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ABSTRACT

Given high prices and rapidly increasing demand with a tendency

for decreasing catches from the sea, this study attempts to provide an

ev~luation for production performance of shrimp farming and to provide

information useful for policies to increase production from shrimp

farming in Thailand. This was accomplished basically by estimating a

shrimp farm production function from data obtained by sample survey in

1977. The survey covered four provinces (Samut-prakarn, Bangkok, Samut

sakorn, and Samut-songkram) along the coastal line of the inner Gulf of

Thailand. A Cobb-Douglas production function was selected as the

functional form, hypothesizing that production is a function of four

main inputs (i.e., land, family labor, hired labor, and capital inputs),

natural abundance, and management factors.

Since natural characteristics play an important role in shrimp

farming (e.g .• in determining natural seed and feed abundance) and

th~se characteristics vary among different regions, it was clear that

pcoduction relations could be expected to vary between areas. There

being no way to measure these natural differences (e.g., type of soil,

type of tide and current, water salinity, temperature, wind, sunshine,

etc.) and observing that the conditions were more or less the same

over rather broad sub-regions, a set of dummy variables for different

shrimp farming locations was included to capture the important

differences in natural and physical conditions.
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The type of farm occupation (being full-time shrimp farm or part

time) and level of the farmer's education were included to take care

o~ management factors.

In spite of the favorable natural conditions, Thai shrimp farming

was, in a sense, "inefficient" in using the resources at hand. This

inefficiency was found both within the typical farm in each region

and between regions. The ineffi.ciency within farms involved both an

inefficient combination of inputs at the output produced and producing

at rates at which the values of marginal product of all inputs

exceeded the cost of all inputs. Inefficiency between regions

involved using movable inputs in one region even though their value

of marginal product was much higher in other regions. However, it is

not clear that this inefficiency could be fully linked with the

farmers' management ability since some fac~ors were beyond their

control; i.e., lack of appropriate land and a limitation of investment

funds. "Inefficiency" could also be a result of lagging adjustment to

the rapid increase in demand for shrimp.

Given the resources now available, efficient resource allocation

(between and within farms) could increase produc~ion from these farms

by at least one-third of the present production level. The increase

could be even greater if the farmers did not have constraints on input

utilization. However, the extent of any actual increase will depend

on the exte:l+:' to which II ideal" conditions are satisfied when the

"inefficiencies" are removed.

In sum, shrimp farms are small-scale and family-oriented. To

promote more production, credits, infrastructure and other r.ecessary

v



facilities must be provided. The prospect for development of Thai

shrimp farming is good provided the government takes steps to provide

adequate infrastructure and facilities and to induce more farmers

into this field.
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CHAPTER I

INTRODUCTI0N

Shrimp Culture in Thai Economy

Shrimp is one of the major mari,ne products in world trade and has

excellent potential as an export item for those developing countries

where shrimp resources exist. With high and rising demand in the world

market, shrimp prices are increasing each year and shrimp has become a

promising source of foreign exchange earnings. However, with the

increases in production stimulated by steadily rising demand and prices

for shrimp products, output is approaching an upper limit in many

producing regions and many fishing grounds are already exhibiting a

declining catching rate. l

Due to the high and increasing demand for shrimp in the inter-

national market, the Thai government planned to increase shrimp exports

by 13.9 percent annually while continuing to meet the growth in

domestic demand, which has been increasing throughout the years at the

?
average rate of 9.4 percent annually. - During :1.961-1968, the shj~ih.l;'

catch increased at an average rate of 24.9 ~ercent annually. Howev"r,

the rate of increase is low since 1969 and there were decreases in

1974 and 1975 (see Table 1). In spite of the high prices, the shrimp

catch from wild sources fell off in these years as fishing approached

its limit. The basic reasons for the annual increases in the early

1970s are the increase in the number of fishing vessels and the

increase in their efficiency. Recently the catch per fishing unit

has been decreasing.



Table 1

Thai Shrimp Prcduction and Export

Year Production Export
(thou mt. tons) Volume Value Price

(mt. tons) (mil.i) ("'/J/ton)

1961 15 889 3 3,375

1962 19 1,279 9 7,037

1963 27 2,053 46 22,406

1964 33 3,414 b9 20,211

1965 35 4,880 109 22,336

1966 45 7,882 191 24,232

1967 62 8,829 259 29,335

1968 73 7,290 278 38,134

1969 77 8,133 270 33,198

1970 82 6,421 224 34,886

1971 75 5,593 247 44,162

1972 89 6,725 340 50,558

1973 104 14,875 803 53,983

1974 92 10,251 602 58,726

1975 87 13,541 891 65,800

1976 99 15,226* 1,578* 104,638*

* Preliminary, obtained from Department of Fisheries, Thailand.

Sources: Production-FAD, National and Industry Data
Export-Bank of Thailand
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Shrimp export has been increasing continuously. The shrimp

export price doubled in 1962 and triped in 1963, raising the export

volume from 889 metric tons in 1961 to 1,279 metric tons in 1963, an

increase of 43.9 and 60.5 percent respectively. Since the 1960s

shrimp exports have been Thailand's seventh most important export

item and shrimp has become a highly promising source of foreign

exchange earnings because of its high price and high demand in the

world market. Export value of shrimp increased from 9 million baht

in 1962 to 46 million baht in 1963 and then to 109 million baht in

1965. 3 During the later half of the 1960s the shrimp export VaL'Je

often exceeded 200 million baht. Export jumped again in 1973 from

340 million baht in 1972 to 803 million baht and then the 1,578

million baht in 1976 (see Table 2).

Thailand is the third most important shrimp exporting country.

More than 80 percent of Thai exports are sent to Japan, the United

States and Hong Kong. Other importan~ buyers are Italy, France,

Australia, Belgium, Spain, West Germany and Canada. In spite of the

decreasing rate of increase in catching, shrimp exports from Thailand

still account for seven percent of total exports in the world market.

With domestic and foreign demand increasing at the same time

shrimp from wild sources is decreasing, shrimp supply w'ill be

insufficient and shrimp prices will continue to increase rapidly.

To meet the continuing increase in demand and to earn more foreign

exchange shrimp production has to be increased. Since it is

difficult to raise production from wild catches, shrimp culture is a

3



possible alternative and has attracted considerable attention in the

recent years.

Thailand has great potential for shrimp culture development with

653,625 rai available along the 1,500 kilometer coast line and in

4mangrove swamps. The present area under utilization for shrimp

culture is less than one-tenth of the total.

Development of Shrimp Culture in Thailand

Thai shrimp culture began around 1930 along the coastal mangrove

4

area in the estuaries of the Gulf of Thailand. In the earlier years,

shrimp farms were usually converted from salt pens and rice fields.

In 1950 a drastic decrease in salt prices induced more farmers into

shrimp farming. The sharp increase in shrimp prices since the early

1960s has accelerated the growth of shrimp farming.

Shrimp culture in Thailand is a simple and traditional one.

Shao-wen Ling called this "a traditional trapping-holding-growing"

operation. In spite of this present simple technique, the average

yield of shrimp farming in Thailand is quite high; i.e. 250-900 kg./

ha./yr. compared to a 100-350 kg./ha./yr. average yield from the same

level of technique used in shrimp ponds in the rest of Southeast

A
. 5

s~a.

With the simple technique, capital requirements are not overly

sophisticated. Since the wage differences, if any, are expected to

be less proportionally than the differences in productivity, Thailand

is likely to have an advantage in shrimp culture over the other

Southeast Asian nations.
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At the early stage of development, intensive studies on shrimp

culture technique and on biology and physiology of the cultivated

species were prepared. The promotion of shrimp culture was accelerated

through research on breedin5 and stocking programs and the development

of shrimp hatcheries, ponds, and production. Most of the accomplish

ment at this stage involved research results on various aspects of

shrimp production, providing the basis for future planning.

In 1972-1973 several demonstration plots were set up in the

selected production areas. At the same time credits for shrimp

farming were provided through Agricultural Cooperative Banks and the

farmers' cooperatives. Hatchery stations were established and research

on the techniques of hatchery production were continued. Further

research was done on the Improvement in shrimp production technique,

the use of supplemental food and fertilizer, and predator control.

In 1974-1975 irrigation improvements in the existing production

areas and land development in new areas were accomplished. Farmers'

cooperatives were promoted in these improved areas. Study of the

socioeconomic conditions of shrimp farmers was started in order to

determine the basis for supplying credit and the neeG for additional

infrastructure. Extension serlice officers were trained to work with

the farmers in improving farm production. Research on production

techniques and hatcheries was continued.

In 1976-1977 more credits were provided for the members of the

cooperatives. The Department of Agricultural Economics took steps

through the farmers' cooperatives to improve farm management in an

attempt to maximize the return from investment and achieve the best
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utilization of the available resources. Research and extension

services were continued.

Thailand has made progress in shrimp culture. The government has

put considerable effort into providing the facilities to draw more

investment into this field. Since profit is the goal of investment,

the question is whether the industry is or will be adequately

attractive to the investor.

Objective of the Study

The objective of this study is to begin the investigation of the

economic aspects of shrimp farming in Thailand by studying how

efficiently, in economic terms, resources are being used. Hopefully,

this will provide a guide to government policies and some notion of

the possible gains from better organization of shrimp production.

Since shrimp farming is highly competitive, shrimp farmers do not

have control over the price they receive or the prices of inputs.

The majo~ ~elations under their control are the organization and

prodnctivity of their inputs. The relation between farm inputs and

output is thus a key to the profitability of shrimp farming and to

investment (and government subsidies) in shrimp farming. Profit

ability and hence the productivity of shrimp farming will determine

the actual and optimal rates of investment in this industry.

Thus, this study will concentrate on the estimation of

production functions for shrimp farming in Thailand. Together with

information on input prices these estimates will give some indication

of the economic efficiency of shrimp farming in Thail&nd and some

guidance to the direction of shrimp farm development in this country.



Outline of the Following Chapters

Chapter 2 provides a description of shrimp culture in Thailand,

giving the details of product specification, the characteristics of

the study areas, and general characteristics of the operation.

Chapter 3, after giving a description of cultural practice,

gives a brief review of the theoretical framework for production

function studies and then develops a hypothetical produ~tion function

for Thai shrimp farms.

Chapter 4 gives the empirical results of production function

estimation while Chapter 5 provides an evaluation of the efficiency

of shrimp farming. The final chapter, Chapter 6, gives a summary of

the above results dud the concluding implications for the development

of shrimp farming in this country.

7
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FOOTNO!ES TO CHAPTER I

1. For more details see Barry V. Lanier, The International Shrimp
Market, Living Marine Resources, Inc., A Study, May 1976.

2. Estimated by the National Economic and Social Development Board,
Thailand.

3. US$l = 20 baht.

4. According to the 1972 surv~y by the Department of Fisheries,
along the 1,500 kilometer coastline there are about three
million r~i available land of which about twenty-five percent
can be made available for shrimp farming. Including the
mangrove swamp, the total land to be made available will be
653,625 rai (1 rai - 0.395 acre).

5. Shao-wen Ling, Status, Potential and Development of Coastal
Aquaculture in the Countries Bordering the South China Sea,
South China Sea Fisheries Development and Coordinating Programme,
Indo-Pacific Fisheries Council, A Study, Rome, December 1973,
pp. 2-33.
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CHAPTER II

SOME BACKGROUND ABOUT THAI SHRIMP FARM1~G

Product Specification

Species

Tropical shrimp caught in Thailand can be classified into three

major groups: salt water shrimp caught from natural resources;

brackish water shrimp caught from estuarine water areas and raised

in 3hrimp farms; and fresh water shrimp caught from fresh water areas.

Salt water shrimp can be raised in brackish water areas. As the

culture of fresh water shrimp is still at the early experimental

stage with about ten experimental farms in total and has not been

commercialized yet, emphasis will be put on brackish water shrimp

farms.

Types of shrimp cultured in brackish water shrimp farms can be

classified into three groups according to their common names.

1. White shrimp which can be divided accor.ding to the

local common names into

1.1 kung chabuey (P.merguiensis and P. indic"s)

1.2 kung takard (Metapenaeus monocerous and

Matapenaeus intermedius)

1.3 kung lee (Metapenaeus brevicornis).

2. Tiger shrimp or kung kula-lai (P.semisulcatus).

3. Jumbo shrimp or kung kula-dum (P.monodon).1
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White shrimp are the common type of shrimp in the central shrimp

farms. They have many advantages in shrimp culture; e.g., fast

growth, abundant wild fry, easy to obtain gravid females, and good

survival rates. Some disadvantages are limitation of tolerance to

salinities, difficulty in identifyi.ng wild fry caught, cannibal~sm,

and relative weakness of white shrimp fry.

Tiger shrimp and jumbo shrimp attain larger sizes and get better

prices. They are more often found in the southern region. Offsetting

these advantages, they have the disadvantages of lower tolerance to

low salinities, sparse wild seed supply, and taking a longer growing

period.

Brief Review of Biological Aspects

Gravid female shrimp spawn in the sea at about 10 meters depth

and with salinity at 30-33 ppt. The fertilized eggs develop through

various stages and become 0.5 inch post larvae in 12 days. During

these stages shrimp are plankton floating on the surface. As they

grow, they migrate to seashore and estuarine water areas to find the

food abundant in such areas and because they require low salinity at

early life stages. This migration is useful to shrimp farming around

estuarine areas since shrimp fry can be obtained easily by taking

advantage of tidal fluctuation. Water together wi~h shrimp fry are

taken into the pond during the uptide and the fry are reared until

they reach marketable size. Full grown shrimp will migrate back to

the sea for reproduction.
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Farm Location

Shrimp farms are usually lo~ated on the banks of the canals

with outlets to the sea and along the shoreline of the brackish

water areas to facilitate the introduction of the water into the

ponds. Location o~ muddy soil has the advantage of providing a

strong pond boundary which is useful in holding the water. Suitable

salinity is 5-40 ppt. at a temperature lower than 34°C. Abundant

shrimp fry and adequate shrimp food are the other required conditions.

They are usually found in swamplands, mud flats, estuaries and

coastal lowlands.

Shrimp farming in Thailand is believed to have been practiced

over 40 years starting as a by-product of rice farming and salt

farming. During the last two decades the fall in salt prices and the

rise in shrimp prices converted many salt farms to shrimp farms and

induced more farmers into shrimp farming. ~~ith the increase in shrimp

prices, rice farmers in the area ~here shrimp raising was possible

became more interested in shrimp farming.

Shrimp farming can be practiced on the estuarinl~ area along the

fourteen coastal provinces of Thailand. More than 80 percent of

shrimp farms are concentrated in four provinces in the central part

of the country; i.e., Samut-prakarn, Eangkok, Samut-sakorn and Samut

songkram. All are located along the inner Gulf of Thailand on the

estuarine ~rea of three main rivers, the Chao-praya, Mae-klong and

Ta-jeen. In addition to these four provinces, about 13 percent of all

farms are in the east (Chantaburi, Rayong, Chonburi and Chachoengsao)

and 5 percent in the south (Phetburi, Chumporn, Surattani, Pung-nga,
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Nakorn-srithanmaraj and Songkla). The total number of shrimp farms

in 1977 was 1,154 with 56,602 rai (=9,056 ha.) in use for this

2purpose.

Study Sites and Sample Selection

The four provinces; i.e., Samut-prakarn, Bangkok, Samut-sakorn,

and Samut-songkram, that cover more than 80 percent of the total

production area were selected as the sample base for this study. The

list of shrimp farms was obtained from the Division of Statistics,

Department of Fisheries. Discussions with district officers, chiefs

of villages, district cooperative officers, and the leaders of the

farmers' group were also held.

Shrimp farms in each of these provinces a.re located near one

another along the estuarine area of the same river or one of its

tributaries. Simple random sampling was used to draw a 20 percent

sample of the population (220 in total) from each province. There

are 12 locations covered by the survey; i.e., two in Samut-prakarn,

two in Bangkok, four in Samut-sakorn, and four in Samut-songkram

(see Table 2).

The survey conducted by the writer and students from Kasetsart

University took four months be~iuning in April through July 1977.

Cooperation from the fishery officers at the Department of Fisheries,

the districc fisheries officers in each province, the chiefs of

Villages and the leaders of the farmers' group facilitated the

interviews.
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Table 2

Total Farms and the Sample Size

Province

Total

Samut-prakarn

Bangkok

Samut-sakorn

Samut-songkram

Population

1,097

321

165

386

225

Sample Size

220

65

33

77

45

The Fa~':Ilers

Since the production of agricultural enterprises is usually

affected by the skill and decision-making of the producers, a brief

summary of the general characteristics ~f the farmers is given below.

Except in Samut-prakarn, where 68.0 percent of the farmers

started their businesses more than ten years ago, most of the

farmers in the sample s~art2d farming within the last ten years with

35 percent of the sample starting in the last five years. The

explanation is that shrimp farming began first in Samut-prakarn and

spread to the other provinces (see Table 3),

Farmers interviewed r2ported that they learned about the

t2chniques of shrimp farming mostly from their neighbors. They

observed and then practiced what they learned on a trial and error

basis (see Table 3). Some learned from their relatives or by taking



Table 3

Chara::teristics o f the Farmers

Total SP BK SN SM
No. % No. % No. % No. % No. %

YEARS OF EXPERIENCE

5 and less 77 35 12 19 11 33 28 36 26 59

6-10 38 17 9 14 10 30 12 16 7 16

11-15 47 21 20 31 6 18 15 20 6 13

16-20 25 11 10 15 4 12 10 13 1 2

Over 20 33 15 14 22 2 6 12 16 5 11

SOURCES OF EXPERIENCE

Self and neighbors 202 92 63 97 32 97 65 8!~ 42 93

Relatives 11 5 2 3 0 0 8 10 1 2

Government 1 3 0 0 1 3 4 5 2 4

AGE

25 and less 7 3 1 2 0 0 3 4 3 i
I

26-40 70 32 17 26 11 33 24 31 18 40

41-60 III 51 37 57 17 52 37 l:.8 20 44

Over 60 32 15 10 15 5 15 13 17 4 9

TYPE OF FARM OCCUPATION

Full-time 102 4·6 17 26 21 64 42 55 22 49

Shrimp-salt 25 11 6 9 2 6 12 16 5 11

Shrimp-rice 35 16 33 51 0 0 2 3 0 0

Shrimp-otners 58 26 9 14 10 30 21 27 18 40

EDUCATION LEVEL

None 47 21 11 17 7 21 20 26 9 20

1-4 years, compulsory 147 67 47 72 24 73 46 60 30 67

Over 4 years 26 12 ., 11 2 6 11 14 6 13I

14
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over their parents' farms. Many left other occupations tempted by the

high yields in shrimp farming. In spite of the government's

promotion program, the support of farmers' cooperatives, the

demonstration plots, and the excension services. the farmers felt

that they did not get adequate information and help from the govern

ment authorities. This could be the result of a lack of adequate

extension workers. In Samut-prakarn no nne sampled reported any help

from the government. Possibly this was the result of lack of

personnel. The fishing industry in this province is the main

occupation and fishery officers are kept busy with other problems

than those of .shrimp farming. In Samut-sakorn more farmers reported

that they received services from the government officers. In this

province government support of farmers' cooperatives was a successful

one. In Bangkok no one reported that they had learned from their

parents, probably because farms here started operation in the later

years (more than 60 percent started within the past ten years).

instead, they lear~ed from neighbors.

Age ca~ be another important factor determining a farmer's

productivity. Xost of the farmers were between 41-60 years old. The

second highest percentage age group was 26-40 (see Table 3). Those

25 and under were mostly YOUTig farmers who took over farming from

their retired parents. Most of the 41-60 age group were farmers who

started their business during the past fifteen years often SWitching

from other occupations. Some of thp. 26-40 age group gave the same

reason, saying they switched from other occupations because they were
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tempted by the high yi.eld. For others, their first occupation was

shrimp farming.

M8n y nf the farmers were Laising shrimp along with other farm

products (mostly rice or salt farming). This is explained by the fact

that shrimp farming was relatively new to them and they would rather

not take the risk of doing shrimp farming alone. In Samut-prakarn,

rice was still considered the most important (traditional) commodity,

so where physical conditions (e.g., type of soil and water) made it

possible, the farmers raised shrimp along with growing rice. In some

areas they salt farmed along with raising shrimp. The other

occupati.ons in Samut-prakarn were fishing, daily worker, grocer,

government officer, etc. In the Bangkok sample, most farmers had

completely switched to shrimp farming and the percentage of full-time

farmers was the highest in this province. Secondary occupations in

Bangkok were gardening and fishing. Gardening was practiced in the

area away from the sea where it was the traditional occupation. An

increase in water salinity has made gardening less favorable. Fishing

was practiced in the area close to the sea. In Samut-sakorn, more

than half of the shrimp farms were full-time farms. Some were still

producing salt along with shrimp and a few grew rice. Other

occupations here were fishing, village merchant and grocer, daily

worker, government officer, and gardener. This was more or less the

same in Samut-songkram where there was no one who grew rice along

with raising shrimp (see Table 3).

In this context, full-time farms are expected to be the most

productivp. as the farmers are expected to be able to take good care
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of their shrimp while others have to provide time for other

businesses or other crops as well.

Due to the compulsory four year elementary school, most of the

farmers had four years of school (see Table 3). It seems that the

farmers in Samut-prakarn and Bangkok had somewhat higher education

t~an those in the other two provinces. Those who had more than four

years of school usually came from relatively rich families. Usually

four years of school was considered adequate for the existing rather

simple technique of shrimp farming. However, the higher the

educational level the better the opportunity for improving farming.

Ability to read and write would be useful for the farmers wanting to

follow the instructions and handbooks providing information on

production and marketing. There is a tendency for farmers with

higher educational levels to be more willing to take risks in

improving f~oduction methods. Ability to read and write is aiso

important for marketing transactions and arranging credits.

Cultural Practice

The typical shrimp pond area is rectangular in shape. Pond

structure consists of dikes about 2 meters high and tapered to about

4 meters wide at the top. Parallel to the dikes there are ditches

about 1-1.5 meters deep and 2-2.5 meters wide. The inner part of the

pond is left flactened. Depth on the flat is about a.s meters. In

some ponds, there are furrows on the flat too. T~ese furrows and the

perj.pheral canals provide shelter for shrimp during the period of low

tide and daylight high temperature. At least one sluice is

constructed to connect the pond and the water source.
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The pond is usually left dry and allowed to crack 1-2 weeks

before the first introduction of water to help eliminate undesirable

fauna. The flat is also plowed in order to clean the pond and

increase mineralization of organic matter.

When the tide is high the farmer opens the sluice allowing the

water with shrimp fry in. \~en the tide turns a screened gate is

used to prevent the escape of fry. There is no movement of water out

except for the losses due to seepage and evaporation. Additional

water is allowed into the pond during high tide. The depth of water

is maintained at about one meter in the ditches and about 0.3 meters

over the flat area. It can be higher during the high tide and the

introduction of water (see Figure 1).

Shrimp are fed on organisms that grow in the pond or ~ome in

through the screened gate. At this stage, usually no supplementary

:ood is given. Checking the leak of water through the levees and

repair are done regularly to prevent soil erosion, predator invasion,

and fry escape. By the nature of the operation, stocking is repeated

throughout the culture period.

Ha~vesting is usually done 1.5-2 months after the first water

is let in. The harvesting is done either toal1y or partially during

the ni~ht. \~en done partially, bamboo traps w~ll be set in the pond

during the night leaving a lighted lamp on each trap. Shrimp that

have grown to a size larger than the mesh of the trap will be caught.

For a total harvest, water will be drained out and shrimp will follow

th~ receding water flow into the bag net attached to the gate.

Usually the farmers do both.
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Problems and Constraints

Shrimp culture in Thailand is rather traditional. Most shrimp

farmers obtain shrimp fry naturally from the incoming water, hence,

the supply of fry for stocking depends on nature and is not reliable.

Supplemental feeds, reliable fertilizer practice, and predator

control have not been adequately applied. Pond construction also

requires improvement. There are problems of lack of sufficient water

supply and leakage of water due to holes caused by animals, weakness

of dikes, and pond layout. Water pollution is another problem which

results in the decrease of natural seed and lower survival rates.

On the market side, farmers usually have no bargaining power.

They have to accept the price set by merchants. Merchants in the

local market are usually village merchants who buy shrimp from the

regular farmers and pass them through wholesale markets. As shrimp

is a perishable commodity and the farmers do not have access to any

storage facility other than ice packs, the short-run supply of

shrimp is inelastic. In recent years, increases in demand have been

the main cause of changes in shrimp prices. Usually it is the

wholesaler who has in~ormation about prices in the retail market and

who sets the prices in the wholesale market based on his margin.

This price is acceptec by retailer and local merchant. Nevertheless,

wholesalers do not have unlimited power to set prices. At some low

price to the farmer, it would pay new wholesalers to enter the

market (same for so~e high price to retailers). \fuolesalers are in

a monopsony/monopoly situation, but they cannot control entry so their

power is limited. Farm price is based on this price.
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Lack of market information, of adequate credit lines, and their

relatively small size are sources of marketin6 problems for the

farmers. Lack of storage and preservation facilities are additional

problems. Cooperation among the farmers and government programs in

improving market facilities may help.

In spite of these problems, the prospects for shrimp farming are

considered good in Thailand. In 1972, the average yield was 17.5 kg./

rai/yr. The productivity ranged froID 9 to 61 kg./rai/yr. depending

on the locality and the conditions of water supply, availability of

d d . f h - 4see , an exper~ence 0 t e rarmers.

promotion program had been implemented, the average yield was 22.1

kg./rai/yr. 5 From our 1977 study the present average yield is 28.5

kg./rai/yr.
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CHAPTER III

PRODUCTION FUNCTION OF THAI SHRIM? FAR}l

Recently considerable attention has been given tc the development

of aquaculture. Most of the studies have been focused on the

technological and biological aspects. Some of the few studies on

economic aspects have emphasized economic potential. Examples are the

studies of economic feasibility of prawn culture in Hawaii and eel

culture in Taiwan via costs and returns by Yung C. Shang.
l An example

of a different approach is the study by P. G. Allen and W. E. Johnston

of lobster culture which tried to define the bioeconomics of this

acquaculture and to develop a mathematical model of an aquaculture

facility. Their emphasis was on the biological functional relation

ship yielding quantitative measurements of outcomes for a hypothetical

production facility, providing key parameters in the produ~tion

process and, heQC8, leadi.~~ to insights about cost effectiveness. 2

Frederick \~. Bell tested the economic feasibility of trans

ferring existing aquaculture techniques from an area of the world

where they worked to developing countries, with emphasis on small

scale farmers and for fourteen presently aquacultured species. The

criteria used in the selection process were evidence of existing

aquaculture enterprise somewhere in the world, environmencal

conditions, potential consumer acceptability, adaptability to small

scale farming, and labor-intensiveness. A sample of ninety developing

nations, more or less the standard textbook population, wpce chosen

as potential species receivers. From the results of this study,
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shrimp (Penaied sp.) could be domestic substitutes or compLemerrts with

present protein production with average potential in seven countries;

i.e., the Cameroon, Guatamala, Burma, People's Republic of China,

India, Thailand and Dahomey. Only the last three have been culturing

shrimp to any extent. Among the four species found to have export

potential in developing nations (Mullet in 43 countries, Rainbow

Trout in 19, Milkfish in 16, Penaied shrimp in 5), Penaied shrimp was

selected for five nations only (Tunisia, Burma, Dahomey, Thailand

and India).3

Given preliminary evidence of economic feasibility of acqua-

culture' development, studies are required to determine details of the

important economic relations; e.g., the elasticity of

substitution between factor inputs, knowledge of cost curves, in the

short and long run, and of domestic and foreign demand, which can

yield implications for shrimp farming, of th2 income distribution

resulting, and the possibility of foreign exchange earnings.

Most studies of shrimp culture in Thailand have focused on

technological and biological aspects with a f8w attempts to

investigate economic aspects. After the general farm survey by the

Department of Fisheries in 1972, a preliminary socioeconomic report

was published that argued for more infrastructure supporting the

development of shrimp culture in Thailand. 4 A cost-r~turn study was

tried on the basis of selective farms. S A more recent study by

Supanee Artachinda, "An Economic Analysis of the Thai Shrimp Industr'T

to its Export Potential," provides a description of this in.Justry
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with the emphasis, unlike the present study, on the demand side and

.1 6export potentl.a .

Several studies of production functions have been made in

fisheries research. Examples follow:

In 1967 Frederick W. Bell used a Cobb-Douglas production function

for New England fishing grounds in an attempt to determine the impact

of capital inputs and vessel size on fish catch, assuming annual

dollar revenue to be a function of book value of assets, crew and

1
. 7vesse Sl.ze. In the same year, Comitini and Huang used both Cobb-

Douglas and CES (constant elasticity of substitution) production

functions in the North Pacific halibut fishery to test the extent of

returns to scale, degree of technological progress, effect of the

captain's entrepreneurial ability, and conformity of factor shares. 8

In 1970, Roemer tried a Leontief fixed coefficient production function

for the Peruvian anchovy industry.9 In the same year, Carlson

estimated a Cobb-Douglas production in an attempt to provide better

estimates of vessel fishing power for use in a biological management

program. He came up with a production function which relates species

of weighted tuna catch to vessel capacity, days at sea, vessel hour

horsepower, and abi 'dance dummy variables. 10 In 1972 Hovart and

Michielson estimat2., Cobb-Douglas production function for Belgian

fisheries assuming Laud i.ng value to be a func tion of vessel value

plus equipment value and the number of fishermen multiplied by hours

11spent at sea. In 1977, Comitini estimated the production relation

for the Hawaiian skipjack tuna fishery using two methods: first, a

Cobb-Douglas production fun~tion assuming catch per trip to be a
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function of labor and capital per trip, including time and vessel

differences as dummy 7ariables; and, second, a linear relationship

between catch and fishing effort with the same set of dummy

. b l 12
var~a es.

production function for Palau skipjack fishery in an attempt to

determine employment and factor productivity assuming catch to be a

function of crew, capital (net ton as a proxy), national composition

of crew, and noneconomic factors (wind, rain, sunshine, temperature,

bait, and dummy variables for seasonal and annual differences in

skipjack abundance).13

Production Function for Thai Shrimp Farm: Selection of Variables

A necessary condition for a selected function form to be

realistic is that the specification of the variables be completed and

correct. Failure to meet this requirement leads to specification bias.

Nevertheless it is not possible to have complete control of such bias.

Our production estirr..ation will not be the "true" function but a

substitute and statistical inference will then tell us how close it

is to the true one.

On the above basis the production function for shrimp culture

will be

where

and

Q f(N,L,C)

Q = a measure of farm production,

N a measure of land,

1. = a measure or labor,

C = a measure of capital inputs.



27

Land enters the production function in physical units--rai (one

rai = 0.395 acre). Land size is defined as the pond area plus the

dikes surrounding the pond that ar3 the pond boundaries. As shrimp

fry come along with the water intake, the larger the pond the higher

expected production. "Land," either in its quantity or quality, can

affect production. The type of water and of soil in different

locations are the other important qualities of land, affecting pond

structure, water control, and natural seed and feed abundance.

Theoretically, land input should be homogeneous if entered this

way. Unfortunatelj, although qualitative differences clearly exist,

measurement and cost of data collection and computation problems

meant it was not possible to group land directly by quality. It is

first assumed that as the samples were scattered around more or less

the same locations; i.e., same coast line of the same inner gulf,

that land will be taken as homogeneous. With the existing simple

techniques farmers do not have much control over other physical

characters of land, perhaps, except its size.

For the existing simple type of farming technique, nature can

have an important role in determining production levels. The type of

water (e.g., its salinity), tide fluctuations and currents, and other

biological and physical characteristics (the type of soil, more muddy

or more sandy and its richness; the weather, degree of rain, wind,

sun, and temperature) are all "natural" determinants of production

related to location. Farmers have to depend on natural seed and feed

abundance which varies according to factors that differ to some

degree in different locations.
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Data for those natural conditions are not available at present.

Therefore a set of locational dummy variables will be included to

see if differences in the natural and physical conditions between

locations are significant in their effect on production.

Labor also can both quantita~ively and qualitatively affect

production. Agriculture in developing countries is commonly

organized in owner-operated small family farm units and this is true

for shrimp culture in Thailand. Mostly labor is provided by family

members who work in the field and take care of the farm. Hired

laborers are used irregularly for special activities; e.g., pond

cleaning and leveling. Daily activities are carried out by the

family workers.

The labor input variable should actually measure labor input

used in producing the farm product and not measure the total labor,

utilized or unutilized, available during the production period.

Thus, labor is entered in man-hours.

Capital inputs consist of water pumpts, catching equipment, farm

equipment, sluices, fuel, boats and some miscellaneous items.

There is no common physical unit for the various capital

inputs, hence they are entered in value terms. Only current service

flows of cap: tal assets are counted via straight···line depreciation

assuming some proportion between the capital stock and the current

service flow.

Theoretically, each variable entered in the production function

should be homogeneous. Ignorance of quaJ~tative differences within
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a variable is equivalent to omitting variables or imperfectly

specifying variables.

Omisston of relevant variables due to being unaware of their

presence in the true specification or of unavailable data gives

specification bias. How much depends on the direction and magnitude

of the left-out variable in the true relation and the co-movement of

the left-out and the included variables. When a relevant variable is

left out from the true relation, a part of its influence will be

captured by other explanatory variables. If the omitted variable is

uncorrelated to the other included explanatory variables (which is

rarely the case), the regression coefficients will not be biased but

their summation (relfecting returns to scale for a Cobb-Douglas

production function) will be biased. If the omitted variable is

positively correlated with the included explanatory variables, the

omission will bias at least one of the estimated coefficients upward

but it is not clear whether it will be enough to compensate for the

downward bias in the coefficient summation. If the omitted variable

is negatively correlated with the included explanatory variables, the

results will be opposite. However, for a production function positive

correlation is more plausible, and excluded factors will more likely

lead to overestimation of at least one coefficient of the included

variables. If any of the included explanatory variables has a large

partial relation to the left-out variable, the extent of bias in its

coefficients will be large. Summation of the included regression

coefficients will by underestimated (overestimated) if proportionate
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changes in included explanatory variables are associated with less

(more) than proportionate changes in the omitted variable.

Results of imperfectly specifying variables, i.e., aggregation

over different inputs, are more unpredictable, but they will be less

harmful the more closely resource categories are substitutes and so

can be treated as a single ir.put. The general rule is that when

certain factors are complementary and have high correlation, they

should be combined and considered as one type of input. Too much

aggregation gives less relevance in decision making. Too detailed

disaggregating increases the cost of computation more than it

increases the benefits from the additional knowledge gained. Ideally,

variables should be measured in physical units of a homogeneous

nature. IVhere not possible, qualitative differences can be absorbed

by standardized procedures based on the relative contribution to

d ' f h l' 1 1 f '1' 14pro uct~on 0 eac qua ~ty eve a a part~cu ar ~nput.

Returning to the omission of relevant variables, underestimation

is the more usual case for production function estimation since the

variables left out (because they cannot be quantified) are mostly

mangerial variables. Management variables seem likely to vary less

than proportionately with the explanatory variables usually included.

This will raise the ,;Uffi of the coefficients but the final effect on

the summation is difficult to determine. Ideally, the choice of

variables should be made in terms of the underlying mechanics of the

production process. However, there is usually some limitation due to

unknown and/or unmeasured relevant variables. In the case of shrimp
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farming in Thailand, experience and education of the farmers will

serve as proxies for management ability.

Since most shrimp farmers learned about farming techniques

through trial and error (the most common sources of experience were

reported as self and neighbors), it is ~xpected that the factors

influencing their management behavior will be important in determining

the level of production. Due to the simple techniques and types of

activity involved, operating a shrimp farm is not a hard-labor job

but more likely depends on how well the operator takes care of and

manages the farm. In this context, type of occupation (i.e., being

a full-time shrimp farmer or a part-timer, doing shrimp farming along

with other occupations) determines the time available for farmers in

taking care of ~heir shrimp business and will be included as one

measure of management.

Other factors included to explain the farmers' management

behavior are the tradit~onal factors of education and age. It is

expected that more highly educated farmers will be more productive

due to ability to get more information. As shrimp farmers learn more

by experience, age can be another factor determining the farmers'

management behavior.

Though the way variables are defined and measured is important

in an empirical production function, the cost of complete and perfect

specification places a limit on what can be done. Even if it is

costless to obtain more detailed data for better variable specifica

tion, there are still additional costs in ter~3 of iegrees of

freedom and of computation which restrict the possibilities. It
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is impossible to have complete control over these biases, hence the

estimated production function is only a hybrid substitute for the

true relation.

The explanatory variables selected for inclusion in the

estimation of Thai shrimp farm production function are input factors;

i.e., land, labor and capital, natural environment factors, and

management factors; i.e., types of farm occupation and farmers'

experience (education and age).

Shrimp culture in Thailand, being simple, depends on many

uncontrolled factors. There is a possibility that the increasingly

high price and farm yield will lead to the development of a larger

and more modern scale of shrimp farms. Nevertheless, it is the

intention of this study to emphasize the existing small-scale culture

in order to provide information useful for their further development.

Functional Form

The selection of variables has been discussed above. The next

task is to discuss the specific type of production function to be

estimated. For this study a single equation Cobb-Douglas production

function was selected. From a theoretical viewpoint, there is no

doubt that the use of a single equation approach, when a system of

equations is appropriate must, under usual circumstances, lead to

biased estimates of production parameters. While the single equation

allows theoretically satisfactory predictions of output to be made

\;hen the process is allowed to operate in its normal fashion, it does

not allow as accurate predictions to be made of the effect of

deliberate intervention with the production process. In ~ther words,
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if the single equation approach is used instead of simultaneous

equations, the underlying structure of the production process will

most likely remain to some extent unknow~. However, where feedbacks

are relatively slight, single equation estimates have generally been

found to be just as meaningful in an economic sense as those derived

at much more expense by the use of simultaneous systems. I S

For this study, it is observed that feedbacks from shrimp

farming to the supply of inputs for shrimp farming are not significant

and so the independent var~ables of this single equation can be

correctly treated as exogeneous relative to our production unit; i.e.,

the shrimp farms. To the extent this observation is correct it is

not necessary to specify the possible inter-relations.

Of possible algebraic forms, the Cobb-Douglas production function

has been the most popular for the farm-firm estimation. In choosing

the appropriate algebraic form, we know little about the true

functional representation underlying the production process. Testing

a functional algebraic form with various criteria of statistical

adequacy can be applied as a means to approximate the true function.

Research in thi~ field has established a strong presumption that a

number of functions are competent initial approximations of the true

16form. Among those functions choice of a specific algebraic form

can be made on the basis of its theoretical implications and its

computational manageability.

There is no a priori evidence that more expensive and

complicated production function will be better, hence, a Cobb-Douglas

production function is selected. It has the advantage in providing
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a compromise between adequate fit of the data and computational

feasibility, characteristics important where costs of data collection,

computation and study are high.

This type of function can be estimated by the single equation

least square method. It has t~e attractive statistical properties of

small standard errors of the coefficients and high efficiency in

predicting output from the given levels of inputs. Direct least square

estimates of this production function will be the best, linear and

unbiased one provided that the traditional desirable properties of

the disturbance term are satisfied.

In practice, all assumptions cannot r~ fully satisfied. A usual

crucial omission from the function is that of the management factor,

reflected in the disturbance term. Over the cross-section analysis

this disturbance may be thought of as an attribute of a particular

entrepreneur, a reflection of his ability. In this study, as has

been previously discussed, occupation, education and age will be

chosen as the proxies for this management ability.

Besides the advantages of the compromise between adequate fitness

of data and computational feasibility, the Cobb-Douglas production

function has the advantages of theoretical fruitfulness in providing

2 benchmark of how efficien~ly resources are being utilized, in giving

declining marginal productivities, and in an inverse relation between

rate of marginal factor substitution and factor proportions. It also

gives a clear picture of elasticities of production, returns to

scale, and the marginal productivity of inputs. All have important

economic policy implications.
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On the other side, the Cobb-Douglas production function has the

disadvantages of constant elasticities of production and unitary

elasticity of factor substitution (linear expansion path), both of

which may not be realistic.

The selected function will be

Q = F(N,L,C,X)

of which Q, N, Land C have been defined. X is the proxy for natural

characteristics and management ability, chosen to be experience (farm

occupation, age, and education).

In COJb-Douglas form,

X 17
e .

In log-linear exprGssion,

In Q = In A + bl In N + b 2 In L + b3 In C + X

having

and

X b6l + b 7 + bSe + bga

1 = some measurements of natural characteristics

f = farm occupation

e farmer's education

a = farmer's age,

which can be estimated by ordinary least sq~ares.

For this type of function:

1. Elasticity of production with respect to input I,

n Qr = dQ/oI . I/Q

2. Marginal productivity of an input declines as the input is

increased provided that its coefficient is less than one; e.g.,

dQ/dl bI(b I

d
2

Q/ dI
2 = bl(b l

1). Q/I2

1). Q/I2

< 0, if b
I

is less than one.
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3. Returns to scale,

4. Elasticity of factor substitution is restricted to one; e.g.,

d d(N/L) (dN/dL)
N,L = (N/L) d(dN/dL)

= 1

Based on these selected variables and this functional form, Thai

shrimp farm production functions will be estimated. Results of the

estimation are given in the next chapter.
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CHAPTER IV

EMPIRICAL RESULTS ON THE ESTIMATION OF PRODUCTION FUNCTION

The Basic Regression

In the previous chapter it was first assumed that shrimp farm

production depended on the three major factors of production, i.e.,

land, labor and capital. The results of this estimation for the total

sample of 220 farms in the four provinces in the selected study area

are given in regression (1), Table 4.

The regression coefficients axe coefficients of technical trans-

formation as they describe the transformation of inputs into a unit

of output. With the Cobb-Douglas log-linear relation relationship,

the regression coefficients are output elasticities with respect to

those corresponding inputs. A one percent change in land is expected

to result in 0.47 percent change in output, other things being equal.

Similarly a one percent increase in labor will add 0.33 percent and a

one percent increase in capital will add 0.36 percent to output.

Since each coefficient is less than one, the marginal productivity

of each input declines as that input is increased, keeping other

inputs the smne.

For individual regression coefficients, a t-v31ue exceeding 2

implies that they are significant at the 5 percent level.

?
For this regression ~he coefficient of multiple determination R-

tells us that the included variables can explain 57.15 percent of the

variation in production; relatively high for a cross-section study.

(The adjusted R
2

is 0.5655.)
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Table 4

The Basic Regressions

Variables Regression Number
(1) (2) (3)

In N .47166 (5.694) .44161 (5.015) .40012 (4.492)

In L .33292 (3.741) .31400 (3.433)

In L
f

.05981 (0.816)

In Lh .22172 (4 033)

In C .35952 (5.327) .36436 (5.311) .34441 (5. 051)

Intercept 2.6474 (4.540) 2.8847 (4.768) 3.7949 (6.090)

R2
.5715 .5288 .5409

-2
.5655 .5218 .5318R

F 96 023 75.576 59.215

S .72394 .72000 .71245

SSE 113.20 104.72 102.02

n 220 206 206
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In production function estimation, it is plausible that there

exists some correlation between the explanatory variables. Regression

coefficient3 will be less meaningful if there is a high correlation

between independent variables as a multiple regression coefficient

q~antifies the effect that a certain change in the relevant explana

tory variable has on the dependent variable, the other explanatory

variables remaining constant. If there is multicolinearity in the

explanatory variables it is not possible to hold other things constant

when one of the explanatory variables is changed. However, multi

colinearity is a question of more or less rather than yes or no for

such estimation. The extent of multicolinearity can be ascertained by

examining the matrix of correlation coefficients. A correlation

coefficient between a pair of explanatory variables greater than + 0.8

is usually taken as an evidence of "high" multicolinearity.l So,

multicolinearity does not appear to be a problem for this study.

(Also see the matrix of correlation coefficients in Appendix A.)

In spite of the above results there are reasons to suspect that

there are important differences between the two types of labor

generally used (i.e., family and hired) due to their status, contri

bution, and types of activity. Aggregation over these two types of

labor can bias the regression coefficients. Ignoring qualitative

difference within a factor will have results similar to those of

omitting variables or imperfectly specifying variables. To find out

whether there is any significant difference between family labor and

hired labor, labor will be divided into two groups in the next

estimation.
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Redefinition of Labor Input

There are two main types of labor inputs (L), i.e., f~ily labor

(L
f/

and hired labor (~). Usually family labor takes care of the

farm and does the field work daily, e.g., controlling the water system

to ensure cleanliness and adequate rotation to provide oxygen and

natural foo~ for the growing shrimp, taking care of pond walls,

catching, etc. Hired labor is needed for specific farm activities

which cannot be accomplished by the family labor alone, e.g., pond

cleaning and leveling, both on an irregular basis.

The dLvLsf.on of labor into two groups is based on the possibility

of different levels of productivity between the two groups of labor.

The results of the estimation are given in regression (3) in Table 4.

The total number of observations was reduced to 206 due to the

elimination of 14 farms which did not employ any hired labor.

(Regression (2) was estimated in the same way as it was for regression

(1) except that in (2) only 206 farms were included.)

In regression (3) the regression coefficient of hired is higher

than that of family labor and is significant while the regression

coefficient of family labor is not significantly different from zero.

Due to the character of activities carried out by the family

labor (e.g., water control and other routine work), the man-hours

contributed by family labor are sometimes not very productive. It is

also possible that since shrimp farming is family-farm oriented and

the "cost" of additional family labor is often quite low, shrimp

farmers may use family labor until the marginal product of family

labor is quite low (being zero in the empirical results from

regression (3)).
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This regression (3) can explain 54.01 percent of the variation

in production. Its adjusted R
2

is slightly higher than that of

regression (2).

Though the statistical results seem not to be much improved by

dividing labor into two groups, it is reasonable to keep this

division as there is a wide difference in family as against hired

labor productivity.

Fa~ Location: Its Measurement

It has been previously assumed that farms in the four provinces

located on the canal on the coastal line of the inner Gulf of Thailand

could enter the production function homogeneously (regression 1

through 3). Now, to see whether there is, in fact, any difference

brought about by farm location a new set of variables will be

introduced.

It is assumed first that different locations will affer.t the

production function by shifting the intercept acting upon "A" through

shifting the function by some power of "e". The main inputs--land,

labor (family and hired) and capital--are still entered homogeneously.

Farms whic:1 are located in regions havin~ more of the natural factors

can produce more because of this advantage. Farmers do not have

control over these given natural factors once the farms have been

located.

There are four provinces included in this study: Samut-prakarn,

Bangkok, Samutsakorn, and Samut-songkram. In the previous

regressions since all the farms in th2se areas are located in the same

coastal area of the inner Gulf of Thailand (all within five kilometers
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of the shoreline), they were taken as having the same conditions

independent of their Loca t Lons .

Farms are located either near the se>ashore or along the canals

to facilitate the introduction of water into the pond. Looking at

the area in more detail, there are three main estuaries. In Samut-

prakarn, there is the Chao-praya river. Farms in this province are

located either along the canals near the seashore or right next to

the shoreline. In Bangkok, farms are located either along the very

narrow seashore boundary of this province or along the subcanals of

the Chao-praya river. In Samut-sakorn, there is the Mae-klong river

and in Samut-songkram there is the Ta-jeen river. Farms are located

either along the sh9reline or along the subcanals of these rivers.

On the assumption that, in fact, for the reasons suggested below,

location does make a difference, the Iocational differences will be

included in our production function as a set of dummy variables.

These dummy variables are intended to capture the combined effect of

differences in natural anG physical conditions, mainly seed and feed

abundance, soil and water condition, tide, temperature, wind, sun,

rain, etc. It would be better if data for these conditions were

available, however they are nut __ ..J .: ....
auu ..1.1-

this study to obtain such data; hence a set of dummy variables for

different locations will be included to capture these conditions.

Together there are twelve different locations in the four

provinces: two in Samut-prakarn, two in Bangkok, four in Samu-S2korn

and four in Samut-songkram (see Figure 2).
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In Samut-prakarn, 11 is located along the canals not too far

from the sea (otherwise the salinity would be too low) and 12 is

located along the shoreline. In Bangkok, 1
3

is located along the

shoreline and 14 is located along a subcanal of the Chao-praya river.

In Samut-sakorn, 15 is located along the shoreline and 16 is located

along the canals on the left-hand side of the Mae-klong river, and

1
7

and 1
S

are located along the shoreline on the right-hand side of

the Mae-klong river. In Samut-songkram,1
9

is located along the shore

line on the left-hand side of the Ta-jeen river and 110 to 112 are on

the right-hand side.

Farm~rs in the survey claimed location 1
8

was the worst for

shrimp farming because of land destruction by tide and lack of proper

irrigation. In fact, some farmers in this location had left shrimp

. farming and turned to other occupations (mainly salt paddies).

To include the locational differences as shifts in the intercept

of the regression, eleven dummies will be added leaving location IS as

the base group included in the intercept. It is expected then that

the other locations, being "better" than IS' will have positive

regression coefficients.

Management Factors: The Measurement

The most common specification error in studies of production

relations involves the omission of variables related to management

factors. According to the study of Mundlak and Yotopoulos, the

effect of introducing better manaGement is to shift the entire

production possibility curve to the right, thus producing more output
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from the given amount of resources. This change is reflected in an

increase in th~ marginal productivity of each input factor.
2

Since the present shrimp farming technique is simple and does nut

require full-time attention, farmers usually have other occupations

along with the farming. According to the survey about 46 percent of

the total observations were shrimp farmers on a full-time basis,

11 percent were doing salt paddies too, 16 percent grew rice, and the

other 27 percent had other occupations; e.g., daily worker, fisherman,

grocer, village merchant, gardener, officer, etc. along with shrimp

farming.

The percentage of rice farms is relatively high considering that

shrimp and rice are not normally commodities that can be productively

grown in the same location, since rice grows well in muddy-fresh water

areas but shrimp requires brackish water. This overlap can be

explained by the fact that rice is the traditional crop in this

country. Thai farmers have a te~dency to grow rice wherever it is

possible and it is the same for these areas.

It is expected that due to different amounts of time available

for shrimp farming, the management behavior of these farms will be

different. A set of dummy variables for different types of farm

occupation will be included for full-time shrimp, shrimp-salt,

sh~imp-others, and shrimp-rice farms using the last one as ~he base

group.

Eighty-eight percent of the farmers have completed only the

compulsory school years (four years of pcimary school) or less, and

the other 12 percent have "higher" education (more than four years).
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It is expected that the latter group will be more productive due to

their ability to get more information and better management ability.

Education will be entered as a dummy variable for these two groups.

Age will also be entered as a set of dummy variables for three

different age groups. The first group covers young farmers 40 or under,

the second includes those 41-60, and the third group includes those

over nO. It is expected that these different age groups will have

different characteri3t~cs in decision-making and different experience

in shrimp farming. The young farmers may have less experience but are

more willing to take risk. The farmers of over 60 may have more

experience and may be more conservative. It is expected that their

experience, through age, will have some effect on their level of farm

managemen t .

Estimation of the Hypothesized Production Function for Thai
Shrimp Farm

The hypothesized function is

Q = f (N , L r- , L
h

' C, 1 . ,f . , e , , a . ) .
r l l l l

In Cobb-Douglas f0rID,

Q = A Nbl L b2 L. b3 Cb4
f n

X = ~ 1 7 9 12 bS·l. + ~ 1 3 b6 , f . + b7e + ~ 1 2 b8 , a .l= - , - l l l= - l l l= - l l.

In log-linear expression,

lnQ = In A + bIIn N + b 2 In L.- + b , In L, + b , .b. C
_ I .) :1 '+

having

Q = shrimp production in baht3
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N = land in rai

L
f

= family labor in man-hours

~ = hired labor in man-hours

C = capital in baht

1. = dumroy variable for location i
~

= 1, if the farm is located in location i; 0, otherwise

f
l

= dummy variable for full-time shrimp farm

= 1, if the farm is full-time shrimp; 0, otherwise.

f 2 = dummy variable for shrimp-salt farm

= 1, if the farm is shrimp-salt; 0, otherwise.

f} = dummy 7ariable for shrimp-other (not salt or rice) farm

= 1, if the farm is shrimp-other; 0, otherwise.

e = dummy variable for farmer's education

= 1, if having higher than 4 years of school; 0, otherwise.

a
l

dummy variable for the middle age farmers

= 1, if the farmer is 41-60; 0, otherwise.

= dummy variable for old farmers

1, if the farmer is over 60 years old; 0, otherwise.

The results of estimation are given in regression (~) in Table 5.

Regression (4) in Table 5 has been estimated on the assumption

that location and other management factors do not affect the

productivity level of input factors (N, Lf, Lh and C) directly. In

other words, that ~b-8Y do not change the slope of the function (the

output elasticity of the input factors). Instead, they only act upon

the productivity level through the intercept by shifting the fun~tion

vertically. However, some management activities and locational
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Table 5

Production Function for Thai Shrimp Farms

Regression (4) Regression (5 )

Vb1e Reg.Coef. t-va1ue Vb1e Reg.Coef. t-va1ue

1n N .38687 (4.414) In N .31948 (3.528)

In L
f

.11361 (1.503 In N 11 .08899 (2.100)

In ~ .17803 (3.216) In N 12 .18757 (4.011)

In C .41461 (4.903) In N 1
3

.03289 (1.129)

f 1 .49171 (2.984) 1n N 14 -.0"2111 (-.736)

f 2 .50634 (2.276) In N 15
.07072 (1. 405)

f
3

.29537 (1. 704) In N 1
6

.14471 (3.532)

e .35118 (2.385) 1n N 17 -.08964 (-1. 382)

a1 -.14062 (-1. 335) 1n N 19 -.07802 (-1. 282)

a2
-.13884 (-.971) In N 110 -.00768 (-.180)

11 .47020 (2.680) 1n N 111 .04945 (0.779)

12 .89553 (4.636) 1n N 112 .09668 (1. 553)

13
.14860 (1.198) 1n L

f
.11465 (1. 494)

14
-.08444 (-.698) 1n L

h
.18687 (3.350)

15 .37617 (1. 953) 1n C .39250 (4.567)

16 .64950 (3.794) f
1

.37416 (2.347)

17
-.22021 (-.905) f

2
.37!J23 (1.760)

19 -.25787 (-1.052) f 3 .15878 (0.953)

110
-.07108 (-.374) 3 .36083 (2.410)

111
.28062 (1.136) a1

-.12252 (-1.146)

112 .439:!7 (1. 545) a2 -.11757 (-.809)

Intercept 2.4820 (2.897) Intercept 3.0526 (2.650)

?
R2 .5495R- .6607

-? -2 .6095R- .6220 R

F 17.065 F 16.239

S .64014 S .65063

SSE 75.339 SSE 77 .892

n 206 n 206
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variations may act upon the slope of the production function as

well.

Since the dummies for locations are included to capture the

differences in natural conditions, it is most plausible that land

output elasticity will be different in different locations due to

different natural conditions. The hypothesis that locational

variation does affect the slope of the function, hence output

elasticity and marginal productivity, will be tested by estimating

the following functional relationship.

For land,

In Q = In A + blln N + bliin Nl l + bl Z ln NIZ

+ b13ln N1
3

+ b14 ln N1
4

+ blSln N1 5 + b16 ln N16 + b17 ln N17

+ b19 ln Nlg + bllOlnNllO+ blliin Nil l + bllZln Nll Z

+ b Z ln Lf + b 3 ln Lh + b14ln C

+ b5lfl + b5Zf Z + b53f 3 + b6e + b7lal + b7ZaZ·

This regression is similar to regression (4) except that the input

factor (in this case, land) has been multiplied by the location dummy

variables 1. (taking the value of one when the observation is in
~

location i) in order to test the locational variation in the regression

coefficient of land. In this case it is assumed that the land

coefficient is varied in different locations while all other parameters

are still the same.

Location IS is chosen as the base to be excluded (to be reflected

When l.s = 0 (i = 1 -7,9-12) the regression corresponds to
~

location IS and the corresponding regression will be
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When 11 = 1, the regression that corresponds to location one will

Hence for location 1.,
~

By using these dummy variables, the land coefficient is allowed to

vary in different locations. Now, the "blis" reflect the difference in

land coefficients, corresponding to location 1. relative to the excluded
~

base location, IS'

The locational variation effect on the input factors will be

reflected in the blis. It is assumed that location advantage changes

the output elasticity of the input, land, rather than shifting the

intercept of the function.

Results of the estimation are given in regression (5), Table 5.

Location has a similar effect (in the Sfu~e direction and similar

magnitudes) in this regression as when L.s are entered as shifts ~n
.i,

the intercept (regression (4). Location 1
6

has the best land

There is no specific statistical basis for selecting betwe2n vary

?
ing the intercept or slope of the function, except the R-s, which in

these two cases are about t.le same . choice tn6n depends on theo-

retical considerations. In this case, since the l.s are included to
~

capture the differences in nat'lral consideration among locations, it is

more likely that the effects of these conditions will be expressed

through different productivities of land in different locatiuns; i.e.,

through the regression coefficie~ts blis. On the grounds of

different natural conditions in these areas, land in differenr



53

locations cannot be entered homogeneously. The data to classify

homogeneous land, as discussed earlier, are not available at ·present.

Hence the l.s will be entered as muliplicative terms for the corre
~

sponding land. The coefficient of these multiplied terms will reflect

the differences in land productivity. Regression (5) is preferred to

regression (4).

Based on the results in regression (5), the magnitude of variation

in land regression coefficients of the nearby locations are somewhat

. "
s~m~~ar. Is there really any difference between these areas? If they

are not different, it is possible to reduce the number of dummies for

location aggregating those nearby locations which are not significantly

different. Regrouping locational dummies can be accomplished on the

6.
basis of tests for equivalence of two parameters ..

In this test of equivalence we have a null hypothesis that two

parameters are equivalent, i.e.:

We then have

t = (b
l;n-k -'-

- b
l·)
Ifi2

b
2 ---;"Sb2 . - 2 (COV'

b
b )

J J ~bli lj Lf, ' lj
i

The

as the criteria. If this t-statistic is less than the t-critical

value from the t-table, we cannot reject the null hypothesis; i.e.,

the two parameters are the same.

He can obtain b
l i

and b
l j

from the regression coefficients.

variances of b
l i

and b l j and their covariance can be obtained from

the variance-covariance matrix of the regression. (See Appendix B.)
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Based on this test of equivalence for regression (5):

Locations 11 and 12 are in the same province (Samut-prakarn) and

same delta (of the Chao-praya river). Both are significantly better

than land in locatin ls--the base group. Testing equivalence of b
l l

and bIZ' we can reject the null hypothesis of tIl being the same as

bIZ These two locations cannot be aggregated.

Location 13 is along the narrow shoreline of the Bangkok province

and location I, is located along the banks of the subcanal of the
'+

Chao-praya river. By testing for equivalence, the null hypothesis of

b
13

= b
14

cannot be rejected. Land in location 1
3

and 1
4

can be

aggregated, taken as having homogeneous quality.

In Samut-sakorn, though locations 15 .md 16 are nearby locations

their land coefficient differs significantly. By the test of equiva-

lence we can reject the null hypothesis of b
15

= b
16.

Farms in

location 1
6

are located on the subcanals between the Chao-praya and

the ~~e-klong delta while farms in location 15 are located on the same

delta but are closer to the sea. (Land in location 1
6

proved to be

the best.) These two locations cannot be aggregated.

In locations 17,19
and 1

10,
land is not significantly different

from land in location IS' (The test of equivalence also suggests that

the null hypothesis cannot be rejected for these areas.) Locations

1
7,

lS' 1
9

and 110 will be aggregated. According to the results in

regression (5) they are the worst land. This group will be taken as

the base group in the next regression.

Locations 111 and 112 are in the farther sout.h-wes t of Samut

songkram. By the test of equivalence, they are not significantly
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different from each other. Locations 111 and 1
12

will be aggre

gated.

Hence, the twelve initial locations will be regrouped into seven

locations; i.e., 11' 12, 13 +4' 15 , 16 , 17+8+9+10' and 111+12 having

l7+8+9+l0as the base group based on the criteria from the observed

results from the survey and the statistical re5ults from regression (5).

The same procedure can be applied to test the equivalence of the

regression coefficients of the dummies for farm type. Coefficients of

f 2 and f
3

are not significant. When applying the test of equiv~lence,

the null hypothesis of b
S2

= b
S3

cannot be rejected. Hence, the

dummies for farm type of occupation will be reduced from three to one,

f
l,

being one if the farm occupation is full-time shrimp raising and

zero otherwise.

Dummies for age also are not significant. vfuen applying the test

of equivalence the null hypothesis of b7l = b72 cannnt be rejected.

Farmers of different ages do not have different management ability.

Farmers over the age of 60 ffi2y have learned more but possibly are more

conservative and less willing to accept improved methods. Young

farmers of 40 and under may have less experience but are more willing

to take risks. Also, they are often farmers wilose first occupation

was shrimp farming, including some young farmers taking over from

parents who were retired fro~ their shrimp farms. Farmers in the

middle age group (41-60) were mostly those who switched from other

occupations.

Dummies for age will be dropped.
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vfuen years of experience in shrimp farming were tried in place

of age, they were not significant either. 5 Experience through years

of doing the tasks of shrimp farming does not have a significant

effect on productivity.

In total the dummy variables for location, farm type, education

and age will be dropped from seventeen to eight, based on the results

and statistical tests from regression (5).

The regression using the new set of dummy variables and with the

land coefficient varied by locations will be

In Q = ln A + bl In N + bl l In NIl + bIZ ln Nl 2 + b13+4 In N13+4

+ b15 ln N15 + bl 6 In N16 + blll+12ln Nl11+1Z

+ bZln Lf + b3ln Lh + b4 1n C + b5f1
+ b

6e.

Results of this estimation are given in regression (6) in Table 6.

Results in regression (6) are based on the assumptions that land

productivities are different in different locations. The worst land

for shrimp farming is land in the base group (17+8+9+10). Land in

location 1
3+4 is slightly better, followed by land in locatio~slll+12'

15, 11 and 12 in that order. The best land is land in location 16.

The other three inputs are treated homogeneously in ~2.ch location.

Turning to management ability, a full-time shrimp farm can

produce as much as 20.17 percent more than a part-time shrimp farm and

more highly educated farmers can produce 40.52 percent more than the

less educated group via better farm mangement and better access to

information (and some factors whLcu may be hidden behind the hLgher

level of education; e.g., wealth and access to possession of the
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InN

In N1

In N1
2

In N13+4
In N15
In N1

6
In N111+12
In L

f
In L

h
In C

f
1

e

Intercept

R2

-2
R

F

S

SSE

n

Table 6

Production Function for Thai Shrimp Farm

Regression 116

Reg. Coef.

.30651

.13004

.13205

.07069

.10371

.17418

.10169

.12449

.21469

.38862

.20174

.40515

2.8212

.6403

.6179

28.625

.64363

79.953

206

t-va1ue

(3.562)

(3.319)

(2.813)

(2.123)

(2.117)

(4.408)

(2.308)

(1. 681)

(4.157)

(5.276)

(1. 986)

(2.282)

(3.830)

57



58

inputs). Thus, the amount of current time allocated to taking care of

the farm are important determinants of management ability.

The estimates discussed so far relate to the regression of the

total observations as one set. It is interesting to see whether the

productivities (via the regression coefficients) of other inputs are

different among the different locations.

We have seven locations defined as 11' 12, 13+4, 15' 16,

17+8+9+10 and 111+12' i.e., seven sets of data. As previously defined

l.s are the dummies for location taking a value of one when the data
~

belong to location i and ze~o otherNise. Since we have the same

definitions for the variables N, L
f,
~ and C and the same form of

function for the seven locations, we c~n comhine the data by estimating

one regression using dummy variables to distinguish the sets and

applying Snow tests of equality between the sets of regression

f f i c i 7coe ~c~ents.

\.Je will regress

+ \In N + Bl l In NIl + b12 In N1 2 + + blll+12 In Nl l l +12

Results are given in regression (8), Appendix C.

From the above regression, the production corresponding to

location i will be
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ln Q; = (In A + a.l.) + (b. + bl.)ln N. + (b~ + b~.)ln L
f.• ~ ~ L ~ l _ _l ~

When we assume only the land coefficient varies among locations,

it is equivalent to assuming a
i

= b
2i

= b
3i

= b
4i

= 0, for all its.

On these conditions we have regression (6).

If regression (6) is the correct one, imposing the conditions of

null hypothesis,

~: a i = b2i = b3i = b4i = 0 (i = 1,2,3+4,5,6,11+12)

should not increase the error sum of squares (SSE).

In this case, the regression that corresponds to our null

hypothesis (imposing a i = b21 = b
3i

= b4i = 0) is regression (6) and

the regression that corresponds to our alternative hypothesis is

regression (8) when those parameters are assumed not to be zero. We

can use the F-test to see whether the increase in SSE is significantly

different from zero. 8

(SSE(~) - SSE(HA) ) / m
F =

m = number of imposed conditions, in this case = 24

n = number of observations = 206

k number of explanatory variables in the regression

corresponds to H
A

including the intercept = 37.

If the statistic-F is lower than the critical-F the null

hypothesis cannot be rejected; i.e., there is no difference in the

intercept and the regression coefficients of family labor, hired

labor, ahd capital among di£I~rent locations. If not, we reject the
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null hypohtesis; i.e., those parameters are not zero and the

differences exist.

By this test,

79.953 - 68.270 / 24F = --..;;;...;;.----:----'----
68.270 / 169

= 1.21 < Fe,O.OS

We cannot reject the null hypothesis. Regression coefficients of

family labor, hired labor, and capital and the intercept value are the

same for all locations.
9

Based on these statistical tests there is no reason to break the

data into several groups. Evidence from the survey suggests that the

quality of land used in shrimp farming can vary in different locations

according to differences in natural conditions in the area. Statis-

tical tests support this evidence. There is no a priori reason to

assume differences in the inputs other than land. There is no reason,

theoretically or statistically, to expect variation in the other

regression coefficients of inputs other than land by location.

Estimating one regression on the whole set of observation (206 farms)

utilizing the information we have that only the land coefficient

varies among locations is better than disaggregating the data into

several sets. Thus, the best estimated regression for Thai shrimp

farm production function will be regression (6). Further analysis

will proceed from this regression.

Interpretation of the Estimated Production Function

The explanatory variables in the estimated production function

are land (in physicalunit--rai) which varies among locations, family

labor (in. man-hours) , hired labor (in man-hours) and capltal (in baht),

and proxies for management behavior; i.e., types of farm occupation
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(full-time shrimp farming or part-time) and farmer's education level

(up to four years of school or higher).

From the Cobb-Douglas production function, the exponent (in this

~ase b.,i=l,2,3,4) ~.ill be the elasticity of production with respect
~

to the corresponding input. This elasticity reflects, for each input,

the expected percentage change in the production as the amount of that

input is changed by one percent, other inputs being held constant.

According to regression (6), land production elasticity varies in

different locations due to the differences in natural conditions.

These differences affect the quality of land used in shrimp farming

and have a significant effect on shrimp production. They are entered

as a set of dummy variables for different locations on tt.e grounds

tha~ the conditions are the same within a location. Regression

coefficient b
l

is defined as the production elasticity of land in the

base gro~'; i.e., locations17, 18, 1
9

and 110. The regression

coefficients blis, reflect the differences in land production

elasticity between locacion i (i = 1,2,3+4,5,6,11+12) and the base

group. The net land production elasticity (b l

l i)
for each location

10is given in Table 7 (b ' l i
= b

l
+ b

l i).

Location 1
6,

located in Samut-sakorn, proved to have the best

land for shrimp farming. Farms in this area are located along the

subcanals or ~he Mae-klong river. An irrigation system has been

provided. From the survey, location 1
6

seemed ~o be the most

attractive location to new investors in this business. ~one of the

sample in this location had been in operation for over twenty years.



Table 7

Results from the Estimated Production Function

Location 1 2 3 4 5 6 7 8 9 10 11 12

Hean Values

Q 35.9 27.1 74.4 31.6 36.4 90.4 16.8 24.1 22.4 81.4 53.9 66.6

N 61. 3 40.6 98.0 47.5 40.7 66.6 38.0 73.4 52.6 92.7 51.4 105

L
f

1636 869 5010 1288 2460 2844 1867 2148 2444 2086 1756 1502

L
h

836 535 2280 625 1361 1229 585 1133 478 4·406 1258 2224

c 6.51 4.20 42.8 6.72 7.17 19.3 6.38 8.47 10.6 36.1 24.7 12.3

Average Products

Q/N 585 667 759 665 895 1357 443 329 426 878 1048 635

Q/Lf 21. 3 31.1 14.8 24.5 14.8 31.8 9.02 11.2 9.16 39.0 30.7 44.4

Q/Lh
42.9 50.6 32.6 43.5 26.8 73.6 28.8 21.3 46.8 18.5 42.9 30.0

Q/C 5.51 6.45 1. 74 4.70 5.08 4.68 2.64 2.85 2.11 2.26 2.18 5.43

Production Elasticities

b l

li
.437 .439 .377 .377 .410 .481 .307 .307 .307 .307 .408 .408

b2 .124 .12!1 .124 .124 .124 .124 .124 .124 .124 .124 .124 .124

b
3

.215 .215 .215 .215 .215 .215 .215 .215 .215 .215 .215 .215

b
LI

.389 .389 .389 .389 .389 .389 .389 .389 .389 .389 .389 .389

RTS 1.16 1.17 1.11 1.11 1.14 1.21 1.03 1.03 1.03 1.03 1.14 1.14
(J\

N



Table 7. (Continued) Results from the Estimated Production Function

Location 1 2 3 4 5 6 7 8 9 10 11 12
--

Marginal Products

MP
N

255 293 286 251 199 652 136 101 130 259 428 259

MP 2.73 3.88 1. 85 3.05 1.84 3.96 1.12 1.40 1.14 4.86 3.82 5.52
I.

f

MP 9.21 10.9 7.00 9.35 18.6 15.8 6.18 4.56 10.0 3.96 9.20 6.43
L

f

NP 2.JJ! 2.51 .676 1.86 .321 1.82 1.03 1.11 .821 .877 .848 2.11
C

Q = production, in thousand baht

N == land, in rai

I. f = family labor, in man-hours

Lh = hired labor, in man-hours

C == capital, in thousand baht

b l

li = land production elasticity in location i - b l + b
l i

from regression (6)

b
2

= family production elasticity

b) = hired labour production elasticity

b
4

= capital production elasticity

RTS == returns to scale

(j\

w
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Only 23 percent started within the past ten years and 77 percent began

" h 1 f" 11~n t e ast ~ve years.

Land in location 1
2

and 1
1

in Samut-prakarn proved to be the

second and the third best (with 1
2

being slightly better). Location

1
2

is along the shoreline and location 1
1

along the subcanals of the

Chao-praya river in this area. Shrimp farming started first in this

province due to the naturally advantageous conditions. Accc~ding to

the survey 25 percent of the farms in Samut-prakarm were in operation

for over twenty years and the success of these high yield farms

induced 54 percent a~ditional farms in the next ten years. Samut-

prakarn has the advantage of favorable natural conditions for shrimp

farming and the success of farming in this province spread shrimp

raising into other areas where conditions seemed similar.

The fourth best land is in location 15 in Samut-sakorn where the

government extension service and development program for shrimp

farming has been highly successful. Location 15 is the area the

government especially selected to open up empty swamp land and

mangrove areas for shrimp farming.

Locationsl
l l

and 1
12

in the southwest of Samut-Songkram are the

fifth best group followed by land in location 1
3

and 1
4

in Bangkok.

Locations1
7,lS

and 1
9

between the Mae-klong and the Ta-jeen

river and location 1
10

on the right-hand side of the Ta-jeen river

are t lie wors t .

According to the production elascicities, a one percent increase

in land will bring the highest percentage increase in production in

all locations except in Bangkok (1 3 and 14) and the base gLVUP
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(1
7,

1
8,

1
9

and 110) where the capital production elasticity is a

little higher than the land production elasticity (.38862 as compared

to .37720 and .30651).

A one percent increase in hired labor will increase production by

.24169 percent which is almost twice as much as a one percent increase

in family labor will accomplish (.12449). The production elasticity

with cspect to family labor is the lowest among all inp'lts.

The sums of production elasticities are slightly greater than one

in every location. However, they are not significantly different from

one except in location 1
6

(= 1.21).12 Hence, we have constant returns

to scale for the farms in every location except 16 where there is

increasing return to scale due to the best land in this area.

From regression (6) we calaculated the marginal productivities of

the inputs as follows.

Marginal productivity of land in location i, MP N1.
~

HPN1.
~

= (b ' 1') (Q/Nl.) = (b
l

+ b
l·)

(Q/Nl.).
J. J. J. J.

For other inputs; i.e., family laDor= L
f

, hired labor= Lh , and

capi.tal" C,

:JP
L

= b
2

(Q/L
f

)
f

ill'L b
3

(Q/L
h)

h

and MP C = b
4

(Q/C).

Since production was entered in value term \~~ht), these calcu-

lated marginal productivities will also be their marginal value

product.
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Substituting the estimated parameters b. (i = 1 - 4) and b
l"~ ~

(i = 1,2,3+4,5,6,11+12) from resression (6) and mean values of the

production and inputs, we get point estimates of marginal productiv-

ities at their mean values. The results are given in Table 7.

These marginal productivities, being in value terms, show how a

small change in input utilization will affect the value of production.

Assuming the supply of inputs is perfectly elastic at present prices,

together with input prices, these marginal productivities show whether

the level of input utilization is economically efficient.

The approximate land rent in these regions is 100 baht per rai per

13
year. If we use this as proxy for the price of land and compare this

price to the marginal productivity of land (already in the units of

baht per rai) it would seem to pay to increase farm size in each

location. The lowest marginal value product of land is in location 1
8

(= 100.71 baht per rai).

The average wage rate in these areas is 35 baht per day.14 The

average working hours per day is seven. The estimated wage rate per

hour is 5 baht. On this basis hired labor in locations 1
8

and 1
10

is

overemployed. All family labor, except in location 1
12,

has 10wer than

5 bah~ per man-hour marginal value product. Considering that the

average wage paid is 5 baht per man-hour in these areas, it seems that

from a strictly monetary standpoint some family labor might be better

employed "outside their farm." However, family labor has been entered

in man-hours and most of the activities carried out by family members

take place during the off-working hours; e.g., water controlling

during the up-tide hours, catching during the night. Thus, it

still pays to use family labor for such activities consider~ng
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that family vTorkers cannot be employed elsewhere during these hours.

In fact, it is possible for family labor to carry out these tasks

during off-working hours and be employed elsewhere during the day.

Family training benefits are involved in using this type of labor and

may also be responsible for the low level of their marginal productiv

ities. In other words, some of the family labor used could not earn

the average 5 baht wage rate outside.

Capital is entered in value terms as current service flow

(straight-line depreciation). As a benchmark for the price of capital,

previous empirical work considered 1.2 a reasonable rate. 15 For Thai

shrimp farms the price of one baht of capital inputs has been

estimated to be 1.22 baht. (See Appendix D for the derivation.) At

this rate it does not pay to spend more on capital in locations 1 3 ,

17 , 1
8

, 19 , 110 and Ill. In fact, in these locations profits could be

increased by reducing the amount of capital used. However, capital

inputs could have included inputs which were used both in shrimp

farming and other activities as well. For example, a motor boat could

also be jointly used in farming and for family transportation. It is

.,ot possible to figure out the exact cost of this type of input, hence

the cost of capital inputs might be overestimated. This makes it more

difficult to say whether the capital inputs, according to the results

above, are really overused.

Given the resources and techniques available, the estimatec

production function for shrimp farming provides useful information

about the factors that determine ourput. Once the infoIT'1ation about

the quantita~ive relation between inputs and outpu~, and about
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production performances in different locations at different levels of

management is available, this information can be used as a guideline

for the efficient allocation of resources within and between farms.
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FOOTNOTES TO CHAPTER IV

1. Pan A.Yotopoulos, Economics of Dev~lopment: Emperical Investi
gation, New York: Harper & Row, 1976, Ch. 4, pp. 66-69.

2. Y. Mundlak,"Empirical Production Function Free of Management
Bias;' Journal of Farm Economics, Vol. 43, February 1961,
pp. 44-56; Pan A. Yotopoulos, Allocative Efficiency in Economic
Development: A Cross Section Analysis of Epirus Farming, Center
of Planning and Economic Research, Athens, 1967, pp. 55-60

3. Shrimps of different sizes (count/kg.) get different prices.
The proportion of size combinations vary among farms. In the
interview survey, farm prices of the same size are not different
in these areas. As discussed previously in Chapter 2, shrimp
prices are taken as given by the farmers. These prices reflect
differences that may exist among different sizes. Output is
entered in value terms in the hope that it will be more homogen
eous than in volume terms.

4. For details see Henry Theil, Principles of Econometrics, John
Wiley & Sons, Inc., 1971, pp. 131-138.

5. In an attempt to find another measure in place of age, years of
operation on their farms was tried. It was expected that the
longer the period of operation, the more cte farmers learned
about their farms. It turns out that the coefficients of years
of operation are not significant either. At present, the farming
technique is so simple that years of experience make no
difference.

6. Results of entering 1.s for these seven groups as shifts in the
intercept are given i~ regression (7), Appendix C.

7. This is an application of the "Snow procedure."
Marcellus S. Snow, A Note on Dummy Variables and
Their Equivalence and Use in Testing, Department
University of Hawaii, 1977 (mimeo).

For details see
the Chow Test:
of Economics,

8. See ibid.; also P. Rao & R. Miller, Applied Econometrics,
Wads~orth Publishing Company, Inc., Belmont, California, 1971,
pp. 141-152.

9. Noticing that some of b
3is

are also significant, test was applied

again having ~: b
31

= b32 =.. =b
3i=

.. =0 (i = 1,2,3+4,5,6,11+12);

i.e., regression (6), anc HA:b3i:;: 0, i.e., estimating a

regression having coefficients of land and hired labor varied by



< F c.0.05

locations, i.e., regression (9), in Appendix C.

F = 79.953 - 76.008 / 6 = 1.62
76.008 / 187

The null hypothesis cannot be rejected; i.e., regression
coefficient of hired labor does not vary among locations.

10. Same derivation as on page 51. Net land production elasticity
of location ll,b' ..will be

.L~

blli = bl + bl i ·

70

11. Besides the differences in natural abundance intended to be
captured by inclusion of the l.s, it is possible that the other

~

factors (e.g., better irrigation system and government extension
service in this location) affects land quality and might show up
in land production elasticity. The 77 percent of new farmers in
this area (who started farming within the last five years) might
also be partly responsible for the high land production
elasticity. Provided bett~r irrigation system and information
about the farming, the farmers in this area might have
successfully made the most from the given piece of land.

12. For details about the test of constant returTIS to scale see
P. Rao and R. Miller, ££. cit., pp. 138-141.

13. According to the survey the average rental rate is 100 baht per
year. The average land price is 6,500 baht per rai.

14. Based on the survey.

15. Zvi Griliches in "Research Expenditures, Education, and the
Aggregate Agricultural Production Function" (~erican Economic
Review, ;)ecember 1964, p. 968), "For inputs that are measured
in units of dollars per year, one would expect marginal
produc t Lvi.ty coefficients on the order of 1. 2 .... "

Pan A. Yotopoulos in A110cative Efficiency in Economic Develop
ment (op . cit., p . 207), "As a benchmark for the ano'ra i s a I of
the estimated marginal productivity of capital, we- can only use
the results of previous empirical work. For inputs that are
measured in units of Drachmae per Drachmae per year, marginal
productivity coefficient of the order 1.2 are usually considered
reasonable in the lite:r.ature .... "
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CHAPTER V

EFFICIENCY IN THAI SHRIMP FARMInG

One of the purposes of this study is to investigate the desira

bility of the present allocation of resources to shrimp farming in

Thailand. Given the existing resources and the present state of

technical knowledge, are these farms in some sense efficient? To what

extent can shrimp produc~ion be increased by a better use of resources

in this industry? witl1 ?~~sent inpu~ r.osts and productivities could

more resources be profitably employed in shrimp farming?

What Does Efficiency Imply?

In estimating the production function for shrimp farming in

Thailand, we found that natural conditions affect the productivity of

land. Differe~ces in management ability also affect the level of farm

productivity. Given the same location and the same level of management

ability, the production function will be the same.

The estimated Cobb-Douglas production function gives us an

average functional relationship between the explanatory variables (in

thid case land, family labor, hired labor, capital, type of farm

occupation, and the farmer's education) and the level of production.

A f arm ~'lith any combination of the variables in this function is said

to be pr oducLng, on the average, at a technically e f f Lci.en t level.

However, being on this estimated production function does not

guarantee economic efficiency. To be economically efficient, the farm

must have both technical efficiency (be on the production function)
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and price efficiency (i.e., producing at the level where marginal cost

is equal to output price in a way that the cost of producing this

1 ., • . d) 1tota. output ~s m~n~m~ze ..

For a farm unit to be economically efficient, economic theory

tells us that for intra-farm maximization the following condition

must be satisfied:

or VMPL
f

= PL ' and VMPC =
h

Given output prices (P) and input prices (PN,PLf'P~, and PC)'

the farmer should purchase more inputs as long as what he gets from

each extra unit of input is not less than what he has to pay for it.

His profit will then be maximized. This definition of economic

efficiency assumes that the farmer can buy all the inputs he wants and

sell all he produces ac the given market prices. Clearly, this

assumption is not generally met for capital since this input is

effectively n:;:,ationed" in ~ost rural ma:-kets (or as borrowers must tap

progressively less formal sources, borrowing costs increase on the

margin).

For the industry to be efficient, given the same set of prices,

the above conditions must be satisfied within each farm in the

industry assuming all face the same prices. Inter-farm maximization

will be satisfied under the following conditions:

MP I PN = MPL I PL = MPL I PL = MPC I Pc
Nl' fl f -hI h 1

=
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=

=

or

MP
N

IPN = MP
L 1 P

L = MP
Inn

1 PIn = MPC 1 Pc = 1 IMC = 11 P
Qn fn f n

VHP .- ..........i •••• = VMPN = ·........... = VMP
N = PN,N

1 l. n

VMP = ............ = VMP = · ........... = VMP_ = 1'1 'Lf i L
f i L

fn f

VMP = ............ = VMP = ·........... = VMP = PIn'L
h1

L
hi

L
hn

= ·........... = VMPC = PC·and VMPC = ............ = VHPC. n1 l.

Where there is profit maximization the first condition will be met

if both factor and product market are perfectly competitive. In

general profit maximization implies the marginal revenue product

equals w3rginal outlay. In product markets, perfect competition means

marginal revenue product equals marginal value product since marginal

revenue equals output price. In factor markets, perfect competition

means factor prices equal marginal outlays since the supply of any

input to anyone user is perfectly elastic at the present factor

price. Where there is a high degree of competition among existing

farms, full information about production possibilities, easy entry,

and profit maximiz~tion, both conditions are likely to be met (unless

prices are ad j us t i.ng up or down so rap:"dly that adj us tmeut of cutput

necessarily lags behind the optiurum at any point in time).

Do We Find Efficiency in Shrimp Farming in Thailand?

To determine the values of marginal product per baht, the ratios

between the value of marginal product and the corresponding price were
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calculated for each input and are shown in Table 8. If there are no

constraints on the supply of inputs and marginal products vary contin

uously along with inputs, then for intra- and inter-farm efficiency in

Thai shrimp farming, the farmers must be producing at the level where

these indices are equal to one. An index not equal to one suggests

either that

(a) Thai shrimp farmers are producing "inefficiently" in the

sense that they could increase their profits by increasing the amount

of inputs employed. The farmers may not maximize profit by choice or

by ignorance. Tney may have little or no economic motivation and may

ignore the market mechanism. They may be "satisfied" with low but

positive profits. Or they may not have full information about

production possibilities.

(b) There is less than perfect competition in either the

product or factor markets and inputs have been employed up to the

point the marginal revenue product equals the marginal outlay.

Competition does not force them up to the level where the indices

are one.

(c) There is some constraint (e.g., capital rationing) on

the employment of an input so that, although profitable to do so, the

farmers cannot add to the use of the input.

(d) The marginal productivity of thl! input falls off step

wise so that equilibrium is defined in terms cf inequalities.

From the results in Table 8 it is obvious that one of these cases

anplies. :1ost ratios of values of marginal produc t to input prices

differ from oue. Fur t he r , these ratios differ widely between locations



Location

N

L
f

L
h

C

Table 8

Index of "Efficient" Input Utilization

1 2 3 4 5 6 7 8 9 10 11 12

2.55 2.93 2.86 2.51 3.67 6.52 1.36 1.01 1. 30 2.69 4.28 2.59

0.55 0.78 0.37 0.61 0.37 0.79 0.22 0.28 0.23 0.97 0.76 1.10

1. 84 2.18 1.40 1.87 1.15 3.16 1.2/1 0.91 2.00 0.79 1.84 1.29

1. 75 2.06 0.56 1. 50 1.61 1.49 0.84 0.91 0.67 0.72 0.70 1. 73

index of "efficient" input utilization1.
J

VNP. / r .
J J

1 ,input utilization is at "efficient" level

1 ,input is overused

1 , input is underused

j

P.
J

input; i.e., land (N), family labor (L ), tired lab or (L
l

) and capital (C),
v )

Price of input j

P
N

= 100 baht per rai

P = 5 baht per man-hou.r
L

f
P

L
= 5 baht per man-hour

h

Pc = 1.22 baht per one baht of capital inputs (see Appendix D).

-..,J
VI
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for the same input, implying that a reallocation of inputs could

dire('t: 1.y increase output for the same total input.

In sum, we do not find the "ideal" perfect competitive outcome

either within or between farms. The next task thus is to determine

why the actual outcome deviates from the "ideal" and to discuss the

implications of the analysis.

The explanation in (a) could come about either because the

fanners do not maximize profits (2.nr:! entry does not force them to) or

because the cross-section sample taken caught the farmers in the

process of adjusting to a rapidly changing market situation. From

observations there is no evidence that the farmers ignore market

mechanism and do not want to maximize profit. Given the rapid increase

in shrimp price it is most likely that the inefficiency is hidden

behind a rapid increase in demand. Since shrimp farming is relatively

new in this country it is possible that the farmers do not have full

information about production possibilities. Evidence for (b) would be

provided if the ratios are the same or nearly the same for hired

inputs. Nevertheless, since the present shrimp farming in these areas

are small scale family-oriented oeprations and the technique is rather

simple, it is not likely that entry will be a hindrance for the new

farmers. Knowledge of the local market can help determine the

applicability of (c) and (d).

The results in Table S show the index for land is the highest in

every location indicating that land should be increased most. A one

more baht investment in shrimp farming would add most to the value of

?
shrimp production. Assuming away imperfect competition- and
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inefficiency as discussed above, this partly reflects rapid growth in

demand and, more importantly, "b Iock investment" and constraints on

credit. With only 10 percent of the available land usefully employed,

it is unlikely this high 1.and index is explained by a rapid drop in

quality of' the unused land. In any event, land is not available in

one baht units. The present price per unit of land (rai) is 100 baht

if rented and 6,500 baht if bought. 3 With the present an~ual income,

the farmers might have difficulty in increasing land due to their

limited investment funds and limited access to borrowed funds. With

inflation under way, saving to buy land is also difficult.

Sh~imp farming is a small sector in the Thai economy. Land prices

are not determined by the productivity of land used in shrimp farming

but rather depend on the land use in the main sector (which is agri

culture). At present, the high value of marginal product of the land

input implies the advantage of shrimp farming since it is unlikely

that the value of marginal product of land in agriculture so far

exceeds the cost of land.

Though only about 10 percent of the land available for shrimp

farmiI'g is presently cultivated, there might be some limitation on the

available land at hand. From the results in Table 8 the values of

marginal product of land are closer to the price in locatin 1 7 , 18 and

1
9

, the areas of worst land. This is consistent with the hypothesis

th~t the other locations earn an economic rent because of nonrepro

ducible (now, at least) characteristics. To some extent these

differences reflect the variation in infrastructure and so can be

removed. Land in locatin 11 to 16 is more improved and equipped with
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a better irrigation system and other necessary infrastructure. The

results we have sugg~st that if the land in inferior locations is

improved and proper irrigation is provided, land productivity around

such areas can be higher too.

On the basis of a five baht per hour rate, family labor has an

index less than one for all locations except 1
1 2.

The man-hours

contributed by family labor is the only input that farmers can increase

without paying cash. Thus the less than one index may reflect this

lack of constraint (and imply lack of information, etc.) or it may

reflect that (a) a family labor man-hour may not actually be a man

hour of work, and (b) the opportunity cost of family time may be much

less than 5 baht.

Additional units of hired labor would yield more than the wage

paid in every location except in locations 1
8

and 110 (see the third

row of Table 8). The implication is that hired labor is under

utilized. The pcssible explanations are (a) working capital to hire

additional labor is not available, (b) farmers have not yet adjusted

their use of hired labor to the increased shrimp prices (and either

wages will increase or more labor will be used), and (c) the value of

marginal product of hired labor (because of the nature of maintenance

work) would fall sharply (below 5 baht) if more hired labor is used.

Capital seems overused in some and underused in other locations.

Since the major component of capital is the farm's boat and since a

boat is used in ways other than just shrimp production, the conclusion

must be that the value of marginal product per baht of capital is far

underestimated bv our procedures. Thus the relation between locations
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but not the level of capital's value of marginal product is meaningful.

Clearly, where the value of marginal product of capital is less than

one, these arguments suggest that, as with land and hired labor, the

constraints on the availability of capital prevent farmers from

maximizing profits (and, coincidentally, increasing profits).

In a competitive world intra-farm efficiency implies the indices

in the columns of Table 8 should be one each. Only in location eight

is this approximately achieved. In other locations, constraints on

(or inelastic supply of) other inputs prevent this "desired" outcome.

With such constraints, nothing can be said about the relation between

indices except that in 1
2,

the indices are similar (although not equal

to one). This is the condition for "efficient" combination of inputs

in imperfect competition but it is probably a random result here.

In sum, looking through each column of Table 8, the results

suggest that the farmers had difficulty in obtaining land, hired labor

and capital and that this difficulty may have prevented them from

producing at the profit maximizing rate of output. Farmers have to

"buy" these inputs. Given a limited budget, they could not afford the

combination of inpnts that would ~aximize profits. Increasing land

would be most difficult for them since, besides inadequate investment

funds, they would have the problem of finding the proper piece of land.

Using lllure hired labor or capital would be less restricted, if

adequate investment funds were available.

In spite of the advantage in these areas of favorable conditions

for shrimp farming, Thai shrimp farmers were not producing at the

profit maximizing level. This meant that Thai sh~imp fars output was
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lower than the competitive condition would suggest. The "inefficiency"

can be explained by the lack of appropriate land, a limitation of

investment funds, and the rapid increase in demand for shrimp. Given

the resources at hand, production from shrimp f armf.ng will be higher

if the inefficiency is corrected. Comparison of the values of marginal

product for different "hired" inputs in Table 8 indicates directly

this "inefficiency" in Thai shrimp farming.

Looking at each row in Table 8, the indices for each input vary

widely among regions. Given the same input prices, this means the

differences in the values of the marginal products of each input among the

regions. For intra-farm efficiency, the resource should be distributed

among the farms such that the farmers are using the resources at the

level where the values of marginal product of each input are the same

as their corresponding prices and the indices in each row will be one

each. To achieve efficient resource reallocation, given the limited

inputs, the resources must be reallocated in priority of their values

of marginal product; i.e., transfer the inputs to their most

productive use.

The index for land varies widely. Land cannot move, but ve might

expect prices to reflect the differences in value of marginal product

(if the return from other uses does not dominate). At the present, the

land price is fixed. However, the supply of land immedia~ely available

for shrimp farming may not be perfectly elastic. At this stage, as

previously discussed, the limited supply of land for shrimp farming has

not affected the price. In the longer run it is possible that the price

of better land will be bid up when there are more new investors coming
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in. In the longer run, relative p~ices can be expected to reflect the

rents now earned (if new land comes in on ti:~ more productive side

because of government provided infrastructure, some of the farms in

the worst areas may even be ~oL~ed out) .

For family labor almost every index is less than one implying

that this input should be decreased. Nevertheless there is still

the question of the opportunity cost of family labor. Besides, we

have to consider the actual possibility and disutility of transferring

family labor to achieve intra-farm efficiency. For hired labor, the

possibility of a sharp decrease in return from an additional unit of

this input might have prevented offering higher wages to encourage

movement.

For capital, the differences in index values can also reflect

the differences in the relative importance in shrimp farming and

other uses of some inputs (e.g., boats), the differences in age

(and so productivity of capital inputs), the differences in manage

ment ability, and the differences in access to investrr.ent funds.

Estimated Loss Due to Inefficiency

We have lea~ned that between the two types of shrimp farm

occupation, full-time shr~7.~ farwing (only shrimp) and part-time shrimp

farming (shrimp plus other commodities), full-time farms are 20.17

percent more productive. If the goal is to increase production then
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incentives to increase the number of full-time farmers could be useful.

Anyway, from here on emphasis is on full-time farms.

Efficiency with Input Constraints

We have found that Thai shrimp farming is not producing at the

profit maximizing level due to constraints on the access to inpu~

utilization. Limited improved irrigated land and limited investment

funds restricted the farmers from increasing the land. Since the

productivity of land in the improved areas is high it might pay in the

long run to improve the land for shrimp farming. However, having a

limited budgec and being small scale family-oriented, farmers have

difficulty in taking this step on their own. If the government

wants more shrimp then the possibility of improving irrigated land

or providing an adequate investment fund could be explored.

In the short ru. there are constraints on the more adjustable

inputs (family labor, hired labor, and capital inputs) due to limited

investment funds. To see the maximum possible total gain (the

"marginal" gain can be found from Table 8) from each farm, given the

land at hand (i.e., fix the land at present level for each farm),

prodGction can be increased by reallocating the present available

inputs (labor and capital, as land cannot move) efficiently among these

farms. If the existing stock of resources is reallocated (no

constraints on doing so) between locations until the values of

marginal product are equal among farms, we will have an optimum level

of production in a sense. This is equivalent to

') - b ' b
2

b C.
b4 X

maximize A ~. Ii Lfi Lh i 3 e
i 1. 1.
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subject to ~ Lfi k
li

l:
Ini

= kZi

l: C. = k
3

i 1,2, ... 12.=
i ~

h~ving A,b'li,b 2,b 3 and X being the parameters which can be obtained

from the es t fma t e-i production function, N. being the land fixed at
~

the present level (at their mean values) for each farm, and k
l,

k
2

and k
3

being the total existing stock of family labor, hired labor,

and capital inputs presently in use in these twelve farms.

In the short run the land is fixed and the th~ee constrainta for

this maximization are derived from the condition of limited investment

funds" Given the present limitation these are the resources presently

available to the farmers. The optimum level will be cbtained by this

"efficient" resource reallocation.

This analysis is based on the twelve typical farms from each of

the twelve 10r~tions only. It would be better if we had the data for

all the farms in each location and the total avail~ble inputs. Since

such data are not available, the estimation is based on these typical

farms and the resources they are using. If the resources are

allocated efficiently the first order condition of this maximization

tells us that the marginal values product of each input (Lf,Lh and C)

for every farm will be the same. At this equalization we h.ive a

shadow price for the inputs (Pi, Pi and Pe)'
£ h

Solving the equations, we have efficient resource reallocation

(in the sense of maximum output from a given ~mount of inputs) for
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Lf ' ~ and C and their shadow prices. Given the production function,
we can calculate the production from each farm and the total. The

results are given in Table 9, Part II.

Regardless of the present input prices, being aware of the limits

to resource possession and that land is fixed at the present level,

the production from these twelve typical farms can be increased by

efficient resource reallocation. Prior to efficient resource realloca-

tion the total production from the twelve farms is 660.2 thousand baht

(see the fifth row of Part I in Table 9). After the reallocation the

production would be increased to 903.1 thousand baht (see the fifth

row of Part II in Table 9).

Hence, the gain from this "efficient" resource reallocation would

be

GAIN Total production after reallocation - Initial production

Initial production

~90.=..;3~.:..:1=---_6.::...c6:;..:0:....:..=2 = 0.3679.
660.2

\-lith "efficient" resource reallocation, given the same amount of

inputs, production can be increased by 36.79 percent.

At this level, the given variable inputs will be distributed among

these farms in such a way that the value of marginal product is the

same in every location for each input (efficient resource reallocation

but not maximizing profit). Given such a reallocation, the value of

marginal product of family labor will be 4.13 baht per nldl1-hour, hired

labor will be 12.30 baht pe r man-hour I and capital wi Ll. be 1.07 baht

per one baht.



Table 9

Resource Reallocation Subject to Input Const1aints

Locetton 1 2 3 4 5 6 7 8 9 10 11 12

PART 1: INITIAL INEFFICIENT PRODUCTION LEVEL

N 87 90 67 67 34 64 56 86 86 120 48 105

L
f

2242 1538 2878 2291 2427 2867 1636 1770 3429 2187 1760 2786

L
h

1358 1093 1651 1343 1170 1128 1019 1084 1164 2017 1180 1890

c 20.3 5.1 21.5 13.6 6.9 19.0 9.8 9.3 22.0 46.8 ~5.0 12.5

Q 53.6 66.2 65.8 36.8 50.9 85.3 33.9 32.6 43.3 84.4 57.8 49.6

TOTAL PRODUCTION =E.Qi = 660.2
1.

PART II: FIXED THE LAND, CONSTRAIN OTHER INPUTS

L
f

5031 553l, 1311 1309 778 5958 363 586 585 858 1286 4210

L
h

2913 3203 759 758 450 3449 210 339 339 497 745 2437

C 60.5 66.5 15.8 15.7 9.4 71.6 4.4 7.0 7.0 10.3 15.5 50.6

Q 166.9 183.6 43.5 43.4 25.8 197.6 12.1 19.4 19.4 28.5 42.7 139.6

6Q 133.3 117.4 -22.3 6.6 -25.1 112.3 -21.8 -13.2 -23.9 -55.9 -15.1 30.0

TOTAL PRODUCTION = 903.1, GAIN = (903.1-660.2)/660.2 = 0.3679
00
Ln

VMP
Lf

= 4.13 baht/man-hour, VHP
Lh

= 12.30 baht/man-hour, WIPC = 1.07 baht/baht



Table 9 (continued) Resource Reallocation Subject to Input Constraints

PART III: DOUm.E THE LAND, CONSTRAIN OTHER INPUTS ~

L
f

4239 4686 950 948 613 5617 1055 355 354 519 1008 3300

L
h

2103 2328 471 470 304 'L.787 524 176 176 258 500 1637

C 42.4 48.3 9.5 9.5 5.1 56.2 10.6 3.5 3.7 5.3 10.4 34.0

Q 181. 7 200.9 40.7 40.3 26.3 240.7 45.2 15.2 15.2 22.3 43.2 141. 7

I1Q 128.1 134.7 -25.1 -21.6 -24.6 155.4 11.3 -17.4 -28.4 -62.1 -14.6 92.1

TOTAL PRODUCTION = 1013.4, GAIN ~ (1,013.4 - 660.2)/660.2 - 0.5350

V~1PL = 5.34 baht/man-hour, VMPL = 18.54 baht/man-hour, VMPC = ].62 baht/baht
f h

Q = production in 1,000 baht; I. f = family labor in man-hours; Lh = hired labor in man-hours

C = capital in 1,000 baht

N = land in rai

CXl

'"
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The amount of inputs to be allocated to each farm will depend

on land production elasticity and farm size (since land availability

is fixed). The higher the land production elasticity and the larger

the farm size the more inputs there are to be allocated. It will

be most profitable to allocate the inputs to farms in location 1
6

which has the best land (with rooderate farm size). In order, the

next C~qt will be locations 1 2 , 1
1

and 1
1 2

. Since the farm sizes

in locations 1
5

and 1
11

are small (N = 34 and 48 rai correspondingly) ,

though lands in these locations are the fourth and the fifth best,

fewer inputs will be allocated as compared to the farms in locations

1
3

and 1
4

which have the sixth best ~d but have larger farm size.

Due to inferior land in locations 1
7

and 1
10,

inputs will be

transferred from these farms to the better areas.

Nevertheless, the results can be biased due to the problems

involved in reallocating the given amount of family labor. At this

level, the shadow price of family labor is 4.13 baht per man-hour

which is lower than the local wage rate. Where family labor is to

be increased, the additional man-hours can be contributed by the

existing family members. If it is to be reduc2d, the man-hours

of farrlily labor can be simply cut down. However, it would be

unlikely that family labor would move from one area to another.

This difficulty can bias the estimated gain.

Doubling the land in each farm, the equations can be solved

in the same way as previously discussed. The results are given

in Table 9, part I11.
4

Doubling the land, the production will
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be increased to 1013.4 thousand baht, an increase of 53.50 percent from

the initial level (660.2 thousand baht) or 12.21 percent from the

efficient reallocation of resources on the fixed land (903.1 thousand

baht). At this level the value of marginal product of family labor is

5.34 baht per man-hour, of hired labor is 18.54 baht per man-hour, and

of capital inputs is 1.62 baht per one baht worth of capita~. If there

is no constraint on input utilization, it will be more profitable to

hire more inputs (at the present market prices) to work on the doubled

land.

Efficient resource reallocation from the given inputs does not give

the maximum profit. It gives us the maximum output to be produced from

such given inputs, the best the farmers can produce given the input

constraints. Farmer response to a rapid increase in shrimp prices may

have hidden inefficiencies in factor use. For example, aue to land

limitations, the farmers might have tried in the short run

to increase the other inputs as much as possible (see less-than-

one indices in Table 8). Part II of Table 9 shows that with the total

amount of labor and capica1 they had been using if efficiently

re~.llocated &nd if land is not limited, farmers could go on putting

more land into production. (Results from Part III in Table 9 suggest

that to maxtv~zp • - ~~~unt of Lnputs is too small if land in

the tW~lv~ tarm locations is doubled.

Efficiency with Maximizing Profit

If the supplies of each input are perfectly elastic and if the

investment funds are available (i.e., the farmers can afford buying the

efficient combination of inputs), the farmers can maximize profits as

follows.
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In the short run and with farm size fixed, the production function for

farm :5. can be written as

X.
e

Having Q. in value terms and given the input prices and the fixed
~

costs (FC.), the profit for farm i will be
~

n. ~ Q; - (PL .Lf.+P .Lh ; + PC'C, + FC.).
~ ... f ~ L

h...
~ ~

To maximize profit subject to the production fun ~~on (i.e., being

economically efficient in the sense of maximum profit for the farmer)

is equivalent to

maximize Qi - (PLf.Lf i

subject to Q. = A N~ii
~ ~

Given :he input prices PL 'PL and PC' we can solve for the
f h

optimum combination of inputs and output f o r each farm. At this level

the farms will be producing efficiently; i.e., being on the production

function, choosing the combinations of output and inputs in such a way

that the costs of production is minimized, and choosing to produce at

the level where the profit is maximized.

The first order condition of this maximization tells U~ that at

this profit maximizing (and under our assumptions, economically effic-

ient)levelthe marginal product values of each input for every farm

will be equated to their corresponding prices. Solving t~e equation

for eac h typical farm wi, th land fixed at the present level, gives the

results chown in Table 10, Part I. !f the farmers can afford

unlimited inputs and the supply of these inputs is perfectly elastic

at present prices over the rang3 considered, then the production on



Table 10

Optimum Production Level. Economic Efficient

Location 1 2 3 4 5 6 7 8 9 10 11 12

PART I: FIXED LAND. HAXINIZE PROFIT. DO NOT I-lAVE TO BORROH ~U BUY CAPITAL INPUTS

L
f

6470 711E 1687 1510 1001 7662 457 754 753 1104 1654 5413

L
h 11158 12274 2909 2605 1726 13214 806 i300 1.298 1903 2853 9334

C 83.0 91. 3 21.6 19.4 12.8 98.3 6.0 9.7 9.7 14.2 21.2 69.5

Q 259.9 285.8 67.7 60.7 40.2 307.7 18.8 30.3 30.2 1,,4.3 66.4 217.4

I1Q 206.3 219.6 1.9 23.9 -10.7 222.4 -15.1 -2.3 -13.1 -40.1 8.6 167.8

TOTAL PRODUCTION g 1429.4. GAIN = (1429.4 - 660.2)/660.2 = 1.1651

PL = 5 baht/man-hour. PL = 5 baht/man-hour. Pc = 1.22 baht/baht.
f h

PART II: DOUBLE LAND. MAXIMIZE PROFIT

L
f

1%61) 21740 44(J8 3946 28411 26058 1020 1645 1643 2409 4678 15308

L
II

33914 37492 7601 6806 4905 44939 1759 2836 2834 4154 8067 26399

c 252.3 279.0 56.6 50.6 36.5 334. L• 13.1 21.1 21.1 30.9 60.0 196.4

Q 789.8 873.2 177 .0 158.5 114.2 1047 41.1 66.1 66.0 96.7 187.9 614.8

flQ 736.2 80.7 111.2 121. 7 63.3 961.3 7.1 33.5 33.4 12.3 130.1 565.2 \D

0



Table 10 (continued)

Location 1 2 J 4 5 6 7 8 9 10 11 12

PART lII: FIXED LAND, MAXIHIZE FROFIT, HUST BORROW TO BUi CAPITAL INPUTS AT THE RATE OF 15%

L
f

5532 6085 14·}3 1. 292 855 6551 399 644 644 9/.3 1415 4629

I.
h 9541 10456 2476 2226 1476 11298 689 1112 1111 1628 2439 7982

C 63.2 69.6 16.5 H.7 9.8 74.8 4.6 7.4 7.3 10.8 16.6 52.8

Q ·~22. 2 244.7 57.9 51. 9 34.3 263.1 16.0 25.9 25.9 37.8 56.8 185.9

lIQ 168.6 178.5 -7.9 15.1 -16.6 177 .8 017.9 -6.7 -17.4 -46.6 -1.0 136.3

TOTAL PRODUCTION = 1222.4, GAIN = (1222.4 - 660.2)/660.2 = 0.8516
PART IV: FIXED LAND, HAXUnZE PROFIT, HUST BORROW TO BUY CAPITAL INPUTS AT TilE RATE OF 24%
P = 5 baht/man-hour, P

L
= 5 baht/man-hour, Pc = 1.37 baht/baht.

Lf h

I.
f

5004 550/. 1.305 1302 635 5925 362 582 582 854 1279 4186

L
h

8684 9/.91 2250 2245 109t. 10219 623 1005 1004 1472 2207 7220

C 54.0 59.0 14.0 13.9 6.9 63.6 3.9 6.2 6.2 9.1 13.7 45.0

Q 200.9 221.0 52.4 52.2 25.4 238.0 14.5 23.4 23.3 3[1.3 51.4 168.1

LlQ 147.3 154.8 -rs.« 15.4 -25.5 152.7 0.71 -9.2 -20.0 -50.1 -6.4 118.5

TOTAL PRODUCTION = 1104.9, GAIN ,= (1104.9 - 660.2)/660.2 = 0.6736

PI = 5 baht/man-hour, PI = 5 baht/man-hour, Pc = 1.46 baht/baht. 1.0
'f "h ......
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these same pieces of land at the 12 locations can be increased to

1429.4 thousand baht; i.e., an increase of 116.51 percent over the

initial production level wheze we found "inefficiency" in shrimp

farming.
GAIN =

1429.9 - 660.2
660.2

= 1.1651

However, the farmers may not be able to afford the large amount of

inputs required to accomplish this gain. As shown in Table 10, Part I,

when the land is fixed at the present level, farms in location 1
6

require the most inputs to be efficient; i.e., afproximately three

full-time family laborers (7,662 man-hours, consider one family laborer

as working 7 hours per day), approximately five full-time hired laborers

(13,214 man-hours, consider one hired laborer as working 7 hours a day),

and 98.3 thousand baht of capital inputs. To increase production in this

"ideal" level, inputs for the more productive farms would have to be

more than doubled in some cases (compare the inputs in Table 9, Part I

to the inputs in Table 10, Part I).

If the amount of land is doubled, the resulting input-output values

are given in Table 10, Part II. The optimum inputs required by these

larger pieces of land are even hired. The total production would oe

increased to 4231.8 thousand baht; i.e., 540.99 percent over the

initial production (660.2 thousand baht). However, at this level the

optimum inputs required in the farms with better land (see the inputs

re~~ired for the farms in lecations 1
1,

1
2,

l
S

and 1
1 2)

are huge. The

results are not reasonable. For these four farms the estimated output

is beyond the maximum range of observation. Doubling the land in this

case is not meaningful.



93

The results given above are maximum outputs, showing the hypo

thetical gain under "ideal" conditions. They imply some very difficult

and perhaps impossible changes in inputs (e.g., family labor). In

other words, the gains shown with profit maximization under perfect

competition, give an upper bound to what is obtainable with present

technology and no resource constraints. Realistically obtainable gains

would be far less and depend on (a) how much additional land is or can

be made available (with infrastructure provided by government) that is

as good or better than the land in use now, (b) what would happen to

wages and to the marginal product of hired labor if the required very

large increases of this input were achieved, and (c) what is the maximum

family labor input possible for the average family. The onl:, relative

ly certain point is that capital could be increased as required with

little impact on rate of interest.

Since some of the farmers might be able to borrow the money to buy

capital inputs, Part II and Part IV of Table 10 show the optimum

combinations when the farmers borrow money to buy capital inputs.

Observation suggests it was not necessary for the farmers to borrow

the money for rent and wage payments since they could pay after the

harvesting. However , the farmers do borrow to pay for capital inputs

if they can find the financial sources. There are two main sources,

institutional and noninstitutional. The institutional rate is 15

percent per year. The farmers can get the money at this rate from

co~~ercial banks, the Agricultural Cooperative Bank, and the farmers'

cooperatives but the available funds are limited and Qost of the

farmers still have difficulties in securing credit from commercial
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banks. The noninstitutional rate is 24 perc~nt per year and can be

obtained from village merchants, relatives and neighbors.

In Part III of Table 10 it was assumed that the farmers borrowed

the money at 15 percent to pay for capital inputs. At this rate the

price of one baht of capital inputs will be 1.37 baht instead of 1.22

baht as previously shown in Part I and Part II of the same table. In

Part IV of Table 10 it was assumed that the farmers borrowed the money

at 24 percent. At this rate the price of one baht of capital input

will be 1.46 baht. (For the derivation of these prices, see Appendix

D.) When the price of inputs is higher the perfectly competitive,

profit maximizing level of production will be lower. From Part III of

Table 10 when the farmers borrow at 15 percent the output will be

1,222.4 thousand baht from the twelve farms, an increase of 85.16

percent from the ini ".al "inefficient" level (660.2 thousand baht) and

lower than the optimum level from the same pieces of land when they

do not have to borrow money. In Part IV of Table 10 when the farmers

borrow the money at 24 percent the optimum level of production given

the fixed farm size will be 1,104.9 thousand baht, an increase of

67.36 percent from the "inefficient" level.

In sum, given the present fixed farm size and the resources

currently used on these farms, production can be increased by about

one-third over the initial level if thGre is a more efficient allcc~

tion of movable inputs (i.e., labor and capital) (see Part II ar.d

Part I of Table 9). If the farmers do not have the problem of limited

investment fUllds and input supplies are perfectly elastic, given the
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condLtfons discussed before, production can be more than doubled and

be economically efficient (see Part I of Table 10).

Besides any bias introduced if the necessary assumptions are not

met,

est:i-

~ is bias introduced by the methodology of estimati.on. The

b-Douglas production function assumes constant elastici-

ties of production through0ut and therefore the result may be baised.

With land amounts fixed, we have constant decreasing returns to scale

throughout. In practic p , this might not occur. It is possible that

returns to scale will be lower for the larger farm size. Due to data

limitations we cannot successfully estimate different production

functions for different ranges of farm size. The estimated function

will be an average one for this range of observations and it is best

to keep the estimation within this range. It should

also be noted that the estimation has not taken into account the risk

factor. Farming depends largely on natural conditions. If land is

increased, it is possible that the natural seed and feed abundance per

rai will decline and hence violate the assumption of constant

elasticities of production. Nevertheless, it is expected that more

modern techniques (e.g., seed and feed supplement) can be applied to

offset the decreases.

Thus, in addition to the possible rather large losses due to lack

of resource mobility and input constraint, we should a l so be aware ,.,._

differing results if there is a bias in the assumptions and the

resulting estimation.
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Toward a "Better" Resource Allocation

In spite of favorable natural conditions, we observe large

differences between the values of marginal product (especially land's)

and the present input prices which reflect distortion in Thai shrimp

farms. At present, shrimp farming in these areas is small-scale and

family-oriented. The farmers have limited access to farm inputs,

hence cannot most efficiently work a given piece of land. Neverthe

less, the prospects of increasing shrimp production seem to be good.

Given the resources at hand, better allocation ~f these

resources on the given piece of land in each ty,ical farm can increase

production by more than one third. In the short run, given a fixed

farm size and provided that other resources are adequately avail?~12

at a price farmers can afford, production can be more than doubled

and the "inefficiency" eliminated. In this case the problem of

inadequace investment funds must be taken care of. The major diffi

culty preventing the farmers from attaining higher levels of pro

duction is the lack of credit. The farmers' main sources of credit

are the Agricultural Cooperative Bank, commercial banks, farmers'

cooperatives, village merchants, relatives nnd n~ighbors. Under the

government promotion program, credit can be obtained from the first

three institutional sources at an i~terest rate of 15 percent per

year but the funds available are limited. The interest rate from non

institutional sources are higher (24 percent or even higher in some

cases). The available funds are also limited. The amount or credit

required for various farms can be estimated from the results in the

estimated production function and from information on input prices.
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On a limited basis, the information we have from the estin,ated pro

duction function can be useful in determining the priority of credit

allocation among these farms. Increases in production can be even

greater if the irrigation system and other necessary infrastructures

are provided. The irrigation systems in th- inferior locations (1
7

to

110) are not as good as those in the better locat:ions. It is expected

that an improvement in the irrigation systems for the farms in these

areas can improve farm productivity substantially.

At present, production from the existing areas can be increased

by removing the "in.efficiencies." In the longer run under the

government promotion program a production increase can also be

expected if there is an extension of shrimp farming to other areas.

However, the government must take steps to provide adequate infra

structure and other necessary facilities in those areas.
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FOOTNOTES TO CHAPtER V

1. For more details on efficiency see Tibor Scitovsky, Welfare and
Competition, London: George Allen and Unwin, Ltd., 1972; M. J.
Farrel," The Measurement of Productive Efficiency," Journal of the
Royal Statistical Society, Series A, Vol. 120 (157), pp. 253-281;
Marc Nerlove, Estimation and Identification of Cobb-Douglas
Production Functions, Chicago: Rand McNally and Company, 1965,
Chapter 5; R. G. Bressler, The Measurement of Productive
Efficicn~, University of California, Berkeley (Mimeo).

2. If we cannot, then the indices imply some of the gains possible
with competition.

3. These rates are based on the average level obtained from the
survey.

4. It is not recommended to double t~e land in locations 17 to 110

(especially 1'0) since marginal product value for land in

these areas is close to the land price. However, for consistency

in this table we assume land is doubled in every farm.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary

Given high prices and rapidly increasing demand with a tendency

for decreasing catches from the sea, this study attempts to provide

an evaluation of the production performance of shrimp farming and to

provide information useful for policies to increase production from

shrimp farming in Thailand. This is accomplished basically by

estimating a shrimp farm production fu~ction from data obtained by

sample survey. Results for the entire sample suggest that shrimp

farmers are producing inefficiently in some ways and that substantial

increases in shrimp production might be achieved by removing this

inefficiency.

Since natural characteristics play an important role in shrirap

farming (e.g., in determining natural feed and seed abundance) and

these characteristics vary among different locations, it was clear

that relationships among factors of production could be expected to

vary between areas. There being no way to measure these natural

differences (type of soil, types of tide and current, water salinity,

temperature, wind, sunshine, etc.) and observing that the conditions

were more or less the same over rather broad sub-regions, a set of

dummy variables for different shrimp farming locations was included

to capture the important differences in natural and physical condi

tions. From our results, location 16 in Samut-sakorn had the best

land for shrimp farming. The least favorable lands were in locations
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17 to 110, the areas between the Mae-klong river and the Ta-jeen

river. Since land costs are almost the same and although rapidly

increasing demand makes all locations currently profitable, invest

ments in location 16 and similar locations will both have a higher

return now and be more likely to survive any future decreases in the

relative price of shrimp.

Among the four inputs, family labor is the least productive on a

per baht basis (with the local wage used to measure the opportunity

costs of family labor). In fact, often the value of marginal product

of family labor was less than local wage. However due to the special

characteristics of family labor activities in shrimp farming it was

not likely that family labor could be hired elsewhere during the

hours they worked on the farms. The real opportunity cost of family

labor could be regarded as being lower than opportunity cost of hired

labor. The "cost" -:Jf using family labor is the potential non-shrimp

farming work undone or the value of one family member's leisure to the

group as a whole. However, there is no way to measure these "cost"

elements ai.id so we. cannot really say whetl:er family labor is over- or

under-used. From the estimated production function, hired labor pro

duction elasticity is nearly twice that of family labor. Though more

hired labor seems to pay in most of the farms, it is possible that the

increase in hired labor after a certain level will lead to a sharp

decrease in its marginal product due to the characteristics of work

carried out by hired labor (maintenance work). Capital inputs may be

overestimated since some might have been jointly used in other

ac t Lvi.t Les as well 3.S shrimp farming (e. g , , boat for famiJ.y
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transportation). If there is overestimation, the capital production

elasticity is biased which makes it more difficult to determine

whether this input is ov~r- or under-used.

Where there are numerous ways to produce the same end product,

one often stated argument in farming, the quality of farm management

could have an important effect on productive efficiency. Management

abilities measured by type of farm occupation (full-time shrimp

farming or part-time) and level of the farmer's education, were

included as factors shifting the production function. The results

showed that full-time shrimp farmers managed better than part-time

shrimp farmers (returns were 20.17 percent more). Education also was

related to management ability. The highly educated group did far

better (returns were 40.57 percent better than those with less educatio~) .

Conclusions

In spite of favorable natural conditions, Thai shrimp farming

was, in some sense, "inefficient" in using the resources at hand.

However, it is not clear that this inefficiency could be fully linked

with farmer management since some factors were beyond their control;

i.e., lack of appropriate land, a limitation of investment funds, and

the rapid increase lrL demand for shrimp. The inefficiency was found

both within the "typical" farm in each region and between regions.

The inefficiency within farms involved both an inefficient combination

of inputs given the output produced (a larger output was possible for

almost all "typical" farms) and a rate of output production at which

the values of marginal product of all inputs exceeded the costs of

all inputs. The inefficiency between regions involved using movable
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inputs in one region even though their value of marginal product was

much higher in other regions.

Shrimp production can be increased provided there is no constraint

on input utilization. Given the same resources now available,

efficient resource allocation (between and within farms)could increase

production from these farms by approximately one-third of the present

production level provided that movable inputs (i.e., labor and

capital) could be freely reshuffled among the farms. The increase

could be even greater if the farmers did not have constraints on

input utilization.

In the short run, given the same amount of land, production could

be more than doubled if farmers did not have constraints on the use of

other inputs and were economically efficien~. More credit could be

provided so that the farmers would be able to obtain the most

efficient combination of inputs. The credit could be provided through

institutional sources; e.g., the Agricultural Cooperative Bank,

farmers' cooperatives, and commercial banks. At the initial stage it

might be difficult to draw more investment funds actively into snrimp

farming. More investment funds for these farmers could be forthcoming

from the private sector through commercial banks. At present,

according to government regulations, at least 10 percent of the total

credit issued by each commercial bank must be given to the agricultural

sector (including fish farming). Nevertheless, the sample farmers

had difficulties in se~uring credit from commercial banks because of

the risk involved. To reduce the difficulties, a government insurance

plan for credit extended to these farmers might be introduced.



103

In the longer run, with farmers producing efficiently, the high

yield from shrimp farming would itself draw more investment into this

business. Also in the longer run the same high yield would tend to

increase the amount of full-time shrimp farming, further increasing

efficiency.

Since the present farm techniques are relatively simple and

largely depend on natural conditions, there is room to increase

production by introducing more advanced and tested shrimp farming

techniques. According to research and experimentation by the

Department of Fisheries, shrimp farm production could be increased by.. .

more than double if proper supplemental feed and more modern tech-

niques were applied. Added to the gain from removing inefficiencies,

this could mean a fourfold increase in shrimp production with little

additional cost. Successful demonstration plots and adequate

extension service could be important sources of ir-formation about how

to improve farm ~roductivity for shrimp farmers.

Finally, according to the Department of Fisheries sur~ey in 1972,

there were 653,625 coastal rai available for shrimp farming of which

only 10 percent were presently in use. Given the high returns shown

in this study for increased land input, a government policy of

providing irrigation and other necessary inf~astructures for shrimp

farming in the presently unused lands could clearly be supported.

Nevertheless, the potential gains to be achieved under "ideal"

conditions with the "inefficiencies" removed may be difficult for
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a, the additional land that could be put into production may

not be of the same quality;

b. family labor may not be as easily reallocated;

c. local hired labor may not be in sufficient supply nor of

the same quality; and

d. difficulties in extending credit to farmers may not be

easily overcome.

Thus, the extent of actual gain will depend on the extent to which

"ideal" conditions are satisfied. It is also noted that there may be

a bias due to the imperfectness of the selected methodology; e.g.,

the assumed constant production elasticity throughout and the problem

of risk factors.

In sum, shrimp farms are small-scale and family-oriented. To

promote ffiJre production credits, infrastructure and other necessary

facilities (e.g., initial land improvement, irrigation systems,

development in farm technology, extension service, etc.) must be

provided. The prospect for development of Thai shrimp farming is good

provided the government takes steps to provide adequate infrastructure

and facilities and to induce more farmers into this field.
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APPENDIX A

CORRELATION COEFFICIENT MATRIX

1n Q 1.0000

1n N .66109 1.0000

1n L .34914 .52893 1.0000

1n L .36528 .38103 .15840 1.0000
v

1n In .54183 .59903 .30411 .17978 1.0000

1n C .63452 .54579 .37071 .33660 .52267 1.0000



APPENOIX B

Variance-Covariance Matrix of Coefficients in Regress (6)

In N11 .179500-02

1n N1 2 .80100-03 .21860-02

In N1
3

- .13121)-03 -.13120-03 .84880-03

In N1
L1

.49530-04 .12080-03 -.73260-03 .82220-03

In N1
5

.41320-03 .5213D-03 -.46880-04 .60780-04 .25350-02

1n N1 6
.25890-03 .22080-03 .759)0-04 -.44800-06 .38070-03 .16790-02

In N1
7

.70930-03 .58260-03 .22700-05 .97140-04 .43620-03 .30640-03

.42090-02

In N1 g .41510-03 .27440-03 .82650-04 .19250-04 .33670-03 .44980-03
.90300-03 .37010-02

In N1 10 .2298D-03 .23530-03 .11110-03 -.73210-05 .37510-03 .57880-03
.2917D-03 .42240-03 .11150-02

In N1
11

.20350-03 . 1309D-03 .6771D-04 .36940-04 .35510-03 .62250-03

.2357D-03 .45260-03 .7231D-03 .38300-02

In N1
12

.5048D-03 .55920-03 -.35030-04 .11010-03 .39790-03 .6160-03

.51L.80-03 .H28D-03 .49080-03 .45750-03 .38740-03

1n NIl 1n N1 2 In n1 3 In N1
4

In N15 In N1
6

In N1 7 In N1
9

In NI10 1n Nl
11

1n N1
12 I-'

0
0\



f
1

.2542D-01

f
2

.1874D-Ol .46l,2D-01

f .19441)-01 .19100-01 .27830-0]·
3

f f
2

f
31

a 1
.11440-01

3 2 .67430-02 .21140-01

3 3
21

.-.
o
-...J
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APPENDIX C

REGRESSION It
VBLE. (7) (8) (9)

1n N .40892 (4.908) .22094 (1. 457) .12192 (0.917)
In N1 .11782 (0.474) .2.6412 (1. 237)
In N12 -.44343 (-1.371) -.17578 (-.685)
1n N13+4 .77591 (2.833) .67651 (3.082)
In 1'115 -.00911 (-.021) -.01138 (-.030)
1n N16 .10812 (0.231) .59009 (1. 709)
In Nl11+12 .75298 (-.265) .20696 (0.701)
In Lf, .12399 (1. 687) .21439 (1. 647) .11592 (1. 530)

.1.

-.06473 (-.265)In Lf1l
1n Lf12 .26549 (0.795)
In Lf13+4 -.37151 (-1.157)
In Lf1 5 .31533 (0.670)
In Lf16 -.36951 (-1.142)
In Lfl11+12 -.96644 (-2.356)
In Lh .21159 (4.143) .41295 (4.272) .33673 (4.154)
In Lh11 -.19442 (-1.110) -.08022 (-.622
In Lh12 -.02180 (-.115) .17754 (1.158)
In Lh13+4 -.34683 (-2.076) -.35973 (-2.787)
In LhlS -.25998 (-.918) .04478 (0.224)
In Lh16 -.46176 (-1.975) -.244<:H (-1.208)
In Lh111+12 -.50537 (-1.937) -.06171 (0.362)
In C .38971 (5.385) .28955 (2.485 ) .34922 (4.579)
In C11 .10059 (0.381)
In C12 .04799 (0.142)
In C13+4 -.01507 (-.058 )
In CIS -.22905 (-.559)
In C16 .17158 (0.594)
In C111+12 .46485 (1. 242)
f1 .20274 (2.005) .26357 (2.389) .23309 (2.253)
e .41610 (2.880) .41338 (2.726) .39314 (2.696)

11 .57318 (3.515) 1.0345 (0.412)
1? .56081 (3.022) -.09215 (-.029)
13+4 .28085 (2.007) 2.5336 (1. 028)
15 .49145 (2.613) 1.8010 (0.390)
16 .75717 (4.538) 4.8390 (1. 248)
111+12 .45963 (2.451) 3.6178 (1.114. )

Tr.:.li:-:-::ept 2.3882 (3.167) 1. 9569 (1. 6692) 3.1520 (4.119)

R"'" .6469 .6923 .65S0
;;2 .6250 .6274 .6251l:'

F 29.468 10.588 19.989
S .63765 .63558 .63754
SSE 78.474 68.270 76.008



APPENDIX D

Derivation of Price of Capital Inputs

Capital lC' was e nt.e r ed in the production function in value terms (baht). It is the currert f Low of

capital accounted for by straightline depreciation.

C =_t_ (ck/Y
k)m

having c
k

money outlay for capital input-k,

Y
k

= lifetime of capital input-k,

k = 1,2, .. m

In obtaining capital input-k, the farmer paid ckbaht and this input lasts )Tk years. His "cos t" in using

tid s input would be the outlay he paid; i. e., c
k

plus the interest he could have earned if he had put this

money in the bank (his time value of money). Suppose this interest rate is r percent.

L At the end of the 1st year this would cost him ck+r.ck
= (l+r)c

k
baht.

the end of the 2nd yea: this would cost him (ck+r.ck)+r(ck+r.ck) = 2 baht.At (l+r) c

...........
At the end of the ykth year this would cost him. = (l+r)Yk .c

k
baht.

The r e f o r e , the aTllount he really paid for this ckbaht of capital = (l+r)Yk . k baht.
e

II. Since Ie' \Vas calculated on tile basis of straightline depreciation, the amount the farmer really paid

for this capital input (i.e., Ilis real cost) should be spread equally during its lifetime. l--'
o
\.0



Suppose this amount is R
k"

During Y
k

years for this capital, he paid R
k

baht each year.

In the 1st year he paid R
k

baht. This R
k

baht would cost him (l+r)Yk'l\ baht.

In the 2nd year he paid ~ baht . Y -1This Rk baht would cost him (l+r) k .Rk baht.
.c

In the ykth year he paid Rkbaht. This Rk baht would cost him (l+r) .Rk baht.

Therefore, the amount he really paid for this c
k

baht of capital would be

y Y -1(1+r) k.Rk + (1+r) k .R
k

+ +(l+r) .l~

(y Y -1 1.
R

k
1....(1+r) k + (1+r) k + " ..+(l+r~

+ Rk·Z

The result \ole have from I is the same thing as we have from II.

Hence,

That is,

I\.Z

l~

(l+r)Yk . c
k

r .yk I
~(l+r) I ZJ .ck

1.. e.

c
k

baht of capital input wouLd annually cost him \ (l+r)Yk/ z} .ck baht.

ck/Yk baht of capital input in that year would cost {(1+r)Yk/:] .ck baht..

1 baht of capital input in that year would cost ~l+r)Yk/~J 'Yk baht. I-'....
o



The average lifetime of capital inputs is 6.34 years.

The intetcst rate he would have earned is 8 percent.

The pr"'ce of 1 baht of capital input would be (1+0.08)6.34/ 2 1. 22 baht/baht.

III. ?:f the farmer had to borrow the money to buy capital inputs, for each one baht worth of capital

input he would have to pay the interest on that amount too.

If he bo r r owed at the rate of 15% his price of capital would be 1. 37 baht/baht.

If lie borrowed at the rate of 24% his price of capital would be 1.46 baht/baht.

.....

..........
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