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Abstract

The geographic concentration of production of main field cropsin several growing
regionsis adistinctive feature of U.S. agriculture. Among many possible reasons for
gpatial concentration, | study here the effects of the distribution of end users and terminal
markets on acreage allocation. The presence of multiple terminal marketsin a growing
areamay alow for a more flexible marketing plan, along with introducing more
idiosyncratic demand uncertainty associated with each consumption point. To take better
advantage of future marketing opportunities, growers, depending on their location
relative to terminal markets, may adjust the crop mix produced on the farm. | characterize
the types of environments that lead to a spatial production concentration of acommodity
inagrowing area. | aso analyze the equilibrium effects of an increase in transportation
costs and a shift in acreage available for planting on spatial acreage allocation.

Keywords: commodity prices, location, marketing, production concentration,
supermodularity, Systematic risk.



SPATIAL PRODUCTION CONCENTRATION, DEMAND UNCERTAINTY,
AND MULTIPLE MARKETS

Introduction

In recent years, agricultural market analysts have paid increasingly more attention to
the spatial concentration of production in both animal and grain agriculture. In particular,
the geographic concentration of production of main field cropsin several growing regions
Isadistinctive feature of the U.S. agricultural landscape. Spatial production patterns are
shaped by a host of factors, including agronomic considerations, proximity to input
markets, vertical integration, farm size, and environmental regulations. | will focus here
on another essential feature of the grower’s decision environment: the presence of
multiple end users and terminal markets in the growing area.

By alowing for amore flexible marketing plan, the ability to access multiple terminal
markets and consumption points lowers the degree of systematic demand risk faced by
growers at planting. To take better advantage of future marketing opportunities, growers,
depending on their locations relative to terminal markets, may adjust the crop mix pro-
duced on the farm, which in turn affects the production concentration in the region. The
goal of this paper isto develop aframework for studying the spatial concentration of
production of acommaodity in agrowing areain the presence of multiple terminal markets.

The issue of land allocation among competing crops is important for policymakers
because agricultural technologies and production practices may have significant envi-
ronmental consequences, such as pesticide use patterns, pest resistance, impacts on
biodiversity and beneficial insects, soil management, and other types of externalities
(e.g., Feedstuffs 2002a,b). These environmental impacts are likely to differ across and
within producing regions, in part because of the variation in the spatial production
concentration (e.g., Feedstuffs 2002c). An understanding of how marketing conditions in
the areainteract with growers' planting decisions may help policymakers design better
policies for promoting environmentally friendly farming practices. Also, regional produc-
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tion patterns are intimately connected with the demand for and development of transpor-
tation and grain handling infrastructures, which include in-land waterway systems,
railroads, and trucks (McVey, Baumel, and Wisner 2000).

Figure 1 presents some evidence on the variation in production concentration within
growing regions, using as an example the states of Illinois and lowa. Relative production
concentration is measured by the average ratios of acreages planted to corn and soybeans,
the two main crops in Illinois and lowa, across counties that are roughly ordered by
geographic regions within a state (e.g., northeast, northwest). Examining the two graphs,
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FIGURE 1. Average ratios of corn and soybean acreages at the county level, 1998-2002
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corn and soybean crops appear to be considerably more evenly distributed across the
growing areain lllinois than in lowa; the standard deviations of the two series are,
respectively, 0.014 and 0.32.

A number of factors influences acreage allocation decisions on a particular farmin a
particular year. These may include soil characteristics, local weather conditions preceding
and during the planting period, cost of inputs, various area-specific pest management
Issues, crop rotation benefits, cultivation practices, and government programs. Also, local
demand conditions, transportation costs to the terminal markets, and the distribution of
growersin the area have a bearing on the pattern of land allocation among different crops
at aparticular location. The prevalence of corn (soybean) acreage in some lowa counties
(see Figure 1) can be explained, at least partially, by a higher demand for a particular
commodity for local uses rather than production-side considerations.

There are severa indications, although indirect, that growersin lowa routinely ac-
cessalarger array of local markets and end users than do growers in Illinois. Commodity
flow patterns suggest that growersin Illinois are more advantageously located to serve
relatively more geographically concentrated export markets. Based on the estimates of
the shares of transportation modes used for shipment in these two states, the share of
production shipped by water for exports (“long-haul” movement) in Illinois exceeds that
in lowa (Berry, Hewings, and Leven 2003). On the other hand, a recent survey of lowa
farmers points out an increasing reliance on more flexible truck transportation and the
ability of producersto deliver cropsto multiple and diversified end users, such as feeding
operations, processing facilities, and river markets (Baumel et al. 2001).

A greater number of geographically dispersed end usersin the area not only expands
the set of marketing strategies available to growers but a so introduces more idiosyncratic
demand uncertainty associated with each consumption point. My inquiry isinto the role
of multiple terminal markets, possessed of demand uncertainty that can be both commod-
ity and market specific, on equilibrium acreage allocation in a growing region. Here, |
examine the conjecture that the spatial distribution of termina markets may cause pro-
duction of certain commodities to concentrate in certain regions.

Note that producers in areas where transportation costs to different markets are ssimi-
lar more frequently market their crops based on the price differential s across markets than
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do producers who are closer to one particular market. This producer heterogeneity in the
propensity to switch marketing outlets establishes the link between the extent of demand
uncertainty when it takes the form of a commodity- and market-specific price volatility
and spatial concentration of production in certain parts of the region.

Therest of the paper is organized as follows. First, amodel is developed, and a gen-
eral property of the equilibrium spatial acreage alocation is established. Then the notions
of aspatial concentration of production and greater market-specific demand volatility are
introduced. After investigating the quantitative effect of market-specific demand volatil-
ity on equilibrium acreage allocation, some determinants of the acreage allocation pattern
in the spatial dimension are discussed. Next, sufficient conditions leading to a complete
local spatial concentration of production are presented, and the equilibrium effects of an
increase in transportation costs and a more spatially concentrated acreage distribution are
investigated. The paper concludes with a discussion of possible lines of further inquiry.

Model

Consider aregion with n terminal markets, indexed i =1,...,n, for two types of
commodities h and | . Producers at each location are differentiated by transportation
costs to the terminal markets. Transportation costs per unit of distance are invariant
across commodities, are normalized to 1, e=1, and are proportional to the corresponding
distances to each market, ed., d. €[01], i =1,...,n. Let D, <[0,]]" denote the set of
feasible distances to the terminal markets in the region. The number of acres at locations

with transportation costs (d,, ...,d, )€ D, or less, is given by the cumulative distribution
function F(d,,...,d,) with astrictly positive support on D, and the corresponding

density function f(d,,...,d,) ! The total number of acresin the region is normalized to 1,

LdF =1. The per acre costs of producing the two commodities, ¢ and c', are invariant

across locations. The yields are certain, common across both varieties and locations, and
are normalized to 1. There are two time points: the planting time when producers decide
which variety to plant, and the harvest time when producers decide to which terminal
market to ship their crop.
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At terminal market i, inverse demands for the two commaodities are given by
p =P¥(s",s',6% ), q=1,h, where s° isthe quantity of commodity q shipped to
market i . Demand uncertainty is decomposed into uncertainty that is common across
both markets and commodities, » , and commodity- and market-specific uncertainty,
summarized by the parameter 6. For example, the former type of uncertainty stems

from news disseminated through public media about the end-use qualities of the two
commodities. To concentrate on the effects of multiple markets on acreage allocation, |
will ignore this type of uncertainty asit does not have much relevance to the analysis that
follows.? The focus here is on the uncertainty that is related to local conditions, such as
demand from adjacent feeding operations and processing plants for a particular commod-

ity. Hold that P’ <0 and P;"" >0 where the subscripts denote differentiation.

Furthermore, assume that the degree of substitutability, if any, between commodities h
and | in consumption islimited: P™ (0,s',6) = and P"'(s",0,8) = foral i =1,...,n.
The joint cumulative probability distribution of the demand shocksis given by
G(4,,6,,...,6",6') with support on [8,6]*".

Analysis
At harvest time, producers of commaodity g located at d,, ...,d,, decide whereto
market their crop based on the relative prices net of transportation costs

7(dy,...,dy,0) = max}[ p' —d]. 1)

ief1,...,n

Therefore, commodity g producerslocated in areas S* ={d,,...,d, € D :d, —d,

< p'-pj,Vj=i} supply market i. In equilibrium, the relative distance, d, —d,; = d]

ij ?
at the locations of threshold producers that are indifferent between shipping commodity
g to market i and market j isequal to the price differential between marketsi and |,

piq_plq:

P¥(s',s,6") - P (s].s,

I

69)—-dd =0, q=1,h, )
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where s" = Lha(zl,...,zn)dF s = L A-a(z,....z,))dF , and a(d,,....d ) €[0]]

denotes the share of acres at locationswith d,, ...,d,, planted to variety h. Note that the

assumptions made about the inverse demand functions rule out “corner” solutions by
assuring that the amount of each commodity supplied to each market is strictly positive.

Let J”q =supdy and dif =inf d; denote the largest and smallest realization of the
price differential between markets i and j for commodity q, CTU“ =—d ?i . Then the
locations of commodity q producers that may deliver their crop to either of M <

{1...n} marketsare D} ={d,,...,d, € D, :d{ <d, -d, <df,d, —-d, <dj, Vi, jeM,

=Zij ij !

Vk ¢ M} . The purpose of defining such areas in the producing region will become

apparent in Result 1. All commodity g producers located in Dy, _;, aways ship their

crop to market i . In contrast, commodity g producerslocated in D, M ={i,..., j}
where 1<i < ] <n may ship their crop to any of the marketsin M depending on the

price differential. Therefore, the growing region can be divided into two types of areas
distinguished by the available marketing opportunities. In “arbitrage” areas, producers
aternate between two or more markets in order to take advantage of the price differential.
In “no-arbitrage” areas, producers always supply only one market because the price
differential never covers the additional transportation expense.

At planting time, producers choose which variety to plant, anticipating the marketing
opportunities available at harvest:

n(dl,...,dN)ng% Ex(d,,....d,,q)—c", 3

where E isthe expectation operator with respect to random variables 6. Based on the
limited degree of substitutability between commodities in consumption, P" (0,s',8) =

and P''(s",0,0) = w, the following can be readily inferred about the acreage allocation

pattern in terms of “no-arbitrage” and “arbitrage” aress.
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RESULT 1. Supposethat Pr(d] =d/,...d? =d?)>0 for i e Ac{4,...,n}. Then any

planting time equilibrium is characterized by

Ep' -c"=Ep -c', VieA, 4)

and both commodities are produced in the areas near market i, where the “no-arbitrage’

areas for both commodities overlap, Lh o a(z,...,z,)dF € (0,1, and only commaodity
(i =iy
h (1) is produced in the areas, where the “arbitrage” areas for commodity h (1) and “no-

arbitrage” areas for commodity | (h) overlap, «(d,,...,d,) =1(0) for al (d,,...,d,)

€ Djyom MDYy (Dfyom NDf), Vie A, M ={k,..,, j} wherel<k<j<n.
Result 1 provides apartial characterization of the equilibrium acreage allocation in an
environment in which planting decisions are governed by future spatia arbitrage consid-
erations. Suppose that there is a positive probability that the price at market i islow
relative to prices at al other markets so that occasionally all producers who sometimes
deliver to i ship their crop to other markets. Then in the area“near” market i but “away”

from al other markets, | =i, the mix of the cropsis produced. The areas located “near”
market i but “closer” to the other markets, which are better suited for taking advantage
of the spatial priceinequalities, will be planted to a commodity with “greater” spatia
price differentials, d,f .

To simplify presentation, for the rest of the paper | consider a producing region with
just two terminal markets, i =1,2. In this case, the probability condition in Result 1 holds
trivialy because there are only two possible marketing outlets. The spatial acreage
allocation pattern isillustrated in Figure 2 where the curve bounding areas A, B, C, D,
and E correspond to pointswith d, —d, =d¥, and d, —-d, =d2, g=1,h.*InFigure 2, in
the areas where both commodities are always shipped to the closest market,

A =Dg, N Dy, and D= D, N Dy, , the mix of the two is produced. On the other hand, in

areasB=D/},, N D, and C= D, N D/} , one commodity is always shipped to the

closest market while the marketing plan for the other one depends on the price
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FIGURE 2. Spatial acreage allocation pattern

differential. In equilibrium, only the latter commodity will be produced in those areas:
commodity h inareaB and commodity | inareaC.

Areas with small differences in transportation costs to markets 1 and 2, such as area
E in Figure 2, are dominant in terms of the spatial arbitrage opportunities. Producers of
both commodities located in these areas determine their marketing plan based on relative
prices. Next, | investigate the determinants of the planting decisions in such overlapping

“arbitrage” areas. For producersin areas Dj; , N D}, ={d,,d,:
max[d",d'] <d, —d, <min[d",d"]}, the expected incremental return from switching

from variety | to h isgiven by”
A Ez(d,,d,,q) = Ex(d,,d,,h) —c" - (Ex(d,,d,.1) — ') )

= E{max[p; - p;,d, —d,] -max[p; — p;,d; —d,]},

where condition (4) was used. Differentiating (5) with respect to (d, —d,) yields

aAqE”(dl’dz’Q)/a(dl - dz) = E{lplh,pggdl,dz _lpi,plzgdl,dz} = PI’( plh - pQ < d1 - dz) -

Pr(p, - p, <d, -d,).

In general, the incremental profit (5) may rise or fall as the relative distance (trans-
portation costs) to the markets, d, —d, , increases. Suppose that the market price
differentials for commodities h and | are ordered by the first-degree stochastic domi-
nance, so that Pr(p! — p} < p) < (2)Pr(p, — p, < p) foral pe[-L1]]. If theprice
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differential between markets 1 and 2 for commodity h islikely to be larger (smaller)
than that for commaodity |, the equilibrium acreage allocation pattern takes the following
form. Commodity h(l) isproduced in the areas with small d, —d, (near market 1 and
away from market 2), while commaodity | (h) is produced in the areas with large d, —d,

(near market 2 and away from market 1). Next, | consider conditions on the price differ-
entials that lead to spatial production patterns that are of central interest in this study.

Suppose that there existsa p e (—-11) suchthat for p> p, Pr(p; - p; < p)
<Pr(p, - p, < p) and Pr(p — p5 < p)>Pr(p; - p, < p) for p< p.Asiswell known,
thistype of single-crossing condition may imply the second-degree stochastic dominance.
Then the incremental profit, A Ez(d,,d,,q), increases with the transportation cost
differential, d, —d,, inthe areas “closer to market 1 than to market 2,” where
d,—d, < p, and decreases in the areas “ closer to market 2 than to market 1,” where
d,—d, > p. Therefore, in equilibrium, commodity h will be produced somewhere in the

“middle” of the “arbitrage” region, while commodity | will be produced outside of the
“middle” area. In other words, the production of acommodity characterized by a greater
extent of market-specific price volatility is relatively more geographically concentrated in
the “middle” of the “arbitrage” area. Next, | make more precise the notions of market-
specific price volatility and geographic concentration and investigate the connection
between them.

Market-Specific Demand Uncertainty and Production Concentration: Definitions
A further inquiry into the determinants of acreage allocation patterns warrants the
following.

AssUMPTION 1. (i) G(&}',6,,6!,0)) =G"(6,",0])G' (6, ,6)), G"(6,.,6,)=G"(6,,6,),
G'(9,,0,)=G'(9,,0,); (i)F(d,,d,) = F(d,,d,) foral d,,d, e[01];
(iii) PY*(s",8',0%) =P**(s",s',0%) = P(s",s',0°), g=1,h; (iv) P/ =0, P, =0.
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Parts (i), (ii), and (iii) assure that markets 1 and 2 are “ symmetric.” Conditions (i) allow
us to better focus on the forces behind the concentration of production of one commodity
in aparticular area other than ex ante asymmetries in demand across markets. Demand
shocks for commodities h and | are independent, and demand shocks for each commod-
ity at markets 1 and 2 are exchangeable random variables (see endnote 2). According to
condition (ii), the distribution of acreage in the region is symmetric, which, for example,
prevents an asymmetric concentration of acreage near one of the markets. Part (iv) is
another ssimplifying assumption that excludes any cross-price effects, so that the only
interaction between the cropsis on the supply side.

In addition, | make the following behavioral assumption about the equilibrium spa-
tial distribution of acres between the two commodities.

ASSUMPTION 2. For any (d,,d,) and (d/,d}), if z(d,,d,)+d, = z(d/,d})+d or
2(d,,d,) +d, = 7(d;,d}) +dj then &(d,,d,) = ar(d],d}).

This assumption assures that it is only the location of producers relative to markets 1 and
2 that influences their planting decisions. Suppose that the expected revenues of produc-
ers after compensating them for the cost of transportation to one of the markets are
identical. Then the crop mix at each location is also identical. Assumption 2 amounts to
taking al other factors determining the acreage allocation to be invariant across locations
and the number of producers at each point in the region to be large. The invariance of the
“transportation cost compensated” revenues across locations implies either the lack of
“material” differences between the locations of the two producers or that the producers
never alternate between marketing outlets. Write the “market 1 transportation cost

compensated” revenues for producerswith (d,,d,) and (d;,d;) asfollows:
z(d,,d,) +d, = maX[EmaX[plq' pg +d, —d,] -cf],
q
7(d;,d})+d; =max[Emax[p/, p; +d; —d,]—c"].
q

By inspection, the left-hand sides are equal in one of two instances. The differencesin

transportation costs may be the same, d, —d, = d; —d,, . Then the optimal marketing
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decisions at harvest are trivially the same for these producers, and hence their planting
decisions must conform. Otherwise, it must be that at any harvest time equilibrium,

pf —d, > p;y —d, and p —d; > pj —d, for q=1,h (see equation (4)). In other words,
for any realization of uncertainty, producers of both commodities located at (d,,d,) and
(d;,d;) always ship their crop to market 1.
Assumption (ii) resultsin symmetric spatial acreage allocation when the prices are
exchangeable random variables (i.e., the ex ante prices are symmetric across markets).

The spatial acreage allocation is determined only up to the relative distance, d, —d,, in
the sensethat «(d,,d,) =«(d;,d;) forall |d, —d,|=|d;—d} |, andhence, d* = -d",
g=I,h.In particular, from Result 1 and using Assumption 2, it follows that

a(dy,d,) =a € (01) on (D, NDy)v (DY NDyy,) ={d;,d, e D, :|d, -d, >

max[d",d']} . Finally, observe that in a case when the realizations of demand shocks are
always common across markets, Assumptions 1 and 2 imply that in equilibrium,
a(d,,d,) =a €(01) foral d,,d, e D. sothat production of each commodity is evenly
distributed everywhere in the region. And so, given these assumptions, any concentration
of production is caused precisely by the market-specific uncertainty that differs across
commodities.

Next, | formalize the concepts of spatial production concentration and market-
specific uncertainty (the extent of systematic demand risk across markets).

DEFINITION 1. (Spatial Production Concentration). Spatial distribution of shares of acres

under commodity h, «(d,,d,), issaid to undergo a (Symmetric) increase in concentra-

tion around the center, denoted by «(d,,d,) <, «'(d,,d,), if

[ [2@.2)dF = [ [a'(2,2,)dF and | E_*:a(zl,zz)dF <[ Efdda'(zl,zz)dF for all

de[0]].

Anincreasein spatial production concentration for commodity | can be defined

analogously by replacing «(d,,d,) with 1-«(d,,d,) . Of course, an increase in the
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concentration around the center of the acreage planted to commodity h implies ade-
crease in the concentration for commodity | . Note that while an increase in the
concentration, under Assumptions 1 and 2, is a mean-preserving contraction (mpc) in the
sense of Rothschild and Stiglitz (1970), the converse may not be true. Also, the intro-
duced notion of spatial production concentration is distinct from the diversification of

production in the area measured by a Shannon’s entropy index, H = — f E p(z,z,)

Inp(z,,2,)dz,0z, where p=a(2,,2,)f(2,2,) ! [ [a(2,2,)dF . This measure of

production diversification (crop mix) does not take into account the location of acres,
unlike Definition 1, which is better suited to model the response of equilibrium acreage
alocation that differs across locations. However, starting with a uniform spatial acreage

allocation (no production concentration), «(d,,d,) =« for al d,,d, € D, anincrease

in spatial production concentration implies a decrease in the measure of diversification of
production in the region.

To measure systematic risk or the extent of positive dependence present in the sys-
tem, the following notion is commonly used (Shaked and Shanthikumar 1994).>

DEFINITION 2. (The Supermodular Stochastic Order). A bivariate probability distribution
G(6,,6,) issaid to be smaller than the probability distribution G'(6,,6,) in the super-

modular stochastic order (denoted by <) if [¢(6,,6,)dG < [¢(6,,0,)dG" for all

supermodular functions ¢ for which the expectations exist.

A function ¢ iscalled supermodular (submodular) if g(max[x,,%,],max[x,, X,])

+g(min[x,, %], min[x,, %,]) 2 ()g(max[x;, %], min[X,, X,]) + g(min[x;, %],
max[x,, X,]) for any x;,X,,X,,X, inthe domain. This property is equivalent to the

“increasing (decreasing) differences’ property: A° A‘quﬁ(xl,xz) >(<)0 fori,j=12,
I #],e>0,and 6 >0, where AJg(X,X,) =@(X +&,%,) —d(X,, X,) . The supermodular
stochastic order adequately captures the strength of positive dependence: “big (small)

valuesof &' go with big (small) valuesof &;.” Furthermore, the ordering is possible
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only if the joint distributions are possessed of the same marginals. According to Defini-

tion 2, the extent of market-specific uncertainty regarding the demand for commodity g

decreases under themap G* —» G* suchthat G <, G*.

Merged Markets, Acreage Allocation, and Demand Uncertainty: Quantitative Effect
In general, the effect of an increase in systematic demand risk across markets (a de-
crease in market-specific volatility) on production concentration can be decomposed into
two effects: (a) the change in the total share of acres under a commodity, and (b) the
changein the spatial distribution of acreage. First, | isolate the quantitative effect on the

equilibrium acreage allocation. To do so, | consider a specia case with LdF =1, where

B={d,,d,:|d, —d, =0}, thatis, all acresfor planting are concentrated in the areain the
middle of the region. Note that such a distribution of acreage also arisesif the two
markets merge. The proximity of markets 1 and 2 can be model ed analogously to model
an increase in dependence. As markets 1 and 2 move closer together, the number of
producers that are either close to or far away from both markets increases, while the
number of producers that are close to one market and far away from the other market
decreases. Formally, this can be written as F = F*(max[d,,d,]) <., F’ forany F’
corresponding to a growing region where markets are more distant from each other,
where F' isthe marginal spatial distribution of acres relative to market 1. Alternatively,
the analysis to follow adheresif thereis no transportation cost for shipping commodities
from any point in theregion, e=0.

In either of those cases, prices will be equalized across markets for any realization of
demand uncertainty (see equation (2)):

PI(s?,6) = PO(s{,69) for any 69,05 <[6,8], q=1,h, (6)

where s’ +s) =a ,and s +s, =1-«a . Here, & isthe unique equilibrium share of
acres alocated to commodity h that isinvariant across the region (Assumption 2) and is
determined at planting by equation (4). Suppose that there is an increase in the depend-

ence of the market-specific demand shocks for commodity q, G* < G*, q=1,h.
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Then in the new equilibrium the share of acres planted to commodity g adjusts upward

or downward depending on whether 6°P® /067065 > (<)0. The appendix shows that
there are sufficient conditions such that the supermodularity (submodularity) of the

market price p* in(6,6;) holds. Summarizing gives the following.

RESULT 2. Let Assumptions 1 and 2 hold, and LdF =1, where B={d,,d, :|d, —d, = G} .

Then acres planted to commodity q increase (decrease) with an increase in the depend-
ence of the market-specific demand shocks for the commodity depending on whether

Pl <(>)0 and P} <(>)0 foral s and 6°%, q=1,h.

An increase in dependence (an increase in systematic risk) among the demand shocks at
markets 1 and 2 for commodity h(l) infact dampensthe volatility of the “arbitraged”
shipment, 6" =|s" —0.5a" | (5' =|s' —0.51-«") |). As market-specific demand shocks
become more dependent, that is, when it is more likely that both of them are either “high”

or “low” simultaneously, thereislesslikelihood that 5 will deviate from zero. The

curvature conditions on the inverse demand functions assure that the expectation of the

price, Ep?, variesin amonotone manner with the volatility of the “arbitraged” shipment,

6, and that they have a standard interpretation.

Equilibrium Acreage Allocation and Demand Uncertainty: Spatial Pattern

Next, | consider the effects of market-specific demand volatility and spatial acreage
alocation on the volatility of the price differential between markets (or the “arbitraged”
shipment) in amore general case, where not all producers are equally distanced from

both markets. Let <, denote amean-preserving contraction of a probability distribution

in the sense of Rothschild and Stiglitz (a special case of the second-order stochastically
dominating shift).

RESULT 3. Let Assumptions 1 and 2 hold. (a) The volatility of the price differentia

between markets 1 and 2, d*, decreases with an increase in dependence among market-
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specific demand shocks for commodity g, that is, G® <, G* implies d?(G*)

<ioc d9(G*),if P!=0and P} =0 foral s' and 6%, and a, /" <—f,/ f for g=h

—mpc
and o; I1-a’)> f,/ f for g=I foral d,,d, e D.. (b) The volatility of the differen-
tial for commodity h () decreases (increases) with an increase (decrease) in the spatial

production concentration of commodity h (1) around the center, that is, «(d,,d,)
<qc @'(dy,d;) implies d"(a) <o d"(e') and d'(a’ <o d' ().

In light of Result 2, the linearity of the inverse demand functions required in part (a)
allows a better isolation of the role of spatial dispersion of producers (and markets) by
removing the “quantity” effect. The conditionsimposed on the spatia acreage allocation
are satisfied if, for example, thereis no production concentration (in the sense of the

entropy index), «(d,,d,) = « , and the acres available for planting are distributed evenly
intheregion, f(d,,d,) =1 forall d,,d, € D.. Note that the nature of the shifts of the
distributions of d“ caused by an increase in demand shock dependence and production
concentration is distinct. While an increase in demand shock dependence transforms the

probabilities of the price differential, d*, a greater production concentration shifts the
map of realizations of the price differentials “closer” to (“away from”) zero.

Under certain conditions, a decrease in dependence among market-specific demand
shocks and an increase in the concentration of commodity h production have the oppo-

site effects on the expected incrementa profit (5), which is convex in the price

differentials d" and d'. And so, Result 3 seems to indicate that an increase in the
production concentration for acommodity is a feasible equilibrium response to a greater
extent of market-specific demand volatility for that commodity. To verify this conjecture,
| introduce a slightly weaker version of Definition 1.

DeFINITION 3. (Loca Production Concentration). Spatial distribution of shares of acres

under commodity h, «(d,,d,), issaid to undergo alocal (Symmetric) increasein

concentration in theregion | d, —d, |< d., around the center, denoted by
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. o+dg p+de
a(dy,0;) Sy @A) if [ ez, 2)df = [ [*a/(2,2,)dF and

[ [ a@z)iF < [ [7 a'(2.2,)dF foral defod.].

To proceed, consider equilibrium with “complete” production concentration in the sense
of Definition 3, where only one commodity is produced in the “middle’ of the area. For

concreteness, suppose that equilibrium acreage dlocationis " (d,,d,) =1 for
|d,—d, |<d" and &’ (d,,d,) =& for |d, —d, > d".° Furthermore, |et conditions on the

inverse demand functionsin part (a) of Result 3 hold for commodity | .

Now consider a decrease in dependence among market-specific demand shocks for
commodity I, G' - G" <_ G'. Then, by part (a) of Result 3 and the linearity of the
inverse demand function, the expected profit differential (5) weakly decreases for pro-
ducerswith |d, —d, |<d', d'(G") > 0. Suppose that, by further decreasing the degree of
dependence, the expected incremental profit becomes strictly negative. Then the new

equilibrium acreage allocation, «'(d,,d,), must be such that «'(d,,d,) <, « (d,,d,)

Ipc

for some d, > 0. Thisis because from the assumed linearity of the inverse demand

function, P'(s',8'), it followsthat d' isdirectly proportional to
2+d' %
([, a-a @.z)dr.

Supposethat [ f“"(l— o' (2,,2,))dF < | f“"(l— &'(z,2,))dF foral d'. Then
d 4,7, A 4,7, - ,

analogous to part (b) of Result 3, it can be shown that d' (¢") <, d' ('), and the

expected profit differential (5) weakly decreases. But thisisimpossible because thereis

no commodity | produced in the middle of the region while the profit from producing

commodity | isstrictly larger than that for commodity h for some producers with

|d, —d, |<d'. Therefore, it follows that ff:dl (- (z,2,))dF

> ff:: (1-a'(z,z,))dF for some d'. Because " (d,,d,) =1 for |d, —d, |<d" there

existsad_ >0 suchthat «'(d,,d,) <, « (d,,d,).Summarizing givesthe following.

Ipc
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RESULT 4. Let Assumptions1 and 2 hold, P, =0 and P, =0 foral s and 6, and
a, f>f@1-a") foral d;,d, e D, . Furthermore, suppose that " (d,,d,) =1 for
|d,—d, |<d" and «"(d,,d,) = € (0]) for |d, —d, [>d".” Then adecrease in depend-
ence among the market-specific demand shocks for commodity | implies adecreasein
thelocal production concentration of commodity h around the center,

a'(d,,d,) <, o (d,,d,) for some d_ >0.

Ipc

In the next section, | consider in greater detail some determinants of equilibrium charac-
terized by a complete (local) production concentration around the center.

Sufficient Conditions for Complete Spatial Production Concentration
Let demand shocks for one of the commaodities, for example, commodity |, be pos-
sessed of the greatest degree of systematic risk, that is, let it be perfectly correlated.

Formally, this can be written as G' (6, ,6,) = G; (min[6, ,6,]) >, G"(6,,6)) for any
other G' (0! ,6,) .2 In other words, Pr(9, = 0}) =1, and barring any ex ante asymmetries
between the two markets (excluded by Assumptions 1 and 2), at harvest time no com-
modity | producers have an incentive to ship their crop to arelatively more distant

market. The prices of commodity | are always common across markets, p; = p> and
d' =sup|d' |=0, for any redization of uncertainty. In contrast, hold that LdG“ > 0 for

some B={6,,60, :6, # 6,}, so that not all demand risk for commodity h is systematic.
From Result 1 and Assumptions 1 and 2, it follows that equilibrium is characterized
by " (d,,d,)=1for |d, —-d, |<d" and " (d,,d,) =« € (0,1) for |d, —d, > d". Here,
asingle commodity is produced in the middle of the region and the mix of commodities
Is produced outside of that region. Only commodity h producers may deliver their crop
to amore distant market to take advantage of the price differential (e.g., producers with

d, < d, shipping their crop to market 2.) The quantities of each commaodity supplied to

the markets at harvest are s/'(d") = [ f_*;:dF va f" dF
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S =[["dFraf[ dF. s=@-a)[[" dF ads,=@-a)[[  oF.
According to Definition 3, this spatial acreage allocation dominates any other allocation
in terms of the local concentration of commodity h production in the area around the
center with d_ = d". The largest (smallest) amount of commodity h is shipped to a
market when the realization of market-specific demand shocks has the most dispersion:

0 =0,6)=6,0r6"=6,6)=06:

P"(s",0)-P"(s",0)-d" =0, ©

where 5" =s'(d" =d") and s" = s'(d" = —-d"). Summarizing gives the following.

DEFINITION 4. (Equilibrium with Complete Local Production Concentration). Symmetric
equilibrium with a complete local production concentration of commodity h around the

center isgivenby d” =d", the size of the concentration area, and «” = «, the share of
commodity h produced outside of the concentration area, such that equations (2), (4),
and (7) hold. Some mathematical exposition presented in the appendix establishes the
uniqueness of this equilibrium.

RESULT 5. Let Assumptions 1 and 2 hold, G'(6,,6}) = G, (min[é,,6,]) , and LdG“ >0
for some B ={6,,6, : 6, # 6,} . Then thereis unique equilibrium with a complete |ocal

production concentration of commodity h around the center, (o ,d”) with d” e (01).

Now | investigate how the size of the concentration region and the split of acreage
outside of the region respond to the cost of transportation per unit distance and to the
distribution of acreage available for planting. For example, a“global” increasein trans-
portation costs may be aresult of higher fuel prices or the abandonment of alocal
railroad or an inland waterway system. The distribution of acreage available for planting
isinfluenced by a multitude of factors, including various alternative uses, environmental

regulations, and the proximity to urban centers.
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Equilibrium Effects of Transportation Cost and Acreage Distribution

Next | consider the effect of a uniform increase in transportation cost, e, on the equi-
librium acreage allocation with a complete concentration of commodity h inthe middle
of the region (Definition 4). Equilibrium conditions are now given by equation (4) and

P(s],0') - P%(s;,6;) —ed" =0, (2a)

P"(s",0)-P"(s",0)-ed" = 0. (72)
From these equations, it follows that the size of the concentration (“arbitrage”) area must
decline with the transportation cost, e. Suppose that, on the contrary, the size of the
concentration area, d”, increases. Inspecting equation (7a), it is clear that the share of
commodity h outside of the concentration area, ", must adjust, because otherwise the
difference, P"(3",8) — P"(s",0) , decreases, which contradicts the assumption. Suppose

that o increases. Then equation (4) no longer holds because supply of commodity |

decreases while that of commodity h increases for all realizations of uncertainty. Sup-

* . . —h 2+d* * z—d*
posethat o decreases. Then (7a) impliesthat S" = ff_d* dF + « ﬁf dF must

decrease because s" =« Llffd dF isclearly smaller than before. Hence, the total

supply of commodity | increases, which isimpossible if Condition 4 continues to hold.
Therefore, the size of the concentration area d” must decrease with the transportation cost
e. The effect of the transportation cost on the share of commaodity h outside of the concen-
tration area o’ isambiguous, asillustrated using aspecial casein Result 4, part (a).

Next, | inquire into the effects of the spatial acreage distribution in the region on the

equilibrium distribution of acreage alocation. Consider a shift of acreage available for
planting toward the middle of theregion, F <., F’ (use Definition 1 with

a(d;,d,) =a'(d;,d,) =1.) Inspecting equation (7a), it follows that in the new equilib-

. * . p+d * ,-d
rium, d” must adjust downward because s (F') = ffid* dF' + o (F’)EJ;z dF’

p+d’ * ,—d” . .
> ff_d*d':w (F)ff dF =s/(F),aslongas &’ (F) > a’(F'). In genera, the
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effect of the acreage shift on o isambiguous. This is demonstrated using a two-point

distribution of demand shocks for commodity h, g"(6,6) = 7,,, 9"(0,0) =7, ;.
g"0,0)= g"(0,0)=r , Here, the probability distribution of dy, is concentrated at
just three points (a most), Pr(d" = -d")=Pr(d" =d") =z,,,and Pr(d" = 0) = 7,
+7; 5 - Therefore, for the purposes of investigating the effects of a greater acreage

concentration on equilibrium allocation, any shift of the acreage into the middle of the

region, F —» F'>_ F, given the symmetry of acreage distribution, can be summarized

asfollows: j dF’:j dF —¢, and dF’:j dF +¢, €>0.
d d,—d,|>d d,—d,|<d

,—d,[>d” d,—d,|<d”

Some further exposition shown in the appendix leads to the following:

RESULT 6. Let Assumptions 1 and 2 hold, G' (6} ,6)) = G} (min[8},6.]) , and g"(6,6) =
g" (o, 6) =1/ 2. Then the size of the concentration area, d, decreases, and the share of

commodity h outside of the concentration area o decreases or increases, depending on
A-a")EP/'(s,0') + 1-a" 12)P"(5",0) - (" 12)P"(s",0) < (>)0, with (a) asmall
Increase in transportation cost, e - € > e; or (b) asmall increase in acreage concentra-
tion around thecenter, F > F'>__ F.

Zsc

Conclusions

The model developed in this paper is used to study the effects of the distribution of
terminal markets (or the concentration of end users) in agrowing area on equilibrium of
spatial acreage allocation. Here, | find that the multi-market environment may have an
immediate impact on spatial acreage allocation. In particular, | inspect the possibility of a
gpatial concentration of production driven by commodity- and market-specific price
volatilities. | discuss the effects of a“greater” spatial concentration of production and
“greater” market-specific demand volatility on the probability distribution of the price

differential between markets. | also establish sufficient conditions for a complete local
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gpatial concentration of production and explore the equilibrium effects of acreage distri-
bution and transportation costsin this case.

A similar analysis of spatial acreage allocation patterns may aso apply in the case of
commodities differentiated based on the extent of genetic modification (GM) present in
the seed. In this case, the degree of substitutability in consumption of GM and non-GM
varieties and the different costs of processing warrant modifications of the demand side
of the model. In addition, much greater care needs to be exercised when decomposing
demand uncertainty into systematic and commodity- and market-specific components.

To focus on the role of location and market-specific demand uncertainty on planting
decisions, among other issues, | ignored the temporal dimension of the marketing plan
that spans the period between the two harvests (Benirschka and Binkley 1995; Frechette
and Fackler 1999). In the case of a single terminal market, quality-differentiated com-
modities, and a multi-period marketing environment, acreage allocation decisions may
vary across locations (Saak 2003). Therefore, it is of interest to understand how planting
and marketing decisions are made under more realistic circumstances, including the case
in which plural terminal markets and marketing periods and market-specific demand

uncertainty are present.



Endnotes

In general, the distribution of acreswill not have a strictly positive support every-
where on [04]" because some combinations of distances to markets may not be

possible. In particular, f(0,...,0)>0 impliesthat all markets are located at the same
point; otherwise, it must be that f (0,...,0) = 0.

For example, the effects of thistype of uncertainty on acreage allocation between
genetically modified and standard varieties are studied in Saak and Hennessy 2002.

The distances to markets need not correspond to Eucledian distances in arectangular
coordinate system.

Because there are only two markets, | drop the subscripts on d
di= alg and gq =sz-

1 and d¢, and take

12 2127

Hennessy and Lapan (2003) provide a fundamental treatment of the concept of
“more systematic risk” and its formalizations in a broad economic setting with some
applications. The supermodular stochastic order is used widely in insurance and fi-
nancial management literatures.

In the next section, | consider environments where such patterns exist in equilibrium.
For example, using Result 1, along with Assumptions 1 and 2, this spatial pattern
emerges if the price of commodity | does not vary across markets, d' = 0. However,
note that the lack of variation is not necessary for the spatial allocation pattern where
only one commodity is produced in the “middle” of the region.

We ignore the derivative condition «; f > f,(1-«") on the set of zero measure
| d1 - dz |: ah .

Thisis awell-known property of the Frechet upper bound for distribution
H(x,y) <min[H,(x), H,(y)] Withmarginals H_(x),H,(y). Therandom variables with

distribution function H(x,y) =min[H,(x), H,(y)] are caled co-monotonic.



Appendix

Proofs of Results

Proof of Result 1

Without loss of generality, suppose that in equilibrium D}, ,, N Dy, = @ for some
i and M ={i,..., j} where 1<i < j<n.Thenit must bethat «(d,,...,d,) >0 for some
(d,.....,d,) e D{'}} . Otherwise, when at harvest time equilibrium the price differential is
such that p" — p? =d L‘ forall j =1, thereare no commodity h producers supplying
market i , which cannot be in equilibrium. Note that the expected profits for producers of
both commoditiesin areas D, are z(d,,...,d,,q) = Ep; —d, —c* because they are
located in the “no-arbitrage region.” Hence, in planting time equilibrium it must be that
Ep" —c" > Ep —c¢' sothat some commodity h is produced in that region. But this
impliesthat al producersin areas with D{T}UM N D{'i} prefer to grow commodity h
because for them z(d,,...,d,,h) = EjTMaﬁ[p? -d;]-c"> Ep’ -d, -c" > Ep/ —d,
~c' =z(d,,...,d_,l) asthey may switch from supplying market i to supplying market
j €M totheir advantage. And o, a(d,,...,d,) =1 foral (d,,..,d,) € D, ,, N D}
Next, note that it cannot be that Ep|" —c" > Ep! —c' sothat a(d,,...,d,) =1 for all
(d,.....d,) e D}, . Because then, when at harvest time equilibrium the price differential is
such that p — p'j =d :j foral j=#i,thereisnocommodity | producers supplying

market i, which cannot be in equilibrium. Hence, equilibrium is characterized by
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Ep' -c" = Ep' -¢' and a(z,,...2,)dF € (01), and a(d,,...,d,) =1(0) for al

(i NDfiy

(dy.....d,) € Dgyom NDgyy (Dyow MDY, i =11,

Proof of Result 2

Substitute the expressions s)=a” - s and s)= (1-«") -, in equation (6) in the
text. Differentiating P9 (s?,8;) twiceyields 6°P?/0606;
= P(s7,00)[0s! 1007 [0s7 10651 + Ri(s!,67)[0%s! 1068005 + P (s, 67)
[6s? /06,1 . Using condition (6) to find s/ 06° and 0°s! / 0606, write
92P%/ 5600063 = —(RI'RY? 4+ PRI PIPI2 | A® 4 (PITPY2PI2 4 RI2RMPIY) [ A2,
where A= P*" + P% and the superscripts “ q,i ” denote the type of commodity and
market whereit is sold. Hence, it followsthat 9°P? /26065 > (<)0 when P? < (=)0

and RPg <(>)0.

Proof of Result 3
(a) Differentiating (2) twice shows that the conditions stated in the result suffice to
assure that the price differential for commodity q is submodular in demand shocks,

0%d" /067065 <0. To show that when the submodularity condition holds, an increasein
dependenceimpliesthat d*(G?) < . d“(G™"), consider the following. The symmetry
imposed by Assumption 1 assures that jdquq = jdquq’ =0. Next, consider atwice
differentiable function H(d%), where H' > 0,H"” > 0. Differentiation yields

0?H 106080603 = H"[od 10671 [6d® 16691 + H'[6%d% 1 062669] <0. Note that

G® <., G* impliesthat [H(d"(0],6;))dG" < [H(d*(6).6]))dG* . Because H isan
arbitrary increasing and convex function, the last condition implies that

d9(GY) <. dI(G™).

—mpc
(b) It must be shown that an increase in the production concentration around the cen-

ter in the region for commodity h, «(d,,d,) <. «'(d,,d,) impliesthat d"(a)
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< d"(a') . Note that the absolute value of the price differential between markets 1 and

—mpc

2 decreases, | P"(s'(@),0,") — P"(S)(),6;) 2 | P"(s]' («'),6") = P"(s;('),6;) | because
S@)=[[ @@ [ Te@z)d =5@) ad @) -

[ _Eh”za(zl,zz)dF >(9)[ E o'(2,2,)dF = s (') depending on whether d" > (<)0.
Therefore, it must bethat |d"(«',6],0)) [<|d"(«,8)",67) | for each 8)',67, in order for the
harvest time equilibrium to be restored. Hence, write Pr(d"(«',8,",6)) <d) <

() Pr(d"(a,60,60) < d) for d > (<)0, whichimpliesthat d"(«) <, d"(c). Also, by

symmetry, it followsthat d'(a') <, d'(@).

—mpc

Proof of Result 5
Without loss of generality, let de;“ >0 for B={6, =0,0, =6} . Differentiating

(7) inthetext yields ad"/da = — Al B, where A=[R"(3",0) - RB"(s",0)] Effd"dl: ,
B=PR"(s"0) [f(z+d"2)dz +(1-a) [ f(z,-d" 2)dz]

+ Plh(§h,Q)aEf (z,+d",2,)dz, — 1. Differentiating (2) yields ad"/da = ~C/D,
C=IR(&6N) - RSN [ [ oF +@-a) [1(2,- " 2)dz[0d" I0al,

D =(R(s.6M) + B"($},6))) [ f (2 +d".2,)dz, - L. Differentiating E[P"(s], 6] with
respect to o yields OEP"(s],6/) /o = E(R(! o) [ [ [ oF +

(1- a)ﬁf (z,—d",z,)dz, (6d"/ o) - Ef (z,+d",z)dz,(6d"/ 6x)]} . Note that the sign
of the expression in the square brackets is positive because substituting 8d" /o = -C/D

yields the following {(ffz’ah dF +(1- a)_Ef (z,—d",2,)dz,[6d" 1 0a]) { (P™ + PM?)

[fz+d"2)d -3 + [f(z+d" 2)dz[R* R [ [ oF +(-a)
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[f(z-d"2)dz, (@d"/0a)]}/ D :{Z(Efz_ahdF+(l—a)£f(22—5h,22)d22
[65“/6a]){(|31h'1ff(22+dh,22)d22—1/2} /D > 0. Therefore, EP"(S,6)")/ 6 <O.
Finaly, differentiating E[P'(s',8')] with respect to « yields oEP'(s,,6,)/ o

- E{P'(3,0) [—Efz'ah oF - (1-a) [f(z-d"2,)dz(0d"/0a)]. Notethat the sign
of the expression in the square brackets is negative, as substituting 8d" /6o = -A/ B
yields [ [ [ dF(RN(.0) [ [ (2, +T".2)dz, + 1-) [ (- 0" 2)l2]

+R(S 0 [f(z+d"2)dz, - T -(1-a) [ f(z,-d" 2)dz[R"(S) - B"(S.0)]

EL dF]/B_—[EL " ([P (" 1) + BN (S),0)] [f(z+d"2)dz, -5]/B<0.
Therefore, OEP'(s;,8,)/ 0 > 0. Thisimpliesthat there existsaunique o that solves
equation (4). The observed monotonicity of the left-hand sides of equations (2) and (7) in,

respectively, d" and d" guarantees the uniqueness of equilibrium.

Proof of Result 6
It must be shown that 6d” / 8¢ <0 and da” / d¢ < (=)0 depending on

(1-a)EP/(s,,0') + A-a/2)R"(5,0) —(al2)P"(s;,0) (<) >0, where p = ¢,e. The
conditions of the result imply that equilibrium d* and o is given by two equations:
P"(s",0)+(@/2)d" —EP'(s,0)) - (c"—c')=0,and P"(3",0)-P"(s",0)-ed" =0,

where s, = (1—05*)‘[)1_'?27(1* dF -(1-a')el2, 5" = Efde +a ffrd* dF

+e(l-a’12),and s" =o' Ef_d dF —a /2. Straightforward differentiation shows
that the Jacobian determinant for this system of equationsis strictly negative if
L o dF — & > 0. Then differentiating the two equations with respect to ¢ and e, and

using the implicit function theorem establishes the resullt.
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