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The last 4 decades have seen the transformation of food supply
chains from being supply driven to becoming much more closely
integrated with consumer demand. With this development, the
transaction mechanism in food marketing channels has changed
from an open-market mechanism to coordination through the
use of contract-supply arrangements between farmers and food
processors and retailers. In this article, we assess the interaction of
marketing channel members through the use of contracts and its
impact on incentives, coordination costs, risk aversion, risk alloca-
tion, and risk management strategies. For this purpose we specify a
3-stage principal-agent supply chain model involving producers,
wholesalers, retailers, and a futures market. We compare the situa-
tion with and without a futures market. The empirical results
regarding the Dutch ware potato marketing channel during 1971
to 2003 reveal that as a result of increases in incentives to producers
and wholesalers, the coordination costs of the marketing channel
decreased significantly, both with and without futures trade. The
coordination costs of the marketing channel in the case with a
futures market appear to be lower than without futures, demonstrat-
ing the informational (i.e., price discovery) role of futures markets.
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INTRODUCTION

In the last 4 decades, food marketing channels (FMCs) have been
transformed from supply-oriented chains into demand-oriented chains,
which has been termed chain reversal or structural changes in food market-
ing channels (e.g., Boehlje, 1996; Folkerts & Koehorst, 1998). This transfor-
mation has been characterized by product differentiation, competition,
globalization, and consumers’ desire for quality and safe foods. Another issue
worth mentioning is the consolidation and concentration of food retailers
and the resulting bargaining power imbalance vis-à-vis their suppliers
(e.g., Competition Commission, 2000; Hingley, 2005; Reimer, 2006). These
developments in FMCs have implications for strategies of upstream channel
members (i.e., producers and wholesalers). For example, the contractual
relationships (spot, forward, and futures contracts) among marketing chan-
nel members (MCMs) are influenced by the bargaining power of one MCM
vis-à-vis the other MCMs (Pennings & Leuthold, 2000).

More specifically, the outcomes of contract negotiations among MCMs
have an impact on the financial risk allocation in the channel. Numerous
authors have investigated financial risk allocation in FMCs (e.g., Knoeber &
Thurman, 1995; Kuwornu, Kuiper, & Pennings, 2004; Kuwornu, Kuiper,
Pennings, & Meulenberg, 2004; Martin, 1997). However, a limitation of these
studies is that they focus on only two stages of the marketing channel. For
instance, Knoeber and Thurman (1995) have investigated financial risk
allocation between farmers and integrator companies in the U.S. broiler
industry, in which they found that financial risk has shifted from farmers to
integrator companies. Moreover, as a consequence of financial risks, MCMs
may wish to hedge against output and input price risk in futures markets.
This has led various authors to estimate optimal hedge ratios for producers
(e.g., Ederington, 1979; Dawson, Tiffin, & White, 2000; Kuwornu, Kuiper,
Pennings, & Meulenberg, 2005b; Pennings & Meulenberg, 1997).

The unanswered questions regarding the preceding discussion are the
following: what is the role of futures markets regarding risk allocations in
multistage marketing channels (commonly) involving producers, wholesa-
lers, and retailers? Given that financial risk allocation has an impact on MCMs
performance objectives in case of risk-averse MCMs and that futures markets
can reallocate risk in the marketing channel, then what should be the optimal
hedging strategy for the risk-averse MCMs? What are the coordination costs in
the marketing channel when MCMs trade in futures markets as compared
to the case that these MCMs do not trade in futures markets? Moreover, to
the best of our knowledge, research effort that integrates risk allocation
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(or risk aversion) in FMCs and the estimation of the optimal hedge ratio is
scanty (e.g., Mattos, Garcia, & Pennings, 2008; Pennings, 2004). For example,
Pennings (2004) specified a model to estimate static forward contract ratios to
investigate the role of forward contracts in reducing cash-flow volatility of
various meat (beef, chicken, and pork) departments of European retailers.
However, his research addressed only the retail stage of the marketing
channel.

Moreover, as risk aversion of MCMs may change over time, it is, there-
fore, important that dynamic hedge ratios be considered. This study fills a
gap in the existing literature by specifying a model that integrates optimal
dynamic hedge ratios and risk allocations in FMCs involving producers,
wholesalers, and retailers. Such an integrated framework improves our
understanding of how MCMs react to risk in spot markets. Thus, the relation-
ship between the degree of risk aversion and the extent of hedging is a key
issue in this study. The article’s contribution in this respect is the estimation
of optimal hedge ratios for MCMs, while taking the contractual relationships
among these MCMs into account. Subsequently, the objectives of this study
are threefold. First, it seeks to extend the above-mentioned empirical inves-
tigations to marketing channels involving three stages while allowing
risk-averse channel members to trade in a futures market. Second, it derives
and estimates dynamic optimal hedge ratios for the risk-averse MCMs. Third,
it addresses issues of incentives and coordination costs in the context of a
FMC when MCMs trade in the futures market, compared with the case that
MCMs do not use futures.

To answer the above-mentioned research questions, we specify a
three-stage principal-agent marketing channel model for producers, whole-
salers, and retailers extended with a futures market. The principal-agent
model (e.g., Birchler & Bütler, 2007; Furubotn & Richter, 1997; Gibbons,
2005; Milgrom & Roberts, 1992) is part of the agency theory framework.
Originated in the information economics literature, agency theory studies
problems that arise when one party (the principal) delegates work to another
party (the agent). The core idea of agency theory is that principal-agent
relationships should reflect efficient information and risk-bearing costs,
incentive alignments, and the contract as the unit of analysis. The classic
model of agency theory involves an agent who performs a task for the
principal. The principal values the agent’s realized performance and pays
the agent compensation, as specified by a contract. However, there are some
problems the principal has to deal with. The first one is the information
asymmetry between principal and agent; the principal cannot fully observe
the effort of the agent. The second problem is goal conflict between principal
and agent. That is, the information asymmetry between the principal and the
agent is not a problem per se; it becomes a problem when the principal and
the agent have different goals. The third is the problem of risk sharing. This
arises when the agent is risk-averse, and alternative incentive arrangements
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in contracts change the agent’s risk position. Numerous researchers have
used agency theory to model contractual relationships (e.g., Eisenhardt,
1989; Zhao, 2005). In this study, we seek to link the above-mentioned agency
problems to contractual relationships and hedging positions of MCMs.

Regarding the MCMs (producers, wholesalers, and retailers) in our
empirical application (and in many other FMCs), observation has shown that,
in terms of scale of operation, retailers are larger than wholesalers and, in
turn, wholesalers are larger than producers. Our model allows risk-averse
MCMs to trade in the futures market to enable them to hedge against their
income risk inherent in the spot market. We assume that the retailers, carry-
ing a broad assortment of products and hence, being able to diversify, are
risk-neutral, whereas producers and wholesalers, who operate on relatively
small scales and can therefore hardly diversify against risks, are considered
risk-averse. Consequently, our model assumes the risk-neutral retailers to
trade in only the spot markets, whereas the risk-averse producers and whole-
salers trade in both the spot and the futures markets to enable them to hedge
against the risks in the spot market.

THEORETICAL MODEL

Throughout the model, we consider a product that is produced by farmers,
processed and distributed to retailers by wholesalers, and finally sold to
consumers by retailers. The retail value of the product is specified as

x ¼ e þ e ð1Þ

where x is the actual retail value, e is the expectation of the retail value at the
time of the contract negotiations in the marketing channel, and e is the
random component of the retail value, which is assumed to be normally
distributed with mean zero and variance r2.

We assume a hypothetical linear contract between the retailer and the
wholesaler as follows:

Ww ¼ awx þ bw ð2Þ

where Ww is the total compensation payment from the retailer to the whole-
saler, aw is the incentive parameter, awx is the variable compensation
payment, and bw is the fixed compensation. Similarly, the contractual
relationship between the wholesaler and the producer is specified as

Wp ¼ apawx þ bp ð3Þ

where Wp is the total compensation payment from the wholesaler to the pro-
ducer, ap is the variable-revenue sharing parameter between the wholesaler
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and the producer (i.e., the proportion of the wholesaler’s variable revenue
that is received by the producer), apaw is the actual incentive parameter from
the wholesaler to the producer, and apawx and bp are the variable and fixed
compensation payments to the producer, respectively.1

Imposing increasing marginal costs, the cost function of the wholesaler
is specified as

Cw ¼ 0:5cwe
2 þ dw ð4Þ

Similarly, the producer’s cost of effort is specified as

Cp ¼ 0:5cpe
2 þ dp ð5Þ

where dw and dp denote deterministic trend terms that may reflect technolo-
gical changes in production. Note that the cost functions concern expected
costs, not actual costs, because their argument is given by e. This argument
also implies that production cost may increase, either by extending the
production quantity or by improving the quality of the product as reflected
by a higher expected output price.

Net of fixed retail costs, the retailers’ profit is

pr ¼ x �Ww ð6Þ

which has the following variance

VarðprÞ ¼ ð1� awÞ2r2 ð7Þ

as can be seen by substituting Eqs. (1) and (2) in Eq. (6). As the product is
one of the many stock-keeping units in the assortment of the retailer, we
assume that the retailer does not care about this variance. In contrast, in
the model we allow the risk-averse producers and wholesalers to trade
futures contracts besides their contractual relationships in the marketing
channel in order to hedge against risks in the spot market. Accordingly,
the producer’s profit, pp, resulting from selling futures contracts of his or
her products and from the contractual relationship with the wholesaler, is
given by

pp ¼ Wp � Cp þ ZpðFt;t�1 � Ft;tÞ ð8Þ

where Zp(Ft,t�1� Ft,t) represents the producer’s gain or loss from selling
futures contracts, in which Zp is the volume of futures contracts sold at time
t� 1; that is, the time of the contract negotiations in the marketing channel;
Ft,t�1 is the futures price at time t� 1; and Ft,t is the futures price at time t.
Thus, the producer’s result of having a hedging position can be either posi-
tive or negative, depending on whether the futures price at which he or she
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closed the futures position is below or above the futures price at which s=he
initiated the position.2 The difference in the futures price between time t� 1
and t is assumed to follow a random walk with drift as follows:

Ft;t�1 � Ft;t ¼ lF þ eFt ð9Þ

where lF, denoting the drift term, reflects storage costs and interest costs
in futures trade, and eFt is the error term with zero mean and variance r2F .
In the same vein, the wholesaler’s profit from buying futures contracts of
the products for wholesaling and from the contractual relationship with
the retailer is given as

pw ¼ Ww � Cw �Wp � ZwðFt;t � Ft;t�1Þ ð10Þ

where Zw(Ft,t� Ft,t�1) represents the wholesaler’s gain or loss from buying
futures contracts, in which Zw is the volume of futures contracts sold at time
t� 1. Thus, also the wholesaler’s result of having a hedging position can be
either positive or negative depending on whether the futures price at which
he or she closed the futures position is below or above the futures price at
which he or she initiated the position.3

Not only do producers and wholesalers form expectations regarding
their respective profits, they are not indifferent to the uncertainty of their
expectations either. In this article, we measure the uncertainty in producers’
and wholesalers’ profits by their respective variances as a proxy for their risk.
The variance of producers’ profit is

VarðppÞ ¼ a2pa
2
wr

2 þ z2pr
2
F þ 2apawzpreF ð11Þ

as can be derived from substituting (1), (3), and (9) into (8). Similarly, the
variance of wholesalers’ profit is found as

VarðpwÞ ¼ ð1� apÞ2a2wr2 þ z2
wr

2
F � 2ð1� apÞawzwreF ð12Þ

after substituting (1) through (3) and (9) in (10). Given that the risk aversion
of producers and wholesalers comply with the constant absolute risk
aversion (CARA) model and that their profits are normally distributed, then
their objective functions are equivalent to the maximization of their respec-
tive certainty equivalents of profits given as

CEðpÞ ¼ EðpÞ � 0:5qVarðpÞ ð13Þ

where CE(p) is the certainty equivalent of profit, E(p) is the expectation
of profit, and 0.5qVar(p) is the risk premium in which q is the CARA
coefficient and Var(p) is the variance of profits. Note that the expectations
in CE(p) are common to all MCMs and conditional on the information set
at time t�1.
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Accordingly, the producer’s objective function reads as

max
e;Zp

fapawe þ bp � dp � 0:5cpe
2 þ lFzp � 0:5qpa

2
pa

2
wr

2 � 0:5qpz
2
pr

2
F

� qpapawzpreFg ð14Þ

of which the first order conditions are

e ¼ apaw=cp ð15Þ

and

Zp ¼ ðlF � qpapawreF Þ=qpr2F ð16Þ

In the contract offered to the producer, the wholesaler is subjected to the
participation constraint (reservation utility constraint) and the incentive com-
patibility constraint.4 The participation constraint suggests that the producer
equates his=her reservation wage Wp to his=her certainty equivalent of profit
CE(pp) from which the producer’s fixed compensation bp is then derived by
inserting e from (15) and Zp from (16) into the certainty equivalent of profit in
(14), obtaining

bp ¼ Wp þ dp � 0:5a2pa
2
w=cp � 0:5l2F=qpr

2
F þ 0:5qpa

2
pa

2
wr

2 þ apawlFreF=r
2
F

� 0:5qpa
2
pa

2
wr

2
eF=r

2
F ð17Þ

Having derived the conditions for the parameters in the contract offered
by the wholesaler to the producer that allow the parameters be optimal to
the wholesaler given the restriction imposed by the participation constraint,
we now turn to the derivation of the optimality conditions for the parameters
in the contract offered by the retailer to the wholesaler. From (1) through (4),
(10), (12), and (13), the wholesaler’s certainty equivalent of profit is obtained as

CEðpwÞ ¼ ð1� apÞawe þ bw � 0:5cwe
2 � dw � bp � lFZw

� 0:5qwð1� apÞ2a2wr2 � 0:5qwZ
2
wr

2
F þ qwð1� apÞawZwreF ð18Þ

Inserting e from (15) and bp from (17) into (18), the risk-averse wholesaler
maximizes the certainty equivalent of profit, CE(pw), as follows:

Max
ap;zw

fð1� apÞa2wap=cp þ bw � dw � 0:5cwa
2
pa

2
w=c

2
p �Wp � dp þ 0:5a2pa

2
w=cp

þ 0:5l2F=qpr
2
F � 0:5qpa

2
pa

2
wr

2 � apawlFreF=r
2
F þ 0:5qpa

2
pa

2
wr

2
eF=r

2
F

� lFZw � 0:5qwð1� apÞ2a2wr2 � 0:5qwZ
2
wr

2
F þ qwð1� apÞawZwreFg

ð19Þ
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The first-order conditions yield

ap ¼ ð1� cplFreF=awr
2
F þ cpqwr

2 � cpqwZwreF=awÞ
=ð1þ cw=cp þ cpqpS þ cpqwr

2Þ ð20Þ

and

Zw ¼ ½qwð1� apÞawreF � lF �=qwr2F ð21Þ

where

S � ðr2r2F � r2eF Þ=r2F ð22Þ

Next, like the producer, the wholesaler considers a participation constraint
according to which the retailer has to equate the certainty equivalent of
the wholesaler’s profit, CE(pw), to the wholesaler’s reservation wage, Ww.
From this condition, and after inserting Zw from (21) into (19), the wholesa-
ler’s fixed compensation is derived as

bw ¼ Ww þ dw þWp þ dp � a2wap=cp þ 0:5cwa
2
pa

2
w=c

2
p þ 0:5a2pa

2
w=cp

� 0:5l2F=qpr
2
F þ 0:5qpa

2
pa

2
wS þ lFawreF=r

2
F � 0:5l2F=qwr

2
F

þ 0:5qwð1� apÞ2a2wS ð23Þ

Regarding the variable compensation for the wholesaler we can substitute
(21) in (20) to obtain the following expression for the revenue sharing para-
meter ap in the wholesaler’s contract with the producer

ap ¼ ½1þ cpqwS�=½1þ cw=cp þ cpðqp þ qwÞS� ð24Þ

We now turn to the objective function of the risk-neutral retailer.
From Eqs. (1), (2), (6), (15), and (23), the risk-neutral retailer maximizes
the expectation of profits as follows:

Max
aw

fapaw=cp �Ww � dw �Wp � dp � 0:5cwa
2
pa

2
w=c

2
p � 0:5a2pa

2
w=cp

þ 0:5l2F=qpr
2
F � 0:5qpa

2
pa

2
wS � lFawreF=r

2
F þ 0:5l2F=qwr

2
F

� 0:5qwð1� apÞ2a2wSg ð25Þ

for which the first-order condition yields

aw ¼ ½1� cplFreF=apr
2
F �

=½cwap=cp þ ap þ cpqpapS þ cpqwð1� apÞ2S=ap� ð26Þ
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Recall from the linear contract for the wholesaler as presented in (2) that the
revenue sharing parameter is given by aw. In the contract for the producer
the revenue sharing parameter is ap aw. Consequently, if ap was a constant
parameter, then both revenue sharing parameters could still be time-varying
through aw. In line with this notion and for purpose of empirical testing to be
discussed in the next two sections, we consider aw, bw, bp, qw, qp, Zw and Zp
as unknown variables to be solved by Eqs. (15) through (17), (21), (23), (24),
and (26). Below, we first discuss the derivation of the solutions for qw and qp.

Equating aw in (15) to aw in (26), we obtain the following expression for
the producer’s risk parameter:

qp ¼ qwð1� apÞ=ap þ ð1� ap � apcw=cpÞ=apcpS ð27Þ

Next, substituting aw from (15) and qp from (27) into (26), we obtain the
wholesaler’s risk parameter as follows:

qw ¼ ½ðr2Fap � r2Fcpe � cplFreF Þap�=½ð1� apÞc2per2FS� ð28Þ

Subsequently, substituting qw from (28) into (27), we obtain the risk para-
meter for the producer as

qp ¼ ½r2Fa2p � 2r2Fapcpe � apcplFreF þ cper
2
F � apcwer

2
F �=½apc2per2FS� ð29Þ

These risk parameters are one of the determinants of the amount of produce
that producers and wholesalers hedge on the futures market. In the model,
we assume that the quantity produced, q, is the same as the quantity
consumed. The optimal hedge ratios for the producers and wholesalers,
respectively, are given by5

h�
p ¼ Zp=EðqÞ ð30Þ

and

h�
w ¼ Zw=EðqÞ ð31Þ

where Zp and Zw are as defined above, and E(q) denotes the expected
output.

To assess the importance of the risk parameters for the performance of
the marketing channel, we determine the agency (coordination) costs (AC) of
the whole marketing channel as the difference between the first-best optimal
solution and the second-best optimal solution as follows:6

AC ¼ Eðp�r þ p�w þ p�pÞ � Eðpr þ pw þ ppÞ ð32Þ

The first-best optimal solution of the marketing channel, Eðp�r þ p�w þ p�pÞ, is
obtained by setting qw¼ qp¼ 0. These restrictions imply that also the futures
market is eliminated from the model: Zp¼Zw¼ lF¼ reF¼ 0 and r2F ¼ 1.
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Considering the empirical values of cw, cp, dw, dp, r
2, Ww and Wp as given,

then from (22) it follows that S¼ r2, (24) gives ap¼ cp=(cpþ cw), (26) then
shows that aw¼ 1 so that e¼ 1=(cpþ cw) according to (15). Next we can com-
pute bp and bw by (17) and (23), respectively, to finally derive the expecta-
tions and variances of the profits of the respective MCMs along the lines of
(1) through (12). Now that all MCMs are risk-neutral, the futures market
has become superfluous and the principal can give full incentives to the
agent as the principal is not restricted anymore by the optimal trade-off
according to which a higher incentive intensity can only be established at
the cost of a higher risk premium (a higher risk premium is asked for by
the agent as a consequence of the increased risk the agent faces at a higher
incentive intensity). On the contrary, the second-best optimal solution of the
marketing channel, E(prþ pwþ pp), is obtained when producers and whole-
salers are risk averse. Subsequently, we can determine the coordination costs
when MCMs cannot trade futures contracts but are as risk averse as they are
when they could trade on the futures market. This is done by setting reF¼
lF¼ 0 and r2F ¼ 1, and considering the empirical values of qp and qw
obtained before imposing these restrictions as given. This analysis enables
us to compare the coordination costs in the marketing channel with and
without futures trade by MCMs.

EMPIRICAL APPLICATION: DATA, ESTIMATION, AND RESULTS

We apply our model to the Dutch potato industry. Every year, some eight
million tons of potatoes are produced in the Netherlands, mainly on family
farms. About half are ware potatoes, approximately 20% are seed potatoes,
while the remaining 30% are potatoes grown for starch. We focus on the
ware potatoes as the prices of this type of potato exhibits the highest volati-
lity estimates and is therefore considered as a more risky product than the
other types of potatoes (Smidts, 1990). As far as the ware potato trade in
the Netherlands is concerned, there is very little interference in the operation
of a free market and hence ‘‘outside’’ involvement is at a minimum (e.g.,
Smidts, 1990; Young, 1977). Most ware potatoes are sold to wholesalers,
and most of the wholesale trade has become concentrated in relatively few
hands, as the major users, particularly the large retailers, processors and
export markets, demand large quantities with tight specifications which only
the larger wholesalers can meet. Because of this development in the market,
the need has arisen to procure potatoes before harvest. In this respect, the
potato futures contract of the Euronext Amsterdam Exchange fulfilled the
function of price discovery (see Kuiper, Pennings, & Meulenberg, 2002).

For the empirical analysis, Statistics Netherlands provided us with
annual data from 1971 to 2003, for the following variables: the farm, export
(i.e., wholesale) and retail prices (Euro=kg) of ware potatoes, all deflated by
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the consumer price index (1990¼ 1.00), the area planted (1000 ha), the yield
per hectare (100 kg=ha), and the rent price of land (Euro=ha), deflated by the
consumer price index. Furthermore, we obtained the futures price of potato
from the Euronext Amsterdam Commodity Exchange from 1971 to 2003.
From these time series, we derived the following variables of interest. First,
all prices, spot, and futures prices were deflated by the consumer price
index. The output quantity qt (million tons) in year t was computed as the
yield per hectare times the area planted (divided by 104). We computed
the conditional expectation of the consumer (retail) price, pt, and denoted
it as Ê (ptjIt�1), assuming that the information set It�1 is common to all MCMs.
Using data on yield per hectare and the number of hectares planted, the esti-
mate of the expected output E(qtjIt�1), denoted as Ê (qtjIt�1), was obtained by
the product of area planted and expected yield per hectare, where the
expected yield per hectare was assumed to follow an autonomous positive
linear time trend. Next, we turned to the estimation of E(ptqtjIt�1). For this,
note that ptqt¼ E(ptjIt�1)E(qtjIt�1)þ E(ptjIt�1)eqtþ eptE(qtjIt�1)þ epteqt, where
ept¼ pt� E(ptjIt�1) and eqt¼ qt� E(qtjIt�1) are the unexpected components
of pt and qt, respectively, and epteqt represents the covariance of pt and qt,
which we may expect to be negative. Consequently, E(ptqtjIt�1)¼ E(ptjIt�1)
E(qtjIt�1)þ E(epteqtjIt�1). Now, to estimate E(ptqtjIt�1), we simply regressed ptqt
on a constant and Ê (ptjIt�1) Ê (qtj It�1). In this way, Ê (ptj It�1) Ê (qtj It�1)
extracts all the information of interest out of epteqt since the regression residuals
are orthogonal to Ê (ptjIt�1) Ê (qtjIt�1). Hence, the fit of the regression is
denoted as Ê (ptqtjIt�1). To continue, the estimate of et, denoted as et, was
obtained by subtracting Ê (ptqtjIt�1) from ptqt. The estimate of r2e , denoted as
r̂r2e , was simply computed as the fit of a regression of e2t on a constant. Simi-
larly, using the data on Ft,t� 1 and Ft,t the estimates of reF, lF and r2F , denoted
as r̂reF , l̂lF and r̂r2F , respectively, were obtained.

Finally, having data on Wpt and Wwt too, we are only left with the
estimation of cp, cw, dp, dw and ap being the unknown parameters in the
model. In order to estimate these parameters, we need to derive estimation
equations. According to (15), we can substitute cpe for apaw into (3) and into
(17), to obtain after substituting for bp

Wpt �Wpt ¼ dp þ cpetxt � 0:5cpe
2
t þ cpetl̂lF r̂reF=r̂r

2
F � 0:5l̂l2F=r̂r

2
Fqpt

þ 0:5c2pe
2
t qpt bSS ð33Þ

Similarly, substituting cpe=ap for aw in (23) and then substituting for aw and bw
in (2), yields

Wwt �Wwt �Wpt ¼ dp þ dw þ cpetxt=ap � cpe
2
t =ap þ 0:5ðcp þ cwÞe2t

� 0:5l̂l2F=r̂r
2
Fqpt þ 0:5c2pe

2
t qpt bSS þ l̂lF r̂reFcpet=r̂r

2
Fap

� 0:5l̂l2F=r̂r
2
Fqwt þ 0:5½ð1� apÞ=ap�2c2pe2t qwt bSS ð34Þ
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After substituting (28) and (29) for qw and qp, respectively, into (33) and (34),
and modeling the deterministic terms dp and dw as linear trends, giving
dpt¼dp0þdp1t and dwt¼dw0þdw1t, we can estimate the unknown para-
meters ap, cp, cw, dp0, dp1, dw0, and dp1 in the two-equation system by full
information maximum likelihood (FIML).

The FIML estimates of the unknown parameters in (33) and (34) are
presented in Table 1. The estimate for ap is significant and nicely fits within
the expected constraints 0< ap< 1. The estimates of the marginal cost terms
cp and cw are positive and significant as well. However, with respect to the
slopes of the trend terms in the cost functions, only the slope of the trend
term of the producers’ cost function, dp1, tend to be significant. Its negative
sign indicates technological advances in agricultural production. Having
obtained the estimates of the above-mentioned parameters, we now com-
pute the estimates of the following variables: awt, apawt, qpt, qwt, bpt and bwt.

The estimates of the incentive parameters for producers, apawt, with and
without futures market are compared with the first-best situation (i.e., when
producers and wholesalers are risk neutral) and are shown in Figure 1. The
estimates of the incentive intensity for the case with futures trade are higher
than the estimates for the case without futures trade. The incentive intensity
of producers increased from 0.24 in 1971 to 0.31 in 2003 in the case of futures
trade, whereas it increased from 0.14 in 1971 to 0.25 in 2003 in the case with-
out futures trade. This result shows that the futures market offers producers a

TABLE 1 Estimates of ap, cp, cw, dp0, dp1, dw0 and dp1 Obtained by FIML Applied to Eqs. (33)
and (34)

Coefficient Estimate Standard error t-value p-value

ap 0.581 0.272 2.138 0.033
cp 0.261 0.116 2.247 0.025
cw 0.485 0.023 21.01 0.000
dp0 0.276 0.103 2.687 0.007
dp1 �0.007 0.004 �1.758 0.079
dw0 �0.107 0.106 �1.009 0.313
dw1 0.000 0.004 0.013 0.990
System diagnostics:
Sample: 1971–2002
Log likelihood¼ 53.52002
Determinant residual
covariance¼ 0.000121

Number
of obs. R2

Standard
error of

regression

Sum of
squared
residuals

Durbin-Watson
statistic

Equation-specific
diagnostics:

Eq. (33) 32 0.32 0.161 0.704 2.23
Eq. (34) 32 0.78 0.084 0.178 1.07
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risk-management instrument in such a way that the wholesalers can give
more incentives to the producers. As expected, most incentives can be given
in case of risk neutrality, although remarkably, around 2000, where the three
graphs converge, the incentive intensity seems to be hardly affected by the
risk aversion of the producers. This result may indicate an improvement of
coordination among wholesalers and producers.

Similarly, the estimates of the incentive intensity from retailers to whole-
salers, awt, with and without futures market are compared with the first-best

FIGURE 1 Producers’ incentive intensity ap awt with futures (APWF), without futures (APNF),
and under risk neutrality (APRN).

FIGURE 2 Wholesalers’ incentive intensity awt with futures (AWWF), without futures (AWNF),
and under risk neutrality (AWRN¼ 1).

Agency Problem and Hedging in Agri-Food Chains 277



situation and are displayed in Figure 2. In the same vein, the estimates of the
incentive intensity to the wholesalers for the case that they (i.e., the wholesalers)
trade futures are higher than for the case without futures trade. The incentive
intensity for the wholesalers increased from 0.40 in 1971 to 0.62 in 2000 in the
case of futures trade, and increased from 0.22 in 1971 to 0.50 in 2000 in the case
without futures trade. Nevertheless, as compared to those of the producers, these
estimates do not attain the optimal incentive intensity, showing the reduction in
incentive intensity as a consequence of the risk aversion.

In contrast to the incentive parameters that show positive trending
patterns, the fixed compensations for producers (wholesalers), bpt (bwt),
show negative trending patterns over the years. We compare these fixed
compensations with their respective first-best situations, in turn. As shown
in Figure 3, producers fixed compensation for the case with futures trade
is more close to the first-best level most of the time than for the case without
futures. This is again an indication for the positive impact of the futures
market for coordination performance in the marketing channel. Furthermore,
it is of interest to see that before 1990 the actual fixed compensation was too
high compared to its first-best level, while after 1990, there are some years
with an overinvestment by the negative fixed compensations.

Similarly, the wholesalers’ fixed compensations show negative trending
patterns and started to become negative at the beginning of the nineties
(see Figure 4). It is interesting to note that the wholesalers’ first-best fixed
compensations were negative throughout the period of study, and much
lower than the second-best estimates, which hardly differ between the cases
with and without futures. So, as we also observed for the incentive intensi-

FIGURE 3 Producers’ fixed compensation with futures (BPWF), without futures (BPNF), and
under risk neutrality (BPRN).
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ties, the coordination between retailers and wholesalers is still considerably
distant from first-best results.

The increase in the incentive intensity and the decrease and negativity of
the fixed compensation payments to producers and wholesalers has implica-
tions for financial risk allocation in the marketing channel. The computed var-
iance of profits of producers in (11) and wholesalers in (12) show slightly
increasing trending patterns both in the case with and without futures market,
whereas that of the retailers in (7) shows decreasing trending patterns that are
quite pronounced (see Figure 5). The graphs in Figure 5 clearly show that of
all MCMs, the retailers take most of the risk on their part, as we expect them to
do as the single risk-neutral MCM. Nevertheless, their risk is much lower in the
case of futures trade, indicating that they bear less risk if the wholesalers and
producers use the futures market to manage their risk. So, interestingly, of all
the MCMs, it is the retailer who profits most from the futures market in the
sense of risk reduction, while, in fact, the retailer is not using the futures mar-
ket as a risk-management instrument since the retailer is considered
risk-neutral. Hence, it is to be expected that a reduction of risk within the mar-
keting channel as a consequence of the functioning of a futures market, will
especially be expressed in a reduction of risk on the part of the retailers.

The estimates of the risk parameters of the producers (wholesalers),
qpt (qwt), are depicted in Figure 6. Although we did not use them in the
simulations, we estimated these risk parameters in case there is no futures
market by imposing the restrictions reF¼ lF¼ 0 on (28) and (29), while
further using the empirical data and coefficient estimates used for and
obtained from estimating (33) and (34). This implies that the estimates

FIGURE 4 Wholesalers’ fixed compensation with futures (BWWF), without futures (BWNF),
and under risk neutrality (BWRN).
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for the risk parameters are derived on the basis of data that are the result of
MCMs’ behavior under the actual situation in which they can trade on the
futures market, while being subjected to the restrictions implying that there
is no futures market. Consequently, the simulated risk parameter without
futures market will be lower than the one obtained with futures market,
because the former must indicate that the risk-averse MCMs are less
risk-averse than they are really. This stems from the fact that in the real
situation there is a futures market available by which they can manage part
of their risk, leading to behavior that is too risky according to their absolute
risk-aversion if there would not be a futures market. This is exactly what
we observe in Figure 6. Furthermore, the figure also shows that for both
wholesalers and producers the risk coefficient considerably decreases over
time. Nevertheless, the wholesalers are much more risk averse than the
producers. In fact, from 1980 onward, the producers even become
risk-seekers as their risk coefficient turns into negative values. This result
explains our earlier conclusions that the contract parameters in the relation-
ship between wholesalers and producers attain first-best levels whereas
those in the relationship between retailers and wholesalers do not.

In the above discussions, our results have shown that retailers had to
take less risk on their part because the risk-averse producers and wholesalers
used the futures market to reduce their variability in profits. It is, therefore,

FIGURE 5 Variance of profits of wholesalers with futures (VPWWF) and without futures
(VPWNF), variance of profits of producers with futures (VPPWF) and without futures (VPPNF),
and variance of profits of retailers with futures (VPRWF) and without futures (VPRNF).
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imperative that producers and wholesalers hedge against the variability in the
profits over time. Assuming that producers and wholesalers trade futures
contracts in addition to the spot market transactions, we estimate their
respective optimal dynamic hedge ratio in (30) and (31). In this instance, pro-
ducers are assumed to sell futures contracts of their produce, whereas the
wholesalers are assumed to buy futures contracts. Complying with the
decreases in the wholesalers’ degree of risk aversion, the optimal dynamic
hedge ratio for wholesalers decreased from 14% in 1971 to 10% in 2003,
see Figure 7.

Similarly, the producers’ optimal dynamic hedge ratios decreased from
about 38% in 1982 to 18% in 2003, complying with the decrease in the degree
of risk aversion, see Figure 8. The results also show that over the period of
study, producers hedge more than wholesalers do.

What we did not show in Figure 7 is that the hedge ratio is in fact
negative instead of positive, because the wholesaler buys a ‘‘negative’’
amount on the futures market. In the model the wholesalers are positioned
as long hedgers (buyers), as seen in (10), but based on the empirical data,
this results in a negative hedging amount implying that the wholesalers, like
the producers, go short instead of long. Given the empirical observation that
most potato contracts between wholesalers and growers in the Netherlands
are closed before or during the planting period, and the fact that most of
the wholesale trade is in the hands of farmer cooperatives, wholesalers in fact
take over the ‘‘short’’ position of the producers by taking away most of the

FIGURE 6 Wholesalers’ absolute risk aversion coefficient with futures (RHOWWF) and
without futures (RHOWNF); producers’ absolute risk-aversion coefficient with futures
(RHOPWF) and without futures (RHOPNF).
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price risk from the producers. This may give room for the producers to act as
speculators as shown by the negative coefficient of risk aversion, so that they
may still sell more on the futures market than the wholesalers, in spite of the
fact that the wholesalers have a higher coefficient of risk aversion than the
producers.

To assess the coordination efficiency, we computed the coordination
costs of the marketing channel involving producers, wholesalers and retai-
lers. Intuitively, as a result of increases in the incentives to producers and
wholesalers the coordination costs of the marketing channel have generally
decreased over time both with and without futures trade. The coordination

FIGURE 8 Producers’ optimal dynamic hedge ratio (HP).

FIGURE 7 Wholesalers’ optimal dynamic hedge ratio (HW).
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costs of the marketing channel with (without) futures trade decreased from
about 0.09 billion euros (0.24 billion euros) in 1971 to 0.03 billion euros
(0.014 billion euros) in 2002 (see Figure 9). In Figure 10, we show the expec-
tations of the total profits of the marketing channel for three situations: the
optimal (i.e., first-best) situation (i.e., risk neutrality), the situation with
futures trade, and the situation without futures trade. The difference between
the expected profits for the optimal situation and for the situation with
futures trade are the coordination costs for the situation with futures as

FIGURE 9 Coordination costs of the marketing channel with futures market (CCWF) and
without futures markets (CCNF).

FIGURE 10 The expectation of total profit of the marketing channel with futures (ETPWF),
without futures (ETPNF), and under risk neutrality (ETPRN).
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shown in Figure 9. Similarly, the difference between the expected profits for
the optimal situation and for the situation without futures trade are the coor-
dination costs for the situation without futures, also shown in Figure 9. The
graphs are consistent with earlier research showing that increases in incen-
tives reduce the coordination costs of the marketing channel (Kuwornu, Kui-
per, Pennings, & Meulenberg, 2005a). A careful look at Figure 10 reveals that
the coordination efficiency of the marketing channel has been greatly
improved as the expected profits of the marketing channel closely approach
the first-best profits from 1995 onward. This result is further confirmed by the
fact that the expectations of the retail value for the cases with and without
futures also reach first-best levels (see Figure 11). A point worth noting is that
the coordination costs with futures are generally lower than those without
futures. This result complies with the role of futures markets in providing
information regarding prices.

In order to evaluate the validity of the model, we examine how the
estimated payments explain the actual payments for producers and

FIGURE 11 The expectation of retail (output) value with futures (EWF), without futures
(ENF), and under risk neutrality (ERN).

TABLE 2 Parameter Estimates in the Regression of the Actual Payment to the Producers (WP)
on the Variable and Fixed Payment Components That Were Estimated by the Model

Variable Estimate SE t-value p-value

Intercept 0.031 0.118 0.261 0.796
âapâawtxt 0.873 0.351 2.489 0.019
b̂bpt 0.950 0.262 3.632 0.001

Note. Sample: 1971–2003; number of observations¼ 33; R2¼ 0.31; R2adj¼ 0.26; SE resid.¼ 0.15; sum

squared resid.¼ 0.70; Durbin-Watson¼ 2.22; F(3,30).

Statistic testing for the joint hypothesis that the intercept is zero and the coefficients of âapâawtxt and b̂bpt
are equal to one¼ 0.10 (p-value¼ 0.96).
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wholesalers. A regression of the actual payments on the estimated variable
and fixed payment components for producers shows that the estimated pay-
ments are efficient predictions and explain about 31% of the actual pay-
ments. See the results tabulated in Table 2.

Similarly, a regression of the actual payments on the estimated variable
and fixed payment components for wholesalers reveals that the estimated
payments are efficient predictions and explain about 78% of the actual
payments, as shown by the results displayed in Table 3.

Next, we conducted normality tests regarding the distributional assump-
tion (in applying the certainty equivalent approach) for the profits of produ-
cers and wholesalers. The results show that the profits of producers and
wholesalers, computed with the costs estimated by the model, are normally
distributed. The p-value of the Jarque-Bera statistic is 0.55 for the producers’
profits and 0.16 for the wholesalers’ profits, justifying the application of the
certainty equivalent model in this article.

CONCLUSIONS

In this article, we extended the widely known two-stage principal-agent
model into a three-stage model involving producers, wholesalers, and retai-
lers to assess incentives, coordination costs, risk, risk aversion, and risk man-
agement strategies in an agricultural marketing channel. The model allows
the risk-averse producers and wholesalers to trade futures in combination
with their contractual relationships in the spot markets.

We applied the model to assess financial risk allocations in the Dutch
potato marketing channel. The results showed that the risk-neutral retailers
take less risk on their part as the wholesalers and producers become less
risk averse and use the futures market for hedging purposes. Not only the
producers but also the wholesalers take a short position (i.e., are selling)
on the futures market, complying with the observation that in the
Netherlands wholesalers already close contracts with the producers before
or during planting for the new harvest, and most of this wholesale trade is

TABLE 3 Parameter Estimates in the Regression of the Actual Payment to the Wholesalers
(WW) on the Variable and Fixed Payment Components That Were Estimated by the Model

Variable Estimate SE t-value p-value

Intercept �0.029 0.069 �0.424 0.675
âawtxt 1.052 0.103 10.163 0.000
b̂bwt 0.986 0.150 6.567 0.000

Note. Sample: 1971–2003; number of observations¼ 33; R2¼ 0.78; R2
adj ¼ 0.77; SE resid.¼ 0.08; sum

squared resid.¼ 0.17; Durbin-Watson¼ 1.02; F(3,30).

Statistic testing for the joint hypothesis that the intercept is zero and the coefficients of âawtxt and b̂bwt are
equal to one¼ 0.26 (p-value¼ 0.85).
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in the hands of farmers’ cooperatives. Consequently, wholesalers take over
most of the price risk from the producers (farmers), leaving them some
room for speculation.

Nevertheless, the producers still hedge more than the wholesalers,
although for both, the optimal hedge ratio decreased: from 14% in 1971 to
10% in 2003 for the wholesalers, and from 38% in 1982 to 18% in 2003 for
the producers. The decreases in risk aversion and the optimal hedge ratios
go together with a considerable improvement of coordination between
wholesalers and producers, as indicated by the convergence of the estimated
contract parameters (regarding the compensation payments by wholesalers to
producers) to first-best incentive intensity values. Coordination between retai-
lers and wholesalers seems to be open for further improvement, although the
benefits of these improvements will be minor for the marketing channel as a
whole, because total channel profit has already come very close to the
first-best level of profit that the channel will reach in case of risk neutrality
of all channel members. Interestingly, the coordination costs of the marketing
channel in the case that channel members trade futures are generally lower
than in the case that they do not trade futures. This demonstrates the role
of futures markets in providing information regarding prices to MCMs.

The implications of our results for business practice are as follows.
First, profit risk of the MCMs reduced as a result of futures trade. Hence,
MCMs in FMCs should consider commodity futures contracts as a means
of reducing risk in their profits (returns), as prices of agricultural products
are highly volatile (e.g., Maynard, Wolf, & Gearhardt, 2005; Tomek &
Peterson, 2006). Second, since futures trade by MCMs reduced the coordi-
nation (agency) costs of the marketing channel, MCMs in FMCs may
seriously benefit from the use of futures markets. There are MCMs,
however, who perceive hedging as difficult. Therefore, education efforts
by the exchanges may be valuable.

Finally, we contend that our results can be generalized to other industries
where futures contracts exist for the relevant commodities traded. However,
in practice, many MCMs are reluctant to trade futures contracts because of
the complexity of these contracts. In fact, MCMs are confronted with a wide
variety of risk management instruments, thereby making their choice of the
risk management instrument(s) a complex task (Pennings, Isengildina-Massa,
Irwin, Garcia, & Good, 2008). Therefore, it is important that futures markets
continue their efforts to tailor the contract specification to the needs of the
hedgers.

NOTES

1. In line with the classic agency model, the linear contract in (2) and (3) is chosen because it

corresponds to real-world settings (e.g., Knoeber, 1999; Allen & Lueck, 2002). Moreover, Holmstrom

and Milgrom (1987) have shown that the optimal compensation scheme for providing incentives over time
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to an agent with a constant absolute risk-aversion during the duration of the contract is a linear function of

the end-of-period results, such as revenues, costs, or profits. This result is based on the fact that a linear

contract provides more uniform incentive than a nonlinear contract, as can be seen by viewing the annual

output as the outcome of many small, daily actions of the agent. Seen from this perspective, a nonlinear

contract may create unintentional or nonuniform incentives for the agent in the course of the year,

depending on the agent’s performance to date (Gibbons, 2005).

2. If the futures price at maturity, Ft,t, exceeds the futures price at the initiation of the contract, Ft,t�1,

the farmer pays the futures exchange the difference between these prices multiplied by the volume of

futures contract sold, Zp. We assume that delivery settlement or cash settlement characteristics of the

futures contract do not influence the gains or losses from the futures trade. In recent years, the Euronext

Amsterdam Commodity Exchange, from where we obtained the futures price data, has embarked on cash

settlement of futures contracts.

3. Similarly, if the futures price at maturity, Ft,t, exceeds the futures price at the initiation of the

contract, Ft,t�1, the wholesaler pays the futures exchange the difference between these prices multiplied

by the volume of futures contract bought, Zw.

4. The participation constraint suggests that the agent must at least derive a minimum level of expected

utility from his or her contractual relationship with the principal; hence, this is an inequality constraint.

However, Mitra (1983) has shown that if leisure is assumed as a normal good, then the participation con-

straint holds with equality in equilibrium. By definition, the demand for normal goods rises with increases

in income (i.e., the income elasticity of demand is positive for normal goods). The incentive compatibility

constraint reflects the restriction that the principal can observe the agent’s output but not the agent’s action

or effort. In this sense the effort exerted by the agent is optimal from the agent’s own point of view.

5. The hedge ratio of the producer is the amount of output that the producer sells in the futures

market as a proportion of the output that the producer sells in the spot market. Similarly, the wholesaler’s

hedge ratio is the proportion of the quantity that the wholesaler buys in the futures market as a proportion

of the total amount of produce purchased by the wholesaler on the spot market.

6. Agency (coordination) costs may include ex ante information search costs associated with

adverse selection (hidden information) problems, and=or ex-post monitoring and enforcement costs

associated with moral hazard problems. These costs are believed to be the main reasons for which

the marketing channel cannot achieve the first best optimal solution. Among other objectives, we exam-

ine the role of incentives in reducing coordination costs of the marketing channel with and without

futures trading.
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