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pRErACE 

For as long as governments have existed, public sector decision makers 
have searched for better methods of planning and monitoring the perform­
ance of national economies and their:subcomponents. In recent years,
interest in many countries has focused on comprehensive and integrated 
sectoral planning and performance monitoring. Government officials in 
these countries are searching for better tools and techniques to assure more 
consistent and higher quality analytic input into their decisions. Some have 
turned to computer-based models as apartial answer to their needs. Many, 
however, are reluctant to make the sizable investment required for large
and complex computer-based modeling efforts. 

The arguments against computer-based modeling largely follow the 
line that the techniques and methodologies employed are generally not 
understood by decision makers, often do not include all the information 
necessary to a comprehensive analysis of the problem under considera­
tion, and sometimes lead to unworkable prescriptions for action. Such 
arguments, in too many cases, have been justified. 

The authors contributing to this book argue that it is possible, and in 
many cases highly desirable, to develop decision-making systems that 
include an investigative capacity to carry out analytical and monitoring 
functions with computer-based models as an integral part of the system. 
The authors, with widely varying backgrounds and experiences, through a 
series of fortuitous events became involved in working together on a 
project funded by the U.S. Agency for International Development (USAID) 
and carried out by Michigan State University in cooperation with the 
Ministry of Agriculture and Fisheries, Republic of Korea. This book isabout 
the set of experiences and the lessons learned from this project. As such, it 
isas much about people and institutions as it isabout models. The book 
should be useful to a wide range of scholars, students, administrators,
policy analysts, planners, and decision makers interested in better ap­
proaches to more effective public sector decision making. . 
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Although the work in Korea is depicted in some detail, the authors 
intend these descriptions to be viewed by the reader as acase example of 
the application of the general system simulation approach toward provid­
ing investigative input into the decision process. The Korea example 
focuses on national-level decision making with respect to agricultural 
sector development. But the lessons learned from this experience and the 
conceptual framework of the approach are applicable in a variety of 
decision-making contexts, subject matter foci, and geographic locations. 
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iNTRodUCTiON 

The purpose of this volume is to explain the general system simulation 
approach as a viable basis for providing input to planning and policy 
decision making in agricultural sector development. We do this through 
discussion of the philosophic orientation of the approach, its eclecticism 
with respect to modeling techniques and types and sources of data, its 
relationship to the decision-making process, and the establishment of its 
credibility with decision makers. We also discuss the prerequisites for 
institutionalization and use of the general system simulation approach for 
agricultural sector development planning and policy analysis within the 
agricultural decision structure of a national government. The development 
and institutionalization of the approach in Korea is detailed and conclu­
sions are drawn about its transferabllity and preconditions for its use in 
other developing (or developed) countries. 

A wide and varied audience for this volume isanticipated. It should be 
of particular interest to: 

1. 	Agricultural sector development decision makers at the national 
level interested in improving the quality of their planning, policy 
formulation, program development, and project design, implementa­
tion, and evaluation 

2. 	Agricultural sector development staff and policy analysts searching 
for more useful and comprehensive approaches to problem-solving 
analysis 

3. 	Students of the systems approach interested in methodology and 
application of systems analysis to socioeconomic problem areas 

3 
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4 INTRODUCTION 

4. 	 Students ofeconomic development within and outside the academic 
community who are interested in alternative methodological ap­
proaches to agricultural sector development problem solving 

5. 	 Students of political and intitutional development interested in the 
problems, requirements, and process of integrating the use of quan­
titative analysis into the decision-making structure of developing (or 

- developed) countries 
In writing for such a diverse audience, we run the risk of probing too 

deeply in some areas and not deeply enough in others to satisfy any given 
reader. For those of you who are quantitatively oriented and are intereted 
in a more in-depth mathematical treatment of the models, we can only
refer you to the technical documentation by the project team [1, 2, 8, 30, 
40, 115]. We urge those who find some of the concepts and the occasional 
mathematical exposition to be laborious simply to skip over those sections 
or equations. In doing so, most readers will find the general meaning still 
apparent. 

The book isorganized into five parts. Part I, "The Case Study Projects," 
consists of chapter 1 and covers the development of the projects and the 
experience upon which this book is based. Part II,"The General System
Simulation Approach," consists of three chapters. The first, chapter 2, 
presents the conceptual framework of the general system simulation ap­
proach to improved decision making. The description focuses on a na­
tional decision structure concerned with agricultural sector development.
The second, chapter 3, develops the public policy environment within 
which the agricultural sector operates and the policy choices available to 
the agricultural decision maker as influenced by the prevailing value­
system imposed by the socioeconomic, technical, and political environ­
ment. The third, chapter 4, covers a wide spectrum of model types and 
techniques, describes how they are used in decision analysis, and indicates 
their strengths and weaknesses. 

Part III, "The Korean Agricultural Sector Models," consists of 9 chap­
ters. The first, chapter 5, describes the process of sector model concep­
tualization in Korea. The next five, chapters 6 through 10, describe com­
ponent models that constitute the Korean agricultural sector model system 
and give illustrations of their application for planning and policy analysis 
purposes. The five component models in the Korean agricultural sector 
model system are population, national economy, technology change, 
resource allocation and production, and demand-price-trade. The next, 
chapter 11, discusses data and parameter estimate requirements for the 
model and how they were obtained. The final two chapters in this part
indicate the process by which the models can be used by decision makers 
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(chapter 12) and aspecific application of the models in long-term planning
for land and water development (chapter 13).

Part IV, "The Korean Grain Subsector Models," illustrates the two 
subsector models built to focus specifically on short- and medium-term
problems associated with the Korean government's grain management
program. The first, chapter 14, discusses the grain management program
model, developed for use as an on-line management tool for government
decisions regarding the price, stock, storage, and trade of grain. The
second, chapter 15, illustrates a small, static model used to analyze the 
consequences of grain pricing decisions on production, consumption,
inflation, foreign exchange, and government grain management accounts. 

Part V, "Technology Transfer," consists of four chapters that cover theproblems, requirements, and process of integrating the use of quantitative
analysis into the decision-making structure of developing countries. Thefirst, chapter 16, discusses the requirements and prerequisites for in­
stitutionalization of the general system simulation approach into anational
agricultural decision framework, and the second, chapter 17,indicates the
amouni and kind of training for indigenous personnel necessary to in­
stitutionalize the approach effectively. The third, chapter 18, illustrates thegeneralizations indicated in the previous two chapters through the experi­
ence in Korea, and the last, chapter 19, discusses the future directions 
necessary to further develop the approach in Korea, as well as to transfer
the general approach to other developing (or developed) countries, subject
matter areas, and problems. 
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AqRicu tuRAL SECTOR 
modEl CONCEpTUALiZATiON: 
ThE kOREAN EXAMpLE 

Tom W. Carroll 
George E. Rossmiller 

Inthis chapter we present abrief description of the physical characteris­
tics, the socioeconomic structure, and the institutional setting of the Ko­
rean agricultural sector. We then present an overview of (1)the perspective 
and values held by Korean decision makers with respect to the agricultural 
sector and its relation to the national economy; (2) the general set of 
problems that has determined the scope of the sector analysis and model­
ing effort reported earlier in the Korean Agricultural Sector Study (1972) 
[151] and updated in the following chapters; (3)the current broad design of 
the Korean Agricultural Sector Model System (KASM) in terms of its dis­
aggregation levels, component models, and linkages; and (4)the broad 
policy areas addressable by the sector models. 

THE KOREAN AGRICULTURAL SECTOR 
The Republic of Korea is a peninsula in the temperate climate zone, 

bordered on the west by thYel low Sea, on the east by the East Sea or Sea of 
Japan, and on the north at roughly the thirty-eighth parallel by the People's 
Democratic Republic of Korea. Seoul, the capital city in the northwestern 
part of the country, is at approximately the same latitude as Washington, 
D.C., and Lisbon, Portugal. 

Of the 9.8 million hectaies of land area, approximately 24 per cent, or 
2.4 million hectares, iscultivated. About 70 per cent of the total land area is 
mountainous. Of the 2.4 million cultivated hectares, about half, or 1.2 
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96 KOREAN AGRICULTURAL SECTOR MODELS 

million hectares, is paddyland suitable for production ofthe principal crop,
rice. Approximately 80 per cent of the paddyland is irrigated.

In roughly the southern four provinces, a winter crop, primarily barley,
is produced as a second crop on the paddyland. Upland crops are many
and varied, including barley, wheat, and other grains and oil seeds; fruits,
including the tree fruits ­ apples and pears and, on the southernmost 
island, oranges; vegetables, the most prevalent of which are Chinese 
cabbage. red peppers, garlic, and radishes; pulses including soy beans;
both sweet and white potatoes; tobacco; mulberry, for sericulture; and
ginseng. In winter, vegetables are grown in plastic greenhouses on paddy­
land, particularly near major cities. 

Korea has experienced phenomenal economic growth since initiation 
of the First Five-Year Economic Development Plan in 1962. During the 
First Five-Year Plan period (1962-67), the average annual real growth rate 
for the total economy (including agriculture) was 7.8 per cent, and the rate
for agriculture alone was 5.3 per cent. During the second plan period
(1968-71), the average annual growth rate of the total economy was 10.5 
per cent, and the agriculture rate was 2.5 per cent. In the third plan period
the comparable figures are 9.4 per cent arid 4.9 per cent, respectively.
'Ihus, although the agricultural sector performance was quite respectable
relative to agricultural sector growth rates in other developing, or for that 
matter developed, countries, it lagged behind the total national economic 
growth rate appreciably. Rapid farm-nonfarm migration during the first two 
plan periods softened the effect of this gap on a per capita basis but by the 
third plan period it was obvious to the government that further widening of 
the gap would be both economically and politically harmful. Thus, greater
emphasis and investment were programmed for the agricultural sector in 
the Third Five-Year Plan. 

The Korean farm unit averages about one hectare in size, with about 
one-third of all farm households having less than .5 hectare, one-third
between .5and 1 hectare, and one-third more than 1 hectare. Relatively
few farms exceed 3hectares, the legal limit on cultivated farm size. Human
and draft animal power isthe main source of energy, but mechanization,
primarily in the form of 10- to 12-horsepower tillerg and attachments, is
increasing. Institutional credit and modern inpul? are supplied mainly
through the National Agricultural Cooperative Federation, a
semiautonomous agency of the Ministry of Agriculture and Fisheries
(MAF). This institution isalso amajor market channel, particularly for riceand barley, because it both markets on its own and handles government
purchases for public use, stockpiling, and price support activities.

The total population of Korea in 1975 was about 34 million people
45 per cent in the farm population and 55 per cent in the nonfarm 



97 SECTOR MODEL CONCEPTUALIZATION 

population. The population growth rate isabout 1.7 per cent per year, and 
because of farm to nonfarm migration, the farm population has declined 
absolutely since about 1967. This decline creates strong pressures to move 
away from subsistence production and toward the commercialization of 
farm households. It also suggests the need for increase in farm size and for 
labor-saving mechanization as the agricultural labor supply declines and 
as farm wages rise. 

With rising real incomes, both farm and nonfarm, demand for food has 
increased rapidly. Per capita consumption of both rice and wheat has 
continued to increase, as has consumption of fruits, vegetables, meat, and 
dairy products. Scarce foreign exchange is required for the importation of 
rice, wheat, and feed grain. Grain imports have increased from about 
700,000 metric tons in the mid-1 960s to approximately 3 million metric 
tons in the mid-1970s. 

Domestic production has also increased. Total crop production growth 
during the last decade has averaged 2.5 per cent annually, with rice 
production increasing 1.5 per cent annually. Total grain production has 
remained fairly constant at about 7.3 million metric tons in recent years 
because of a decline in barley and wheat hectarage. Fruit and vegetable 
production has increased at an annual rate of about 10 per cent, and 
livestock production has increased about 6 per cent per year in recent 
years. 

To attain these increases in domestic agricultural production, both 
high-yield technologies have been developed and disseminated and proj­
ects have been implemented to expand the arable land base. The Agricul­
tural Development Corporation, a semiautonomous agency of MAF, is 
responsible for the design and implementation of all agricultural land and 
water development activities in Korea. These activities include upland 
development, tideland reclamation, irrigation, drainage, and paddy rear­
rangement and consolidation. The Office of Rural Development, an 
agency of MAF, has responsibility for technical agricultural research and 
extension. Research and extension efforts have concentrated on increasing 
agricultural production, with primary emphasis on grains.

The continuing question facing Korean agricultural sector planners anJ 
policydecision makers is how to use the available resources to achieve an 
optimum growth rate and pattern in the agricultural sector as an integral 
part of, and contributor to, the development of the total economy. The 
accomplishment of this task required an increase in the investigative 
capacity dealing with the agricultural sector and interaction with agricul­
tural administrators and executives responsible for agricultural sector de­
velopment decision making. In 1971 the Michigan State University Ag­
ricultural Sector Analysis and Simulation Projects team was contracted to 
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work with the National Agricultural Economic Research Institute in the
Korean Ministry of Agriculture and Fisheries to help strengthen that inves­
tigative capacity on the basis of acomprehensive system simulation model 
of the Korean agricultural sector. 

DECISION MAKERS' PERSPECTIVES 
ON THE AGRICULTURAL SECTOR 

The beginning point in the Korean sector modeling and analysis activ­
ity was to determine the broad national values held by Korean decision 
makers with respect to Korean agricultural development. These values 
were not explicitly stated by Korean decision makers; nevertheless, "re­
vealed preferences" could be found in the existing policies; in discussions 
with policy makers about their current problems, issues, and concerns; in 
preference patterns of consumption and production among farmers; and in 
the general political environment. The various national values were judged 
to cluster in four main categories: 

1. 	Achieving improved food supplies, both quantitatively and qualita­
tively, preferably from domestic sources 

2. 	Realizing a higher quality of life in rural Korea1 

3. 	Enhancing and improving the contributions of the agricultural sector 
to the overall development of Korea 

4. 	 Improving administrative and political processes affecting Korean 
agricultural development

The structural and operational perspective of agricultural decision 
makers toward the agricultural sector and its relation to the rest of the 
Korean economy is presented in Figure 15. The two main exogenous
factors from the "environment" that influence the performance of the 
system are the weather and the world prices for agricultural commodity
imports and exports and for imported raw materials and manufactured 
products used as inputs to agriculture (e.g., fuel, fertilizer, machinery, etc.).
The behavioral decision units within the system are divided into farm 
households and nonfarm households, with the associated respective eco­
nomic activities of agricultural production and nonagricultural production
and marketing. Operating at the interface between the agriculturat'and 
nonagricultural sectors are foreign trade activities, agricultural product
marketing activities, and the agricultural input marketing activities. 

Figure 15 also indicates the major flows of commodities, inputs, capi­
tal, labor, money, and price information among the sectors. The agricul­
tural marketing system channels farm products directly to consumers or to 
the agricultural processing industries. The foreign trade sector exports
Korean products to world markets and imports agricultural products to 
make up food deficits. Farm households are a net supplier of capital, labor, 
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and migrants to the nonfarrm sectors. The major inputs into the agricultural 
sector from the urban industrial sector include four basic products required 
to raise the level of agricultural technology: chemicals to control pests and 
diseases, fertilizer, farm machinery, and fuel. 

The flows and activities outlined above are controlled by internal 
domestic prices, the influence of world prices, and the government's fiscal, 
monetary, regulatory, and investment policies. These government "policy
instruments" include: (Pi) agricultural research and development pro­
grams and projects in land, water, infrastructure, crop improvement, 
mechanization; (P7) agricultural credit; (P3) price control and subsidies; 
(P4) import/export controls and subsidies; (Ps) population control, health, 
and welfare; (P) market improvement; (P7) rural industrialization; (Pa) tax 
rates (income, indirect, customs, etc.); (P9) monetary policies (interest 
rates, foreign exchange rates); and (P,0) public consumption and invest­
ment in marketing facilities and nonagricultural production related to the 
agricultural sector. 

"Performance indicators" are monitored by decision makers to see if 
the system is"on course" in reaching desired goals. At the national level 
these performance indicators include gross domestic product (total, per 
capita; nominal, real; agricultural, nonagricultural; growth rate); income 
(total, per capita; nominal, real; farm household, nonfarm household); 
trade balances; nutritional levels; employment levels; tax revenues; value 
added; capital formation; population levels and growth rates, including 
off-farm migration rates; status of special accounts (e.g., grain management 
and fertilizer); inflation rates; as well as other variables of interest. 

The choice of strategies or policy sets and the goals themselves are 
determined by the political/administrative process. Formal planning exer­
cises, which are carried out by policy-planning staffs, provide key inputs to 
the political/administrative decision-making process. 
THE KOREAN AGRICULTURAL 
SECTOR AND ITS PROBLEM SET 

At least three perspectives influenced the design of the Korean Agricul­
tural Sector Models (KASM) from the time modeling activity started on a 
small scale in 1971: (1)a Korean perspective, which focused on substan­
tive agricultural issues and problems identified earlier under the first three 
value sets related to improved food supplies, rural development, and 
agricultural sector contribution to national development; (2) a second 
Korean perspective, which was concerned with improving the administra­
tive and political processes affecting agricultural development; and, fi­
nally, (3)Michigan State University's perspective, which was concerned 
with the "adapting and testing of agricultural simulation models to sector 
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analysis," a generalized approach concerned not only with developing
models for Korea but contr4buting to the development of a general
"software library" of models and components, training packages,, and
institutional linkages to expedite application of the approach in uther
settings. Let us discuss these three perspectives and their influence on the 
evolving sector model design in more detail. 
Korean Perspective:
Agricultural Sector Development 

The design of the sector model should reflect the concerns of agricul­
tural decision makers regarding the significant, substantive problems of 
agricultural development during the next 10 to 15 years.

Improved FoodSupply. Th: chief concern of Korean decision makers 
was that Korea domestically produce sufficient food to meet the effective
demand from agrowing population with rising per capita incomes in order 
to minimize expenditure of scirce foreign exchange on food and feedimports. To confront the set of problems implied by this concern, a sector 
model must be disaggregated to alevel at which it can address the impor­tant questions related to the production and consumption of crop and
livestock products (with the latter's associated consumption of feed grains).

It was estimated that Korea must expand food production by 50 per
cent between 1970 and 1985; it was also estimated that there must be a250-per-cent expansion in food processing and market services during this 
same period to handle the rapidly changing shift in the population balancebetween farm households and nonfarm households. The models were
designed to estimate the magnitude of the shift and, thus, the demand for
food processing and marketing services; but intheir current state they do 
not actually model these subsectors in detail. 

Rural Development. Korean decision makers were concerned with
the effect of agricultural development policies on improving the quality of
rural life, both absolutely and relative to urban life. Thus, decision makers' 
concerns with income and infrastructure questions had to be addressed by
the sector models. All versions of the models included provisions fordisaggregation of the population into farm household and nonfarm house­
hold. The current versions also provide for estimating income by farm
household and nonfarm household. Because of the land reform in the late
1940s and the current three-hectare limit on ownership of paddyland,
there was less concern with the variance of income within the farm sector
than between the farm and nonfarm sectors. For this and other reasons
discussed later, the distribution of income within the farm sector was not
considered in the design of the sector models.

The models do not explicitly take into account nonagricultural aspects 



102 KOREAN AGRICULTURAL SECTOR MODELS 

of rural development, such as health care, educational, or transportation
and communication systems. The model design, however, allows KASM to
provide input to decisions in these areas with respectto needs and capacity
requirements by the agricultural sector and consequences on the sector of 
infrastructural change.

Agricultural Sector Contribution to National Development. Korean 
decision makers were naturally concerned with the contribution of the
agricultural sector to total national development in ways that go beyond
the production of food for the urban population. These contributions 
include (1)farm household labor for industrial and urban projects (particu­
larly seasonal construction projects); (2) raw materials for industry (e.g.,
fibers, silk cocoons, medicinal ingredients, etc.); (3) earnings of foreign
exchange through export of commodities like silk and import substitution 
of food and feed grain products; (4) land for nonagricultural uses; (5)
savings, government tax revenues, and newly formed capital to develop
both farm and nonfarm economies; (6)off-farm migrants who will both 
become permanent residents and contributors of labor in the urban, indus­
trial sector and carry with them claims on capital in the farm sector. 
Although it isnot possible for the sector models to handle endogenously all
the flows and levels indicated above, the models should nevertheless, be 
designed to handle some variables as exogenous inputs (e.g., items 1,4,
and 6)and to output others as performance indicators (e.g., items 2,3,and 
5). 

Korean Perspective:
Improving Administrative Processes 

From the beginning of the MSU project in Korea in 1971, Korean 
officials were interested in recommendations from project staff with re­
spect to improving administrative structures within the Ministry of Agricul­
ture and Fisheries. Some of these suggestions related to institutionalizing
the human resources and administrative processes necessary to use and 
extend the analytical models. In designing the components of the sector 
models, the project staff kept in mind the purposes for which the models
might be used. These considerations, in addition to the substantive con­
cerns expressed by decision makers, influenced the design of the models.

Perhaps the most important result of this influence was that the models 
were designed to be flexible and adaptable. This means, first, that the
emphasis was not to build one large comprehensive model that would 
attempt to answer all foreseeable questions. Rather, the emphasis was on 
building a set of modular components, each of which would not only
address key questions in various subsectors, but which could also be 
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linked together to assess consequences at the sector level for given policy 
sets. Second, these were designed to be evolving models that would 
change with the changing concerns of decision makers and with the ability 
of succeeding modelers to develop continuously better and more current 
models as assets of the nation's agricultural investigative capacity. 

Another implied concern was that the sector model should help to 
improve the efficiency of the five-year planning process. That is, by 
harnessing the speed and accuracy of the computer and its ability to 
process large amounts of data and analyze many complex interrelation­
ships, the process of preparing the five-year plans would be faster, require 
less manpower, and result in ahigher-quality product. In terms of model 
design, this suggested that the models should have aplanning horizon of at 
least five years and that a one-year increment for processing the models 
would be sufficient to capture much of the detail required in the five-year 
planning exercise. This also suggested that the models might be used to 
develop rolling five-year plans - plans that are updated once ayear with 
the latest data and latest changes in the development strategy of the 
decision makers. The models could also be used to prepare aconsistent set 
of agricultural accounts at the aggregate level. This dimension isuseful for 
reporting the intermediate-range outlook. 

Another concern was that the models be rich enough in detail that the 
effect of investment in the various subsectors on total agricultural produc­
tion and other criteria could be compared and contrasted. This suggested 
that the models needed to include important subsectors: production, con­
sumption, and trade, as well as agricultural-nonagricultural linkages. 
These are the substantive areas mentioned in the previous section. The 
point, however, is that the model had to be helpful in evaluating and 
comparing alternative programs and projects across the agricultural sector. 
The tendency in the past had been to make evaluations and decisions 
about programs and projects in isolation. It was hoped that the sector 
models would provide a tool for making comparisons. 

Another implied consideration in model design was that the input 
policies and the output performance indicators should correspond reason­
ably well with the types of policies and indicators familiar to decision 
makers. Inother words, there had to be correspondence between the way 
the model viewed the world and the way the decision makers viewed the 
world. As aresult, an effort was made to design output tables that would be 
easily understandable and not too different in format from the types of 
tables that appeared in agricultural yearbooks and other publications. Also 
key variables were defined to correspond with previously accepted 
definitions. 
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Michigan State University's Perspective 

In most cases the perspective of MSU and the U.S. Agency for Interna­
tional Development (U.S. AID) was consistent with the Korean perspective 
with respect to substantive content and administrative style. However, the 
MSU team had additional concerns that influenced the evolving model 
design. A primary concern was that the models, training, and institutional 
linkages developed in Korea should be useful in other contexts and other 

was not to developcountries. Therefore, the objective of the work 
specialized components useful only in the Korean situation. The main 
influence of this concern was probably at the level of programming and 
documentation. For example, instead of programmingthe model to handle 
exactly 12 crops, it was programmed to handle anumber of crops specified 
by the user. This provided flexibility, not only in using the models in the 
Korean context but also in applying them in other countries. 

MSU was also concerned with training students in the system simula­
tion methodology. Therefore, the development of model components was 
undertaken as thesis work for master's or Ph.D. degrees. For example, the 
crop technology change model of KASM was developed as a dissertation 
research topic by a Korean Ph.D. candidate working at Michigan State 
University. This arrangement influenced the design of the first version of 
the component model and the timing of its integration into the total system 
of models. 

SECTOR MODEL DESIGN 

In keeping with the design principles outlined earlier (chap. 4), the 
Korean Agricultural Sector Model iscomprised of modular components ­
that is,components that can either be run together to carry out a general 
sector analysis addressed to many of the questions outlined earlier, or be 
decoupled and run to perform specialized analyses related to particular 
subsectors, such as population, farm production, demand, etc. Therefore, 
KASM is not viewed as one model but as a system of models. A basic 
principle in the design of the KASM system was to allow considerable 
flexibility in using the models for exploring specific policy questions, as 
well as for general sector analysis and forward planning exercises. An 
overview of the basic design characteristics of KASM ispresented below. 

Time 

By definition, sector simulation models involve time as a fundamental 
variable. Design decisions were required with respect to the planning 
horizon and the incremental time cycle. KASM was designed to operate on 
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a planning horizon of 5 to 15 years, although it has been used for shorter­

range analyses in the five-year planning exercises, as well as for longer­

range planning up to 25 years. (The latter analyses concerned long-term 
and water developmentpopulation projections and a study of land 

priorities.) This planning horizon and the general purposes for which the 

model was to be used influenced the choice of the basic time cycle and 

disaggregation levels included in the model. KASM operates on the basic 

time cycle of one year (in contrast to the Grain Management Program 

Model described in chapter 14, which operates on a time cycle of about 

two days). This isto say that the levels of endogenous stock variables at the 

end of one year are calculated as functions of the stock variables at the end 

of the previous year and of the rates of change during the past year. In other 

words, the shortest feedback loop in the model cannot be less than one 

year. Even though the resource allocation and production component 

allocates land and labor for the two main cropping seasons in Korea, the 

seasonal allocations still depend on the levels and rates for the previous 

year, not the previous season. 

Disaggregation Levels 

The following list summarizes the disaggregation levels for the impor­

tant dimensions in the Korean Agricultural Sector Model. 

Population Groups (2) 
Farm household 
Nonfarm household 

Agricultural Subsectors (4) 
Annual crop 
Perennial crop 
Livestock 
Fishery (rudimentary) 

Regions (I or n) 
National or Single-crop region 

Dougle-crop region 
Upland region 

or. 

Agricultural Commodities (19) 
MilkPotatoes 

Barley Tobacco 
Rice 

Pork 
Forage ChickenWheat 

Other grains Silk (mulberry) Eggs 
Fruits Industrial Crops Fish, 

ResidualBeef 
Vegetables 
Pulses 
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Land Categories (4) 
Paddy 
Summer upland 
Winteir upland (includes double-cropped paddy)
Pasture 

Factor Inputs (12) 
Land 
Labor 
Capital (farm implements, tillers, transplantes) 
Chemical ferfilize. 
Organic ferilizer 
Pesticide 
Seed 
Fuel 

OtherInputs 

Population. The population is divided into the farm-household popu­
lation and the nonfarm.household population. Each population group is 
furlher divided into single-year age-sex cohorts. It should be noted that the 
farm-household population is not further disaggregated by household 
income level, which would have been necessary if analysis of the effect of 
government policies on the distribution of income within the farm popula­
tion were to have been analyzed. This was not done because Korean policy 
makers have been much more concerned with the average level of farm­
household income vis-4-vis nonfarm-household income. Because there is a 
three-hectare limit on holdings of paddyland, the distribution of farm 
income isrelatively unskewed compared with other less-developed coun­
tries.' To include the agricultural sector income distribution dimension 
would have added considerable complexity to the operating structure of 
the model, as well as greatly increased problems of parameter estimation. It 
will likely need to be done, however, at some point in the future if 
agricultural income distribution becomes a problem. 

National vs. Regh-nal Mode. Although the structure of the model was 
originally designed to operate regionally and included a three-region 
disaggregation of the country based on crop production patterns, the 
current version of the model operates at the national sector level. Operat­
ing the sector model in the national mode: (1)greatly reduces the execu­
tion time (approximately 4 minutes for a 15-year run in the national mode 
versus about 35 minutes in the three-region mode); (2)eliminates the extra 
work of aggregating time series data from the province level to the three 
ecological regions (single-crop paddy, double-crop paddy, upland) 
analyz.d in the 1972 Korean Agricultural Sector Study; (3) produces 
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the level of first concern for national decisionoutput atthe national level ­
makers; and (4) allows for testing of the overall design and structure of the 

sector model (particularly the recursive linear program component, which 

models resource allocation and production) without introducing the com­

plexity of regional ization. However, because regional questions are impor­

tant, later versions of the model should provide for "flexible regionaliza­

tion" and should be linked to data systems that allow flexible aggregation 

of data inputs to allow analysis at levels of aggregation specified by the 

researcher. 
The many different agricultural com-Agricultural Commodities. 

modities that Korea produces4 have been aggregated into the following 19 

product groups: rice, barley, wheat, other grains, fruits, pulses, vegetables, 

potatoes, tobacco, forage, silk (mulberry), industrial crops, beef, milk, 

pork, chicken, eggs, fish, and a residual category. 

Factor Inputs. The following factor inputs are accounted for: land, 

labor, capital, chemical fertilizer, pesticides, seeds, fuel, oil, and other 

inputs. Four land categories are considered: paddy, summer upland, 

winter upland (including double-cropped paddy), and pasture. Capital 

inputs are further disaggregated into farm implements, tillers, and trans­

planters. Chemical fertilizer is not yet disaggregated into the three basic 

nutrients; disaggregation may be implemented in later versions. 

Components and Linkages 
into five main analyticalThe structure of the model is organized 

components, each of which, as noted earlier, isa model in its own right: (1) 

population (POPMIG), (2) national economy (NECON), (3) crop technol­

ogy change (CHANGE), (4) farm resource allocation and production (RAP), 
The resource allocation and

and (5) demand/price/trade (DEMAND). 
production component includes two subcomponents, farm resource allo­

cation (FRESAL) and production accounting (PRDAC). 

The components can be linked together to carry out a full-scale sector 

analysis or run separately and in combination for subsector analyses. 

Figure 16 indicates the linkages between the component models for a 

full-scale sector analysis. 
Population and Migltion Component (POPMIG). The population 

farm- nonfarm-populationand migration component simulates and 

dynamics, including the process of off-farm migration. The effects of 

government policies regarding birth control and public health may be 

supplied inr'irectly to the model by means of exogenous projections of 

fertility and mortality. POPMIG outputs farm- and nonfarm-population 

levels, which are the main driving forces behind food demand, and agricul­

tural labor supply, which influences rates of farm mechanization. 
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The main linkages of POPMIG with the other KASM components are: 

Agricultural labor supply 

Nonagricultural
labor demand 

P (peak season) 
-OMGFarmpopulation 

1 Nonfarm population 

National Economy Component (NECON). The national economy 
component, when linked with the rest of KASM, uses a 16-sector input­
output model to simulate the important feedback linkages affecting the 
growth of the agricultural and nonagricultural sectors. For example, gov­
ernment programs to increase agricultural production can stimulate the 
demand for nonagricultural production by increasing the purchasing 
power of farm households. Increased nonagricultural production in turn 
increases nonfarm income and, hence, food demand, thus stimulating 
further growth in the agricultural sector. NECON's strongest ties are with 
DEMAND. Farm and nonfarm incomes, exponentially averaged, affect the 
income response in the consumption functions in DEMAND. Also, the 
aggregate price index helps determine expenditures on nonfood goods and 
services. Agricultural input price indexes are used in the production com­
ponents (CHANGE and RAP). Intermediate input demands and agricultural 
output from RAP are used to modify the agricultural coefficients in NE-
CON's input-output technology matrix. In addition, the demands from 
agriculture for investment goods are part of the final demand to the sectors 
in NECON which produce capital goods. NECON uses projections of farm 
and nonfarm populations in its consumption subcomponent and in com­
puting per capita values of accounting variables. NECON's projections of 
labor requirements in the nonagricultural sectors are used by POPMIG as a 
driving force for off-farm migration. 

Since KASM isprimarily concerned with agricultural sector analyses, 
the allowable policy inputs to NECON involve only nonstructural changes 
in the nonagricultural sectors. These policy inputs include projections of 
foreign exchange rates and farm and nonfarm income tax rates. Also, 
policy inputs for each of the 15 nonagricultural sectors include indirect tax 
rates, import tariffs, targets for import substitution levels, and projections of 
public investment and public consumption. Exogenous projections of 
dollar export volumes and world prices for each sector over time are also 
required by NECON. 
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The main linkages of NECON with other KASM components are: 

Agricultural -	 Input prices 

production 

Input demands -. , 	 Nonfarm 
labor requirementsNECONAgriculture 

investment 
Income 

Farm/nonfarm 
consumption . Consumer price 
Food prices 	 (nonfood) 

Crop Technology Change Component (CHANGE). The crop 
technology change component models the processes whereby the agricul­
tural land/water resource base, variable input utilization, and, hence, pro­
ductivities or yield levels of crops, change over time. The processes involve 
changes in the technology, institutions, and human resources associated 
with the agricultural resource base, particularly as generated through public 
policies, programs, and projects. CHANGE links public investment deci­
sions with private decisions at the aggregated farm-firm level. The public 
policies that can be input into CHANGE concern (1)investments in land and 
water development programs (multi-purpose irrigation, consolidation, 
drainage, reclamation, conservation, pasture improvement); (2)investment 
in crop improvement research; (3)price policies (for inputs and products); 
and (4) credit policies. Crop yields, input utilization rates (fertilizer,chemi­
cals, other materials, and labor), and total land by type (paddy, upland,
potential double-crop land, and pasture land) are fed as inputs to the 
resource allocation and production component (RAP). 

The main linkages of CHANGE with other KASM components are: 

II --­ ~Yields 
Product prices- ----­ *...ld 

CHANGE - Input application rates 
Input prices 

- Available crop land 

Farm Resource Allocation and Production Component (RAP). The 
resource allocation and production component uses arecursive linear prog­
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ramming model to simulate the annual resource allocation and production 
activities of the aggregated farm households as behavioral decision units. In 
addition to the inputs from CHANGE, other inputs include peak-season and 
base farm labor supply (from POPMIG), lagged producer prices (from DE-
MAND), and lagged input prices (from NECON). Policy inputs include 
commodity price supports, input price subsidies, credit constraints, interest 
rates, tax rates, and land use constraints. RAP outputs the domestic supply of 
12 crop commodities (rice, barley, wheat, other grains, fruits, pulses, vegeta­
bles, potatoes, tobacco, forage, raw silk, and industrial crops) and five 
livestock commodities (beef, milk, pork, chicken, and eggs). The production 
of fish and the production of residual food are determined exogenously. 
Dther outputs include farm income, feed grain imports, input demands, 
echnology levels, shadow prices of fixed resources, capital stock, savings, 
and indebtedness. 

The main linkages of RAP with other KASM components are: 

(ields 

Iroduct prices .. Crop production 

nput application 
'ates 

RAP Livestock production 

nput prices -

leak-season 
abor available-- . 

Farm income 

DemandPricelTrade Component (DEMAND). The demand/price/ 
rade component projects farm and nonfarm food consumption, producer 
md consumer prices, agricultural trade, and per capita nutritional levels, 
)n the basis of effective demand. DEMAND is a simultaneous equation 
:omponent that solves for quantities demanded of 17 agricultural and 1 
ionagricultural commodities by farm and nonfarm households separately. 
:arm demands are satisfied first from domestic production under the 
issumption of predomi nalely subsistence behavior. The residual of domes­
ic production then becomes the domestic market supply to meet the 
ionfarm-household demands. Surpluses are exported and deficits are 
atisfied through imports. Prices can be either part of the market clearing 
olution or set by assumption or defined as part of the solution. Farm 
ncome and domestic farm production are passed to DEMAND from RAP, 
monfarm income and nonagricultural prices from NECON, and both farm 
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and nonfarm population from POPMIG. Lagged producer prices based on an assumed or a policy-established marketing margin are passed fromDEMAND to CHANGE and RAP, and food and nonfood demand, exports,
and imports to NECON. 

The main linkages of DEMAND with other KASM components are: 

Nonfood prices------,..... s. Producer prices 
Population DEMAND_.. Food and 
Income nonfood demand 
Domestic supply-.,,. Exports, imports 

Accounting Component. The accounting component isaset of printand plot subroutines that produce the tables and graphs summarizing thebehavior of the various performance indicators over the planning horizonbeing considered. The output from asimulation run may be presented as aseries of annual summary tables and/or summary time series plots. 

POLICY ANALYSIS WITH THE SECTOR MODEL 
The Korean Agricultural Sector Model is flexible enough in its present

formulation to address a number of different policy questions. 

Single-Run Analyses 
The simplest mode of operation is to project for a 5-, 10-, or 25-yearperiod the values of performance indicators of interest to decision makersunder a set of policy assumptions that may have been determined inde­pendently of the model ­ either through the bureaucratic process or thepolitical process. The value of the model in this case is that it can quicklyproduce a consistent set of results. For example, for the five-year planprojections the model might project the supply, demand, prices, imports,and exports of the main agricultural commodities; the agricultural inputrequirements; farm-household income and off-farm migration rates; andother, more detailed economic, demographic, and nutrition indicators.The model can also be used to update these projections as new data

become available. Itcan also be useful in exploring the consequences ofsudden "shocks" to the Korean economy, resulting, for example, fromsharp increases in world grain prices for a several-year period or asuddencollapse in the world price of raw silk or sharp increases in fuel prices.In both of these modes of use the focus of the decision maker ison theresults from asingle run. In the latter case, for example, the decision maker 
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ght be asking, Can I really accept that large a deficit in the Grain 
inagement Special Account under such asharp increase in world price, 

en my current grain price policies, or must I change my policies? 

mparative Policy Analysis 

Most system investigators feel more comfortable in usingthe models for 

rnparative policy analyses rather than in a single-run analysis. The 

ison is that they consider the models good enough to capture the major 

nds and operating characteristics of the system but recognize that under 

nditions of uncertainty the models cannot predict exactly what the 

ual values ofthe performance indicators will be 5,10, and 25 years into 

!future. 
The usual mode of operation for this type of analysis is to specify a 

ase" run of the model in which current policies are assumed to continue 

o the future and/or no additional investment activity isspecified (e.g., no 

ther investment in land and water development). Then, several different 

ernatives, short-term policies or longer-term strategies of development, 

! run and their results compared with the results of the base run along a 

rmber of different dimensions of interest to the decision maker. 

The following are examples of comparative policy analysis that may be 

rried out using the current version of KASM. 
Price Policy Analysis. Price policies are usually considered to be short­

'm control measures; however, pricing strategies likely will have long­

rm consequences requiring careful analysis. Price policies for producers 

id those for consumers usually have conflicting objectives. Increased 

)mestic production and high producer income may be the objectives of 

gher producer prices. Reduced food imports and foreign exchange costs 

ay be the objectives of import controls, higher consumer prices, and 

iministrative measures. Reducing inflation, controlling industrial wage 

)sts, and maintainingthe competitive position of export industries may be 

e goals of consumer price controls. In order to consider these policy 

jestions, anumber of price and import policy options have been built into 

ASM. 
Tax and Credit Policies. The government can control directly the tax 

ites levied on agricultural production and income. Indirect control can be 

:hieved over credit available to the agricultural sector by guaranteeing 

artain types of loans. KASM allows the policy planner to compose alterna­

tax rates and credit policies, particularly to explore their effects on ve 
gricultural production and farm income. 

Public Investment Policy Analysis. This type of analysis is usually 

arried out for a long-term investment program. One might analyze alter­

ative public investments in biological research, extension, and land and 
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water development on agricultural production and the demand for factor 
inputs (fertilizer, machinery, etc.) from the nonagricultural sector. Or, 
alternatively, one might analyze the impact of supply constraints and/or 
prices of factor inputs on agricultural production resulting from policies in 
the nonagricultural sector. 

A later chapter (chap. 13) isa detailed case study of the use of KASM 
coupled with a polyperiod linear programming model in analyzing land 
and water development strategies, which include projects in irrigation, 
drainage, land consolidation, and reclamation of tidal land and forested 
slopeland.

Population Policies. The policy planner can use KASM to explore the 
effect of different assumptions regarding the rate of decline of fertility rates 
on the future population and the future labor supply. There are insufficient 
theories and data available to link expenditures on family planning pro­
grams directly with changes in fertility rates. 

Through the migration mechanism, the planner can explore the effects 
of changes in the rate of off-farm migration on the future supply of agricul­
tural labor and, thus, the impetus to increase farm mechanization. This 
may be done either directly by adjusting the off-farm migration rate 
exogenously or indirectly by adjusting employment generation policies in 
the nonagricultural sector. There isalso provision for testing policies that 
encourage emigration, although it is doubtful whether these policies 
would have much effect, unless applied on a fairly large scale. 

The followingchapters describe the five major components of KASM in 
greater detail. As part of the discussion of each component, the types of 
problems that can be addressed from the problem set within the domain of 
the agricultural sector are indicated. 



6 
ThE pOpULATiON 
COMPONENT Of ThE 
kOREAN AqRICUI[URAI 
SECTOR modEl 

Tom W. Carroll 
John E.Sloboda 

The purpose of the population and migration component (POPMIG) is 
to project the changes in the magnitude and structure of the population 
over aplanning horizon of from 5to 25 years. Inorder to explore structural 
changes of interest to agricultural development, the total population is 
divided into farm-household and nonfarm-household populations, with 
the population group of each sector being further divided into single-year 
age-sex cohorts. A standard cohort survival model is used to age and 
regenerate the two population groups. Off-farm migration is either 
specified exogenously or determined endogenously as a function of the 
gap between the demand for nonagricultural labor and the labor supplied 
by the internal growth of the nonfarm population. The main outputs of the 
population component are population numbers and labor supply. Nutri­
tional needs in terms of daily protein and calorie requirements are also 
calculated. Figure 17 shows the linkage between the population compo­
nent and other components in the Korean Agricultural Sector Model 
(KASM). The population component may also be run as an independent 
model, provided the necessary exogenous projections are specified. 

The main inputs that can be indirectly influenced by policy decisions 
are age-specific fertility rates, age-sex-specific mortality rates, and age­
sex-specific off-farm migration rates or, alternatively, nonagricultural labor 
demand from farm and nonfarm households. The next section of this 
chapter describes the seven operational steps carried out by POPMIG, and 
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FIG. 17. Linkages between the population component and other components of the Korean agricultural sector model. 
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the following section discusses the data requirements fo: each step. The 

concluding section covers model testing. 

COMPONENT STRUCTURE 

Inaddition to initialization of the base-year population, the population 
component carries out six basic operations during its annual update cycle 
in the following sequence: 

Aging of the population 
Determination of single-age military service rates 
Internal migration 
Emigration 
Fertility and infant mortality 
Calculation of updated demographic, economic, 

and nutritional variables 

Initialization 

The model requires estimates of the national and farm-household 
populations by five-year age-sex groups for ages 0-4 through 80-84 and 

85+ for one or more alternative base years. These base years are usually 

selected to correspond to census years, when the best estimates of popula­

tion levels are available. 
The purpose of the initialization operation is to derive single-year 

age-sex cohorts for the farm-household and nonfarm-household popula­

tions from the five-year age-sex cohorts for the national and farm­

household populations supplied to the model. 
The initialization isaccomplished in three steps. The normal census 

practice isto include all military service personnel in the nonfarm popula­

tion. Because experience in estimating the off-farm migration rates (par­

ticularly in Korea, which has a large military force relative to population 

size) indicates that it is better not to confound off-farm migration with 

induction into military service, the first step involves redistributing military 

service personnel from the nonfarm population across both the farm and 

nonfarm populations. It isassumed, therefore, that the decision whether to 

leave the farm sector is made after completing military service. After 

adjusting the farm-household population to include members in the mili­

tary, the farm-household population issuntracted from the total national 

population in order to obtain the nonfarm population by five-year age-sex 

groups. In the final step, the five-year age-sex cohorts for the farm and 

nonfarm populations are distributed into single-year age-sex groups for 

ages 0-84 using the Sprague method. The Sprague distribution function 

employs a set of coefficients by which each set of five-year cohorts is 

multiplied in order to separate it into single-year cohorts. The coefficients 
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were determined by Thomas B.Sprague from a fifth-difference oscillatoryInterpolation formula. The Sprague method and other curve-fitting tech­niques may be found in [157]. The terminal group, age 85 years and over, isretained in aggregate form. 

Aging and Mortality
The aging of each population stream isthe first operation carried out inthe annual population-update phase of the model. The standard cohortsurvival mechanism isused, whereby each single-year cohort from age 0toage 83 is multiplied by an appropriate single-year survival ratio. Theterminal-year age group isdetermined by multiplying the population 84and over at the beginning of the cycle by an estimate of the proportion thatwill survive to reach age 85 and over one year later. 

Determination of
 
Military Service Rates
 

The purpose of determining military service rates is to adjust thedge-specific military service rate profile. Because of the size of the militaryforces in a country like Korea, it is important that the effect of militaryservice on patterns of migration and labor force participation be explicitlyconsidered. Because of military service, a large proportion of the malesfrom farm households in the ages 20 to 24 are recorded in the nonfarmhousehold population at any given time. This has avery important effect onpatterns of off-farm migration calculated directly from census data: it raisesthe apparent rate of such migration sharply in the age group 20-24 andlowers it, sometimes to negative values, in the age group 25-29, whenmany conscriptees are returning. Moreover, since the conscriptees areoutside the civilian labor force, the size and age structure of the armedforces population also has an effect on the operation of the migration
mechanism, which depends on the growth of nonagricultural employ­
ment.
Since usirt constant age-specific military service rates for all years of asimulation run would lead to unreasonable estimates of the size of militaryforces for some periods, the current approach isto specify exogenously thenumber of full-time, noncareer military personnel over the time period of asimulation run. Then, the age-specific military service rates are ratioed upor down by auniform multiplier to generate new age-specific rates for theages 19 through 35, which, when multiplied by and summed across themale age distribution, will yield the exogenously specified number ofmilitary personnel. 
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Migration 
The off-farm migration mechanism operates in two modes. The first 

mode may be characterized as a policy parameter approach. In this mode 
the net overall rate of off-farm migration is specified exogenously over the 
time period of asimulation run. The second mode may be characterized as 
a labor supply-demand approach. In this approach the net overall rate of 
off-farm migration is determined endogenously in order to satisfy a nonag­
ricultural labor demand-supply gap in the nonfarm sector. 

The off-farm migration mechanism isan iterative, three-step operation
involving both a net overall rate of off-farm migration and an age-specific 
net off-farm migration rate profile. In the first step the "nominal" net 
off-farm migration rate protile is applied to the population at risk to deter­
mine an ex ante estimate of net migration between the two sectors. 

In the second step the ratio between the ex ante estimate of the 
appropriate criterion variable (depending on the mode) and the desired 
value of the criterion variable is calculated. In the policy parameter mode 
the criterion variable is the exogenously specified net overall rate of 
off-farm migration. In the labor supply-demand mode the criterion variable 
is the number of employed migrants, which is equivalent to the excess of 
demand for nonagricultural labor in the nonfarm sector over the ex ante 
supply. The excess of demand over supply iscalculated as a function of (1) 
total nonagricultural labor demand (either exogenously specified or pro­
vided by the national economy component), (2)net off-farm labor supplied 
directly from the farm-household population to the nonagricultural sector 
(3) an exogenusly specified urban unemployment rate, (4) age-sex­
specific economic activity levels among the nonfarm civilian population, 
and (5) the civiliar population distribution. 

In the final step the ratio calculated above is used as a multiplier to 
adjust uniformly the nominal net off-farm migration rate profile up or 
down. To obtain age-sex-specific numbers of migrants, the farm popula­
tion distribution is multiplied by this adjusted profile of migration rates.1 

Having discussed the basic migration mechanisms, let us now turn to 
some of the assumptions regarding migration embedded in the model. The 
net migration profile referred to above is used to provide a pattern of 
relationships between the propensities to migrate among different age-sex 
cohorts. The operative assumption of the model is that although age-sex­
specific net migration may vary over time, the relationships between the 
rates for any two age-sex groups remain constant. The relative differences 
between the net migration rates forthe different age-sex groups reflected in 
the net migration profile are thought of as being determined by both 
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individual and societal factors that influence occupational mobility amongsectors and by the relati6nships between rates at different ages that arisethrough migration in family units. 

Net migration can r.Jt be considered an appropriate dependent vari­able in analytical models that take a behavioral approach to interregionalor interoccupational migration, since the number of "net migrants" andthe net migration rate are simply artifacts of the cross-currents of realpopulation movements. Nevertheless, it has been necessary to use a netmigration approach in the current population model because of the lack ofinformation on gross movements between the farm and nonfarm sectors.Although gross rural-urban migration statistics are available in Korea,research by Sloboda indicates that there are distinct differences betweenthese patterns and the pattern of tarm-nonfarrn movement. Finally, itshould be noted that the conceptual and theoretical difficulties involved inusing net migration rates are less severe in the case of farm-nonfarmmovement than in the case of rural-urban movement because of therelatively greater "efficiency"2 of the former, particularly in the youngerage cohorts that constitute the bulk of the migration stream.Itshould be noted that in the labor supply-demand approach, migra­tion isa direct function of the nonagricultural labor demand (lagged) andthe unemployment rate. The former may be either exogenously specifiedor provided by the national economy component. The unemployment ratemust be exogenously specified in the current model. 

Emigration 
Between 1955 and 1970 net annual emigration from Korea was insig­nificant, but in recent years the number of emigrants has increased sharplyand the government has announced that it will promote overseas emigra­tion by farmers and semiskilled workers while seeking to limit the outflow
of skilled persons and capital. Itremains to be seen to what extent persons
with limited skills and reqources will seek to emigrate and whether the
potential recipient countries will be willing to accept them. Certainly past
experience in Korea and elsewhere strongly suggests that voluntary emi­grants will tend to be accepted if they are bearers of those human andfinancial resources that facilitate successful adaptation to a new socialenvironmen' Moreover, immigration policies are being reconsidered inthe United States, Canada, and the countries of Latin America, countriesexpected to absorb most Korean emigrants; and it isexpected that thesecountries will become more selective and restrictive in the future.On the basis of these considerations, we have assumed that all emi­grants will be drawn from the population of nonfarm households. Noconsistent data on past emigration trends could be obtained, and annar­



121 THE POPULATION COMPONENT 

ently no records are kept of the number of persons who successfully obtain 
immigrant status after going overseas for study or on business. Because no 
information was available on the age distribution of approved emigrants, 
let alone for net emigrants, itwas simply assumed that one-half of the net 
emigrants would be between the ages of 20 and 39, one-fourth would be 
age 1-19, and the remaining one-fourth would be between the ages of 40 
and 59. Within each of these broad age groupings, net emigrants were 
assumed to be distributed in proportion to the size of each single-year 
age-sex cohort. 

Fertility and Infant Mortality 
The determination of births, infant deaths, and the resulting population 

- of age 0 in each sector at the end of the year is made subsequent to all 
adjustments for mortality, migration, and emigration. Separate patterns of 
age-specific fertility, varying over time, are assumed for the farm and 
nonfarm populations. Alternative assumptions concerning the changing 
pattern of fertility can be incorporated (albeit somewhat crudely) vis-h-vis a 
sectoral fertility adjustment coefficient within the model. Infant survival 
rates for the period from birth to the end of the update cycle are exogen­
ously assumed to be the same in both sectors but to vary over time. The 
algorithm for calculating live births takes into account that the appropriate 
population at risk in bearing children isthe number of fertile women who 
survive to the end of the year plus half of those who are estimated to have 
died during the year. The same ratio of male to female births isassumed for 
both farm and nonfarm women. 

Calculation of Updated Demographic,
 
Labor Force, and Nutritional Variables
 

Demographic Variables. The preceding operational steps in the an­
nual update cycle yield an updated population distribution by sex and 
single-year age cohorts for each sector. These two population distributions 
include the active military service personnel in the sector of permanent 
residence and are used to calculate the crude birth rate, crude death rate, 
and crude growth rate for each sector and for the nation as a whole. An ex 
post net off-farm migration rate isalso calculated. Next, new population 
distributions for the populations actually in residence for each sector are 
created by transferring farm-household military personnel to the nonfarm 
sector. Thede facto residential population distributions provide a basis for 
comparing the projected population in each sector with actual census 
data. These populations are also used to calculate the agricultural labor 
force and to determine nutritional requirements by sector. 

Labor Force Variables. The principal labor force variables calculated 
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are'the nonfarm labor force, nonfarm employment and unemployment, thebase agricultural labor force, and the potential peak-season agriculturallabor force. The nonfarm labor force and nonfarm employment are calcu­lated on the basis of assumed nonfarm and migrant economic activity ratesand exogenous projections of total nonagricultural employment, farm­household nonagricultural employment, and nonfarm unemployment 
rates.

The base agricultural labor force isdetermined inthe model by apply­ing assumed age-sex-specific rates of base agricultural labor force partici­pation to the in-residence farm-household population distribution. Age­sex-specific data were available on the proportion of each five-year age­sex cohort reported as working "mainly in agriculture" and the proportionreported as working more than 90 days inagriculture. The larger of thesetwo proportions was taken as the base agricultural labor force participation
rate for that cohort. 

Recent years have witnessed reports of agricultural labor shortagesduring the two peak seasons, which typically occur during June andOctober and span a total of roughly 60 days in any one area. Under theassumption that only the farm-household population currently in resi­dence can provide labor to the agricultural sector, the model estimates thepotential peak-season agricultural labor force on an annual basis by apply­ing estimated age-sex-specific rates of participation in the peak-seasonlabor force to the farm-household population distribution. To estimate therate of participation in the peak-season labor force, it was assumed thatthose who worked fewer than 90 days in agriculture were drawn into thelabor force when demand was greatest.
Both the base and peak agricultural labor force estimates are translatedinto adult male equivalents by using coefficients based on differences inwork capacity by age and sex. Since the peak-season labor force participa­tion rates indicate the proportion of each age-sex group available for theentirety of the 60 days encompassing the two peak periods, multiplying thepeak-season manpower estimate by 60 yields the estimated supply of laborin adult-equivalent man-days available during the two busy seasons.With respect to the effect on base agricultural manpower of changes inthe ratio of nonagricultural to total farm-household labor, it isassumed thattotal manpower isreduced by the same proportion as the total labor force.No adjustment ismade inpeak-season labor force to account for changesin the proportion of the firm household working in the nonagriculturalsectors. It isassumed that if a worker can procure nonagricultural workwhile continuing to live on the farm, then in most cases the work schedulecan be adjusted to allow farm-household workers to work inagriculture

during the peak periods. 
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Nutritional Requirements. This section is based on work reported in 
more detail in [164]. The population component calculates the projected 
calorie and protein requirements for the farm-household and nonfarm­
household populations. These nutritional requirements provide a standard 
against which the effective demand (calculated in the demand component 
as a function of prices and income) may be compared. Average daily 
age-sex-specific calorie and protein requirements per kilogram of body 
weight are applied to projected changes in body weight to give these' 
estimates of nutritional requirements. Additional calorie and protein re­
quirements are also included to account for the additional needs as­
sociated with pregnancy and nursing. Both requirements are specified for 
the population of age 0, with the allowance for pregnancy covering the full 
280 days of pregnancy and for nursing covering 10 months, a period 
chosen to represent average nursing practice. The nursing allowance is 
adjusted to provide for an efficiency factor of 80 percent in converting 
calories to milk. 

For the adult population (age 20 and over), the calorie requirement is 
based on the level of work activity, which results in the farm population 
having a higher calorie requirement. The base of the model is the 1970 
level of work activity. A change in the level of work activity may be 
incorporated by changing the calorie requirement per kilogram of body 
weight. A parallel adjustment is also included to provide for changes in 
average body weights of each age-sex cohort over time. In both cases, the 
model employs an estimate for 1970 and a projection forthe year 2000 and 
then linearly interpolates for the intervening years. 

DATA REQUIREMENTS 

The data requirements for each of the operational steps are reviewed 
below. 

Initialization 

Estimates of the national and farm-household populations by five-year 
age-sex groups for the ages 0-4 through 80-84 and 85+, with foreigners 
excluded, have been prepared for three different base years: 1960, 1966, 
and 1970. Both the natiohal and farm populations for 1960 and 1966 are 
based respectively on the 1960 and 1966 population censuses, with some 
upward adjustment for underenumeration. The national population for 
1970 is based on the most recent revised Economic Planning Board ad­
justments to the 1970 Population Census; the farm population for 1970 is 
based on the 1970 Agricultural Census, with adjustments for underenum­
eration. Sources of data for initializing populations in 1960, 1966, and 
1970 include [97, 98, 99, 108]. 
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Mortality 
The single-year survival ratios used in the aging operation are based on 

estimated single-year f. values interpolated from the Coale-Demeny
model life tables. Different levels of the West family of Coale-Demeny
model life tables were selected to represent the mortality regimes expected
to hold for Korea at different times between 1960 and 2000. The selection 
of the Coale-Demeny levels was based on estimates of past and future 
Korean life expectancy taken from several sow-ces, and the schedule of
levels employed in the model reflects roughly the mean values of these 
estimates. To obtain the e values for these fractional Coale-Demeny
levels, single-year e, values were first estimated outside the model for the 
ages 0, 1,2, 3, 4, 5,10, 15,. .. , 65, 70, 75, 78, 80, 82, 83 for West levels 15
through 23 by linear interpolation. These derived e. values were also used 
to extrapolate e. values through age 100 at each benchmark level, provid­
ing the basis for calculating survival ratios for the terminal age group.
Single-year survival ratios for ages other than those specified and for West 
levels other than the integer levels 15 through 23 are determined within the 
model through two-way linear interpolation.

The model allows for possible differences between farm and nonfarm 
mortality levels, but no specific data are available on differences between
urban and rural mortality in Korea. However, there isno reason to believe 
that the differences are substantial, and it is likely that the differences 
between farm and nonfarm households are even narrower. 
Military Service Rates 

Although there are no available official statistics on the size and age
distribution of Republic of Korea military personnel, these can be esti­
mated indirectly with reasonable accuracy from census data. Acompari­
son between the male five-year cohort populations indicated in Volume 
4-1 of the 1970 Census of Population and Housing [96] and the population
in each cohort for which economic activity status is indicated reveals a 
discrepancy of 599,000 men between the ages of 15 and 54 for whom no
economic activity status isreported. This number and the age distribution 
are very close to what one might expect for the population inactive military
service. These data formed the basis for calculatinganominal age-specific
profile of the national average military service rate as required by the 
population component. 

Migration 
Since no statistics directly measuring off-farm migration are available 

for Korea and because of indications that the pattern of off-farm migration
has differed significantly from the pattern of net rural-urban migration, 
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oit-farm migration was estimated from aggregate population data using the 
census-survival ratio approach (forward projection method). To produce 
an unbiased estimate of the net migration rate, this method requires that the 
population be closed to external migration, that interregional or intersec­
toral differences in age-specific mortality rates be negligible, and that the 
ratio ofthe regional (or sectoral) enumeration ratio to the national enumer­
ation ratio be the same in both censuses for each age-sex group and the 
same for every age-sex group in the region or sector [62]. The first condi­
tion was approximately satisfied for Korea during the period 1960-70; and 
if the KASM/POPMIG adjusted census population were employed, it is 
believed that the remaining conditions would be sufficiently closely ap­
proximated to justify using this approach. Under the census-survival ratio 
method, as employed here, net off-farm migration and the net off-farm 
migration rate for each five-year age-sex group is calculated by estimating 
the survival ratio from tir .e 1 to time 2 from the national population totals, 
multiplying this survival ratio by the farm population in the appropriate 
ages at time 1 to determine the expected farm population in the next age 
cohort at time 2 in the absence of net migration, and subtracting this 
expected population from the actual farm population in the same age 
cohorts at time 2 to estimate the extent of net migration. This estimate is a 
measure of migration among those who survive to the end of the period, 
and the net migration rate is thus appropriately calculated on the basis of 
the average farm population during the period, counting only those who 
survive to the end of the period (i.e., the average population at risk). 

In order to avoid sharp fluctuations in the net migration rate profile for 
males between the ages of 20 and 30 caused by their entering and leaving 
military service, the census-survival ratio approach was applied to the 
populations and adjusted to include military personnel in the sector of 
origin. Because the age-sex selectivity of the military-adjusted net off-farm 
migration rates during 1966-70 was believed to be too sharply peaked 
among young adults to be representative of migration patterns occurring 
over the next several decades, it was decided to use the 1960-70 net 
migration rates as the profile pattern in the model. 

Both the migration mechanism and the labor force calculations require 
estimates ofthe rates of the economically active population by age and sex, 
and the rate of urban nonfarm unemployment. Sources for these data in 
Korea included [95, 108]. 

Emigration 

In the absence of more appropriate information, the assumptions con­
cerning emigration currently employed in the model are based on data 
provided by the Ministry of Health and Social Affairs on the annual number 
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of approved petitions for emigration between 1960 and 1973. These are 
gross figures, but the number of returning emigrants isprobably more than 
offset by the degree to which these fall short of actual emigration. Assump­
tions about the projections of the historical data into the future must be 
supplied to the model. 

Fertility and Infant Mortality 

The basis for estimating and projecting age-specific fertility in Korea 
was the L.J.Cho estimates of age-specific fertility among the urban and 
rural populations during the period 1959-70 [31] and the average of the 
two estimates of the 1973 national age-specific fertility rates, based on the 
Continuous Demographic Survey and the 1974 Korean National Fertility 
Survey. The Cho estimates are based on census data, using the "own­
children" method devised by Cho and Grabill. Next, a least-square regres­
sion of the general form 

Rt(a) =A.*eo ' t 

was fit to the age-specific fertility data for each age group and each sector. 
The estimation parameters A. and B, were then used to derive benchmark 
age-specific fertility rates for each sector at five-year intervals between 
1960 and 1995. This approach to projecting fertility trends paralleled that 
used by the Korean Development Institute (KDI) to prepare national popu­
lation projections for the Fourth Five-Year Economic Development Plan. 

The exogenous projection of fertility outside the model and indepen­
dent of other variables istheoretically unsatisfying, especially since fertility 
is the major variable in determining the future growth of the Korean 
population. However, the theoretical and empirical basis for estimating 
fertility as afunction of other variables is relatively weak, and efforts in this 
area carried out elsewhere suggest that the estimates yielded by any of the 
current generation of causal fertility models would be likely to be further off 
the mark than a well-considered exogenous projection. The KDI "trend" 
projections of national fertility were deemed a reasonable basis for a 
"target" population projection for population policy during the Fourth 
Five-Year Plan because they remained fairly close to the fertility patterns 
experienced in Japan in terms of the relationship of age-specific fertility 
rates at each given level of total fertility. The KDI projections suggested a 
slower rate of decline in fertility than that which occurred in Japan: 
according to the KDI projections, total fertility' isforecast to decline from 
3.85 in 1973 to around 2.1 in 1993 - roughly paralleling the drop that 
occurred in Japan between 1950 and 1958. A slower rate of overall decline 
in Korea was deemed realistic in light of differences in historical patterns of 
fertility, differences in the educational attainment levels of fertile women at 
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the beginning of the period of rapid decline, differences in levels of female 
participation in the labor force, and differences in the proportion of fertile 
females in farm households. 

Since age-specific fertility rates could only be estimated by five-year 
age groups, given the available data, single-year fertility rates were derived 
by entering the five-year age-sex fertility rates as single-year values at the 
average exact age of the cohort and interpolating other single-age fertility 
rates through the table function routines used in the model. 

The same ratio of male to female births is assumed for both farm and 
nonfarm women. The sex ratio assumed in the model is 105.5 male births 
per 100 female births, somewhat higher than the average in countries with 
complete birth records, but consistent with Korean demographic patterns. 
Infant survival ratios were computed from the same Coale-Demeny model 
life tables used to estimate survival ratios at other ages and are handled in 
exactly the same manner in the model. 

Labor Supply 

In the farm-household sector the model requires age-sex-specific 
proportions of the farm-household population who participate in the base 
agricultural labor force (i.e., either work more than 90 days in agriculture 
or are working mainly in agriculture) and the peak-season labor force. 
These estimates were derived from [108]. To estimate the rate of participa­
tion in the peak-season labor force, it was assumed that those who worked 
less than full time in agriculture were drawn into the labor force when 
demand was greatest. Data were available on the number working in 
agriculture 0 to 30 days, 30 to 60 days, 60 to 90 days, and more than 90 
days. Thus, it was assumed that those working fewer than 30 days in 
agriculture in 1970 worked an average of 15 days and that all of these labor 
days were contributed during the peak season. Those working 30 to 60 
days were assumed to have contributed an average of 45 labor days, all 
during the peak season. Those working 60 or more days were assumed to 
have been available for the entirety of the peak season. Thus, a weighted, 
age-sex-specific, peak-season, labor-force participation rate was calcu­
lated. 

Although it may be unrealistic to assume that those working fewer than 
60 days in agriculture work only during the peak periods, the error intro­
duced by this assumption is probably offset by the likelihood that as 
effective peak-season labor demand increases, the amount of labor con­
tributed by non-full-time agricultural workers will also rise. This is already 
occurring, as is evident from the fact that the fraction of farm women of all 
ages and farm men over 60 who worked more than 60 days in agriculture 
was higher in the 1970 Agricultural Census than in the agricultural census 
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of a decade earlier. Both the base and peak agricultural labor force esti­
mates are translated into adult male equivalents, using coefficients that 
reduce the human power output of young laborers under age 20, women 
between ages 20 and 55, and older laborers over age 55, relative to a 
reference male age of 20 to 55 [1091. 

In the nonfarm-household sector, the model makes estimates of the 
employed nonfarm population using age-sex-specific economic activity 
rates combined with the overall nonfarm unemployment rate. The source 
for these data has been [95]. Unpublished data from the 1970 census 
indicate that economic activity rates of civilian migrants differ significantly 
from those of the nonmigrant population; provision for this differential is 
built into the model. 

The assumptions concerning the growth of total nonagricultural em­
ployment are based on preliminary projections made for the Fourth Five-
Year Plan (1977-81) by economists at the Korean Development Institute. 

Projections of nonagricultural employment in farm households may be 
provided to the model in two modes: (1) a projection of the absolute 
amount of employment, with the current projections being directly ex­
trapolated from data for 196L t.; 1970, assuming the historical annual 
growth rate of 4.5 per cent "ould continue; or (2) an exogenously pro­
jected number of off-farm wr.,. rs per farm household, where the number 
of farm households is calculated as a proportion of the number of farm 
males, ages 25 to 59.. 

Nutrition 
Inorder to calculate nutritional requirements, the model requires esti­

mates of average daily age-sex-specific calorie (KCal) and protein require­
ments per kilogram of body weight and projected changes in age-sex­
specific body weights.4 

Policy Inputs 
Of the various data input requirements summarized above, none, with 

the possible exception of the size of the military forces, is a policy instru­
ment directly controllable by governmental decision makers. Some data 
inputs are clearly influenceable by governmental policies and programs. 
For example, the rate of decline in fertility rates isinfluenceable by effort 
expended on the family planning programs, and mortality rates are affected 
by expenditures on public health programs. Emigration rates are influ­
enced by government targets and subsidies. 
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TESTING 
The structure of the population component isnot particularly complex 

or sophisticated. It isessentially an "accounting model" that keeps track of 
people by their attributional characteristics (age, sex, sector, employment,
etc.). Thus, from astructural, operational point of view, not much work was 
required to test the logical consistency of the model structure. The main 
efforts went into usingthe model to check the consistencyof the data inputs
that were derived from a variety of sources and into making judicial
adjustments where it seemed appropriate. For example, calibration runs, 
with the model using the initial arrays of farm and nonfarm age-specific
fertility, gave evidence that, in general, actual farm-household fertility
exceeded Cho's estimates for the rural sector as awhole, whereas nonfarm 
fertility was somewhat lower than that estimated for the urban sector. This 
discrepancy evidenced itself in sharp discontinuities between the size of 
the population aged 0 in 1961, 1967, and 1971 and the population aged 1 
in the same years, as projected within the model from the KASM/POPMIG 
base populations. This gap was closed by adjusting the fertility adjustment 
coefficient to raise or lower total fertility (and age-specific fertility) by the 
required amount. 

Current testing indicates that the projection of off-farm migration rates 
and, hence, of the farm/nonfarm split and of available agricultural labor 
supply is very sensitive, as might be expected, to assumptions about the 
growth of nonagricultural employment and the urban unemployment 
levels. Part of the problem has to do with definitions of employment, 
part-time employment, unemployment, etc., and the way that surveys 
collect these data. Experience with the population model indicates that 
more work is required in this area. 
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RATIONALE 
The agricultural sector in Korea, as in any country, isan integral part of 

the national economy. Figure 18 highlights two major classes of interac­
tions between the agriculture/farm and nonagriculture/nonfarm sectors of 
anation's socioeconomy: demands for each other's products and competi­
tion for factor inputs. Classes of interactibrs- not shown would include, 
among others, ecological and recreational'influences (see chapter 3).

The implication in Figure 18 that farm isequivalent to agriculture and 
nonfarm is equivalent to nonagriculture is merely a simplification for 
demonstration purposes. Farm households frequently supplement their 
income through nonagricultural employment during slack seasons. In 
Korea, about 18 per cent of farm income derives from such sources, and a 
major rural welfare objective of the Korean government isto increase that 
nonagricultural contribution to about 26 per cent during the Fourth Five-
Year Plan period, ending'h 1981. Similarly, although to a lesser degree, 
nonfarm-household income may be augmented from agriculture through,
for example, sharecropping and tenant farming.

On the demand side - the upper part of Figure 18 - are two of the 
strongest feedback loops between agriculture and nonagriculture (em­
phasized with thick arrows inthe figure). Both of them are positive loops in 
that increases in agricultural production, say, lead to increases in nonag­
ricultural production, which feed back to further stimulate agi iculture. For 
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example, agricultural growth resulting from public investments in land and 
water development programs and crop improvement research and exten­
sion can increase farm income and, hence, farm consumers' demand for 
nonagricultural goods and services. In addition, demand for agricultural
inputs will also rise to support the increased production levels. Both of 
these demands - for intermediate and capital inputs and for consumer 
goods and services - will stimulate increases in nonagricultural produc­
tion to satisfy them.' Nonfarm income and, hence, demand for food will 
rise accordingly, providing a further stimulus for agricultural growth.
Nonagricultural growth also positively affects agriculture by increasing 
demands for industrial raw materials. 

The competition for factor inputs is diagrammed in the lower half of 
Figure 18, which emphasizes the feedback effects on agricultural produc­
tion of losses of land, labor, and capital to nonagriculture. Land is trans­
ferred out of -'griculture to satisfy the needs of an expanding industrial 
sector and to be used for residential construction for a growing population, 
demand for the latter being influenced by income, as indicated in Figure
18. In Korea, a land-poor country, arable land has been leaving agriculture 
at the rate of about 13,000 hectares per year. Without investments to 
increase the productivity of the remaining land or to reclaim new land, this 
can only have a negative impact on agriculture. 

Agriculture also supplies the labor required by a growing nonagricul­
ture. The net effect on agriculture ofoff-farm migration - which in Korea is 
occurring at a rate of about 3 per cent of the farm population per year - is 
mixed. If the necessary capital and technology are available to allow 
mechanization to replace the lost human labor without a loss in produc­
tion, the increased productivity of the remaining labor will increase farm 
income, which will have a positive effect on agricultural production, as we 
saw above. In addition, migrants frequently return a portion of their nonag­
ricultural income to agriculture in the form of capital transfers to their 
family members remaining on the farm. On the other hand, migrants who 
move simply to swell the ranks of the urban unemployed or underem­
ployed will negatively affect nonfarm income and, hence, agricultural
production through demand effects. Furthermore, migrants represent a 
drain on agricultural capital insofar as investment in their education was 
financed by agricultural production. 

Finally, there is also competition between agriculture and nonagricul­
ture for capital resources. Figure. 18 refers to net capital transfers, implying
that the flow goes in both directions, unlike the predominant pattern of 
land and labor transfers. As noted above, migration itselfrepresents capital 
leaving agriculture and also generates a flow of nonagricultural capital
back home to the farm. Capital also flows out of agriculture in the form of 
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taxes and savings deposits. If the flow of subsidies, credits, and public 
Investments and services back to agriculture exceeds this outflow, how­
ever, the net effect on the agriculture/farm sector can be positive.

The relevant question now concerns the relative strengths of these 
interactions and their implications for the design of agricultural sector 
analysis. One approach isto consider in the analysis only the effects of 
nonagricultural sector variables (e.g., nonfarm income) on agriculture,
ignoring the feedback effects of agriculture on those variables. If the 
implicit assumption in this approach that any such feedback effects are 
negligible isrealistic, then this approach isjustified. On the other hand, if 
agriculture does significantlv affect nonagriculture - and hence nonfarm 
income, for example -- then the analysis must also consider the relevant 
causal linkages from agriculture to nonagriculture.

InKorea, the elasticity of nonagricultural production w:tn respect to 
agricultural production in1970 has been estimated to be .295. Conversely,
the elasticity of agricultural production with respect to nonagricultural 
production was .854 in 1970.2 For purposes of partial analysis of agricul­
tural subsectors, such as demand projections or livestock production plan­
ning, it may be justifiable to treat as exogenous nonagricultural variables 
that ;,-,'iuence the agricultural subsectors of concern. The above elasticities 
- as rough a measure as they are - imply, however, that comprehensive 
sector analyses of the consequences of agricultural policies and programs 
can treat nonagricultural variables as exogenous only at the risk of losing
information important to public decision makers on the potential impacts 
on the nonagricultural economy of those policies and programs and the 
consequent secondary effects on agriculture itself. For example, the prod­
uct ofthe above elasticities says that such secondary effects can be as much 
as 25 per cent of the primary effects. 

This chapter describes the national economy component (NECON) of 
the Korean Agricultural Sector Model (KASM). The next two sections define 
NECON i n terms of (1)its linkages with other KASM components and (2) its 
own internal structure. The following two sections discuss Jata require­
ments and model testing, and we conclude with adiscussion of areas for 
further research and model development. 

NECC 4 BOUNDARIES 
The boundaries of NECON are defined by its inputs and outputs. These 

are described in three categories - linkages with the rest of KASM, policy
inputs, and other inputs and outputs - all shown in.Figure 19. 
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Linkages in KASM 
The national economy component interacts with the production, de 

mand, and population components of KASM. 3 NECON's strongest ties are 

with DEMAND. Nonfarm income affects the income response and budget 

constraint in the consumption functions in DEMAND (see chapter 10). The 

aggregate price index of nonfood commodities generated by NECON 

helps determine expenditures on nonfood goods and services. These are 

fed back to NECON, where they are disaggregated by nonfood sector as a 

component of final demand. Finally, agricultural trade is used in NECON 

for the trade accounts and agricultural exports become part of final de­

mand. 
are used in the technol-Agricultural input price indexes from NECON 

ogy change component of KASM in the determination of yields and input 

application rates (chap. 8) and resource allocation decisions (chap. 9). In 

return, intermediate input demands and agricultural output are used by 

NECON to modify the coefficients in agriculture's column of the input­

output technology matrix. In addition, agriculture's demands for invest­

ment goods are part of final demand for the capital goods-producing 

sectors of NECON. 
Finally, NECON uses projections of farm and nonfarm populations in 

its consumption subcomponent and to compute per capita values of ac­

counting variables. NECON's projections of labor requirements in the 

sectors are used by the KASM population componentnonagricultural 
(POPMIG) as a driving force for farm-nonfarm migration. 

Policy Inputs to NECON 

Five policy instruments may be investigated with NECON. Since KASM 

is concerned with agricultural sector analysis, none of NECON's policy 

inputs involves structural change in the nonagricultural sectors. 

Alternative levels of won-dollar foreign exchange rates may be pro­

jected over time as a policy input. NECON will show the effect of this 

policy on the won value of foreign trade accounts. Since export demands 

are projected for each sector in dollar terms, any effect that changes in the 

exchange rate might have on the dollar value of exports would have to be 

analyzed outside the model, if desired, and fed into NECON as new export 

demand projections. Similarly, on the import side, the effect of alternative 

exchange rates on domestic demand for intermediate inputs and consumer 

goods would be done off-line and result in changes in the import coeffi­

cients used in the model. 
Various tax rates may also be specified by policy assumption in NE-

CON. These include income tax rates for farm and nonfarm households 
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separately, indirect tax rates for each sector, and import tariffs for each 
sector. 

Government policies to promote import substitution may also be 
tested. Import-substitution coefficients are computed for investment 
goods, consumer goods, and intermediate inputs. These computations 
reflect exogenous assumptions about the achievement of target import­
substitution levels, without regard to how these levels might be achieved. 
Thus, NECON can address such questions as, What would be the conse­
quences of achieving target import-substitution levels?, but not how the 
government might achieve them. Finally, public investment in each sector 
and public consumption of each sector's output are projected as policy 
inputs to NECON. 

Other Inputs and Outputs 
As mentioned above, the dollar value of exports for each sector is 

projected over time outside the model for use by NECON. These exoge­
nous projections may be based on trade analyses of Korea's potentials in 
world markets or merely on assumed policy targets. World and domestic 
producer price indexes for each sector are similarly projected. 

Changes in labor productivity in each sector are computed by NECON 
on the basis of exogenous assumptions of ultimate values of labor pro­
ductivity and of the speed with which those targets will be reached. These 
productivity projections affect the nonagricultural labor requirements that 
feed back to KASM's population component to determine off-farm migra­
tion. 

In addition to outputs of NECON that go to other KASM components, 
NECON computes other performance criteria for use in evaluating model 
performance. Some of these include national accounts (total and percapita 
GDP and income, profits, wages, value added), sector-specific market 
price indexes, employment in each sector, and foreign trade accounts. 

STRUCTURE OF NECON 
The national economy component isbasically arecursive input-output 

model of the Korean economy in which the recursion takes place via the 
linkages (discussed above) with the rest of KASM. In general, farm income, 
agricultural production, part of the final demand vector which drives the 
input-output (10) production model, and part of the 10 technology matrix 
are determined in the agricultural sector model. Likewise, nonfarm income 
and agricultural input prices, important drivers of food consumption and 
agricultural production, respectively, are determined in NECON. 

NECON disaggregates the economy into 16 sectors. The behavior of 
the first sector, agriculture, isan aggregation of the behavior of the agricul­
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tural sector as projected in detail by KASM. Table 1 relates NECON's 16 
sectors to the Bank of Korea's 56-sector classification [16]. This 16-sector 
classification emphasizes the major agricultural intermediate input and
investment good industries: chemical fertilizers, machinery, fuels, and 
construction. Pesticides are included in the "other chemicals" sector. 

The internal structure of NECON isdiagrammed in Figure 20. Exogenous 
inputs and outputs of each of the six subcomponents shown in Figure 20 are 
classified according to whether they represent (1) linkages with the rest of the 
agricultural sector model (KASM), (2) policy inputs, or (3)other exogenous 
inputs and performance criteria outputs. Brief descriptions of each of the six 
components follow. 

Consumption 
The consumption subcomponent computes private per capita and total 

demand for domestic and imported consumer goods.
The food consumption component of KASM (chap. 10) projects farm and 

nonfarm demand for 19 agricultural commodities and one aggregate nonag­
ricultural commodity. In order to maintain consistency under sequential
(rather than simultaneous) solution of the two consumption components 

TABLE 1 
Korean Sectoral Classifications 

Korean Agricultural
Sector Study

16 Sectors 

Bank of Korea
56 Sectors 

1. Agriculture AG 1. Rice, barley, and wheat (polished)
2. Vegetables, fruits, and other grains
3. Industrial crops
4. Livestock breeding and sericulture 
6. Fishery products 

2. Forestry FOR 5. Forestry products 

3. Mining MIN 7. Coal 
8. Metallic ores9. Nonmetallic minerals 

4. Chemical fertilizers CHF 26. Chemical fertilizers 

5. Other chemicals OCH 24. Inorganic chemicals 
25. Organic chemicals 
27. Drugs and cosmetics 
28. Other chemicdl products 

6. Machinery MA 37. Nonelectrical machinery
38. Electrical machinery
39. Transportation equipment 
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TABLE 1 (continued) 

Korean Agricultural
Sector Study Bank of Korea 

16 Sectors 56 Sectors 

7. Fuels FU 29. Petroleum refining and related products
30. Coal products 

8. Other heavy OHM 20. Lumber and plywoodmanufacturing 21. Wood products and furniture 
22. Paper and paper products
31. Rubber products
32. Nonmetallic mineral products
33. Iron and steel34. Primary iron and steel product.
35. Nonferrous metal ingot and primary products
36. Fabricated metal products 

9. Food processing FP 10. Slaughtering, dairy products, and fruit processing
11. Canning and processing of sea foods
12. Grain polishing and milling
13. Other food preparations
14. Beverages
15. Tobacco 

0. Textiles TX 16. Fiber spinning 
17. Textile fabrics
18. Apparel and fabricated textile products 

1. Other light OLM 19. Leather and leather productsmanufacturing 23. Printing and publishing 
40. Measuring, medical, and optical instruments 
41. Miscellaneous manufacturing 

2. Trade TRD 50. Wholesale and retail trade 

1. Transportation and storage TS 49. Transportation and warehousing 

I. Construction CON 42 New buildings and maintenance 
43. Public utilities and other construction 

i Utilities UT 44. Electric utilities 
45. Water services 
48. Communications 

Other services 0S 46. Financing and insurance 
47. Real estate 
51. Government services 
52. Social services 
53. Other services 
54. Office supplies
55. Business consumption
56. Unclassifiable 
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(KASM's and NECON's), all interaction between food and nonfood demand 

(i.e., via cross elasticities) takes place in the food demand model of KASM. In 

NECON, then, the aggregate nonfood consumption expenditure compu d 

in KASM for farm and nonfarm consumers isdisaggregated among the 14 

nonfood sectors. 
For each class of consumers, farm and nonfarm, the private consumption 

function isof the same form as the food demand model (chap. 10). 

c(t) = Co[f{P(t), x(t), G(t }]s" (1) 

where C isa vector of per capita consumption in each nonfood sector, Pisa 

vector of price indexes, X istotal per capita nonfood consumption expendi­

tures, G isper capita gross domestic product, and Sisan elasticity expansion 
force the budget constraint (seeparameter computed by the model to 

below). Per capita gross domestic product is included as a measure of 

national development and modernization, which was found to be significant 

in explaining consumption levels in certain sectors; namely, transportation, 

utilities (which includes communications), and other services. 
The function f in equation (1) is of Cobb-Douglas form, where the 

exponents of P,X, and G are elasticities - hence, the term "elasticity 

expansion parameter" forS. Sisanumber, nominally of unit value, which is 

computed to ensure the budget constraint, where the constraint is total 

nonfood expenditures computed in the food demand component of KASM. 

That is, PTC = X (2) 

must hold at each point in time. 
Total consumption demand for each sector iscomputed by multiplying
 

per capita demand by population and adding an exogenous projection of
 

public consumption. Consumption isdisaggregated into demands for do­
goods using import coeffi­mestically produced and imported consumer 

cients that vary over time according to import-substitution policies. 

Investment 
The investment component* computes net and gross investment, de­

mands for domestic investment goods, and imports of investment goods. The 

proportional rate of change of private net investment, in nonagricultural 

sectors (except residential construction, which is a separate function of 

income and population) ispostulated to be a function of the proportional 

rates of change of profits per unit output and of capacity utilization. In 

Cobb-Douglas form, la(t= IoR,(t " Uift) P, (3) 

for each nonagricultural sectori. Investments in agriculture are computed in 

KASM. Inequation (3),I isprivate investment, Risprofits per unit output, U is 

a measure of capacity utilization, and a and P are elasticities. 



142 KOREAN AGRICULTURAL SECTOR MODELS 

investment areEquation (3) postulates that changes in private net 

driven by changes in profits per unit output and by changes in capacity 
discussed below). Modeling, in thisutilization (measured indirectly as 

way, the causal basis of net investment is an attempt to avoid some of the 

problems associated with modeling current investment (as is common 

practice [70, 891) as a function of future changes in output; i.e., what 

investment must be at time t to enable a change in output at time t+r, 

where is a gestation lag. One theoretical and practical problem with this 

approach isthe use of changes in actual output rather than capacity output. 

There is general agreement that capacity output would be the proper 

concept to use, but difficulties in defining and measuring it reliably [911 have 

led to the use of actual output in its place. In NECON, however, we have 

tried to measure proportional changes in capacity utilization indirectly as 

proportional changes in output per unit capital stock (instead of per unit 

capacity output). This is not an unreasonable measure if the ratio of capacity 

output to capital stock can be assumed to be constant. Although equation (3) 

may be adequate for NECON's purposes, the relationship of investment to 

capacity utilization is the subject of much needed advances in investment/ 

disinvestment/user cost theory to take explicit account of the rate of use of 

capital services [17]. 
After computing private net investment, NECON adds public investment 

and replacement investment (assumed equal to depreciation) to private net 

investment to calculate gross investment. Investment in each sector is then 

translated into demands for investment goods from each sector. Using 

import coefficients that depend on import-substitution policies, investment 

demands are split into demands for domestically produced and imported 

investment goods. Finally, in the computation of capacity utilization, capital 

stock in each sector is the integral over time of net investments, allowing for 

investment gestation lags. 

Production 

Based on final domestic demand, the production subcomponent com­

putes output and unit value added for each sector. Final domestic demand 

for each sector's output is the sum of domestic consumption, investment 

good demand, and exogenous projections of export demand. As a simplifi­

cation, inventory changes do not appear in the final demand vector. In 

1970, only about 1.5 per cent of total output went to inventory changes. 

This assumption can be changed, if necessary, without too much difficulty, 

since inventory coefficients do exist [63, 89]. 

Constraints on production - particularly constraints on capacity and 

on skilled labor - are not directly considered in the model. The primary 

purpose of NECON - to link agriculture with nonagriculture, rather than 
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to project and analyze Korean industrial development - does not justify 
the increased complexity and costs of a constrained model; e.g., some kind 
of programming algorithm for the production component, a population 
component disaggregated by skill level, and direct measurement of capac­
ity. However, NECON does address the capacity problem indirectly by 
making private net investment a function of capacity utilization. 

For its purposes, NECON assumes the input-output coefficients for the 
15 nonagricultural sectors (at constant relative prices) will not change over 
the time horizon of the model. Although this is certainly an unrealistic 
assumption, it is beyond the scope of NECON to project changes in the 
technological interdependence of Korean industry. If such projections are 
done by other researchers and made available, they can be incorporated 
into the model. In the meantime, results of agricultural analyses should be 
interpreted in light of this assumption that nonagricultural technology will 
not change or will change only in such a way as to leave the input-output 
coefficients unchanged. The fairly high degree of aggregation (16 sectors) 
will tend to reduce the errors introduced by this assumption relative to 
what they would be in a more disaggregated model. In addition, NECON 
does consider the effects of changes in relative prices and of import­
substitution policies. 

The input-output coefficients for agriculture, on the other hand, will 
change in the model on the basis of KASM projections of input demands 
and agricultural output. For the current version of KASM, coefficients are 
changed over time only for chemical fertilizers, other chemicals, fuels, 
other heavy manufacturing, and other light manufacturing. The 1970 Bank 
of Korea coefficients are maintained for the other agricultural inputs and for 
the coefficients of the other sectors. 

In matrix notation, output is 

OUT(t) = [I-AD(t] - 1 FDD(t) (4) 

where OUT is the vector of sector outputs, I is the identity matrix, FDD is 
the final domestic demand vector, and AD is the matrix of domestic 
intermediate input requirements per unit output. AD is computed to ac­
count for import requirements and relative price changes. Finally, the 
production subcomponent computes value added per unit output and 
imports of intermediate inputs, Ine latter based on import coefficients 
resulting from import-substitution policies. 

Labor 

The labor subcomponent computes labor requirements and wages by 
sector and for nonagriculture in the aggregate. Agricultural employment 
and wages are determined in the agricultural production component of 
KASM. 
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Labor productivity in each sector is assumed to increase asymptotically 

tO an upper limit. Actually, NECON models the converse of this; i.e., labor 
requirements per unit output decrease asymptotically to a lower limit (Fig. 
21). For each sector i, 

dL(t) I [FLI - L1(] (5) 
dt 7 

where L isemployment per unit output, FL isthe limiting value ofL,and "is 

a time constant that determines the speed with which L approaches FL. 
Wages (including salaries, bonuses, etc.) are projected, assuming real 

wages per unit output tend to be constant. Again, it would be easy to make 
other assumptions; however, it isbeyond the scope of NECON to project 
nonagricultural wages endogenously as a function of other economic 
variables in the model. This would require a much more complex em­
ployment model. 

Price and Accounting 

The price component generates market price indexes for nonagricul­
tural sectors based on exogenous projections of producer price indexes, 
world price indexes, and trade and transportation margins. Price indexes of 
the agricultural and food processing sectors depend on food prices deter­
mined in the demand component of KASM (chap. 10). 

Whereas domestic market price indexes depend on producer price 
indexes and trade and transportation margins, the consumers' market price 
indexes and the investors' price indexes are weighted averages of the 
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FIG. 21. Proiection of unit labor requirements. 
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domestic market price indexes and the world price indexes, where the 
weights used are the consumer goods and investment goods import coeffi­
cients, respectively. In addition, the price component computes agricul­
tural input price indexes needed by the production components of KASM 
and the aggregate nonfood price index used in the demand component of 
KASM. 

The accounting component computes national accounts and other 
economic variables needed in other components of NECON, in KASM, 
and as measures of system performance. These include total and sector­
specific value added and its components, total and per capita nonfarm 
income, agricultural and nonagricultural income, unit profits for the 
investment functions, trade balance, tax revenues, and gross domestic 
product. 

DATA REQUIREMENTS 
The data needs of any model fall into three categories: initial condi­

tions, constant parameters, and policy parameters. Also required to run a 
model are projections of the exogenous input variables. The categories are 
not distinct in that policy parameters overlap the other categories; i.e., 
some are initial conditions, others are constant coefficients, and still others 
may be exogenous projections over time. Data needs of the national 
economy model (NECON) will be discussed by subcomponent, in the 
same order as in the last two sections. 

Inputs to NECOIV 
There are three sources of inputs to NECON: KASM, policy assump­

tions, and exogenous projections. These have been discussed earlier in this 
chapter so they will not be repeated here. It is sufficient to point out that if 
NECON is used independently of one or more KASM components from 
which it requires inputs, those inputs have to be supplied exogenously. 

Consumption 
Constant parameter data requirements of the consumption subcompo­

nent include - for farm and nonfarm consumers and for 11 of the 16 
sectorS4 - own- and cross-price elasticities, expenditure elasticities, and 
elasticities with respect to GDP. These elasticities have been estimated for 
nonfarm consumers on the basis of time series compiled from urban­
household surveys [101] and price surveys [102]. Estimation for farm 
households has been difficult since farm-household surveys [1071, until 
just recently, have not collected consumption data at alevel disaggregated 
enough to permit reaggregation under NECON sector definitions. For the 
time being, therefore, NECON uses nonfarm elasticities for both consumer 
groups. Additional constant parameters required for the consumption sub­
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component are trade and transportation margins for consumer goods.These are derived from Bank of Korea (BOK) input-output data [161.Initial conditions required are (1)per capita consumption expendituresfor farm and nonfarm consumers in each of the 11 nonfood sectors and (2)the budget constraint elasticity expansion parameter. The former are de­rived from household surveys [101, 107], and the latter is initialized at itsnominal value of unity. In addition, initial total and noncompetitive con­sumer good import coefficients are required for each sector. These havebeen derived from input-output data [16]. 

Investment 
The investment subcomponent ofNECON requires constant parameterdata, for each of the 15 nonagricultural sectors, on profitability and capac­ity utilization elasticities of private niet investment. For the mining andmianufacturing sectors, these elasticities were estimated from time seriesderived from the Mining and Manufacturing Surveys [100]. Data for popu­lation and income elasticities in the residential construction investmentfunction must also be supplied. These have also been estimated from time

series data [15].
The Bmatrix, which converts investment by sector of destination intodemands for investment goods by sector of origin, iscomputed in NECONon the basis of incremental capital-output ratios (ICORs) and relative prices.The matrix of ICORs, by sector of origin and sector of destination, must besupplied as constant parameters. These have been estimated for the NECONsectors from (1)the K. C. Han study [63] of capital coefficients, which isbased on the 1968 wealth survey, and (2) an aggregation of the KoreanDevelopment Institute's 52-sector model [89]. Additional constant paramet­ers required are.trade and-transportation margins for investment goods for
each sector and lag times for investment gestation delays. The margins have
been derived from input-output data [16].
Initial conditions required for the investment subcomponent are resi­dential construction investment, private net investment, and capital stockin each sector. In addition, initial total and noncompetitive investment­good import coefficients are required for each sector. These have been

derived from input-output data [16]. 
Production 

Two sets of constant parameters are needed as data for the productionsubcomponent. Trade and transportation margins for exports of each sec­tor are derived from input-output data [16], as are the interindustry input­output coefficients (except agriculture). Input coefficients for agricultureare computed by NECON on the basis of information from the agricultural
sector model. 
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As initial conditions, total and noncompetitive intermediate input im­
port coefficients, by sector of origin and sector of destination, are required.
These have also been derived from input-output statistics. 

Labor 
Constant parameters needed to run the labor subcomponent are, for 

each sector except agriculture, the limiting values of unit labor requirements
and the time constants governing the decay rate towards those limits (FL and 
7 in equation (5)). Also required for each sector are the proportions of total 
employment that are wage labor. Data from the Mining and Manufacturing
Surveys [100] and input-output statistics [16]were used to estimate these 
parameters. Initial conditions of unit labor requirements and wage rates for 
each sector were derived from the same sources. 

Price 
Constant parameters required for the price subcomponent are, for each 

sector, trade and transportation margins for consumer goods, investment 
goods, and agricultural inputs. These have been derived from input-output
statistics [16]. In addition, exogenous projections of producer and world 
price indexes are needed. All price indexes are initialized to unity in the 
model. 

Accounting 
Constant parameters that must be estimated for the accounting subcom­

ponent are capital consumption allowance and indirect taxes per unit output
for each sector (estimated from input-output data [16]) and income and 
import tax rates. 

Variables that must be initialized are real gross domestic product foreach 
of the ten years preceding the initial year. The latter are used in computing 
one-year, five-year, and ten-year average growth rates of GDP. 
PRELIMINARY TESTING AND AREAS FOR 
FURTHER RESEARCH AND MODEL DEVELOPMENT 

Preliminary testing of NECON, in isolation and as a component linked 
with the rest of KASM, has indicated several areas of further research and 
model development. The)nhost important areas fall into three broad catego­
ries: price projections, private investment projections, and consistency of 
KASM linkages.

Inearlier stages of model development, NECON attempted to project 
real (i.e., deflated) producer price indexes for each nonagricultural sector. 
Problems arose in doing this, because the deflated price index isnot just a 
function of costs and capacity utilization, as was postulated, but also of the 
general price level, i.e., all other prices. To project nominal price indexes, 
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however, would require consideration of the effect of government's mone­
tary and fiscal policies on the general level of demand - clearly beyond the 
scope of KASM. Or, at least an exogenous variable, perhaps a time-trend 
factor, could be added to disposable income and/or public consumption to 
reflect that effect. Prices would then respond to the increased demand 
through the capacity utilization factor. 

Another alternative - the one we have followed in the current version of 
the model - would be either to assume that real price indexes remain 
constant after the tracking period of the model (1970-75) or to project 
sector-specific price indexes exogenously. In fact, however, relative prices 
have not remained constant in the past. Furthermore, to continue 1975 price 
indexes as constant would be to project an abnormal condition in that the 
transient effect of the oil price shocks of 1973-74 would be maintained, 
instead of allowing the system to adjust towards a new equilibrium or 
"normal" condition. Clearly, the question of whether price indexes can or 
should be projected endogenously or exogenously bears further investiga­
tion. 

Work that needs to be done with the private investment functions (see 
equation (3)) mainly involves tuning the elasticities, primarily the capacity 
utilization elasticities, so that investment in new capacity keeps pace with 
demand increases. Remember that there is no direct capacity constraint on 
production, but that net investment responds to capacity utilization (meas­
ured as the output-capital stock ratio). Assuming, as we do, that the ratio of 
capacity output (not actual output) to capital stock is constant, capacity 
utilization should stay close to its initial (1970) value or increase some, if 
capacity was underused in 1970. For some sectors, in preliminary tests, this 
isso; but for others capacity utilization projected by NECON increases two 
to three and sometimes five times over ten years, indicating the need for a 
faster rate of investment in the model for those sectors. 

Finally, when NECON is run linked with the rest of KASM, inconsisten­
cies become apparent between the microeconomic initial conditions for 
agriculture in KASM and the macroeconomic initial conditions for the 
agricultural sector in NECON. The latter are used when NECON is run 
independently, and the former are used when it is run linked with KASM. The 
result isthat NECON behaves differently when run in the two modes. These 
problems are mainly related to exports, consumpton of agricultural prod­
ucts, and agriculture's input-output coefficients and arise, at least partly, 
from the use of different sources for each setof initial conditions. KASM uses 
household surveys, customs data, and food balance sheets to initialize 
consumption and exports, whereas NECON is initialized from 1970 input­
output data and national accounts. Further investigation is required to 
account for, and then reconcile, the discrepancies. 
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INTRODUCTION 
The technology change component (CHANGE) of the Korean Agricul­

tural Sector Model (KASM) deals mainly with farmers' production deci­
sions in response to changes in technology. It models the processes deter­
mining how productivities or yield levels of crops under consideration
change over time. These variables are determined in the real world by
many different forces; CHANGE focuses on the effects of alternative public
policies, programs, and projects.

The principal purposes of a sector model are (1)to capture the most
important structural and behavioral relationships within the sector con­
cerned and between it and the rest of the economy and (2)to help design
development plans for the sector [167]. The public sector has been the
leading force in economic and social development of the Korean econ­
omy, and this will continue to be true in the future. For the agricultural
sector model to be useful in planning, it should clearly define how the 
specific, individual public policies, programs, and projects influence far­mers' decisions in allocating resources at their disposal and, hence, aggre­
gate performance of the agricultural sector. CHANGE models dynamic
interactions between the public and farm sectors with respect to resource­
use intensity.

This component model has several objectives. The first is to identify the sources of productivity growth or development. The classical economist 
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emphasizes only economic variables; the agronomist, biological
ables; and the engineer, physical variables as means of accelerating
nomic growth and development. An integrated model is required Icomprehensive, consistent, and even optimal [1721 with respect
relevant variables. Individual factors are certainly not mutually exchthey may be economic complements to each other. It is importzidentify the degree and extent of the interactions and contributil
individual factors to economic growth and development. Then econ
development strategies can be designed in the context of the dynamil
long run, rather than the static and short run.

Another objective of CHANGE is to illustrate how different theltechniques, decision models, and quantitative methods can be intei
gled to deal with practical problems involving dynamics. It isdifficult,
impossible, to develop by a single quantitative method a comprehel
and consistent sector model dealing with the dynamic process of
nomic development. As indicated in other chapters, each compone
KASM ismodeled using a unique quantitative technique. This isalso
for CHANGE and for each of its subcomponents.

Lastly, as already implied, we illustrate with this component
methodologies with which to model the dynamic process of econ(
development more accurately and realistically. By the dynamic procesmean the processes involving not only a time path of the variable
cerned and a time lag or delay between causes and results, butuncertainty (see [84] for the managerial process). More specific
CHANGE models dynamically (1)the process of innovation diffusio was done in [31, (2)the process of land and water development, (3)process of productivity growth on newly improved or developed land,
(4) the process of production decision making. 

OUTPUTS OF CHANGE 
Let us now state more specificallywhat kinds of variables we inten

project over time as outputs of this component model. These include 
following categories:

i. Individual crop yields by region
II. Factor inputs - intensity by crop and region 

A. Fertilizer inputs
B. Chemical inputs 
C. Other material inputs
D. Labor inputs 

1. Spring season 
2. Fall season 
3. Annual total 
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Ill. Agricultural land by region 
A. Total land area 

1. Paddy 
2. Upland 
3. Potential double-crop land 
4. Pasture land 

B. Land areas improved by the land and water development proj­
ects, by paddy or upland 
1. Irrigation 
2. Consolidation 
3. Drainage 
4. Reclamation 
5. Other improvements 

IV. Investment requirements for individual land and water development 
projects 

Some model outputs, such as investment requirements, are final out­
puts. Most, however, are intermediate variables needed to determine or 
project, directly or indirectly, the final performance variables of the global 
KASM system. The major linkages between CHANGE and the rest of 
KASM, including the public sector, are shown in Figure 22. In relation to 
the overall KASM structure, CHANGE ismost directly designed to provide 
input to the resource allocation and production component (RAP). That is, 
the primary CHANGE outputs of yield and factor inputs are designed to be 
inputs to the objective function, input-output coefficients, or both of the 
RAP linear program model. The land capacity outputs of CHANGE, to­
gether with projections from other components such as the farm labor force 
trom POPMIG, are designed to be inputs to the resource constraint vector 
of RAP. Essentially, CHANGE is constructed to make RAP completely 
dynamic and to link it with the public sector. 

In addition, however, as seen in Figure 22, CHANGE supplies the 
national economy component (NECON) with (1) public and private in­
vestment made in the agricultural sector for land and water development, 
and (2)demand for specific inputs required for land and water develop­
ment supplied by the farm and nonfarm sectors. In addition, CHANGE 
projects factor input use per unit of land for individual crops. These input 
rates are multiplied by the area allocated to each crop (determined in RAP) 
and then summed across crops to project total demand for individual 
production factors, as required by NECON. 

INPUTS TO CHANGE 

What kinds of variables are likely to influence the output variables 
stated above? Or what kinds of policy instruments isthe public sector able 



SFarmlIncome 

Farm _._.LAG ... Demand-Pdice-I 
Accounting I Foreign Trade 

. Producer 
0:r 

Prices > 

Investments
PublicAgricultural price li 
Sector Agricultural finance policies 

0 
iPrivate 

Technology 
Pl Change 

Public Investment in agricultural sector 
investment in land and water 

Demand for land improvement inputs National 
Economy 

Z 
> 

C 
[ Input prices C 

Tree crop age composition LAG Input application rates 

Land capacities 0 

0 

AllocationProductionI cu I-

FIG. 22. Major direct linkages between the technology change component and the rest of the Korean agricultural sector model. 



153 
THE TECHNOLOGY CHANGE COMPONENT 

or authorized to use? The first two categories of output variables indicatedabove are farmer decision variables, not public decision variables. Thenhow do public decisions affect these variables? Let us list the specificpublic policy instruments considered in CHANGE: 
I. Policies related to land and water development

A. Land and water improvement
1. Multipurpose, large-scale, land development projects2. Large-scale irrigation projects for paddy
3. Small-scale irrigation projects for paddy4. Paddy consolidation projects
5. Paddy drainage projects
6. Improvement projects for low-producing paddy
7. Upland irrigation projects
8. Upland consolidation projects

B. Land reclamation 
1. Tideland development projects
2. Upland development projects

C. Pastureland improvement program
D. Policies on agricultural land conservationII. Policies related to biological technology development
A. Research programs
B. Extension programs


Ill. Price policies
 
A. Product price policy

B3Factor price policy


IV. Agricultural finance policies 
A. Credit program
B. Interest policies

These are the policy instruments available to the public planner. Theyare exogenously determined, as represented by ahexagon in Figure 22. It isnot claimed that these are the only policies that the public sector can use tochange the resource base and input-output coefficients for agriculturaldevelopment, but they are considered the most important, and they aredirectly related to productivity growth.There are input variables other than policy inputs that affect pro­ductivity growth, directly or indirectly. By definition, these kinds of inputvariables must either be determined exogenously or supplied from otherKASM components. The inputs to CHANGE that are generated as outputvariables ofother components are shown in Figure 22. Most of these inputsare not current but are one-year lagged variables (noted as LAG). This typeof input includes (1)regional specialization (computed from crop areas),(2) change in age composition of tree crops, (3) farm capital formation 
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(computed from farm income), (4) producer prices, and (5) factor input
prices. Prices generated in DEMAND and NECON are determined by
market forces. 

In addition, there are variables generated within CHANGE as inter­
mediate or state variables that relate input and output variables. Some ofthese variables will be discussed in the following section. 

Insummary, agricultural development involves technological, institu­tional, and human change. Such change or transformation depends basi­
cally on investment in agriculture. Both components, CHANGE and RAP,deal with investment problems on the production side. The former con­
cerns itself mainly with public investment in the form of direct investment,subsidies, or finance, and the latter determines the level of farmers' invest­
ment or capital formation for such items as farm machinery, livestock, and 
perennial croos. 

STRUCTURE OF CHANGE 
Following is a discussion of how the output variables are projected,

based on the model inputs indicated in the previous section. A simplified
version of the model structure is shown in Figure 23. The component
consists of five subcomponents, in addition to the public sector: 

1. Land and water development 
2. Biological research 
3. Innovation diffusion 
4. Factor demand projection
5. Product supply projection 

The Product Supply Projection Subcomponent 
First let us discuss the mechanism of individual crop yield projections.

By explaining the final variables first and the causal variables last, we hope 
to increase the reader's understanding.

The production rate (and hence supply) isexclusively a response to 
resource use. Thus, once the input rates are determined each year and the
production function isknown, it then becomes a computational problem
to project individual crop yields. This isbasically the production function
approach. The price-output relationship, or supply function approach, isnot used for several reasons [80]. First, agricultural supply cannot be
accurately explained with price variables alone. As shown in Figure 23,
factor input levels (conventional as well as nonconventional) determine
the production rate [82]. Input and output prices affect output level through
factor demand. But prices are only one of several kinds of variables that
affect (conventional) factor demand. Second, regression approaches tosupply analysis based on price-output relationships are known to be imper­
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fect, especially when structural changes are present [114]. As a matter of 
fact, one of the primary objectives of an agricultural development plan isto 
change the input-output coefficients associated with agricultural produc­
tion [49]. Much of this change can only be attained through technological, 
institutional, and human change, i.e., structural change. Third, positive 
price policy alone can do little to increase total farm supply, especially in 
the short run, from a low-level, stationary, equilibrium state. For most 
crops, the so-called conventional inputs in Korea are being used at the 
appropriate rates for maximum physical production [116], perhaps be­
cause of input price subsidy and credit programs. 

This argument implies that there isnot much room for price policy to be 
effective in increasing the output rate, unless structural change takes place 
to shift the short-run production function. At any rate, our production 
function for yield Y1, is represented as 

YU(t) = f[X11 (t), ZIk(t] (1) 

where i indexes regions, i crops, e conventional inputs, and k nonconven­
tional inputs. Conventional inputs (X11r), such as fertilizer and pesticides, 
are basically supplied from the private sector, including the farm sector 



156 KOREAN AGRICULTURAL SECTOR MODELS 

itself. Nonconventional inputs (Z) are structural change variables. Two 
types of nonconventional inputs are distinguished. One is inputs that the 
pulblic sector supplies to the farm sector directly or indirectly through
investment, subsidy, or loan programs. Examples include high-yield varie­
ties, new cultivation practices, improved land, better institutions, and 
human capital. The other is the capital generated in the farm sector that 
affects the yield level. An example of this type of input is perennial crops
(fruit trees and mulberries in the KASM system); that is, age composition of 
tree crops and status of plant health. Age composition of tree crops is 
computed in RAP and plant health is internally computed in CHANGE,
assuming that the status of plant health isdependent upon past input use. 

In actual computation, we use the following projection equation: 

YI,(t) =(1.0o+ X1 + I fPik(t) ZIk(t) ) Y1() (2)+aJ(t) wt)
f Z (0) .(o),, 

where Xt) = X(t) - X(O), Z(t) = Z(t) - Z(O), and os and 6s are appropriate
elasticities. This form of equation can be derived from any form of produc­
tion function by means of the Taylor series expansion. 

Factor Demand Projection Subcomponent 
In order to project individual crop yields, we must first project the levels 

of the conventional, as well as nonconventional, inputs used for individual 
crops. In this subsection we will discuss how the so-called conventional 
input demand is projected. The nonconventional input uses will be dis­
cussed in the following subsections. 

Conventional inputs considered in CHANGE are fertilizer, chemicals, 
other material inputs, and labor. What are the determinants of factor 
demand? We have seen that product and factor prices influence the 
production rate and, hence, supply. That is, farmers' response to price is 
actually revealed in the level of factor use. Indeed, supply response is really 
a factor demand problem. 

Input-use intensity is also affected by technical relationships. In a 
dynamic process, such as the system presented here, these coefficients are 
changed over time. Structural change variables act as production-function 
shifters, as well as shifters of factor demand. To change these coefficients is 
a major purpose of a development plan.

In the model the individual factor demand function for each crop is 
constructed as a function of the economic and physical variables consid­
ered above, as shown in Figure 23. However, because of lack of appro­
priate time series data, we derive (conventional) factor demand functions 
from the production functions. Here we adopt the so-called profit maximi­
zation assumption. The optimum input level ­ hence, output - derived 
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under this assumption isoften believed to be the upper bound of actual 
are likely to be high,performance [1711. Model estimates, therefore, 

because all important constraints that farmers actually face are probably 

not considered in the model conceptualization. Thus, inorder to make our 

projections more realistic, we impose several restraints in terms of finance, 

uncertainty, and resource fixity. These financial restrictions are that (1) 

total expenditure cannot exceed total supply of the capital budget; (2) 

credit used from all sources (own capital, credit from public institutions, 

credit from private moneylenuers) cannot exceed the respective supplies; 

(3)the marginal rate of internal return to capital cannot be less than the 

appropriate interest rate; and (4)farmers' own capital may be disposed of 

in nonfarm uses, if desired, so that the marginal rate of internal return is 

equal to the salvage interest rate. To represent uncertainty and resource 

fixity restraints, factor demand elasticities with respect to prices are ad­

justed to reveal the direction, duration, and magnitude of price changes. 

The resultant factor demand function derived from the profit function 

and constrained by production functions and the conditions specified 

above is represented in equation (3), 
+ + / t) -)+ 

x1 1(t = I + ait(t) P (t) 
+ P.(O) 6 ,(o)(P;() 

k Zik(O) 

where X,,, stands for use of input (e) for crop (j)in region (i); Pr,, for price of 

crop () in region (i); P. for factor price of input (n)in region (i); the Ps, is, 

and 2s are appropriate time derivatives; and a, 3,y,and 8are appropriate 

coefficients. Equation (3)isstill a partial solution, since it contains at least 

besides the Zs. This variable is a Lagrangianone unknown variable, e, 
multiplier plus one and isequivalent to the gross marginal rate of internal 

return to capital or, in this formulation, the marginal value product per unit 

of expenditure (MVPUE). We need to determine the value ofthis variable to 

project the so-called conventional input levels, X11 . 

By substituting individual factor demand functions for all crops into the 

overall budget constraint and solving it in terms of e, we have 

(I + zyit u -t(V.y-4 &-(0jin Px.(0)+7.0...40 P..(0
Py, (0)Y.Eylit (U)Xnt FOF61(t) = ei(O) 

I' 

+.8A 81(0)- (4)() C(O)Bdt) 
_711k (0) it)P,,txie (0))r0)k 


where B istotal supply of capital in the budget for region (i). Equation (4) 

can be intexrpreted as the demand function for the capital budget. Once B(t) 
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isgiven, we can project the factor input levels through equations (3)and 
(4). The first financial restraint listed above can be met through equation
(4); however, there isyet no guarantee that specifications 2, 3,and 4 will 
hold. Let us see what we can do. 

First of all, the capital budget, Bit, is made up as follows: 
B(t) = F(t) + G(O + Plt + P2(t) (5) 

where Fstands for farmers' own capital, G for government-supplied credit 
(short-term), and P1 and P2 for private moneylender credit with low and
high rates of interest respectively. This means that the credit supply is a step
function, as illustrated in Figure 24, where 

B11 = F1, B24 =F + G,, B31 = F1+ G, + P11, and 
B41= F, + G, + P11 + P21 

We have not decided yet how much capital should be used. Should we use 
capital in the amount of B1,B2, B3, B4, or in some amount between BI and 
B2 in Figure 24, for example? The guidelines for this decision are given in 
specifications 2, 3, and 4, stated above. 

In order for these conditions to hold and for capital use to be deter­
mined, we play a game. That is, we start with B1 and compute the e or 
MVPUE byequation (4)to see whether or not afarmer's own capital isfixed 
or whether the farmer needs to borrow more or to dispose of some of his 
own capital. This game is illustrated in Figure 24. If the a turns out to be
MVPUE1, he uses his own capital inthe amount of D1 and disposes of the 
surplus (B1 -Dl), so that a isequal to R1, which is the salvage interest rate
plus one. If e with B1 isequal to R1 or greater than R1 but less than R2 ­
which is the government interest rate plus one - then his own capital is 
fixed by definition. This is a case illustrated by MVPUE2. Otherwise, he 
needs to examine whether or not to borrow money from government­
supported institutions, which are the chiefcredit-granting institutions. This 
game iscontinued until all four specifications hold. By playing this game,
the amount of capital budget needed and the appropriate marginal rates of 
internal return to capital are simultaneously determined. Now we are
ready to project individual factor input demands; but there is still an 
unexplained variable, Z, in equation (3). 

Land and Water Development Subcomponent 
Now we must explain how the so-called structural change variables,

Zs, which are supplied directly or indirectly by the public sector, are
determined. We distinguish two types of this variable: land quality change
and biological technology change. The former isdiscussed in this section. 
The land quality change isaconsequence of land and water development
projects, the various types of which are listed in an earlier section. The 
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kinds of farmland included in these land and water development projects 
are classified as follows: 

1. Paddy administered under 8. Developed tideland
 
irrigation associations 9. Irrigated upland
 

2. Irrigated paddy 10. Consolidated upland 
3. Partially irrigated paddy 11. Unirrigated upland 
4. Rain-fed paddy 12. Developed upland 
5. Drained paddy 13. Improved pasturage 
6. Consolidated paddy 14. Unimproved pasturage 
7. Improved paddy 
These kinds of farmland are not necessarily mutually exclusive. For 

example, irrigated paddyland also could be drained and/or consolidated 
paddyland. Some possible kinds of land are not listed; for instance, un­

drained paddyland, unconsolidated paddy- or upland, etc. These are 

omitted here because we need only totals of paddy, upland, and pasturage 

and the proportions of improved land. We need to distinguish all these 
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types of farmland because each has adifferent effect in shifting production 
and factor demand functions. Also, each contributes differently to an 
increase in potential double-crop land. 

Inmost cases, the reader will easily see the correspondence between 
the types of land listed above and the policy input variables stated earlier. 
However, some additional discussion is in order. First, multipurpose, 
large-scale land development projects are assumed to provide simulta­
neously irrigation, consolidation, and drainage for paddyland, as desired, 
and possibly tideland or upland development. Thus, such a project aug­
ments the productivity of improved land while transforming unimproved 
land to improved land or one kind of land to another. 

Second, large-scale irrigation projects, like multipurpose projects, are 
sponsored by the central government and augment the paddyland-under­
irrigation associations. Small-scale irrigation projects are undertaken by 
local governments to augment the irrigated paddyland. Inboth cases, some 
idle land or upland located near the paddy will likely be transformed into 
paddyland during the process of project implementation. Third, a certain 
amount of farmland istransferred annually to other uses because of urbani­
zation, industrialization, and so forth. 

With this introduction, a simplified computation of mix of land types 
can be represented by 

LAND/k(t) = LANDIk(O) +t[Alk() - M TIJt)]dt (6) 

where Al, isthe rate of change in the land base in which the productivity is 
increased after improvement due to project (k) in region (i) in year (t), T is 
the rate of land transferred to other-than-farm uses in region (i)year (t), and 
%, is a parameter. In some cases, the potential productivity gain is 

obtained immediately after land improvement; in other cases, it is not. 
Examples in which delayed increase in productivity occurs include tide­
land, developed upland, consolidation, etc. In cases of tideland, it takes 
more than five years after completion of the project for the potential 
productivity to be reached. This phenomenon can be modeled by either 
difference or differential equations, depending on assumptions made 
about the distribution of the time delay. Using a difference equation, 

AWV(t) = Bk(t - T) (7) 

where B stands for the rate of change in the land base just improved in 
which potential productivity isnot yet reached, T indicate: the number of 
years required to reach the potential productivity gain. 

There isalso some time lag or delay between initiation and completion 
of aproject. This land improvement time lag can also be modeled by either 
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difference or differential equatio ns. Using adifferential equation, this can 

be represented as follows:k DD k ' - W D) B-1k (D) dB(t) 
+ +k() dQL +8(t) = E(t) (8)kF d- -+k(w) d 

where D is the expected average delay - number of years to complete a 

project, k is the parameter describing the shape of distribution of project 

completion times, and E is the rate of land scheduled for improvement 
(policy variables) in each year. Note that subscripts denoting regions and 

projects are omitted to avoid complication. When k = 0 in equation (8), 

B(t) = E(t), which implies that land is instantaneously improved. When k = 
1,equation (8)reduces to the first-order differential equation, D*dB(t)Idt + 
B(t = E(), which means that the completion times of projects implemented 
are exponentially distributed. As k increases, the distribution ofcompletion 

times approaches a normal distribution; and if k = oo, the distribution is 

normal with mean D and zero variance, and equation (8) reduces to a 
which implies adifference equation like equation (7), B(t) = E(t - D), 

discrete delay where all land is improved exactly D years after project 
initiation. 

For either equation system, there are several computer programs that 

provide numerical solutions. Each program preserves the intermediate rate 

of land development, that is, land areas by development stage. This infor­

mation isused (1)to compute the annual investment required for land and 
project costs required by de­water development, with information on 

velopment stages, and (2)to deal with the process of productivity growth 

on the newly developed land. 
Insummary, the Zs in equations (1)to (4)are not measured in terms of 

absolute area, but in terms of proportion of im,roved land to appropriate 

total areas. As an example, suppose half ofthe dlpaddyland in aregion is 

well drained. Then the Z value for the cateE. )ecomes 0.5. This expres­
with the regional averagesion is necessary because we are concernc 

yield, not with the total production of a crop. Now, suppose the pro­

ductivity difference between drained and undrained paddyland isone ton 

per hectare. Then the Z value of 0.5 implie, that the average production 

function shifts up by one-half ton per hectare, as compared to that for 

undrained paddyland. When every piece of paddyland has been well 

drained, the function will have shifted up by one ton. (This numerical 

example is just an illustration.) 

The Biological Research Component 

No one would deny that change in biological technology is the ,most 

important, powerful measure in increasing farm productionj especially in 
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the Korean agricultural seting. Unfortunately, the progress and effect of 
biological technology modeled in this subcomponent are the most difficult 
phenomena considered by CHANGE to represent mathematically and 
accurately. Research and educaticn are not purely stochastic phenomena, 
with chance ocurrences relative to their initiations and outcomes. The 
probability (,i scientific discovery for a particular product, function, or 
service depends on the quantity and quality of re-source allocated to it 
[66]. But the economics of biological technology changes remains one of 
the least-developed areas in economics, both in theory and application 
(69]. Despite much work on the economics of biological research, the 
common cuiclusion reached seems to indicate that social returns to public 
investment are high. 

Let us ask ourselves when a particular research outcome with a certain 
productivity gain would materialize if a certain level of research resources 
wee allocated over a certain period of time. A definite answer is not 
possible even though the new rice varieties, such as Tong.ll, Yoo-Shin, 
Mil-Yang Nos. 22 and 23 in Korea, and many other biological technologies 
are merely research outcomes that came about through public investment. 
While we know of such succeisful cases, we also know that many unsuc­
cessful cases also exist. It is risky to predict research outcomes in advance 
in terms of the px).nt in time at which they will materialize, the degree of 
productivity gains, and other brological properties. 

To dea! with this difficulty, we adopt a simplified assumption that 
during the planning horizon, a series of biological technologies, such as a 
new variety or cultivation practice, will materialize with certainty at 
specified points in time and with specific levels of productivity gains at the 
experiment station for all crops under consideration. This is illustrated in 
Figure 25. 

This assumption may or may not hold in reality, depending on the 
research investment allocated and the other variables involved. We treat 
the assum'ption made in Figure 25 as a basis for sensitivity analysis. This 
will provide information on the consequences of alternative assumptions 
about biological technology development on the performance of the farm 
sector. 

Through this sensitivity analysis, we obtain infornation on the desired 
rate of change in biological technology needed for achieving certain policy 
goals. In turn, this information can be used in deigning and directing 
research programs. Suppose we have tentatively concluded that it is desir­
able to develop a series of new varieties that would increase productivity of 
a crop by 50 per cent, say, by 1985. If it is found technically feasible at 
reasonable cost, then an investment will be made. If it is concluded not to 
be feasible, then evral alternative policies can be examined: (1) the 



THE TECHNOLOGY CHANGE COMPONENT 163 

. 0.5 

U.4 

0.31' 

S0.21 

: 0.1 
I |0 

1970 1975 1980
 

FIG. 25. Hypothetical illustration of the points intime that new crop varie­
ties appear and their experiment station productivity gains relative to 1970 
yield levels. 

possibility of developing new varieties of substitute crops, (2)the possibil­
ity of obtaining the same goals by investing more for land and water 
development, and (3)the economic feasibility of importing food through 
international trade by expanding export industries, etc. 

The Innovation Diffusion Subcomponent 
After accepting the assumption made in Figure 25, we turn to modeling

the process of adopting the technology made available. The new rice 
variety named Tong-Il, having a gain in productivity of about 30 per cent, 
appeared at the experiment station in 1970. Dissemination was started on 
this variety in 1971. Despite an intensive government program, the total 
paddy area in which this variety was adopted was only about 40 per cent 
by 1975. What would be the implication of this fact? Why do all farmers 
not adopt this variety on every piece of paddy? Basically, there are two 
reasons: imperfect knowledge involving uncertainty, and limited area for 
which the new technology can be advantageously adopted. Inconnection 
with these reasons, several points must be considered: (1) the potential 
maximum area of farmland in which a new technology could be advan­
tageously disseminated, (24 the speed of adoption, (3)factors accelerating 
the diffusion rate, and (4) actual (average) productivity gain at the farm 
level. 

Before explaining the subcomponent structure, several remarks are in 
order. Both subcomponents, land and water development and innovation 
diffusion, are modeled basically by adifferential equation system. Never­
theless, they are very different systems in many respects - the former isa 
physical proces!, whereas the latter isa social process. Thus, the latter 
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requires equations and parameters describing farmers' behavior. Some­
times their behavior isnot exactly known. Inthis sense, it may be difficult to 
model the structure of and estimate parameters for this subcomponent.

In the case of the land and water development subcomponent, we 
implicitly assume that production factors (land quality) supplied from the 
public sector are instantaneously demanded by farmers; that is,supply is 
always equal to demand. However, we cannot make this assumption in 
modeling the diffusion process. Because of the uncertainty involved, far­
mers do not necessarily instantaneously adopt a new technology that is 
supplied. This is a disequilibrium system in the short turn. However, we 
adopt Cochrane's "treadmill" hypothesis [33] in the long-run context, 
insisting that average farmers eventually will adopt anew technology that 
is made available. 

Potential Maximum Area to Which a New Technology Can Be 
Adopted. A new technology should be better than the old in terms of its 
yield level, lower production cost, or some other production-improving 
characteristic. However, there is no guarantee that a new technology 
contributes to, say, a higher yield in all cases. That is, it may be better only 
for certain locations, weather conditions, farmers, and farmland that have 
particular characteristics. For agiven new technology, the potential area to 
which it ca'n be adopted can be extended by training farmers, improving 
farmland, and so on. Despite this, we assume that until more information is 
available the maximum potential suitable area is constant for each 
technology (k) shown at different points of time for each crop (j) in each 
region (i). 

The Process of Technology Diffusion. When will adoption of each 
new technology be completed? Or, how long will it take to complete 
adoption? It is known that the adoption curve or diffusion rate distribution 
has a bell-like shape and approaches a normal distribution. This process 
can be modeled with ahigher-order differential equation, such as equation
(8) above. Then, in this case, B(O will be areas to which anewtechnology is 
completely adopted in year t.D will be the expected average time between 
introduction and adoption. The shape of the distribution isagain charac­
terized by k. Finally, E(t) stands for areas introduced to the new technology 
in year t. 

In the process of diffusion, we adopt Campbell's "adoption tree" 
hypothesis [28], which implies that (1) trial does not necessarily mean 
adoption; (2) it may take more than one year to decide completely to 
adopt; and (3)one may try it several times before adoption. Rejection after 
trial iscalled the dropout rate. This rate, the expected average delay, and 
the rate of land area entering the adoption process are assumed to be 
functions of public investment (budget for extension), the degree of re­
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gional specialization, profitability, and the importance of a crop in a 
region. 

Productivity Gain at the Farm Level. Once the rate of adoption in 
each year isdetermined, we are ready to compute both the accumulated 
area by integration and the regional average gain in productivity, since we 
know the area adopted and productivity gain expected. We may realisti­
cally assume that (1)the resource base and goals of farming on the average
farm are less favorable than those at the experiment station, and (2)farms 
with agood resource base or equipped with better knowledge would adopt 
a new technology first. This argument then implies that (1)actual average 
gain in productivity at the farm level is likely to be less than on the 
experiment plots; and (2) as a new technology is disseminated among 
farms, the productivity gain on individual farms will decline [47]. That is, 
the regional average gain in productivity because of a new technology is 
treated as a decreasing function of accumulated land area to which that 
new technology is adopted, with an intercept that is smaller than the 
productivity gain at the experiment station. 

Innovation Made Available from the Nonpublic Sector. It isobvious 
that some farmers act more or less as innovators in selecting seeds, using
production factors, or applying husbandry suitable to their specific farm or 
farm location. Other farmers imitate the progressive farmers. On the other 
hand, the agribusiness firm that supplies the farm sector with modern 
inputs or processes farm products engages in research and development 
and also disseminates findings to farmers. It is assumed that (1) all this 
indigenous innovation occurs continuously, and (2)the rate of diffusion of 
this innovation isan increasing function of public investment. 

SUMMARY OF THE MODEL STRUCTURE 
Going back to equation (2), the structural change variables, theZs, other 

than the ones internally computed, are determined in each year through 
the mechanisms specified in the last three sections. The levels of these 
variables basically depend on the levels of policy input variables. These Zs 
are in turn fed into equation (4) with other policy variables, such as credit 
and supported prices, to determine the marginal rate of internal return to 
capital, e. Then this rate, e, the Zs, and the supported prices are fed into 
equation (3)to determine the so-called conventional input demand levels 
ineach year. By this process all production factors specified in equation (2) 
are projected. Thus, yield levels of individual cropscan then be projected. 

DATA REQUIREMENTS AND PARAMETER ESTIMATION 
The structural relationships and their parameters will determine jointly 

the behavior of asystem model. We have seen in the previous section that 
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CHANGE is acomplicated and heterogeneous system. This fact induces us 

to require many different kinds of data from diverse sources and varying 
are required: parameters,estimation techniques. Three kinds of data 

exogenous variables, and initial conditions. 

Parameters 

Basically, the parameters to be estimated are of three types: behavioral, 

physical, and accounting. The most critical parameters that seem to domi­

nate the behavior of CHANGE as well as the whole system of KASM are, 

first, the physical production relationships. These include productivities of 

the so-called conventional inputs and the degree to which the nonconven­

tional structural factors shift the short-run production and factor demand 

is indirectly estimated, mainly because of datafunctions. The former 
problems. Individual factor shares are used as proxies for their respective 

productivity elasticities. For the latter, data come from many sources such 

as case studies or experiments. The parameters used for these productivity 

coefficients are, in a sense, synthesized. Essentially the same sort of tech­

nique is used for estimating factor demand elasticities with respect to 

structural change variables. 
The second group of crucial parameters are the behavioral parameters 

that relate price and financial variables to factor demands. Again, these 
data difficulties.variables are indirectly estimated because of the same 

These parameters are really derived from the production function, as stated 

in the text. 
related to farmers'There are other types of behavioral parameters 

behavior in adopting new technologies. Since this behavior is not well 

understood and no previously collected data are available, once again we 

had to use tentative data, inferred from the real world. However, while 

individual subcomponent models were built and tested, these parameters 

were .. ore-or-less justified. 
We have still other types of physical data, most of which are essentially 

4ngineering data related to land and water development projects. The 

basic set of these data was supplied from the Agricultural Development 

Corporation (ADC) and was based on engineering field surveys and exper­

iments. The ADC uses this data set for making policy recommendations 

and for developing implementation plans for land and water development 

projects. The kinds of data included are (1)completion time of a project, (2) 

shape of the completion time distribjljon, (3) unit costs of project im­

plementation, (4) productivity growttf'n newly improved or developed 

land, (5) time required for productivity maturity, (6) investment required by 

land development stages, and many others. 
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Exogenous Variables 

We discussed the policy input variables earlier. These are, of course, 

exogenous variables to CHANGE and KASM. There are still other types that 

are exogenous either to CHANGE, exclusive of KASM, or to KASM. The 

former includes age cohorts of tree crops, the degree of regional specializa­

tion, etc., which are computed directly or indirectly from endogenous 

variables computed in other KASM components. Those exogenous to 

KASM include (1) the maximum potential farmland area needing im­

provement by various land and water development projects and (2) de­

velopment costs. Information on these variables was also supplied by 

ADC. Another group of inputs exogenous to KASM is information on 

farmers' own capital and noninstitutional private loans made available for 

agriculture. Again, because of adata problem, primitive assumptions were 

made on the value of those variables. 

Initial Conditions 

Since CHANGE is a dynamic model, the initial conditions play an 

important role in determining the system behavior. Because CHANGE is a 

heterogeneous system, diverse initial conditions are also required. These 

include various classes of land, yield levels by crops, factor input levels by 

crops, prices by crops or production factors, age composition oftree crops, 

and many others. Basically, appropriate statistics in 1970 (the base year) 

appearing in the official government publications are used. However, 

some data are not available in official statistics. Atypical example is factor 

uses, especially for crops other than rice, barley, and wheat. Thus, in many 

cases, information synthesized from many different case studies is used. 

In sum, since CHANGE is quite sophisticated, synthesized, and com­

plicated, there isno way to estimate all parameters simultaneously. This is 

true even for the production function for a crop in a region. Thus, the 

method and techniques used to estimate separately each ofthe parameters 

shown varied widely, from simultaneous estimation of subsets of data to 

"guesstimates." 

TESTING OF CHANGE 

CHANGE was extensively tested while being developed and in the 

process of sensitivity analysis and policy experiment runs. The philosophi­

cal basis of the model testing rested heavily on an objectivity or credibility 

test (see chapter 2 and also [83]). Because of the nature of the system 

modeled, historical verification alone was impractical. 

First, checks were made to determine whether or not variables had 

correct signs, behaved appropriately, and remained within known bounds. 
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In addition to this, while conducting sensitivity tests that included policy
experimental runs, we found that not all the relevant variables responded
appropriately to changes in parameters or policy input levels. Whenever
inappropriate responses were detected, arelevant part of the system model 
was corrected. This process was repeated until the model worked reason­
ably well. This type of procedure was first used for testing individual 
subcomponent models of CHANGE and then for testing the whole
CHANGE model together after individual subcomponent models were 
linked.

Finally, some of the major model outputs were contrasted with histori­
cal data, In these runs, the values of policy inputs and other exogenous
variables used actually prevailed in the real world. However, some statisti­
cal data were unavailable or published incorrectly and inconsistently.
Differences between actual or historical and projected values should be
interpreted as reflecting random error due to weather conditions and errors 
due to incorrect input data, in addition to possible misspecification of the
model structure. An example comparison for rice yield isshown in Figure26. It should be kept in mind when interpreting the projection made 
beyond 1975 that the projected value is exclusively the function of as­
sumed policy input levels. 

Historical tracking before the base year, 1970, may be desirable for at
least the key major output variables. On the other hand, model behavior
during the period representing the low-level, stationary equilibrium state of
Korean agriculture may not be used as evidence for adynamic agriculture,
where structural transformation takes place. Structural transformation inagriculture has only been aserious goal in Korea since the Third Five-Year
Plan, 1972-76. For these reasons, in addition to constraints we have on 
resources, we did not try such historical tracking. 

5.5 * Projected rice yield 

5.0 + Actual rice yield * 

i 
..4.5 

4.0 4,0. t 

3.5 t 
3.0 

1970 1972 1974- 1976 1978 1980 1982 1984 
year 

FIG. 26. Projected and actual yields for rice, as an example, based on sample run. 
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TABLE 2
 
Sources of Productivity Growth Rate
 

in the Average Rice Yield (in Percentages)
 
Relative to the 1970 Yield Level
 

(Based on Sample Run)
 

Due to Change InYear 
NewConventional Land and Water Research and 

Input Uses Development* Extensions+ Land: Total 

...1971 0.6 0.2 0.7 1.5 
0.3 2.0 2.71972 0.4 
0.4 3.5 -0.1 4.81973 1.0 

5.8 -0.1 7.81974 1.5 0.6 
2.6 0.8 9.1 -0.1 12.41975 

11.4 -0.1 15.61976 3.2 1.1 
1977 3.7 1.5 14.3 ... 19.5 

1.9 17.5 0.4 24.51978 4.7 
0.6 29.31979 4.t 2.8 21.1 

3.8 27.1 0.4 36.61980 5.3 
31.6 0.6 42.41981 5.6 4.6 

5.9 5.0 35.5 -0.9 45.51982 
38.3 -2.1 47.31983 6.1 5.0 

5.0 -3.0 49.31984 6.2 41.1 
5.0 45.3 -3.4 53.81985 6.9 

*This source has three different effects on the average yield- first, it may increase it 
(Irrigation, drainage, and low-productive paddy improvements); second, itmay decrease it 
(tideland development); and third, itmay have neutral impact (paddy consolidation). The 
figures inthis column are averages of these three forces. Thus, itisnot appropriate to evaluate 
land and water development projects in terms of average productivity only. 

tSum of changes in biological technology made available by both public and private 
sectors. 

:Productivity change due to change inland inthe stage of productivity growth. Remember 
that (1)for consolidation, for example, the yield level decreases in the first year after project 
completion and then starts to grow toward the normal yield; but (2)for drainage or low­
productive paddy improvement, the yield level starts to grow from the first year toward a 
higher level than the normal yield. 

anFinally, Table 2 shows the sources of yield increase for rice as 

example. The table corresponds to the yield levels in Figure 26. Biological 
to be the most powerful engine for productivitytechnology appears 

growth. Thus, we may conclude that whether or not the yield level in­

creases over time sufficiently to achieve development goals depends on 

the rate of change in biological technology, especially for acountry where 

the man/land ratio is high. 
However, we should keep several points in mind when drawing this 

conclusion. Improvements in land and people are neither substitutes for, 
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nor supplementary to, but rather economic complements of, biological 
innovation in the dynamic process of development [155]. It should also be 
realized that asupply of the so-called conventional inputs must be avail­
able to support this innovation for it to be effective. One should notice that 
apositive price policy and finance program would be more effective in this 
dynamic process than in the static equilibrium state and would become a 
complement to, not a substitute for, biological innovation. 

This conclusion is rather general. Our critical concern then becomes 
whether it is possible to invent a series of, for example, new seeds for a 
desired crop so that development goals can be achieved. From the begin­
ning, we emphasized a comprehensive and consistent sector planning 
activity. One of the most important responsibilities of the model builder, 
after acomprehensive model isconstructed, isto work with other analysts 
and decision makers to design and develop strategies that meet consis­
tency and optimality criteria. 

Now let us be more specific. Would continuation of the present food 
consumption pattern of rice be consistent with the production possibility of 
rice in Korea in the future when a larger population, greater per capita 
income, and less farmland and labor are expected? Isthe breeding for the 
small grains, such as rice, comparatively easier than that for other grains? 
Research activity is rather a risky enterprise. It is known that it is much 
easier to breed for a crop that has roots, leaves, or stems that are used for 
food or feed - such as potatoes, vegetables, or forages. Then the question 
is,which kinds of crops are easier to breed within the Korean agricultural 
setting that, at the same time, will meet other consistency and optimality 
criteria? 

Since feed grains will become relatively more important and livestock 
products are substitutes for food grains in consumption as well, we chose 
potatoes as an alternative to rice or other small food grains in the breeding 
program and demonstrated in another paper [118] that this program would 
be more likely to contribute to meeting total grain requirements (food as 
well as feed) and even an improved diet. 

NEEDS FOR FURTHER IMPROVEMENT IN THE MODEL 

In an earlier section, we noticed that CHANGE requires tremendous 
amounts of data from diverse sources in order to estimate desired parame­
ters or other variables. The data base of CHANGE now used israther poor. 
The first priority for further model improvement should be given to improv­
ing the data base. Infact, data should be continued to be updated as new 
and better sources become available. For the model to remain useful for an 
ever-changing system, the model structure must also be updated. 

In addition, several segments of the model structure should be more 
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fully understood. We have included several simple behavioral relation­
ships in the model, such as innovation of new technologies, the farm 
consumption-saving-investment relationship, the noninstitutional private 
money market structure, and the real price behavior - including interest 
rates, etc. This is only a partial list. 

Several other policy or environmental variables might affect major 
output variables of CHANGE. Examples include improvement in transpor­
tation and market systems, rural electrification or other infrastructure im­
provements, and changes in farm size and in migration patterns. The effects 
of these variables on agricultural production, as well as on rural develop­
ment, should be better understood. 

The so-called conventional production factors are now mainly recog­
nized as an economic complement to the nonconventional inputs in the 
process of agricultural development. The energy crisis, as we all know, has 
had a great impact on the input supply sector in terms of supply prices, 
quantity, and even quality supplied. On the other hand, the agricultural 
market system in Korea is relatively undeveloped, and its value added 
contributes a relatively small portion to the total value of food supplies.
However, it isexpected that the role of the market, especially the process­
ing subsector, will become more important as economic development 
proceeds. In other words, the roles and functions of input supply and 
product processing subsectors may need to be understood in relation to 
farm production, production rates, and overall rural development.

In conclusion, it appears that any kind of problem-solving model 
obviously faces a data problem, as does CHANGE. The data set presently
used for CHANGE is essentially the same as that used when the public 
decision maker produces a practical plan or when a pencil-and-paper
projection is made by using some sort of informal model. The essence of 
CHANGE is, thus, basically very similar to the traditional informal methods 
in terms of methodology used. But CHANGE contains more economic and 
behavioral relationships and attempts to reflect more of what is happening
in the real world with greater consistency. Despite the inadequate data set 
used, CHANGE appears to be more efficient and better able to provide a 
sound basis for development planning and policy analysis than the more 
informal methods previously used. 





9 
ThE RESOURCE ALLOCAtiON 
ANd pRodUCTiON 
COMpONENT of ThE kOREAN 
AqRiCUlTURAl SECTOR modEl 

Hartwig de Haen 
Friedrich Bauersachs 

PROBLEMS AND POLICY ISSUES TO BE ANALYZED 

During the last 15 years, the Korean agricultural production system has 
experienced drastic changes with respect to kinds, levels, and composition 
of resources used, resource productivities, and levels and composition of 
output. This may indicate that Korean farms have continued their transition 
from traditional subsistence production to acommercialized market orien­
tation. Considering the various interactions between agriculture and the 
rest of the economy, it seems safe to state that this structural change was 
both cause and result of aconsiderable national economic growth. Infact, 
the underlying hypothesis on which current economic policies as well as 
modeling and planning efforts in Korea are based is that an intensive 
reallocation of resources within agriculture and changes in the production 
structure will continue in the future in spite of the remarkable change that 
has already taken place in the past. Any planning and policy analysis will 
have to take this into account. 

Table 3 provides some empirical information on the dynamics of 
resource use and production in the past. Although the growth rate of 
agricultural GNP isstill lagging behind the total economic growth rate, the 
ratio between the two growth rates isrising and has doubled duringthe last 
ten years. (Between 1972 and 1975 the growth rate of agricultural GNP 
was 4.9 per cent, compared to 9.4 per cent of the total economy average, 
and the agricultural share of the GNP of the total economy steadily de­
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clined from 28 to 24 per cent.) This was possible in spite of the fact that
during the second half of the 14-year period between 1960 and 1974,
agricultural labor and land resources declined in absolute terms, whereas 
both had been growing before. Some of this resource withdrawal has been 
offset by increased fertilizer application and mechanization. However, the
growth of production was still not high enough to meet the growing
demand. The figures in Table 3 indicate that the import-export deficit for 
agricultural commodities has been widening in relative and in absolute 
terms. Moreover, in spite of increases in rice yield and price support
policies, the growth rate of food grain production has declined below that 
of population. Also, there is an increasing requirement for concentrates to
feed the rapidly growing livestock herd. The slow rate of increase in grain
production may partially be due to a rise in areas of nongrain commodities, 
e.g., vegetables. However, other important reasons may include the de­
creasing cultivated area, a reduced labor force, and, possibly, changes in 
age and sex structure of the labor force. 

It isexpected that the farm population will decline further to about 11.5 
to 12 million in 1985 and that the cultivated area will be reduced for urban
and industrial use by another 0.2 million hectares (10 per cent) by 1985. 
Hence, a rise in agricultural production, stated as the most important goal of
agricultural policy, will require a continuation of this process of structural 
change. If a continuation of national income growth and an increasing food 
demand are taken into account, policies aiming on the one side at higher
self-sufficiency in food and on the other at world market scarcities might 
even increase the pressure on agriculture to reallocate resources and to 
increase the rate at which technical change isadopted. 

Moreover, income elasticities for various food items indicate a rising
proportion of protein in the diet or, mor. "enerally stated, of livestock in the 
overall production structure. In particular, dairy and beef production will 
most likely continue to expand more than proportionally and, hence, require
development and intensification of pasture land, importation of feed grain,
and capital investment in herd expansion and buildings. Increasing livestock
production will mean more competition between food and feed grain prod­
uction. It may also accelerate the rate of mechanization by further replacing
dual-purpose draft cattle with more specialized beef cattle. Alternatively,
Korea may choose to relyon imports of these commodities, particularly beef, 
to meet rising demands. This list of examples for adjustment and structural 
change in resource allocation and production could be easily extended to
other areas, such as irrigation and water development, to enable fertilizer
intensification and rising double-cropping ratios, etc. However, itwill suffice 
to indicate the importance of analyzing this process by means of a model 
component that is both sufficiently detailed and dynamic. 
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TABLE 3 
Selected Indicators of Korea's 

Resource Use anc! Production, 1960-74 

Indicator 

Total population (millions)
Farm population (millions) 
Share of farm population (%)
Share of agricultural GNP (%)
GNP growth rate agr./economy 
Area of cultivated land(millions of hectares) 

Fertilizer use


(thousands of metric Ions)
(metric tons/hectare)

Number of tillers (thousands) 
Total food grain production

(millions of metric tons) 

Vegetable production


(millions of metric tons) 
Cocoon production
 

(thousands of metric Ions)

Korean cattle
(thousands of head) 

Dairy cattle


(thousands of head)

Hogs (thousands ot head) 

Value of agricultural


Imports/exports ratio 


Yields
(metric tons/hectare) 

Total food grain 
Paddy rice 
Barley and wheat 
Sweet potatoes 
Soybeans 

Chinese cabbage 

Period 

19b01 
196 1b 
1962: 1967 
1963\ 

24.99' 29.54 
14.56-1 16.08 
58.0', 54.4a 
43.5! , 37,8

-5.8/3.1 -5.01; 8 
- 'I % 

2.03' 2.31 

308 .5 b 486 5' 
0 .15 '0.21 

30.0b 3,819.0 

'5.34 6.8, 
I 

1.2' 1.9 

33.46 
13.46 
40.0 
24.9 

5.7/8.6 
, 

2.24, 

836.7 
0.37_ 

60,056.0- ­

7.3 

3.0 

... 10,903.0 30,980.0 
1,010.0' 1,243.0 11778.0 

.82 10.4 73.2
1,397.0' 1,296.0 1,818.0 

26 7d 1.98 / 2.63 

Average Yearly Growth 
. Rates (Percentage) 

" /1960) 1967­
1974 (1961 -1967 i974 

1962) 

2.4 1.8t 
1.4 -2,5 

-0.9 -43 
-2.8 -5.9 

j .8' -0.5'

45.6 8.1 
56., "1 8.1 

80.,5 . 39.4 

3.7 ' 0.9 

6.9' 6.7 

16.9 ':-47.4 

3.0 5.1 

35.5 27.9_ 
71.1 4.8 

... ... 

1957 1964, 1971 1957/1960 1964/196, 

to to , u to to1960 14 1974' ,1964/1967 19,71/1974 

1.91 2 Q.66 2.) 2.2
2.78 3.11 3.50 1.6 . , 1.7
1.56 1.87 2.16 2.6 2.0

13.70 17.50 17.60 3.5 t . .,
0.52 0.59 087 1.8 5,5
 
... 12.60 12.70 ...
 

Sources: Yearbooks of Agriculture and Forestry Statistics, Seoul, 1971 (ind 1975. MajorStatistics of Korean Economy 1975, EPB, Seoul, 1975. , 
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Some of the basic questions that the farm resource allocation and prod­
uction component (RAP) isdesigned to approach can be summarized as 
follows: 

1. Explanation and basic projection. Given initial resource endowments, 
production patterns, projected rates of change of land and labor inputs, 
technology sets, and historical prices, how will farmers allocate their 
productive resources to various enterprises and how will they finance 
production and investment? What will be their supply responses? 

2. 	Sensitivity analysis of exogenous factors. How would alternative as­
sumptions with respect to exogenous variables and key model param­
eters - e.g., alternative off-farm migration rates, rates of technical 
change, or wage-interest ratios - affect the expected level and time 
profile of technology, input use, production, and farm income? 

3. Policy analysis. What will be the impact of alternative agricultural 
policies - namely price policies, import quotas, or input subsidies 
on the performance indicators mentioned above? 

MODELING FARM RESOURCE ALLOCATION 
WITHIN AN INTERDEPENDENT SYSTEM: 
BOUNDARIES OF THE COMPONENT 

Basically, RAP is designed to model the activities of farm households as 
behavioral decision units. This provides a general definition of component 
boundaries to the environment, the latter being represented by the factor and 
product markets. Population dynamics result from demographic characteris­
tics and off-farm employment opportunities and by policy measures and 
exogenous factors affecting resource endowment and resource prod­
uctivities, as well as institutional considerations. The mainstreams of com­
ponent interaction within the overall model have been demonstrated in 
earlier chapters. 

Figure 27 indicates the major linkages of RAP with the rest of KASM, 
including policy inputs, exogenous variables, and comronent-specific out­
put variables. Seasonal labor supply, producer prices,1 and yield levels, with 
the corresponding input application rates, are major inputs into RAP from 
other KASM components. Other inputs are land, by three different 
categories; prices of variable inputs; interest and wage rates; technical 
coefficients with respect to mechanization and labor use; double-cropping 
ratios; and so on. Policy inputs include input price subsidies, credit, and land 
development. Outputs to other KASM components are food production
levels by commodity, agricultural farm income, and feed grain imports. 
Other outputs include input use, technology levels, shadow prices of fixed 
resources, capital stock, savings, and indebtedness. 
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INTERNAL STRUCTURE OF RAP 
- Basically, farmers' resource allocation decisions are modeled in a se­

quence of linear programming models dynamically linked with the overall 
KASM. This component of KASM can be described as block recursive, with 
one block containing a set of inequalities and a selection rule (objective 
function) representing a behavioral assumption as to how farmers choose 
among alternative actions in any given period. This isan attempt to represent 
the adaptive behavior of the system as a function of two equally important 
feedback mechanisms: internal feedback within the farmers' decision 
framework and external feedback from markets, demographic conditions, 
and policy reactions. Figure 28 contains the internal structure of the compo­
nent. Basically, it consists of a farm resource allocation subcomponent 
(FRESAL) and a production accounting subcomponent (PRDAC). The re­
source allocation subcomponent contains aone-period linear programming 
model allocating given resources to production, investment, and financing
activities; an internal feedback relating previous actions to current decisions; 
and an external feedback establishing the interactions with the other com­
ponents. The production accounting subcomponent aggregates the detailed 
programming results and computes production levels for the 12 crop and the 
5 livestock commodities. Moreover, this subcomponent computes other 
variables resulting from resource allocation and production; namely, in­
come and savings and input requirements, such as fertilizer, fuel, chemicals, 
feed grain, etc. Following is a more detailed description of the resource 
allocation subcomponent (FRESAL), divided into (1)the allocation of re­
sources in any given period and (2) the dynamic feedback linking the 
periodic decisions. 
Resource Allocation 

Afarm in Korea istypically small and multienterprise, producing annual 
crops on paddyland and upland, perennials, and, to an increasing extent, 
livestock products. Since the cultivated cropland is essentially limited to 
three hectares per farm, livestock production provides a major source for 
additions to the income capacity of the farms. The multienterprise character 
of the Korean farms and the effectiveness of various common constraints at 
the farm level make it difficult to model resource allocation separately for 
individual commodities. Moreover, the expected further technical progress, 
changes in consumer preferences, and structural changes within the sector 
do not conform to simple trend extrapolations. Because of these considera­
tions the decision was made to model explicitly farmers' decision processes 
with respect to resource allocation and production. The assumed decision 
rule, supported by various case studies, may be defined as cautious optimiz­
ing. According to this rule, farmers try to maximize expected profits subject 
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to technical, institutional, and behavioral restrictions, provided that the 
possibility ofruin (income less than subsistence level) isnegligibly small. The 
allocation decisions resulting from this rule are subject to change inany new 
period, depending on any deviations between expectations and realizations 
affected by the environme.,t. Mathematically, the allocation decisions are 
simulated by arecursive linear programming model,2 which, for any given 
period, has the following form: 

*Z4= max Z% 
't
 

such that At Xt < Yt 
Xt >0 

where ,r*isthe expected "optimal" (or rather, "satisfying") value of the 
objective function, X is the vector of activity levels, Z is the vector of 
expected returns per activity unit, A isthe matrix of technical coefficients, 
and Y is the vector of physical, behavioral, or institutional constraints. 

The dynamic internal and external feedback isestablished through 
three sets of linkage functions - namely, an objective function, a con­
straint vector, and input-output matrix operators:z t	=z (x_J,.. , X -P; 0_1 , . .. ,_ ; h-,, . .. .I.,-o; V) 

= yOh; x _,1, ... x _; ,_, ., r_ , t4-1,. . U-P; Vt) 

where * indicates optimality, r isthe vector of dual values (shadow prices of 
constraints), u is the vector of KASM output variables - i.e., variables that 
are exogenous to FRESAL but endogenous to other components, and v is 
the vector of exogenous variables. 
' The matrix Aisbasically block diagonal, with one block for each region 

and additional national constraints as indicated in Figure 29. 

Region I 

Region II 

Region III 

National 

FIG. 29; Regional disaggregation of the coefficient matrix inFRESAL. 
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The current version of the model does not use the potential for the
regional breakdown, mainly in order to increase computational efficiency,
but also because of a lack of sufficiently accurate regional data. The main 
structure of the yearly allocation model on the national level, issketched in 
Figure 30. 

The model activities are (1)production of various annual crops, includ­
ing forage and pasture management, disaggregated by types of technology;
(2)perennial production and new planting; (3) livestock production; (4)temporary upland use of paddyland; (5) investment in farm machinery, in 
buildings, and in livestock expansion; (6) feed grain imports; (7)financing,
including savings and loans; (8) seasonal, nonagricultural employment or
additional leisure time; and (9) various transfer activities.

The technology may either be traditional (at the beginning of the 1970s,
Korea had basically a hand-and-ox technology) or mechanized with a
10-horsepower tiller that includes the necessary attachments. In the case ofrice, a third technology that includes a semiautomatic rice transplanter is
possible. So far, there is only limited experience with tiller cultivation on
paddyland and the effects of better and deeper cultivation. The model 
assumes incremental yield increases on mechanized areas between 0 and 
5 per cent.4 

The financing activities establish a step supply function of financial 
sources, originating with rising interest rates from (1) own capital, (2)long-term investment loan, (3) short-term loan for investment in working
capital from either financial institutions, or (4) private sources.

The constraints of the model include the acreage of paddyland, sum­
mer upland, and winter upland (double cropping); an additional restriction 
on paddy temporarily used for upland crops; and the acreage of mature
orchards and mulberry fields. Furthermore, there are limitations on human
labor, draft cattle, and machinery during the two most important peakseasons (June and October) and an additional labor constraint for the rest ofthe year. Livestock herd sizes (Korean cattle, dairy, hog, poultry) cannot
exceed the number of head raised in the past plus births in excess ofreplacement. (In the current version of the model poultry production is
introduced exogenously.) A capital stock constraint for physical capital
other than machinery calls for investment if livestock, buildings, or work­ing capital are expanded. Moreover, there are various feed balances and 
one restriction on feed grain import in the model. Four constraints are
relevant for the financial sector: namely, a constraint on liquid assets 
counting accumulated savings ­ it can be used for short-term financing ofproduction and long-term investment; a constraint on investment capital
for machinery investment and livestock expansion; and two minimum, 
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self-financing constraints on investment in working capital and long-term 
capital stock, respectively. 

The model reflects suboptimal or cautious behavior of farmers by 
incorporating a mechanism of risk aversion and restricted flexibility and, 
thus, establishing a lexicographic preference ordering. Maximization of 
expected profits is the allocation principle only insofar as two safety 
conditions are fulfilled: 

1. The possibility of ruin resulting from acertain production pattern ­

i.e., of receiving an income that does not cover unavoidable ex­
penses - lies below a given probability threshold 

2. 	Year-to-year changes in cropping patterns and livestock production 
stay within certain flexibility constraints; i.e., do not exceed 
maximum deviations observed during a ten-year historical period

The risk-aversion approach isbased on the assumption that farmers try 
to diversify their production Iatterns in such away that the potential loss 
PLI expected under unfavorable weather and market conditions for any
group], of production enterprises isnot likely to exceed a fraction 1/k, of 
the total admissible loss (activity LOSS).' The total permissible loss is the 
difference between the expected income from production 1zjx and un­
avoidable expenses (= minimum income "MINI") for subsistence con­
sumption, debt service, taxes, etc. 

LOSS = zjxj - MINI
I-? 

. PLjxxj LOSS 

Since this risk-aversion mechanism will only account mainly for the 
effects of yield and price fluctuations and not include the many other 
determinants of uncertainty and risk, a set of upper and lower bounds (k 
and x) is introduced to avoid unreasonable fluctuations that cannot be 
explained by the aforementioned mechanism: 

& I-xi 1-- 9 
Generally, the risk constraint will only hold if the corresponding flexibility 
constraint is ineffective alhd vice versa. 

Similar to the flexibility constraints for production patterns, net invest­
ment in new machinery (tillers plus attachments and rice transplanters) is 
restricted and cannot exceed acertain proportion of the current stock of 
machines existing in any given year. This reflects the adoption behavior of 
farmers during the transition process, where, learning anid diffusion of 
innovations are accelerated as the number of previous adopters increases. 
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Internal Feedback, External Feedback, and 
Exogenous Variables: The Dynamics of Resource Allocation 

Inorder to account for the dynamic properties of the sectoral adjust­
ment and growth process, dynamic feedback operators ard linkages are 
defined that relate the values of the objective function, matrix coefficients, 
and constraints on preceding solutions of the programming model to 
variables being computed in other parts of KASM and to exogenously
projected variables. Following isabrief review of feedback linkages for the 
objective function and the constraint vector. A formal representation fol­
lows in an appendix. 

The objective function coefficients represent farmers' anticipations of 
future costs and returns. Profit expectations for field crops are a function of 
exponentially lagged producer prices, one-period lags of yields, and the 
corresponding variable costs. For livestock production the objective func­
tion coefficients are equal to the previous yearly average of net returns 
during the mature production phase, minus proportional replacement 
costs, plus proportional salvage returns. 

Investment decisions depend on the expected marginal value product 
and marginal costs. Inthe case of farm machinery, buildings, and livestock 
investment, the marginal value product is computed endogenously
through production activities using the respective capital; hence, the objec­
tive coefficient includes costs for depreciation only. For investment inpe­
rennials (planting of orchards or mulberry fields), where yields are not 
immediately available, decisions to plant are based on the marginal value 
product imputed to the existing mature field in the previous year.

Finally, the objective function coefficients of all other activities, 
namely feed imports and activities to establish intersectoral linkages on the 
credit and labor markets, are determined exogenously. They refer to import
prices, interest rates, and opportunity costs of labor. 

The constraints of the programming model indicate the state of the 
system at the beginning of aperiod. Whereas the total paddy area, as well 
as summer upland, isprojected exogenously (in CHANGE), upland for 
annual crops is a function of endogenously computed areas, along with 
perennial crops.6 Winter upland depends on the double-cropping poten­
tial of paddyland and upland. 

Seasonal labor constraints are determined by the seasonal size of the 
agricultural labor force projected by the population component (POPMIG) 
and by the labor requirements of the new perennials not yet in production. 

In order to account for learning effects that are due to mechanization, 
general agricultural research, labor scarcity, and rising educational levels, 
the efficiency of labor use isassumed to grow within certain limits. This is 
reflected in the model by gradually increasing the working time equivalent. 
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A vintage approach is used to simulate the capacity development ofmachinery, namely power tillers plus attachments for land cultivation andrice transplanters. The current total capacity per t,,-ason depends on previ­
ous investments, and the unit capacity is determined by a depreciation
schedule. Other capital stock issimply a function of initial conditions andnet additions through investment. This includes mainly indigenous capital,
such as livestock and buildings.

Technically maximum herd sizes of livestock (measured in female
breeding units) are computed as a function of the actual herd in theprevious year, of the potential net additions from the young female herd,and of livestock imports determined by policy. If the maximum herd size is 
not used, the difference is assumed to be slaughtered.

Pasture land, although in most cases collectively used by the villages,
night become an important limiting factor for cattle and dairy herd expan­
ion and is treated as afarm resource in the model. The capacity will depend
)n the rate of reforestation and public investment in upland devel­
)pment in general. It is projected exogenously [18].

A further set of constraints reflects the financial capacity of the farms,iamely the availability of liquid assets, investment capital, and credit.
.iquid assets are available to finance the current production (working
apital), to increase the capacity of other farm assets (investment inriachinery, buildings, and livestock), and can alternatively be deposited iniank accounts. At the beginning of any period, liquid assets are computed
sthe sum of the previous working capital, minus repayment of short-term
)ans, plus savings out of previous income and bank accounts. The dispos­ble income isdefined as the actual agricultural value added, plus nonag­
cultural income, minus taxes, interest, and principle.

Both short-term bank loans and long-term loans can be limited
Kogenously. The current version, however, crntains an internal rationingiechanism. The credits cannot exceed a certain proportion of the working
3pital and investments in new capital stock respectively. The level of theiinimum income to be covered by returns from the farming sectorequals a
iinimum subsistence requirement (a proportion of the previous average
come allocated to consumption) plus unavoidable expenses for debt 
!rvice, interest payments, and taxes. 

Flexibility and adoption constraints for production and investment
itterns are a function of the previous year's optimal level of the respective
,cision variables and of the previous state of the system. For investment inechanized technology, an adoption constraint is introduced to avoidirealistically drastic increases in the stock of machinery, an assumption
at seems particularly important in the current process of transition from
iditional hand labor and draft cattle to mechanized technology. 
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Time-varying technical coefficients of the programming model, 
namely yields and feed requirements, are either projected exogenously or 
are derived from the crop technology change component (CHANGE). Yield 
projections are consistent with assumed fertilizer application rates for crop 
activities and feed input levels for livestock activities. 

Production Accounting 

Once the allocation of resources to various production activities is 
projected for any given year, output levels of 12 crop and 5 livestock 
commodities can be computed by simply multiplying activity levels by the 
respective actual yield levels. Similarly, the actual demand for various 
inputs (fertilizer, chemicals, fuel, or concentrates) can be computed by 
enterprise and by kind of input. Actual yields and the corresponding unit 
requirements of inputs are projected either exogenously or endogenously 
in the CHANGE component. Total output by commodity, both gross and 
net, after subtracting farm losses, and total input by kind result from simple 
aggregation. They can be checked for consistency with national and 
sectoral accounts. Moreover, they are inputs to the national economy 
component (NECON). Multiplied by the respective commodity prices 
(from DEMAND) and by input prices, respectively, they yield the "value of 
output" and "value of inputs" needed to compute income and other 
related performance variables. 

DATA REQUIREMENTS FOR RAP 

Following is a brief discussion of data needs for the farm resource 
allocation and production component. Inputs from other KASM compo­
nents are excluded. For the remaining data, a distinction will be made 
among initial conditions, constant parameters, and time-varying parame­
ters or exogenous variables. 

Initial Conditions 

Initial conditions are required for the entire constraint vector of the 
annual allocation model. They include (1) land constraints, derived from 
official statistics published by the Ministry of Agriculture and Fisheries 
(MAF); (2) seasonal capacities for human labor (derived from POPMIG) 
and for draft cattle and machinery, both from MAF statistics; (3) liquid 
assets, farm capital, and income, derived from the Farm Household Survey 
and sectoral accounting data; and (4) flexibility constraints for cropping 
patterns and livestock production, derived from MAF statistics on historical 
cropping areas and production levels. 
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.onstantParameters 
RAP uses a wide range of parameters related to production technology, 

nput productivities, prices, and behavioral assumptions. Both positive and 
iormative concepts are involved, which may explain some of the difficulties 
n obtaining real-world observations for these parameters. Almost none of 
hem is constant in the real world. However, some of them are assumed 
:onstant because of a lack of data. Constant in time are mainly (1)parameters 
ndicating the composition of some crop aggregates and intercropping rates 
n perennial fields, both derived from MAF statistics; (2)by-product yields 
straw, vegetable leaves, bran) of crops; (3) mechanization costs and unit 
abor requirements for given technology levels, derived from a report on 
arm mechanization in Korea [481 and survey data provided by the Farm 
Aanagement Section at the National Agricultural Economics Research Insti­
ute (NAERI); (4) application levels of various livestock inputs - e.g., equip­
nent, veterinary; (5)standard deviations of yields and prices for field crops; 
6) flexibility coefficients for production patterns, derived from either histori­
:al time series or off-line trend projections (currently, off-line trends are 
)rojected for egg and chicken production); and (7) maturation delays of 
)erennials. 

ime-Varying Parameters 

Exogenous variables and time-varying parameters are by definition 
)ased on off-line projections and, hence, establish the numerical condi­
ions for the model projections. Such exogenous projections include (1) 
fields of annual and perennial crops, insofar as they are not provided by 
:HANGE, and the related variable input levels; (2) livestock yields, feed 
equirements, and fertility rates, derived from a report on feed supply and 
ise of livestock production [1101 and farm management surveys done by 

AERI; and (3) prices for variable inputs (not provided by NECON), 
nterest rates, and opportunity costs of labor, indicating marginal values of 
eisure or additional off-farm employment opportunities. 

IASIC MODEL RESULTS AND VALIDATION 

This section contains a sample of model results for resource allocation 
ind production. Base-run projections (1975-85) are based on fixed price 
,olicies for rice, barley, wheat, silk cocoons, and tobacco. Other prices are 
letermined in the market within given bounds. To obtain the important 
eedback relationships with prices, RAP was run with DEMAND for these 
ests. The major purpose of this section is not to arrive at particular policy 
:onclusions, but rather to demonstrate the model's potential to support 
)olicy analyses by providing information about the dynamics and consis­
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tency of structural change, as well as about resource scarcities and produc­
tivities resulting from alternative policy measures and parameter 
assumptions. 

The presentation of results concentrates on the most important trends 
and isalmost entirely graphical. Where possible, it includes a nine-year 
historical reference period, indicating the observed patterns of change and 
enabling avisual time series comparison to be made for four years. Run­
ning the model during alonger historical reference period was not possible" 
because of a lack of sufficiently accurate time series data. The overall 
validation and verification has been a part of component development 
from the beginning and cannot be discussed here in its full complexity. It 
included the confrontation of the logical model structure, of data assump­
tions, and the plausibility of results with the experience and knowledge of 
experts in relevant Korean government agencies. Formal time series com­
parisons, although necessary and useful, cannot be substituted for this 
process not only because it isvery difficult to determine the model's degree 
of freedom (to deviate from observed patterns of change), but also because 
some of the policies and technical changes did not exist in the past. 

The discussion of basic model results will be divided into the following 
categories: (1) trends in production patterns; (2) factor productivities, 
income, and income composition; and (3)interpretation of model results 
and experiences with the general approach. 
Trends in Production Patterns 

Generally the model explains the past trends in land allocation fairly 
well, with the exception of pulses and potatoes (Fig. 31). Atthe given prices 
for the historical time period (1971-74), the areas with barley (plus wheat) 
and pulses (plus other grains) continue to decline, whereas vegetables and 
industrial crops increase in acreage. Potatoes, in spite of a steep price 
increase, decline in area. The area in rice expands at aslightly increasing 
upper bound in the model. 

The projection from 1975 to 1985 is based on a specific set of price 
policy assumptions, mainly fixed high prices for rice, barley, and wheat. 
The main result of such apolicy would be, after atime delay of one to two 
years, a reversal of the decline in barley area - barley substituting for 
industrial crops and tobacco and also potatoes, which, under market 
conditions, would suffer asteady price decline to a lower bound. The area 
in vegetables would continue to level off around 240,000 hectares. At the 
given low price elasticities of demand and the competitive position of 
vegetables implicit in the production data, the results demonstrate very 
clearly acyclical dynamic behavior, with atwo-period lag between prices 
and production response. Figure 31 also contains results for an alternative 
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set of price policies, differing from the previous set by the assumption that 
rice, barley, and wheat prices ire determined in the market. The result isa 
lower level of rice and barley prices; aslower increase of barley and wheat 
areas, with some unused double-cropping land; and, not shown in the 
figure, a subst~tution of feed grain imports with domestically produced
grain. Production of rice and other crops ismostly unaffected, in spite of 
much lower rice prices. 

Certainly, these results cannot be fully interpreted unless the effective­
ness of the constraints and their respective shadow prices are taken into 
account. In fact, the dual solution indicates that for this run, for example,
barley and wheat are generally the "residual users" of double-cropping
land, since most competing crops are either bounded from above or below. 
More details on model interpretation will be discussed under the next two 
subheadings.

Figure 32 demonstrates some results on livestock production. Egg and 
poultry meat production are exogenously projected, since their competition
with other agricultural products isvery limited and, at the chosen level of
aggregation of the model, difficult to specify realistically. Poultry production
ismainly determined by the ratio of product to concentrate prices, the latter 
depending very much on world market prices, which are difficult to project.
Earlier attempts to explain poultry production endogenously resulted, there­
fore, in fluctuations that seemed clearly unrealistic. It isassumed that the
number of layers and broilers grow at the same rate. The higher growth of 
egg output results from the assumed growth rate of egg yields per hen. 

The model exp'ains reasonably well the past development trends for 
dairy, beef, and hogs. The projections to 1985 show a rapid increase in
milk production and amore modest expansion of pork and beef produc­
tion, the latter fluctuating considerably around the trend. The prices,
mostly determined in the market, remain relatively stable in spite of the
considerable output gruwth, which seems a realistic reflection of the high
income elasticities of demand for livestock products. The dual solution 
indicates that dairy production is growing along the maximal natural 
expansion path. At the assumed rate of yield increase, dairy production
remains profitable even at declining milk prices. Further research will be 
necessary to provide evidence whether this result is realistic or whether 
other cost items, more rapid declines in the income elasticityof demand, as
well as limitations in the availability of high-quality roughage might lead to 
adecline in the growth rate of dairy production. Beef and hog production
would, according to the model results, respond more sensitively to varia­
tions of prices and feed costs, beef being mainly Korean cattle that provide
animal labor at the same time. 
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FiG. 31. Basic results for annual cropland allocation with high grain price policies 

for rice, barley, and wheat (Alternative A) and major deviations for a market price 
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Factor Productivities, Income, 
and Income Composition 

Certainly the model is not yet sufficiently tested to allow final conclu­
sions to be drawn concerning the future income of Korean agriculture and 
the contribution of various resources. However, some basic insights can be 
gained from the results, and key areas for further research and testing can 
be indicated. 

Although the real growth rate of agricultural value added is overesti­
mated forthe reference period 1971-75 (8.7 per cent compared to 4.5 per 
cent), the base-run projection from 1975 to 1985 of 4.5 per cent seems 
plausible and comes close to official plan figures. The overestimation may 
be caused by incorrect specification of initial conditions. 

Table 4 contains some information concerning the level of the agricul­
tural value added (at 1970 prices), its distribution by commodity groups, 

TABLE 4
 
Projected Agricultural Income
 
and Resource Productivities
 

Performance Variables 1971 1972 *1975 1980 1985 

Agricultural Value Added. 
Billion won 697 776 989 1,302 1,551
 
Index (1971 " 100) 100 111 142 187 222
 

Distribution by Commodities 
Crops (percentage) 84.4 84.7 83.5 78.5 76.5 
Livestock (percentage) 12.2 12.2 14.0 19.7 27.0 
Residual (percentage) 3.4 3.0 2.4 1.8 1.5 

Contribution of Various 
Resources (in percentages) 

Land (paddy, annual, 
and perennial) 68.9 50.8 56.8 53.6 57.1 

Labor 43.3 39.3 33.4 30.9 31.7 
Capital (livestock,

machinery, liquid assets) 6.3 2.3 1.6 7.3 10.1 
Crop rotation, behavioral 

and technical constraints -18.5 7.5 8.1 8.2 1.1 
Selected Shadow Prices 

Paddy (th. won/ha)* 202 227 320 441 492 
Upland (th. won/ha)' 28 29.2 36 40 49 
Internal interest rate 

(percentage) 6.4 5.1 1.0 5.1 5.5 

Thousands of won/hectare. 
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and the relative contribution of various groups of resources. On the com­
modity side, the share of livestock products isgradually increasing and, 
thus, reflects the shifting preference of consumers with rising incomes. The 
factor income distribution iscomputed by taking the physical resource 
levels valued at their imputed marginal value productivities. These 
marginal-value productivities are derived under the behavioral assump­
tions of "cautious optimizing within bounds" and, hence, are not necessar­
ily predictions of actual factor prices. However, they are useful in interpret­
ing the relative importance of various groups of resources and in evaluating.. 
economic effects of marginal changes of resource levels. Except for the 
initial year, in which higher winter upland rents are imputed from vegeta­
ble production, the physical annual and perennial land input accounts for 
approximately 55 per cent of the total agricultural value added, indicating 
a relatively high rate of land scarcity. Labor isreceiving aslightly decreas­
ing share of 30 to 40 per cent, while the income share of capital, so far as it 
is included in the model - namely livestock, machinery, and liquid assets 
(working capital and savings) - isrelatively small but increases from 2to 
10 per cent between 1972 and 1985. The low share during the initial four 
years ismainly caused by the very low real interest rates that were com­
puted after accounting for the observed inflation rates. The remaining
income would, under model conditions, be imputed to crop rotation, risk, 
and flexibility constraints and technical restrictions. Positive shares indi­
cate upper-bound effects; negative shares measure lower-bound effects. 
Except for the first year, they do not contribute by more than 5 to 10 per 
cent; i.e., upper and lower bounds almost compensate each other. 

Some concluding comments relate to the labor income. As mentioned in 
chapter 6,off-farm migration isprojected exogenously in the current version 
of the model and is not affected by the agricultural income projected
endogenously in this component. Since the projections with respect to 
migration are rather cautious and refer mainly to rural-urban migration,
decision variables were introduced into the allocation subcomponent model 
that simulate additional seasonal off-farm employment, possibly favored by
future rural development policies. The same variables might also be inter­
preted as leisure activities carried out whenever the marginal value product
of labor falls below a certain limit. Infact, the base-run results indicate that 
the income share of labor is in most cases determined by these exogenous
opportunity costs, except for the transplanting season in June, when labor is 
sometimes more scarce and priced higher than the external opportunity 
costs. As the figures in Table 5 indicate, the main decline in agricultural 
manpower isassumed to take place before 1975. After 1975 the projected 
rate of decline isvery small (0.08 per cent) and might be overcompensated 
for by efficiency increases. Under the base-run assumptions (labor opportu­
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at Low(RunTABLE 5 

Mechanization and Rates of Labor Utilization 
at Low (Run A) and High (Run C)

Opportunity Costs of Labor 

of man-equivalent units) 

1971 1975 1980 1985 

Agricultural manpower in 
peak seasons (thousands 5,514 5,062 5,038 5,024 

RUN A: 	 Labor opportunity cost = 25 won/hour
Growth rate = 4 per cent 

UsedlAvailable Farm Labor 
Annual (percentages) 47 51 53 60

Peak seasons (percentages) 88 97 95 92
 

Number of Tillers 11.0 168.7 171.2 164.5
 

RUN C: 	 Labor opportunity cost = 50 won/hour
Growth rate = 8 per cent 

Used/Available Farm Labor 
Annual (percentages) 39 31 36 39

Peak seasons (percentages) 78 65 71 67
 

Number of Tillers 11.0 281.8 369.4 317.5
 

nity costs in 1970 at 25 won per hour, growth rate at 4 per cent per year), the 
average rate of on-farm use of this labor force would be only 50 to 60 per 
cent. Leisure or additional off-farm employment would make up 50 to 40 per 
cent. However, during the peak seasons the average rate would increase 
rapidly to almost 100 per cent, causing a substantial mechanization rate 
during the 1970s, which would later proceed much more slowly. Much 
higher rates of mechanization and of additional off-farm employment would 
result, if the opportunity costs were doubled in level and rate of change (Run 
C). 

This discussion exemplifies the need for detailed interpretations of results 
that can lead to further model improvements. In order to explain migration 
endogenously, for example, aformal linkage between FRESAL and POPMIG 
might be considered. 
Interpretation of Model Results and 
Experiences with the General Approach 

In this section some comments will be made concerning the strength and 
the shortcomings ofthe general approach. Moreover, it will be argued that it 
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is very important to interpret results comprehensively and that any separate 
use of partial results might lead to wrong conclusions and thus be dangerous. 
Finally, it will be shown how the model application could be adjusted 
gradually to the decision process within the planning unit. 

Basically, it is true for any quantitative model that deviations between 
reality and model results can be due to false behavioral assumptions, an 
incorrect or incomplete specification of the system structure, aggregation 
errors, and/or false data. All of these sources of errors may be more or less 
relevant for RAP and should receive further attention. The behavioral as­
sumption, according to which resource allocation results from cautious 
optimizing, is difficult to test but appeared to be consistent with im­
pressions from many farm visits and the experiences of Korean faam 
management experts. These contacts led to several modifications of the 
model, examples being the assumption to use exponentially lagged price 
expectations and to introduce an explicit risk-aversion mechanism in order 
to explain better the observed diversification of cropping patterns. Actu­
ally, this procedure may highlight the general strength of the micro­
economic approach, enabling good communication about data and as­
sumptions with farmers, farm management experts, and even adminis­
trators. 

Areas where the model structure might be incomplete or incorrect are 
related to (1) the various land categories, which should be distinguished 
according to existence of irrigation, rearrangement, or possibility for fur­
ther double cropping; (2) mechanization, which might usefully be further 
disaggregated into different kinds and levels of technology; (?) liquidity 
and financing, examples of which for refinements of model structure might 
be seasonal liquidity and external credit rationing. All these additions 
would, in conjunction with data improvements, reduce the importance of 
exogenous flexibility constraints in explaining the diversification of pro­
duction patterns which one observes in Korean agriculture. Whether or not 
an explicit modeling of subsistence behavior, which still exists in some 
parts of the farming sector, would also contribute to this explanation is 
another question needing further research. 

Certainly a national model of the agricultural sector suffers from aggre­
gation errors. Natural conditions are assumed to be homogeneous within 
the country, and labor is assumed to be completely mobile between farms. 
This may lead to overestimations of agricultural production potential and 
the flexibility of the system. If data were available, a regional disaggrega­
tion, as indicated earlier in this chapter, might reduce some of these 
aggregation errors. Furthermore, it would enable the planning unit to 
introduce regional policies and regional differences in opportunity costs of 
labor. 
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,-,A further shortcoming of the cui'rent version of the model is its data 
base. Many cost items are not well known on a commodity or enterprise 
basis and will have to go through further consistency tests. This holds, for 
example, for production function data, mechanization costs, and labor 
requirements. Uncertainty exists also with respect to initial financial condi­
tions, the farm capital requirements for activities not directly related to 
production as contained in the model (e.g., farm buildings, storage, irriga­
tion), or propensities to save. Using the current data assumptions, the 
projected composition of field crops is very much determined by the gross 
income per hectare. Even after several revisions, the data indicate an 
extremely wide range of gross incomes between crops, resulting in a 
relatively small impact of labor requirements, mechanization costs, capi­
tal, and profit variability on the cropping patterns. Rice and vegetable 
prices, for instance, could vary considerably without affecting this pattern. 
Although this may be quite realistic, at least for rice, and thus indicates a 
range for various price policies, the scale of the resulting differences in land 
productivities should be used as a guide for further data checks. 

Some final comments relate to model interpretation and application. 
To interpret projected allocation patterns in terms of the determining 
factors and system stability, it is important to take into account the con­
straint structure and the dual solution (shadow prices) at the same time. 
This comprehensive approach helps explain whether a certain production 
activity would be limited by physical, economic, or behavioral factors and 
how sensitive the solution would be to changes of any relevant variable. 
This will be demonstrated for those field crops competing for winter 
upland. 

Figure 33 shows the marginal value productivities (MVP) of winter 
upland planted with four competing crops, namely winter vegetables, 
industrial crops, wheat, and barley. The MVP of the physical winter upland 
constraint is always shown as a reference, and the individual MVPs for the 
crops are derived as the sum of this MVP of physical winter land and of the 
respective flexibility. 

Thus, whenever no flexibility bounds restrict a certain cropping area, 
the two MVPs coincide. The graphs indicate that this istrue in most years 
for barley and, with small deviations, for wheat. Winter vegetables have a 
clear comparative advantage throughout the projection period, whereas 
the MVP of land in industrial crops is high at the beginning and declines 
steadily to become even less competitive than barley and wheat cropping 
alternatives. After 1980 industrial crops even encounter marginal losses, 
which means that the remaining income per hectare after deducting vari­
able costs and opportunity costs for all nonland resources would be 
negative. This example demonstrates clearly that industrial crops are 
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switching from an upper to a lower bound and would, without flexibility 
bounds, first replace wheat and barley, then be replaced by these crops in a 
second phase, and disappear completely in the last period. With the 
exception of two years, barley would be the "residual crop" occupying the 
area remaining when the other crop areas are restricted by flexibility 
bounds.
 

Similar analyses to the one above could be done for all other activities, 
including other nonbehavioral constraints. The insight gained by this kind 
of analysis can be used for sensitivity and policy analysis. Such analysis 
may point out remaining deficiencies in data and cost items left out or 
incorrectly quantified. This relates to cases in which the resulting pro­
ductivitygaps and trends of changing production patterns seem unrealistic. 
Another area for improvement revealed by such analysis might be a need 
for a respecification of the model and search for further, thus far uniden­
tified, cost and return items. 

Another useful result of such analysis relates to policies. Productivity 
differences, for instance, can be used to determine the range of price 
changes needed to achieve adesired reallocation. Winter vegetable areas, 
for example, would not be affected by price declines or cost increases, as 
long as the surplus return over industrial crops (in the initial years) and 
barley (in later years) remains positive. In the case of barley, for example, 
price policies leading to lower prices would in most years not affect the 
areas of other crops, and barley areas themselves would remain un­
changed as long as the price decline would not reduce the land MVP to 
zero. Further price declines would cause double-cropping potential to be 
unused, as in the example shown in Figure 31 under the free market price 
alternative for barley. 

This illustration may suffice to emphasize the need for comprehensive 
model interpretations. To conclude, for example, that winter vegetable 
production is not increased when prices are raised when the model as­
sumes an upper bound is equally as misleading as to conclude that wheat 
production tends to be replaced by barley in the absence of a lower bound, 
whereas the dual solution indicates only negligible productivity differ­
ences between barley and wheat. 

Although the model analyst should try to reduce the importance of the 
flexibility constraints by specifying explicitly more physical, technical, 
economic, and behavioral structures, the combination of exogenous and 
endogenous specification enables a flexible use in the practical planning 
process. Basically, the flexibility constraints stand for factors influencing 
resource allocation that are not explicitly known or not quantifiable with 
respect to their cause-and-effect relationships. The planning unit, for 
example MAF, can use them to impose any boundaries on the system that 
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realistic. Thus, the planning process can proceed iteratively and 
stepwise, as it does traditionally within most governments. Three modes 
can be conceived. In mode 1 exogenous trend projections can be used 
exclusively, leaving no flexibility to the model's endogenous economic 
mechanisms. Inthis case the equation system isused to test the consistency 
between the projections with respect to resource use (mainly land, labor, 
and capital), feed supply and demand, fertilizer demand, and so on. 
Likewise, the resulting shadow price and cost structures can be tested for 
plausibility. When used with current or historical production patterns, 
mode 1 can be a very useful means to test the data base of the model. In 
mode 2 the model user can define relatively small flexibility coefficients, 
allowing some economically determined reallocation, which he can then 

shown above. In mode 3 the flexibility constraints can be 

seem 

interpret as 
widened or even dropped to allow afar-going endogenous explanation of 
the reallocation process. This mode of operation requires only afew or no 
prespecifications or assumptions concerning future production patterns on 
the part of the planning unit. 

TENTATIVE CONCLUSIONS AND 
RECOMMENDATIONS FOR FURTHER RESEARCH 

A dynamic, microeconomic model of farmers' decisions with respect 
to resource allocation and production was developed as a component of 
KASM. The major objective of this component was to simulate the year­
to-year allocation of farm resources under the condition of prespecified 
input output relationships and initial conditions with respect to resource 
levels. 

The component can be used flexibly. i.e., as aseparate model or in an 
interactive mode, with input and output linkages with other KASM compo­
nents. The results presented in this chapter illustrate mainly the market 
feedback recursively linking endogenous market prices and the respective 
supply response. 

The presentation of results indicates both some positive features and 

some weaknesses of the model at this stage. The positive features are 

summarized first. Projections of resource allocation allow for automatic 
consistency checks for supply and of inputs and fixed resources.use 
Moreover, the market linkage establishes consistency between income 
and population-determined changes in consumer demand and the result­
ing resource allocation and production responses. The projections include 
further information about the economic forces underlying growth or de­

cline of resources measured as shadow prices that cannot be obtained by 
nonsimultaneous system models. The results, although not yet fully ac­

ceptable, seem to support the basic hypothesis of rational behavior under 
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limited information and the competition mechanism among human, ani­
mal, and mechanical power regulating the process of technical change in 
agriculture.

Conceptually, a model like this will never be complete and final.
However, it might be considered as a useful basis for further analytical
research and policy analysis, as well as a comprehensive information 
system integrating microlevel farm management data and macrolevel in­
formation for the sector as awhole.

Several weaknesses of the model have been pointed out, which should 
be subject to forther research. The most important area for research is
related to intensive checks on data consistency and general improvements
inthe data base, particularly inregard to production costs, mechanization,
and labor requirements. Close cooperation with farm management experts
will be useful. A second area relates to the aggregation level, where a
breakdown into regions appears to be useful. Other needs for more model­
ing work include improving the structure that relates to subsistence and 
risk-aversion behavior, financing, and mechanization. 

Besides these basic and obvious priorities, directions of research will
depend on the specific problems and subject-matter areas to which the
model is to be applied. Thus, a close interaction of systems scientists,
economists, farm management experts, and policy makers will be perma­
nently needed if the model is to become what it is intended to be: a 
conceptual and theoretical basis, with sufficient flexibility for policyanalysis and application to changing problems in the field of agricultural
production. 



APPENDIX TO CHAPTER 9 
Internal Feedback, Exogenous 
Feedback, and Exogenous Variables: 
The Formal Structure of Dynamic Linkages 
1. OBJECTIVE FUNCTION COEFFICIENTS (z) 
Production Activities 

zjt= zit(jt, yldt-,, cost,.t-1) leAP 

with pjt = f,t-1 + -- (Pt-1 - A,6t-I) . I ;jsAP 

where AP isthe set of all production activities, p isthe producer price 
(endogenous to the DEMAND/PRICE component), yld isthe yield per unit, 
and cost the variable cost, including replacement. The parameter Xindi­
cates the time constant (inyears) of the distributed delay. 

Investment Activities 
Zit = zjt(rht-., Vit) ie Al; is Cl 

where to each j corresponds one specific constraint within the set CI of 
resources. At isthe set of investment activities, and r isan optimal shadow 
price; v isan exogenous variable indicating depreciation rates. 

Other Activities (financing, transfers, etc.) 
ZJt = Zjt(Vjt) is AL 

where AL isthe set of all other activities and v isan exogenous variable. 

2. CONSTRAINT VECTOR COEFFICIENTS (y) 
Land Areas 

Generally, for physical land constraints, 

ylt = vit - a, (Id Xt ieCA 

where y, isan element of the constraint vector; CA is the set of area 
constraints; v stands for land resources of each type, resulting from land 
development or withdrawal for industrial urban land use as determined in 
CHANGE or by exogenous projection; AR isthe set of perennial activities; 
a, isthe proportion of perennials using land category i (e.g., a2 = 1 for 
upland, a, = 0 for paddy). 

Labor 
7Yit = "*itAGMPt - , X

N, 
alxj,t. is CL
 

IAQ s-1
 

201 
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where CL isthe set of seasonal labor constraints; AGMP isthe peak season 
agricultural labor force (from POPMIG); N, isthe time (years) of gestation of 
perennials; AQ is the set of perennial planting activities; all is the labor 
requirement of activity j in season i; and ,lt isworking time equivalent in 
hours per season and man-equivalent unit. 

The working time equivalent e gradually increases over time to reflect 
learning and efficiency improvement. Leteo be the current time equivalent, 
de the maximum increase of e, to and tf the initial and final period of 
efficiency changes; then ' can be approximated from the following func­
tion: 

[1o for t < to 

,, = e,, + 0.5del,1 + sin[ t-tf + 1.5) ir] for to- t < t 
fort > ttl'lo + del 

Graphically, this isshown below: 

eI
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APPROXIMATION OF EFFICIENCY INCREASES OF
 
THE AGRICULTURAL LABOR FORCE
 

Machinery 
The machinery capacity per unitof machinery aggregate i inpeak season 

m isexpressed in seasonal labor per unit a . times the effective number of 
units. The effective number of units depends on the previous net investment 
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xj and the depreciation schedule X1. Replacement of machinery, exceeding 
amaximum lifetime S, (e.g., seven years for tillers) isexogenous: 

Yim,t = aim( A t + 4xi,.t.s,) isCM; IsIM; m = 1,2 

where CM isthe set of machinery packages and IMthe corresponding set of 
investment activities. 

Other Farm Capital 

Yit = Yit, + X xlt-S is CC; jilC 

where CC isthe capital stock and ICisthe corresponding investment, both 
measured in monetary terms at constant prices. 

Technically Maximum Livestock Herd Sizes 

Ylt = x,.t1 + f3x.-s + Vt is CV; jsAV 

where to each i corresponds one specific j; CV isthe set of livestock herd 
constraints; AV isthe set of livestock production activities; Pi isthe net rate of 
potential herd expansion per female livestock unit; v1 are imports; s isthe 
maturation time (years) of young female animals. 

Liquid Assets 

Yet = Z COSt -1 XJ.-1, - - Xba,.t-1 + aDIPIt-I + sb,,t-1
 
heAP
 

where ye.t isthe constraint for liquid assets; AP isthe set of all production 
activities, including internal transfer and input purchases; xsb and 
x,, are levels of short-term loans from banks and private sources, respec­
tively; o-isthe marginal propensity to save; sb, isthe level of bank deposits; 
and DIPI isthe disposable farm-household income. 

The disposable income DIPI isdefined as agricultural value added, VA; 
plus nonagricultural farrincome, INNA; minus taxes, TAX, interest and 
principle on long-term loans, PINT and NDS, respectively: 

DIPIt = VAt + INNAt - TAXi - PINTt - NDSt 

where VA isa function of the levels of production activities, actual yields, 
and variable costs, including interest on short-term loans and wagei for hired 
labor. NDS and PINT depend on the long-term indebtedness of the farm 
sector, determined by previous levels of the respective loan activity. 
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Minimum 	Income 
YM.t = A(1 -o)DIPI + NDSt-I + PINTt- 1 + TAXt-i 

is the minimum income necessary to cover unavoidable ex­
where Ye,t 
penses; IAisthe ratio between subsistence and actual consumption; o is the 

average savings rate. 

Flexibility Constraints 
is UB; is APYt= ( +b)xlt-1 

ylt= ( -bdxjt-, is LB; is AP 

where UB isa set of upper bounds; LB isa set of lower bounds; AP isthe setof 

all production activities.To each i there corresponds one particular activity i 

to the same crop category. Maxi­
or group of activities belonging 


mum change rates are bu and br.
 

Technology Adoption 

Otlly't Y,,t = cgYll,t is CM; isIM 

where y. is an adoption constraint, c, is the waximum adoption rate, a is the 

unit capacity in seasonal hours (per season 1), IM is the set of investment 

activities, and CM is the corresponding setof machinery capacity (in hours). 
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ThE dEMANd-pRiCE-TRAdE 
COMPONENT Of ThE 
kOREAN AqRiCUITURAl 
SECTOR M :dE[ 

Lloyd D. Teigen 
Michael H. Abkin 

This chapter describes the der,tand-price-trade (DEMAND) component 
of the Korean Agricultural Sector Model (KASM), its information require­
ments, the variables it calculates, time-series tracking tests, and further 
areas in which the component can be revised and extended. 

COMPONENT DESCRIPTION 
The flow of information between DEMAND and the other components 

of KASM isshown in Figure 34. Domestic supply, population, and lagged 
income are major inputs into DEMAND. Food consumption, nutrition, 
prices, and agricultural trade flows are the principal outputs from DE-
MAND. 

The major elements and computing sequence in DEMAND are shown 
in Figure 35. DEMAND projects farm demand, nonfarm demand, and 
trade, consumption, and nutritional accounting. In addition to anumber of 
government policy instruments, production, population, and income are 
the major external forces, as represented in the diagram, that act on the 
component. 

The heart of DEMAND is a system of consumer demand equations for 
food commodities for farm households and for food and nonfood com­
modities by nonfarm consumers. World import and export price projec­
tions lirk these domestic relationships to the world market and also act as 
bound,., on internal price variations. The actual import or export levels are 
assum,d not to affect world price levels for the commodity groups. 

205 
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The farm food-demand component assumes subsistence behavior by 

Korean farm families. Inother words, farm demand does not compete with 

urban demand and depends on lagged farm prices and income rather than 

current consumer prices and income. Indeed, farm consumption is 
on 
subtracted from domestic supplies before the urban market isconsidered. 

The nonfarm food-demand component calculates equilibrium prices 

and consumption levels consistent with government policies, given the 

projected levels of domestic supplies, income, population, and farm con­

sumption. For any commodity, the government policy may affect either 

price or quantity variables, but not both. When the policy set has been 

determined, a matrix inversion approach simultaneously solves all de­

mand equations together with an expenditure constraint. 

Price and consumption policies in Korea, as elsewhere, have many, 

sometimes conflicting, objectives. Increased domestic production and 

high producer income may be the objectives of higher producer prices. 

Reduced food imports and foreign exchange costs may be the objectives of 

import controls, higher consumer prices, and administrative measures. 

Reduced inflation, controlling industrial wage costs, and maintaining the 

competitive position of export industries may be the goals of consumer 

price controls. 
In order to determine the results of these and other instruments of 

policy, a number of policy options have been built into DEMAND. For 

each commodity, four mutually exclusive policies and two independent 

policies are defined. The mutually exclusive policies are: 

1. Per capita consumption may be set and price and import/export 

effects calculated. 
2. Import/export levels may be set and consumption and price effects 

calculated. 
3. Consumer price level may be set and effects on imports and nonfarm 

consumption levels calculated. 
4. 	 Consumer price level may be bounded byeither world prices or prior 

domestic prices and import/export levels set and price levels calcu­

lated, deferring to the price bounds if the two objectives conflict. 

The independent policies are: 
1. Government reserve stock management policies may be changed 

and the resulting effects on consumption, price, and import/export 

levels calculated. 
2. 	Producer price may be set by policy or linked to market price and the 

effects on farm consumption and the nonfarm market calculated. 

Each commodity must have one and only one policy from the mutually 

exclusive set and may have either policy (or both) from the independent 

set. These policy options are commodity specific, so thatthe policy for rice, 
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for example, may differ from that for bai ley. A "default" policyset controls 
the model in the absence of a specific alternative policy. 

Table 6 illustrates the 16 policy choices now available for each com­
modity. For each of the mutually exclusive policies, the decision maker 
can choose either kind of producer price policy and either kind of carry­
over policy. One and only one of the mutually exclusive policies must be 
chosen for each commodity. Mutually exclusive policy 4 combines ele­
ments of 2 and 3. After the price bounds and import/export targets have 
been set by policy assumption, policy 4 operates like policy 2 unless the 
bounds are violated. Inthis case, the price isset at the nearest bound and 
policy 4 operates like policy 3. Policy 4' would combine similar elements 
of 1 and 3 but is not programmed into the system at present. 

The theoretical construct for DEMAND isdescribed below. Except for 
the values of the numerical coefficients,1 the farm and nonfarm demand 
equations are identical. Thus, only one description of the theoretical 
process is needed. 

TABLE 6 

Policy Options in DEMAND* 

Independent Policies 

Mutually
Exclusive 

Producer Prices Set 
by Market 

Producer Prices Set 
by Policy 

Policies Standard Alternative Standard Alternative 
Carry-over

Policies 
Carry-over

Policies 
Carry-over

Policies 
Carry-over

Policies 

1. Per capita consumption 
set by policy X X X X 

2. Import/export levels 
set by policy X X X X 

3. Consumer price levels 
set by policy X X X X 

4. Consumer prices bounded 
and import/export levels 
set by policy, unless 
bounds are violated X X X X 

4' Consumer prices bounded
and per capita consumption 
set by policy, unless Not Programmed 
bounds are violated 

*Each X isa policy option. 
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Per capita consumption of each food commodity is related to the

price of that commodity, prices of substitute food commodities, per caiita
income, and nonfood prices. The elasticity of own-price response2 is 
constant for each commodity. The income elasticity depends on consump­
tion levels such that the closer actual consumption is to a targeted con­
sumption level, the smaller is the income response. This behavioral as­sumption ensures that consumption does not increase without bound as
income increases and that consumption patterns in the long run remain
consistent with reasonable expectations of long-run calorie and proteinintake [ 64]. The substitution elasticities' across food demand equations
are constrained so that the partial derivative of consumption of one com­
modity with respect to that of another commodity is constant. In mathemat­
ical terms, 

aq-- b,, A6 qj or 9q b (1) 
P,
Pq,


In their linearized, difference equation form for simulation in DEMAND, 
the consumption functions are, 

q, I b12  b13  ... bin M, 0 0... 0 P., (2) 
q2 k1 1 b23  b2, 0 2 0 0 P2 

=q3 b b32 1 ban 0 0 rnb 0 P3+incomeand 

intercept
* " ° * * • terms 

L% bO, b0 , b,, I -.0 o 0.. po0 

where = e,,q,(t-1)lP(t-1) (3) 

is the own-price partial derivative and , I
 
Ibij = -ai 
 (4) 

is the proportion of the change in the jth food consumption which is 
compensated by all other foods following a change in the jPh price.The effect of nonfood price on food demand is obtained somewhat
indirectly. Income and food prices are deflated by the nonfood price index
in order to maintain the homogeneity condition. In the farm demand 
component, the deflation is explicit. For nonfarm demand, however, thedeflation is implicit in that the nonfood cross-demand elasticity is com­
puted as the negative sum of all price and income elasticities for each food 
commodity.4

For the farm food-demand component, this completes the description
of the structure, since nonfood expenditure is obtained as a residual. The
nonfarm demand component, however, includes an equation to estimate 
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nonfood demand explicitly. Inorder to assure consistency with total ex­penditure projections; abalance equation isadded to the equation set and an elasticity expansion parameter calculated to force the balance. 
Mathematically, the set of equations to be solved is 
q= qlo[fl(price, income)]' i = 1, 2, ... , number of commodities (5)

Total expenditure =IPiq (6) 
The elasticity expansion parameter (S) is constant across all demand

equations at any point in time and varies over time. It proportionally
changes the value of each elasticity so that the projected total nonfarm
consumption expenditure equals the expenditure implied by the
commodity-specific demand and price projections. The nominal value of
this parameter is one, and its simulated value should remain close to one 
over time. 

After all prices and consumption levels have been calculated consis­
tent with the budget constraint and with the policy-specified price bounds,
the emphasis shifts to foreign trade and demand accounting. DEMAND
calculates net exports (imports) for each commodity as the surplus (deficit)
of domestic production over feed and industrial demand, losses, stock
change, and farm and nonfarm food demand. The exogenously projected
world prices convert these individual surpluses and deficits into the net
agricultural contribution to the balance of payments. In addition, self­
sufficiency percentages are computed for each commodity. Finally, this 
component of DEMAND calculates the daily per capita nutritional intake
of protein and calories, by nonfarm and farm populations and by plant and 
animal sources. 

In summary, DEMAND projects total and per capita consumption

levels for farm and nonfarm populations, producer and consumer prices,

and nutrition and trade variables.
 

INFORMATION REQUIREMENTS 
Several kinds of information are required to operate DEMAND. Be­

havior and policy parameters determine the relative shapes of the price and
consumption responses, whereas the absolute response levels are deter­
mined by the values of the endogenous variables at the beginning of a run(the initial conditions). Exogenous variables, which are determined outside 
of DEMAND and which can change from one time period to the next, are 
the driving forces to which the component responds. 

Parameters 
The parameters of the model can be classified as (1)policy parameters,

(2) behavioral parameters, and (3) accounting coefficients, depending on 
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whether or not they characterize public or private actions or expressidentity relationships, respectively. In DEMAND the behavioral parame­ters characterize the income and price responses of the demand equations.
These include the long-run limiting consumption levels, own-price elas­ticities, substitution proportions, and the relative slopes.

The income response of demand is partially determined by the con­
sumption limits. These are the levels of per capita consumption -yond
which additional income will not affect per capita consumption. That is,the income elasticity goes to zero as consumption approaches the limits.'

The price response of demand depends on the own-price elasticity, the
substitution proportions, and the relative slopes. The own-price elasticity is
the percentage change of consumption of a commodity resulting from a
change of 1 per cent in its own price, all other prices and income held 
constant. The substitution proportion for a given commodity characterizes
the quantity change in the consumption of all food commodities as a result
of a change in the price of a given commodity. (This is the column sum ofthe elements of the first matrix in equation (2).) The relative slopes are the 
per cent of the change in the consumption of one food item resulting from
its own price change, which isin turn caused by an opposite change in theconsumption of another food item. (These are the off-diagonal elements of 
the first matrix in equation (2).)

Government policy parameters in DEMAND include the exchange
rate, stock levels, farm price policy, bounds on consumer prices, and
nonfarm price or quantity policies. The exchange rate used in DEMAND is
the official rate of the Korean won per U.S. dollar. The stock level is theamount of each commodity required to satisfy the desired number ofmonths of consumption held in government, household, and private mar­
ket inventories at the beginning of the crop year; it may vary among

commodities.
 

The farm price policy parameter specifies whether producer prices are
set by government policy or whether they are linked to consumer food

prices by marketing margins. If producer prices are set by policy, the
projected time path of these prices must also be specified.

The consumer food price bounds are upper and lower limits outside 
which the domestic food price is not permitted to rise or fall. These bounds 
are expressed as proportions of the world price or of the consumer price in 
the previous period, or both. 

Corresponding to each policy in the mutually exclusive policy set(Table 6) ­ where the analyst must set either price, per capita consump­
tion, or import levels - is a data set containing the projected time path ofthat particular variable. In addition, a separate parameter indicates which 
policy is chosen. 
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The major accounting coefficients in DEMAND express the nutritional 

content of the food commodities (protein and calorie), convert grains to a 

polished grain equivalent, and express the margin between farm and 

consumer prices. The marketing margins show the per cent markup be­

tween farm and consumer prices. This markup may vary among com­

modities but is a constant proportion through time. 

Initial Conditions 

The initial condition data for a model are the starting values of the 

endogenous state variables. In other words, they are the last real-world 

observations before the model beings to work. For DEMAND as a compo­

nent of KASM, this base-year data isfor 1970 in the verification runs and 

1974 for projections. 
The initial stock levels are the November inventories held by house­

holds, government, and at ports in the year prior to the base year, e.g., 1969 
or 1973. They exclude stocks held in private and cooperative marketing 
channels. 

The initial levels of per capita consumption are calculated in the model 

to agree with the food balance data for 1970 or 1974 as reported in KASS 
Special Report 11 [164]. The national per capita consumption levels are 

made consistent with the supply available for human consumption and the 
farm/nonfarm ratios of per capita consumption. 

The initial consumer price levels are the base-year retail prices in 

Seoul. The initial producer prices are the prices received by farmers or unit 
value of production in the base year. Producer prices in 1969 are used to 
initialize the lagged prices used in the farm consumption functions. 

The income elasticity of dema. I is not directly observable but must be 

inferred from other data. The values used in the base year for the model 

were cross-section estimates adjusted to track the 1970-74 time period. 

Exogenous Variables 

The exogenous factors of DEMAND are population, income, food 

supplies, nonfood prices, and world prices for food imports and exports. 

Both farm and nonfarm population levels and per capita farm and nonfarm 

disposable income are demand shifters. They set the overall level of 
demand. 

The domestic supply of food for human consumption is the balance 

remaining after losses, seed, feed, and industrial demands are subtracted 
from the harvest and carry-over. Feed, seed, losses and industrial demands 

, I 
are calculated in the production component of KASM. 

The nonfood price index deflates the observed food price changes to 
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remove overall inflationary trends and obtain real price changes. Its value 
is one in the base year. The world prices for imports and exports are 
calculated by interpolating projections of international commodity prices 
derived from the World Bank (IBRD) [67]. Import prices are assumed to be 
20 per cent higher than the export prices for similar commodities, reflect­
ing a margin for transportation and handling. The assumed margin in the 
case of rice and barley is30 per cent. In addition to these purely exogenous 
variables, lagged endogenous variables also affect the demand relations. 

Endogenous Variables 

Endogenous variables are calculated inside DEMAND. They may be 
determined either jointly or in sequence within the component. The en­
dogenous variables of the component may be either observable or nonob­
servable in the real world. Observable variables correspond to data series 
obtained by direct observation of the real world, e.g., market prices. 
Nonobservable variables are time-varying parameters of the model and 
can only be inferred from observed data, e.g., the income elasticity of 
demand. 

The observable variables in DEMAND are consumption, price, nutri­
tion, import/export levels, and the agricultural contribution to the balance 
of payments. Consumption levels of food are calculated for the farm and 
nonfarm populations, both on a per capita and total basis. Total and per 
capita expenditures on food and nonfood items, as well as the physical 
amounts of food, are also calculated in the model. 

The consumer price of food commodities corresponds to the retail 
price in Seoul, as reported by the Economic Planning Board. The corre­
sponding producer price is either the unit value of production or the 
national average price received by farmers. The price received by farmers 
is used for beef, pork, chicken, and eggs. 

Nutrition is calculated as the per capita daily consumption of protein 
and calories separated into those from plant and animal sources and by 
farm and nonfarm consumers. 

The import and export levels are the number of metric tons required or 
remaining after food, feed, and industrial demands; losses; and stock 
changes have been subtracted from domestic production and carry-overs. 
The agricultural contribution to the balance of payments is the accumu­
lated value of these deficits and surpluses. 

The nonobservable variables in DEMAND are time-varying parameters 
in the relationships, which include the income elasticity, the cross-price 
elasticities of demand and the corresponding partial derivatives, and the 
elasticity expansion parameter. 



214 KOREAN AGRICULTURAL SECTOR MODELS 

COMPONENT TESTING 

DEMAND has been tested continuously in the course of its develop. 
ment. Indeed, successive changes and improvements resulted from those 
tests. Early tests examined the price response of changing supplies for 
various commodities, anid results of these tests led to a generalization of the 
policy options built into DEMAND, particularly the inclusion of price 
bounds. 

Later, significant effort was invested in compiling price: and consump­
tion time series and in estimating demand relationships for farm and 
nonfarm consumers (166). These data were used to improve the consis­
tency of the initial conditions of the model. 

In addition, intensive "man,,al" tuning of the elasticities and substitu­
tion relationships helped the moel to track the actual 1971-74 national 
average per capita consumption leve',, using actual prices and income in 
that period. For most commodities, "good fits" were obtained, where the 
goodness of fit for each commodity was measured by the normalized sum 
of squared erors. Specifically, 

F, I ( C, (7) 

where C,, is actual per capita consumption of commodity i at time t, cn is 
simulated consumption, and C, is the mean value of the time series; i.e., 

'," 4 1974 C,, (8) 
t -I 71t 

The following list shows the results of these tests, where a perfect fit would 
give a zero value of F. 

Commodity F" Commodity FO 
Rice .013 Tobacco .309 
Barley .012 Industrial crops .410 
Wheat .070 Beef .083 
Other grains .115 Milk .633 
Fruit .014 Pork .005 
Pulses .020 Chicken .011 
Vegetables .025 Eggs .046 
Potatoes .028 Fish .058 

*Normalized sum oIsquired effo. 
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FURTHER IMPROVEMENT AND EXTENSION 
In its current form, DEMAND has been shown to be a practical anduseful model for projecting future levels of prices, consumption, trade, and

nutrition in Korea. This does not mean, however, that improvement and
extension of its capabilities are not possible or desirable as time and 
resources permit. This section outlines a number of changes that would
improve and increase its capabilities The farm demand component, gov­
ernment nonprice policy analysis, and the empirical base for the model are
suggested for possible extension and improvement.

The farm demand component can be revised on a number of fronts. 
Three will be mentioned. The method of calculating the nonfood expendi­
ture by farm people can be revised to parallel the method used in the
nonfarm sector. The current method calculates nonfood expenditure by
subtracting food expenditures from farm income. The revision would
involve estimating a nonfood demand equation for farm people and adapt­
ing the solution algorithm of the nonfarm component to the farm compo­
nent. 

The nonfood expenditure calculation is part of a more general problem
of farm-household behavior. The allocation of consumption and invest­
ment expenditures in farm households is somewhat more complicated
than in nonfarm households and certainly has a significant impact on 
output in the agricultural sector. Dong Min Kim [88] has developed apreliminary model of the farm household that can guide revisions in this 
direction. 

A third revision for the farm component of DEMAND would be to shift
from the subsistence farm assumption to a market-oriented farm assump­
tion. This would relate the market demand in the farm sector to current 
consumer prices in addition to (or in place of) lagged producer prices. Thefarm and nonfarm demands would be added together and, with supply,
would jointly determine the market price, rather than the present sequen­
tial, noninteractive market mechanism. 

The Korean government has pursued a number of policies aimed at
affecting food consumption without altering the price structure. These 
nonprice policies have included riceless days, mixed grains, flour foods(honshik, boonshik), and various other pro,-notional devices. Although the
effects of these policies have been analy;:ed as necessary on an ad hocbasis, it is desirable to formalize the analytical capability to address these 
issues. In this regard, it is important that the kinds of nonprice policies that 
may be employed by the government be foreseen and modeled, perhaps as
proportional shifters of the price-income demand curves. 

Another area for further investigation is the empirical base for the 
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model. Indeed, such an investigation could probably expand econometric 
theory and methodology in addition to improving KASM. This work could 
proceed along a number of lines. 

DEMAND has evolved from a constant price elasticity system to a 
linear substitution system. The next logical step inthis evolution would be 
atotally linear system of demand equations. Methods to estimate the entire 
system of linear demand equations including an expenditure constraint 
exist inthe literature.6 Stone's method [158, 159] estimates expenditure as 
a linear function of commodity prices and income. The expenditure con­
straint reduces the free parameters in each demand equation to two and 
results in a singular covariance matrix for the system of equations. How­
ever, estimation methods have been developed inspite of this singularity 
[143].

The primary benefit of such an approach isthat the statistically esti­
mated model and the computer simulation model would be of the same 
structure. Hence, the simulation model would be consistent with the 
estimation procedure used to derive parameter values from observed data. 
As a result, there may be less need to adjust the coefficients or results. 7 

A number of nuances in the existing computer model challenge 
econometric methods of estimation. Ifthe constant price elasticity demand 
model were retained, it should be reestimated in the same form as the 
simulation model. Aconstant elasticity of demand model consistent with 
an expenditure constraint has been examined by Theil and Barten [19, 20, 
162, 163]. The result is a model that isnot linear ineither the parameters or 
the price, quantity, or income variables. This could replace the elasticity 
expansion approach to the budget constraint currently used, since the 
estimated elasticities insuch amodel would already constrain total expen­
diture. 

The present income elasticity specification inthe computer model is a 
two-part econometric challenge. The first part of the challenge isto solve 
the nonlinear partial differential equation8 it implies. The second part isto 
statistically estimate the parameters of the closed-form solution. This, like 
the Theil-Barten demand equations, will be nonlinear in both the parame­
ters and the variables. 



11 
dATA REQUIREMENTS 
ANd PARAMETER 
ESTIMATION 

Alan R.Thodey 

It is well known that the estimates and projections made by a simula­
tion model can only be as good as the data and structural assumptions 
upon which they are based. The Korean Agricultural Sector Model (KASM) 
isno exception. Are the data required by KASM readily available? If so, are 
these data accurate, consistent, and timely? This chapter examines these 
questions, together with some of the items considered in defining com­
modity groups and in using the available data. The question of whether the 
model includes all relevant data is not considered. 

A relatively detailed agricultural sector model, such as KASM, requires 
an enormous amount of information. Since the model requires that all 
relationships be explicitly expressed in quantitative terms, almost all of this 
information must be incorporated in the model as numbers. This require­
ment isdemanding for any agricultural sector, but particularly so in situa­
tions where the agricultural data base is incomplete and of limited dura­
tion. In fact, in most such situations, developing and operating such a 
model is difficult, if not impossible. In the case of Korea, however, the 
existing data base permitted such a model. This data base was improved 
markedly in the early 1960s in response to the initiation of economic 
planning. In particular, by the beginning of the Second Five-Year Eco­
nomic Development Plan, 1967-71, the coverage, methodology, and 
collection of agricultural and economic statistics, among others, had been 
significantly improved. This does not mean, however, that further im­
provement is neither possible nor desirable. 

217 
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TYPES OF DATA REQUIREMENTS 
The data required by each component of the model generally fall into 

four categories: 
1, Lagged endogenous variables. For the first period of the model, these 

are the initial conditions (or base values) of the variables to be 
projected by the model and are based on observations in the real 
world, where possible. In subsequent periods model output from 
previous periods is used (together with the initial conditions, if re­
quired). These variables may come from the same or other compo­
nents of KASM. 

2. 	Exogenous variables. The initial and projected values of these vari­
ables are derived outside the model by various methods and are 
given to the model as input. 

3. Technical, institutional, and behavioral parameters. These are incor­
porated in relationships containing the predetermined variables (1
and 2 above) and are used to project the endogenous variables 
subject to the policy parameters. The initial and projected values of
these parameters are generally predetermined, although some may 
be endogenously determined. 

4. 	 Policy parameters. The set of policy options isgiven from outside the 
model (precise specification resulting from interaction between deci­
sion makers and analysts) and provides the framework for projecting
the endogenous variables and parameters. 

Examples of the four types of data required in each component of

KASM are shown in Table 7. For example, the population component uses
 
the population by age, sex, and sector in the previous period as its base for
 
projecting births, deaths, and migration in each period (year). Projected 
exogenous variables, such as the level of urban unemployment, are used in 
determining year-to-year variations in these projections. Also, by varying
the nature of the government's population control (family planning) pro­
gram, it is possible to raise or lower birth rates. In the present version of the 
component, this must be done by readjusting the behavioral parameters
(birth rates), although it could be incorporated directly once the relation­
ship between government programs and birth rates is established. 

COMMODITY GROUPINGS 
In the components of the model related to agricultural production,

consumption, and trade, we distinguish 19 agricultural and one nonag­
ricultural commodity groups. They are: 
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1. Rice 11. Silk 
2. Barley 12. Industrial crops 
3. Wheat 13. Beef 
4. Miscellaneous grain 14. Milk 
5. Fruit 15. Pork 
6. Pulses 16. Chicken 
7. Vegetables' 17. Eggs 
8. Potatoes' 18. Fish/seaweed 
9. Tobacco 19. Residual food 

10. Forage 20. Nonagricultural 
The nonagricultural group is further divided into subgroups in the national 
economy component. 

The agricultural commodity groups selected represent a compromise 
between narrow groupings of relatively homogenous commodities and a 
manageable number of groups, both in terms of the model and data 
generation. The major commodities are specified separately, such as rice, 
barley, and wheat. In addition, the livestock products are specified sepa­
rately because of their own unique production characteristics. Other 
commodities are grouped together. For some purposes, additional group­
ings have been necessary, such as the production of summer, fall, and 
winter vegetables. Certainly further subdividing fruits, vegetables, pota­
toes, and industrial crops would be desirable for many purposes. To do so 
throughout the model, however, would substantially increase its size and 
operating cost. 

In almost all cases, commodities are measured at the farm level in the 
same form as specified by the Ministry of Agriculture and Fisheries (MAF). 
These forms are shown in Table 8. Also shown are some of the more 
important items contained in each commodity group. It should be noted 
that within groups, commodities are simply aggregated without reference 
to relative value, nutritive content, or other factors. Hence, apples are 
considered as equal to oranges as they are to peaches.2 

AVAILABILITY AND QUALITY OF DATA 
For projection purposes, the base year used in the model should be the 

most recent year for which a complete set of data is available, which means 
that the base-year data in the model should be updated annually. For 
validation and verification purposes, however, it is desirable to use an 
earlier base period, so that projections can be compared with reality. 
KASM currently stores time-series data beginning with 1970 through the 
current year for which data are available. These series can be used to 
initialize the model in any year within the period for which data are stored. 
For example, the model can be initialized in 1970 for verification purposes 



TABLE 7 
Examples of Types of Data Requirements in KASS Model Components 

Predetermined Variables Technical, Institutional,
Component Lagged Endogenous and Behavioral 

- Within Outside Exogenous Parameters 
Component Component* 

Population Population by Nonagricultural Urban unemployment Birth rates(POPIMIC) ae, sex, and employment Death ratessector Migration rates 

Crop Crop yield Prices Land development costs Diffusion ratestechnology Input use Crop areas Maximum potential land Input demandchange Land classes Farm income area improvement elasticities(CHANGE) Tree crop age Private nonfarm Farm consumption-investment
composition capital ratio 

Farm Cropping patterns Producer prices Livestock yields Resource requirement
resource Herd sizes Input pces coefloentsallocation Capful stock Farm labor available Maximum credit ratio 
and Farm savings Land availableproduction Depreciation ratesCrop yields Maximum change coefficients
(RAP)

Demand Per capita Population Target per capita 
 Income elasticitiesprice consumption Agricultural supply consumption Own-prnce elasticitiestrade Producer prices Agricultural income World prices Substitution proportions(DEMAND) Nonagncultural income 

National Capital stock Nonfood expenditures Labor productivity Input-output coefficientseconomy Gross investment Agricultural input Nonagncultural Price and income elasticities(NECON) Per capita consumption demand exports for nonfood items 
World prices Profit and capacityutilization elasticities 

for investment 
*Assumes all components are linked. If not linked, then these are exogenous variables. 

0J 

Policy Variables
 
and
 

Parameters
 

Population (birth rate) 
control 0

Nonagricultural employment ;a 
of farm population

Military manpower Z 

Land and water development 0
investment ;1 

Crop improvement r)
Extension services 
Agricultural finance policies 
Agricultural finance policies
Feed rain imports (maximum)

g( 

Price policies 0 
Food consumption policies 0 
Exchange rates 
Foreign trade policies 

Public consumption
Public investment 
Price policies 
Import substitutionTax rates 
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TABLE 8
 
KASS Commodity Groupings: Form and Composition
 

KASS 
Commodity 

Group 

1. Rice 

2. Barley 

3. Wheat 

4.ile4. Misc, rain 

5. Fruit 

6. Pulses 

7. Vegetables 
a. summer 

. fall 

c. winter 
a/c summer 

winter 

Form 

Polished grain 
equivalent 

Polished gain 
equivalent

Grai 

rGramn 

Edible harvested 
fruit 

Grain 

Edible harvested 
vegetable 

commodities 
included 

Nonglutinous 
Glutinous 

Common 
Naked
Wheat 

MCcCm•- raCor 
Milet 
Rye 
Sorghum 

Apples 
Grapes 
Oranges 
Peaches 

Pears 
Green bean 

Red bean 

Soy bean 


a. 	Cabbage

Carrot 

Eggpant 

Ginger 
Muskmelon 
Parsley
Strawberry 
WatermelonWelson onion 

b Chinese cabbage
Radish 

c. Garlic 
Onion 
Spinach 


a/c Cucumber 

Lettuce 
Pumpkin
Red pepper 

Tomato 

KASS 
Commodity 

Group 


a Potatoes 


9 	 Tobacco 

10. Forage 

11. Silk 

12 	 Industrial 
crops 
a. edible 
aedbinedible 

.3. 	 Beef 
14. Milk 
15 Pork 
17. Eggs 

18. Fish and 
seaweed 

19. Residualfood 

Form 

Fresh 
Tuber 

Green 
Leaf 
Fresh (as harvested) 

Raw silk 

As harvested 

Fresh meat
 

fluid
 
Fresh meat
 
Fresh unshelled
 

Fresh
(as caught) 

Fresh meat 

FreshProcessed 

Dried 

Commodities 
Included 

sweet 
White 

Burley -t 
Virginia > 

m 

a. 	 Penlla 
Rape 
Sesame 
Sunflower z 

b 	 Castor bean Z 
bCator bea 

Hemp 

Black rsh 

wish 	 ITS 
Whales
 
Crustaceans
 

Mollusks 	 m 
Other aquatic


animals
 
Seaweed
 
Goat
Rabbit 

Edible offal 	 Z 
Animal fat 

Chemical sices 
Sal
 
Sugar
 
Cocoa 
Coffee 
Tea
 

. 



222 KOREAN AGRICULTURAL SECTOR MODELS 

and in 1975 (or later, as data become available) for policy analysis pur­
poses. All data relate to a 12-month calendar-year period. 

Data from the mid-1960s exist in Korea on almost all variables in­
cluded in the model. 3 Population, agricultural, fishing, and mining and 
manufacturing censuses are conducted periodically; farm- and urban­
household surveys are conducted continually and reported annually; pro­
ducer, wholesale, and consumer prices :re monitored and reported; crop 
area, yield and production, and livestock numbers and production are 
estimated annually; and so on. These data generally become available in
less than one year. Nevertheless, there are some important data gaps, such 
as losses associated with harvesting, storing, transporting, and processing;
inventories held by the private market and cooperatives; quantity of ag­
rictiltural commodities consumed by industry and as feed; and conversion 
factors for agricultural products.

In Korea, the accuracy and consistency of relevant data are perhaps 
more important than their availability. Until recently, most of the agricul­
tural statistics in Korea, although estimated by trained crop reporters, had 
to be approved by local officials and passed through the administrative 
structure to the Ministry of Agriculture and Fisheries (MAF). The final 
published estimates tended to be biased, often depending on economic 
and political factors. Forexample, during the period of forced sales of grain
to the government, the planted area was underreported. After these sales 
were abandoned and following the government's decision to control fer­
tilizer distribution rigidly on the basis of planted area (with grain crops
receiving priority), the planted area tended to be overreported. Reported 
crop yields also appear to have been influenced by various factors, such as
the expectation by higher authority that target average yields had been 
achieved. These types of problems are well recognized and are by no 
means particular to Korea. Recently, improved data collection, handling,
and analysis methods have been initiated. In 1974, for example, the 
Bureau of Agricultural Statistics, MAF, established an independent statis­
tics collection network, which insulated data collection from management
by local and provincial level administrative officials. 

Inaddition to problems of accuracy, much of the available data appear
to fail the test of consistency.4 For example, the estimates of per capita food 
consumption derived by different surveys and different methods are quite
different for most years. This divergence can be seen for rice, for example,
in Table 9. Remembering that most effort isprobably applied to collecting
data on rice, the most important food in Korea, the estimates for other crops 
are probably even less certain. Inpart, some of these differences result from 
differences in the definitions used and in the methodologies employed. For 
example, the food balance sheet approach isbased on estimates of produc­
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tion plus imports less decreases in stocks. The KASS estimate in Table 9defines production as "harvested production," whereas the Food Bureaudefines it as "production standing in the field before harvest" (crop-cuttingsurvey estimates). The difference is the adjustment for estimated harvestlosses. Similarly, some of the definitions in the farm- and urban-household 
surveys are not consistent with each other. 

Some of the available data could be used without modification in themodel to represent the base-period value of those variables. In other cases,conversion of the existing data into another form was necessary. Andfinally, substantial manipulation and/or adjustment of some data wererequired to derive consistent base-period estimates satisfactory for use inthe model. For example, obtaining estimates of per capita consumption bythe farm and nonfarm populations required that the basic data be changedin order to meet accuracy and consistency standards and that estimates bemade of the farm-nonfarm split in total consumption.s 

PARAMETER ESTIMATION 
The technical, behavioral, and institutional parameters used in themodel were derived in various ways. At one extreme, parameters werealready available or were estimated as a simple relationship between twovariables where the data were readily available. Fitting into this category

are marketing margins between producer and consumer prices, some ofthe input requirements per unit of output, and savings ratios. At the otherextreme, parameters were derived by judgments, based on backgroundestimates and the reasonableness of the resulting projections by the model;most of the elasticities fit into this category. Most parameter estimates fallbetween these two extremes and are generally based on available Korean
 
data.
 

The model is generally sensitive (i.e., responds nonnegligibly) to
changes in many of the income and price elasticities of demand used in the
demand-price-trade component. As a result, the estimation of elasticitieshas received considerable attention and is discussed briefly to illustrate theparameter estimation process used. In the first version of the model, theelasticities were mostly judgments based upon the knowledge and intui­tion of several specialists.More recently, the per capita food consumptionestimates for 1965-74 developed for base-line use in the model [164] wereused to estimate price elasticities of demand [1661. In addition, recentcross-section expenditure data from the farm- and urban-household sur­veys were converted into quantity terms, grouped according to the KASS
commodity categories, and used for estimating income elasticities of de­mand [166]. This permitted all of the time-dependent factors to be heldconstant. With various commodity groupings, data from these same sur­
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veys for 1965 to 1974 were used to estimate also both income and price 
elasticities of demand. Many of the resulting estimates of the price elas­
ticities, particularly the cross-price elasticities, were inconsistent with 
normal expectations, including the expectation of negative own-price and 
positive cross-price elasticities of demand. As a result, the relationships 
between the quantity changes of close substitutes, such as all grains and all 
meat products, were also analyzed. The model was then adjusted to 
incorporate matrices of substitution relationships between all grains and all 
meat products to be used by the model to compute cross-price elasticities 
on the basis of the own-price elasticities and projected changes in relative 
consumption levels. This method was adopted because it appeared to be 
easier to obtain estimates of substitution relationships than cross-price 
elasticities directly. 

The actual income and own-price elasticities and substitution propor­
tions used in the model were based on the above analyses but were 
subsequently adjusted to better reflect expected behavior. These adjust­
ments were mostly based on the judgments of specialists familiar with 
actual price behavior. 

In statistically estimating parameters, three types of errors were often 
encountered that resulted in the need for the judgmental adjustment of the 
estimated parameters. First, many of the data contain errors of both accu­
racy and consistency. Second, relevant variables were omitted from the 
estimating relationships. This occurred for various reasons: data were not 
hvailable; observations (years of data) were insufficient to permit inclusion 
of additional variables; and the structural relationships were not fully 
considered. Finally, some ofthe types and forms of relationships used were 
possibly wrong; f6r example, all time series data were converted to 
logarithmic form. 

PROJECTION OF EXOGENOUS VARIABLES 

As the examples of Table 7 suggest, the model incorporates a substan­
tial number of exogenous variables. These variables must be projected 
outside the model and then incorporated into the model. Some of these 
projections were derived directly from existing sources, such as projected 
world food and nonfood prices from the World Bank. Most, however, were 
projected through "off-line" analysis based on the available data for Korea 
and other relevant countries. 

The demand-price-trade component, for example, includes a projec­
tion of per capita consumption beyond the projection period, that is, for 
some time after the year 2000. Tbh.se projections (targets) are used to adjust 
the income elasticities of demand over time to maintain consistency with 
these expected long-term consumption patterns. They were derived as a 
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."best judgment" by food and nutrition specialists in Korea and provide a 
reasonable intake of energy and protein. First, present and foreseeable 
consumption trends were considered; the Japanese experience was con­
sidered invaluable in identifying these trends. The trends were then subjec­
tivelyadjusted for the response expected from the government as a result of 
being increasingly realized; for example, meat consumption was reduced 
substantially below trend levels because of the projected lack of domestic 
feed supplies and likely policies aimed at limiting consumption increases. 
Also, the effect of diminishing marginal utility was considered for all foods.
Finally, the projections were adjusted for their nutritive content relative to 
expected and required nutritional levels. This was an iterative process in 
which the specialists responded to proposed targets and ultimately came to 
a general consensus. 6Ofcourse, these targets can be expected to change as 
the underlying assumptions change and as improved data become avail­
able. 

Another set of projections, based on a substantial research effort, fo­
cused on the results of land and water development programs. This effort
involved using a lir- piogramming model to identify various optional
alternatives., The crop technology change component, developed later, 
now projects 1;1!. .- nd water development activities and their conse­
quences endogenously in KASM. 

POLICY VARIABLES AND PARAMETERS
 
Since the model 
aims to provide relevant analyses for agricultural 

sector decisions at the national level, it is necessary to include the major
policy options available as variables in the model. The process of identify­
ing the relevant types of policies is iterative and involves interaction with 
the decision makers. This interaction is even more critical in selecting the 
values to be attached to these policy variables and parameters when 
alternative policies are being analyzed. 

CONCLUSIONS 
The sector model requires a very large amount of data, both for the base 

period and the projection period. Although most of the relevant data are 
available in Korea, questions of accuracy and consistency remain. Further,
the data in general do not permit very complex or sophisticated estimation 
techniques to be employed. Hence, a considerable effort was required to 
adjust to the variable and parameter estimates to be consistent with the best 
judgment of the specialists. 

In summary, the process of developing and maintaining an appro­
priately accurate and consistent data set for use in a system simulation 
model and a current and relevant sei of structural relationships is a large 
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and continuous task. It requires that the variables, parameter estimates, and 
structural relationships be continuously updated as new data and other 
information become available. Ultimately, the quality of the projections
depends on the quality of the fundamental bases of the model, that is, the 
structure, the parameter estimates, and the initial condition data, which 
include projections of exogenous variables. A substantial manpower
commitment is required for this purpose. 

In spite of such problems with existing data, sector simulation models 
of the KASM type are useful aids in making projections for planning and 
policy analysis purposes. Indeed, projections must be made using what­
ever data are available, with or without formal models. A structurally
consistent simulation model can extract a richer and more consistentset of 
projections from a given data set than can more informal models. In fact, 
the argument can be made that projections based on models with sound 
structural design but poor data are likely to be of higher quality and 
usefulness than those based on models using excellent data but designed
with unrealistic, incomplete, or inconsistent structure. Further, a system
simulation model provides the facility for conducting sensitivity analyses
to identify those data and parameter estimates that are relatively more 
important in influencing projection results; thus priorities can be estab­
lished for improving the quality of data. 
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PROBLEMS AND SUBJECTS 

In the last several chapters we have conceptualized and described the 
Korean Agricultural Sector Model (KASM), a subject-oriented system of 
models designed for use in agricultural decision analysis in Korea. Our 
focus has been not on the private, agriculture-related decisions made by
producers, marketers, and consumers, but rather on the decisions made by
public decision makers concerning national agricultural policies, pro­
grams, and projects at the sector and subsector levels. These public deci­
sions help shape the environment within which the private decision mak­
ers act. KASM is intended to contribute to the analysis phase of the public
agricultural decision-making process in Korea by providingsome informa­
tion on the likely consequences of alternative courses of action (decisions).

For our purposes, a problem isdefined as a iituation in which a specific
decision has to be made. When faced with such a situation, a decision 
maker always uses a model specifically designed to analyze the problem at 
hand. The nature of this model - a problem-oriented model - can range
from a mental image held by the decision maker to a formal, computerized, 
mathematical model. More generally, a problem-oriented model is com­
posed of many kinds of models - mental images, verbal descriptions,
paper-and-pencil calculations, and computer programs - all interacting
with the decision maker in arriving at a prescription for action. This fac 
becomes apparent when one realizes that no single type of model can 
provide all the analytical information necessary - poli!cal. economic, 
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social, logistic, financial, physical - on which to base public decisions 
relating to agricultural development. Therefore, decision makers typically
draw upon many sources, many models, to develop the specific problem­
oriented model(s) used in the analysis ofspecific problem(s). (See chapter 2 
for a detailed discussion.) 

Similarily, we call a well-defined set of decisions or problems abbject 
area. A model capable of being used as part of problem-oriented models 
for analysis of problems belonging to such a set iscalled a subject-matter 
model. In the context of a specific problem analysis, a formal subject­
matter model - such as KASM or relevant parts of it - is combined with 
other relevant models to form the specific problem-oriented model. 

In this chapter, we describe the process whereby KASM, a subject­
oriented system of models, can be used in problem analysis. In addition to 
describing the process, illustrated with an actual instance of such an 
application, we discuss the need and tests for credibility and present as an 
example KASM's use in the process of formulating Korea's Fourth Five-
Ytar Economic Development Plan. In addition we illustrate the use of part 
of the KASM system with an example of rice consumption analysis. Finafly, 
we draw conclusions for model use and development. But first we will 
summarize KASM as a subject-oriented system of models, its problem set 
domain, and the decision entry points of its components. 

KASM: A SUBJECT-ORIENTED 
SYSTEM OF MODELS 

In this section we draw together from the preceding chapters, particu­
larly chapter 5, a summary of the problem set (subject) domain of KASM as 
a whole and of each of its component parts. Included is a discussion of the 
decision entry points where model users - i.e., analysts and decision 
makers - may interact with KASM to make assumptions related to particu­
lar problem analyses. 

Problem Set Domain 

The domain of a subject-matter model is the set of problems it is 
designed to address. The problem set domain of KASM is a subset of all the 
problems facing Korean public decision makers at the national level who 
are concerned with formulating medium-term to long-term (5- to 25-year) 
plans, policies, programs, and projects for Korea's agricultural sector and 
subsectors. 

Figure 36 shows the problem set domain of KASM as a proper subset of 
the set of problems with which Korea's national, public, agricultural deci­
sion makers deal. Excluded from the inner circle in Figure 36 but included 
in a larger one are, for example, problems of a seasonal and short-run 



231 MODELS FOR DECISION ANALYSIS 

"Arlcultural 
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Problems 
KASMSubjc Matter 

FIG. 36. The subject-matter domain of the Korean ag­ricultural sector model relative to public agricultural
'iecision-making problems: totally relevant. 

nature (such as those related to the government grain management pro­gram addressed by the models described in part fourof this book); adminis­
trative and logistical problems related to public regulation, guidance, andadministration of the agricultural sector; problems of the sectors thatprocess and market agricultural products and inputs; and problems per­taining to specific localities or regions or to differences among them.The five components of KASM (see chapter 5, Figure 16) each carve out 
a portion of the subject domain corresponding to one of the five essential 
aspects of any agricultural sector analysis.

1. The population and migration component (POPMIG, chapter 6)projects farm and nonfarm populations and the agricultural labor 
force. 

2. 	The national economy component (NECON, chapter 7) models theimportant feedback linkages between agriculture and the rest of the 
economy.

3. 	The demand-price-trade component (DEMAND, chapter 10) pro­
jects consumption and nutrition in farm and nonfarm households, aswell as producer and consumer prices and agricultural foreign trade.4. The resource allocaon and production component (RAP, chapter 9)allocates land, labor, and capital to the production of various crop
and livestock commodiies and to machinery investment, consistent
with labor and land constraints supplied by other KASM components
and with the level of agricultural technology.

5. 	The all-important technological development of agriculture is pro­
jected in the technology change component (CHANGE, chapter 8),
which determines crop yield levels; application rates of fertilizer, 
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chemical, labor, and other inputs; and the quantity and quality of 
various categories of land. 

With a problem defined as a situation in which a decision has to be 
made, it is clear that the set of problems facing national, public, agricultural 
decision makers (represented by the larger circle in Figure 36) isdynamic 
and ever changing. Problems come, go, and change as Korea itself ­

including the values and goals of its people - and the world around it 
evolve over time. If the subject domain of KASM and, therefore, KASM 
itself remain static in the face of this dynamism, a situation such as that 
depicted in Figure 37 can and will arise: where part or all of KASM (lying 
outside the larger circle) is irrelevant or wrong and thus is useless to 
Korean agricultural decision makers. In fact, because of observation errors 
and time lags invol ved in, first, recognizing and identifying changes in the 
problem set (the larger circle) and, then, in defining and accomplishing 
modifications in the models (the smaller circle), a portion of KASM will 
always be irrelevant. Therefore, it is the responsibility of the investigative 
unit maintaining and using KASM to set priorities and work continuously to 
keep small and relatively unimportant that portion of the smaller circle 
which is not overlapped by the larger circle. 

Even if we assume the ideal situation shown in Figure 36, there are 
relevant problems that lie outside the KASM subject-matter domain. In 
such cases other formal models, such as the Grain Management Program 
model discussed in chapter 14, and/or informal models are used in 
problem-solving analysis. Furthermore, aspects even of problems within 
the purview of one or more of the KASM components must be analyzed 
with information from other formal and/or informal models supplementing 
information from KASM, i.e., a problem-oriented model. 

KASMF Public 

Subject .Agricultural 
Mat er  IDecision-Making 

FIG. 37. The subject-matter domain of the Korean agricultural sector model rela­
tive to public agricultural decision-making problems: partially relevant. 
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System of Models 

Each component of KASM is a model of one of five subsystems of the 
agricultural sector - population, national economy, demand, resource 
allocation and production, and technology change. Each of these models 
may be used alone or in combination with one or more of the others, 
depending on the requirements of the particular analysis at hand. In many 
cases, a partial analysis is not only sufficient for the problem at hand but 
may also be necessary to limit the range of options to be tested, the 
complexity of interactions, and the volume of output to be analyzed. 

A key factor in the usefulness and, hence credibility of actual applica­
tions of KASM is the model's comprehensibility to the user. Often, at lower 
decision-making levels, not only are partial analyses sufficient, but more 
comprehensive analysis would be confusing and, hence, unfeasible, given 
the partial view of the world institutionally mandated at those levels. To 
paraphrase one Korean analyst working in the Ministry of Agriculture and 
Fisheries, each official sees no farther than the boundaries of the square of 
floor tile under his chair. 

Even the use of KASM for partial analysis, however, results in a more 
comprehensive view because of KASM's very nature as asystem of models. 
Even if only one or two of its components are used in a particular applica­
tion, a look at Figure 16 in chapter 5 will immediately identify which of its 
inputs come from which other components of the system and which of its 
outputs affect which other components. In addition, considering the com­
ponent as part of a larger system will help ensure consistency in defining 
and interpreting input and output data. 

Of course, higher decision-making levels require more comprehensive 
analyses, in which case more or all of KASM can be used. Viewing and 
using KASM as a system of models greatly increase its flexibility and 
usefulness in various kinds of decision analyses. 

Decision Entry Points 

A decision entry point is a place in the model where a user - i.e., an 
analystor a decision maker- may make a specific assumption relatingto a 
particular decision analysis. Flexibility is provided in the use of KASM 
through the selection of components to be used. Far greater flexibility and 
versatility can be obtained, however, through the ingenuity and creativity 
of the user himself. A great many decision entry points are explicitly built 
into the KASM components. Inaddition, however, a great many others are 
implicit in the constraints, structural assumptions, and parameter values­
any of which may be changed by the user to reflect the effects of altern.ative 
decisions. Through the user's ingenuity and creativity, combined with his 
technical familiarity with KASM and the Korean agricultural sector, the 
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decision applications or combinations of explicit and implicit decision 
entry points can be innumerable. Rather than trying to present an exhaus­
tive list of the decision entry points of each KASM component, many of 
which have already been described in preceding chapters, illustrations of 
their use are provided in the next two sections and in the following chapter. 

USE OF KASM IN INTERACTIVE 
PROBLEM-SOLVING ANALYSIS 

Chapter 2 describes the decision-making process as highly iterative 
and interactive and as composed of six functions (Figure 8, chapter 2). 
These functions are problem definition, observation, analysis-synthesis, 
decision, action, and responsibility bearing. 

Iteration takes place throughout the process and is continuous over 
time in that the evaluation of the consequences of implementing one 
decision can indicate resulting problems that also require action on the 
part of decision makers. Interaction isalso an essential and integral charac­
teristic of the decision-making process. Decision makers do not act in a 
vacuum. Of necessity they interact with executives responsible for carrying 
out their decisions, w;th affected parties who provide feedback for evaluat­
ing decision consequences and for identifying new problem situations as 
they arise, and with investigators and analysts responsible for gathering 
information and analyzing the possible consequences of alternative 
courses of action. In using KASM for decision analysis, close interaction 
between investigators and decision makers is of key importance. In appli­
cations ofthe model to date, this interaction has proven invaluable not only 
for defining the decision runs to be made and interpreting the results but 
also in improving model structure and data input. 

It is in the analysis-synthesis function of the decision-making process 
that KASM makes its direct contribution, along with other formal and 
informal models, as part of a problem-oriented model. Beyond that, how­
ever, through the interactive iterations inherent in the process, the model 
also provides information for modifying and refining the problem defini­
tion, which gives guidelines for data collection. 

The remainder of this section discusses how KASM is used as part of a 
problem-oriented model for problem-solving analysis. For illustrative pur­
po.es, brief reference is made to the land and water development analysis 
reported in more detail in the next chapter. 

Problem Definition 

It is very important for the analyst to view the decision-making processl 
from the perspective of the decision maker. Dcision makers perceive 
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unsatisfactory conditions in the portion of the real world related to their 
office (their piece of floor tile - the larger circle in Figure 36) and are faced 
with having to decide on a course of action to improve the perceived
situation. Any use of KASM in the analysis of such problems, indeed the 
decision of whether and how KASM should be used, must be based on the 
analytical requirements of the specific problem. That is, the use of any
given model for decision analysis should depend on the problem defini­
tion, not vice versa. 

The problem definition, then, starts with the recognition that there isa 
real-world situation to be improved. In our land and water development
illustration, the situation is that Korea is a land-short country trying to 
provide an adequate diet for its growing population, while at the same 
time, for economic and national security reasons, it is trying to reduce 
foreign exchange costs of food imports. As Korean officials prepared the 
Fourth Five-Year Economic Development Plan for 1977-81, important
questions arose concerning investment priorities. Given the investment 
requirements of other sectors of society, what mix of programs in agricul­
ture would best ensure an adequate diet and achieve self-sufficiency in the 
major food staples at the lowest possible investment cost? What would be 
the effect on food prices and, hence, inflation and farm income? 

These questions led naturally to the next steps in the definition of the 
problem: selection of performance criteria and identification of decision 
instruments. What measures of the real world should be used to evaluate 
the consequences of decisions taken to improve the situation? What 
decision-making options are available? In our illustrative situation, through
interaction with decision makers in the Ministry of Agriculture and 
Fisheries (MAF) and in its Agricultural Development Corporation (ADC is 
responsible for carrying out land and water development projects in 
Korea), it was decided to analyze the effects on food production, nutrition, 
and agricultural imports and exports and foreign exchange requirements of 
alternative levels and patterns of investment in various land and water 
development programs., 

Although the immediate decisions to be made were in the context of 
the 1977-81 Fourth Five-Year Plan, the full potential of many land and 
water development programs take many years to be realized. Therefore, it 
was decided to look at the 25-year period to the year 2001. 

Decision Analysis 
In the analysis stage, a problem-oriented model is defined, put to­

gether, and used to project the likely consequences of alternative courses 
of action. In defining and constructing the problem-oriented model, a 
combination of art and science is required of the analysts, as described in 
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chapter 4. The analyst must know what formal models are available that 
can provide information required to analyze the problem at hand. The art is 
in recognizing where and how aformal model, such as KASM, can be used. 
Whether KASM, in whole or in part, can be used in a particular problem­
solving analysis depends to a large extent on the creativity and ingenuity, 
as well as the technical competence, of the analyst in making special 
assumptions, changing the model structure, and generally molding the 
model to fit the requirements of the problem definition. This includes 
molding it to fit into the larger structure of the problem-oriented model, 
which also incorporates other formal models to provide other kinds of 
information beyond the scope of KASM. Where formal models do not exist 
or cannot be specially built, informal components (mental, verbal, dia­
grammatic, etc.) are used to round out the problem-oriented model. 

The problem-oriented model used in the land and water development 
analysis was composed of KASM components, another formal model (a 
polyperiod linear program) specifically built for this analysis, and informal 
components that made exogenous projections required as inputs to the 
formal, computerized components and that provided other information for 
the analysis. The KASM components used were the demand, resource 
allocation and production, population, and accounting components. In 
place of the technology change component, which was still in a prelimi­
nary testing stage at the time of the analysis, the polyperiod linear program 
model was used to .project the quality and quantity of the land base 
resulting from investments in the various land and water development 
programs and the yield effect of those programs. Basic yield projections 
depending on biological improvements, and input application rates were 
projected informally, based on information from Korean crop researchers 
and government officials. 

KASM was not taken as a given, fixed model when used in the analysis. 
Rather, it was changed wherever the analysts felt a change was necessary 
to meet the requirements of the problem-oriented model. Specifically, 
price assumptions were changed in the demand component for barley and 
wheat; some constraint equations in the resource allocation component 
were dropped and replaced with others, and special assumptions were 
made limiting the future expansion of land in nongrain crops; and the 
definitions of some accounting variables, particularly self-sufficiency per­
centages, were changed. 

Once the problem-oriented model was defined and constructed, an 
experimental design process specified the alternative decision assump­
tions to be investigated with the model and the primary performance
variables to be observed. The alternative decisions were in terms of in­
vestment budgets to be spread over time for specific programs including 



237 MODELS FOR DECISION ANALYSIS 

deland reclamation, paddy field consolidation, drainage, large-scale irri­
ation, and upland development. The polyperiod linear program model 

fas used to determine for each alternative budget level the optimum 
istribution over these two dimensions and the resulting projections of 

ase and yield levels, which were in turn provided as input to KASM. 
It was very important to preselect the output variables of primary 

iterest. A simulation model such as KASM can generate a great quantity of 

iformation about a large number of variables. Unless the analysts re­

:ricted themselves to only those measures of performance most relevant to 

ie analysis, they, and particularly the decision makers, would only be 
onfused by the mass of data. Main performance criteria for the land and 

tater development analysis included production levels by commodity, 
lf-sufficiency percentages by commodity, import and export quantities 

y commodity, and foreign exchange requirements for each of several 
vels of development investment. 

Analysis of the results of the decision runs by the analysts and decision 

iakers led to further iterations respecifying the experimental design, mod­

'ying the model, and even revising the problem definition. One example 

f many such instances in the land and water development anaiysis oc­

urred when high officials in the Ministry of Agriculture and Fisheries 

uestioned the self-sufficiency projections. Investigation revealed that 

ASM did not define self-sufficiency in the same way as did MAF, and 

ierefore its definition in KASM was changed. 
These iterative interactions among the model, analysts, and decision 

iakers, as well as with executives and affected parties, ultimately con­

erge on prescriptions for decision. The land and wter development 

nalysis provided information that was used in negotiations between MAF 

nd the Economic Planning Board for land and water development invest­

went capital in the Fourth Five-Year Plan. 

"redibility 

Throughout the process of defining, constructing, and using a 

iroblem-oriented model, the model is continually tested for credibilityand 

nodified and refined as necessary until sufficient credibility is achieved 

vith decision makers for its information to be used in decision making. Of 

:ey importance with respect to a problem-oriented model is its credibility 

ri the eyes of decision makers, and a necessary but insufficient condition 

r that is its credibility in the eyes of the analysts. 
As discussed in chapter 2, there are four essential tests a problem­

iriented model must pass for decision-making credibility. These tests are: 

1. 	Coherence. The model is checked for internal logical consistency, 

abstracted from its real-world referent. 
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2. Correspondence. The behavior and structure of the model are com­
pared with actual and expected behavior and structure of its real­
world referent.

3. Clarity. The model must be not only unambiguous but also com­
prehensible both to decision makers and analysts.

4. Workability. The model is assessed on the basis of how well its
prescriptions work out when implemented in the real world.

KASM and its components have been subjected to each of the four tests.The components have been tested individually and in combination, as
reported in the preceding chapters. Coherence tests take place as part ofthe debugging process of individual components. Correspondence testing
of KASM isan iterative process wherein components are tested individu­ally and in various combinations against knowledge of the real-world
referent and then are retested continually as new knowledge isgained. Inthe specific case of the land and waler development analysis, coherenceand correspondence tests were rechecked for KASM with the modifica­
tions made forthe specific analysis. inaddition, such tests were also carried
out and modifications were made in the other portions of the problem­
oriented model until both the analysts and the decision makers were 
satisfied with the results. 

Clarity and workability tests are most important whenever models areused for decision analysis. Korean decision makers and investigators
understand the models more and more each time they use them. Similarly,the models become easier to use and interpret as familiarity increases. 
Workability tests are passed as decisions are implemented with positive
results. The land and water development analysis results played an impor­tant role in determining planned investment levels for land and water
development programs in the Fourth Five-Year Economic Development
Plan. A more detailed description of the land and water development
analysis ispresented in the following chapter. 

KASM AND ANALYSIS FOR THE
FOURTH FIVE-YEAR PLAN 

The setting within which the Korean five-year planning activity occursis conducive to model application. Three needs are uppermost in the
minds of those developing the plan: (1)the time frame imposed upon them,(2)the volume of statistical data that must be considered in both a retro­
spective and aprojective sense, and (3)the consistency that should binddifferent segments of the plan into acohesive wholr, Inall three cases, a
generalized simulation model, already in place, holds considerable prom­ise for those charged with actual plan development.

Therefore, as the Fourth Five-Year Plan was being developed, it was 
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natural for those in the Ministry of Agriculture and Fisheries (MAF) to turn to 
KASM for analytical assistance. Fortunately, there was sufficient flexibility
that the existing models could be used as already constructed, coefficients 
could be changed to reflect alternative growth assumptions, or individual 
components of KASM could be used as needed for particular analyses. 
Livestock Planning 

Working relationships had earlier been established with MAF officials 
responsible for livestock planning, and a rudimentary, specialized model 
had already been used in making mid-period projections during the Third 
Five-Year Plan period. Working relationships and model appreciation had 
been further kindled by seminars within the ministry and frequent contacts 
between MAF Livestock Bureau personnel and personnel from the Na­
tional Agricultural Economics Research Institute (NAERI)/Korean Agricul­
tural Sector Study (KASS), and the Korean Agricultural Planning Project
(KAPP). Thus, once the outlines of the fourth plan became known, a request
for assistance with the analysis quickly followed from the Livestock 
Bureau. 

The overriding livestock policy objective as defined by MAF at that 
time was to reduce imports of feed grains as a way of conserving scarce 
foreign exchange. Subsidiary and conflicting objectives were to meet 
consumer demands for livestock and poultry products and to do so without 
undue increases in consumer prices. Additional information was sought on 
the specific effects of alternative techniques for restraining growth - taxes 
on imported feed stuffs, taxes on livestock per se, or other disincentives. 

To accomplish the analysis, an informal working group was established 
composed of members of the Livestock Bureau, NAERI/KASS, and KAPP. 
Interchange followed on objectives, on alternative assumptions needed for 
the analysis, and on input-output coefficients and prices. The exchange 
was beneficial to both modelers and decision makers: data requirements
and constraining growth assumptions of the modeling effort forced minis­
try personnel to rethink programs for feasibility and consistency, and their 
responses forced the model io be adapted to meet policy needs more 
realistically.An additional bonus for all future analysis was the opportunity 
to improve and update the data and structural assumptions for the model. 

Although the initial request hom the ministry was for only one set of 
projections, further discussion led to the inclusion of several alternatives. 
The final results included a base run that was appro<imately the natural 
growth rate without policy interventions and two alternatives that exogen­
ously restricted the rate of growth of swine and poultry, the major consum­
ers of feed grain. Impacts were estimated for (1) livestock and poultry
numbers; (2) real consumer prices for meat, milk, and eggs; (3) per capita 
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consumption of these commodities; and (4) total feed requirements for the 
livestock sector. 

The alternatives thus analyzed and refined by discussions with the 
Livestock Bureau became the basis for the policy targets in the Fourth 
Five-Year Plan. MAF was unable to choose a target plan that achieved the 
directive of reduced growth in feed grain imports with minimum disruption 
of the consumer market for meats. At the request of the Livestock Bureau, 
later analyses were conducted on specific programs to achieve those 
targets. 

Population Planning 

Crucial to any national planning activity are reliable estimates of total 
population growth and its characteristics. Early in the KASM work, ,a 
cohort-survival population model was developed (chapter 6) to project 
total, farm, and nonfarm population; off-farm migration rates; agricultural 
labor supply; and certain population and labor force characteristics. Pro­
jections from this component are used in KASM as one of the bases for 
projection of food and the availability of manpower for agriculture. 

At an early stage in the development of the MAF Fourth Five-Year Plan 
it became necessary to decide upon a consistent set of population pro­
jections. Such projections were available from the MAF Statistics Bureau 
and from KASM, or the ministry could decide to generate others. After due 
consideration and a discussion at a seminar attended by representatives of 
all MAF bureaus the KASM projections were chosen. The rationale as given 
by the director of the MAF Planning Bureau was that the underlying theory 
and assumptions of KASM more closely resembled reality than did those of 
other available projections and would be better than any others that could 
be produced on short notice by the ministry. 

Accepting these projections essentially meant that farm and nonfarm 
food consumption projections in the plan would be a function of KASM 
population projections. Further, farm labor force estimates from the model 

would underlie planning for mechanization and wage rates in the farm 
sector. 

In this case, anticipation of a planning need, having a model on hand 
capable of generating information to fill that need, and user confidence in 
the results led to a direct contribution to a vital ministry program. 
Moreover, acceptance and wider use of the models came with favorable 
experiences by those in middle-management positions within MAF. 

Foreign Trade 

Another example of the use of KASM in analysis for the Fourth Five-
Year Plan was in assessing the export potential of Korean agricultural 
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commodities. In 1974 aMAF committee was assigned thetask of determin­
ing which commodities might best be developed for export, to where, and 
in what quantities. A request for KASM assistance followed. 

The demand-price-foreign trade component uses a set of demand 
equations to estimate domestic consumption and, when linked with the 
resource allocation and production component, provides estimates of an 
exportable surplus and/or import requirements. Commodity prices serve to 
link (1) domestic demand and supply and (2)the domestic agricultural 
sector with the world economy.

To address the problem posed in the Fourth Five-Year Plan required
projections of world supply prices for comparison with projected Korean 
supply prices. Relatively lower domestic prices projected for the period of 
the upcoming Five-Year Plan suggested an export potential for certain 
:ommodities. Information was provided under the assumption of constant 
•eal 1974 prices and alternative relative changes from 1974. The 19 
:ommodity groupings of the model proved a handicap, since export plan­
ing was in terms of individual commodities. Model results did provide
ndications, however, for the major commodities and for groupings of 
thers. Basically, the information provided from this analysis served in this 
nstance to check consistency and to confirm conclusions already formed 
)y the committee. 

;rain Consumption 
Inthe early 1970s, the Korean government strove to reduce rice con­

umption in favor of barley and wheat in order to reduce foreign exchange
:osts of grain imports, rice being the most expensive of the three grains on 
he world market. Measures used included increased government in­
'olvement in grain markets, high rice prices, wheat flour subsidies, a dual
irice system for barley, requiring government rice to be mixed with barley
iefore sale, enforcing riceless days in public eating establishments, de­
:reasing the milling rate, and public exhortation of consumers to shift 
onsumption from rice toward wheat and barley. Other, sometimes com­
eting, objectives of these me;:urae were to increase farm income, to 
ncourage rice and barley production, to hold down inflation, and to 
educe deficits in governmer t grain management accounts. 

As work on the Fourth Five-Year Plan got underway in 1975, however,
ie success of the above policies (as well as past successes in crop im­
rovement research and extension programs) gave Korea a sense of se­
urity that rice and barley self-sufficiency had been attained and gave rise 
) expectations that there would be surpluses in those two grains over t.e 
ext plan period (1977-81). The questions now were, what grain con-
Jmption patterns could be expected over the plan period and what could 
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the government do now to encourage consumption of rice rather than 

wheat, since wheat was expected to be the only imported food grain during 

the plan period (apart from pulses, which are also considered a food grain 
in Korea)? 

made with the KASM demand component toSeveral analyses were 
assess consequences of alternative projected price patterns for rice, barley, 

and wheat. The analysis indicated that keeping real rice prices constant, 

phasing out the dual price for barley, and removing the wheat subsidy 

could result in increased rice consumption, reduced wheat consumption, 

and limited surpluses of rice and barley. 
By mid-1977 further evidence of fundamental change in several as­

pects of the agricultural and general economic system became clear. With 

the high price policy for rice and the administrative controls on rice 

consumption, such as the mixing of barley with rice, riceless days, and 

the size of the rice bowl in restaurants, rice stocks wererestrictions on 
mounting. Government costs of maintaining the high price policy and of 

rice storage were increasing with an accumulated deficit in the govern­

ment grain management special account of more than $600 million. This 

deficit, in addition to the projected surplus in the foreign trade accounts, 

was expected to exert unacceptable inflationary pressure on the Korean 

economy. Thus additional analysis and reconsideration of the rice price 

and consumption policies became necessary. 
KASM was used to make projections of four alternative assumptions 

about rice prices and consumption policies. Specifically, since the focus of 

the analysis was on only one commodity and on only the consumption of 

that commodity, only the DEMAND model of KASM was used for this 

partial analysis, together with independent production and population 

projections. 
Assumptions and PolicyAlternatives. Although attention focused on 

rice, DEMAND incorporates interactions among commodities - as they 

substitute for one another and compete for a given consumption budget­

as prices and income change over time. Therefore, independent produc­

tion projections were made for each commodity considered in DEMAND 

consistent with targets of the Fourth Five-Year Development Plan. 

Population projections were based on results of KASM's population 

model consistent with the Fourth Five-Year Development Plan targets for 

1981. The Production Bureau, MAF, estimated rice production in 1977 to 

be 3.5 per cent above the 1976 harvest. Beyond that, it expected rice yields 

to increase at an average rate of 1.5 per cent per year through 1981 and 1.0 

per cent annually thereafter. Changes in land area devoted to rice were 

expected to be negligible with an assumed total increase of 0.5 per cent 

spread over the ten-year period of the analysis, 1976-86. The resulting 
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projection of rice production showed an average annual increase of 1.51 
per cent. , 

Given these population and rice production projections, the following 
four alternative policy assumptions about rice consumption were investi­
gated: 

ALTERNATIVE 1 
a. 	Real consumer and producer prices of rice, barley, and wheat 

remain constant at 1976 levels through 1986. 
b. 	 The desired carry-out stock level of rice (held by the government, 

at seaports, and in farm and urban households at the end of the rice 
year) is750,000 metric tons. This isabout twice the levels actually 
carried over each year during the early 1970s and about 75 per 
cent of the level carried out in 1975. 

c. 	Government-imposed restraints on rice consumption are main­
tained at 1977 levels through 1986. Economic Planning Board and 
MAF estimates indicate that these restrictions amounted to over 
400,000 metric tons of rice in 1975, not counting restrictions on 
the use of rice in alcoholic beverages, and more than 600,000 
metric tons if alcoholic beverages are included. Assuming, for 
simplicity, that all the restrictions apply only to the nonfarm popu­
lation, these amounts translate into 20 kg/capita and 30 kg/capita, 
respectively. 

ALTERNATIVE 2 
a. 	Same as "a" in alternative 1. 
b. 	 Same as "b" in alternative 1. 
c. 	Government restrictions on rice consumption, in the amount of 20 

kg/capita for nonfarm consumers, are gradually phased out over 
the four-year period 1977-80. That is, 5 kg worth of restrictions are 
removed in each of the four years. Restrictions on the use of rice in 
alcoholic beverages remain in effect. 

ALTERNATIVE 3 
a. 	 Real consumer prices of rice, barley, and wheat are determined in 

the market, beginning in 1977, by excess demand conditions, 
subject to the constraints that (1) rice and barley prices will not be 
allowed to rise more than 10 per cent per year or to fall more than 5 
per cent per year in real terms, and (2)wheat will be free traded, so 
that its consumer price will not rise above the import price plus a 
marketing margin. (Producer prices of rice, barley, and wheat are 
tied to consumer prices with a constant proportional marketing 
margin.) In addition, the producer price of rice will not be allowed 
to rise above the 1976 level in real terms. 
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b. Same as "b" in alternative 1. 
c. Same as "c" in alternative 2.
 

ALTERNATIVE 4
 
a. Same as "a" in alternative 3. 
b. The desired carry-out stock level of rice held by government, at 

seaports, and in farm and urban households will be 2 million 
metric tons beginning in 1977. This represents a policy of main­
taining emergency reserves. 

c. All government restrictions on rice consumption, i.e., 30 kg/capita
for nonfarm consumers, are removed over the 1977-81 period. 

Alternative 1 represents continuation of present policies and, therefore, is 
taken as the base run against which the other alternatives are compared.

Simulation Results and Conclusions. Of the hundreds of variables of 
KASM, our attention was frcused on only four - nonfarm per capita rice 
consumption, rice self-sufficiency, consumer price of rice, and carry-out
rice stocks. 

The relative results of the four variables for the four alternatives are 
plotted over time as indexes in Figures 38-41. InFigures 38, 39, and 40, the 
levels of carry-out rice stocks, nonfarm per capita rice consumption,2 and 
consumer price of rice respectively are indexed to initial (1976) levels. 
Since self-sufficiency isnormally expressed as a percentage, and 100 per 
cent self-sufficiency isgenerally used as a reference point anyway, that 
percentage, rather than an index, is plotted directly in Figure 41. 

In alternative 1, the base run, rice stock levels increase to about 41/3
times the 1976 level (Fig. 38), or almost 5.7 million metric tons. This results 
from surplus production (Fig. 41) at the high, constant real price (Fig. 40)
going into stock., Even after removing most of the restrictions on rice 
consumption (alt. 2), stocks still almost triple by 1986 (Fig. 38), staying at 
about 65 per cent of base-run stock levels. 

It isonly when the market price isallowed to respond to the surpluses
and large inventories (alts. 3 and 4) that stock levels remain at reasonable 
levels. The surpluses cause prices to fall4 (Fig. 40), which in turn causes 
consumption to rise above levels in alternatives 1 and 2 (Fig. 39). Under 
alternative 3,stock levels stabilize around 2.1 million metric tons, about 65 
per cent above 1976 levels (Fig. 38), which is less than 40 per cent of the 
base-run result by 1986. Also, nonfarm per capita consumption stays
slightly above base-run levels (Fig. 39), and overall rice self-sufficiency
remains in balance at about 100 per cent after 1981 (Fig. 41). 

Consumer rice price under alternative 4 also falls (Fig. 40), except for 
two years (1980 and 1981) when the price increases because of the 
combined effects of (1)the greater removal of consumption restrictions 
assumed, and (2)the higher level (2 million metric tons) of desired rice 
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stocks. Therefore, after 1980 the consumer price is higher than underalternative 3 (Fig. 40) and consumption is consequently lower (Fig. 39),causing self-sufficiency to stabilizeat about 102 per cent instead of 100 percent (Fig. 41) and stock levels to increase above those of alternative 3 (Fig.
38).

Figure 41 shows that, for two or three years under both alternative 3 andalternative 4, self-sufficiency falls below 100 per cent before recoveringwith the secular decline in consumption. No rice imports are required,however, since the deficits are made up from the surplus stocks.This analysis did not consider possible rice supply responses to thefalling price. Other analyses have indicated that any supply responsewould come from yield responses rather than any significant change inland allocations. Further analysis incorporating a supply response wouldbe necessary to determine whether nonfarm demand or supply has thegreater response and the consequences on stock levels and self-suffi­ciency. It is possible, depending on the strength of the supply response, thatreal prices would stabilize, in the short run, at a level below the 1976 levelrather than continue to fall. In the long run, however, as consumption falls,prices would resume their downward trend unless alternative uses ofrice-producing resources were encouraged.
Figure 39 indicates that rice consumption begins a general downwardtrend after about 1983 in the base run. This turning point is advanced byabout two years under the other three alternatives because of the morerapidly rising consumption in the late 1970s. Such behavior is a result ofthe assumption in the DEMAND model of KASM that beginning in the early1980s Korea will follow Japan's pattern of long-run declining rice con­sumption. Further analysis would be necessary, if desired, to investigatethe effect on these four alternative policy sets of assuming a later turningpoint or possibly even no turning point during the period of the analysis.The results of the four alternative rice price and consumption policy
runs indicate that, even under conservative projections of rice production,
a continuation of present real price levels for rice and government­imposed rice consumption restrictions would result in surpluses that would
amount to more than a quadrupling of rice stocks by 1986. Even if most ofthe consumption restrictions were removed, the 1976 stock level would 

still almost triple by 1986.Although further analysis would be required to incorporate a supplyresponse, the indications are that surpluses can be reduced by allowing therice price to fall in real terms while at the same time removing consumptionrestrictions. The resulting double boost to consumption would stabilizestock levels at about 75 percent above present levels, with self-sufficiency
at or slightly above 100 per cent. 
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The Korean government removed the wheat flour subsidy, increased the 
sales proportion of pure rice relative to rice mixed with barley, and de­
veloped plans to phase out the dual price system on barley. Although it was 
impossible to dircern what direct influence, if any, the KASM results had on 
these decisions, the simulation results at least provided strong confirmation 
of information coming from other sources. 

CONCLUSIONS 

From the foregoing discussion in this and preceding chapters, we can 
draw conclusions concerning (1)use of subject-oriented models in general 
and of KASM in particular, and (2) areas for further development of KASM 
and its theoretical foundations. 

Use 

First and foremost, any formal model should be used with great cau­
tion, and KASM is no exception. KASM can be a powerful analytical tool 
for public agricultural decision making in Korea. It can be used to investi­
gate complex decision options more reliably than can informal or simpler 
formal models. Nevertheless, erroneous conclusions can easily be drawn 
from simulation results unless analysts and decision makers alike take care 
to understand, by tracing through the model's data and causal structure, 
what gives rise to those results. Wrong decisions can be made on the basis 
of wrong explanations of projected responses to alternative decision as­
sumptions. 

Furthermore, KASM or any single model, formal or informal, must not 

be relied upon as the sole source of information for complex public 
decision making. No single model can possibly provide all the information 
necessary - economic, social, political, military, administrative, short­
term, long-term, normative, nonnormative, and so forth. That is, every 
problem-oriented model for public agricultural decision analysis will of 
necessity be composed of multiple formal and informal models. 

Fortunately, the decision-making system in the Korean Ministry of 
Agriculture and Fisheries reduces the chances of making these errors - but 
it does not eliminate them. Middle-level officials of MAF insist on fully 
understanding the basis of analyses providing information to their decision 

making. In this way they prepare themselves to be able to answer any 
questions their superiors may ask when proposed plans and programs are 
presented for approval. Similarly, higher-level officials need to be well 
versed in the analytical basis of decisions (and therefore ask the questions 

of lower-level officials) in order to back up their negotiations with other 
ministries for funding and cooperation. These demands of the decision 
makers at all levels of the ministry place a great responsibility on the 
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modelers and analysts to find ways to explain the r:odels and interpret theirresults in terms decision makers can understand - essential if the models 
are to pass the clarity test for credibility.

Another conclusion we can make egarding use of KASM isthat it caneither be avery flexible system o(,models applicable tu avery wide range ofdecision analyses or a rigid, specialized model of limited application.
Which it is depends on the technical knowledge of the analysts withrespect to the model, the Korean agricultural sector, and the problem­solving needs of decision makers. Also important in determining the flexi­bility of the model and, hence, its utility isimagination and ingenuity on thepart of the analysts in artfully sele.ting and linking components, making
special assumptions, and changing data to suit the needs of a particular
analysis.

Finally, we must emphasize two characteristics of the model's outputs
and use. First, it is much more useful and valid to compare results ofalternative decision runs with each other and with abase run than to look atthe absolute projections of any one run. KASM, designed for medium- tolong-term projections and analysis, and using sometimes questionabledata, cannot and should not be relied upon as a forecasting model. How­
ever, a great deal of useful information can be obtained on the likelyrelative consequences of following alternative courses of action. 

Second, whenever several KASM components are run together, be­havioral consisteocy isensured among the various subsectors included. Inaddition, any inconsistencies among policies and programs particular tothe various subsectors will show up in model outputs in more comprehen­sive analyses. Thus, although KASM components can be run singly foranalysis of decisions at lower levels in the ministry, combining compo­
nents for higher-level decision analyses will indicate the significant indi­
rect effects of government actions taken in one subsector on another. 
Development 

Several conclusions can be drawn relative to further development ofthe KASS system of models. Most important isthe general responsibility ofthe modelers and analysts maintaining and using KASM for decisionanalysis to keep abreast of changes in the problem set relevant to Korea'spublic agricultural decision makers (the larger circle in Figure 37) so thatKASM can be modified to keep the portion of its subject-matter domainlying outs-de that relevant problem set (as in Figure 37) as small andunimportant as possible. This requirement emphasizes the importance ofclose cooperation and interaction between Korean analysts and decision
makers not only for use of the models ft . ,.ccision analysis but also for
continual model development. 
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Specific development areas can be identified in addition to the im­
provements in existing components indicated in the preceding chapters. 

Marketing. Recently, MAF has been giving increasing attention to the 
marketing of agricultural inputs and products. High losses in the 1975 rice 
crop in some areas of the country were attributed to untimely and in­
adequate distributions of pesticides to insect-infested areas. On the prod­
uct side, increased consideration is being given to marketing improve­
ments to curb price rises and reduce commodity losses. In addition, 
questions are being raised about the effect on production patterns of the 
transportation and marketing opportunities opening up with the expansion 
of the highway system into rural areas. Currently, KASM touches product
marketing only with price margins and loss rates and input marketing not at 
all. The marketing of agricultural inputs and products appears to be a 
fruitful area for further modeling. 

Livestock. As useful as KASM was for the livestock analysis for the 
Fourth Five-Year Plan, it became apparent that the handlingofthe livestock 
subsector as part of the resource allocation and production component 
was inadequate, both (1)as arepresentation of private sector sales, feeding, 
and investment decisions, and (2)in its exclusion of many of the important 
government policy instruments influencing the livestock/feed subsector. 
Preliminary conceptualization has begun in Korea of a set of livestock 
models, drawing on experiences elsewhere [68, 144], that incorporates 
demographic characteristics, investment decisions, sales rates, feeding 
rates, and the effect of feed prices and supplies. Such models should also 
include government credit and subsidy programs, feed and price policies, 
and pasture improvement programs. 

Investment. Any model is based on the state of the theoretical and 
methodological art. Advances in investment/disinvestment/user cost theory 
[171 wil' contribute greatly to the ability of KASM to simulate agrarian
change, capital formation, and growth in the agricultural sector. Some of the 
most important issues facing Korean public agricultural decision makers are 
related to investment, and KASM iscurrently inadequate to address many of 
them. 

Disaggregation. KASM has several aggregation error problems. One 
of the most important isin the resource allocation and production compo­
nent, where local and regional differences in resource endowments, ac­
cess to markets, and commodity specialization are obliterated in anational 
objective function and a national aggregation. The model was originally 
designed for three regions [151] but was later aggregated because of the 
difficulty of obtaining regional data and to reduce the costs of model 
development in other, higher-priority areas. At some point it may be useful 
to consider generalization of the model to handle disaggregation flexibly, 
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not only in the spatial dimension but also by income class in the farm and 
nonfarm sectors, and to facilitate redefinition of the current commodity 
groupings and the national economy sector aggregations. 

Data System. Flexible disaggregations such as those suggested above 
would put great demands on the data system supplying the model. A 
long-run development objective should be to design and implement adata 
management system that would transform data from the form collected and 
compiled at local, county, provincial, and national levels into the form 
required by KASM. Such a data system would not only facilitate flexible 
disaggregations but would also facilitate keeping data in the model up to 
date as new statistics and other information become available. 

Tuning. As we have seen in earlier chapters, it is often difficult or 
impossible to estimate model parameters from recorded data series. In 
some cases, parameters are "estimated" by manually tuning the model to 
track-recorded time series. This process can be greatly improved by apply­
ing to KASM optimization packages [261 designed to find values for key 
parameters that optimize the model's "fit" to recorded time series. 

Ease of Use. Finally, the ease with which KASM can be used by 
decision makers, and hence its credibility, can be increased with the use of 
aconversational, interactive language to interface the user with the model. 
Such alanguage has been developed [171, 178, 1801 that enables the user 
to interact with the model to change data, make decision assumptions, and 
make decision runs. 
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kOREa'S [ANd ANd 
WATER dEVE[OpMENt 
policy AlTERNATiVES 

Richard D. Duvick 

INTRODUCTION 

Korea is a land-short country that continues to face the problem of 
providing adequate food for its population. In 1974, a population of 34.7 
million people was dependent on a cropland base o' only 2.238 million 
hectares, or approximately .064 hectares per person. Population growth 
averaged about 1.8 per cent per year between 1970 and 1975 and is 
expected to grow at an annual rate of 1.6 per cent per year from 1975 to 
1985. Net loss of cropland to nonfarm uses has been 12,000 to 15,000 
hectares per year. All of these factors put added pressure on the need to 
increase both agricultural productivity and the quality and quantity of the 
agricultural land base. 

Rice and other grains have traditionally been the major foodstuffs in the 
Korean diet. A major policy goal of the Korean government has thus been 
to become self-sufficient in rice and to improve or maintain the self­
sufficiency of all other food grains: mainly barley, wheat, pulses, and 
potatoes. Various means are available to increase production at a fester 
rate than consumption and, hence, to improve these self-sufficiency per­
centages. Better seed varieties and improved cultural practices can in­
crease production. Likewise, lower milling rates, riceless days, and other 
administrative measures that cause changes in the diet can reduce con. 
sumption. But another area that has received, and will continue to receive, 
great attention in Korea is land and water development, which involves 
improving the land base through irrigation, drainage, and consolidation 
projects and increasing the land base through reclamaticmn. 

253 
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The major purpose of the research reported in this chapter was to 
evaluate various alternatives for the future development of Korea's land 
and water resources in light of the future food needs of the country. Since 
many development projects require a number of years before their full 
potential is reached, the analysis examines the 25-year period to the year 
2001. 

PROCEDURE 

The first requirement was to gather data on various aspects of land and 
water development. Since detailed data by region either were unavailable 
or too costly to acquire, given the time and resources available, it was 
decided to evaluate development on a national basis only. Two basic 
categories of land and water development activities were defined: 

1. 	Improvement of the present land base: irrigation, drainage, and land 
consolidation to improve the quality of cropland and increase its 
productivity (see Table 10 for a summary of the basic effects)

2. Additions to the present land base: reclamation of tidal land for 
paddyland and conversion of idle and forested slopeland to culti­
vated upland to increase the quantity of cropland 

In keeping with this basic framework, the area of potential land for each 
type of development activity was determined. At the same time each type 
of development activity, such as irrigation, was subdivided into three cost 
classes- low, medium, and high cost of development. Specific estimates 
were also made of the effect of each type of development on crop yields
and cropping intensity, in line with the framework suggested in Table 10. 

This provided the primary data necessary to develop a polyperiod
linear programming (LP) model. The LP model selected land and water 
development activities by type and cost class that would maximize the 
total production of food grains over the 1977-2001 period, subject to 
investment and other constraints defined for various alternatives. Output of 
the model included the amount of each activity to develop by time period 
(e.g., hectares of low-cost irrigation to develop in 1977-81), total hectares 
of paddy- and upland, yields of rice and the other food grains, and 
double-crop ratios resulting from the combination of activities developed. 
Thus the LP model not only selected the mix of activities and period for 
development, but provided measures of the combined effects of these 
activities on future yields, hectarage of cropland, and land-use intensity. 

These data were then used to modify the basic input data on yields, 
changes in paddy- and upland, and double-crop ratios within the Korean 
Agricultural Sector Model (KASM) resource allocation and production 
component (RAP). Outputs of KASM, using a combination of RAP and the 
demand component, were then used to compare and analyze the effect of 



TABLE 10
 
Theoretical Basis of Benefit for Land and Water Improvement Activity
 

Crop Irrigation Surface Subsurface 	 Land 

Drainage Drainage 	 Consolidation 
Z 

Rice Increases averaggoyield Increases average Increases average Increases average yield by V 
by improved water management yield by prevention yield by a Improved water management > 

of flood damage a Improvement of soil b Improved drainage Z 
Allows higher average structure c. b ter roads to promote increased 
yield to be achieved b Removal of harmful ube of inputs such as fertilizer, 
through use of high-yielding salts lime, and insecticides > 
vaneties c. Better aeration of d Allowing more high-yielding vraety

rice to be grown
root zone 

Creates additional paddyland d. 	Allowing more high-yielding m 
variety nce to be Average yield is decreased because of rn 
grown loss of land for roads, canals, etc. 6 

Second Allows additional double- No effect Allows double-cropping, Allows additional double-cropping Z 
Crop 	 cropping because of since adequate drainage of because of improved drainage and
 

improved water control subsoil water improves reduction of labor requirements in
 
and drainage the chances of getting peak seasons
 

into the field on time 

U1 
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as 
alternative land and water development strategies on such factors 

cropping parns, livestock inventory, self-sufficiency levels, and the 

quantity and value of imports and exports. 

In summary, once the basic data were developed, the sequence of 

actions for each policy alternative involved three major steps: 
investment per period, em­

1. Definition of alternative constraints ­

phasis on specific development activities, etc.
 
- cropland, yields, and 

2. Determination of development patterns 
through use of a polyperiod linear program­

cropping intensity ­

ming model. 
3. An expanded analysis of each alternative with KASM. Key output 

data were agriculture and fishery production, self.sufficiency ratios, 

per capita food consumption, feed grain demands, and the value of 

the total food and feed grain deficit. 

Finally, the results of the various alternatives were compared and 

analyzed. The base alternative examined was a"no investment" alterna­

tive; i.e., what would happen if no further land and water development 

were done in Korea. Results from the other alternatives were then com­

pared with the base run to evaluate benefits from the various levels of 

investment and development patterns. 
This combination of analytical tools, an LP model and asector simula­

tion model, also led to the involvement of numerous organizations and 
The study originated with 

individuals in conducting the analysis. the 
at the Agricultural Development Corporation (ADC), 

economists 
land and water development agency of the Korean 

semiautonomous 
Ministry of Agriculture and Fisheries (MAF). Cooperation with the Korean 

Agricultural Planning Project's (KAPP) program and project evaluation 

analyst helped in definition of the project and development of the 

polyperiod LP model. Staff members from the National Agricultural Eco­

nomics Research Institute/Korean Agricultural Sector Study (NAERI/KASS) 

modified and ran KASM. These joint efforts were not only beneficial to the 

land and water development analysis, but also contributed to improve­

ments in KASM. 

EXAMPLES OF THE ANALYSIS AND RESULTS 

LP Model Assumptions 
The polyperiod LP model was used to determine the combination of 

irrigation, drainage, tidal land reclamation, etc. 
development activities ­

that would maximize production of food grains over the 1977-2001 
-

period. The model was constructed to allow investment to occur during 

five-year periods coinciding with the periods covered by the five-year 
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economic development plans. Activities were chosen by type and year to 

maximize production, subject to the capital and other constraints of the 

model. All costs were in terms of 1975 prices. Investment activities were 

restricted to the 1977-96 period, which allowed full production potential 

to be achieved by the year 2001, considering the time lag from start of 

construction to full realization of agricultural production potential. 

A series of runs were made with varying levels of capital investment. 

The capital investment level was related to an annual rate of expenditure 
= one dollar). In

ranging from 30 billion to 145 billion won (485 won 

1975, the actual level of investment in land and water development 

projects was about 60 billion won. The highest level of spending assumed 

in the analysis, 145 billion won per year, provided enough investment to 

develop all potential areas during the 20-year period. Additional runs were 

made in which activities during the 1977-81 period corresponded to plans 

being considered by the Ministry of Agriculture and Fisheries (MAF) as a 

part of the drafting of the Fourth Five-Year Economic Development Plan. 

LP Mode.l Results 
results from two alternatives are

To illustrate the analysis, partial 

presented and discussed. The first, alternative'A, is'the "no investment" 

no further land and water development in assumes 
Korea. This alternative is based on the assumed annual losses of paddy­

and upland, no change in double-crop ratios, and yield projections for 

food grains. The assumed loss of 5,000 hectares of paddyland and 8,400 

hectares of upland each year results in a steadily declining land base. Rice 

yields are assumed to reach a maximum potential of 5.05 metric tons per 

hectare by the year 2001. This assumption is based on adoption of im­

proved varieties of rice and improved crop management. However, with 

as Tongil and Yushin, are 

alternative, which 

this alternative, high-yielding varieties, such 
to 600,000 hectares of the present paddyland,

assumed to be limited 
because of inadequate irrigation and drainage on the remaining paddy. 

The second, alternative B, is labeled 60 billion, which corresponds to 

60 billion won of investment available per year during each of the years 

from 1977 to 1996. The results from the LP model for this alternative are 

shown in Table 11. (Since under alternative A there is no investment, no 

Improvement in the present land base, and no creation of a new land base, 

no results to include in Table 11.) The alternative B level of 
there are 
investment is sufficient to develop all potential areas of irrigation, subsur­

face drainage, land consolidation, and slopeland reclamation. However, 

irrigation projects are largely deferred to later periods, whereas slopeland 

reclamation, land consolidation, and subsurface drainage are brought in 

during the early periods. In addition, 71 per cent of the potential surface 
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TABLE 11 
Investment and Development Activities 

from LP Model for Alternative B­
60 Billion Won per Year Investment, 

by Period, Korea, 1976-96 

Period of Development 

Activity Unit Total Percentage 
1976" 1977 1982 1987 1992 1976 of 

to to to to to Potential 
1981 1986 1991 1996 1996 Area 

Billion 

Total Investment Wont 73 300 300 300 300 1,273 
Ways of Improving 
Present Land Base 

Irrigation 
Surface drainage 
Subsurface drainage 
Land consolidation 

1,000 
hectares 

31 
0 

23 
50 

43 
7 

30 
184 

0 
0 

33 
80 

0 
51 
37 
0 

168 
68 

0 
0 

242 
127 
122 
314 

100 
71 

100 
100 

Ways of Creating
Added Land Base 

Reclaiming tidelandt 
Reclaiming slopeland 

1,000 0 
hectares 1 20 

8 
115 

82 
0 

48 
0 

13 
0 

152 
135 

37 
100 

*These represent planned hectarages to be developed during 1976.
 
11975 prices.
 
*Hectarage of tideland reclaimed is shown during the period it comes into production.
 

However, the majority of investment requirement was generally made during the preceding 
period. 

drainage area and 37 per cent of the potential tidal reclamation can be 
completed by 1996. This level of tidal reclamation creates 152,000 hec­
tares of new paddy. 

The combined effect of the amount of land and water development 
activities selected and their period of development under alternatives A and 
B provide estimates of cropland, double-crop ratios, and food grain yields, 
required as input data for further analysis by KASM (Table 12). Hectares of 
cropland, the double-crop ratio on paddy, and rice yields are all higher for 
the 60 billion won alternative than for the "no investment" alternative. 
However, yields of all other food grain crops are depressed because of the 
conversion of slopeland to improved upland, since the yields on converted 
slopeland are assumed to be only 80 per cent of yields on present upland. 
The increase in rice yields is due to the land improvement activities. In fact, 
rice yields for the 60 billion won alternative would be even higher, except 
that yields on reclaimed tidal land are assumed equal to the "no investment" 
level. 



TABLE 12
 
Output of LP Model Used as Input for KASM,
 

No Investment and 60 Billion Won Alternatives,
 
Korea, 1981, 1986, 1991, 1996, and 2001
 

Alternatives by Year 
z 

Item Unit No Investment 60 Billion Wonz 

1981 1986 1991 1996 2001 1981 1986 1991 1996 2001 > 

Cropland 
Paddy 1,000 1,169 1,144 1,119 1,094 1,069 1,138 1,202 1,242 1,281 1,263 > 

Upland* hectares 505 463 421 379 337 631 589 547 479 437 

CDouble-Crop Ratio 
Paddy 50 50 50 50 50 62 66 69 70 70 
Upland PerL 72 72 72 72 72 72 72 72 72 72 r) 

Food Grain Yieldt 0 
5.21 5.51 3:Rice 4.00 4.26 4.53 4.79 5.05 4.14 4.37 4.71 

Barley 2.55 2.67 2.79 2.90 3.02 2.41 2.88 2.67 2.77 2.88 Z 

Wheat metric tons/ 2.57 2.71 2.85 2.99 3.13 2.46 2.62 2.73 2.86 2.99 " 

Other grains hectare 1.51 1.75 1.99 2.23 2.47 1.41 1.66 1.88 2.09 2.30 
1.21 1.32 1.42 1.51 1.60Pulses 1.28 1.39 1.50 1.61 1.72 

5.21 5.53 5.86Potatoes 4.74 5.11 5.48 5.85 6.23 4.46 4.88 


*Upland for summer grains only. Additional upland is available that i! devoted to vegetables, fruit, tobacco, mulberries, and industrial crops.
 

tPolished grain equivalent. 

Li 
.1 
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KASM ASSUMPTIONS 

Several major assumptions were made in using KASM. These assump­
tions included: 

1. The basic data and relationships of KASM, such as import and export 
price projections, direct and cross-price elasticities, income elas­
ticities, population projections, livestock data, and crop yield estimates 
were accepted. However, yield estimates for the six food grains were 
based on the LP solutions for each alternative, as described above. 

2. 	The hectarage of fruit, vegetables, mulberries, tobacco, and industrial 
crops would never exceed the hectarage planted in those crops in 
1974. Therefore, changes in the area of crops grown were largely 
reflected in the six food grains. 

3. 	The Republic of Korea government would continue the policy of 
maintaining a constant real price for rice throughout the 1976-2001 
period. 

4. 	 rhe government would maintain a constant real price for barley and 
wheat only until 1980. After 1980 wheat and barley prices would be 
determined by market forces. 

KASM RESULTS 
KASM Estimates of Cropping Patterns 
and Livestock Inventory 

Cropping patterns from KASM for the two alternatives are shown for 
1981,1991, and 2001 in Table 13. The "no investment" alternative results 
in large decreases in barley, pulses, and rice, whereas wheat and potato 
hectarage increase. Total hectares of crops grown decline from 3.1 million 
in 1981 to 2.7 million in 2001. For the 60 billion won alternative, rice 
hectares increase, smaller reductions occur for barley and pulses, and 
larger increases occur for wheat and potatoes. Overall hectares of crops 
grown increase during the intervening years but decline in 2001. 

Expansion of pork, eggs, and broiler production was fixed within 
KASM, so their output remained the same for all alternatives. Beef and 
dairy cow numbers, however, are reduced under the "no investment" 
alternative. Inventory levels and production of livestock and poultry were 
assumed equal for all alternatives in 2001 to simplify the comparisons on 
feed grain imports, self-sufficiency percentages, and other data. Crop 
production, however, was dependent on the hectarage of cropland avail­
able in 2001. 

Self-Sufficiency Levels 

The KASM projections show that rice self-sufficiency declines to 92 per 
cent in 1991 aid falls to 90 per cent by 2001 under the "no investment" 
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TABLE 13
 
KASM Estimates of Cropping Pattern
 

and Inventory of Livestock and Poultry,
 
No Investment and 60 Billion Won Alternatives,
 

Korea, 1981, 1991, and 2001
 

Alternatives by Year 

Item Unit No Investment 60 Billion Won 

1981 1991 2001 1981 1991 2001
 

Crops 
Rice 
Barley 
Wheat 

1,169 
816 
49 

1,119 
652 
128 

1,069 
462 
230 

1,188 
988 
111 

1,242 
831 
309 

1,263 
672 
412 

Other grains 
Pulses 

71 
284 

51 
206 

39 
152 

89 
354 

65 
261 

50 
195 

Potatoes 176 202 205 206 246 231 
Fruit 
Vegetables 
Tobacco 

1,000 
hectares 

63 
274 
54 

64 
274 
54 

60 
274 
54 

63 
274 
54 

64 
274 
54 

60 
274 
54 

Mulberry 
Industrial crops 

61 
107 

61 
94 

61 
84 

61 
107 

56 
107 

56 
107 

Total Crops 3,124 2,905 2,690 3,495 3,509 3,364 
Livestock 

Dairy cows 
Beef cows 1,000 

146 
665 

271 
428 

385 
336 

146 
722 

301 
479 

385 
336 

Sows head 228 338 480 228 338 480 

Poultry 
Hens Million 22 33 47 22 33 47 
Broilers M 77 114 162 77 114 162 

alternative (Table 14). Thus, Korea would require rice imports over the 
entire period. However, expected declines in per capita consumption and 
increases in yields would keep the rice deficit to around 10 percentage 
points. 

Investment of 60 billion won per year would only increase rice self­
sufficiency four percentage points by 1981 but would allow 15 and 26 
percentage-point increases in 1991 and 2001, respectively. This is typical 
of the problem facing Korea. In the short run, increases in rir: !elf­

sufficiency because of land and water development are limited; but in the 
long run, large surpluses may be possible. The small impact in the short run 
results from the three- to five-year period necessary before reclaimed tidal 
land can be cultivated and another five to seven years before maximum 
rice yields can be achieved. But in the long run, the reclamation of about 
one-third of the potentially reclaimable tidal land, combined with an 
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TABLE 14
 
KASM Estimates of Self-Sufficiency Percentages of


Food and Feed Grains and Value of Agricultural Exports and Imports,
 
No Investment and 60 Billion Won Alternatives,
 

Korea, 1981, 1991, and 2001
 

Alternatives by Year 

Item Unit No Investment 60 Billion Won 

1981 1991 2001 1981 1991 2001 

Self.Sufficiency* 
Rice 88 92 90 92 107 116 
Barley 91 87 68 103 102 94 
Wheat 6 15 24 14 31 41 
Other grains 100 100 83 100 100 100 
Puksps Percentage 89 62 38 97 70 39 
Potatoes 108 140 164 117 161 185 
Food grains 75 76 72 82 90 95 
Food and 

feed grains 67 64 57 73 76 74 
Feed Grain Imports 

Quantity 1,000 MT t 1,293 1,959 2,950 1,124 1,715 2,771 

Value Billion 86 130 196 75 114 183 
Agricultural 
Export-Import 

ExportsImportst Billion 1,864395 2,245807 1,9231,326 1,870338 2,235695 1,9321,183 
Balance of Wont 

payments 1,469 1,438 597 1,532 1,540 799 
Food and Feed 
Grain Balance Billion -303 -377 -538 -242 -222 -269 
of Payments Wont 

*Self-sufficiency compares total production to requirements for food, seed, processing,
and losses. It does not include feed requirements for livestock, except in the food and feed
grain self-sufficiency calculation. 

t1975 prices. 
*Includes import of agricultural products for food, feed grain imports, plus imports of

fertilizers, chemicals, and other inputs to produce agricultural products. 
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expected decline in per capita consumption after the early 1980s, suggests
that Korea could have surplus rice. 

Korea would not be able to be self-sufficient in both barley and wheat,
regardless of cropping pattern or investment alternative. Yield and price
effects within KASM bring about increased wheat hectarage in both alter­
natives shown here, but wheat self-sufficiency is still only 41 per centunder the 60 billion won investment alternative. Barley shows a6 per cent
deficit in 2001 under the same alternative, but barley self-sufficiency for
food use isnot expected to be a problem, providing farmers have adequate
price incentives to grow barley.

Potatoes show up in surplus quantities in both alternatives. This surplus
is assumed to be used for livestock feed. Pulses' self-sufficiency falls tounder 40 per cent in both alternatives; but some hectarage devoted to 
potatoes could be shifted to pulses, if this seemed to better serve national 
interests. 

Self-sufficiency of all food grains isnever achieved with either of thesealternatives. However, very substantial improvements are made with the
investment alternative as opposed to the "no investment" alternative.
Thus, as an aggregate quantity measure, Korea could produce 95 per cent
of all food grains needed in 2001, with annual investment in land and 
water development of 60 billion won. But the self-sufficiency percentages
for the individual commodities emphasize that substantial imports of
wheat and pulses will still be needed. This underscores the need to reviewthe monetary trade balance, as well as to look at composite food indexes 
on quantities.

The food and feed grains self-sufficiency measure also accounts for the
feed requirements for livestock and poultry. With either alternative, Korea
isexpected to continue to face a major deficit of total food and feed grain
demands. With the "no investment" alternative, self-sufficiency continues 
to decline, whereas with the 60 billion won alternative the situation

remains about the same throughout the period.
 

Agricultural Exports and Imports 
The summary projection data on exports and imports of agricultural

commodities show a continuing favorable balance of payments for agricul­
tural and fishery products. This is largely due to projected exports of fish
and silk, with lesser exported amounts of tobacco and pork. In the 60
billion won alternative, surplus rice is also exported, but surplus potatoes
are assumed to be used as feed grains. Agricultural imports include beef,
feed grain, wheat, fruit, pulses, and vegetables, generally in this declining
order of importance in value terms. 

Since the primary emphasis of this study was on potential food and feed 
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grains production, aseparate balance-of-payments figure was calculated 
on just food and feed grains (Table 14), which indicated adeficit. However, 
the cost of this grain deficit would be substantially reduced from the "no 
investment" case if the 60 billion won investment alternative were success­
fully carried out. In 1981 the grain deficit could be reduced by 61 billion 

won, and the reduction would increase overtime. The major saving occurs 
from the added food grain production. The data on feed grain imports show 

a saving of only 11 billion won in 1981, compared to the total food and 

feed grain saving of 61 billion won in that year. 
When comparisons are made of-a larger number of alternatives (11 

course of the study), the self­alternatives were analyzed during the 
sufficiency percentages calculated by KASM allow judgments to be made 

of the effectiveness of various alternatives to meet future food demands. 
indicate the trade balanceLikewise, the balance of payments measures 

advantages or disadvantages of the various alternatives to Korea's eco­

nomic well-being. 
Using data on annual savings in food and feed grain balance of pay­

ments and annual investment costs, an internal rate of return iscalculated 
for each alternative. These rates of return provide additional measures of 

the economic worth of each land and water development alternative. Of 
course, in making final investment decisions, the Korean government 
considers a variety of factors in addition to the considerations presented 
here. 

SUMMARY 

Use of KASM to analyze alternative development patterns of Korea's 
land and water resources has provided a guide to potential supply and 
demand for food in Korea. The analysis is,of course, highly dependent on 

several key projections of yields, population, and per capita consumption. 
Theretore, sensitivity testing of key variables was accomplished and 
documented in the study report for the Korean government [45]. 

The approach used in the study incorporated a polyperiod LP model 
and KASM to define and evaluate various development strategies. A strong 
feature of both models is that they maintain internal consistency of the 
numerous relationships. Future work on land and water development in 

Korea will be able to use KASM with the more sophisticated technology 
change component (CHANGE) discussed in chapter 8.CHANGE incorpo­
rates the relationships now included in the polyperiod LP model, plus 

numerous other relationships. Inaddition, it can be used in conjunction 
with other KASM components or run independently, as was done with the 
LIP model. 

The full analytical report has been used by several organizations. ADC 
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and MAF have used it for supporting material relating to preparation of
budget requests for land and water development in Korea's Fourth Five-Year Economic Development Plan. It also provided a strong background
for critical examination of the land and water development activities
proposed by MAF for the Fourth Five-Year Economic Development Plan. Inaddition, the quantification of potential food grain supply and demand for
Korea under various assumptions of investment in land and water de­velopment, future diets, and future yields isof interest not only to MAF and
other Korean ministries but also to international lenders such as the Interna­
tional Bank for Reconstruction and Development [149].

Development strategies could be defined in at different manner in order 
to allow a more direct comparison of the specific development methods ­irrigation versus drainage versus tidal reclamation, etc. But the present
analysis has been useful in examining future investments in land and waterdevelopment and has provided basic information that has contributed to
the development of Korea's Fourth Five-Year Economic Development
Plan, as well as guidelines for longer-term investment requirements. 



NOTES 

CHAPTER 1 T / 
1. A large volume of publications, working papers, articles, and monographs were 
produced by the consortium. The summary and recommendations of the project, 
however, are contained in [851. 
2. Public Law 480, The International Trade and Development Assistance Act of 
1954, as amended, includes provisions for delivery of U.S. agricultural com­
modities (primarily grains) to qualifying developing countries on concessional 
terms. Governments of developing countries can in turn generate local currency 
revenues through the domestic sale of these commodities to be used for develop­
ment purposes mutually agreed upon by the recipient government and the United 
States.
 
3. The Agricultural Planning Project agreement between the Republic of Korea's 
Ministry of Agriculture and Fisheries and the United States Agency for International 
Development served as the framework within which the Michigan State University 
field activities inKorea were carried out. The MSU Korean Agricultural Sector Study 
team (KASS) was originally supported under contract AID/ead-1 84 to complete the 
agricultural sectoranalysis report (151] and the investment priorities study [50] and 
was later supported under contract AID/csd-2975 for further development, testing, 
institutionalization, and utilization of the Korean agricultural sector model. Alater 
direct contract between the Korean Ministry of Agriculture and Fisheries and 
Michigan State University using AID grant funds provided technical assistance to 
MAF in policy analysis, agricultural outlook, program and project evaluation, and 
agricultural statistics, as well as assistance inKASS model and investigative capac­
ity institutionalization and utilization. This activity was the Korean Agricultural 
Planning Project (KAPP). Finally, an MSU systems scientist was retained under 
contract AID/ta-C-1 322 to provide systems science input to the indigenous KASS 
team for an additional 18 months after the MSU/KASS team withdrew. 
4. The "KASS team" was a combined MSU and Korean team making up the 
Agricultural Sector Analysis Division of NAERI. 

CHAPTER 3 , 7' 

1. This chapter draws heavily on concepts found in[151), particularly chapter 5. • 

CHAPTER 4 

1. Differential equations contain derivatives or rates of change of system variables. 
Difference equations contain past, as well as present, values of system variables. 
2. Inthis case, the range 1,900-3,000 iscalled a"95-percent confidence interval 
for the outcome." Confidence intervals for other percentages can easily be com­
puted from Monte Carlo analysis. 
3. An "operating condition" is loosely defined as sets of input and output flows 
that are mutually consistent, given the input-output characteristics of the producing 
units in the economy. 
4. This step size isoften called At,DT, or "h" in the literature of simulation models. 

397 
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5. Clearly, model users (decision makers) must havehad sufficient experience with !' 
the model and the real world to make meaningful evaluation possible. 

CHAPTER 5 
1. Currently referred to in the literature as "rural development" or "integrated rural P 
development." 
2. Useable at the bureau level within MAF. 
3. Gini ratios of.255 and .270 have been calculated for income distribution in the
 
Korean agricultural sector for 1965 and 1974, respectively. Thus, Korean agricul­tural sector income appears quite equally distributed and is not growing appreci­
ably more unequal over time.
 
4. The Yearbook ofAgriculture and Forestry Statistics includes production statistics
 
on more than 100 different crops and livestock numbers for 15 different species.
 

CHAPTER 6 
1. In mathematical/programming nQtation, the sequence of operations in the
 
migration mechanism for each mode is,
 
Mode 1: Exogenously Specified Overall Migration Rate 

f 85+

TMICt F . . RUMV(age, sex) POPCt(age, sex, farm) (1)
 

sex=m age=1
 
RUMFt = TRUMe/TMICIPOPCfttotal, farm)] 
 (2) 
Mode 2: Labor Supply-Demand Mode 
CMIGt(age, sex) = RUMV(age, sex)OPOPCt(age, sex, farm) (3) 

f 85+
EMPMICt = Z [CMICt(age, sex)*ClV(age, sex)*EAPMV(age, sexj 

sex=m age=I 
UEMPR] (4) 

f 85+ 
UEMDEFt = DLNVt - FLNt - UEMPRtr _ I EAPNV(age, sex) 

sex=m age=1
ClVt(age, sex)*POPC;(age, sex, nonfarm) (5)

RUMFt =UEMDEF,/EMPMIGt (6) 
Transfer of Migrants 
MlC(age, sex) = RUMV(age, sex)*RUMFt*POPCt(age, sex, farm) (7)
POPCt(age, sex, farm) = POPCt(age, sex, farm) - MIC,(age, sex) (8)
POPCt(age, sex, nonfarm) =POPCt(age,sex, nonfarm) + MlCt(age, sex) (9) 
where: 

CIV = proportion of a cohort that is civilian, civilians per capita, or 
civilians per migrant

CMIC = ex ante estimate of net number migrating from a farm cohort, 
migrants per capita-year

DLNV = total nonagricultural labor demand, laborer-year per year
EAPMV = proportion of migrant cohort that is economically active, eco-, 

nomically active persons per migrant 

.. -" 
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EAPNV -	 proportion of a civilian nonfarm cohort that is economically

active, economically active persons per nonfarm civilian 
EMPMIG = exante estimate of total employed migrants, laborer-year per year
FLN = net off-farm employment (labor from farm households employed

in the nonagricultural sector), laborer-year per year
MIG = ex post estimate of net number migratiog-from a farm age-sex

cohort, migrants per year
POPC = number of people inan age-sex cohort after migration, per capita
POPC' = number of people in an age-sex cohort before migration, per

capita
RUMF = uniform adjustment coefficient for RUMV, dimensionless
RUMV = nominal profile of net proportion of a farm population age-sex

cohort migrating, migrants per capita-year
TMIG = exante estimate of the total number of migrants, migrants per year
TRUM = 	exogenously specified overall migration rate, proportion per year
UEMDEF = 	ex ante estimate of the deficit between labor demand and labor

supplied by off-farm employment and the nonfarm population,
laborer-year per year

UEMPR = 	 nonfarm employment rate, employed laborers per laborer 
2. Efficiency inmigration isthe ratio of the net exchange of population to the totaltwo-way flow. It ranges from zero, when the flows exactly cancel out, to one, when
all movement isinone direction and the number of net migrations isexactly equal 
to the number of gross migrants.
3. The total fertility rate isthe average number of children that acohort of women
would bear were each woman to complete her child-bearing years for a given
age-specific fertility schedule. 
4. Primary sources include FAO Korean Association, Human Nutrition Require­
ments in Korea, Recommendations by Ministries of Health and Social Affairs and
Science and Technology, in cooperation with the Korean Nutrition Institute, 1975.
The calorie recommendations, in turn, were based on (a)Report of aJoint FAO/WHO Ad Hoc Expert Committee, "Energy and Protein Requirements," FAO Nutri­
tion Meetings Report Series No. 52 (Rome: FAO, 1973); and (b)World HealthOrganization, "Handbook on Human Nutritional Requirements," WHO Mono­
graph Series No. 61 (Geneva: World Health Organization of the United Nations,
1974). 

CHAPTER 7 
1. This assumes, of course, that increases in demand will, except possibly in the 
very short term, be supplie6 domestically rather than from imports.
2. Derived from 1970 household survey [101,107] and input-output data [16] and 
considering only interactions of intermediate input and consumption demands.
3. In Figure 19, the production component isan aggregation of the technology
change and resource allocation components.
4. Of the other five sectors, consumption in two (agriculture and food processing)
isdetermined in the KASM demand component, and final consumption of the other
three (chemical fertilizer, trade, and construction) isassumed to be zero. 
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CHAPTER 9 -,, 

1. The price vector, generated endogenously by asimultaneous market model 
subject to a budget constraint, is in fact the basic dynamic link in the model. 
Previous applications of recursive programming with single demand equations 
were presented by Mudahar (136].' 
2. For the theoretical background of this approach and applications to develop­
ment planning, see, for example (10, 36, 37, 39]. 
3. In a regional mode this would correspond to one regional block of the matrix in 
Figure 30. 
4. For problems of farm mechanization in Korea, see (117]. 
5. The approach isbased on [23]. 
6. More precisely, the model contains adistributed lag submodel to compute the 
cohort structure of perennials. 

CHAPTER 10 " 

1. The only functional difference between the nonfarm and the farm demand 
components is an "elasticity expansion" parameter. This changes all nonfarm 
demand elasticities proportionally to ensure that the projected levels of prices and 
demand agree with the projected total expenditure (income constraint). For farm 
demand, the income constraint ismaintained by computing nonfood consumption 
as a residual. 
2. This isthe percentage change in,for example, rice consumption for a1per cent 
change in rice price, assuming all other prices and income do not change. 
3. These are the percentage changes in, for example, wheat, barley, and potato 
consumption for each percentage change in rice price, assuming all other prices 
and income do not change. 
4. In mathematical terms, the nonfood cross elasticities are 

e= -(7.s6 + 5Y) 

for each food commodity, where ej isthe elasticity with respect to theijt price and 
e, is the income elasticity. 
5. See [164] for the derivation of the values of the limits currently used in DE-
MAND. 
6. For asurvey, see (181]. Inparticular see (120, 158, 159]. 
7. Adjustments reflecting truly unprecedented events are legitimate and required. 
But achange reflecting "expert opinion" or because "it doesn't look right" should 
have been specified aS prior information; and Bayesian, rather than classical, 
statistical methods should have been employed to estimate the relations. For 
example, see [182]. 
8. The equation is, 

(q - T/2)1= y o.c. + (T/2)2 

77 ay 
where q isper capita consumption, y Is income, and the parameters are T, the 
consumption limit; 71,the initial income elasticity; and q0, the initial consumption 
level. This isderived from the following equation of 

e(V = 0o-T)70(q-l(q
where e(t) is the income elasticity at time t; i.e., 8/...y.

,Ay q 
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CHAPTER 11 pi't3 
1. After the groupings were first identified and used in the model, it became

desirable to separate the resource allocation decisions for vegetables into summer,

fall, and winter vegetables. Similarly, the resource allocation model disaggregates

potatoes into sweet and white potatoes. These three supply activities are then

added together for interaction in the demand-price-trade component.
2. However, for such purposes as estimating base-period prices and average

nutritional value, each commodity within the group isweighted according to its
 
base-period quantity.
3. A detailed description and critical analysis of the Korean agricultural data
 
system are contained in [35].
 
4. Data are sameconsidered consistent when (1) the variable is measured in

exactly the same way over time, (2)different measures of the same variables are
identical, and (3)the sum of various component parts of a variable equal the total
 
derived by an alternative method.
 
5. The estimation procedures employed are described in (164]. 
6. See Alan R.Thodey [164], chapter V. 
7. This Is reported further in chapter 13. 

CHAPTER 12 14 
1. Other studies had already investigated investment options in crop improvement
research and extension. For example, see [50]. Indeed, this study, which used
KASM as one of its analytical tools, provided the analytical basis for decisions by
the Korean and U.S. governments to finance and carry out a crop improvement
research program in Korea. 
2. Indexes of national average rice consumption are not plotted since the policy
alternatives are assumed to affect directly nonfarm consumers only. 
3. Since Korea's domestic rice price isabout double the world price, it isassumed
Korea cannot export surpluses. If government export subsidies were given to 
encourage exports, stocks would not rise so high.
4. Prices are constrained to fall no more than 5 per cent per year in real terms. Ifa
10 per cent inflation rate isassumed, this would mean prices are constrained to rise 
at least 5 per cent per year in nominal terms. 

CHAPTER 14 
1. For more background information on grain policy in Korea, see (90, 131, 134, " 
169, 170]. 
2. Computer costs for arun of the GMP vary considerably depending on the length
of run, size of simulation increment, amount of analysis and output required, theparticular computer used, etc. The test runs described at the end of this chapter cost
approximately $25 on the MSU Control Data 6500 computer. Cost in Korea on a
CDC Cyber 70 would be somewhat less for the same runs. 
3. Production costs for high-yielding "Tongil" varieties exceed traditional variety
costs by about 20 per cent. In1974, Tongil yield was estimated to be 34 per centgreater than traditional varieties, giving apositive influence on the diffusion process
with 40 per cent more area going into Tongil production in 1975 (156]. In1972,
however, Tongil yields suffered from bad weather conditions and exceeded ordi­
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