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ABSTRACT 

In spite of the descriptive merit of traditional von Thiinen model for agricultural 

land use patterns, the model's sole emphasis on the production side of the economy 

has not provided a realistic picture of land use and agricultural markets. By 

reexamining the production-oriented model, it can be shown that parameters in the 

model are not independent of each other. In order to incorporate the economic 

mechanism of agricultiiral markets, a closed version of the von Thiinen model is 

proposed for a three-activity, two-dimensional economy, and equilibrium solutions 

are generated for prices, land areas, and outputs. The comparison of the two versions 

of the von Thiinen model illustrates an over prediction of land use change in the 

production-oriented model. The closed model further includes envirormiental factors 

for an integrative perspective in agricultural location theory. This approach is 

extended to consider farmers' decision-making under envirormiental uncertainty. 

Farmers' decision-making, reflecting contrasting attitudes towards environmental 

uncertainty, is developed in three different models, both on the production side and in 

a closed economy. These are the maximum-expected return model, the guaranteed 

return model, and the behavioral model. With respect to the production side of the 

economy, land use is highly subject to climatic variability and crop competition, 

whereas price variability and stable land use result from the closed economy. 
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Chapter 1 

INTRODUCTION 

1. Statement of Problem 

The first economic theory of spatial organization was proposed by Joharm Heinrich 

von Thunen (1783-1850) who described how land use systems can be determined in the 

study of The Isolated State in 1826. His principles of location have directly or indirectly 

influenced the formulation of other location theories. In particular, the von Thunen 

model has led to the development of contemporary urban land use theory (Alonso, 

1964; Mills, 1972; Thrall, 1980; D. Jones, 1991). The model itself has stimulated the 

development of modem agricultural location theory, and has been applied to numerous 

empirical studies of diverse land use, ranging in scale from the regional to the global 

(Berry, Conkling, and Ray, 1993). 

The other type of agricultural location theory stems from the generalized rent theory 

of David Ricardo (1772-1834). While the von Thunen model focuses on differences in 

relative location, the generalized rent theory's primary focus is on differences in 

physical features (e.g. soils and climate) as major determinants of land quality. Physical 

features have been recognized as important criteria of spatial variations that influence 

crop and livestock distributions. However, the incorporation of physical features into 

modem agricultural location theory has been slow and, therefore, modem agricultural 
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location theory has rarely utilized physical features as proposed in Ricardo's theory. 

Even after the suggestion of McCarty and Lindberg (1966), few serious attempts have 

been made to synthesize these two complementary approaches to agricultural location 

theory. 

In capitahst economies, the central issue in agricultural activity is centered on the 

market price of agricultural products. In contrast, peasant societies may feature non-

market transactions between households. Even in peasant societies, farmers caimot be 

completely isolated from the larger economic system. Their production is subject to 

market forces (Ellis, 1993). However, modem versions of the traditional von Thiinen 

theory have rarely recognized the market mechanism as an integral part of location 

theory. The reason may lie in an overemphasis on the distance factor, as in other sector 

based location theories. In fact, von Thiinen's description of crop price and land use 

underscores the significance of the market mechanism in his land use system as: 

Continual fluctuations in demand lead to continual fluctuations in the 
grain price. Thus if consumption fell until the area 23.5 miles in radius 
could feed the Town, the mean grain price would sink to 1 thaler the 
bushel of rye. Should consumption rise, however, the hitherto cultivated 
area would no longer suffice to meet the demand and the ensuing shortage 
would push up the price (Hall, 1966, p. 145). 

Another issue considered is the uncertainty inevitably linked to agricultural 

production. Various kinds of uncertainty, such as natural hazards, market 

fluctuations, social change, and governmental policy, influence farmers' decision

making. However, the concepts of uncertainty and risk were not considered in 

agricultural location theory until recent studies. Although there have been long and 
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persistent concerns over climatic variability and its effects on agricultural production, 

envirormiental uncertainty and its consequences in land use and agricultural markets 

have rarely been addressed in the modem versions of the von Thiinen model. As the 

relative importance of agriculture in the modem economy declines, overall, the 

development of agricultural location theory has been slow, especially in capturing the 

uncertainty that influences farmer's decision-making. 

Although von Thiinen's ideas have given rise to numerous studies on agricultural 

location issues, contemporary theory still lacks a comprehensive and integrated 

approach that incorporates three theoretical factors in agriculture: environmental, 

economic, and socio-personal ones. This research proposes a framework for integrating 

these theoretical issues. As Ilbery (1986) argues, these three interests have shifted 

through time after the Second World war. However, they have never been well 

interconnected in agricultural geography studies. 

This dissertation is primarily concerned with von Thiinen's theory which argues 

that distance to the market is the prime determinant of spatial arrangement for crops and 

livestock. The theory consists of two components: land use competition (or crop 

theory), and production intensity (or intensity theory) (Kellerman 1989). This study 

focuses on crop theory in order to emphasize the spatial competition in agricultural 

activities. While intensity theory has drawn more attention in the recent literature of 

geography and agricultural economics, crop theory has not received as much attention 
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and has remained in the status formulated by Dunn (1954), and more recently by 

Cromley (1982). 

2. Objectives and Organization 

Besides the fact that the incorporation of the market mechanism and farmer's 

decision-making under environmental uncertainty can provide a new perspective in the 

agricultural location theory, a reexamination of the von Thunen model and its 

development in the new perspective are the principal research objectives of this 

dissertation. Specifically, the framework of a closed model to be developed in this 

research should help to clarify an important role of the market mechanism in location 

theory. In addition, through the development of the closed model, it will be possible to 

synthesize the previous fragmentary developments of the von Thunen model. 

Based on the traditional von Thunen model, this dissertation has the following 

objectives: first, it develops a closed model that incorporates the economic mechanism 

of supply and demand in order to realistically examine agricultural spatial systems; 

secondly, experimental attempts are pursued to depict the interrelationships between 

climatic variability and agricultural location theory; and thirdly, farmers' decision

making under conditions of environmental uncertainty is fiirther studied with regard to 

agricultural markets and land use. 

This dissertation is composed of eight chapters, the first being this introduction. 

Chapter 2 contains an overview of three related studies to this research: (1) empirical 

and theoretical literature pertaining to the von Thunen model; (2) decision theories and 
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their applications and; (3) uncertainty and risk in agriculture. Chapter 3 reexamines a 

modem version of the traditional von Thiinen model in order to reveal its deficiencies, 

and introduces the closed model. Chapter 4 compares the behaviors of the closed model 

and the traditional model through comparative statics, and illustrates the behaviors of 

the closed model in the short and long run economy. Chapter 5 examines the influence 

of climatic variability on crop yield in Nebraska agriculture and connects climatic 

influence with the closed model. Chapter 6 develops two contrasting models based on 

the von Thiinen model. The two models reflect very different approach to farmers' 

decision-making under environmental uncertainty: an expected return model and a 

guaranteed return model. The two models are then combined to reveal a general 

farmers' behavioral perspective with respect to agricultiural land use. In Chapter 7, the 

two contrasting behavioral models and the combined model are superimposed onto the 

framework of the closed model, and finally price behaviors of the two models are 

compared with each other in the long run. Chapter 8 summaries the major results of this 

research and concludes the dissertation. 
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Chapter 2 

AGRICULTURAL LOCATION THEORIES AND 

DECISION MAKING UNDER UNCERTAINTY: 

The Literature Review 

1. Introduction 

This chapter will review developments in agricultural location theories and 

agricultural decision-making under uncertainty and risk that are pertinent to the 

present research. Agricultxiral land use patterns have long been of major interest to 

the geographer, but explanations of land use were more often than not descriptive. 

Since the 1960s, however, more theoretical research has been pursued by 

geographers. In agricultural geography such theoretical interests have been further 

stimulated after Hall's English translation of von Thiinen theory in 1966. During 

three decades, the theory has received lots of attention in explanation of land use 

patterns. On the other hand, decision theory in agricultiure, which describes farmers' 

choices under conditions of uncertainty, has come under scrutiny during the past 

thirty years. Since Simon's (1957) general theory of decision-making, agricultural 

economists and geographers alike have considered factors that influence farmers' 

choices related to agricultural decisions, including land use. However, agricultural 

location theory and agricultural decision theory were rarely studied together because 



of the normative nature of agricultural location theory and the behavioral aspect of 

decision theory. 

In the first part of this chapter, some illustrative studies regarding the von 

Thiinen theory as reviewed by Chishobn (1979), Norton (1979), and Kellerman 

(1983, 1989a, 1989b) will be recast, and a few new studies will be added, although the 

review will center on the theoretical developments of the von Thiinen theory. In the 

second part of this chapter, decision theories and their applications that focus on 

farmer's decision-making under uncertainty and risk will be examined with regard to 

interrelationships between decision theory and location theory. 

2. Agricultural Location Theory 

Most agricultural location theory has been developed based on two locational 

theories, those of Thiinen and Ricardo. Economic rents are the main concepts in both 

theories. Rents in the Thiinen model decline with distance from the market based on 

given assimiptions, whereas the rents as interpreted by Ricardo are based on land 

fertility rather than distance. However, the framework outlined by Von Thiinen's 

research has served as the basis for numerous studies, whereas Ricardo's research has 

rarely been discussed with reference to the economic aspects of spatial pattern, except 

by Lindberg and McCarty (1966). The physical factor and rents that Lindberg and 

McCarty proposed will be further discussed in Chapter 5. 

2.1 Empirical Studies of Agricultural Location Theory 
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Kellerman (1989b) divided a number of applications in the Thunen theory into 

three categories of scale: micro, meso, and macro. In this review, a few applications 

of each scale are mentioned. First, at the micro scale. Found (1970) and De Lisle 

(1982) were concerned with distances between farm and farmstead. Found derived 

optimum input-output levels with distance in a general form, and tested the model 

with respect to cultivation activities within a short distance from Jamaica. De Lisle 

analyzed the effect of internal distance to the farm on intra-farm cropping patterns in 

the Mermonite village farming system. In this study, he emphasized the organization 

of the farming system and other variables such as environment and technical change. 

Secondly, the meso scale, which represents land use around a single city, is the 

most popular approach, as Thunen himself demonstrated rents and land use at this 

scale. Arnold and Montgomery's (1918) study of "influence of a city on farming" 

can be viewed as a typical case study of the Thunen theory. Regardless of the fact 

that the study was published when the Thunen theory was still unknown in the U.S., 

the study incorporates the majority of principles outlined by von Thunen and is given 

as evidence of the theory earlier in this century. The study sheds light on the 

relationship between population increase and the change in agricultural practices 

around the city of Louisville. Specifically, it examines profitable types of cropping 

patterns as well as intensive farming patterns in farm organization. On the other 

hand, the most often cited modem application of von Thunen theory is Horvath's 

(1969) study of the agricultural patterns around Addis Ababa, Ethiopia. He noted that 
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an interesting finding is the location of forest close to the city as mentioned in the 

Isolate State. Norton and Conkling (1974) applied the classical theory of land use to 

their analysis of agricultural land use in a fi-ontier region. This case study, which was 

based on historical data firom the middle of the 19th century in Southern Ontario, 

confirmed that land value and crop intensity were closely related to distance firom 

Toronto. In addition, they noted mixed farming which accounts for the absence of a 

clear zonal boundary. Leaman and Conkling (1974) tested the hypothesis that the 

decline of transport costs over time has led to increasing importance being placed on 

environmental variations as a determinant of land use. This study reveals the results 

of empirical comparative statics for the years 1840 and 1860. Another important 

application of the meso-scale, as a special case, is Sinclair's (1967) study of rents in 

the urban fiinge. Unlike a linear decline of economic rents, Sinclair proposed reverse 

agricultural rents due to urban pressure in the fiinge of city. Although the findings 

indicate a reverse rent level and intensity, Sinclair's argument leaves a question as to 

whether the application of the theory to the urban fiinge reflects an appropriate scale. 

Thirdly, at the macro scale, Muller (1973) discussed the evolution of the rent 

surface in U.S. from the early 19th century onward. Initially, interdependent 

specialized farming regions oriented toward the national market were developed, and 

expanded west through time. The spatial expansion of this agricultural development 

represents an increasing system of concentric features. Peet (1969) discussed the 

development of the British economy; imports came to Britain due to an expanding 
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economic system. Wheat was initially supplied from within Britain, then from the 

Baltic countries, then from North America by the 1870s and finally from Western 

Canada and Australia. Three variables were considered to be critical for this process 

of expansion: increases in demand, declining transport costs and technological 

advances in farming. However, Kellerman (1977) raised the question of the 

pertinence of the macro-Thiinen analysis, and argued that the significance of the 

macro scale has been reduced in the explanation of rent variations. 

Meanwhile, empirical researches in recent years have explored the effects of 

geographic factors that influence agricultural activity rather than the direct application 

of Thunen theory. Hill and Smith (1994) examined the effects on farm revenue and 

land value in the case of the closure of some ports to shipping from farms in South 

Australian, and concluded that transport costs are still a major component of the cost 

structure of wheat production. In terms of land value and its volatility, Benirschka 

and Binkley (1994) proved the hypothesis that "land price variation increases with 

distance to market" in the Midwest region, and argued that farmers remote from the 

market are more financially vulnerable compared to those nearer to the market. 

Similar arguments were theoretically tested by Jones (1984), who demonstrated 

greater risk with increased distance from the market. 

2.2 Theoretical Approaches in the Framework of Thunen Theory 

Thunen theory consists of two complementary theories: crop theory and intensity 

theory. Although they are not completely separate theories, there are conceptual 



21 

differences. The crop theory holds that crops are cultivated at different distances from 

the market so that a series of concentric agricultural rings appear, whereas the 

intensity theory holds that an inverse relationship is found between intensity and 

distance within the rings. The two theories have been separately dealt with in the 

theoretical literature formulated in the von Thunen framework. This study will now 

trace the theoretical formulation of the two complementary theories. 

Crop Theory 

Crop theory deals with how multiple crops in agricultural production are spatially 

arranged at different distances from the market; that is, it shows how crops are 

ordered by the locational rents for each crop based on price, and transportation and 

production costs among crops. This theory was clearly formulated by Dunn (1954) 

among other researchers. The structure of the Thunen model will be further discussed 

in Chapter 3. Several researchers have contributed to the theoretical development 

of crop theory. Some developments of crop theory after the Dunn's (1954) 

formulation are Stevens (1968), R. Jones (1976), D. Jones (1978, 1979), and Cromley 

(1982). First, Stevens formulated a programming model based on the Thunen model. 

A primal linear program in one-dimensional space by Stevens is as follows: 

maximize Z = 
* j 

subject to ^ 1 (for ally) 
i 

Xij > 0 (for all i j )  
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where /2,y is the bid rent of crop i at a distance j from market, x,yis the proportion of 

land at a distance j by crop i. Along with the linear programming formulation, he 

argued that mixed land use should be allowed, that rents be identified by an arbitrary 

distance interval, and that variables (yield, production costs, and transport costs) be 

allowed to vary with distance. Although his attempt to unite the linear programming 

model and the von Thiinen theory appears to be useful, his approach needs more 

elaboration. The limitation with respect to his formulation of the linear programming 

model is that land use may not be correctly captured because distance from the market 

town is arbitrarily segmented. Consequently, the land area devoted to each crop due 

to discrete space may be incorrectly reflected. 

However, as Harvey (1966) indicated, the linear programming approach has 

operational advantages over the von Thiinen model. Although the technique is not 

directly related to the von Thiinen model, Egbert and Heady's (1961) application of 

the programming model to grain production in the U.S has directly influenced the 

study of regional patterns of agricultural production. One such example is R. Jones's 

(1954) study of the agricultural landscape in the U.S. He construed the Thiinen model 

in two linear programming formulations: the basic programming model and the 

multimarket programming model. Jones concluded that the multimarket Thiinen 

programming model predicts agricultural patterns with greater accuracy. 

Cromley (1982) proposed two models for average expected returns and maximum 

guaranteed returns independent of nature, with a fixed assumption of prices. 
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production costs, and transport costs. He formulated two separate models: the 

expected returns in the familiar Thunen framework and the guaranteed returns in a 

linear programming format. The primal form used in the guaranteed return model is: 

maximize V, (2) 

subject to X, > Vi (for all j) 
i 

^X,- = I 
! 

X, > 0 (for all i) 

where Vi is the guaranteed return, and the other notations are the same as those 

denoted above in Stevens' model. Cromley demonstrated how farmers' two 

contrasting strategic behaviors under environmental uncertainty can be represented in 

land use. His study of agricultiiral location theory under uncertainty was suggestive 

and will be in part employed in the current study. 

D. Jones (1978, 1979) developed a theoretical model in the context of a general 

equilibrium version of the Thunen model. Jones demonstrated that location rents in 

von Thunen and Ricardo theories are equivalent. The model he formulated 

incorporated the principles of supply and demand. His model was constructed in 

hierarchical orders. That is, it assumed that the price and quantity of agricultural 

products are first determined in the national market, assuming an infinitely elastic 

supply of production inputs along with the usual assumptions in the Thunen model. 

Then, demand equations are set equal to supply equations to find the market 



24 

equilibrium. The demand and supply equations for two commodities in the national 

market are expressed as follows: 

= (3a) 

Qz" = C2P,^''P2^''Y^' (3b) 

Q,' = S,{p,.r,) (3c) 

Q/ = S2(P2. r,), -p- > 0, -p < 0 (3d) 
dpi dpi 

where c, is a parameter representing tastes, e,- and e, are the elasticities of price and 

income, and Y is income, whereas r,- in the supply equations is the transport rate. 

Since price is assumed to be determined in the national market, Jones treated it as a 

given variable when the model is applied to land use in small regions. Then, the 

formulation for the local outputs, qi and q2. was presented as: 

q, = E,k,{p,, p2, £•/), f,(r,, £,), £,, £,] (4a) 

q2 = E2k2(p,, P2, t,{r,, £/), ^(r^, £,), £,, £.0 (4b) 

dk - dki . . . dki dh du dk 
—  >  0 ;  —  < 0 ,  / i t  / ;  —  < 0 ;  —  > Q ,  j \  —  > 0 ;  —  >  0 ;  
dpi dpi du dt, ' dn dEi 

dh ^ . . 
< 0 ,  J .  

dEi 

Despite the above developments, crop theory has drawn relatively drawn less 

attention than intensity theory because of its normative nature and its limited 

application to real world. 

Intensity Theory 
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Thiinen's intensity theory basically claims that the intensity of production decreases 

as the distance to the market increases. Thiinen compared different systems to account 

for the agricultural intensity of a single crop. The assumptions involved are the same 

as for crop theory, with the exception of variable non-land production costs over 

space (Hall, 1966). With respect to variable production costs, Thiinen differentiated 

the costs involved: variable farm-based costs and fixed town-based costs. The farm-

based costs, such as wages, seeds, manure and draught animals, are assumed to 

decrease with distance from the town. Then he described how to derive economic 

rents from the improved system and the less intensive three-field system; "the 

improved system enjoys a bigger grain surplus than the three-field system, but it bears 

a bigger burden of money cost. As we move away from the market, the farm price of 

grain falls, and this causes the land rent of the improved system to fall faster than that 

of the three-field system" (p.26). 

Subsequently, some theoretical developments were based on various assumptions 

regarding the factors involved. Bannister (1977) explored the conditions of optimum 

intensity and its effects on the spatial structure of land use. He used five scenarios 

(pure competition in both commodity and factor markets, monopoly, monopsony, 

nonlinear returns to scale, and spatial variations in factor prices) to explore optimum 

intensity under various market and production conditions. Visser (1980) examined 

the influence of technological change on the spatial structure of agricultural activities 
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through an intensity model. He asserted that specific types of farming such as 

irrigated, pastoral fanning, and farming near to the local city were affected by 

capital-using technology at the local level. Visser (1982) elaborated on his previous 

intensity model to consider the impact of spatially variable factors using a Cobb-

Douglas function. 

Kellerman (1983) reviewed the developments of the intensity theory with the 

classification of applied production functions, and related to optimal intensity 

production with multiple crop systems. The previous intensity theories classified into 

three solution categories are: Thiinen's classical solution that entails two distinct 

production costs for one crop, the neo-classical solution that consists of a Cobb-

Douglas based model, and a general solution that assumes any specified production-

function. Meanwhile, D. Jones (1984) relaxed the assumption of production factors in 

his model based on the intensity theory, and examined the behavior of the model in 

the Thiinen framework in terms of factor markets; capital equipment, labor market, 

and delivered costs. Empirically, Winsberg (1981) examined the changes in 

agricultural intensity in the Southeastern states in the years 1954 and 1974. Intensity 

was measured by dividing the total harvested acreage into total farm sales for each 

crop. He stated that the expected high intensity around the SMSAs is not clear, but 

low intensity is identified with the most rural counties. 

3. Agricultural Decision-Making Under Uncertainty and Risic 
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Traditional agricultixral location theory does not include an analysis of uncertain 

or risky situations, but there are some intrinsic elements of uncertainty and risk in 

agriculture. Modem decision theory, which recognizes the existence of uncertainty, 

has contributed to our understanding of farmer's decision-making and consequent 

land use patterns. The key concepts of uncertainty and risk involved in agricultural 

activities do not rigorously describe the same psychological status, though they are 

often used interchangeably in decision theory. Roumasset (1977) provided a means of 

differentiating the two concepts. "Uncertainty is a state of mind in which the 

individual perceives alternative outcomes to a particular action. Risk can be formally 

defined as a state of knowledge in which an action leads to one of a set outcomes, 

each outcome occurring with a known probability"(p.l). Since these two statuses 

have often been used together, the difference between the concepts is not the primary 

concem in this review. 

Because decision-making under uncertainty carmot be based on a complete 

knowledge about a "true" state, it relies on actors' subjective criteria for assessing the 

probability of various possible states. Nevertheless, four operational criterion have 

been devised to examine the decision-making process under uncertainty: (1) the 

Laplace criterion (or equal-likelihood criterion); (2) the Hurwicz partial optimist 

criterion; (3) the Savage regret criterion; and (4) the Wald strategic criterion. 

The Laplace criterion assumes that the decision-maker does not have any 

knowledge of the 'states' and, therefore, each of the unknown 'states' is assigned an 
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equal probability of occurrence. The partial optimist criterion, which was originally 

formulated by Hurwicz (1950), is based on the notion that most people are in part 

pessimists or in part optimists. Methodologically, the coefficient called alpha (a) is 

multiphed in the best result by a and in the worst result by (1-a). Savage's regret 

criterion is based on the notion that a decision-maker tries to minimize his regret 

which is the difference between actual outcomes and the best possible outcome 

(Savage, 1954). The Wald criterion provides for a selection of strategies which has 

the maximum minimum payoff. Wald's (1950) criteria are divided into two types: 

pure and mixed strategies. The pure strategy consists of finding a saddle point (or 

minimax point) in the pay-off matrix when the game is strictly determined, whereas 

the mixed strategy involves mixing strategies available to a player when the saddle 

point does not occur. 

Each decision criterion in agricultural applications has commonly revolved around 

the firamework of game theory as set forth by Von Neumann and Morgenstem (1947). 

In particular, farmers' choices have been associated with "Nature" in game theoretic 

models. Farmers' choices against "Nature" can be generally specified in the 

following diagram described as a generalized, 2-person, zero-sum game. 

Here, the set {Ai} represents the alternative choices open to Player I, and {SJ} 

represents the strategy set open to Player II. The elements of payoff matrix [c,y] 

indicates the gains to Player I, and the losses to Player II, that result from any pair of 

choices simultaneously selected by two players. 
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Player II 

S i ,  .  • • Sj • • . . . Siis 

Ai 
Player I 

C i i .  .  . .  . C i i .  • • • C £0 

Ai C i l .  .  . .  . C i i  .  • • • ^ £0 

Am . . . Com 

Some previous studies have utilized all four criteria in farm planning. For example, 

Dillon and Heady (1960) examined the differences between the four criteria and 

actual farmers' decision-making with respect to the choice of cattle feeding in Iowa. 

The results revealed that farmers' choices were overall explained by the Laplace and 

Wald criteria. In light of the criteria that a farmer's choice is associated with, they 

further examined the socio-economic characteristics of farmers and found that older 

farmers use a Wald type of approach, whereas younger farmers alternate between the 

Laplace and Wald approaches depending on the decision problem. The researchers 

found that education is closely related to age. Farmers who chose the Wald criterion 

had the fewest years of formal education, whereas those who chose the Laplace 

criterion had the most education. In terms of total capital invested, fanners choosing 

the Wald criterion had the smallest capital investment. Dillon and Heady's pioneering 

research methodology in agricultural activity has been instrumental in farmer's 

decision-making under uncertainty. 
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Agrawal and Heady (1968) further illustrated the four criteria with respect to 

agricultural applications: (1) the choice of the type of farming in a given region; (2) 

the technological aspect of the optimal application rates of manure and fertilizers; and 

(3) the time to sell soybean and wheat. They concluded that Wald's approach is 

pessimistic, whereas the regret principle is optimistic, and further suggested a 

criterion of "benefit" which blends the properties of the Regret and the Wald models. 

Moglewer (1962) presented a game-theoretic model for determination of acreage 

allocation among four crops (wheat, com, oats, and soybeans) from 1948 to 1962 in 

the U.S. The minimax criterion was used in his two-person, zero-sum game: 

individual versus group. He included all the forces as opponents that could influence 

an individual farmer's decision. The forces included were government policy, 

weather, demand condition, and the crop decisions of all other farmers. Langham 

(1963) applied each of these four decision formulations to determine the farmers' best 

course of action, using the payoff matrix of rice farmers' acreage increase against a 

government price support program in Louisiana. Langham's results based on the 

assumption that 'the greater the average acreage increase farmers request, the safer the 

government would be in decreasing the support program' showed farmers' tendency 

of hesitance to increase acreage. This reluctance is believed to represent the 

conservative character of the game theory model. 

Furthermore, farmers' decision-making imder uncertainty has been formulated in 

more sophisticated techniques such as dynamic programming, quadratic 
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programming, and stochastic linear programming (Tadros and Casler, 1969; 

Mclnemey, 1967, 1969; Kawaguchi and Maruyama, 1972; Low, 1974). Although 

these approaches to farm planning problems adopted a similar payoff matrix to that 

proposed in the aforementioned literature review, their primary emphasis was on farm 

constraints in a game against nature. 

In the geographical literature, Gould (1963) introduced Wald's mixed strategy in 

the relationships of crop production and weather in order to suggest a game theory 

approach for spatial economic activity research. He demonstrated the utility of the 

strategy in his study of land use patterns in Ghana. Subsequently, Found (1971) 

illustrated the four criteria with respect to how a farmer's income is affected by his 

possible choices among other alternatives. Found also indicated that the Wald 

criterion is ultra-conservative. Meanwhile, Cromley (1982) tried to link agricultural 

location theory and the game-theoretic approach under envirormiental uncertainty. 

Asserting that Gould did not apply land-use decision strategy in a market system, he 

demonstrated land use patterns in two situations where natiire does not select a 

strategy (i.e., nature is neutral) and where nature is the worst for crop plants 

(vindictive), in the formulation of his linear programming model. 

Unlike the game-theoretic approach, a few descriptive studies of farmers' 

decision-making under uncertainty are also noted. P. Johnson (1962), after examining 

the survey results of fanners' responses on contract farming in Kentucky, suspected a 

conventional postulate that "firms will discount the uncertainty of future by accepting 
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a lower certain price in the present rather than a likely but uncertain future price" 

(p.200). His conclusion is that farmers preferred uncertain prices rather than 

guaranteed prices under contractual arrangement, contrary to the conventional belief 

that a contract system will reduce uncertainty of prices and income. The conventional 

postulate and the contra-indicating survey results were later explained by Davidson 

and Mighell (1963). Pointing out methodological problems in the study of 

agricultural uncertainty, the researchers claimed that farmers' experiences influence 

attitudes toward uncertainty and that it is very crucial whether the experience related 

to the contracting system or price system. They found that the contract price in the 

study area was too low, compared to the expected price, and added that farmers 

assume their activities are intrinsically risky. 

With regard to land use under such uncertainty, Terferliller and Hildreth (1961) 

studied fanners' decision-making in the Great Plains of the U.S. and concluded that 

farmers' expectations regarding annual rainfall coincide very closely with rainfall 

levels that are experienced. Furthermore, they found that: 

Farm sizes in the study area had increased substantially (over 60 
percent) from 1947 to 1957. However, the size of own and rented 
farms remained ahnost constant in Midwest during the 5-year drought 
period. These results suggest that a run of 'bad' years curtailed the 
acquisition of more land (p.ll67). 

Baltensperger (1983) traced historical evidence for crop diversity and land use under 

environmental uncertainty. He examined the land use process of Russian immigrants 

in the Great Plains. His study compared land use patterns of Russian immigrants' 
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earlier settlement and their later crop cultivation. The result revealed that the Russian 

immigrants sought diversified agricultural land use to survive in new settlements, but 

as time passed their fanning activity and land use were assimilated into their 

neighborhoods' fanning pattern of specialization. 

Portfolio Approach 

Decision problems involving agricultural situations of risk have long been the 

focus of research interest on the part of agricultural economics. The risk in 

agriculture includes (1) production and yield risks; (2) market and price risks, (3) 

losses from severe causalities and disasters; (4) government programs, etc.(Barry et 

al., 1995). Since much of the research regarding agricultural portfolios is a 

development of portfolio selection based on the Markowitz's model, his formulations 

for a portfolio's expected return and variance are: 

where £, = mean (or expected) return on asset i 

Vi= variance of return on asset i 

Covij = covariance of returns on assets i and j 

qi = proportion of portfolio held in asset I 

To solve the problem, Markowitz assumes that a utility function U(E,V) exists such 

that 

du/de > 0 and dU/dV<0 

E = 1. qiEi (5) 

V = 2'LCoVijqiqj (6) 
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The solution is to determine the unique values of q/ to q, for each expected value. 

This efficient portfolio is referred to as a mean-variance (E-V) frontier. According to 

Markowitz, the final decision is a purely subjective one. 

Among many studies of the mean-variance approach, a few examples relating to 

agricultural issues are reviewed. Freund (1956) used a variant of the Markowitz 

model to determine an optimum combination of crops for an eastern North Carolina 

farm. He argued for introducing risk into a programming model for a typical farm in 

order to make better recommendations as to the best acreage portfolio. Cheung 

(1969) used the model to explain the choice of contractual arrangements. In 

particular, he argued that share tenancy in agricultural risk is measured by income 

variance. 

In geography. Smith (1978) explained the utility of portfolio theory with respect 

to the spatial choice decision for location selection under risk and uncertainty. 

Although his discussion is in very broad in terms of research items for the theory, he 

suggested that the approach should be utilized with respect to a choice of crops to 

plant in order to explain a farmer's behavior and crop diversification. D. Jones (1982) 

analyzed historical farm tenure choice with respect to portfolio theory. Three types of 

tenure choice- owner operation, fixed rental, and sharecropping- were explained fi^om 

social and organizational viewpoints, using data firom northern and southern states for 

the year 1880. Associating portfolio theory with the Thiinen model, he demonstrated 

how each tenure choice is spatially related to risks. In addition, Jones (1984) 
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explained off-farm employment and crop diversification as means of reducing risks 

for farmers. He showed that relative location from market affects the degree of risk 

due to commuting costs and on-farm opportunity costs, and further explained the 

spatial difference relating to off-farm employment and crop diversification. That is, 

off-farm employment reduces the farmer's portfolio and allows a crop with higher 

risk and return to be concentrated in land use. Crop diversification tends to occur in 

nearby markets to reduce off-farm employment. Recently, synthesizing the findings 

from his two previous studies, Jones (1991) proposed a model wherein crop mix in 

accordance with location can be understood with reference to portfolio theory. Net 

farm income from the model for two crops (a and b) was defined as follows: 

r{k) = (Pa-kta- Ca)qa ipb - ktb - Cb)qt (7) 

where p is market price, c is production cost, kt is transportation cost, and q is output 

per unit of land. The expectation of return rate at location k was 

 ̂EhK . 1 (8, 
Ca + + kt^ 

where R(k) is the rate of return over costs, and Xg + Xb = I are shares of land at 

location k allocated to crops a and b. The variance of the return was 

= JIzHeL + + 2x,(l-.,)cov(p„p,) 

(c.+fe)= (c,+fej(c.+fa.) 

A farmer at location k may decide on x, minimizing the standard deviation of the 

return rate, subject to the expectation return rate (£[/?(^)]) equal to E(Ro) which is 

"the given, market rate of return." These were expressed as; 



36 

Minfe) . [«W1= [/tt . ('»> 
(c„ + kt^) (Cj, + kt)- (c, + )(Cj + kt^) 

.ubjectto 
(^a + + ^4 

Next, Cromley and Hanink (1989) associated the farmer's choice of which crops to 

plant with an investment decision, based on the Thiinen model. The Thiinen portfolio 

model was linked with a quadratic programming model as follows: 

n 

Min (11) 

subject to 

= 1 
1=1 

n 

= R, 
1=1 

X^= 0 z = 1,..., n 

where (T,y- is the covariance in return of the /th andyth crops, Xi is the proportion of the 

total land budget 'invested' in the /th crop, /?, is the level of return from the zth crop, 

and R is the "desired return or location rent". In addition, they defined the utility 

fimction as: 

U = F(cs\R) (12) 

Based on the utility function, a portfolio approach was associated with utility curves. 
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They demonstrated that crops in the portfolio model have a more extensive range of 

locations than those in the basic Thiinen model. Finally, Macmillan (1992) 

constructed the following quadratic programming model, arguing that utility function 

and programming problem do not need to be separated if a weight is added to the risk. 

That is, 

n n n 

maximize B = ^ (a, -  nd )xi - w^ ^ v X i X j  (13) 
1=1 1=1 7=1 

(x,, X,) 

subject to 

n 

(14) 
1=1 

X i > 0  i = l ,  n (15) 

where a and r are the intercept and slope, respectively, of crop i in portfolio revenue 

equations, d is distance, and w is a weight derived from the utility function in 

Cromley and Hanink's portfolio model of a von Thiinen economy. 

Summary 

This chapter has reviewed both empirical applications in the real world and 

theoretical developments of agricultural location theory within the von Thiinen 

framework. Some studies related to the crop theory have been linked to linear 

programming models, but have not been further studied in continuous space as 

postulated in Thiinen's perspective on the spatial economy. The review has provided 

a historical overview of agricultural decision theory and its applications in order to 
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relate the theory to the current research of agricultural decision making under 

enviroimiental uncertainty. Under uncertainty in agriculture, four basic types of 

decision theories have been devised to incorporate farmer's behavior: the Laplace , 

the Hurwicz, the Savage, and the Wald criteria. Some geographers have suggested 

incorporating these decision theories with agricultural location theory. These decision 

theories, however, have rarely been applied to the study of farmers' behavior in land 

use. Finally, the portfolio approach in the context of the von Thiinen model has been 

reviewed because of its relevance to this dissertation. 
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Chapter 3 

THE DEVELOPMENT OF A CLOSED PRODUCTION-

ORIENTED MODEL 

1. Introduction 

Von Thiinen's analysis of agricultural activities in The Isolated State is basically 

descriptive rather than normative. His analysis was later developed as a normative 

model by Hoover (1948), Losch (1954), Dunn (1954), and Isard (1956). The main 

feature of the Thiinen model (or the normative model) is that economic rent declines 

with distance from the market town because transportation cost is increased with 

distance, with the assumptions that other input variables, such as average cost per unit 

of output, average yield per unit of land, and market price, are constant at any 

location. The market town was just acknowledged as a focal point for the spatial 

allocation of agricultural crops. That is, it was dealt with as a fixed point in space and 

conceptually a selling place for agricultural products. 

In fact, though, the market town has importance for more than just location: it 

functions as a clearing mechanism for all agricultural markets. Only producers' 

intents to maximize their economic rent is accounted for in terms of spatial 

representation. Therefore, the normative versions of the von Thiinen model can be 

referred to as production-oriented models. The best known production-oriented 

model was formalized by Dunn (1954) who explained the spatial equilibrium process 
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of agricultural land use. As he pointed out, the traditional interpretation of von 

Thunen's analysis is a partial equilibrium model where all land-use decisions are 

based on exogenous market prices. While Dunn acknowledged that market demand 

should be considered for each agricultural activity, he never did demonstrate how to 

operationalize closure of the model. Consequently, the traditional von Thiinen model 

for agriculture, with its sole emphasis on production or supply, must be considered 

seriously deficient as a predictive tool. In this chapter, the production-oriented model 

is reexamined in order to reveal a deficiency in its structure. Then, noting the 

deficiency of the model, a closed model is proposed to consider the interrelationship 

of supply and demand in agricultural market,. 

2. The Production-Oriented Model 

The production-oriented model is based on well-known assumptions; the region in 

the two-dimensional economy has a single market town in the center of the region; 

uniform fertility over an unbounded plain; and the input costs per unit of output are 

the same everywhere. All agricultural products are shipped to a market town located 

in the center of the region. Mobility of all factors is assumed to be perfect and all 

production units (points in space) exhibit constant returns to scale. 

Based on these assimiptions, the traditional model can be examined. That is, in 

the model, yield, price, non-land production cost, and transportation rate for activity i 

are denoted by /?,•, a,-, and fi, respectively. Then the rent Ri(k) earned at distance k 
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from the market is 

R,{k) = E,{p,- ad - E/Jc = R.{0) - U (16) 

where /2,{0) is the rent level at the market town (here k=0) and Tu the transportation 

cost per unit of distance for each commodity, is the slope of the rent gradient. The 

distance from the market town, at which the rent level for activity i is zero, is 

k,„a. ={pi-adlfi = Umi (17) 

This expression indicates activity /'s extensive margin, spatial margin, or economic 

limit. 

Throughout this study, it is considered that there are three competing activities 

(or crops), i =3, for land. In order to satisfy a condition that crop 1 dominates the land 

closest to the market, crop 2 dominates the land next to the land for crop 1, and crop 3 

dominates the land farthest from the market, an argiiment from Durm (1954) is 

adapted; the intercepts in the rent gradients are ̂ /(p/ - a/) > ^j(p;- a?) > £i(pj- a^) > 0; 

the slopes in the rent gradients are Eif, > E/2 > E^fs, indicating the order of steepness 

in the rent gradients for the three crops; and the rent level at a distance k for crop i is 

R^k) > 0. Additional condition for the dominant crop distance from the market is 0 < 

k,2<k23 < ks,„ax- The distances, k,,, kjj, and Arj.mox, from the market dominated by each 

crop activity are determined by equating the economic rent of each crop. That is, k,2 

is obtained by letting Ri = R2. 



42 

k,2 = [ E,{p, - a,) - Eiipi - a^) ] / {Ef, - E/i) (18a) 

Also, kij is brought about by letting R2 = Rs 

^23 — [ E2(P2 - O2) - Eiips - Os) ] / - E^j) (18b) 

Finally, , the extensive margin of production, is determined by letting the rent 

for activity 3 equal to zero: 

With those conditions, crop 1 is grown from 0 to kn, crop 2 is grown from k,2 to kzj, 

and crop 3 is grown from to ks_„ax.- In this production-oriented model, the 

cultivation area of each crop, which is assumed to be a circular shape, can be obtained 

by applying simple geometry. The distances, k,2, k23, and are the radii of the 

circles representing the outer boundaries of each cultivation zone. The areas 

dominated by the three activities are of the following size: 

A/=nk,2' (19a) 

ks.max ~ iPl - ^3)1/3 (18c) 

A2 = n(k23'-k,2') (19b) 

A3 T^(k3jnax' ~ k23') (19c) 

and the outputs (quantities supplied) of the three crops are as follows: 

Q,' = E,A (20a) 

Q2' ~ E2A2 (20b) 

2/ ~ E j A }  (20c) 



To numerically illustrate these properties, consider the following parametric 

values (in appropriate units) shown in Table 1. 
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Table 1. Input Data* 

Crop 1 Crop 2 Crop 3 

Yield (£,-) 20 10 5 

Price ipi) 6 4 5 

Production 
Cost (a,) 3.25 2.00 4.00 

Transportation 
Rate (/;) 0.20 0.05 0.01 

* Appropriate units for these parameters might be bushels per acre (yield), 
dollars per bushel (price, production cost), and dollars per bushel per mile 
(transportation rate). 

From the above equations, the rents earned at the market town are R,{Q) = 55 for 

crop 1, R2i0) = 20 for crop 2, and Rs(0) = 5 for crop 3. The slopes of the rent 

gradients are 7"/ = 4, 7% = 0.5, and Tj = 0.05. Crop 1 dominates the area from ^ = 0 to 

k,2= 10, crop 2 dominates from k,,^ 10 to k23= 33.33, while crop 3 dominates from 

k2j = 33.33 to kj^nax- 100- Consequently, the areas dominated by the three activities 

are /!/ = lOO-Ou, A2 = 1,011.1:1, andi4j = 8,888.9ti, and the outputs are Q, = 2,000.071, 

g, = 10,111.17t, and̂ i =44,444.571. 
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3. Comparative Statics in the Production-Oriented Model 

Comparative static of the production-oriented model provides a method to predict 

land use change due to changes in the parameters. Comparative statics have been in 

part applied to the model by Dunn (1954), Peet (1969), D. Jones (1991), and 

Cadwallader (1995). Comparative static entails the following simple rules: a shift in 

price or non-land production cost induces a parallel shift in the appropriate rent 

gradient whereas a shift in yield or transportation rate induces a rotational shift in the 

appropriate rent gradient. Those types of shifts can be easily identified by examining 

the movement of rent gradients after parametric shifts in equation (16). Those types 

of shifts are graphically presented in Figures 1, 2, and 3, but the numerical results 

from those shifts will be presented in Chapter 4 to compare with those from a closed 

production-oriented model to be developed. In these figures, movement in the rent 

gradient of crop 2 is portrayed, maintaining the conditions stated for the spatial 

cropping order from the market. 

First, suppose that there is an increase in price or a decrease in non-land 

production cost for crop 2. As shown in Figure 1, a rightward parallel shift of the rent 

gradient 

induces a change in the dominated land by each crop. The indifference points k,2 and 

k23 move to kij' and and kj^ax remains at the same distance from the market. 

Consequently, the land devoted to crop 2 would increase at the expense of lands once 

devoted to crops 1 and 3. Figures 2 and 3 show rotational shifts of rent gradients 
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Figure 1. Land Use Change due to a Price Increase or Non-Land 
Production Cost Decrease (crop 2) 

Location 

Rents 

R2* 

R2 

R3 

kt2 kn kis k23 ks. max 

Distance from the market 

generated by a decrease in transportation rate and a production yield increase for crop 

2. Figure 2 shows a rightward rotational shift in the rent gradient, holding its pivot 

point at the market town k = 0. As indicated in the changes of the indifference points 

ki,' and , the dominant area for crop 2 is expanded, whereas the land areas for the 

adjacent crops 1 and 3 are reduced. 

Figure 3 shows the other types of rotational shift due to a yield increase, which 

places the pivot point at the marginal distance k2.„at of crop 2. Analogous to the 

change in the transportation rate, a yield increase induces land expansion for crop 2 at 

the expense of the land areas for crops 1 and 3. Its effect on the rent level for crop 2 
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Figure 2. Land Use Change due to Transportation Rate Decrease (crop 2) 

Location 
Rents 

R, 

R: 

'S.max 

Distance from the market 

Figure 3. Land Use Change due to Yield Increase (crop 2) 

Location 

Rents 

Ri 

kl2 kl2 k23 k23 k3_max 

Distance from the market 
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is the opposite of that of the transportation rate reduction; the farmers in the inner area 

of crop 2 will be affected more than those in the outer areas from the market. 

4. The Background of a Closed von Thiinen Model 

The production-oriented model assumes the independency of the four parameters 

Ei, Pi. Ui, and Such an assumption is not characteristic of real economic conditions, 

even for an abstract, simplified model, and the interrelationships of all factors 

influencing the spatial distribution of land use cannot be understood. Moreover, this 

assumption of parametric independence can lead directly to erroneous comparative 

static predictions. In particular, the price parameters are assumed to be exogenously 

set at the market town. When any other parameters are assumed to shift, none of the 

three prices is allowed to respond in the production-oriented model. This is quite 

reasonable property for an economic model. 

This unreasonable assumption can be systematically illustrated within the 

production-oriented model. If the price of each crop is derived from equations (18a), 

(18b), and (18c), parametric dependency on the supply side of the model can be 

identified as follows: 

' P x  'ME, HE, EJE,' \EJ,-EJ,)k,,' 

Pi 
- + 0 HE^ Ej/Ej {E,f,-EJ,)k,, (21) 

p^. .^3. \ 

o
 

o
 

1 

Equation (21) indicates that the price pi of crop 1 is a function of seven other 

parameters, the price p: of crop 2 a function of five other parameters, and the price ps 
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of crop 3 a function of two other parameters when the radius k,2, kij, and the 

extensive margin ks,„ax are known. 

Unfortunately, most previous studies based on the production-oriented model 

have not considered the interdependency between the parameters. D. Jones (1979), 

who constructed a model regarding rent change in supply and demand interaction, 

disregarded it by assuming that prices are determined at the national scale. Even when 

some parametric interdependency in the production-oriented model has been 

recognized (Cromley, 1982), the underlying mechanism for this interdependency has 

rarely been clarified. 

Besides the structural problem of the production-oriented model, the validity of 

the model with regard to the role of demand has been questioned by A. Jones et al. 

(1978) and, more recently, Samuelson (1983), and Nerlove and Sadka (1983). They 

have pointed out that von Thiinen did not acknowledge an active role for market 

demand in determining bid rent, and the model takes market demand as perfectly 

inelastic. Their argmnent applies to the production-oriented model described above, 

rather than von Thiinen's analysis. Although von Thiinen did not include a clear role 

of the market in his framework, it appears that he recognized the role of demand as 

quoted in Chapter 1. These two major concerns in the model, unspecified market 

demand and the erroneous assumption regarding involved parameters, leads this 

research to develop a closed version of von Thiinen model. 
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5. The Structure of the Closed Model 

The analysis assumes that market demand for each activities is linear in price. 

Current research provides only partial equilibrium and not general equilibriiun 

solutions for activity prices, land areas, and outputs, because it does not include other 

conditions prevailing in an agricultural market, but focuses on a set of producers and 

consumers for a particular crop or closely related crops. In addition, by not formally 

introducing a production function for each activity, the analysis remains manageable. 

To begin with, a general market demand function for crop i can be specified as 

follows, in order to outline the interaction between demand and supply for agricultural 

products in the market. 

where Qf 'xs the quantity demanded of crop /; p,, p2,.... are the prices of the n crops 

in the market, and P, I, and T denote the size of population, the level of income, and 

taste, respectively. This general form for the demand equation is simplified to a linear 

relationships between the quantity demanded of a particular crop and the prices for all 

crops, holding constant population size, income and tastes. Consider the following 

three demand equations: 

Qt =f(Ph P2, Pn, ,PJ, T) (22) 

Q/ — ct/ - P//P/ - ^i:P2 - P/jPj (23a) 

Q/ — Cti - p2/P/ - P22P2 - ^23?} (23b) 

Qs' — Cts - Pj/P/ - P32P2 - PjjrPi (23c) 
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where the demand curve intercepts 0.1,0.2, and > 0, coefficients for in-market effect 

P/z.P^zand Pjj > 0, and coefficients for cross-market effect P/.^, P/j, ^21, pjj. Pi/, and 

Pj.' = ^ 0. In turn, such equations can be easily transformed to a linear relationships 

between the price of a particular crop and the quantities demanded of all crops. That 

is, the three demand relationships can be respecified as: 

/?/ = 5/ - \iiQf - "knQi- (24a) 

P2~^2 - y^2iQi' - ̂ 22Q2 - ̂ 2iQi (24b) 

Pi — ^i -^nQt (24c) 

where the same ordering conditions holds on the intercept, own-demand, and cross-

demand terms. Equations (23a) and (24a), equations (23b) and (24b), and equations 

(23c) and (24c) are simply linear transformations of one another. In order to express 

the interconnection between supply and demand in this study, however, the versions 

given in equations (24a), (24b), and (24c) are easier to use, and are therefore adopted 

for the analysis. 

In order to construct a closed production-oriented model, each of the quantities 

Ql', Qz, and demanded in the market is set equal to its counterpart among the 

quantities Q/, and g/supplied. Then, after the substitution of Q/, g/ .and Q3'' 

into equations (24a), (24b), and (24c), the following market-clearing expressions for 

three crops can be determined by equating each price of equation (21) with the 

appropriate price in each of the demand curves. 
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5/ - ( X / l E t  -  X i 2 E ^ ' K k i 2 '  -  { \ 1 2 E 2  ~  ^ l s E s ) T l k 2 3 '  -  X i s T ^ E j k j m a x '  

^1 •*" {(Elfl - E;f^ki2 + - E^3)k23 + E3f3k3 „,ax}/Ei 

(25a) 

(25b) 

5i - (X31E1 - X32E^'Kki2' - Q^32E2 ~ "^JsE3)'Kk23' " 'k33^E3k3 ,nax' 

^3 f3k3.max 

(25c) 

The two radii of indifference kn, k23, and the extensive margin cannot be 

directly computed from the above equations. Instead an iterative-solution method is 

used to calculate the approximate values of k/2, k23, and k3,„ajc. Initially, arbitrary 

values are assigned to k,2, k23, and , and then the iterative process is repeated 

until the values are converged on a stable values within an acceptable tolerance level 

(0.00001). After the indifference radii and the extensive margin are obtained, they are 

used to calculate the dominant areas of the three crops in equations (19a), (19b), and 

(19c). Then, the equilibrium prices p/, P2, and/7i in each agricultural market can be 

derived through the price vectors of the equation (21) or equations (24a), (24b), and 

(24c). The equilibrium outputs Qi are simply obtained by multiplying together the 

appropriate yield £, per unit area and the appropriate land area Ai of each crop, as 

shown in equations (20a), (20b), and (20c). 

Summary 
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This chapter first reexamined the production-oriented version of von Thiinen model 

in two-dimensional economy. Comparative static has been used to examine the 

effects on land use in the model. As the result of the comparative static analysis, 

parallel shift in rent gradient is occurred in the response to changes in price and 

production cost while rotation shift is resulted from transportation cost or yield 

changes. Based on those analyses, the structure of price determination in the market 

from the model does not reflect a proper interrelationship with other factors due to its 

treat as a given exogenous variable. Consequently it has been indicated that the 

deficiency does not lead to appropriate market mechanism for demand side economy. 

Therefore a new perspective built in the context of demand and supply has been 

proposed to overcome the problem. This can be called to a closed version of von 

Thiinen model. The basic form of the model will be used as a leading framework for 

this dissertation. 
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Chapter 4 

COMPARATIVE STATIC ANALYSIS AND PRICE 

BEHAVIOR IN AGRICULTURAL MARKET 

1. Introduction 

Having considered the two versions of the von Thiinen model, comparative statics 

are used to examine changes in the equilibrium status of each model. The purpose of 

comparative static analysis is to discern whether small parametric shifts have 

implications for the equilibrium of a model. In particular, if many variables are 

interrelated and, therefore, causal paths are difficult to distinguish, the technique of 

comparative statics is very useful. However, this analysis does not always accurately 

expose the process of adjustment as the economy moves from one equilibrium state to 

another. In comparative statics, there are two approaches: qualitative and 

quantitative. The quantitative approach is concerned with the direction of the 

movement of numerical properties, while the qualitative approach is usually 

concerned with the signs of derivatives to find a rate of change of properties. 

The quantitative approach in comparative statics is adopted in this study, rather 

than the preferred qualitative approach, because many variables are entangled and, 

therefore, they are difficult to sign. In the first section, variables in the model are 

simulated to compare properties in both versions of the von Thiinen model, and the 

movements of the properties— price, output, boundary (or land area)— are traced 
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through comparative static analysis. Then both equilibrium price and output in the 

following section are further associated with the agricultural economy in the short-and 

long-run. 

2. Comparative Static Analysis in the Closed Model 

As seen in Chapter 3, since the price parameter is transformed into an endogenous 

variable in the closed model, a variation in each of the other three variables, 

transportation rate/, production cost a,-, and yield is sequentially employed in the 

comparative static analysis of both versions. The comparative static analysis for the 

effects of a change in demand is applied only in the closed model. 

However, prior to such analysis, demand parameters in the closed model must be 

given to each of the three activities. Values for the intercepts 8, and the slope 

coefficients Xy of equations (24a), (24b), and (24c) are exogenously provided in Table 

2. In order to construct reasonable demand curves, the coefficients for the in-market 

effects in all three activities are made much larger than the coefficients for the cross-

market effects, which can be regarded as substitution effects. Note in Table 2 that the 

in-market effect for crop 1 is much larger than the in-market effect for either of the 

other two crops, indicating that the price of crop 1 is especially sensitive to the 

quantity demanded of that crop. 
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Table 2. Exogenous Intercepts and Coefficients 

Interceptsf6,) 
X,v 

CoefiBcientsfA,;;) 
A./J 

Crop 1 10 1/5007C l/25,0007C 1/95,00071 

Crop 2 6 1/25,00071 1/7,50071 1/150,00071 

Crop 3 5 1/95,00071 l/550,0007c 1/65,00071 

2.1 Transportation Rates 

The geographical distribution of economic rent in both the traditional model and 

the closed model depends intimately on the transportation rate for each crop. 

Consequently, since the different transportation rates act as determining parameters in 

the spatial allocation of crops, many previous empirical studies have noted a spatial 

impact due to the change in this variable. 

Table 3 shows comparative equilibrium solutions for both versions of the von 

Thiinen model based on the data given in Tables 1 and 2. In both cases the 

transportation rate f, for activity 1 is decreased in steps of 0.05 from 0.25 to 0.15, 

holding all other variables constant. 
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Table 3. The Effect of Changes in Transportation Rate (Crop 1) 

Production-Oriented Model Closed Model 

/, =0.25 // = 0.20 /, = 0.15 // = 0.25 //=0.20 //=0.15 

PI 6.0000 6.0000 6.0000 6.2350 5.8848 5.4899 

P2 4.0000 4.0000 4.0000 4.0404 4.0417 4.0433 

PI 5.0000 5.0000 5.0000 4.6959 4.6952 4.6943 

KI2 7.778 10.000 14.000 8.731 9.223 9.748 

HS 33.333 33.333 33.333 37.610 37.648 37.690 

^I.max 100.000 100.000 100.000 69.590 69.516 69.433 

A, 60.571 100.071 196.071 76.27: 85.171 95.07: 

A2 1,050.67C 1,011.l7i: 915.l7t 1,33 8.37: 1,332.37: 1,325.57: 

AS 8,888.97C 8,888.97t 8,888.971 3,428.37: 3,415.17: 3,400.47: 

QF 1,2017: 2,00071 3,9207: 1,5257: 1,7017: 1,9007: 

Q2 10,56071 10,11171 9,1517: 13,3837: 13,3237: 13,2557: 

QS 44,44571 44,4457t 44,4457: 17,1417: 17,0767: 17,0027: 
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In the production-oriented model none of the three prices is affected by a 

change in transportation rate. Note that Figure 2 shows a rotational shift due to a 

change in the transportation rate for activity 2. As the shift suggests, the change in 

the rate for activity 1 induces the outward movement of the supply zone (or land area) 

for the crop. That is, as f, declines, the point of indifference k,2 shifts outward, while 

k23 and kj max remain fixed, reflecting the rotational shift in the rent gradient for 

activity 1. Consequently, the land given to activity 1, as well as the output of activity 

1, increases dramatically while the land given to activity 2, as well as the output of 

activity 2, declines. Activity 3 is not affected by this shift in f,. 

However, in the closed model the situation is more complicated. Decreases in 

the transportation rate for activity 1 lead to dramatic decreases in the equilibrium 

price for the same activity from p, = 6.2350 to p, = 5.4899, while the prices for 

activities 2 and 3 are only marginally changed. The outer boundary of activity 1 is 

again shifted outward from ki2 = 8.731 to kn = 9.748, but not to the extent predicted 

by the production-oriented model, where the boundary is shifted from kn = 7.778 to 

ki2 =14.000. Along with the land expansion for activity 1, land area devoted to crop 

2 is gradually reduced, though its outer boundaries are established at a slightly greater 

distance from the market. Even the land area devoted to crop 3 is indirectly affected; 

it is slightly reduced due to the rate changes. This result is contrasted with that in the 

traditional model where the land area for crop 3 is not changed unless the land area 

for crop 1 totally replaces the land area for crop 2. In the closed model, note that the 
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outputs in crop 3 are considerably reduced in comparison with those in the 

production-oriented model. However, the huge reduction is not attributed to the rate 

change, but to the market mechanism based on demand conditions. 

Although the numerical results depend on the data that are employed, the 

traditional model overpredicts the amount of land that is switched out of activity 2 

into activity I with any decrease in//. Those adjustments in land area for all crops 

brings about a change in total land area from 4842.Sir to 4793.27t, as// is decreased. 

In the traditional model, the total land area is not changed unless fs is involved. 

In another simulation, transportation rates for all crops were simultaneously 

reduced from 10 percent to 50 percent in steps of 10 percent from the original input 

data of// = 0.20, f2= 0.05, andfs= 0.01. This simulation is more realistic than the 

transportation rate changes in individual crops, because transportation development 

generally leads to a decrease in transportation rate for all crops. The results are 

shown in Table 4. 

The responses in the closed model lead to the same trends in all crops: outward 

spatial expansion, an increase in equilibrium quantities, and falling prices. However, 

the rates of the falling prices are not the same among crops. The price of crop 3 is 

relatively less sensitive than the prices of crops 1 and 2 in response to the same ratio 

in the rate. The differences in sensitivity can be examined in the price elasticities of 

the transportation rates. This is simply computed as the percent change in the price 
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Table 4. The Effect of Simultaneous Transportation Rate Change for All Crops 

No. 

(%). 
P, P: Ps Q> Q: Qs k j 2  

(Area 1) 
kzs 
(Area 2) 

kj^aiax 

(Area 3) 

1 

(10%) 

5.6848 3.9039 4.6591 177271 I4226jt 1926271 9.412 

(88.67t) 

38.874 

(1422.67t) 

73.237 

(38 52.57:) 

2 

(20%) 

5.4718 3.7545 4.6180 18467: 15 1 9971 2177471 9.606 

(92.371) 

40.152 

(I519.97t) 

77.246 

(4354.87:) 

3 

(30%) 

5.2466 3.5922 4.5709 192271 1624971 2465571 9.803 

(96.l7t) 

41.485 

(1624.971) 

81.560 

(49317:) 

4 

(40%) 

5.0081 3.4162 4.5172 200171 17380)1 279607C 10.003 

(100.l7t) 

42.873 

(173871) 

86.198 

(55927:) 

5 

(50%) 

4.7554 3.2251 4.4559 208371 185 9971 3 1 74571 10.206 

(104.27t) 

44.318 

(18597t) 

91.176 

(63487:) 

divided by the percent change in the transportation rate. For example, in the 20 

percent reduction of the transportation rate, the elasticity coefficients are 0.35, 0.35, 

and 0.08 for crops I, 2, and 3. In the 50 percent reduction of the rate, the coefficients 

are 0.38, 0.40, and 0.10, for the three crops, respectively. As the land area devoted to 

each crop is expanded, total land is greatly increased from 48 3 2.57c units in the input 

transportation rates to 831 Iti units when a 50% reduction of the input rates is applied. 
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Figure 4. The Variation in Prices of All Activities by 
Transportation Rate Chan  ̂

5: crop 1 

crop 3 Price 

crop 2 

The Percentage of Transportation Rate Change (all crops) 

2.2 Non-Land Production Costs 

A shift in non-land production costs can also be compared in the two versions of 

the von Thunen model. Like the changes in the transportation rate analyzed for 

activity 1 above, the non-land production costs a, for the activity are now varied as 

follows: a, = 4.0, 3.5, and 3.0. The results of the consequent simulations are shown in 

Table 5. 

As in the case of the transportation rate, the three prices in the production-oriented 

model are not affected by this change in non-land production cost. The point of 
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Table 5. The Effect of Changes in Non-land Production Cost (Crop I) 

Production-Oriented Model Closed Model 

A/ =4.00 <2/ =3.50 Gi = 3.00 ai = 4.00 at = 3.50 Qi = 3.00 

PI 6.0000 6.0000 6.0000 6.4838 6.0858 5.6829 

P2 4.0000 4.0000 4.0000 4.0394 40410 4.0425 

PI 5.0000 5.0000 5.0000 4.6964 46956 4.6947 

KL2 5.714 8.571 11.429 8.364 8.944 9.495 

HI 33.333 33.333 33.333 37.583 37.626 37.670 

H.MAX 100.000 100.000 100.000 69.643 69.559 69A1A 

A, ZL.LN 73.571 130.671 70.07C 79.87t 90.271 

A2 1,078.5;: 1,037.671 980.571 1,342.571 1,335.771 1,328.97: 

AI 8,888.971 8,888.971 8,888.971 3,437.771 3,422.771 3,407.07: 

Qi 6537t 1,46971 2,61271 1,39971 l,6007t 1,8037: 

Q2 10,7857C 10,37671 9,80571 13,42571 13,3577t 13,2897: 

Qs 44,44571 44,44571 44,4457C 17,18871 17,11471 17,03 87: 
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indifference ki2 is moved dramatically outward due to the decrease in the production 

cost, as a parallel shift outward in the rent gradient for activity I occurs while the land 

area devoted to activity 2 is reduced. The land in activity 3 is not affected at all. 

In the closed model, however, different equilibrium prices are generated for each 

activity, depending upon the level of a,. The movements in price, output, and land 

area for crop I are in the same trends as in the reduction of the transportation rate. 

The price p, decreases considerably as the cost a/ decreases, while the other two 

equilibrium prices p: and pj are only marginally affected. Decreases in the non-land 

production cost a, again induce an expansion of the land area /I / devoted to activity 1; 

as in the previous case, however, the responses are less dramatic than those in 

production-oriented model. In the closed model, the land area for crop 3 is slightly 

reduced, along with the land area for crop 2. Since the reduction of land area exceeds 

the expansion of the land area for crop 1, the total land area is decreased by only a 

small amount. 

This comparative static analysis shows that changes in land uses and outputs are 

relatively overpredicted in the traditional version of the von Thiinen model, as the 

non-land production cost is decreased. 

2.3 Yields 

In agricultural history, technological advancement has been a major factor in 

enhancing crop productivity. Environmental influences, on the other hand, cause 

variations in crop yields from one year to the next. These environmental influences 
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on yield variation will be taken up in later Chapters of the dissertation. Now the case 

of yield change for a single crop is examined in both versions of the von Thiinen 

model. Simulations can be related to those historical situations where productivity 

increases have not occurred for all crops at the same time. To illustrate such changes, 

the yield of crop 1 is increased, from E, = 20 to E, = 30, in two equal steps, where 

other variables are again held constant. Like the two earlier cases, the results of these 

yield shifts are illustrated in Table 6. 

In the production-oriented model a jaeld change for a crop creates a simple 

rotational shift in the slope of that crop's rent gradient. Consequently, the land area 

allocated to crop 1 is increased by any increase in E,. However, in the closed model 

the resulting change is much more complicated in nature: here the effect is opposite 

and any yield increase actually induces a decrease in the land allocated to crop 1. 

Of course, the reason for this contraction in the land area for crop 1 is found in 

existence of demand in the market for the crop. In the condition of the demand in 

market, any increase in the production quantity per unit area induces a reduction in 

size of the cultivated area to compensate for increased quantity. In turn, the increased 

quantity has the effect of decreasing the equilibrium price p,. The other two 

equilibrium prices are also reduced but to a lesser extent. 



64 

Table 6. The Effects of Yield Increase (Crop 1) 

Production- Oriented Model Closed Model 

o
 II £, = 25 £,= 30 £, = 20 £,= 25 £,= 30 

Pi 6.0000 6.0000 6.0000 5.8848 5.6081 5.4018 

P2 4.0000 4.0000 4.0000 4.0417 4.0350 4.0298 

Ps 5.0000 5.0000 5.0000 4.6952 4.6941 4.6932 

ki2 10.000 10.833 11.364 9.223 8.578 8.047 

^23 33.333 33.333 33.333 37.648 37.509 37.403 

f^S.max 100.000 100.000 100.000 69.516 69.406 69.323 

A, 100.071 117.47t 129.171 85.171 13.6K 64.871 

A: 1,011.l7t 993.771 982.071 l,332.37t 1,333.371 1,334.571 

As 8,888.971 8,888.971 8,888.971 3,415.l7t 3,410.371 3,406.571 

Qi 2,00071 2,93471 3,87471 l,70l7t 1,84071 1,94371 

Q2 10,11171 9,9387t 9,82071 13,32371 13,3337t 13,34271 

Qs 44,44571 44,44571 44,44571 17,07671 17,05l7c 17,0337: 
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Meanwhile, we might suppose the case of yield decline for an activity, which is 

usually related to unfavorable weather condition or less intensive cultivation. 

Although the results for a yield decrease of activity 1 are not presented here, the land 

area for crop 1 will be reduced, reflecting a rotational shift in the rent gradient as E, 

decreases. In the closed model the land area will be expanded to satisfy the current 

demand in the market. The equilibrium price and output of crop 1 will be shifted in 

opposite directions to the results from a yield increase; the price p, is increased and 

the output Q, is reduced. 

Since all three agricultural markets are closed for demand in the latter case it is 

interesting to note how yield changes affect the total amount of land given over to 

agricultmre. Note that the total land area is marginally reduced from 4832.57c units for 

E, = 20 to 4788.Ttc units for £/ = 30. 

2.4 Demand Properties 

The comparative statics of transportation rate, non-land production cost, and yield 

were considered to examine the effects of change in supply determinants of the 

agricultural economy. Now interest turns to the case of how market demand affects 

equilibrium solutions; of course, this can only be addressed in the closed model. 

Dunn (1954), for one, discussed the natmre of demand for agricultural products in his 

classic study of the von Thiinen model. He considered three different determinants 

of demand, as mentioned earlier in this dissertation: (1) population size of the market 

town, (2) the preferences or the tastes of the town residents, and (3) the income of 
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these residents. He did not, however, show the effects of demand shifts in the von 

Thiinen model. Here the comparative statics of market demand are examined using 

three scenarios of the closed model. 

The first scenario, using input data fi-om Tables 1 and 2, serves as a baseline for 

the other two cases. In the second scenario, the intercept term of equation (24b) is 

changed fi-om 6 to 8, thereby producing a parallel shift outward in the demand curve 

for crop 2. This might result from an increase in the population of the market town. 

In the third scenario, a change is made in the in-market coefficient of demand for crop 

2 from A,7,=l/100007t to 1/750071. This might represent a change in either the income 

or tastes of the residents of the market town. In both cases all other parameters of the 

model are held constant. The results of these simulations are shown in Table 7. 

In scenario 2, the shift in the intercept term induces great changes in the 

equilibrium solutions for prices, land areas, and outputs. As the demand curve for 

crop 2 shifts outward, the land allocated to crop 2 increases while the lands in 

cultivation of crops I and 3 decreases. Total land area is, though, increased from 

4,832.5:: units to 5,282.27c units. The equilibrium prices of all three crops are shifted 

upward, although the change is greatest for crop 2. In order words, as would be 

expected in a closed economic system, any change in the demand for one agricultural 

activity will have implications for the demand levels of other agricultural activities 



Table 7. The Effect of Changes in Demand 

Scena
rio 

P, Ps Q> 0-' Qs ki2 
(Area 1) (Area 2) (Area 3) 

1 5.8848 4.0417 4.6952 l,70lJt 13,32371 17,0767t 9.223 
(85.17C) 

37.648 69.516 
(1,332.371) (3,415.l7t) 

2 
(5.-) 

6.0334 4.6130 4.7268 1,42471 24,27971 13,9157t 8.439 
(71.271) 

49.992 72.678 
(2,428.071) (2,783.07t) 

3 
(^2^) 

5.9312 4.2074 4.7035 1,62571 16,19371 16,24571 9.014 
(81.371) 

41.237 70.353 
(l,619.27t) (3,249.l7t) 

because of well-known income and substitution effects. 

The movement direction of the variables in scenario 3 is exactly the same as the 

direction of those in scenario 2 with reference to scenario I, but the magnitudes differ. 

The shift upward in the own-market coefficient of crop 2 also increases the land area 

allocated to crop 2, while the land areas devoted to crop 1 and 3 are again reduced. 

Again prices are bid up for all three crops, but the greatest price increase is evident in 

crop 2 itself. Changes for the cross-market coefficients can be studied in much the 

same way by using equations (24a), (24b), or (24c). 

3. Price Behavior in the Short-and Long-Run 

In the previous section, all properties pertaining to the two versions of the von 

Thiinen model were examined by the analysis of comparative statics. This section 

focuses on an economic analysis of equilibrium price and output to be derived from 

the closed model. Under two situations, the short-run and long-run agricultural 
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markets, the behaviors of price and output of a crop will be further examined in the 

context of the interaction of supply and demand curves to demonstrate the utility of 

the closed model. The short-run situation of price and output is associated with the 

yearly fluctuation of yield from agricultural production. Demand is generally 

regarded as constant in the short-run, because the demand for agricultural goods is 

assimied to be inelastic over short time periods. The long-run situation, on the other 

hand, is associated with a period in which all variables can be varied: yield can 

change due to technology advancement; non-land production cost and transportation 

rate from the supply can change; and demand due to income, population, and the taste 

of the population can also change. 

In the short-nm, supply curves are shifted, and then determine new equilibrium 

prices and outputs. The shifts of the supply curves, with a constant demand curve, are 

graphically illustrated in Figure 6. The shift of the supply curve from So to Si reflects 

a yield increase, and the resultant equilibrium price and output determined in the 

intersection of supply and demand is changed from po to p, and from Qo to Q,. Yield 

decrease, on the other hand, moves the curve in the opposite direction, from So to S:. 

This shift determines the new equilibrium values p: and Q2. Meanwhile, in the 

demand curve an interrelationship between price and output to determine the degree 

of elasticity is subject to input data, as shown in equations (24a), (24b), and (24c). 
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Figure 5. The Shifts of Supply in the Short-Run 

D 

- •  S: 

So 

O2 Qo Qi 

The demand curve in Figure 5 has a somewhat steep slope because the output change 

tends to be inelastic with respect to price changes. The interaction of supply and 

demand in the figure reveals that a small increase in production induced by the supply 

shifts can result in a large decrease in price. The falling price means that the yearly 

fluctuation in output can create an income maintenance problem for farmers in the 

short. 

Those situations of yield change in the short were already examined in the 

comparative statics of the closed model. From Table 6, consider the equilibrium price 

and output of crop 1 subject to the yield change of crop \\p, and Qi are shifted as 

forecasted in the short-nm economic analysis. Consequently, the comparative statics 

of yield change correspond with the method of a general economic analysis in the 
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short. There is, in fact, no time dimension in the closed model, but the 

correspondence suggests that the comparative statics of the closed model can also be 

used effectively to analyze short-term trends in agricultural product prices. 

In the long, the impact of actual or potential changes in demand and supply are 

considered, and yearly fluctuations of yield are ignored. The comparative statics of 

the closed model can also provide insight into a long-term analysis of agricultural 

product prices. Let's consider supply and demand in Figure 6. The figure shows the 

movement of demand curves from Do to £)/ to D2, along with that of supply curves 

from So to Si to S2. The initial equilibrium price and output created from the demand 

curve Do and the supply curve So are Pi and Qi. Let's first consider a demand shift 

from Do to Z)/, holding the supply structure constant, in order to predict the effects of 

changes in supply and demand. This situation would lead to a higher price and 

increased output as seen in the demand change of the previous section. Then the 

supply curve moves from 5^ to 5; and, therefore, creates a new equilibrium solution 

P: and Q2. Further movement of supply and demand curves creates P3 and Qj. The 

equilibrium prices continue to fall and, therefore, the equilibrium outputs keep being 

increased. The falling prices in the long-run suggest that the supply shifts due to 

technological advancement in production surpass the increases in demand for 

agricultural goods due to population growth. 
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Figure 6. The Shifts of Supply and Demand Curves 
in the Long-Rim 
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In order to numerically illustrate the shifts, three scenarios are presented in Table 8 

using the closed model. However, the spatial arrangement of each crop is not 

considered here in order to focus on the long-term trends for equilibrium prices and 

outputs. The first scenario represents the results from the input data from Tables 1 

and 2 to denote an initial equilibrium status. The second scenario represents the 

equilibrium price and quantity due to supply and demand shifts in which the intercept 

in the demand curve of crop 2 is changed from 5.1 = 6 to S, = 7.5 and its yield is 

increased from £7 = 10 to £5 =12. The third scenario represents the results of frirther 

shifts of supply and demand in which the intercept 6: equals 8.5, the transport rate/, 

is reduced from 0.05 to 0.03, and the yield £j equals 12.5, each measured in 

appropriate units. 
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Table 8. The Effect of Simultaneous Changes in Supply and Demand 

Scenario 

No. 

P, P2 Pi 0/ a Si 

1 5.8848 4.0417 4.6952 170 l7t 1332371 1707671 

2 6.0795 4.3230 4.7084 142771 2263471 1530371 

3 5.7872 3.6863 4.7315 134071 350817C I23897t 

Note, in particular, the behavior of the prices and outputs for crop 2 from the 

Table, because it is more difficult to discern the underlying causes for the results of 

the other crops that are placed in indirect effects for the change of crop 2. Scenario 2 

reveals higher values with respect to both equilibrium price and output than does 

scenario 1. The equilibriimi status in scenario 2 implies that the magnitude of the 

demand shift is much larger than that of the supply shift and, consequently, the 

equilibrium price is higher than the price in scenario 1. In scenario 3, however, as the 

supply shift proceeds further from the cost reduction and yield increase, the new 

equilibrium price is considerably lower in spite of the further demand shift, and the 

output is also increased. This situation clearly reflects the expected long-term trends 

of price and output for agricultural products, as graphically depicted in Figure 6. 

Therefore, such change in the long has an implication; that is, without an intervention 
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in agricultural product prices, market forces would drive some farmers out of business 

due to technological advancement in agriculture. 

Ekelund and Tollision (1986) have examined the effects of falling prices in the 

long-run with respect to U.S. agricultural products. From 1950 to 1984, output per 

unit almost doubled, in spite of a decline in the number of both farms and fanners. 

Rapid developments in technology have allowed agricultural product prices to fall 

while input prices have increased, and farmers' income has fallen as a result. 

Specifically, farm income has fallen from about 19 billion dollars in 1950 to 8 billion 

dollars in 1984. The researchers stated that an increasing number of U.S. farmers 

were experiencing business failure in 1985, and the problem was exacerbated by 

falling land prices. 

Summary 

In this chapter, comparative statics analysis were applied to both versions of von 

Thunen model, and then both short-and long-run analyses of agricultural market were 

investigated in the context of the closed model. The comparative static analysis 

showed that the production-oriented model is obviously lacking in several respects. 

While the model has clear descriptive merit, the numerical analysis of the first part of 

this chapter makes it very clear that the traditional model, which only addresses 

production or supply in the various agricultural markets, is simply not very useful for 

making comparative-static predictions. The production-oriented model relatively 

overpredicted land change in response to parameter changes (transportation and 
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production costs) involved in the model. Yield change in the production-oriented 

model induced an opposite land change to the closed model. It was concluded that 

land reduction in response to yield increase in the closed model can be attributed to 

the compensation effect under the condition of constant demand. Further, yearly 

fluctuation of )deld was associated with the short-run economy with regard to price 

and output behaviors in the markets, as shown in the comparative statics. Finally, a 

long-run agricultural problem— a continuously falling price and its influence— has 

been discussed using a simulation of the closed model. 
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Chapter 5 

THE EFFECT OF CLIMATE ON AGRICULTURAL 
PRODUCTION AND THE CLOSED MODEL 

1. Introduction 

Most studies in the framework outlined by von Thiinen have not considered 

physical conditions which are the most fundamental factors in agricultural production, 

while the other classical rent theory generalized by Ricardo incorporated the physical 

environment in order to explain differential rent levels: 

as there are lands of different fertility, they are successively brought into 
cultivation, starting from those of which the degree of fertility is highest. 
Even if all the land is of the same degree of fertility, there will be lands 
which are worse, because they are farther from the market place (p. 191, 
Eatwell et al, 1987). 

Later, McCarty and Lindberg (1966) described the different land qualities and 

rents in the form of an "optima and limits" schema, in order to improve deficiencies 

in the von Thiinen theory. The schema shows how two combined variables, 

temperature and precipitation, act with respect to variations in agricultural 

productivity; there are optimum conditions, less favorable conditions, and then 

physical limits for producing a particular crop. Furthermore, McCarty and Lindberg 

associated the physical optima and limits with the economic optima and limit. By 

combining the physical and economical factors in agricultural location theory, the 

schema provides a much more accurate description of agricultural production and rent 
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variations. As indicated by the authors, however, the schema has not been applied in 

a field application. 

The primary purpose of this chapter is to demonstrate how the closed model 

developed in the previous chapters can be related to the McCarty and Lindberg's 

schema. In the first section of this chapter, climatic variability is examined with 

respect to its effects on yield variation. The state of Nebraska in the Great Plains was 

selected, and the main crops in the state are empirically analyzed to examine the 

interrelationships between yield variation and climate variability. Then, in the second 

section, empirical yield variation that is attributed to climatic variability is linked with 

the closed model to illustrate physical and economic relationships within the von 

Thiinen fi-amework. 

2. The Effect of Climatic Variability on Crop Yields 

The fact that weather causes substantial year-to-year fluctuations in crop yields 

has led to a number of crop-weather analyses to evaluate the contributions of 

composite weather variables to crop yields. In recent years, some studies 

(Rosenzweig, 1990; Riebsame, 1990; Carbone, 1995) have placed more emphasis on 

the soil-plant-atmosphere interface, but most crop-weather analyses have traditionally 

employed empirical regression models based on simple variables such as average 

temperature and precipitation. Depending on the availability of data, the analyses 

have been based on crop types and the periods of observed variables. Those studies 
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have commonly used die following regression equation or its variations to measure 

yield variability. 

Yi = a, + biT + c,Temperature + rf,Precipitation (26) 

where T is the time trend, and a, b, c, and d are the estimated parameters. 

Because the variables of time trend and two weather variables are closely related 

to each other in agricultural production, some researchers (French and Headley, 1989; 

Day, 1965) have paid more attention to the time trend through time series analysis. 

However, the primary interest in this study is on climate variability and its 

consequences. In many empirical regression models, studies in regional scale are 

especially noted in order to examine the relationship between climate patterns and 

crop yields. Most studies at regional scale were devoted to the Canadian Prairies 

region (Williams, 1969, 1972; Williams et al., 1975), the Great Plains region 

(Thompson, 1969, 1970; Bridge, 1976) or its sub-regions (Runge and Odell, 1958, 

1960; Buller and Lin, 1969; Swanson and Nyankori, 1979), and the Soviet Union 

(Desai, 1986) because crops in these regions have been cultivated primarily by dry 

fanning, which is vulnerable to weather variations (Rosenzwig, 1990). 

The major crops in the Great Plains are currently com, wheat, soybeans and 

sorghum. Nebraska is ranked high in the nation in the production of all four crops, 

but it has experienced periodic droughts in this century. In order to analyze the 

effects of climatic variations, complete data for both climate and yields are available 

from 1910 to 1991. The yield data were obtained from Nebraska agricultural 
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statistics, and climatic data was obtained from monthly U.S. weather reports and 

historical climatology series. Soybeans yield data are not available for earlier periods 

because soybeans were not cultivated extensively in Nebraska until 1938. Thus 

soybeans are excluded from this study, although the crop is currently very competitive 

with other crops in terms of price, and their area of cultivation continues to increase. 

Wheat in Nebraska is mostly winter wheat that has its critical conditions in April, 

May, and June, while com and sorghum have the same critical conditions in June, 

July, and August. In addition, in order to remove spurious correlations between 

yearly weather and agricultural production, only data for the main growing and the 

main maturing month were used for each crop, though pre-season moisture in the soil 

is also an important factor. 

Prior to the examination of weather variability and its effect on the three crops, a 

previously produced graph depicting the relationships between com yields and 

precipitation is redrawn in Figure 7 (Smith, 1905). The com yields in the figure 

show a similar movement with total precipitation in June, July, and August for the 

period 1888 to 1902. This graph underscores the critical nature of weather patterns 

for agricultural production before the advent of modem technology and, in particular, 

the importance of precipitation for com. 

Based on the yield trend and precipitation pattem, yield trends for each crop are 

plotted for the years from 1910 to 1991 in Figure 8. The figure shows a flat level of 
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Figure 7. The relationships between Com Yield and Precipitation in 1888-1902 
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production until the late 1940s or early 1950s, and it is noted that the drought years of 

the 1930, the Dust Bowl, are reflected in the low levels of production in all three 

crops. Since around 1950, the three crop yields show rapid upward movement. Then 

yearly fluctuations in crop production follow, but two critical drought periods are 

clearly shown in the figure: the five years of drought from 1952 to 1957, and the 

drought in the early 1970s. As shown in the plot of figure 8, each crop reveals a 

different slope of movement, and the upward trend of each crop began in different 

years. The upward movement for com had ahready begun by the middle of the 1940s, 

and has steadily increased since 1955. Williams (1977) attributed the phenomenal 

increase in com yields to several factors: the steady increase in acreage under 

irrigation, the use of nitrogen fertilizer and chemical pesticides, the planting of several 

different types of hybrid com, and more effective management. Ross (1977) pointed 

out that hybrid sorghimi which was first cultivated in 1957 has dramatically 

increased its yields. On the other hand, Nebraska wheat has not seen a dramatic 

increase in yields, although it has experienced a slight upward trend since 1950. The 

year 1950 in this study is assumed to be a watershed year for purposes of 

differentiating the extent of technology applications to agriculture. 

Shaw and Durost (1965), who studied com yields in Iowa from 1929 to 1962, 

described technology trends by applying a 9-year moving average. Deviations in 

yield from that average were regarded as being attributed to weather. Thompson 

(1969) assumed two time trends for com yields in the Cora Belt (Illinois, Indiana, 



Figure 8. The Trend of Yearly Yield for Corn, Sorghum, and Wheat in Nebraska 1910-1991 
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Iowa, Missouri, and Ohio) from 1930 through 1967; 'technology was introduced 

gradually from 1930 to I960' and 'technology was adopted more rapidly after I960'. 

French and Heady (1989) put forth time trends analogous to Thompson's division 

with respect to technology development; low technology (1931-45) and high 

technology (1967-81). With respect to time trends in this study, in order to 

simultaneously employ moving averages for time trends of the three crops, it is 

believed that it is desirable to differentiate two different production patterns in the 

years from 1910 to 1991. The year 1951 conveniently segments the period into two 

41 year periods of observation. However, as Shaw (1964) indicated: 

To assume that technological change occurs at the same rate over periods 
is less than satisfactory... There is reason to believe that the rate of 

technological advancement changes markedly over time and the introduc
tion of new varieties, such as hybrids, has a pronounced effect on yields. 
Once everyone has adopted the new variety, however, yield remains at a 
new level until another yield increasing improvement becomes available. 
Only if yield improvements were being made available and adopted 
continuously (each having the same yield effect would a straight-line 
or constant rate of change) adequately describe the trend in yields due 
to technological change. Even here, if an interaction exists between 
the yield improvements, a constant rate of change would be inappropriate 
(Shaw, 1964, p. 219). 

Although this type of assumption has evoked critical comments, it still appears a 

reasonable assumption given the unknown contribution of technology on yields. 

Therefore, it is assumed that no technological advances were made available in the 

first period from 1910 to 1950. This assumption receives some support with 

reference to comparison of com yields. That is, when the average yield of com 



production from the period 1910-1950 is compared with the com yields (graphically 

shown in figure 8) from 1888 to 1902, the average yields in the former period were 

26.3 units per acre, whereas those in the latter period is 26.0 units. The moving 

average of com yields from 1910 tol950 tends to offset very low yields due to the 

long drought of the 1930s with some gains in the 1940s. After 1950, the technology 

trend can be assumed to contribute linearly to crop productivity. 

Based on the two assmnptions (i.e., no-technological change for the first period, 

and a linear trend of technological advancement for the second period), the variation 

in yield trends for the three crops is presumed to be due primarily to climate 

influences. Thus, for the second period, the variations for each crop, which are the 

residuals from a regression equation, were obtained from the regression function 

presented in Table 9. 

Table 9. The Estimated function of Yield for Each Crop in 1951-1991 

Crops Intercept Coefficient 
of Year 

R- Standard error 
of estimate 

Com - 5264.048 2.712 0.913 0.135 

Sorghum - 2650.386 1.373 0.638 12.536 

Wheat - 885.690 0.465 0.567 4.928 
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First, for comparison with crop yields from 1888 to 1902 based on three months 

total precipitation, multiple correlation between the residuals from the moving 

average yield trend, and precipitation and temperature, were compared between the 

first period (1910-50) and the second period (1951-91). For reference, the correlation 

value is r = 0.674 between com yields and the 3 months total precipitation for the 

years 1888-1902. 

From Table 10, it can be seen that the variations in com and sorghum yields are to 

some degree related to the three month total precipitation (June through August) and 

the three month average temperature. The correlation reveals that the climatic 

influence on com throughout the first period does not differ from its influence in the 

late nineteenth century, but the variability in the wheat yield is not explained by 

precipitation and temperature (April through June) for the first time period. 

Table 10. Correlations of Yields with Precipitation and Temperature 

1910-50 1951 -91 

Multi. corr. Corr. 
(precip.) 

Corr. 
(temp.) 

Multi.corr. Corr. 
(precip.) 

Corr. 
(temp.) 

Com 0.741 0.661 0.710 0.493 0.409 0.448 

Sorghum 0.601 0.514 0.588 0.459 0.453 0.296 

Wheat 0.393 0.189 0.393 0.195 0.159 0.056 
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For the second time period, the three crops are weakly related to weather 

variability. All correlations from climatic variables are not beyond 0.5. These low 

relationships reflect the fact that modem hybrids of crops have improved their 

resistance to environmental stress, and agricultural practices have considerably 

reduced dependence on climate variability through irrigation and other means. The 

complex relationship points up the need for more elaborate technique than simple 

regression analysis to account for crop-weather relationships. More sophisticated 

techniques, such as weather indexes and drought severity indexes, have been 

developed and applied in recent years. 

The objective of this study is to examine the general relationship between yields 

and climate conditions (wet or dry), rather than the relationships between each 

month's weather and yields as attempted in most crop-weather analyses. Due to less 

refined data (monthly data), the analysis for the three crops is limited to the first 

period. For this period, the climate variables should be assumed to be related to 

yield in a curvilinear pattern. Considering that precipitation is emphasized more than 

temperature with respect to yield, a quadratic term for precipitation can be added. 

Therefore, a regression model for each crop is presented as follows: 

e,- = a,- +6,T + c,P + di P'^ (27) 

where e, is the residual from the estimated value for yields, and bu Ci, and di are 

coefficients for each term. 
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Table 11. The Estimated Function of Yields with Climate 

Coefficient Coefficient Coefficient 
Residual Constant of temp. of preci. of quadratic S.E.E 

term in preci. 

Com *•76.308 • -1.582 *7.319 * -0.309 0.635 4.996 

Sorghum *•51.995 •* -0.978 ** 3.753 *** -0.167 0.421 4.110 

Wheat •*33.459 •• -0.684 ***1.634 *** -0.087 0.173 3.665 

* significant at I percent, ** significant at 5 percent, and *** significant at 10 

percent 

Note that the coefficient of determination (R^) for wheat is very low even in the 

first period. This low value appears for two reasons. One is the inappropriate 

assumption of a critical season (i.e., winter wheat in Nebraska is planted from 

September to October of the previous year). The other is the application of quadratic 

terms for precipitation which do not correlate well with wheat yields. However, com 

is relatively highly related to the climatic variables. In this analysis, the monthly data 

provide a limited explanation for yield variations. Short-term (weekly, five-day or 

daily) weather variability would provide more insight into yield variability. 

On the other hand, weather patterns of each month from the three month data 

explain good or bad conditions for each crop production. The monthly weather 

conditions were reported well from previous studies, and the previous results were in 

part identified in preliminary analysis of this study. A diagrams (refer to Tables 11 
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and 12) depicting the interrelationships between climate and yields also show some 

characteristics of previous results. 

(1) Com: The precipitation for June correlates negatively with com jaelds. July is 

the primary com growing month, and both normal and above normal precipitation 

correlate with the highest jdelds, whereas below normal precipitation shows a strong 

adverse effect. In terms of temperature, higher than normal temperature in August and 

below normal temperature in June correlate negatively with com yields. Slightly 

below normal temperatures in July and August are associated with the highest yields. 

(2) Wheat: The highest yields are associated with normal temperature and 

precipitation, below normal precipitation in May and June, and below normal 

temperature in May and June. The most detrimental effect to wheat is associated with 

higher than normal temperature. 

(3) Sorghum: The effects of weather on sorghum jdelds are similar to those on com 

yields, except that sorghum is more tolerant to heat and drought. 

3. The Relationships of Climatic Variability With the Closed Model 

In addition to the direct effect of climatic variability on crop yields, climatic 

variability can indirectly affect crop price, output, farmers' income, their decision

making for next year's crop selection, and government policy. These interrelated 

factors with weather variability have rarely been considered in agricultural location 

theory. The closed model can be effectively used to illustrate the effects of weather 
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variability and, in particular, its indirect influence on prices and output levels of crops 

and land use. To incorporate the effects of climatic variability into the closed model, 

a method based on the "optima and limits" schema is implemented within the 

framework of agricultural location theory. 

First, yields are assumed to be dependent primarily on climatic variables 

(temperature and precipitation). Then the specific combination of the two variables is 

assumed to determine the extent of crop yields. From historical climate records, the 

frequency and average yields for each crop as determined by the two variables can be 

presented. Using this conceptual framework, the first-period data for the three crops 

in Nebraska are used. Because com and sorghum are both cultivated in the summer 

season, they can be put together in the following diagram of Table 12. 

The table shows the frequency of the climate patterns and the resultant yields for 

com and sorghum, while Table 13 presents the climate pattems and its effect on 

wheat. Note that the 4 x 4 matrix as well as the range of temperature and 

precipitation can be adjusted, depending upon the scale of study area. If a large scale 

is included in the diagram, the regional weather distribution pattems can be extended 

accordingly. The average values of temperature and precipitation for com and 

sorghum are 73.2 degrees and 8.90 inches, respectively. From Table 12, two cells 

have only one frequency of the climate distribution. If these low frequency cells are 

excluded, good weather for com and sorghum can be figured out. The cells in the 
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Table 12. The Frequency and Average Yield of Cora and Sorghum in 
Nebraska from 1910-1950 

2 
[com; 3.35) 
(sorghum; 13.1) 

4 
(com; 16) 
(sorghum; 12.35) 

7 
(com; 18.44) 
(sorghum; 13.67) 

11 
(com; 24.71) 
(sorghum; 17.1) 

7 
(com; 28.92) 
(sorghum; 19.64) 

1 
(com; 33.1) 
(sorghum; 20) 

4 
(com; 29.18) 
(sorghimi;21.38) 

4 
(com;27.13) 
(sorghum: 19.03) 

I 
(cora;30.5) 
(sorghimi;18) 

4 (inch) 6 8 10 15 

Precipitation 

middle rows and right columns show relatively high yields. That is, normal and 

higher precipitation is related to high yields. Also, the upper left comer cell reflect 

extreme weather, which corresponds to the 1930s' drought years. Note that sorghum 

is less sensitive to this type of weather, compared to com. These results correspond 

with the results from the summary conceming weather condition and its effects on 

yield in the previous section. 

The mean values of temperature and precipitation for wheat are 59.4 degrees and 

9.14 inches, respectively. From Table 13, it is apparent that wheat yields are low in 

the top row, which supports the previous results that high temperature is detrimental 
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Table 13. The Frequency and Average Yields of Wheat in 
Nebraska from 1910-1950 

66F 
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7 6 4 1 
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2 4 3 5 
(16.9) (14.28) (16.39) (16.04) 

1 3 1 
(19.1) (19.47) (20.9) 

4 
(16.53) 

4(inch) 

Precipitation 

11 

Temp. 

15 

to wheat. The variability in precipitation is not manifested in terms of the difference 

in yields. This in part explains why the multiple correlation was low. 

This scheme enables a determination of the extent to which various combinations 

of temperature and precipitation affect the variability of crop yields. Another merit 

of the scheme is that it allows for an easy comparison of climatic distribution and its 

effects on crop yields among regions. The frequency in the above tables can be 

interpreted as climate probability (i.e., climate that is likely to occur) in a region. 

Next, the yields resulting from the above climatic pattern can be integrated into 

the closed model. After the construction of the 4 x 4 matrix for climatic distribution, 

price, output, and land area for each crop can be examined in the closed model 

developed in Chapter 3. 
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To illustrate weather variability in the closed model, yield variations in Nebraska 

are considered only for the first period, 1910-50. However, this application is subject 

to some limitations with respect to implementation in a real and historical agricultural 

market. First of all, the data required to determine non-land production costs is 

almost nonexistent; the markets for grain- Omaha, Chicago, Kansas City, St. Louis, 

and Miimeapolis— are diverse; and, in addition, related transportation costs are not 

easily obtainable. Due to these limitations, the hypothetical data set used in Chapter 4 

is used to illustrate the effects of weather variability with the exception of the yield 

data. 

The 4x4 matrix for climatic variability permits 16 different cells for average 

yields for each crop. However, some of the cells within the matrix do not correspond 

to Nebraska data. Com and sorghum are characterized by 9 different climate patterns, 

while wheat is characterized by 10 different patterns. Another limitation of direct 

comparison is found in the seasonal relationships of wheat with com and sorghum. In 

reality, the crops have been rotated to offset the low fertility of the land. The earlier 

growing crops are mostly rotated with crops cultivated in the summer season. Wheat 

is an example of this rotation. If the same season crops com, sorghum, and soybean 

(that was not cultivated extensively until 1938), are the crops related to this study, it 

appears that crop competition in land use is much clear. Thus, due to a weak 

competition between wheat and com, and wheat and sorghum, yearly wheat yields are 
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input into the weather matrix ceils of com and sorghum, ignoring its climate pattern. 

In addition, a unique cell of wheat in the 4 x 4 matrix is ignored. 

Based on the weather matrix for com and sorghum, the properties of the closed 

model are presented in Table 14. Although the results do not represent the actual 

prices, outputs, and land areas in Nebraska agricultural history, it is interesting to 

note that the extreme weather conditions of the upper left comer of the table does not 

bring an equilibrium status in the model using the mixed data (real data for yield, 

hypothetical data for production and transportation costs and market demand). The 

cell in the comer for com and sorghum corresponds with the years of the 1930s' 

severe drought. This might suggest chaos in agricultural markets. In the climatic 

distribution, the highest prices and the largest land areas for each activity are found in 

the first row and the second column of the table. The lowest price and the smallest 

land area for each activity are scattered along precipitation variation; the price and 

land area for com (crop 1), sorghum (crop 2), and wheat (crop 3) are found in the 

second, the third, and fourth columns with the same temperature range, the third row, 

respectively. When the land areas are compared among cells, it can be seen that a 

favorable weather induces a reduction of land area, which was indicated as one of the 

major characteristics in the closed model. 

Furthermore the climatic distribution and the distributions of properties in the 
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*1,2, and 3 denote com, sorghum and wheat, respectively, and in the cell in the 
upper left comer which is extreme climatic condition for crops there is no equilibrium 
status. 
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Table 15. The Mean and Variations for Each Crop in the Closed Model 

Mean Standard Dev. Coefficient of Var. 

Price of Crop 1 5.847 0.234 0.040 

Price of Crop 2 3.747 0.117 0.031 

Price of Crop 3 4.522 0.021 0.005 

Output of Crop 1 1,628.371 96.97C 0.059 

Output of Crop 2 14,997.371 808.471 0.054 

Output of Crop 3 28,206.2:1 l,257.47t 0.045 

Area of Crop 1 68.671 11.271 0.163 

Area of Crop 2 890.671 111.771 0.125 

Area of Crop 3 1,766.371 135.87t 0.077 

closed model, using the mixed data mentioned above during the first time period, are 

examined with reference to some statistics such as the mean, standard deviation, and 

coefficient of variation in Table 15. The comparison of the statistics for the properties 

for the three crops reveals that although the land area devoted to com is small, it is 

relatively mobile in land change. Also, com would command a higher price than the 

other two crops, but its yearly fluctuations are much higher. In other words, if 

farmers choose to cultivate crop 1, they would take a higher price risk. Wheat, on the 

other hand, is largely unaffected by climatic variability with respect to all its 
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properties. The issue of price variability relating to farmers' decision-making under 

environmental uncertainty will be discussed in Chapter 7. 

Summary 

This chapter has tried to interconnect climatic effect on yield and the closed 

model. An empirical study have been taken in the first part of this chapter using 

the agricultural data for com, sorghum, and wheat from 1910 to 1991 in Nebraska. 

The multiple regression analysis showed that the earlier years, 1910-50, are 

somewhat related to climate variability for the three crops, though those crops are 

different in terms of the extent of interrelationship, while the later years, 1951-90, 

are quite weakly related to climatic variability due to unknown factors such as 

irrigation and advancement of agricultural technology in this study. In the second 

part of this chapter a conceptual framework has been proposed, adapting the 

McCarty and Lindberg' schema. Through the framework, the effects of climatic 

variability on the closed version of von Thiinen model have been examined using 

the relational data of yields for each activity in the earlier years in Nebraska. 
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Chapter 6 

AGRICULTURAL LAND USE UNDER ENVIRONMENTAL 

UNCERTAINTY BASED ON THE PRODUCTION-ORIENTED 

MODEL 

I. Introduction 

In previous chapters, the closed von Thiinen model has been developed, and 

discussed in the context of supply and demand conditions of agricultural markets. In 

this chapter and Chapter 7, models reflecting farmers' decision-making under 

uncertainty will be further developed based on the two versions of the von Thunen 

model, and a behavioral perspective will be incorporated into the models. These 

models will again be simulated to explore the behaviors of the involved properties. 

Prior to considering farmers' decision-making models in closed two-dimensional 

economy to be developed in Chapter 7, this chapter deals with farmer's decision

making models based on the production-oriented model. 

The normative approach for land use analysis, including the von Thunen model, 

assumes the complete availability of information. Such an assumption was criticized 

by Simon (1959) who asserted the concept of bounded rationality to understand the 

decision-making process, instead of the perfect rationality of human behavior. In 

geography, Wolpert (1964) adopted Simon's concept in his study of Swedish farmers' 

labor productivity in an uncertain envirormient, and argued that farmers demonstrated 
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satisficing behavior. Although this term "satisficing behavior" has elicited criticism, 

Pred's (1967) interpretation still seems most reasonable; decision-makers, who have 

(a) neither a perfect ability to use this information (quantity and quality) base, (b) nor 

a perfect ability to acquire this information, tend to show satisficing behavior. 

The implication of satisficing behavior is that farming is a very complex activity 

and that farmers make decisions to reach a certain level of economic returns rather 

than trying to achieve maximum levels. Surprisingly, however, few attempts have 

been made to operationalize this notion in the location theory literature. With regard 

to agricultural land use decision making, farmers' uncertainty and risk are quite 

broad, and they include lack of perfect information about market price, yield, 

government program, and agricultural management. Among various factors, 

environmental uncertainty (or climatic variability) and price uncertainty have been 

regarded as a typical concerns involved in farmer's agricultural decision-making 

(Webber, 1972). Since the works of Davenport (1960), Gould (1963), and Wolpert 

(1964), geographers have shown some interest in studying agricultural activity in the 

face of envirormiental uncertainty. 

In this chapter, fanners' optimistic decision-making under enviromnental 

uncertainty can be associated with an expected return model which assumes that 

farmers precisely recognize their economic return in light of their long-run farming 

experience in given environmental conditions. Farmers' pessimistic attitude can be 

related to a guaranteed return model that reflects farmers' behavior to maximize a 
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guaranteed return under worst environment. However, most farmers make decisions 

in a range between the two extreme behaviors. For a behavioral perspective in land 

use, the Hurwicz (1950) model of imputed risk will be used to combine the two 

models. Conceptually, individual decision-making on land use can be extended into 

collective land use patterns because land use in space is the representation of 

individual farmer's land use. 

2. Expected Return Model 

Cromley (1982) has pointed out that farmers maximize long-run returns by 

estimating the highest expected rents at each distance k from the market, based on the 

production-oriented model. The expected returns depend upon the magnitudes of the 

two environmental state probabilities and the associated yield for each state. It should 

be pointed out that this approach is different from the gambler-type approach to 

farming. In the gambler-type approach farmers entertain completely risky behavior 

and assume that annual envirormiental conditions will be most beneficial: they 

allocate their land to different crops assuming that a "best-case scenario" will occur 

each year. The gambler type of farming cannot be presumed to be a result of long-run 

experience and does not well reflect reality. 

To consider the more realistic expected-retum approach, first assume that there 

arey = 2 environmental states, which can simply be called wet years and dry years. 

The yield £,y for activity i varies with the environmental state, but other parameters 

(price Pi, the non-land production costs a-,, and the transportation rateyj) are assumed 
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to remain constant regardless of climatic conditions in the production-oriented model. 

These environmental states could be nvmierous, but only two states are used in the 

research. Attention is not given to how aimual fluctuations in yields might affect 

farmers' behavior. 

Given these assumptions, three expected-value bid-rent functions, combining the 

two environmental states, can be constructed as follows: 

ER,(k) = 0/ - a, -f,k)] + (l-<j)) [£/. {p, - a, -f,k)] (28a) 

ER2(k) = (j)[E2, ipi - a. -fik)] + (1 -(|)) [E22 (P2 - a. -f2k)] (28b) 

ERj(k) = (J>[£i/ (PS - O} -fjk)] + (l-<j)) [E32(PJ - AS -fSk)] (28c) 

where 0 < (j) < 1 

(|) = the probability of enviroiunental state 1 (i.e., wet) 

(1- (j)) = the probability of envirormiental state 2 (i.e., dry) 

E/i, £/j= the yield of crop 1 in envirormiental states 1 (wet), and 2 (dry) 

E2h E22 = the yield of crop 2 in environmental states 1 (wet), and 2 (dry) 

En, E32 = the yield of crop 3 in envirormiental states 1 (wet), and 2 (dry) 

It is an easy matter to estimate the expected yield E,*, E2*, and Ej*, for each of these 

three activities in any given year: 

E,*=^En + (l-mi2 (29a) 

£, * = (()£,/ + (1 - (())£,, (29b) 

Ej*=ifEs, + (l-^)Es2 (29c) 
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Now the indifference points k,2. and the extensive margin ks_„ax are directly 

obtained from the equations (28a), (28b), and (28c), as was done earlier in this 

research for the situation of environmental certainty: 

k,2 = {[En + ^{E,, - E,2)\{pi - a,) - [E22 + <!>(•£.'/ - ^-'.')](p: - a.')}/ (30a) 

{[E,2 + ̂ {En - E,2)]f, - [E22 + HE2, - E22)Y2} 

k23 = {[E22 + ^{£21 - E22)\{P2 - fl-') - [E32 + <t»(£i/ - Ej2)\{p3 " Qj) K (30b) 

{[£,, + (|)(£,; - £,,)!/; - [Es2 + ifi.Es, - Es2)]fs} 

ks.max= (P3 " Qi) //i (30c) 

As a result, the land area for each crop, and the resulting output of each crop, can 

also be solved for the case of two-state environmental uncertainty. The land area 

devoted to each crop is simply computed by using equations (19a), (19b), and (19c), 

while the outputs Q,, Q2, and Qj are obtained by substituting E,* for E,, E2* for E2, 

and E}* for £jand then applying equations (20a), (20b), and (20c). Note at the outset 

that the indifference points k,2 and k2j are also a fimction of the probability of each 

environmental state. 

The following input data in Table 16 are different from those used in chapter 3, in 

order to facilitate the analysis due to yield change subject to weather condition. The 

Table shows that the highest yields of crops 2 and 3 are obtained during dry years, 

while a wet environment decreases the respective yields of these two crops. On the 

other hand, crop 1 has its highest yield in a wet environment and its lowest yield in a 

dry environment. 
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Table 16. Input Data for Environmental Uncertainty 

Crop 1 Crop 2 Crop 3 

Yield: wet (£,/) 20 10 5 

Yield: dry (Ea) 10 18 30 

Price (pi) 6 4 3 

Cost (a,) 3.25 2.00 1.50 

Transport 
Rate^ 0.20 0.05 0.01 

Substituting the data of the Table 16 into the above equations, the rent gradients of 

the expected-value model can be calculated. Note first, for crop 1, that the two 

extreme weather conditions, (|» = 1 and (j) = 0, form much different expected-value 

bid-rent functions. These two bid-rent fimctions are ERi(k) = 55 -Ak and 27.5 - Ik, 

respectively. For crops 2 and 3, extreme weather conditions are again represented by 

(|) = 1 and <t» = 0: here the rent gradients are ER2(k) = 20 - 0.5k and 36 - 0.9^^ for crop 

2, and ERsCk) = 7.5 - 0.05k and 45 - 0.3A: for crop 3. However, most expected-retum 

rent gradients will be placed between these two extreme values. For example, in the 

case of (|i = 0.8, the rent functions for ER,(k), ER2(k), and ER/k) are 49.5 - 3.6^, 23.2 

- 0.58^, and 15 - O.IA:, respectively. As in the environmentally certain versions of the 

von Thiinen model, these expected-retum bid-rent functions serve to indicate which 

crop will be grown at any given distance from the market town. The indifference 
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points and the extensive margin can be simply obtained by setting ERi(k) = ER2(k), 

ER2(k)= ER}(k), and ER3(k)= 0. 

Table 17. The Effect of Changes in Environmental State 
(({) = l.O, 0.9, 0.8, 0.7, and 0.6) 

Probability 

«t)) 

Q> Q: Qs k,2 
(Area 1) 

k23 
(Area 2) 

ks^max 
(Area 3) 

1.0 2,000jt 6,716.071 108,642.071 10 

(10071) 

27.778 

(671.671) 

150 

(21,728.471) 

0.9 1,679.571 4,395.971 165,034.371 9.402 

(88.471) 

22.258 

(407.071) 

150 

(22,004.671) 

0.8 l,365.lTt 2,505.671 222,081.671 8.709 

(75.871) 

15.083 

(216.07t) 

150 

(22,208.271) 

0.7 1,059.871 l,079.3n 279,382.771 7.896 

(62.37t) 

12.222 

(87.071) 

150 

(22,350.671) 

0.6 16%2TI 138.171 336,622.871 6.929 

(48.071) 

7.647 

(10.571) 

150 

(22,441.57:) 

Table 17 shows various solutions for the production-oriented model, where the 

probabilities (|> = I, 0.9, 0.8, and 0.7, denoting generally wet conditions, are used in 

equations (28a), (28b), and (28c). The outer cultivation radius of crop 1 moves 

inward from = 10, to ki: = 9.402, 8.709, 7.896, and then 6.929 distance units as 

the probability of a wet year declines. Likewise, these changes shift the outer 

cultivation radius of crop 2 from 27.778, to A:.v= 22.258, 15.083, 12.222, and 
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7.647. It is worthwhile to note that the maximum radius of cultivation, for crop 3, is 

always maintained at k3_„ax =150 despite these changes in environmental probabilities. 

Land areas and outputs of crops 1 and 2 are reduced as environmental conditions 

become increasingly less wet. The land devoted to crop 2, and its related output, are 

especially reduced from their high levels during wet years as drier conditions become 

increasingly more probable. On the other hand, the land of crop 3 expands further 

inward, and the output of crop 3 steadily increases, with these same probabilistic 

shifts in environmental conditions. 

If the probability of the wet environmental state is 0.5, the probabilistic bid-rent 

functions are ERi(k) = 41.25 - Zk, ER2(k) = 28 - 0.7^, and ERiCk) = 26.25 - 0.175^. 

The indifference points are, k,, = 5.761 and kjs = 3.333, in the numerical 

computation. This situation arises due to the competitiveness of crop 3 in dry 

climatic conditions, and the new indifference point (k/j = 5.310) between crops 1 and 

3 is obtained inside the indifference point between crops 1 and 2. This change in the 

rent gradients means that just two active crop activities in land use, among the 

possible three crop activities, are actually undertaken. The new land use pattern 

shows only two crops, 1 and 3. This is graphically presented in Figure 9. 

As the values of (j) continue to decline to 0.5, 0.4, and 0.3, the outputs and land areas 

of these two crops are shown Table 18. The Table shows that crop 3, which prevails 

in dry conditions, becomes increasingly dominant over crop 1 as the result of 

competition in those environment states. If the probability (j) moves even lower, to a 
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Figure 9. The Rent Gradient Lines: the case of <j) = 0.5 

Rents 
Crop 1 

Crop 2 

Distance from the market 

value of 0.269, another transition occurs. Now the rent gradient is higher than the 

rent gradient of crop 1 everywhere. Now only one activity is undertaken. All land 

(22,50071) is devoted to crop 3, and the output of the crop is 675, OOOtt. 

Although the analysis from the expected return model certainly depends on the 

input data, the model demonstrates how varying climatic conditions can influence 

farmers' long-run decisions and elicit significant changes in the land use patterns on 

the agricultural landscape. It is worth stressing, too, that farmers certainly cannot 

guarantee these returns in any given year. In some years, their actual rents will 

exceed expected values while in other years their actual rents will fall short of 

expected values. Instead, these returns to land represent what they can expect to 
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Table 18. The Effect of Probability Change for Environmental State 
((|) = 0.5,0.4, 0.3) 

Probability 0/ Qs kis 
(Area I) 

^S.max 
(Area 3) 

0.5 422.97t 393,256.67: 5.310 150 

(28.271) (22,471.871) 

0.4 149.671 449,786.271 3.269 150 

(10.771) (22,489.371) 

0.3 9.27C 506,234.171 0.842 150 

(0.771) (22,499.371) 

receive under uncertainty, on the average, over a period of many years. This model 

makes a lot of sense because farmers are assumed to be aware of their immediate 

environmental conditions and to adapt their farming strategies accordingly. 

3. Maximum Guaranteed Return Model 

Gould's (1963) game theoretic framework represented a pioneering approach to 

land use pattern studies from the strategic perspective of farmers' decision-making. 

Cromley (1982) corroborated that Gould's approach to farmers' land use decisions 

leads to a maximum guaranteed return, although not in the context of a market 

system. This approach satisfies Wald's (1950) criterion that decision-makers should 

assume the worst will happen and then adjust their behavior accordingly. As one 

would expect, the land-use pattern along with this conservative behavior might yield 
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a very different pattern from that obtained from the maximum expected return case 

discussed in the previous section. Cromley demonstrated through a linear 

programming model that at various distances, more than one crop should be grown. 

However, his linear approach is not adequate for the representation of a two-

dimensional economy, i.e., the continuous agricultural space that von Thiinen and 

Dunn postulated. 

In this study, guaranteed return can be identified continuously away from the 

market town, right up to the point of indifference. This is illustrated by a probabilistic 

approach associated with the game theory framework. To consider this approach, 

three crop activities and two environmental states are assumed as in the expected-

retum model. Then the economic rents of three crops at distance k can be further 

specified along with each environmental state as follows: 

Ru{k) = Euipi-a,) - Eifik 

~ Et2(pr^i) - Eijfik 

(31a) 

(3 lb) 

Rnik) = - E2if2k 

R22(k) = E22(p2-a2) - E22f2k 

(31c) 

(3 Id) 

^si{k) — Ejtipj-as) - Ejifsk 
Rs2(,k) = E32{p3-03) - Ej^jk 

(31e) 
(31f) 

A theorem of game theory states that there exists some combination of strategies for 

each player such that a stable solution is reached (Mclnemey, 1967, 1969). Based on 

the optimal mixed strategy of game theory, the following relationships for mixed land 
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use strategy can be presented in the framework of a two-person, zero-sum game, in 

order to obtain guaranteed returns independent of weather conditions. 

^12 Ruik) + Rnik) — Xi2 Rui/c) + (1-X/i) R22ik) (32a) 

Xis R/iik) + (1-X/j) Rsi{k) — X/j Rnik) + (1-X/j) R}2ik) (32b) 

^23 R2/ik) + (1-X>i) Rjlik) — X23 R22ik) + (1-X7j) Rj2ik) (32c) 

where x,2 is the probability of crop 1 in the mixed land use of crops 1 and 2, x,s is the 

probability of crop 1 in the mixed land use of crops 1 and 3, and X23 is the probability 

of crop 2 in the mixed land use of crops 2 and 3. The mixed land use strategy results 

in a monotonically increasing probabilistic function x,2ik) at distance k. The function 

can be solved by arranging equation (32a) as: 

and the probability that crop 2 is placed in the mixed land at distance k is simply 

obtained by: 

X2tik) = [l-X/2(^)] = [i?//(A:) - Ri2{k)]/{[/?//(^)-/2/7(^)] + [/?i7(^)-/?i/(^)]} (33b) 

where 0 < X/j(A:) andx7/(^^)<l 

Likewise, the probability that the land of crop 1 occupies the mixed land 1 and 3 at 

distance k can be calculated as: 

xnik) = [/22.(^)-i?.v(A:)]/{[i?„(^)-i?,X^)] + [/?,,(A:)-/?,/(A:)]} (33a) 

x,s(k) = [Rs2(.k)-Rs,(k)y{[R,>(k)-R,2m + [Rs2(k)-Rs,ik)]} (33c) 

and the probability of crop 3 in the mixed land at distance k is 
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X s ,{k) = [l-x,,(^)] = [Ru{k) - } (33d) 

where 0 < .r/j(^) andxj/(^)<l 

The equations for each probability for crops 2 and 3 in the mixed land are omitted 

because they can be easily substituted by a change in notation for crops 2 and 3. 

Then, guaranteed returns in the mixed land of crops 1 and 2 can be calculated from 

the left side or right side of equation (32a) after the appropriate substitution of 

equations (31a), (31b), (31c), and (3Id) into equation (32a). The guaranteed returns 

in the mixed land of crops 1 and 3 can also be obtained from either side of equation 

(33b). Therefore, the two guaranteed returns are as follows: 

GR/,(A:) = [£,,£22 - E,2E2i]l{[{E,rE,2)l{p2-a2-f2k)] + [(£22- E2i)/(prarfik)]} (34a) 

GR/j(A:) = [E,,E32 - EnEj,]/{[{E,rE,2y(p3-as-f3k)] + [{E32- E3,)/(prarfik)]} (34b) 

In addition, GR2j(^), which is omitted here, can easily be expressed with an 

appropriate change in notation as in equations (35a) and (35b). The maximum 

guaranteed returns for three crop activities are compared with each other at each 

distance k to identify which mixed land strategy brings the highest economic return. 

The numerical results from this guaranteed return model, using the input data from 

Table 16, are shown in Table 19. In Table 19, guaranteed returns are shown at some 

distances in order to compare rent levels with respect to the probable mix of each 

activity, but, in fact, this guaranteed return can be identified continuously away from 

the market town. The proportions of mixed land for crops 2 and 3 are not in the range 

between 0 and 1 and, consequently, the guaranteed returns, GR,j(yt), are inappropriate. 
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In addition, negative guaranteed returns from computations are not considered here 

because farming below negative guaranteed return does not make sense. 

In addition to guaranteed returns for mixed land use shown in this conservative 

approach, guaranteed returns for the land use of each crop are also presented in the 

table. Of course, the guaranteed returns for each single crop activity are the lowest 

possible returns under the two environmental states. Using the input data, the yield 

under dry weather conditions is the worst possible condition for activity 1, whereas 

the yield under wet conditions is the worst possible condition for activities 2 and 3. 

The guaranteed returns for each crop at distance k are formally set as follows: 

GR,(^) = Eiiipi-arfik) (35a) 

GR,(A:) = E:,(p2-a:-f2k) (3 5b) 

GRsik) = Ejiips-as-fjk) (35c) 

Then, mixed land use and single crop land use are considered in the whole 

agricultural land use, and are compared with each other in terms of the level of 

guaranteed return. 

Next, the indifference points are calculated between crop patterns from the market 

in order to identify land use types in two-dimensional space. The solution for finding 

the indifference points is rather complex to derive from the guaranteed return model 

and, in particular, the point between two different mixed land uses. The first 

indifference distance ki* from the market is obtained by setting GR/j(^) = GR/2(/:). 

The relationship is expressed as follows: 



110 

\EiiEi2 - Ei2E3i\I{\,{Eii - EnVips- (^3-fsk)\ + [(JEj2- Esi)/(pi- Oi-f/k)]} — (36) 

[ E t i E 2 2  -  E 1 2 E 2 1 ] / { { . { E n  -  E i 2 ) / ( P 2  -  ̂ 2 - / 2 / ^ ) ]  +  -  E 2 / ) / ( P i  "  Q / - f / k ) ] }  

However, since the indifference point k,* is not simply expressed as a linear form, the 

iterative process is repeated until the values converge on stable values within a 

tolerance level of 0.0001 distance units to find the approximate indifference point. 

The second indifference point k,2* from the market town, which is the point between 

the mixed land 1 and 2, and the single land use for activity 2, is obtained by equating 

equations (34a) and (31c): 

k,2* = [E,,(p, - a,) - E2,(p2 - a.')]/(^/// - £'.'(/}) (37) 

The indifference point k23 from the market is obtained by equating equations (3 Ic) 

and (31e) 

k23 ~ [E2l(p2 " (^2) " Eji(J}3- 03)ViE2lf2 " E3ff3) (38) 

Finally, recall that the extensive margin for crop 3, is 

K3.MAX = (PJ -A3)/FJ (39) 

As the distance from the market town increases, two types of mixed land use, 

which are mixture 1 and 2, and mixture 1 and 3, compete with each other at near to 

the market. At the market town (k = 0), mixed land use 1 and 3 generate the 

guaranteed retiuns of GR/j(0) = 34.904, while mixed land use I and 2 guarantee the 

return of GR/j(0) = 32.873, irrespective of the ensuing environmental state. As a 
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Table 19. Guaranteed Returns and Proportion in the Guaranteed Return Model 

Distance 
ik) 

Percent 
(crops 1; 2) 

G.R. 
(mixture 

1,2) 

Percent 
(crops 1; 3) 

G.R 
(mixture 
1,3) 

G.R. 
(crop 1) 

G.R. 
(crop 2) 

G.R. 
(crop 3) 

0 36.8; 63.2 32.873 57.7; 42.3 • 34.904 27.500 20 7.500 

5 44.4; 55.6 25.278 67.4; 32.6 • 25.965 17.500 17.500 7.250 

6.696 48.4; 51.6 * 22.267 71.7; 28.3 * 22.267 14.108 16.652 7.165 

7 49.4; 50.6 •21 .691 72.6; 27.4 21.559 13.500 16.500 7.150 

10 61.5; 38.5 • 15 82.4; 17.6 13.588 7.500 * 15 7.000 

11 67.8: 32.2 12.126 86.3; 13.7 10.447 5.500 *14.500 6.950 

15 * 12.5 6.750 

27.778 *6.111 *6.111 

28 6.000 *6.100 

50 * 5.000 

150 *0 

* Bold characters indicate the chosen guaranteed return and proportion of land 
use at each distance. 
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result, farmers prefer to cultivate a mixture of crops I and 3 in the distance until 

distance k = 6.696 units. The percentage of cultivation within the mixed land use 1 

and 3 shows that activity I takes increasingly more land from 57.7 to 71.7 percent and 

that crop 3 is proportionately reduced from 42.3 to 28.3 percent of the mixed land. 

From k = 6.696 to 10, the cultivation of crop mixture 1 and 2 is dominant over other 

types of crop patterns, and the land devoted to crop I within the mixed land 

continuously increases from 48.4 to 61.5 percent as the distance increases. Beyond k 

=10, farmers may no longer consider the mixed land use of crops 1 and 2 because the 

guaranteed return from the single cultivation of crop 2 surpasses the guaranteed return 

of the mixed land use. The land use of single crop 2 is sustained until the point k = 

27.778, and from that point only crop 3 is cultivated until the zero value of its 

guaranteed return reaches the marginal extensive distance ^ =150. 

Figure 10 shows the general relationship between the expected-retum gradient and 

the guaranteed-retum gradient: the graph for the expected return gradient is drawn in 

the environmental state ^ = 0.7. The guaranteed returns are, as expected, no higher 

than the expected returns at any distance from the market town. Figure 11, on the 

other hand, depicts the land use pattern through the guaranteed return model in order 

of increasing distance from the market: the mixed lands for crops 1 and 3, crops 1 

and 2, as well as the single crop land use for crops 2 and 3. It should be pointed out 

here that if land use patterns at certain distance intervals are examined, as Cromley 

did in his linear programming model, there is the chance that some crop patterns may 
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Figure 10. The Comparison of Rent Lines (Expected Return and 
Guaranteed Return models) 
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not be recognized. For example, if land use is examined at five distance-unit 

intervals, the mixed land use for crops 1 and 2 might not appear. 

Although the maximum guaranteed return is independent of environmental state, 

factors such as technological advancement and climatic variability differentially 

influence crop yields. Consequently, differing yields can influence the competition 

among associated activities. The results of such competition are examined in the 

following scenarios. The scenarios, in particular, have some implications for crops 

that move in the same direction for gain or loss in yields under the same type of 

climate but show differential response. These examples reflect the fact that 

technological advancement improves crop production differentially. As studied from 

the Nebraska data in Chapter 5, com and sorghum (or soybeans) might be in 

competition with one another, because they are all wet weather types of crops; their 

planting, growing, and matiuing season are almost identical. If farmers should decide 

on crops for land use, and if other conditions such as price and production costs are 

held constant, the only variable will be yields under the same environmental state. 

3.1 Simulation of the Guaranteed Return Model 

Both conservative land use and worst climatic conditions are postulates of the 

guaranteed return model. In this section, varying yields in the guaranteed return 

model were simulated to illustrate their effects on spatial crop patterns. From the 

input data, two types of yields were assumed for each environmental state of three 

activities. Thus, six total cases of yields can be simulated, but three cases, £//, E22, 
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and En, were selected as examples to demonstrate their effects on spatial crop 

patterns. In addition, this simulation proceeded by changing one variable at a time in 

order to analyze the effects of yield variation on the whole land pattern, as in the 

comparative static analysis of the closed von Thiinen model in Chapter 4. Yields in 

the three cases were incrementally changed by one or two units in order to observe 

boundary movement in the guaranteed return model. The results are shown in Table 

20. 

Case 1: Change in yield En 

Four incremental changes with respect to the yield of crop 1 in a wet environment, 

£//= 18, 20, 22, and 24 units, were first simulated to determine their effects on the 

spatial delineation of land use patterns, holding other variables constant. Table 20 

shows that the outer boimdary ki * of mixed land 1 and 3 continuously widens from 

5.705 to 8.112 units of distance from the market, whereas the cultivation radius of 

mixed land for crops 1 and 2 decreases, though its outer boundary k^* is slightly 

extended. As the mixed land use for crops 1 and 2 is extended, the land for single 

crop 2 is slightly reduced, establishing its outer boimdary not to be changed from the 

yield changes of £//, and the land devoted to single crop 3 remains unaffected by the 

change in these yields. 

From the observations of boundary movements in each crop pattern, the greater 

competitiveness of crop 1 distinctively induces the expansion of the mixed land 1 and 

3, but its overall effects on the total land area and output of each crop cannot be 



116 

Table 20. The Effects of Incremental Yield change in the Guaranteed Return Model 

pattern Crop Mixture 
(1 and 3) 

Crop Mixture 
(1 and 2) 

Single 
crop 2 

Single 
crop 3 

En 

18 0~ 5.705 5.705-9.516 9.516- 27.778 11.11% - 150 

20 0~ 6.696 6.696 ~ 10.000 10.000- 27.778 27.778 - 150 

22 0~ 7.480 7.480 ~ 10.385 10.385- 27.778 27.778 - 150 

24 0~ 8.112 8.112-10.698 10.698- 27.778 27.778 - 150 

E22 

16 0~ 7.892 7.892 ~ 10.000 10.000 -27.778 27.778 - 150 

18 0~ 6.696 6.696- 10.000 10.000 -27.778 27.778 ~ 150 

20 0~ 3.093 3.093 - 10.000 10.000 ~ 27.778 27.778 - 150 

21 0-10.000 10.000 -27.778 27.778 ~ 150 

22 0-10.000 10.000 -27.778 27.778 — 150 

Es, 

3 0~ 5.641 5.641 - 10.000 10.000- 32.979 32.979 — 150 

5 0~ 6.696 6.696 - 10.000 10.000 ~ 27.778 ii.m - 150 

7 0~ 7.808 7.708 - 10.000 10.000- 22.093 22.093 - 150 

8 0~ 8.384 8.384- 10.000 10.000- 19.048 19.048 - 150 

10 0~ 9.567 9.567- 10.000 10.000 -12.500 12.500 - 150 

11 0~ 9.897 9.897 ~ 150 

12 0~ 9.536 9.536 ~ 150 
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identified until the land area devoted to crop 1, which consists of two mixed lands 1 

and 3, and I and 2, is computed. The computation formulas to obtain land area and 

output will be discussed in the next section. 

Case 2: Change in yield E22 

Five scenarios for crop 2 in a dry environment, E22 =16,18,20, 21, and 22 units of 

yield, were simulated to examine their effects, holding other values constant. From 

these scenarios, two different landscapes for the whole area are revealed. From 16 to 

20 units of yield, the land for each activity is spatially arranged in terms of increasing 

distance from the market; mixed land uses for crops 1 and 3, and 1 and 2 followed by 

single crops 2 and 3. Within this range, the increase in E22 has moved the 

outerboundary of mixed land 1 and 3 inward due to the increased competitiveness of 

crop 2. The inward expansion of mixed lands 1 and 2 continues over 20 yield units, 

and the lands of two single crops 2 and 3 remain unchanged by these yield changes. 

When yield units are changed to 21 units, three different crop patterns (i.e., mixed 

land 1 and 2, single crop 2, and single crop 3) are established outward firom the 

market, after the mixed land 1 and 3 is completely converted to the mixed land 1 and 

2. Once a new crop pattern occurs, the spatial ranges of the new crop pattern in 

terms of agricultural land use are sustained unless other input parameters are changed, 

as shown in the yield of 22 units. 

Case 3: Change in yield En 
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Seven incremental changes in the yields of crop 3 in a wet environment, E},= 3, 5, 

7, 8, 10, 11, and 12 units, were simulated here. The simulation results show that 

movement of two boundaries, kt* and kis, occurs in 3 to 10 units of the yield, and one 

boundary, k,3*, moves with greater than 10 units of yield. First, as the yield 

increases, mixed land 1 and 3 is expanded, while the land of crop mixtures 1 and 2 

contracts, maintaining its outer boundary kn* = 10. The land of single crop 2 is also 

reduced inward, whereas the land of single crop 3 expands inward. These changes 

continue over 10 units of yield, but beyond 11 units, crop patterns are greatly 

simplified. Due to the increasing competitiveness of crop 3, two inside crop patterns, 

the mixed land 1 and 2, and the land for single crop 2, are removed from whole land 

use. Only the mixed land 1 and 3, and the land for single crop 3, are expected; that is, 

the mixed land 1 and 3 appears as the dominant crop pattern close to the market, and 

single crop 3 becomes the dominant crop in outer areas. 

From the above three cases, it is clear that the increased competitiveness of each 

crop in terms of yield brings about the land expansion of land devoted to raising the 

crop, thereby proportionately reducing the land area of other competitive crops. In 

particular, two competitive crops which have the tendency to gain and lose in the 

same direction tend to remove the mixed land with which the other crop is involved, 

as the competitiveness of a crop increases. From the table, it is evident that the mixed 

land 1 and 3 is replaced by the other mixed land 1 and 2 when the yield of crop 2 

increases in dry weather. With respect to the yield increase in crop 3 in wet 
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conditions, the converse occurred, and even the land devoted to single crop 2 is 

replaced by the land for single crop 3. If the other three types of yields, E,:, E21, and 

Ej2, are examined, the land expansion of their respective crops will likewise be 

expected. As an example, if the jdeld of crop 2 in a wet envirormient surpasses the 

yield of crop 1 in the same wet condition, the land for crop 1 and its mixed land will 

be removed. Since crop 2 completely dominates crop 1 in every possible weather 

condition, there is no reason for farmers to cultivate crop 1. 

3.2 Land Area and Output in the Guaranteed Return Model 

Although spatial crop patterns can be identified by finding indifference points 

between each crop pattern and the extensive margin of distance in agricultural land 

use. Identifying the precise land area and output of each crop requires further 

computation in the guaranteed return model. In particular, the relative proportion of 

each crop in mixed lands should figure in the calculation. As seen in Table 19, the 

land devoted to crop 1 in mixed land 1 and 3 continuously increases until the mixed 

land turns to the mixed land 1 and 2. Therefore, in order to calculate the land areas 

of each crop according to the strategy of maximum guaranteed returns, it is necessary 

to consider a continuous function for mixed lands. 

The land area for each crop, using the input data here, can be obtained as follows: 

A t =  2 7 C  | x i 3 ( A : ) M r  +  2 7 1  (40a) 
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A, = K[(k,2'J (A:,*)'] - 2n X\2{k)kdx + (^k,^y _ (A:,/)-' ] (40b) 

A J = nik,y -2n ̂  X\^k)kcbc+ 7t[ - (^,j )^] (40c) 

where Xnik) and a:i2(^), which denote the proportions of crop 1 in two mixed lands 

with crop 3 and crop 2, were presented in equations (33c) and (33a), respectively. 

The integral parts in the above equations can be solved by the partial fraction method. 

The integral part in the first term of equation (40a) can be further arranged as 

follows: 

J^'*xi3(it)Mc= [(ACD - BCW] ln[C/(C -DA:,*)] - Ak,*fD + BCk,*/D-+ (41 a) 

Bk,*-/2D 

where 

A = (E32 - E3i)(P3 - fli) 

B = (Es2-EnYs 

C = (£,/ - E,2)(PI - a,) + iEs2 - E3,)(P3 - Oi) 

D = 

The other integral part in the second term of equation (17a) is 

xii(k)kdx= [(/lci)-5C')/D']ln[(C-£)V)/(C-Z)it;,)]- (41b) 

Alkl^-kl)/b + Bcikl,-kl)ID^ + B{kl^^- k^') 12 D 

o 

where A = {E22 - £':/)(p.' - a^) 

B={E22-E2,Y2 

C= (£,/ - E,2){PI -a,) + {E22 - E2I)(P2 - CI2) 
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{Ell —E[2)fi + {£22 ~ E2i)f2 

Then the expected outputs of each crop for an average year are computed by 

multiplying an expected jdeld, which depends upon climatic variability, with the 

appropriate land areas A,, A2, and Aj in equations (40a), (40b), and (40c), as in the 

expected return model. The expected yields £,* E2*. and E3* have been presented in 

equations (29a), (29b), and (29c). 

Next, the land area and output are numerically illustrated, along with the 

simulation based on the same incremental changes in the yields, E,,,  E22, and E 3 , .  

The results of these simulations, under the probability ^ =0.7 in the environmental 

state, are presented in Table 21. 

First, the incremental changes in the yield of crop 1, En, induce an increase in the 

land for crop 1, whereas the land devoted to crop 2 decreases. A slight increase in the 

land for crop 3 is not attributed to the land increase for single crop 3, but to the mixed 

land 1 and 3 which is spatially expanded due to the incremental change in crop 1 (see 

Table 20). The movements of the outputs for the three crops are straightforward; they 

change in the same direction with land increase or decrease. 

Secondly, the incremental changes in the yield of crop 2, E2J, show rather complex 

movement with respect to land area and output. That is, when the yield increases 

from 16 to 21 units, the total land for crop 2 continues to increase and the total lands 

for crops I and crop 3 are reduced. This can be figured out from the boundary 
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E/ /  

18 

20 

22 

24 
E22 

16 

18 

20 

21 

22 

Es, 

3 

5 

7 

8 

10 

11 

12 
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Land Area and Output for Each Activity in the Guaranteed Return 
Model 

Land Area Output (under (j)=0.7) 
12 3 12 3 

56.271 705.671 21,738.27C 877.07: 8,748.97: 271,727.87: 

60.071 696.671: 21,743.57: 1,019.77: 8,637.47: 271,793.17: 

62.971 688.47c 21,748.77: 1,156.57: 8,53 6.27: 271,859.37: 

65.07t 681.l7t 21,753.97: 1,287.27: 8,445.57: 271,923.87: 

61.371 690.6n 21,748.17: 1,042.47: 8,149.27: 271,850.97: 

60.071 696.6% 21,743.57: 1,019.77: 8,637.47: 271,793.17: 

56.87t 711.l7t 21,732.17: 966.17: 9,243.97: 271,651.27: 

57.67t 714.07C 21,728.47: 978.57: 9,496.87: 271,604.97: 

59.67U 712.07t 21,728.47: 1,013.87: 9,682.87: 271,604.97: 

57.57: 1,019.47: 21,423.17: 977.87: 6,215.07: 237,795.97: 

6O.O7: 696.67: 21,743.57: 1,019.77: 8,637.47: 271,793.17: 

62.67: 405.17: 22,032.47: 1,064.27: 5,022.67: 306,249.87: 

63.97: 275.47: 22,160.77: 1,086.27: 3,414.77: 323,546.67: 

66.37: 59.67: 22,374.17: 1,126.37: 739.1:: 357,986.37: 

65.07: 22,435.07: 1,105.87: 374,663.77: 

58.67: 22,441.47: 995.57: 390,481.17: 
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movement shown in the previous section. However, each boundary revealed for 

whole land use has not been moved, though E22 increases over 21 units of yield. 

However, the fact that the fixed boundaries do not necessarily imply the same amount 

of land for each activity regardless of yield change is indicated by an examination of 

the land area for each activity; the land area devoted to crop 2 is slightly reduced from 

714.07C for E22 = 21 to 712.071 for E22 = 22, despite the fact that no boundary 

movement was associated with the yields of 21 and 22 units. On the other hand, the 

land area for crop 1 shifts in response to the yield change of crop 2. This shift in land 

area is examined by comparing the relative proportions of crops 1 and 2 in the mixed 

land. With a yield of 21 units, at k= 0 (the market town), 44.4 percent of the mixed 

land is placed in crop 1 and 55.6 percent in crop 2; at k= 5, 52.4 percent and 47.6 

percent are place in crop 1 and crop 2, respectively. At the boundary k,2'= 10.000, 

68.8 percent is in crop 1 and 31.2 percent is in crop 2. With a yield of 22 units, at k= 

0,46.6 percent of the mixed land is placed in crop 1 and 53.4 percent in crop 2; at k= 

5, the percentages are 54.5 and 45.5, respectively, and at k,2' = 10 .000, they are 70.6 

percent and 29.4 percent, respectively. This comparison shows that crop 2 is 

expected to be less cultivated with a yield of 22 units than with a yield of 21 units. 

The reason is not clear at this time, because it is presumed that other variables 

involved in the land use determination act to complexly affect land use change. In 

this simulation, the land area and output for crop 3 are initially reduced in response to 
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the yield change, and then they are not affected immediately after a zone of mixed 

land 1 and 3 no longer occurs. 

Thirdly, the incremental changes in the yield of crop 3, Ej,, show that crop 3 

becomes a dominant crop in the entire area as the yield of crop 3 increases in a wet 

envirormient. The total land for crop 1 is first increased as the mixed land of crops 1 

and 3 gradually takes over the mixed land of crops 1 and 2. Immediately after new 

crop pattern, the mixed land 1 and 3 and the land for single crop 3, is established in 

£3, = 11, however, the land of crop 1 starts to decrease. 

The above examination of land area for each crop in response to certain yield 

changes ftirther clarified the spatial changes not revealed by boundary changes. In 

general, incremental changes of jaeld for a crop corresponded to a land increase in the 

crop, but this relationship does not always hold because of the complex land area 

changes in mixed land areas. Overall, the guaranteed return model from the supply-

side demonstrates how farmers organize spatial crop patterns for maximum 

guaranteed return under climatic uncertainty. The notable difference in spatial 

organization between expected return and maximum guaranteed return is found in the 

land near the market town. That is, farmers who follow the maximum expected return 

type of behavior tend to reduce the number of crops, and specialize in a particular 

crop in the area near the town, whereas farmers who have a pessimistic attitude tend 

to diversify crops around the town. 
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Mixed land uses can be related to crop diversification strategy to reduce fanner's 

risks. D. Jones (1984) has pointed out that crop diversification on the land near the 

market is also associated with higher land values near the market. With regard to 

historical evidence, Baltensperger's research (1983) on the agricultural adaptation of 

Russian immigrants in Nebraska in the late 19th century provides a good example of 

guaranteed return-oriented farmers' behavior. The immigrants' choices were com, 

oats, wheat, potatoes, millet, and etc., whereas the majority of American farmers in 

his study area concentrated only on com and oats. Baltensperger concluded that crop 

diversification among the immigrants served as a hedge against environmental 

uncertainty. 

4. Behavioral Decision-Making Under Environmental Uncertainty 

In the above sections, two contrasting models were presented with respect to 

farmers' decision-making in regard to land use under environmental uncertainty. In 

general, however, most farmers' decision-making resides somewhere in between 

these two extreme behaviors with respect to land use. To consider such general 

behaviors, Hurwicz's partial optimist criterion (1950) has been adopted for purposes 

of behavioral land use decision-making. 

Farmers' degrees of optimism can be described with reference to a probability |i, 

for which values can vary firom 0 (risk averse) for a pure pessimist to 1 (risk taken) 

for a pure optimist. In collective terms, if |j. = 0.7, it means that 70 percent of farmers 

seek to achieve maximum expected returns with specific expectations of a certain type 
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of climate for a year, and the remaining 30 percent of farmers seek a maximum 

guaranteed return, assuming the worst climatic conditions will prevail. Then, the land 

area characterized by a degree of optimism can be calculated by combining the two 

land areas obtained from the expected retum and the guaranteed return models. The 

land area for each activity can be formally expressed as follows: 

A i =  [ 2 7 C  +  2 7 t  x\2{k)kdx] (42a) 

A; = 7t( k23^ - k,2^ )ji + {-Kikxz) n{kiy - In xi2(k)kdx + (42b) 

(hjY - {kny ]} (1-n) 

A} = Ttik3.max ^ " W) P- + - 271 ̂  X\2(k)kdx + (42c) 

Since the properties of the behavioral model are also affected by weather 

probability due to its component of maximum expected retum, different weather 

probability can result in different values for the same degree of optimism. To 

illustrate the concept numerically, the input data from Table 16 is used. Along with 

varying values of behavioral probability (|i). Table 22 shows the transitions pertaining 

to land area devoted to three activities in two environmental states, <j) = 0.7 and (j) = 

0.5. 

Note that the land area for each activity computed from (i = 1.0 and n = 0.0 

corresponds to the land area obtained from the expected retum model and the 
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guaranteed return model, respectively. In both weather probabilities, the land areas 

devoted to activity 2 are increased as farmers' decision-making approaches a 

conservative strategy. This implies that activity 2 is a sort of substitute crop to offset 

agricultural risk. When expectations are high, which implies a high degree of 

optimism, activity 3 is extensively cultivated no matter what weather type might be 

occurred. However, activity 1 moves in opposite directions in two types of 

Table 22. Land Areas of Three Activities in the Combined Behavioral Model 

(j) = a7 (j)=0.5 

p- A, A: As A, Aj As 

1.0 62.371 87.071 22,3 50.671 28.271 0 22,471.87t 
(E.R) 

0.7 61.671 269.971 22,168.571 27.7K 209.071 22,253.371 

0.5 61.271 391.871 22,047.871 44.l7t 348.171 22,107.671 

0.3 60.77C 513.771 21,925.671 50.471 487.671 21,962.071 

0.0 60.071 696.671 21,743.571 60.07: 696.67t 21,743.571 
(G.R) 

* E.R and G.R stand for the maximum expected returns and the maximum guaranteed 
remrns, respectively 

environments. That is, when expectations are high, activity I is more cultivated in the 

(j) = 0.7 environment than in the less wet environment (j) = 0.5. When the degree of 

optimism = 1.0 prevails, activity 1 is cultivated in land area 62.3n from <{) = 0.7, 
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while it is cultivated in land area 28.27t from (j) = 0.5. This is due to the higher yield 

of activity 1 in a wet environment. However, as the weather probabiUty is lowered 

from (j) = 0.7 to 0.5, the activity is no longer considered a competitive crop to be 

heavily cultivated with high expectations. Analogous to activity 2, it becomes a 

substitute crop for reducing risk. This is due to the greater competitiveness of activity 

3 in a less wet environment than in a wet environment. In this section, although the 

output for each activity is not presented, it is easy to determine because expected 

yields under a given weather condition can be easily calculated as was shown in the 

section 6. 2. 

Summary 

This chapter has considered the properties of two contrasting land use models for 

farmers under environmental uncertainty: the expected retimi model and the 

guaranteed rettim model. Next, the two models were combined to present a general 

farmers' land use model. Varying environmental conditions were simulated to 

identify their effects on land area and output in the expected return model. The 

maximum guaranteed return model employs a game theory framework in order to 

account for farmers' conservative land use, that is, assuming the worst weather for a 

year. The notable difference in spatial organization between the two models is 

exemplified in the land near the market town. Farmers who adopt the decision

making model of the maximum expected return tend to reduce the number of crops 

and specialize in a particular crop in the area near the market town. In addition, the 
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spatial extent of land area is subject to environmental conditions and, consequently, 

spatial dominant tendencies of a competitive crop appeared. On the other hand, 

farmers who have a pessimistic attitude tend to diversify crops around the market to 

organize spatial crop patterns to achieve the maximum guaranteed return regardless of 

weather conditions. Finally, a behavioral perspective has been included, adopting 

Hurwicz's partial optimist criterion. The behavioral approach shows the transitions 

pertaining to land use under environmental uncertainty, and identifies which crops 

become a substitute type of crop for reducing risk. 
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Chapter 7 

CLOSED AGRICULTURAL MODELS UNDER 

ENVIRONMENTAL UNCERTAINTY 

1. Introduction 

In the previous chapter, a behavioral land use model was examined after two 

production-oriented models: the expected return and the guaranteed return models, 

were developed. Although these three models shed considerable light on farmers' 

decision-making with respect to land use under environmental uncertainty in 

accordance with the von Thiinen analysis, they still fall short of capturing the 

agricultural market mechanism and its consequences on space. This chapter first 

deals with two closed models of the previously discussed maximum expected return 

and guaranteed return models. Next the two closed models are synthesized to reflect 

general farmers' behavior on agricultural price and land use. Analogous to the basic 

closed model under environmental certainty, price behavior in the long-run is further 

considered by comparing each price that results from the two contrasting closed 

models. 

In order to close all properties for demand in the agricultural market, the linear 

demand curves of equations (24a), (24b), and (24c) for three activities discussed in 

Chapter 3 are employed. However, the values for intercepts and coefficients used for 

numerical illustration in this chapter are not the same as those used in Chapter 4. The 
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values were modified to approximate the input prices used in the two production-

oriented models. The values of intercept 5, and coefficients "ky are as follows: 

Table 23. Exogenous Intercepts and Coefficients for Environmental Uncertainty 

Intercepts(5/) CoefBcients(X,y) 

Crop I 10 1/35071 1/70,0007: 1/500,00071 

Crop 2 7 1/350,00071 1/2,40071 1/1,000,00071 

Crop 3 5 1/500,00071 1/800,0007: 1/58,6007: 

2. Closed Expected Return Model 

The equilibrium solutions for the closed models are also found by first solving for 

E l * ,  E 2 * ,  and £j* per equations (29a), (29b), and (29c), and then by substituting E , *  

forE,, E:* for E2, and Es* for Ej in equations (24a), (24b), and (24c). This 

operation leads to iterative solutions for kn, k23, and as was shown in earlier 

Chapters for environmental certainty. Prices p,, p2, and p/ are easily obtained by 

entering the values k,2, k2j, and into equation (21). Land areas ^4/, A2, and and 

outputs Qi, Q2, and Qj are then computed as before. 

The simulated results shown in Table 24 indicate that when the demand data from 

Table 23 are used, all three agricultural activities persist on the landscape irrespective 
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Table 24. The Effect of Changes in Environmental State in the Closed Model 

1.0 

Environmental Probability ({) 

0.7 0.5 0.3 0.0 

Pi 

P2 

P3 

5.7112 

4.0083 

3.0372 

6.1515 

4.0824 

2.5891 

6.4882 

4.0680 

2.4513 

6.8889 

4.0365 

2.3579 

7.6949 

3.9727 

2.2603 

ki2 

k23 

^l.max 

8.333 

27.556 

153.724 

8.456 

24.665 

108.917 

8.532 

23.446 

95.134 

8.547 

22.469 

85.798 

8.135 

21.176 

76.024 

A, 69.371 

A2 689.671 

As 22,870.671 

71.57t 72.87c 

536.871 476.671 

11,252.171 8,499.471 

72.97: 66.07t 

431.871 382.171 

6,854.571 5,332.271 

Qi 1,38771 

Qz 6,8967C 

Qs 114,35371 

1,21571 1,09271 

6,6567C 6,67271 

140,65l7t 148,74071 

94771 66O7: 

6,73671 6,87771 

154,22671 159,96671 



133 

of the value of the environmental-state probability parameter. This stands in marked 

contrast to the production-oriented model, where three different types of agricultural 

landscapes were identified as the parameter was shifted from (|) = 1 (extreme wet 

conditions) to (j) = 0 (extreme dry conditions); recall that all three activities are 

presented in the range of (j) = 1.0 to 0.6, two activities 1 and 3 in the range of (|) = 0.5 

to 0.3, and then only activity 3 in the range of (j) = 0.2 to 0.0. 

Furthermore, this table shows price variation, and the consequent changes in land 

areas and outputs, for each crop in response to various climatic conditions, as 

represented by the following parameter values: (j) = 1.0, 0.7, 0.5, 0.3, and 0.0. Based 

on these adopted input data, the lowest price of activity l,p/=5.7112, occurs when 

conditions are maximally wet and (|) = 1.0. As the probability {|) is lowered, the price 

for the activity is continuously increased until it reaches its highest price, p, = 7.6949, 

when (j) = 0.0 and extreme dry conditions exist. As would be expected, the price 

movement for activity 3 is opposite to the price movement of activity 1. That is, the 

highest price occurs when (j) = 1.0 and the lowest price is found when (|) = 0.0. 

However, the price movement of activity 2 is not straightforward to understand as the 

variation does not show a monotonic pattern with changes in the enviromnental state. 

Among the five different environmental states the highest price, p: = 4.0824 is 

reached when (() = 0.7, while lower prices are found in both the more extreme 

envirormiental conditions;p^ = 4.0083 for <|) =1.0 and p2=2>.91Tl for (j) = 0.0. 

Moreover, the price variation of activity 2 is very small, compared to the price 
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variation of activities 1 and 3. This would seem to have implications that farmers 

seeking a maximum expected return expect a stable price for activity 2 in agricultural 

markets regardless of climatic conditions. Considering that farmer's risk is centered 

on the extent of price variation per year, it is not expected that activity 2 is likely to 

be eliminated in land use. This stands in contrast to the production-oriented model 

where activity 2 is eventually squeezed out of the market as environmental conditions 

become increasingly dry. 

Meanwhile, large variations in price for crops 1 and 3 under environmental 

variability have implications related to the storage of surpluses in agricultural 

production. When extremely wet years, (j) =1.0, occur, there is an annual surplus of 

activity 1 and annual deficit of activity 3, and when extremely dry years, (|) = 0.0, take 

place, there is a deficit of activity 1 and a surplus of activity 3. However, if farmers 

can fi-eely store their surpluses, in the long-run the price will be in between those 

associated with the two extreme weather conditions. 

In the production-oriented model total land area is not changed in response to 

environmental variability, although the land area for each activity is adjusted (see 

Tables 17 and 18). However, in the closed model, total land area is very responsive to 

changes in the environmental states. Under extremely wet conditions agriculture is 

very widespread (23,629.547t) but under extremely dry conditions agriculture is 

severely contracted (5,780.37t units). The considerable reduction in extremely dry 

conditions is attributable to huge contractions in land for activity 3. This is 
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completely opposite to the results found from the production-oriented model under 

uncertainty. From the input data of Table 16, the yield of activity 3 in an extremely 

dry environment is much higher than any other activities in the same environment: E32 

= 30, E22 = 18, and En = 10. This competitiveness of activity 3 in the supply-side 

economy has brought its dominance in the whole land as (j) is lower and dry 

conditions, while the competitiveness in the closed economy rather has induced the 

contraction of land area for the activity in order to satisfy constant demand in market 

regardless of climatic conditions. 

The above simulations for differing climatic conditions indicate that it is very 

important to include market demand in a von Thilnen model that addresses 

environmental uncertainty. A recent report by Kenyon and Beckman (1996) 

regarding the interrelationships of price, weather, and land use is notable with regard 

to the closed model. They have claimed that 

Once every few years, supply and demand conditions for soybeans are 
such that prices reach high levels. These high prices are usually caused by 
reduced supply from poor yields during the summer but have also been 
caused by excessive rainfall. When prices reach high levels in the first (current) 
year, two things generally happen in the following years. First, the high prices 
in year one lead producers to expand acreage in year two. Second, the high 
prices in year one have a tendency to reduce demand for feed because of fewer 
numbers of livestock and poultry on feed (p. 4). 

3. Closed Guaranteed Return Model 

The production-oriented guaranteed return model is extended to close the model 

for market demand in this section. However, the closed model is much more complex 
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computationally for its equilibrium solution than is the closed expected return model 

when the same input data is used. That is, since each price to be derived in this closed 

model is not linearly expressed (see equation 36 ), a derivation of the price vector 

using equation (36), as in equation (21) of chapter 3, is not an easy matter. In order to 

simplify this problem, the fact that equilibrium output and price are simultaneously 

determined by the interaction of supply and demand in the agricultural market is 

incorporated, and the iterative method for the equilibrium solution is adopted in this 

analysis of the closed model. 

First, three linear demand curves of equations (24a), (24b) and (24c) are 

rearranged as follows: 

Qi''— (5/ -p/- X/2 Qi'- ̂ 13 / ^// (43a) 

Qt' = (5.' - p2 - ^21 Qf - ̂ 23 Q}^ / y^22 (43b) 

Qs' — (5j - Pi - ^31 Qf - ^32 02*') / (43c) 

Then, exogenous prices pi, p2, and pi are used as initial values for iteration. The 

input of exogenous prices initially bring a disequilibrium and violate the conditions 

Qi^ = QI', = Qi, and Qj = Qi for three activities in the market. This 

disequilibrium is resolved by means of a convergent process. That is, if the initial 

price for each activity results in a greater quantity supplied than quantity demanded, 

the price is pulled down, whereas if the price of each activity results in a smaller 

quantity supplied than quantity demanded, the price is pulled up. This convergent 
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process between supply and demand is repeated until the equilibrium price and output 

converge within a tolerance level. For this convergence, the value of 0.1 for a 

tolerance criteria for both quantities is used. In fact, compared to the values of 

quantities, price and distance values are relatively small so that the level of higher 

convergence values (1 or 10) or smaller values (0.001 or 0.0001) rarely influences the 

price variation of each crop. With this solution method, the input prices used in the 

production-oriented model were used as exogenous values. 

Next, varying yields were simulated to illustrate their effects on the properties of 

the closed model analogous to the simulation in the production-oriented model. 

Again, three cases E,,, E22, and En among six types of yields for each activity and 

two environmental states were selected. These simulated results are presented in 

Table 25. The yields for each activity were incrementally changed in the production-

oriented model, but E22 and Ej, were slightly modified to better examine the closed 

model: thus, E,, = 18, 20, 22, and 24, E22 = 16, 18, 19, 20, and 22, and £j/= 3, 5, 6, 7, 

9, and 11 units. All numerical computations proceeded using the probability (|) =0.7 of 

the environmental state. For a comparison of the properties in the production-oriented 

model with those in this closed model, see Tables 20 and 21. 

Case 1: Change in yield En 

Various boundary movements occur in this simulation. In the production-oriented 

model the incremental changes brought about change only in the first and second 

boundaries, ki* and kn, from the market, maintaining k23 = 27.778 and ks ^ax = 150. In 
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the closed model, even the indifference points and are slightly adjusted from 

26.431 to 26.374 and from 109.160 to 109.112, respectively, as the yield increases. 

The boundaries k,* and k/^* of land that activity 1 is involved with do not shift as 

abruptly as in the production-oriented model; in particular, the outer boundary k,* of 

mixed land 1 and 3 is shifted from 6.883 to 7.548 units of distance from the market in 

the closed model, while the boundary is shifted from 5.705 to 8.112 units in the 

production-oriented model. As expected in the closed model, again, the land area for 

activity 1 decreases due to constant demand in the markets as the yield increases. 

Also, when demand exists, the variation in each output for the three activities in 

this model in response to the incremental yields of activity 1 is smaller than that in the 

production-oriented model. This implies that demand in this model plays the role of 

restraining large changes in outputs. Output change is directly related to price 

variation for each activity. As expected, the price of activity 1 steadily decreases as 

the output increases. 

Case 2: Change in yield E22 

This simulation also reveals various boundary movements for all indifference 

points and the extensive margin: the yield change is no longer limited to k,* as shown 

in the production-oriented model. The establishment of the three boundary patterns 

ki2*, k23, and ks,„ax for current demand occurs for a yield of = 21, as compared to 

E22 =20 in the production-oriented model. Even after the three boundaries are 

established, they are subject to fiirther adjustments in response to fiirther yield 



Table 25. The Results of Simulation in the Closed Model ((]> = 0.7) 

Boundary Point Land Area Price Output 
"(1/3) "(1/2) =(2) -^(3) 1 2 3 1 2 3 1 2 3 

E„ 
18 0-6.883- 11.548-26.431 -109.160 76.571 604.1n ll,235.5n 6.2028 3.7352 2.5916 l,193.1n 7,490.3n 140,443.4ii 

20 0-7.170-11.525-26.411 -109.141 71.6n 604.27t 11,236.171 6.1340 3.7342 2.5914 1,217.371 7,492.571 140,451.471 

22 0-7.386-11.469-26.392-109.126 67.471 604.47t ll,236.77t 6.0710 3.7333 2.5913 1,239.571 7,494.57t 140,458.271 

24 0-7.548-11.391 -26.374-109.112 63.671 604.67t 11,237.171 6.0127 3.7324 2.5911 1,259.971 7,496.571 140,464.071 

E22 
16 0-8.767-11.388-27.038-109.238 7I.871 629.171 11,232.071 6.1243 3.7629 2.5924 1,220.971 7,423.771 140,399.771 

18 0-7.170-11.525-26.411 -109.141 71.671 604.27t 11,236.171 6.1340 3.7342 2.5914 1,217.371 7,492.571 140,451.471 

19 0-4.532-11.766-25.966-109.099 70.971 593.871 11,238.071 6.1661 3.7140 2.5910 1,205.871 7,541.071 140,474.271 

20 0 -11.767-25.582-109.059 71.l7t 583.371 11,239.571 6.1574 3.6965 2.5906 1,208.671 7,583.171 140,494.071 

22 0 -11.385-25.171 -108.979 72.771 560.971 n,242.87t 6.0812 3.677 6 2.5898 1,235.271 7,628.171 140,535.171 

E31 
3 0-8.501 -11.097-26.987-114.360 74.57t 628.67t 12,375.37t 5.9977 3.6115 2.6436 1,265.771 7,794. l 7 t  137,365.571 

5 0-7.170-11.525-26.411 -109.141 71.67t 604.27t ll,236.l7t 6.1340 3.7342 2.5914 1,217.371 7,492.57t 140,451.47u 

6 0-4.682-11.939-25.974-106.812 69.671 594.471 10,744.771 6.2312 3.7837 2.5681 l,182.9rt 7,370.671 141,830.071 

7 0-12.124-25.560-104.639 68.47t 584.97t 10,296.07t 6.2875 3.8316 2.5464 1,162.971 7,252.87t 143,1 M.OTT 

9 0-11.966-25.139-100.690 67.87t 564.l7t 9,506.471 6.3124 3.9369 2.5069 1,153.971 6,994.57t 145,448.371 

11 0-11.829-24.743- 97.189 67.3?! 544.87t 8,833.471 6.3372 4.0340 2.4719 1,144.971 6,756.37t 147,518.371 

* a, b, c, and d represent the mixed lands 1 and 3, and 1 and 2, the lands for activities 2 and 3 

U) 
vo 
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increases. This continuous movement of boundaries contrasts with the fixed 

boundary pattern that is maintained after the establishment of three boundaries in the 

production-oriented model. 

In the closed model the land area for activity 2 is reduced as the yield increases, 

and the price for the crop decreases. The yield increase indirectly induces the increase 

of land area and output, and consequent price decrease for activity 3. Another indirect 

influence to activity 1 is not straightforward with regard to the shift of land, output, 

and price movement after three boundary crop pattern is established. As examined in 

the production-oriented model, a shift in percentage of each activity on mixed land 

should be traced for inconsistent movement. 

Case 3: Change in yield £'i/ 

A considerably shortened extensive margin of cultivation, reduced land area, and 

lower output for activity 3, resulted from the above simulations of this closed model 

as compared to the production-oriented model. As the yield of activity 3 increases in 

a wet environment, its consequent land area is further reduced in terms of both mixed 

land and single crop land. One notable result from this simulation is that all activities 

persisted on the land. Although the mixed land of crops 1 and 3 was removed and 

tended to be replaced by the mixed land of crops 1 and 2 as the yield reached 7 units, 

each activity was foimd regardless of the yield En. In the production-oriented model 

activity 2 was completely eliminated from the land. Again, the preserving effect of 
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the market on all activities is observed in this closed model, as in the closed expected 

return model. 

As in the above simulations for E// and E22, the land area for activity 3 was 

reduced but its output increased and its price decreased as the yield increased. The 

yield increase indirectly acted to reduce land areas and outputs, and to increase prices 

for activities 1 and 2. 

It should be noted that since the table shows only the results from (|) = 0.7, it is not 

clear as to whether boundary points and land area will vary under different climatic 

conditions. However, in the closed model all properties are interrelated for their 

equilibrium solution; that is, conceptually yield change due to climatic conditions 

affects the levels of outputs that, in turn, lead to changes in land area and price; and 

the changed land areas and prices, in turn, induce changes in outputs. Accordingly all 

properties in the closed model are adjusted as yield is changed, whereas in the 

production-oriented model boundaries and land areas are not affected by different 

climatic conditions and only output levels are dependent upon environmental 

conditions. In the next section, a behavioral approach to the closed model will clearly 

demonstrate the variations in all properties of the closed model under another 

environmental condition (() = 0.5. 

4. Behavioral Approach in the Closed Model 

As in the case of the production-oriented models, the behavioral perspective is 

incorporated in the closed models. The central issue in the production-oriented 
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models, in which crop prices were exogeneously given, was focused on how 

agricultural land size varies in accordance with the degree of optimism in farmers' 

decision-making under uncertain climatic conditions. In the two types of closed 

models, market price, which is a primary interest to the current research, was 

endogenously derived. Therefore, variations in price for each activity as well as 

variations in land size are emphasized in this behavioral account of agricultural 

decision-making. 

In order to incorporate various behavioral perspectives, the degree of optimism 

is included to compute land size and price based on the two closed models. The 

computation for land size proceeds by using equations (42a), (42b), and (42c). The 

price for each activity can also be obtained by combining the prices obtained from 

each closed model: 

Pit = + (1 -f^) Pig (44) 

where P® is the price of activity i  based on a farmer's general behavior. Pie is the price 

from the closed expected return model, and Pig is the price from the closed guaranteed 

return model. The results based on the previous input data under two climate 

probabilities = 0.7 and (j) = 0.5), are shown in Table 26. 

In the scale for degrees of optimism, = 1.0 to 0.0, recall that the results from |i = 

1 and |i = 0 correspond to those of the closed expected return and guaranteed return 

models for each climatic condition, respectively. The table shows that there are 
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systematic variations in land area and price in accordance with the degree of optimism 

for both weather conditions. In terras of total land area, as farmers become more 

pessimistic, more total land area is cultivated. Assessing the land area for each 

activity, more land areas for activities 1 and 2 were expected for lower values of |a, 

but the land for activity 3 was cultivated in smaller areas for lower values. In 

addition, in the case of (j) = 0.5, less total land was used compared to ({) = 0.7 due to 

the considerably reduced land for activity 3. This contrasts with the results of the 

behavioral model based on the production-oriented model, where the total land area 

was constant irrespective of weather conditions and degrees of optimism. Even the 

land area for each activity is varied much less than was the case with land areas in the 

production-oriented model under both climatic conditions (see Table 22). This 

implies that land associated with each activity in the closed model varies less than the 

production-oriented model in different farmers' decision-making on land use. This 

prediction of less land change has been emphasized under conditions of 

environmental certainty. 

With regard to price variation under both weather conditions, pi and p2 steadily 

decreased, and ps marginally increased as the value of ^ decreased. The price 

variations for each activity show exactly opposite movement to the variations in land 

area. Therefore, it can be inferred that if the goal of farmers is to obtain the highest 

price for each activity, they should adopt the maximum expected return strategy for 



Table 26. The variation of Land Area and Price in the Closed Behavioral Model ((j» = 0.7 and 0.5) 

(j) = 0.7 (j) = 0.5 

Land Area Price Land Area Price 

|Ll A, Ai Aj Total Area p, p2 ps A, A2 Aj Total Area pi pi pj 

1.0 71.547: 536.8071 11,252.137t (11,860.4771) 6.1515 4.0824 2.5891: 72.8471 476.6771 8,499.427t (9,048.937t) 6.4882 4.0680 2.4513 

0.7 71.5771 557.0571 11,247.3271 (11,875.9471) 6.1463 3.977 9 2.5898 ; 74.5571 499.14?! 8,494.5371 (9,068.227t) 6.4106 3.9368 2.4523 

0.5 71.5971 570.5671 11,244.1271 (1 l,884.277t) 6.1428 3.9083 2.5903: 75.7071 514.1371 8,491.2871 (9,081.Il7t) 6.3589 3.8493 2.4530 

0.3 7i.6lTi 584.0671 11,240.92H (11,896.5971) 6.1393 3.8387 2.5907: 76.84ti 529.1l7t 8,488.0271 (9,093.9771) 6.3072 3.7618 2.4536 

0.0 71.6471 604.3171 11,236.1171 (11,912.0671) 6.1340 3.7342 2.5914 : 78.5571 551.5871 8,483.1371 (9,113.2671) 6.2296 3.6305 2.4546 
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activities I and 2, and the guaranteed return strategy for activity 3. To achieve this 

goal, they have to manage each activity to be cultivated in smaller areas, because the 

highest prices are associated with the smallest land area; the highest prices p, andp, 

are related to the smallest areas in n = 1.0, while the highest price pj is found in the 

smallest areas in = 0.0. These results were found under both environmental 

conditions. 

From the above simulations, most farmers would prefer the maximum expected 

return strategy to the conservative strategy, though activity 3 reveals a slight 

advantage in the latter strategy. However, the goals that each farmer strive for can be 

diverse. As stated by Cromley (1982), if fanners do not have sufficient finances to 

withstand annual price fluctuations, they may implement the conservative strategy 

that seeks the maximum guaranteed return. In addition, employing the conservative 

strategy can be connected with the concept of storage. That is, if farmers cannot 

hoard their surplus output during good years and dispose of all the surplus output on 

the market, prices will drop dramatically during those good years. Likewise, prices 

will rise steeply during years of shortage. Farmers might be willing to trade off some 

expected rent for less variability in annual rent. 

5. Comparison of the Long-run Prices between Two Closed Models 

In Chapter 4, the closed version of the von Thiinen model has been associated with 

the short-run and long-run in agricultural market analysis. In this section, an attempt 

will be made to gain more insight into price behaviors in the two closed models under 
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environmental uncertainty. However, a conceptual difficulty arises when applying the 

analysis in the short-run; fanners' expected return strategy is based on an assumption 

of average and long-run return, whereas the guaranteed return strategy is based on a 

similar assumption for reducing risk resulting from annual climatic fluctuations. 

Therefore, the behaviors of price and output are examined only in the context of the 

long-nm in the two closed models. 

All variables (demand, yield, non-land production costs, and transportation rate) 

can be varied in this simulation, but the following four scenarios sequentially proceed 

to better examine the long-run effects in the agricultural market. The simulated 

results are shown in Table 27. 

The first scenario utilizes input data from Tables 16 and 23 and serves as a 

baseline for the other three cases that resulted from changes in activity 2. In the 

second scenario, the intercept 5.7 of Table 23 is changed from 7 to 8. In the third 

scenario, the production cost of Table 16 is also changed from 2.0 units to 1.6 units 

and the intercept is changed to = 8. In the fourth scenario, the variables of supply 

and demand are further changed from both Tables: = 8.5, E22 = 22, Aj =1.6, and/^ = 

0.025. All the scenarios were examined with respect to environmental probability (j) = 

0.7, and all other parameters were held constant. Note, in particular, the price and 

output for activity 2 because the other prices and outputs that were derived indirectly 

from the changes in activity 2 are very complex to interpret. It should be indicated 
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Table 27. The Long-Run Price Behaviors in the Closed Models ((j) = 0.7) 

Scenarios P, P: Ps Q. Q2 Qs 

1 
(E.R) 
(G.R) 

6.1515 
6.1340 

4.0824 
3.7342 

2.5891 
2.5914 

1,215.271 
l,217.37t 

6,656.47t 
lA91.5n 

140,651.471 
140,451.47: 

2 
(E.R) 
(G.R) 

6.2269 
6.2855 

4.2145 
3.8548 

2.5949 
2.5972 

1,178.871 
l,154.l7t 

8,740.87t 
9,604.971 

140,162.671 
139,962.671 

3 
(E.R) 
(G.R) 

6.2550 
6.2949 

3.8639 
3.5068 

2.5972 
2.5996 

1,164.971 
l,146.87t 

9,582.771 
10,440.47c 

139,965.571 
139,765.771 

4 
(E.R) 
(G.R) 

5.9977 
5.8766 

3.1127 
2.8099 

2.6024 
2.6043 

1,240.371 
1,278.l7t 

12,586.271 
13,313.371 

139,431.871 
139,262.071 

that the numerical results from both models heavily depend on the data employed as 

well as climatic probability. 

In scenario 2, the shift in the intercept term induced increases in the equilibrivun 

price and output in both models. As only demand was increased in this simulation, 

equilibrium prices went up. However, in the simultaneous changes in supply and 

demand in scenarios 3 and 4, the equilibrium prices were much lower than the price in 

scenario 1, and outputs continued to increase. These findings correspond with those 

of the long-run simulation of the closed model under environmental certainty. On the 

other hand, as already noted in the section 4 of this chapter, the price of activity 2 in 
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the expected retiirn model was higher than that in the guaranteed return model for all 

cases. This higher price of activity 2 implies that farmers who seek the maximum 

expected return have the advantage of income or rents over farmers who adopt the 

guaranteed return strategy. However, farmers' financial stress is related more closely 

with the falling prices shown in the long-run analysis than with price differentials due 

to their adopted strategy. The problem of falling prices in the long-run economy were 

emphasized by Ekelund and Tollison (1986). Further the implication of the falling 

agricultural price was indicated by Benischa and Binkley (1994) who argued that 

falling price is connected with lower rents and lower land values. 

Summary 

In this chapter the two production-oriented models and their combined behavioral 

model have been further developed to close the market for demand. The results of the 

closed models assuming environmental imcertainty were simulated to compare with 

those with their counterpart production-oriented models, and the behavioral 

perspective in the closed model was also compared with that in the production-

oriented model. Then price behaviors from the two contrasting closed models has 

been further explored in the long-run economy. In the closed model all activities 

persist on the landscape irrespective of climatic conditions because demand for each 

activity exists in the market. In the production-oriented version of the maximum 

expected return and the guaranteed return models a weak activity in terms of spatial 

competition is eliminated on land use due to unfavorable climatic conditions and a 
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lower competitiveness. Of course, agricultural price for each activity in the closed 

model is affected by change in agricultural production. On the other hand, the 

incorporation of fanner's behavioral perspective has shown a systematic variation in 

price and land area for each activity whether they increase or decrease, as the degree 

of farmer's optimism is changed. It is investigated that total land area was varied in 

the closed model, while total land area in the production-oriented model was fixed. 

Despite of a variable tendency in total land area, less land change is predicted for each 

activity in the closed model than that in the production-oriented model under 

environmental uncertainty. 
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SUMMARY AND CONCLUSIONS 

150 

This dissertation has explored a closed version model based on the traditional von 

Thiinen model in order to emphasize the economic market mechanism in agricultural 

activities. The closed model has been applied in cases of both environmental 

certainty and uncertainty in order to compare the behaviors of the properties in the 

closed model. These two envirormiental conditions also reflect the trend to 

incorporate decision-making process theory into geography (i.e., optimizer models 

and satisficer models). Basically, our theoretical understanding of the traditional 

model does not extend beyond Dunn's well-known diagrammatic analysis which only 

considers the production economy. As a result, theoretical developments with 

respect to agricultural spatial structure have been limited to supply side analyses of 

agricultural land use. 

Whereas distance- related variables have decreased in importance as determinants 

of land use patterns, the market has become the most influential factor as agriculture 

becomes an increasingly more market-oriented sector. However, no theoretical 

foundation has been proposed to date that incorporates market forces in agricultural 

location theory. To address this issue, the present study has built upon foundations in 

agricultural location theory to incorporate the influence of the agricultural market. 
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In addition, this study has focused on physical factors as major determinants, 

along with the economic factors of agricultural location and market. In previous 

studies, these factors have rarely been interrelated for the purpose of exploring their 

interaction between nature and human activity. With this research agenda, this 

dissertation has adopted the McCarty and Lindberg's optima and limit schema for 

land use. There have been attempts to bring these interrelationships by relating the 

amount of yield subject to climate variability to the closed model. These economic 

and physical influences on agriculture have been further extended to include socio-

personal factors that reflect attitudes towards risk by constructing farmers' decision

making models. Since climatic variability is a primary component of the uncertainties 

that farmers face, its effect on agricultiural prices, land use, and output have been 

examined. The three major factors (economic, environmental, and socio-personal) in 

agriculture have been interrelated in the closed framework of this study. 

In order to construct the basic form of the closed version of the von Thiinen model 

in a two-dimensional economy, this study has first discussed a major deficiency in the 

production-oriented model. The deficiency is related to the structure of the model 

where market demand is not considered. This study, in particular, has demonstrated 

the natxare of interdependency of the price variable with other variables within the 

production-oriented model. Then, general linear demand equations were introduced 

to simultaneously consider supply and demand and these were connected with supply-

side equations in terms of price and output. Actual solutions for price, land area (or 
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distance from the market), and output for each activity in the closed version 

proceeded by an iterative method. Comparative static analysis has been applied to the 

closed and the production-oriented versions of the von Thiinen model, and their 

properties were compared to reveal the nature of both versions. 

The results can generally be summarized as follows: (1) the production-oriented 

model relatively overpredicts land area in response to changes in transportation and 

production costs, (2) under a condition of constant demand, yield change in both 

versions acts differentially on the land change. That is, yield increases reduce the land 

area for corresponding agricultural activity in the closed model whereas it increased 

the land area in the production-oriented model, and (3) Harvey's (1966) question "At 

the present time the question of how the theoretical model would look under 

assumptions of continuous technological change and changing demand remains not 

only unanswered but largely unconsidered" has been explored in the comparative 

static analysis, and in the analysis of the long-run economy. 

Physical factors (i.e., climate factors in this study) were related to economic 

factors to determine agricultural land use. In order to relate the two factors to each 

other, this study proceeded by empirically examining the effects of climate on the 

yields of com, sorghum, and wheat in Nebraska. From the empirical study based on 

monthly data for climate and yearly yield data, it was concluded that as technology in 

the second period (1951 - 90) of the study progresses in agriculture the 

interrelationship becomes weak, while in the first period (1910-50) before rapid 
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technological development there was some interrelationship. The interrelationship 

was theoretically related to the closed model for economic and spatial consequences. 

However, the interaction between climatic variability and economic factors was 

limited to conceptual possibilities due to limited data availability. 

Climatic variability as environmental uncertainty was first associated with two 

contrasting farmers' decision-making strategies (optimistic and pessimistic) regarding 

land use and agricultural market. In addition, the two models based on the different 

strategies were combined to determine land use and agricultural markets with respect 

to a general model of farmers' decision making. Each of the three types of models 

was developed as both a production-oriented model and a closed model. First, in the 

production-oriented version, the rent level of the expected return model was always 

higher than that of the guaranteed return model. On the other hand, the organization 

of land use was quite different in both models: the expected return model showed 

areal specialization of activity in accordance with distance from the market whereas 

the guaranteed return model revealed mixed land use near the market. 

The behavioral model that resulted from combining the two models showed a 

transition of land use from high expectations to the worst expectations for long-run 

climatic conditions. The transition of land use clearly demonstrated which crop can 

serve as a substitute crop to reduce agricultural risk. In the closed models under 

enviroimiental uncertainty, the solutions showed that these models had much more 

land use stability than the production-oriented models had. That is, when 
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environmental conditions shifted from wet to dry in the closed model, activities were 

not squeezed out of the market as they would have been in the production-oriented 

model. This finding was also applied to the guaranteed return model. As one activity 

exhibited greater competitiveness, some activities placed in weak competition were 

easily replaced by the competitive activity in the production-oriented model. 

However, as long as demand remained constant in the closed model, agricultural 

activities demanded in the market were persisted on land use regardless of the 

competitiveness among activities. Of course, the market price for each agricultural 

activity fluctuated in response to different environmental conditions and agricultural 

production levels in the closed models. The two closed models were further 

compared with each other in terms of price and land area within the behavioral model, 

where a transition of price and land use occurred under different environmental 

conditions. The results differed depending upon the activities. In other words, 

farmers' agricultural activities designed to seek the maximum expected return tended 

to get a higher price and smaller land area than activities designed to seek a 

guaranteed return. However, a slight advantage for a crop was found in the 

guaranteed return model in terms of price. Finally, the price behaviors between the 

expected return and the guaranteed return models were examined in the long-run 

economy. Since only one activity was simulated in this situation, it was difficult to 

generalize the results for all activities, but higher prices were commanded in the 

expected return model compared to the guaranteed rettim model. 
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The closed models, based on von Thunen's model, developed in this dissertation 

have a broad range of application for agricultiiral land use and economic behaviors in 

the market. Possible applications include general suggestions described by many 

scholars (Kellerman, 1989b). The suggestions that Kellerman summarized include 

the relaxation of assumption for isotropic space (i.e., unbounded plain, uniform 

fertility and uniform yield per imit of land), only one market, constant transportation 

rate over space, and uniform production costs for each good. 

In agreement with these suggestion, only one market and uniform production costs 

are seen as requiring further research in this dissertation. In the real world, there are 

various market sizes (e.g., local, regional, national, and global markets), as pursued in 

many real applications of the von Thiinen theory with regard to transaction for 

agricultural products. Mulligan (1996) outlined the effects of urban growth on the 

agricultural land use and market price for agricultural products. Adopting his 

approach, the closed models can incorporate two types of market systems; a two-

market system and a central-place system. The closed models for two-market system 

can be easily developed with the same demand curves in both markets in space, while 

those for central-place system are related to different demand curves in terms of the 

intercepts and coefficients in equations (24a), (24b), and (24c) for the largest central 

place and for the smaller central places. 

The price of each activity was determined in the closed models, where the variable 

was endogeneously transformed from the status of an exogenous variable in the 
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traditional von Thunen model. However, the yield variable, which was associated 

with climatic variability but still remains as exogenous variable, can be considered 

more satisfactorily in a production-fimction model. The incorporation of the 

production-fimction can transform the variable of yield into being endogenous. In the 

production-function model the interrelationships between one or more inputs (e.g., 

wage, technology, soil type, and climate) and output (yield) can be further examined. 

Eventually, the interrelationships can be related to price and land use of the closed 

models by considering the output level. 

Besides the above possible research based on the suggestions by previous 

researchers, this study can be extended to more recent interest on risks based on a von 

Thunen economy by applying a portfolio model. Although the portfolio approach 

was reviewed in Chapter 2, the approach was not undertaken in the closed models due 

to its complex solution for three crops. However, this approach basically deals with 

how a farmer combines his assets (crops) for land allocation within an available land 

area (budget constraints). As discussed in Chapters 6 and 7, farmers' decision

makings can be further examined by considering mean-variance utility function. 

Through the portfolio approach a trade-offs relationships between profit-

maximization and variance of returns can be analyzed with respect to the properties 

(price, land use pattern, and output) of the closed models in two-dimensional 

economy. 
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Finally, throughout the closed models, it was assumed that land use and price 

were taking place in a completely free economy. The reality is, however, that 

government policies aimed at price stablization for agricultural products are now in 

place in many forms worldwide. Therefore, the examination of the effects of the 

government policies with regards to the closed models may provide more realistic 

perspective in agricultural location theory. 
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