
data gathered by DAE and HOAC, the main sources of aggregate nonagricultural data are secondary sources, viz., the national income accounts
of Thailand, and the monthly statistical publication of the Bank of
Thailand.

While some data are available for years prior to 1960,

the basic data base available at present for time series analysis is
annual data for the sample period 1960-1973.
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This data base is both adequate and inadequate. The data on the
financial and international sectors are fairly complete and disaggregated.
On the other hand, the data on the domestic components of aggregate demand
and supply are highly aggregated.

In addition, it is difficult to

determine how these variables are defined, i.e., what their component
parts are.

Also, except for production data, the data are not available

on a regional basis which poses a problem in determining the regional
impacts of particular policies.

Probably the weakest aspect of the data

base is in the area of fixed capital stock and investment.

There is no

published series of capital stock, and the investment data are published
at the aggregation level of private and government investment.
The modeling effort in this area is taking on two separate but
related forms.
contained"

First, we have been interested in constructing a "self-

macroeconometric model of the Thai economy.

It is self-

contained in the sense that the agricultural sector and nonagricultural
sector are represented in an aggregated way by a set of time-series
regression equations.

A series of this type of model is being constructed

with each model generation representing increasing disaggregation of
sectors already included and the addition of new sectors as it appears
appropriate.

At this point, a model of 50-60 equations of the "standard"

macroeconometric

model form is visualized.

The purpose for proceeding in this direction has been to be able
to analyze the effects of particular policies on the broad economic
aggregates of the economy in a time series framework.

By having a self-

contained model, it is possible to investigate the forecasting ability
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and dynamic stability properties of a system of estimated regression
equations when they are forced into a consistent structural model,
where the system is constrained by accounting identities.
At present, a very small (21 equations.), very aggregated model of
the Thai economy has been estimated and is operational.

This model,

as do almost all standard macroeconometric models, tries to explain the
basic components of aggregate demand and supply of factors of production.
The next step is to disaggregate the individual sectors to as great an
extent as possible and to focus more specifically on the effects of
various policy tools and on the determination of commodity and factor
prices.
At present, the model has been specifically designed to be linear
in the variables and in the parameters.

It is linear in the parameters

because the computer programs that are available currently for solving
systems of equations simultaneously are not capable of handling nonlinear
equations.

It is linear in the variables also because the reduced form

program currently available cannot handle nonlinear reduced forms.
Imposing strict linearity on these models is much too constraining in
their specification, and, for this reason, computer programs are in
the process of being developed and tested which are capable of handling
nonlinear systems of equations.
Another problem related to program availability has been in the
estimation technique used.

While a two-stage least squares program

is available, the small number of time-series observations (14) available makes it impossible to utilize this problem directly in the
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estimation process because the number of predetermined variables exceed
the number of observations.

One way around this problem is to impose

some sort of "culling rule" on each equation of the system; i.e., to
decide, for each equation, what subset of the predetermined variables
should be used in the first-stage estimation.

This is not a totally

satisfactory approach for obvious reasons; therefore,

a Principal

Components program is being adapted for the IBM 1130 computer.
The Linkage With the National Linear Programming Model
The first attempt at linking the macroeconometric model of the
nonagricultural sector to the national linear programming model of the
agricultural sector is planned for September 1976.
There are two possible ways that the models may be linked.

The

first of these is to simply add the structural equations of the macro
model to the equations of the linear programming model and to solve
the combined system of equations simultaneously.

From a dynamic stand-

point, such solutions could be obtained for successive periods of, say,
the fourth Five-Year Plan under alternative policy assumptions.
This method, however, provides some difficulties.

First, given

the present set of computer programs available, it forces the macro
model to be linear, both in the parameters and in the variables.

This,

as discussed above, is too severe a restriction on the specification
of the macro model.

The reason that it imposes linearity is that, for

a very large system of simultaneous equations, the only algorithm currently available that can solve such a large system is the linear
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programming algorithm, which is not able at present to handle nonlinearities.

To try to solve the combined system simultaneously will

require either a modification of the LP algorithm to allow for nonlinearities, which would in all likelihood be a major programming
effort, or the use of an alternative algorithm, such as the GaussSeidel technique, for the solution of a system of nonlinear equations.
Adapting an iterative technique such as the Gauss-Seidel to a very
large number of equations (about 350-450) would likewise entail a
major programming effort both in terms of available computer size
and solution time.
An alternative approach is to treat the combined ag and nonag
sector models in a block recursive manner and therefore solve the two
sector models separately.

Both of the much smaller size of the nonag

macro model, a nonlinear specification would pose considerably fewer
difficulties in its solution.

The linkage would then be recursive by

temporal periods in the sense that a solution to the linear programming
model of agriculture would be obtained subject to previously-solved-for
values of the nonag macro variables.

The resulting values of the agri-

cultural variables which influence the nonagricultural sector would be
fed into the macro model, which would then be re-solved, and so on.
Because of its greater computational simplicity, the recursive
approach will be the initial methodology in the linkage of the two
sector models.

If it then appears necessary that a simultaneous solu-

tion technique be used, the computer programming effort to make this
possible will be undertaken.
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For the actual specification of the model in its linked form,
particular attention

in terms of the interactions between the two

sectors, is being paid to the effects of various policy alternatives,
both those that are specifically oriented toward the ag sector and
those that are not, on the levels of agricultural and nonagricultural
income and on the demands for labor, capital, and land resources.
These variables, of course, have important implications for patterns
of labor migration, the absorption of new labor in the economy into
the areas of greatest productivity, and the relative income levels
of the two sectors.
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TECHNICAL ASSISTANCE TO ONGOING DAE PROGRAMS

Over the past 12 months, DAE personnel gained valuable experience
with computer applications as applied to research and survey processing.
Usage of a 8K work IBM 1130 computer (installed in December 1973) increased
from 101 CPU hours in July

1974 to 512 CPU hours in May

1975.

During

the same time period, CPU hours utilized by the ISU staff remained
fairly constant fluctuating around 30 CPU hours/month

(Figure 8).

The major increased usage was from the Agricultural Statistics
Center and the Planning Branch (Table 6).

The time used by the Planning

Branch staff was primarily utilization of the linear programming package
to obtain solutions for the zone and regional models.

The time used by

the Agricultural Statistics Center was mainly devoted to survey processing.
During the past year the Agricultural Statistics Center has completed
both a commercial livestock survey and objective yield surveys for first
crop rice and kenaf and for second crop rice, is continuing to process
18,000 farm general farm survey taken in the spring of 1974, and currently
has surveys for corn and cassava underway.
Work with the Agriculture Statistics Center has been focused on
developing procedures and programming capability within DAE to process
survey data.

A general computer software package to process a survey

using a two-stage sampling procedure has been completed.

DAE personnel

are in the process of learning how to use this program and to be able
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to adapt the design of this package to other survey designs.

Procedures

for making computer data checks have been worked out and all data check
programming is now being done by DAE staff.
Additional computer software has been developed over the past year.
These programs include a nonlinear

regression package from ISU adapted to

the DAE computer, a program to calculate a reduced form from a set of
structural coefficients, and a program to perform an Input-Output
analysis.
The DAE computer staff and the ISU staff are looking forward to the
installation of the additional computer hardware in July or August 1975,
which was originally requested in March 1974.

The equipment will in-

crease the computer size from 8K words to 16K words and will add two
disk drives to the current machine.

The installation of this equipment

should temporarily ease the time constraint quite noticeably felt in
May 1975 (Table 6).
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PERSONNEL
Staffing for the Sector Analysis Project consists of long- and
short term personnel from Iowa State fully integrated with personnel
from DAE to form a completely cooperative research effort.

Primary

liaison and coordination of the project has been provided by the
Planning Branch within DAE, but the other branches of DAE have contributed significantly to the project support.

Major support for data

development has been provided by the Farm Management Branch, the
Statistical Branch, and the Marketing Branch.

Special mention is made

of Dr. Somnuk Sriplung, Chief of DAE, who has provided major leadership
in research organization, model formulation, methods of quantification,
staff assignments, and other aspects.
Long-term staffing support authQrized from Iowa State included five
positions.

The original contract was amended to add the fifth position,

effective July 1, 1975, which was defined as an Applied Econometrician.
In addition,a request was granted for a nine-month,short-term consultant,
Research Statistician, to assist the Agricultural Statistical Center
build capability in data processing and to support the Sector Analysis
data needs.
month period.

Subsequently, this position was extended for a second nineA detailed breakdown of staffing support for the Sector

Analysis Project is provided below.
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Iowa State University
Position

Name

Assignment

M-M

1.

Dr. Keith D. Rogers

Chief-of-Party, Resource
and Regional Development

7/18/73-7/1/75

23.5

2.

Dr. Earl 0. Heady

Senior Technical Advisor

7/21/73-8/31/73

1.3

3.

Dr. Leroy L. Blakeslee

Demand and Agricultural
Projection

8/1/73-2/1/75

18.0

4.

Dr. Arthur L. Stoecker

Linear Programmer

8/5/73-on board

23.0

5.

Dr. Jerry A. Fedeler

Marketing and Participant

1/14/74-2/16/74

1.0

6.

Dr. Dennis M. Conley

Agro-Industry, Marketing,
Transportation

1/26/74-on board

17.0

7.

Dr. Earl

o.

Heady

Senior Technical Advisor

4/9/74-4/25/74

0.5

8.

Dr. Earl

o.

Heady

Senior Technical Advisor

7/2/74-8/20/74

1.6

9.

Dr. J. T. Scott

Marketing Consultant

7/16/74-7/31/74

0.5

10.

Mr. Lawrence Kinyon

Research Statistician

7/22/74-on board

11.3

11.

Dr. James A. Stephenson

Applied Econometrician

8/29/74-on board

9.0

12.

Dr. Jerry A. Fedeler

Marketing and Contract
Negotiation

12/4/74-12/21/74

0.6

13.

Dean Lee Kolmer

Administrative Visit

2/17/75-2/22/75

0.3

14.

Dr. J. T. Scott

Marketing Consultant

2/17/75-2/22/75

0.3

Total

107.9
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Division of Agricultural Economics

1.

Dr. Somnuk Sriplung

A.

Statistics

B.

Degree

Grade

Ph.D.

1st Chief of Division

1.

Kleun Chaisang

1st Agr.

2.

Mr. Rasamee Kasemsub

M.s.

2nd Agr.

3.

Mrs. Chuleevan Boonak

M.S.

2nd Agr.

4.

Mr. Amnaj Thirarat

B. S·

2nd Agr.

5.

Mr. Prakobkij Poosirimongkol

B.s.

2nd Agr.

6.

Mrs. Malevan Pirojrat

B.s.

2nd Econ.

7.

Mrs. Suda Swangnaet

B.s.

2nd Sta.

8.

Mrs. Nantana Somsopon

B.S.

2nd Eco.

9.

Mr. Visoot Vangvoravut

M.s.

2nd Eco.

10.

Mr. Serm Punthuvat

B.S.

2nd Agr.

11.

Mr. Lertchai Ninslab

M.S.

2nd Agr.

12.

Mr. Decha Supnan

B.S.

2nd Econ.

13.

Mr. Tuantong Pumlek

B.S.

3rd Sta.

14.

Mr. vJinai Hliransri

B.S.

3rd Sta.

Marketing
1.

Mr. Nguan Srisuruksa

M.S.

1st Econ.

2.

Mr. Vinai Jatuthong

M.S.

2nd Eco.

3.

Mr. Samai Patranavik

M.S.

2nd Eco.

4.

Mr. Thongchai Petcharatana

M.S.

2nd Eco.

5.

Mrs. Nuanchavee Artaviroj

B.S.

2nd Eco.
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c.

6.

Miss Pienpis Fukiatisuthi

B.S.

2nd Eco.

7.

Mr. Chumnarn Sirirugsa

M.S.

2nd Eco.

8.

Mrs. Suchaovanee Potaros

B.S.

2nd Eco.

9.

Mr. Vimo1sri G1awwigram

B.S.

2nd Eco.

10.

Mr. Pramote Ju1athavorn

B.S.

2nd Eco.

11.

Miss Aroonsri Srisupab

B.S.

2nd Eco.

12.

Miss Boontim Mongkolsri

B.S.

2nd Eco.

13.

Mr. Jakrite Damruk

MS.

2nd Eco.

14.

Mrs. Arom Udomsin

B.S.

2nd Eco.

15.

Mr. Boonserm Poosa1ee

M.S.

2nd Eco.

16.

Mr. Boonma Janmuen

B.S.

2nd Eco.

17.

Mr. Yang Hengtraku1

M.S.

2nd Eco.

18.

Mr. Sumrit Hirankijrungsri

B.S.

2nd Eco.

19.

Mrs. Rasri Kemakasame

B.S.

2nd Eco.

20:

Mr. Kitipong Sureintararungsik1 B.S.

2nd Eco.

21.

Mr. Uraj Visrutavanij

2nd Eco.

22.

Mrs. Suvapan Smatha-Karnaksornkij B.S.

2nd Eco.

23.

Mr. Akom Sritubtim

B.S.

2nd Eco.

24.

Mr. Surachart Srimuengtai

B.S.

2nd Eco.

B.S.

Farm Nanagement
1.

Mr. Boon tum Promanee

B.S.

2nd Agr.

2.

Mr. Chalong Maneekul

M. Agr.

2nd Agr.

3.

Mr. Boonkerd Buddhaka

M.S.

2nd Eco.

4.

Mr. Ban1u Puthigorn

M.S.

2nd Agr.

5.

Miss Chumsri Desudchit

B.A.

3rd Eco.
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D.

E.

Production
1.

Mr. Attinuth Bhromsiri

M.S.

2nd Eco.

2.

Mr. Jumrush Intachaisri

M.S.

2nd Agr.

3.

Mr. Suthep Intapanya

M.S.

2nd Agr.

4.

Mr. Suthud Supinachreon

B.S.

2nd Eco.

5.

Mr. Chaleuy Pantien

B.S.

2nd Agr.

Planning
1.

Mr. Narong Chuprakob

M.S. Agr.

1st Eco.

2.

Mr. Koset Manowalailao

M.S.

2nd Agr.

3.

Mr. Somporn Harnponpandh

M.S.

2nd Eco.

4.

Mr. Winai Tayyaitieng

M.S.

2nd Eco.

5.

Mr. Chamnong Vathana

M.S. Agr.

2nd Eco.

6.

Mr. Parsit Itharattana

M.S.

2nd Eco.

7.

Mrs.Kajonwan Itharattana

M.S.

2nd Eco.

8.

Mr. Chamlong Sukdee

M.S. Ec.

2nd Eco.

9.

Mr. Banterng Masang

M.S.

2nd Eco.

10.

Mr. Kanok Khatikarn

M.S.

2nd Eco.

11.

Miss Yupin Rangsadthong

B.S.

2nd Eco.

12.

Mr. Prida Imdee

B.S.

3rd Agr.

13.

Miss Supranee Tiragananta

M.A.

2nd A. I. D.

14.

Mr. Aran Roonsawang

B.A.

3rd Eco.

15.

Mr. Siltham Raksa

B.A.

3rd

16.

Miss Amporn Ruayruen

B.A.

3rd

17.

Miss Jarunee Suksawat

B.A.

3rd
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18.

Mr. Soontorn Archavaruks

M.S.

2nd A.I.D.

19.

Mr. Montri Dulayanonda

B.S.

3rd

20.

Mr. Artit Keawsumboon

B.S.

3rd A. I. D.

21.

Miss Mananya Tayadhiti

B.S.

3rdA.I.D.

Aid
1.

Mr. Thawat Lelanuja

Numerous other temporary and permanent DAE staff members have
contributed to the Agricultural Sector Analysis project through discussions related to modeling Thai agricultural production as well as in
data collection and processing.

These staff members support the sector

analysis project when called upon but continue to function in their
regular job assignments.
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EVALUATION
Effectiveness of the Thai-ISU Modeling Effort in Policy
The key issue in evaluating the ISU effort in Thailand is whether
the modeling capability being developed will provide an effective policy
analysis tool.

Results for the linear programming models for northern

zones have already been obtained and oral reports and discussions
with members of the ISU team make it apparent that progress for all
the 19 zones is being made rapidly.

In addition, the regional modeling

effort bringing together the zones is underway.

Thus, the work of

model construction is progressing impressively well.

Operational

models are completed and will become increasingly available.
Whether the modeling effort will be an effective policy analysis
tool involves, rather, whether the capability that is rapidly being
developed will actually make important contributions to policy.

This,

in turn, involves (1) the appropriateness of the models for analyzing
policies which are of importance and are likely to be considered by
the Thai government and (2) the establishment of arrangements whereby
policy analyses using the models will actually be carried out and used
effectively in decision making.

Based on considerable probing in both

of these areas, it can be stated that the prospects are highly positive
in each case.

These remarks will attempt to document this assertion

and to discuss some possibilities for increasing the effectiveness of
the modeling effort on both counts.
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The policy questions
The major policy goals connected with Thai agriculture concern increasing productivity and incomes within agriculture and improving the
distribution of income within agriculture and between agriculture and
nonagriculture.

Although the details of approaches and the specific

measures contemplated vary from year to year, there is a list of problem
areas which have been recurring in the past and are likely to recur.
Emphasis may change with the new political situation in Thailand, which
is likely to favor decisions more favorable to incomes in agriculture.
Economic changes within Thailand, including population growth which may
alter factor price ratios and availability of rice for export, may also
effect policies.

Future external economic effects, as they determine

profitability of various types of exports,provide further reasons why
the future will differ importantly from the past.

Nonetheless, the

major problem areas as opposed to specific actions taken, are likely
to remain in the future much as they have in the past.
The list of problem areas and policy possibilities includes, but
is not limited to, pricing of rice and other agricultural commodities,
irrigation development and water use agricultural credit, policies
toward inputs and most particularly fertilizer, land development, and
government expenditures aimed at providing services to rural parts of
Thailand.
Agricultural planning
One use of the modeling capability being developed by the ISU team
is in assessment of major alternative broad strategies toward agricultural
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development, as for instance, in deciding on relative emphasis between
irrigation, credit and the other major policy thrusts.

This use of the

modeling capability goes hand in hand with planning, with the most
immediate issue being the contribution to the fourth Five-Year Plan.
Helping to make this contribution possible is the fact that the
model is being calibrated to conditions of the early 1970s giving
confidence that it conforms to real conditions.

One of the main advan-

tages of an overall model is that it forces consistency in viewing
alternatives, and it forces a look at the whole.

These are important

virtues for planning purposes, and they remain apart from the question
of the predictive validity of the model.
Yet perhaps the most important virtue of the model from the point
of view of planning is that it enables one to quantify contributions of
strategies toward goals.

The model can thus be used in assessing the

effectiveness of the strategies, showing what the effect on goals will
be of specific program actions.

Much planning in the past has consisted

of sterile effort of enunciating targets without indicating specific
program actions to be undertaken and without relating numerically how
various actions would affect goals.

The use of the model being developed

by the ISU team offers the exciting prospect of making agricultural
planning a tool for seriously weighing options and guiding programs
subsequent to the planning exercise.
It would be highly desirable to formulate the major options that
might be considered for inclusion for agriculture in the Five-Year
Plan, and then to put these options through the model and find
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out what their implications are for farm output, rural incomes and
income distribution.
Special effort is being made to make the model operational for
use in connection with the Five-Year Plan.

The model may, in fact,

be very close to operational for broad planning purposes at the present
time.

The effects of different output and input prices, and of altering

resource constraints, can be estimated quite readily once the model
exists.

It may be worth considering undertaking a special utilization

effort based on the model in a preliminary version, delaying to the
extent necessary more ultimate refinements of the model.
Analysis for current decision making
Apart from overall planning effort, the model can be used in the
analysis of specific policies being contemplated on current basis.
This is in addition to and often apart from longer term agricultural
planning.

For instance, proposals may

be made to locate new farmers'

markets or to make additional Baht available for farm credit.
The uses of the modeling effort to aid in the analysis of such
policies include drawing on the data base accumulated in connection
with the model and giving informal help by model team members on particular farm production and marketing analytical points, as well as
making formal runs of the model.
To be of greatest effectiveness, a short turn around time in making
runs is required, since the pace of policy formation is almost always
such that the time between posing of a question and the need for answer
is short.

Since the programming and access need to be geared to flexibly
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obtaining answers, possibly some explicit planning for short turn around
time would be desirable, including making it the responsibiltiy of one
or more staff members to make service runs in minimum time.
Another issue in the use of the model is whether major responsibility for policy analysis will rest with members of the modeling team
or whether analysis will be carried on by those who are not

connected

with the modeling effort, for instance by other analysis in DAE.

This

will depend on the problem at hand and on individual capabilities, but
for short-term policy analysis, it seems likely that persons not on the
modeling team with expertise in particular fields may often need to bear
primary responsibility for the analysis.
of the model.

They will be asking questions

In addition to the requirement of short turn around time,

provision is required for adequate communication and responsiveness.
These considerations could be taken account of in administrative and
working arrangements within DAE as well as in the choice of personnel
to be supplied by ISU in the remainder of the project.
There is no indication of any problems with regard to utilization
of the model.

The suggestion is that in looking ahead to the time when

the model is fully up, quick turn around communication and service to
be given high priority.
The model cdmponents
The area breakdown into 19 zones with great detail as to possible
cropping activities indicate that the model reflects adequately the
variety of conditions that exist in various parts of Thai agriculture,
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with provision for predicting changes in farmer choices in response
to conditions such as might be altered by policies.
The question of further disaggregation deserves consideration.
For some purposes, such as detailed water planning, even greater detail
within zones is required.

Some activity disaggregating within a zone

is already being undertaken for this reason.
The analysis of income distribution questions involves the disaggregation question.

It is true that agriculture versus nonagriculture

distribution gets at the personal distribution of income, in view of the
income disparity between Bangkok and the rest of the economy.

Further-

more, the severe income differences among regions, particularly as
regards the Northeast, mean that the zonal analyses will throw light on
income distribution.
Modeling income distribution effects within zones, however, requires
distinguishing between different farming situations within a zone.

There

are plans for some analyses of this type, with attention to ownership
of resources.

The resource ownership question is important, since the

incidence of many policies is on returns to land, with the income distribution effect then depending on the distribution of land ownership.
Useful results can be obtained with a limited degree of further disaggregation.

Yet it is apparent that the scope for further disaggre-

gation to obtain more reliable results and look at the income distribution
question in more depth is great indeed.
While further disaggregation may be desirable, it is apparent that
the farm programming, transportation and marketing models have been
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provided for sufficiently to obtain reliable operational results.

The

macro modeling effort, linking agriculture with the rest of the economy,
is less far along, with every indication of extremely competent personnel.
The present plan is for a two-year modeling effort, with further contributions to be provided on a short-term basis.

The macro modeling involves

auestions of total growth of the Thai economy, the demand implications
on Thai agriculture and, most importantly, the division of the population
between agriculture and nonagriculture as affected by events throughout
the economy.

The macro modeling is needed to give indications of how

many people will be in Thai agriculture and the relative factor prices
determining most profitable enterprise combinations and production
techniques.

Given the magnitude of the modeling problem and its impor-

tance, it is obvious more resources could be productively devoted to
this area.
In the original proposals for the ISU effort, rural income generation and development were mentioned, although they were not explicitly
provided for in the first two-year work plan now being completed.

The

concept of rural development is being relatively neglected in Thailand,
both in regard

to industrialization outside Bangkok and in regards to

social services for rural people.

This is regrettable, since professed

national goals would be aided by stronger rural development efforts.
There is much to be said for including rural development analysis within
a rigorous modeling effort, where targets and effects can be quantified.
Rural development planning could aim to optimize the provision of education, health and related services at specified levels and at minimum
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cost.

Rural industrialization could examine firm profitability using

the same optimization techniques as being used for farming and considering groups of activities to take account of economics of scale in urban
activities.

Clearly, it would be desirable to devote considerable

effort to rural development in later work plans.
Besides the further general lines of model development considered
so far, the basic question remains as to the adequacy of the model to
represent responses to policies.

That the general technique is useful,

in spite of the linear programming assumptions including fixed production
coefficients, has been demonstrated by the policy studies using the
technique in the United

States, most importantly the national agri-

cultural model developed at ISU, which is predecessor to the present
modeling effort.

The national model in the United States has been able

to replicate responses reliably and has proven to be an impressive tool
for analyzing price support, water, credit and other programs.

Thus,

the usefulness of the technique is proven.
Additional effort could be undertaken to make sure that adequate
alternatives are allowed for, particularly substitutions under varying
relative prices.

This could be done in the context of specific studies.

Two studies may be mentioned illustratively.
First, the response to changes in the rice premium involve longterm supply response, particularly if the price of fertilizer relative
to rice is changed.

The question arises as to whether the fixed coef-

ficients adequately allow for the changes in inputs and the incentives
to adopt new technologies that would accompany higher rice prices enduring
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over an extended period of time.

Working with agricultural economists

and production specialists, a study could be planned of the comprehensive
set of responses to be expected to higher rice prices.

These could

then be built into the linear programming model as alternative possible
enterprise choices to be allowed to come in according to optimization
under alternative price conditions.
Second, with prospective population pressure and with nonagricultural growth influencing the opportunity cost of labor in Thai agriculture, quite possibly the ratio of the price of labor to other inputs
will change considerably in coming years.

This could be particularly

important in evaluating irrigation and water allocation, in view of
long time horizons for these decisions.

The progress of mechanization

in some parts of Thai agriculture indicates that labor costs are already
an influence on choice of production techniques, though with population
pressures the incentives could be to substitute toward rather than
against labor.

To test for the effects of changing relative factor

prices on Thai agriculture, alternative technologies, more and less labor
intensive than at present, could be introduced into the linear programming
model.

Labor costs generated by the macro model could then be fed into

the linear programming model.

(Labor costs generated by the macro model

could then be fed into the linear programming model.)
In view of the special efforts needed to use model results in
policy analysis, and in view of the large amount of additional modeling
work that could be productively undertaken, as brought out above, it
would be highly desirable to have considerable expansion in project
effort in future work plans.
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Prospects for entering the decision making process
The lodging of a major policy analysis tool within DAE will be
effective if DAE is called upon for policy analysis and if DAE uses
the tool.

That DAE is increasingly being called upon to do the important

policy analysis pertaining to agriculture is clear.

Numerous examples

of DAE participation in policy formation and drafting of laws were
given to the evaluation team, as well as examples of requests for
analysis of particular issues.

NESDB is counting on the ISU model to

provide the central agricultural ingredients for the fourth Five-Year
Plan.

Significant policy analysis capability for agriculture does not

appear to exist elsewhere in the government.

The dramatic growth in

budget and personnel of DAE is proof of the confidence the organization
has gained among higher officials.

This confidence was fully borne out

by everyone we talked to.
It is apparent, then, that any impediment to use of the model would
be internal, i.e., some obstacle to DAE's own use of the modeling capability that ISU is developing.

Through Thai participation and the

extensive high quality training program underway, the ability of DAE
to carry on after the ISU team leaves is being assured.
incentive to using the modeling results.

DAE has every

The discussion above has indi-

cated resource expansions and directions for DAE and USOM support to
facilitate the use by DAE of the modeling capability in policy
analysis.
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Will income goals be realized?
A measure of the success of the ISU modeling effort, satisfactory
for many pusposes, is whether it is used in the decision-making process.
Measures of effects on more ultimate goals are more difficult to construct, but could be attempted.

One could measure the effect on Thai

income and on the distribution of income of particular policy choices
for which the model will be used.

One could then calculate quanti-

tatively how much better the goals are satisfied under one policy than
another.

This gives a measure of the value of choosing the superior

policy option.

This value can be compared with the cost of project

support to get an idea of how much it is worth to have improved decision
making.
Of course, specifying exactly how policy choices are changed by
the modeling effort is more difficult, particularly before the fact.

A

major value may be in ruling out "dog" policies that, in the absence of
rigorous economic analysis, would have been adopted.
Time has not permitted in this evaluation the construction of such
measures of effects on ultimate goals.

However, the fact that the cost

of the project effort is a miniscule fraction of the amounts of income
involved in alternative policy actions affecting agriculture, suggests
that the costs are extremely small in relation to the contribution to the
ultimate goals being sought.

This conclusion is strengthened by the

prospect that the capability being developed will become a permanent,
effective feature of agricultural decision making in Thailand.
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WORK PLAN FOR FY76
The long-term positions to be staffed throughout FY75 are:
1.

Policy Analyst

2.

Regional Economist

3.

Linear Programmer

4.

Agroindustry, Marketing and Transportation

5.

Macroeconomist

In addition, the short-term research statistician has been extended
for an additional nine months.
The following is an outline of research activities planned for FY76.
1.

Complete analysis of land use levels for 1981 with the national
crop model.

2.

Define principal issues and complete research related to the crop
portion of the fourth Five-Year Development Plan using national
and regional crop models.

3.

Continue development of activities for the livestock sector for
inclusion in the national and regional crop models.

4.

Continue statistical analysis of commodity markets including
rice, mungbeans, maize, soybeans, and rubber.

This research

will be carried on by the DAE Staff with short-term assistance
as required.
5.

Develop a poly-period model for rubber replanting which is
applicable to a broad range of investment decisions involving
long time spans.
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6.

Attempt to link the macroeconometric model of the nonagricultural sector to the national linear programming model of the
agricultural sector (September 1976).

7.

Disaggregate, expand, and improve the macroeconometric model
(primary effort by October 1975, and continuing thereafter).

8.

Analyze various policy alternatives to determine policy goals
for the fourth Five-Year Development Plan (beginning in Fall
1975 and continuing into 1976).

9.

Analyze various policies to implement successfully the goals
of the fourth Five-Year Development Plan (primary effort by
July 1976, continuing activity in DAE).

10.

With additional computer hardware in July or August, review
existing programs and modify if necessary to make more efficient
use of the additional computer equipment (two months after
installation).

11.

With addition of new equipment, construction of a computer data
base will be feasible.

The goal is to develop software for

storing, retrieving, and updating of the data base (four to
five months after installation).
12.

Develop computer software for three-stage sampling procedure
and area frame procedure.

13.

Develop computer software for a generalized Gauss-Seidel program
and a principal components analysis.

14.

Continuation of developing procedures for survey processing and
upgrading programming capabilities within DAE.
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In-service training:
The major part of staff training during the first two years of the
project was on technical modeling skills.

As the national crop model

construction nears completion, greater emphasis will be placed on model
application to policy analysis.
During FY76 ISU staff members will serve as instructors in the DAE
In-service Training Program.

The courses in economics, statistics, line

or programming econometrics, and computer programming will be offered
again.

In addition, one or more classes in policy analysis will be

added.
In addition, ISU staff members will serve as advisors and consultants
on research and policy questions related to the sector analysis project
as well as to other ongoing activities of the Division.

