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Intermediaries, transport costs and interlinked

transactions∗

Mélanie Lefèvre† and Joe Tharakan‡

October 4, 2011

Abstract

Transport costs play a key role in agricultural markets in developing countries and are

one of the causes of poverty amongst farmers that are geographically isolated. Another

characteristic of agricultural markets is that they often involve interlinked transactions.

However, the existing theoretical literature on interlinked transactions does not take into

account the existence of transport costs. This paper develops a model of input-output

interlinked contracts between geographically dispersed farmers and a trader, whether this

trader is for-pro�t or non-pro�t. We derive implications of imposing either uniform or

mill pricing policies, as opposed to spatial price discrimination. Impact on pro�t, farmers'

income, level of production, social welfare and regional disparities are investigated.

1 Introduction

In most developing countries, poverty is located in rural areas. In a recent report, the
World Bank (2008) estimated that 75% of poor people in developing countries live in rural
areas. Most of them depend directly or indirectly on agriculture for their livelihoods. Rural
areas are characterized by bad road infrastructure and bad access to markets. In 30 selected
developing countries, Roberts et al. (2006) estimate that only 57% of rural people live within
two kilometers of an all-season road, and only 30% in sub-saharian Africa.

Smallholder farming or family farming constitutes about 80 percent of African agriculture.
500 million of such farms provides an income to about two-thirds of the 3 billion rural people
in the world (FAO, 2008). However, what we observe in recent decades is that small-scale
agriculture has su�ered, globalization and agro-industrialization cause small farms to go out of
business (Reardon and Barrett, 2000). Small farmers' access to land has been shown to
decrease over time (Jayne et al., 2003). In South Asia and subsaharian Africa, the number of

∗We are grateful to Axel Gautier, Knud Munk and Pierre Pestieau for useful comments and suggestions.
†CREPP, HEC-ULg, Université de Liège, Bd du Rectorat 7, Bat 31, B-4000 Liège, Belgium, email:

Melanie.Lefevre@ulg.ac.be.
‡Université de Liège, CORE and CEPR.
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poor people in rural areas is still increasing and is expected to stay above the number of urban
poor, at least until 2040 (World Bank, 2008). The prevalence of hunger is still greater in
rural than in urban areas (Von Braun et al., 2004) and rural children are nearly twice as
likely to be underweight as urban ones (United Nations, 2010).

Evidence suggests that agricultural activities are more e�ective than nonagricultural ones
in reducing poverty among the poorest (see for example Christiaensen et al. (2010), Byer-
lee, de Janvry, and Sadoulet (2009), Ligon and Sadoulet (2008) or Bravo-Ortega
and Lederman (2005)). Improving agricultural productivity leads to an increase in food
availability and decreases food prices, but also boosts rural incomes that generate demand for
local products. This contributes to reducing poverty and results in broadbased socio-economic
development in rural areas. This dynamic explains why agricultural growth is four times
more e�ective in reducing poverty than growth in other sectors (FAO, 2008). Indeed, the
recent decline in poverty rates seems to be mainly due to improved conditions in rural areas
(Ravallion, Chen and Sangraula, 2007). A 10 percent increase in agricultural productiv-
ity is associated with a 7.2 percent reduction in poverty in Africa and with a 4 to 12 percent
in India (Von Braun et al., 2004).

Several studies have shown that a major factor which hampers the necessary increase of
productivity of farmers in developing countries are high transport costs. Inadequate transport
infrastructure and large distances between areas of production and areas of consumption di-
minish both input use and production. For instance, in the milk sector in Kenya, Stall et al.
(2002) have found that an 10 additional kilometers between the farmer and Nairobi decreases
the probability of using concentrate feeding by more than 1%. Holloway et al. (2000) found
that, in Ethiopia, each additional minute walk to the collection center reduces the marketable
quantity of milk by 0.06 litres per day. In a region where milk yields per day are less than 4
liters, this is of considerable importance. In Madagascar, Stifel and Minten (2008) found a
strong negative relationship between productivity and isolation. Reduction of transport costs
is shown to increase the use of various inputs, such as fertilizer, as well as rice production
per acre. Indeed, an increase of one percent in transport costs decreases probability of using
fertilizer by 0.06% and reduces production per acre by 0.17%. Similar or stronger e�ects have
been found in Bangladesh (Ahmed and Hossain, 1990) and India (Binswanger et al., 1993).
Evidence also suggests that transport costs reduce income. In Nepal, Jacoby (2000) found
that the two main components of rural income, namely farm pro�t and labor earnings, decrease
with transport costs. He showed that a 10% increase in travel time reduces the maximal pro�t
that can be earned on a hectare of land by 2.2% and reduces agricultural wage by about 0.5%.

Agricultural transactions in developing countries often rely on intermediaries, such as pri-
vate traders, retailers, agribusinesses, cooperatives or food processing companies, which possess
an advantage over farmers. This advantage can take di�erent forms. For example, it can be
the ability to transport the good at a lower cost (by the use of more e�cient transport devices,
such as trucks, or a transformation of the product that reduces the volume and/or perishabil-
ity of the product, etc.). This cost advantage often requires an important �xed cost, which
cannot be borne by each farmer alone. Several examples of such intermediaries can be found in
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various sectors in developing countries.1 Contrary to the farmers, because of their advantage,
these intermediaries have a better access to markets. Hence a question is whether grants or
subsidies to these intermediaries or simply helping them set up, would be a way forward in
reducing poverty in rural areas. Local farmers would bene�t from the cost advantage of this
intermediary.

An additional element is that evidence in various countries and sectors shows that contracts
between intermediaries and farmers often involve interlinked transactions (see for instance
Warning and Key (2002) for an analysis of groundnut sector in Senegal; Jayne, Yamano
and Nyoro (2004) for examples in cash crops production in Kenya; Simmons, Winters and
Patricks (2005) for examination of various Indonesian sectors; or Key and Runsten (1999)
for a look at the Mexican frozen vegetable industry). While these interlinked contracts have
been shown to be e�cient, it has also been shown that any e�ciency gain is completely appro-
priated by the trader (Gangopadhyay and Sengupta, 1987). This means that interlinked
contracts do not allow farmers to bene�t from the intermediary's cost advantage. Extrapolat-
ing this result to our setting, this would imply that helping intermediaries obtain an advantage
would only lead to increase their pro�tability and would have little e�ect on improving the
poverty amongst farmers in rural areas. However, this result from the interlinked contracts
literature has been obtained in a context in which the trader is a pro�t maximizer and sets a
di�erent contract for each farmer.

In practice, we observe that there is a lot of diversity regarding the nature of the intermedi-
aries (IFAD, 2003). In agriculture and livestock sector in developing countries, intermediaries
are not necessarily pro�t maximizers and we often observe local producers' associations, NGOs,
cooperatives or even public organizations set up trading structures whose aim is to improve
farmers' living conditions and income (Chau et al., 2009). In addition, a recent report from
the United Nations encourages farmers to develop cooperative structures, in order to realize
economies of scale (De Schutter, 2010: 19).

The interlinked contracts literature has been analyzed in a non-spatial context situations
in which a for pro�t trader deals with heterogeneous agents. It assumes that this trader is
able to o�er di�erent contracts to di�erent agents (Gangopadhyay and Sengupta, 1987).
In our spatial context, this would correspond to assuming that the intermediary perfectly price
discriminates between spatially dispersed farmers. Spatial price discrimination is only one
possible pricing policy. For instance, in the Senegalese milk sector, some processing units,
such as La Laiterie du Berger (LdB) in Richard-Toll, organize milk collection and pay all the
farmers the same price, independent of the distance. This corresponds to uniform pricing. In
others, such as Le Fermier in Kolda, farmers are responsible for transport, such that the ones
who are located far from the processing unit receive a considerably lower net price than the
closer ones. This corresponds to mill pricing.

The choice of particular pricing policy may be important for farmers, as transport costs
represent a high part of the price received. In Kolda, where the price received by the producers
ranges between 75 and 150 CFA, transport by bicycle costs between 20 and 25 CFA per liter

1Such as maize, beans, roots and tubers in Malawi and Benin (Fafchamps and Gabre-Madhin, 2006),
mandarin in Nepal (Pokhrel and Thapa, 2007), cashews in Mozambique (McMillan et al., 2003), etc.

3



(Dia, 2002: 53-54). Motorized transport is even more costly, according to one of the managers
of the LdB (personal interview, 2009); average transport cost in their collection area is 100
CFA per liter, while farmers receive 200 CFA per liter. Mill pricing, where farmers have to
support transport cost is disadvantageous for those located far away. Uniform pricing may
seem fairer, as all the producers receive the same price. However, the closest ones may receive
a lower net price than if they were themselves responsible for the transport. As both pricing
rules are observed in practice, one may ask what drives the choice among them. Given the
diversity in the types of intermediaries, the question is whether this matters for the choice of
pricing policy. A priori, the optimal pricing policy is not obvious, neither from the trader point
of view, nor from a social welfare perspective.

In this paper, we develop a simple contract model where interlinkage arises because of the
trader's advantage in transport costs.2 In our model, the heterogeneity among farmers is due
to their spatial dispersion. We compare the outcomes of di�erent policies (discriminatory, mill
and uniform pricing) in terms of social welfare and regional disparities in order to arrive at
some policy recommendations as to the type of spatial pricing policy that should be used.
In particular, we consider a benevolent policy maker who wants to reach the social optimum,
characterized by e�cient production and maximized income of farmers, but is unable to impose
a complex tax and subsidy scheme. Assuming that regulation concerning pricing policy is the
only instrument available for such a public authority, we look at what pricing policy it should
impose. Alternatively, our results regarding the optimal pricing policy can be seen as the
pricing policy that an external donor which helps set up agricultural intermediaries with a
view of reducing rural poverty should impose as a condition to those intermediaries.

The paper is structured as follows. The next section describes the model and its assump-
tions. Sections 3, 4 and 5 develop the interlinked transaction model for a for-pro�t trader in the
cases of spatial price discrimination, uniform pricing, and mill pricing. Section 6 extends the
model to the case of a non-pro�t organization. Section 7 discusses the implications of pricing
policy choice to pro�t, farmers' income, social welfare, level of production, regional di�erences
among farmers and so on. Finally, section 8 concludes.

2 Model

We analyze the impact of transport costs and interlinked transactions on poverty in the
following theoretical framework. Geographical locations are represented along a linear segment
of size r+R. A �nal good market is located at the origin 0. We consider one agricultural good
whose price p is set on this market. We assume that the di�erent agents in our model do not
have an impact on this price.3 This good is consumed at location 0 which can be assumed to

2Other rationales for the existence of such transactions have been analyzed, from rationed or imperfect rural
credit (Gangopadhyay and Sengupta, 1987; Chakrabarty and Chaudhuri, 2001), output market price
uncertainty (Chaudhuri and Gupta, 1995), risk aversion (Basu, 1983; Basu, Bell and Bose, 2000), unob-
servable tenant e�ort (Braverman and Stiglitz, 1982; Mintra, 1983) to the inability to collude (Motiram

and Robinson, 2010).
3This can be the case for example because we are in a small open economy and the price of this good is

determined on world markets.
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be an urban center. At a distance r from this urban center, there is a rural area which has a
geographical extend R. Farmers are uniformly distributed over this area. Each farmer produces
the agricultural good according to the same production function f(k), where k is the quantity
of input he uses. This input is sold at price i on the market at location 0. The production
function has the usual properties: f(.) is continuously di�erentiable, f(0) = 0, fk = df

dk
> 0,

limk→0 fk =∞, limk→∞ fk = 0 and d2f
dk2

< 0. Farmers are assumed to be pro�t maximizers. A
farmer located at x facing prices pF (x) and iF (x) maximizes his income y(x, pF (x), iF (x)) by
using the optimal quantity k(x, pF (x), iF (x)) (for simplicity, as long as it does not cause any
confusion, shortcut notations y(x) and k(x) will be used):

max
k(x)

y(x) = pF (x)f(k(x))− iF (x)k(x) (2.1)

The existence of an interior solution to this problem is guaranteed by the above assumptions
regarding the production function. The choice of input quantity satis�es the following necessary
condition:

df

dk
=
iF (x)

pF (x)
(2.2)

To transport the agricultural good to the market, farmers face high transport costs. These
costs are assumed to be linear in distance for the output. To simplify the analysis we assume
that transport costs are negligible for the input and set them equal to zero. A farmer located
at a distance x from the market faces a transport cost τx and hence this farmer can obtain a
net price pF (x) = p− τx for the good he produces. All farmers are assumed to be able to sell
pro�tably on the market which implies the following restriction, p > τr + τR.

An intermediary is located at r.4 This trader o�ers interlinked contracts to the geographi-
cally dispersed producers. There is an input-output interlinked relationship between them: on
the one hand he buys the output from the farmers and, on the other hand, sells them an input
necessary for their production. Prices for both input and output are simultaneously �xed in
the contract between the trader and the farmer. The trader sells the agricultural output from
the farmers and buys input for them on the market located in 0, at market price p and i. The
intermediary is assumed to have a cost advantage. Here, we assume that the trader has an
advantage to transport the good between r and 0. Transport costs for the trader are given by
t(x) = θr + τ(x− r) per unit of output transported with θ < τ .

The sequence is the following. In a �rst step, the trader proposes a contract (pC(x), iC(x))
to each farmer located on the segment [r, r + R].5 Each farmer can individually accept or
reject the contract. In a second step, the farmer chooses his optimal quantity of input, which
determines his level of production. If he has accepted the contract, he faces prices (pC(x), iC(x))
and chooses optimal input use k∗(x) = k(x, pC(x), iC(x)). If he rejects the contract, he sells

4In developing countries, poor infrastructures in rural area reduces the incentive for �rms to locate within
the rural area. In this context, the location at the beginning of the rural area is involved by better access to
roads, electricity, water and so on at this point.

5Strictly speaking, as shown in Lefèvre and Tharakan (2011), su�cient condition for this to be pro�table
for the trader is that the trader's cost advantage is large enough compared to the size of the farmer's area, that
is τr − θr >

√
5τ(R/2).
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his production directly to the �nal market. The same applies to the purchase of inputs. In
this case, he chooses the optimal amount of inputs k0 as a function of market prices (p, i) as
well as of the transport cost he has to support, that is k0(x) = k(x, p − τx, i). In a last step,
output is produced and is sold on the market, directly by the farmer (if he has rejected the
contract) or via the trader (if the farmer has accepted the contract).

This means that the trader's problem can be characterized as follows:

max
pC(x),iC(x)

Π =

∫ r+R

r

(p− θr − τ(x− r)− pC(x))f(k∗(x)) + (iC(x)− i)k∗(x)dx (2.3)

subject to the incentive compatibility constraint given by the input demand equation (2.2) and
the following individual rationality constraint:

y(x) ≡ pC(x)f(k∗(x))− iC(x)k∗(x) ≥ y0(x) ≡ (p− τx)f(k0(x))− ik0(x) (2.4)

One of the questions we will be looking at in the following sections is whether without state
intervention the di�erent outcomes are socially optimal. Due to the farmer's cost disadvantage
compared to the trader, his standalone production is not socially e�cient. Indeed, the e�cient
(�rst-best) input use k#(x) maximizes the sum of trader's pro�t and farmer's incomes

∫ r+R
r

(p−
θr − τ(x− r))f(k(x))− ik(x)dx and satis�es

df

dk
=

i

p− θr − τ(x− r)
(2.5)

Given θ < τ and the concavity of production function, this implies that k0(x) < k#(x) ∀x.
In the following sections we will look at di�erent ways in which the trader can set contracts

with farmers who are geographically dispersed.

3 Spatial price discrimination

The trader proposes a contract (pD(x), iD(x)) to the farmer located in x. This contract
can be di�erent, depending on the location of the farmer and the di�erence in two farmers'
contracts does not necessarily represent the di�erence in transport costs between them. Each
farmer can individually accept or refuse the contract proposed. Hence, to maximize total
pro�t, the trader chooses a contract which maximizes the pro�t he makes at each location.
We assume arbitrage between farmers is impossible6 which implies that farmers' contracts are
independent.

From equations (2.3) and (2.4), the trader's problem may be written as:

max
pD(x),iD(x)

π(x) = (p− θr − τ(x− r))f(k∗(x))− ik∗(x)− (pD(x)f(k∗(x))− iD(x)k∗(x)) (3.1)

6For instance, the trader may be able to impede arbitrage between locations by monitoring the quantity
provided by each farmer. An alternative justi�cation may be that the trader is able to test output quality
while the farmer is not. If a farmer deals with another to take advantage of the contract di�erence between
them, he faces the risk to see his own product refused by the trader because the other farmer's product has a
low quality. If this risk is high enough, no farmer has an interest in making such a deal.
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s.t. g(x) ≡ pD(x)f(k∗(x))− iD(x)k∗(x)− y0(x) ≥ 0 (3.2)

The Lagrangian is given by:

L = (p− θr− τ(x− r))f(k∗(x))− ik∗(x) + (λ(x)− 1)(pD(x)f(k∗(x))− iD(x)k∗(x))−λ(x)y0(x)
(3.3)

Noting that at equilibrium df
dk

= iD(x)
pD(x)

and applying the envelop theorem to the income of
the farmer, the Kuhn-Tucker conditions can be written as:

∂L
∂pD(x)

=

(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)
∂k∗(x)

∂pD(x)
+ (λ(x)− 1)f(k∗(x)) = 0 (3.4)

∂L
∂iD(x)

=

(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)
∂k∗(x)

∂iD(x)
+ (λ(x)− 1)(−k∗(x)) = 0 (3.5)

λ(x) ≥ 0; g(x) ≥ 0; λ(x)g(x) = 0 (3.6)

From (3.5),

λ(x)− 1 =

(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)
∂k∗(x)

∂iD(x)

1

k∗(x)
(3.7)

Substituting (3.7) in (3.4) we have:(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)(

∂k∗(x)

∂pD(x)
+
∂k∗(x)

∂iD(x)

f(k∗(x))

k∗(x)

)
= 0 (3.8)

If the second term was equal to zero, it can be shown that y(x) = 0 so that g(x) < 0, which
contradicts (3.6).7 Thus, the �rst term has to be equal to zero, that is:

iD(x)

pD(x)
=

i

p− θr − τ(x− r)
(3.9)

Equation (3.9) characterizes the optimal contract (pD(x), iD(x)). This contract induces the
farmer to increase his level of input (as well as his level of output) with respect to the levels
he would have chosen in the standalone case, even though he receives the same income, as it
is stated in the following proposition.

Proposition 1. Under spatial price discrimination, the pro�t maximizing contract
is characterized by a binding individual rationality constraint for each farmer
(y(x) = y0(x) ∀x) and farmer's production choices are the e�cient ones: k∗(x) =
k#(x) > k0(x).

7Indeed, implicit function theorem applied to equation (2.2) gives (omitting the argument (x)): dk
dpF

=

−
df
dk

pF
d2f

dk2

and dk
diF

= − −1
pF

d2f

dk2

. By the envelop theorem, we know that dk
dpF

= ∂k
∂pF

∣∣∣
k=k∗

and dk
diF

= ∂k
∂iF

∣∣∣
k=k∗

that we call ∂k∗

∂pF
and ∂k∗

∂iF
. Thus, ∂k∗

∂pF
= −

df
dk

pD
d2f

dk2

and ∂k∗

∂iF
= − −1

pF
d2f

dk2

, which implies −∂k
∗/∂pF

∂k∗/∂iF
= df

dk . By (2.2),

this is equal to iF
pF

. If the second term in (3.8) was equal to zero, we would have −∂k
∗/∂pF

∂k∗/∂iF
= f(k∗)

k∗ , thus
f(k∗)
k∗ = iF

pF
⇔ pF = iF k

∗

f(k∗) . Substituting in the farmer's income would give y(x) = pF f(k
∗)− iF k∗ = 0.

7



Proof of proposition 1: As the ratio of input price to output price is given by (3.9), this
tells us, by using (2.2) and comparing it to (2.5), that the farmer will choose the e�cient level
of input: k∗(x) = k#(x). Given that τ > θ and that f(k) is strictly concave and using (2.2)
with respectively (pF (x), iF (x)) = (pD(x), iD(x)) and (pF (x), iF (x)) = (p− τx, i), we have that
k∗(x) > k0(x). Substituting (3.9) in (3.7) gives λ(x) = 1. From (3.6), this implies that the
individual rationality constraint is binding: g(x) ≡ pD(x)f(k∗(x))−iD(x)k∗(x)−y0(x) = 0.

Substituting (3.9) in the binding participation constraint g(x) = 0 gives:

pD(x) = (p− θr − τ(x− r)) (p− τx)f(k0(x))− ik0(x)

(p− θr − τ(x− r)) f(k∗(x))− ik∗(x)︸ ︷︷ ︸
ηD(x)

(3.10)

iD(x) = i
(p− τx)f(k0(x))− ik0(x)

(p− θr − τ(x− r)) f(k∗(x))− ik∗(x)︸ ︷︷ ︸
δD(x)

(3.11)

Proposition 2. Under spatial price discrimination, the pro�t maximizing contract
is characterized by pD(x) < p − θr − τ(x − r), iD(x) < i and ηD(x) = δD(x) < 1: the
trader "loses" on the input trading and "gains" on the output trading.

Proof of proposition 2: As k∗(x) = k#(x) (proposition 1), ηD(x) = δD(x) may be written
as:

ηD(x) = δD(x) =
max
k

(p− τx)f(k)− ik

max
k

(p− θr − τ(x− r))f(k)− ik

Using the envelop theorem and since by assumption θ < τ , this implies that ηD(x) = δD(x) < 1.
Using this result with (3.10) and (3.11) this implies that pD(x) < p − θr − τ(x − r) and
iD(x) < i.

Gangopadhyay and Sengupta (1987) obtain similar results. They analyzed interlinked
contracts when input market is characterized by an imperfection, such that the farmer faces
a higher input price than the �rm. They show that the trader has an interest to "subsidize"
the input and "tax" the output, and that this type of contract allows him to appropriate
himself all the e�ciency gain (i.e. farmers are pushed down to their reservation income). In
our context, the di�erence between the trader and the farmer lies in (output) transport costs,
and the previous analysis shows that their results remain valid in this context.

Evidence also suggests that in interlinked contracts the input is sold at a discount. For
instance, La laiterie du Berger in Sénégal sells cattle feed to farmers at 50% of the market
price (personal interview, 2009). In Kenya, British American Tobacco Ltd delivers input to
farmers at prices that are �in most cases lower than the Nairobi wholesale prices for similar
products�,while Kenya Tea Development Agency Ltd supplies bags of fertilizer at a price �sig-
ni�cantly lower than the wholesale price in Nairobi and much lower than the retail price o�ered
to the smallholders by the village-level stockists� (IFAD, 2003). Sometimes, input is even given
for free (Koo, 2011; IFAD, 2003).
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It can be easily seen, as it is done in Gangopadhyay and Sengupta (1987), that, if there
was no di�erence between the trader and the farmer (i.e. τ = θ), the optimal contract would
be characterized by ηD(x) = δD(x) = 1, and the role of the trader would be irrelevant. If he
has no cost advantage, the trader is not able to organize the production in a more e�cient way
than farmers do.

Proposition 3. Under spatial price discrimination, pD(x) < p − τx and iD(x) < i:
each farmer "loses" on the output trading and "gains" on the input trading.

Proof of proposition 3: From (3.10), pD(x) < p− τx if

f(k0(x))− i

p− τx
k0(x) < f(k∗(x))− i

p− θr − τ(x− r)
k∗(x)

From (2.2), (2.5) and proposition 1, this is equivalent to

f(k0(x))− df

dk

∣∣∣∣
k(x)=k0(x)

k0(x) < f(k#(x))− df

dk

∣∣∣∣
k(x)=k#(x)

k#(x)

This is true provided that the production elasticity df
dk

k
f(k)

is constant or decreasing in k. The

result iD(x) < i follows from proposition 2.

When involved in the interlinked transaction, each farmer receives a price for the output
which is lower than the net price he would have received in the stand alone situation. This
"loss" on the output trading is compensated by a "gain" on the input trading, such that, as
proposition 1 states, each farmer gets an income y(x) from the contract which is exactly equal
to his reservation income y0(x).

The results show that farmers are treated di�erently depending on their location. On the
one hand, farmers located far from the market receive a lower price for their output, but on
the other hand they also pay a lower price for input. Moreover, those farmers receive a smaller
share of the net price received by the trader on the market for the output and pay a lower part
of the input price. Indeed, from (3.10) and (3.11), it can be shown8 that pD(x), iD(x), and
ηD(x) = δD(x) are decreasing in x. Contract prices pD(x) and iD(x) are increasing with the
output market price p. An illustration of this is Strohm and Hoeffler (2006) who report
that Deepa Industries in Kenya paid a higher price to potatoes producers than originally agreed
because the market price had risen. We also have that ηD(x) = δD(x) increase with p which
means that trader's mark-up on the output and discount on the input are lower when p is
higher.

8First derivative of ηD(x) with respect to x is negative if f(k∗(x))[(p− τx) f(k0(x)) − ik0(x)] <
f(k0(x))[(p− θr − τ(x− r)) f(k∗(x)) − ik∗(x)]. As θ < τ , a su�cient condition is k0(x)/f(k0(x)) >
k∗(x)/f(k∗(x)) which is ensured by the concavity of the production function and the fact that k∗(x) > k0(x)
from proposition 1. As ηD(x) is decreasing in x, it follows that pD(x) and iD(x) are also decreasing in x since
∂pD(x)
∂x = ∂ηD(x)

∂x (p− θr − τ(x− r))− τηD(x) < 0 and ∂iD(x)
∂x = ∂ηD(x)

∂x i < 0.
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4 Uniform pricing

Under uniform pricing policy, the trader is constrained to propose the same contract (pU , iU)
to all farmers (where pU and iU are independent of x). Each farmer can individually accept or
refuse the contract proposed.

The trader's problem can be written as:

max
pU ,iU

Π =

∫ r+R

r

(p− θr − τ(x− r))f(k∗)− ik∗ − (pUf(k∗)− iUk∗)dx

s.t. g(x) ≡ pUf(k∗)− iUk∗ − y0(x) ≥ 0 ∀x

Note that k∗ is the same for all farmers, independent of their location (see (2.2) where pF (x) =
pU and iF (x) = iU are independent of x). As farmers are distributed on the interval [r, r+R],
there is a continuum of participation constraints g(x) with x ∈ [r, r + R]. The satisfaction of
the constraint for the �rst farmer (located at r) is su�cient to ensure that it is satis�ed for
all farmers located further (in x ∈]r, r + R]). Indeed, as k∗ is constant for all x and y0(x) is
strictly decreasing in x, g(x) is strictly increasing in x.

Thus, we can replace the continuum of constraints g(x) ≥ 0 by the unique constraint
g(r) ≥ 0 (see for instance Bolton and Dewatripont, 2005: 82). The problem is now the
following:

max
pU ,iU

Π = R

((
p− θr − τ R

2

)
f(k∗)− ik∗ − (pUf(k∗)− iUk∗)

)
s.t. g(r) ≡ pUf(k∗)− iUk∗ − y0(r) ≥ 0

The Lagrangian is given by:

L = R

((
p− θr − τ R

2

)
f(k∗)− ik∗

)
+ (λ−R) (pUf(k∗)− iUk∗)− λy0(r) (4.1)

Noting that at equilibrium df
dk

= iU
pU

and applying the envelop theorem to the income of the
farmer, the Kuhn-Tucker conditions can be written as:

∂L
∂pU

= R

((
p− θr − τ R

2

)
iU
pU
− i
)
∂k∗

∂pU
+ (λ−R) f(k∗) = 0 (4.2)

∂L
∂iU

= R

((
p− θr − τ R

2

)
iU
pU
− i
)
∂k∗

∂iU
+ (λ−R) (−k∗) = 0 (4.3)

λ ≥ 0; g(r) ≥ 0; λg(r) = 0 (4.4)

From (4.3),

λ−R = R

((
p− θr − τ R

2

)
iU
pU
− i
)
∂k∗

∂iU

1

k∗
(4.5)

Substituting (4.5) in (4.2) we have:

R

((
p− θr − τ R

2

)
iU
pU
− i
)(

∂k∗

∂pU
+
∂k∗

∂iU

f(k∗)

k∗

)
= 0 (4.6)
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As R is strictly positive, the �rst and/or second term between brackets has to be equal to
zero. If the last term was equal to zero, it can be shown9 that y(x) = 0 ∀x so that g(x) < 0 ∀x,
which contradicts (4.4). Thus, the �rst term has to be equal to zero, that is:

iU
pU

=
i

p− θr − τ R
2

(4.7)

Equation (4.7) characterizes the optimal contract (pU , iU). This contract implies that each
farmer receives the same income from the contract as the standalone income of the �rst farmer.

Proposition 4. Under uniform pricing, the pro�t maximizing contract is charac-
terized by a binding individual rationality constraint for the �rst farmer (the one
located in r). If τr − θr > τ(R/2), the optimal choice of input is characterized by
k∗(x) > k0(x) for all farmers. When τr− θr ≤ τ(R/2), the trader is not able to make
positive pro�t.

Proof of proposition 4: Substituting (4.7) in (4.5) gives λ = R. From (4.4), this im-
plies that the individual rationality constraint is binding: g(r) ≡ pUf(k∗) − iUk

∗ − y0(r) =
0. If τr − θr > τ(R/2), given that that f(k) is strictly concave and using (2.2) with re-
spectively (pF (x), iF (x)) = (pU , iU) and (pF (x), iF (x)) = (p − τx, i), we have that k∗ >
k0(x). If τr − θr ≤ τ(R/2), we have that k∗ ≤ k0(x). Given that g(r) = 0, the pro�t
is Π = R

((
p− θr − τ R

2

)
f(k∗)− ik∗ − [(p− τr)f(k0(r))− ik0(r)]

)
. From k∗ ≤ k0(r) and

τr ≤ θr + τ(R/2), we have that Π ≤ 0.

Contrary to the spatial price discrimination case, when the trader is able to operate prof-
itably under uniform pricing, all the farmers except the �rst one see an increase in their income
with respect to their stand alone situation. Higher income due to the contract is consistent
with empirical evidence. Indeed, Warning and Key (2002) have estimated an increase in
gross agricultural income of 207000 CFA for Senegalese peanut producers that have accepted
a contract with �arachide de bouche�. Similarly, Simons et al. (2005) have found that the
contracts for seed corn in East Java and for broilers in Lombok made signi�cant contributions
to farmers' capital returns.

Substituting (4.7) in the binding participation constraint g(r) = 0 gives:

pU =

(
p− θr − τ R

2

)
(p− τr)f(k0(r))− ik0(r)(
p− θr − τ R

2

)
f(k∗)− ik∗︸ ︷︷ ︸

ηU

(4.8)

iU = i
(p− τr)f(k0(r))− ik0(r)(
p− θr − τ R

2

)
f(k∗)− ik∗︸ ︷︷ ︸

δU

(4.9)

9Indeed, we have shown (see footnote 4) that −∂k
∗(x)/∂pF

∂k∗(x)/∂iF
= f(k∗(x))

k∗(x) , implies y(x) = 0.
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Proposition 5. Under uniform pricing, when τr−θr > τ(R/2), the pro�t maximizing
contract is characterized by pU < p− θr − τ(R/2), iU < i and ηU = δU < 1: the trader
"loses" on the input trading and "gains" on average on the output trading.

Proof of proposition 5: Note, from (4.7) and (2.5), that k∗ = k#(r+(R/2)). Thus, ηU = δU
may be written as:

ηU = δU =
max
k

(p− τr)f(k)− ik

max
k

(p− θr − τ(R/2))f(k)− ik

Using the envelop theorem, τr− θr > τ(R/2) implies that ηU = δU < 1. Using this result with
(4.8) and (4.9) implies that pU < p− θr − τ(R/2) and iU < i.

Propositions 4 and 5 imply that, only if there exists a su�cient di�erence in transport
costs (τr − θr > τ(R/2)), the trader is able to make positive pro�t. In this case, he "loses"
on the input trading and "gains" on the output trading, as the average net price he receives
on the market is higher than the price he pays each farmer, similarly to what happens in the
spatial price discrimination case. However, if his cost advantage is too small, he is not able
to pro�tably induce farmers to organize production in a more e�cient way. This result is in
contrast with the result obtained under price discrimination, where the trader is able to exploit
his cost advantage, even if the advantage is very small.

As it was the case with spatial price discrimination, when the trader's cost advantage is
large enough, contract prices under uniform pricing pU and iU are increasing with the output
market price p. The same applies for ηU = δU , which means that farmers receive a higher share
of trader's gain on the output transaction, but pay a higher share of input price, when p is
higher.

5 Mill pricing

Under a mill pricing policy, the trader pays the same mill price to all farmers. He has to
propose the same contract (pM , iM) to all farmers (where pM and iM are independent of x)
but farmers have to support the transport costs. Thus, the net price received by the farmer
for the output is pF (x) = pM − τ(x− r).

From equations (2.3) and (2.4), the trader's problem may be written as:

max
pM ),iM

Π =

∫ r+R

r

(p− θr − pM)f(k∗(x)) + (iM − i)k∗(x)dx

s.t. g(x) ≡ (pM − τ(x− r))f(k∗(x))− iMk∗(x)− y0(x) ≥ 0 ∀x

As farmers are distributed on the interval [r, r + R], there is a continuum of participation
constraints g(x) with x ∈ [r, r+R]. However, as shown by the following lemma, the satisfaction
of the participation constraint for the the last farmer (located at r +R) is su�cient to ensure
that the participation constraint is satis�ed for all farmers.

Lemma 1. Under mill pricing, if the production function is homogeneous g(r+R) ≥
0 is su�cient to ensure that g(x) ≥ 0 ∀x.
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Proof of lemma 1: See Appendix A.

Using lemma 1, the problem can be written as:

max
pM ,iM

Π =

∫ r+R

r

(p− θr − pM)f(k∗(x)) + (iM − i)k∗(x)dx

s.t. g(r +R) ≡ (pM − τR)f(k∗(r +R))− iMk∗(r +R)− y0(r +R) ≥ 0

The Lagrangian is given by:

L = λ
(
(pM − τR)f(k∗(r +R))− iMk∗(r +R)− y0(r +R)

)
+

∫ r+R

r

(p− θr − pM)f(k∗(x)) + (iM − i)k∗(x)dx (5.1)

Noting that at equilibrium df
dk

= iM
pM−τ(x−r) and applying the envelop theorem to the income

of the farmer, the Kuhn-Tucker conditions can be written as:

∂L
∂pM

= λf(k∗(r+R))+

∫ r+R

r

(
(p− θr − pM)

iM
pM − τ(x− r)

+ iM − i
)
∂k∗

∂pM
−f(k∗(x))dx = 0

(5.2)
∂L
∂iM

= −λk∗(r +R) +

∫ r+R

r

(
(p− θr − pM)

iM
pM − τ(x− r)

+ iM − i
)
∂k∗

∂iM
+ k∗(x)dx = 0

(5.3)
λ ≥ 0; g(r +R) ≥ 0; λg(r +R) = 0 (5.4)

From (5.4), we have two possible cases: either last farmer's participation constraint is
binding at the equilibrium ((p∗∗M , i

∗∗
M) is constrained), or, neither constraint is binding at the

equilibrium ((p∗M , i
∗
M) is unconstrained).

Whether the optimum is constrained or unconstrained depends on the parameters of the
model. In the following section, under some additional assumptions, we show how the output
price p in�uences the optimal prices. In particular, we show that the outcome with mill pricing
policy di�ers from other policies when the output price is very low.

5.1 Model with a speci�c production function

In what follows, we assume the trader has a su�ciently large transport cost advantage and
we use a particular production function to derive some characteristics of the equilibrium.

Assumption 1. τr − θr > τ(R/2).

Assumption 2. f(k) = 2
√
k.

Proposition 6. Under mill pricing and assumptions 1 and 2, the pro�t maximizing
contract is characterized by iM < i. The trader "loses" on the input trading.

Proof of proposition 6: See Appendix B.
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Corollary 1. Under mill pricing and assumptions 1 and 2, the pro�t maximizing
interlinked contract implies that each farmer increases the quantity of inputs he
uses, and hence increases his production, compared to his stand alone alternative.

Proof of corollary 1: The participation constraint has to be satis�ed for all x. As the
production function is homogeneous, that means iMk

∗(x)− ik0(x) ≥ 0 (see also appendix A).
From proposition 6, iM < i, which implies k∗(x) > k0(x) for the participation constraints to
be satis�ed.

This result, as the one obtained under discriminatory and uniform pricing, is consistent
with empirical evidences. In the Indian poultry sector, Ramaswami et al. (2006) have found
that contract production is more e�cient than noncontract one and that the e�ciency surplus
is largely appropriated by the processor. In Ethiopia, Tadesse andGuttormsen (2009) have
estimated that producers of haricot bean who are in relational (interlinked) contract supply
about 27% more than farmers in spot markets.

As under discrimination and uniform pricing policies, it can be shown that the price given
to the farmer for his output is increasing with the market output price, whether the optimal
contract is constrained or not (i.e. dp∗M/dp > 0 and dp∗∗M/dp > 0). However, in contrast
to those policies, when mill pricing is characterized by an unconstrained optimum, the input
price the farmer has to pay is decreasing with p (i.e. di∗M/dp < 0) . Formal proofs are given in
appendix C.1, C.2 and D.1.

Whether the optimum is constrained or unconstrained depends on the parameters of the
model. However it is possible to establish some tendency. In particular, it can be shown that
the constrained outcome (p∗∗M , i

∗∗
M) takes place when the market output price p is large and the

unconstrained one (p∗M , i
∗
M) when p is small. This means that, when p is large enough, the last

farmer participation constraint is binding and this producer is pushed down to his reservation
income. However, when p is small, we can have a situation where all the farmers get a positive
surplus with respect to their stand alone situation. In a context where agricultural output prices
are often driven down by international competition, this result is particularly interesting. This
means that when the output price p is very low, farmers located furthest from the market can
bene�t from contracting with a trader, even if he maximizes his pro�t. In contrast, under
the two other pricing policies (discrimination or uniform pricing), there is always at least one
farmer who is pushed down to his reservation income, for any p.

Proposition 7. Under mill pricing and assumptions 1 and 2, when p is large enough,
the pro�t maximizing contract is characterized by g(r+R) = 0 and g(x) > 0 for x ∈
[r, r+R[ at the optimum. A su�cient condition for that is p > 2τr+ τR− θr. When
p is small, the contract may be characterized by g(x) > 0 ∀x at the optimum.

Proof of proposition 7: See Appendix E.

Appendix E shows that there exists a p̄ such that the optimum is unconstrained for p < p̄
and constrained for p > p̄. From the su�cient condition for the optimum to be constrained,
we know that p̄ ≤ 2τr + τR − θr < ∞, that is, it is always possible to �nd a p such that
the optimum is constrained. However, depending on other parameters it may be the case that
p̄ < τ(r + R) which implies that the optimum is always constrained for the acceptable values
of p.
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6 The case of a non-pro�t trader

Most of the literature about spatial price policies and/or about interlinked transactions
assumes that the trader is a pro�t maximizing �rm. However in agriculture and livestock
sector in developing countries, several local producers' associations and NGOs try to increase
the income and welfare of producers. In order to take this into account, we look at the case
in which the trader is a non-pro�t organization. When the trader defends the interest of
farmers, the objective function can take di�erent forms. Following the literature, we look at
two di�erent cases: a �rst case where the trader maximizes the sum of farmers's incomes and
a second case where the trader maximizes total earnings (i.e. the sum of pro�t and farmers'
income) assuming that the pro�t can be distributed to members (see for instance Royer,
2001).

6.1 Spatial price discrimination

When the trader maximizes total farmers' income, subject to a non-negative pro�t and
participation of all farmers, his problem is the following:

max
pD(x),iD(x)

y(x) = pD(x)f(k∗(x))− iD(x)k∗(x)

s.t. pD(x)f(k∗(x))− iD(x)k∗(x) ≥ y0(x)

and (p− θr − τ(x− r))f(k∗(x))− ik∗(x)− (pD(x)f(k∗(x))− iD(x)k∗(x)) ≥ 0

The Lagrangian is given by:

L = µ(x) ((p− θr − τ(x− r))f(k∗(x))− ik∗(x))+(1−µ(x)+λ(x))(pD(x)f(k∗(x))−iD(x)k∗(x))

Noting that at equilibrium df
dk

= iD(x)
pD(x)

and applying the envelop theorem to the income of
the farmer, the Kuhn-Tucker conditions can be written as:

∂L
∂pD(x)

= µ(x)

(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)
∂k∗(x)

∂pD(x)
+(1−µ(x)+λ(x))f(k∗(x)) = 0 (6.1)

∂L
∂iD(x)

= µ(x)

(
(p− θr − τ(x− r)) iD(x)

pD(x)
− i
)
∂k∗(x)

∂iD(x)
+(1−µ(x)+λ(x)) (−k∗(x)) = 0 (6.2)

λ(x) ≥ 0; g(x) ≥ 0; λ(x)g(x) = 0 (6.3)

µ(x) ≥ 0; π(x) ≥ 0; µ(x)π(x) = 0 (6.4)

Optimal contract is characterized by µ(x) = 1, λ(x) = 0 and:

iD(x)

pD(x)
=

i

p− θr − τ(x− r)
(6.5)

This price ratio is the same as for the pro�t maximizing trader (see (3.9)). This implies
that the optimal level of input chosen by each farmer k∗(x) is the same, whether the trader
is pro�t maximizer or not. The same applies for the output production level f(k∗(x)). Under
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this pricing policy, both non-pro�t and for-pro�t traders induce farmers to choose the e�cient
level of inputs. This means that maximizing farmers' income does not lead to any e�ciency
loss compared to maximizing pro�t.

From (6.4), and µ(x) = 1, we know that, at the optimum, the pro�t is equal to zero (the
constraint on pro�t is binding). Substituting (6.5) in π(x) = 0 gives:

pD(x) = p− θr − τ(x− r); iD(x) = i

Comparing these expressions to the for-pro�t case ((3.10) and (3.11)), we see that when the
trader is an income maximizer, he does not make any gain nor loss neither on the input nor
on the output. The trader transfers the net prices he faces to the farmers.

It has to be noted that when the trader maximizes farmers's income under price discrimi-
nation, while he has the possibility of setting for di�erent farmers di�erent contracts which do
not re�ect the di�erence in transport costs, it is not optimal for him to do so. The optimal
contracts for di�erent farmers will re�ect the di�erences in transport costs and hence are the
same as the optimal contracts under mill pricing.

The price ratio (6.5) is the result of pro�t maximization or farmers' income maximization or
even the maximization of the sum of pro�t and farmers' income. Indeed, assume a cooperative
maximizes such a function. The problem is then the following:

max
pD(x),iD(x)

(p− θr − τ(x− r))f(k∗(x))− ik∗(x)

s.t. pD(x)f(k∗(x))− iD(x)k∗(x) ≥ y0(x)

and (p− θr − τ(x− r))f(k∗(x))− ik∗(x)− (pD(x)f(k∗(x))− iD(x)k∗(x)) ≥ 0

The Lagrangian is given by (for ease of notation, we drop the argument (x)):

L = (1 + µ) ((p− θr − τ(x− r))f(k∗)− ik∗) + (λ− µ)(pDf(k∗)− iDk∗)− λy0

The Kuhn-Tucker �rst-order conditions imply that λ(x) = µ(x) = 0 and that the optimal
contract is characterized by (6.5). As pD and iD enter the objective function only through k∗

and not separately, there exists a continuum of pD and iD (which satisfy (6.5)) which maximizes
this objective function. This leads us to the following proposition:

Proposition 8. Under spatial price discrimination, when total earnings are max-
imized, the optimal contract is de�ned by (pD(x), iD(x)) = (ψD(x)(p − θr − τ(x −
r)), ψD(x)i) where ψD(x) ∈ [ηD(x), 1], ηD(x) is de�ned in (3.10). If ψD(x) = ηD(x),
then g(x) = 0 and the pro�t is maximized. If ψD(x) = 1, then π(x) = 0 and farmer's
income is maximized.

Whether the trader maximizes pro�t, farmers' income or total earnings, the optimal con-
tract is always de�ned by the same price ratio, implying that the �rst-best outcome is reached.
Only the distribution of the e�ciency gain between agents is di�erent. Pro�t maximization and
income maximization can be seen as two particular cases of the total earnings maximization.
If pro�t is maximized, the trader acquires all the e�ciency gain, while if income is maximized,
it is acquired by the farmers.
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6.2 Uniform pricing

Under uniform pricing, as k∗ is independent of x, the trader's problem, when he maximizes
total farmers' income subject to non-negative pro�t and participation of all farmers, is the
following:

max
pU ,iU

R(pUf(k∗)− iUk∗)

s.t pUf(k∗)− iUk∗ ≥ y0(r)

and R

((
p− θr − τ R

2

)
f(k∗)− ik∗ − (pUf(k∗)− iUk∗)

)
≥ 0

The Lagrangian is given by:

L = µR

((
p− θr − τ R

2

)
f(k∗)− ik∗

)
+ (R− µR + λ)(pUf(k∗)− iUk∗)

Noting that at equilibrium df
dk

= iU
pU

and applying the envelop theorem to the income of the
farmer, the Kuhn-Tucker conditions can be written as:

∂L
∂pU

= µR

((
p− θr − τ R

2

)
iU
pU
− i
)
∂k∗

∂pU
+ (R− µR + λ)f(k∗) = 0 (6.6)

∂L
∂iU

= µR

((
p− θr − τ R

2

)
iU
pU
− i
)
∂k∗

∂iU
+ (R− µR + λ) (−k∗) = 0 (6.7)

λ ≥ 0; g(r) ≥ 0; λg(r) = 0 (6.8)

µ ≥ 0; Π ≥ 0; µΠ = 0 (6.9)

The optimal contract is characterized by R− µR + λ = 0 and:

iU
pU

=
i

p− θr − τ R
2

(6.10)

This price ratio is the same as for the pro�t maximizing trader (see (4.7)). This implies
that the optimal level of input chosen by farmers, k∗, is the same, whether the trader is a
pro�t maximizer or an income maximizer. Hence, as it was the case for the for-pro�t, if he
has a su�cient cost advantage, the income maximizer trader is able to induce each farmer to
increase his production with respect to his stand-alone alternative.

From (6.8), (6.9) and R− µR+ λ = 0, we know that, an optimum exists only if τr− θr ≥
τ(R/2). At the optimum, the pro�t is equal to zero (the constraint on pro�t is binding).
Substituting (6.10) in Π = 0 gives:

pU = p− θr − τ(R/2); iU = i

Comparing these expressions to the for-pro�t case ((4.8) and (4.9)), we see that when the
trader is an income maximizer, he does not make any gain nor loss neither on the input nor
on the output.
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It has to be noted that with those prices, when τr − θr < τ(R/2) the trader is not able
to induce participation of the �rst farmers. Only if the di�erence in transport cost is large
enough all farmers accept the contract proposed by the income-maximizer trader.

Here again, the price ratio (6.10) also corresponds to total earnings maximization. Indeed,
assuming a cooperative maximizes the sum of pro�t and farmers' income, the problem is the
following:

max
pU ,iU

R

((
p− θr − τ R

2

)
f(k∗)− ik∗

)
s.t pUf(k∗)− iUk∗ ≥ y0(r)

and R

((
p− θr − τ R

2

)
f(k∗)− ik∗ − (pUf(k∗)− iUk∗)

)
≥ 0

The Lagrangian is given by:

L = (1 + µ)R

((
p− θr − τ R

2

)
f(k∗)− ik∗

)
+ (λ− µ)(pUf(k∗)− iUk∗)− λy0(r)

The Kuhn-Tucker �rst-order conditions imply that λ = µ and that the optimal contract is
characterized by (6.10). As pU and iU enter the objective function only through k∗ and not
separately, there exists a continuum of pU and iU (which satisfy (6.10)) which maximizes this
objective function. This leads us to the following proposition:

Proposition 9. Under uniform pricing and assumption 1, when total earnings are
maximized, the optimal contract is de�ned by (pU , iU) = (ψU(p − θr − τ(R/2)), ψU i)
where ψU ∈ [ηU , 1], ηU is de�ned in (4.8). If ψU = ηU , then g(r) = 0 and the pro�t is
maximized. If ψU = 1, then Π = 0 and total farmers' income is maximized.

6.3 Mill pricing

When the trader maximizes total farmers' income subject to non-negative pro�t and par-
ticipation of all farmers, his problem is the following10:

max
pM ,iM

∫ r+R

r

((pM − τ(x− r))f(k∗(x))− iMk∗(x))dx

s.t.

∫ r+R

r

(p− θr − τ(x− r))f(k∗(x))− ik∗(x)− ((pM − τ(x− r))f(k∗(x))− iMk∗(x))dx ≥ 0

and pMf(k∗(r))− iMk∗(r) ≥ y0(r)

and (pM − τR)f(k∗(r +R))− iMk∗(r +R) ≥ y0(r +R)

10Under the assumptions needed for both extreme participation constraints to be su�cient to ensure that
participation constraint is satis�ed for all farmers (see appendix A).
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As it was shown that under spatial price discrimination the optimal pricing policy is a mill
pricing policy, the result regarding the optimal mill pricing one is immediate:

pD(x) = p− θr − τ(x− r) = pF (x) = pM − τ(x− r)⇔ pM = p− θr

iD(x) = i = iF (x) = iM ⇔ iM = i

Π = 0

Proposition 10. Under mill pricing, when farmers' income is maximized, the opti-
mal contract is characterized by pM = p− θr and iM = i. This equilibrium is equiv-
alent to the one obtained from spatial price discrimination, in terms of farmer's
income as well as input choice and output production.

Contrary to the two other pricing policies, under mill pricing, the optimal contract will be
di�erent depending on whether the trader maximizes farmers' income or pro�t. Only income
maximization corresponds to total earnings maximization. Indeed, assuming a cooperative
maximizes the sum of pro�t and farmers' income, the problem is the following11:

max
pM ,iM

W =

∫ r+R

r

(p− θr − τ(x− r))f(k∗(x))− ik∗(x)dx

s.t.

∫ r+R

r

(p− θr − τ(x− r))f(k∗(x))− ik∗(x)− ((pM − τ(x− r))f(k∗(x))− iMk∗(x))dx ≥ 0

and pMf(k∗(r))− iMk∗(r) ≥ y0(r)

and (pM − τR)f(k∗(r +R))− iMk∗(r +R) ≥ y0(r +R)

The Lagrangian is given by:

L = (1 + µ)

∫ r+R

r

((p− θr − τ(x− r))f(k∗(x))− ik∗(x)) dx

− µ
∫ r+R

r

((pM − τ(x− r))f(k∗(x))− iMk∗(x))dx

+ λ1(pMf(k∗(r))− iMk∗(r)− y0(r)) + λ2((pM − τR)f(k∗(r +R))− iMk∗(r +R)− y0(r +R))

From the Kuhn-Tucker �rst-order conditions, either Π = 0 or µ = 0. In the �rst case,
the problem is similar to the total farmers's income maximization case; while in the second,
it is similar to pro�t maximization. As the �rst case is similar to non-pro�t spatial price
discrimination, which has been shown to provide the highest sum of pro�t and farmers' income,
the �rst case is preferred to the latter one. Contrary to other policies, under mill pricing, only

11Under the assumptions needed for both extreme participation constraints to be su�cient to ensure that
participation constraint is satis�ed for all farmers (see appendix A).
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one contract leads to maximized total earnings and this contract corresponds to farmers' income
maximization.

While imposing a mill pricing policy to a for-pro�t trader leads to a loss of e�ciency, this
is not the case for a non-pro�t trader. Indeed, the latter induces farmers to produce e�ciently,
and all the e�ciency gain (compared to the stand alone farmers' situation) is acquired by the
farmers.

7 Policy implications

As explained before, remote farmers in developing countries are characterized by lower
production, input use and income than less isolated ones. Improving their living conditions
may contribute to reducing rural poverty and boost socio-economic development in rural areas.
In this context, we look at the measures that can be adopted by policy makers to increase
farmers' production, input use and income. Similarly, we look at the conditions an external
donor should impose to the intermediaries he promotes, when his aim is reducing rural poverty.

It has been shown that, whatever the pricing policy chosen, the use of an interlinked
contract by an intermediary who has a su�cient transport cost advantage incites each farmer
to increase the level of input he uses, compared to what he used in the stand-alone case and
hence to increase his production. However, farmers are not always able to improve their income,
as all the e�ciency gain can be acquired by the trader. A policy maker or an external donor
may use appropriate regulations on the spatial pricing policy to be used in the interlinked
contract in order to improve farmers' livelihoods.

Particular attention has to be given to the observed diversity regarding the nature of the
intermediaries. As policy recommendations are di�erent for non-pro�t traders and for-pro�t
traders, we analyze them separately.

7.1 For-pro�t trader

If discrimination is possible and costless, in a laissez-faire situation, the for-pro�t trader
will certainly choose to discriminate, as it leads to the highest pro�t. In this situation, �rst-
best e�cient optimum is reached. However, no farmer's poverty is reduced, as they all get the
same income as in their stand-alone initial situation. While the presence of a trader who has a
transport cost advantage is bene�cial from an e�ciency point of view, it is not from a poverty
reduction one.

A policy maker whose aim is to reduce rural poverty may want to tax trader's pro�t in
order to distribute it among farmers. However, it is possible that the public authorities in
some developing countries do not have the power of doing so. In what follows, we assume the
policy maker is only able to impose a pricing policy.

If the trader's transport cost advantage is large enough, imposing uniform pricing allows to
reduce poverty amongst the poorest farmers, while richer ones are not worse o�. Indeed, under
this policy, only the farmer the closest to the market, that is, the one who has the highest initial
income, is not able to increase his revenue. All the others are able to obtain a positive surplus
from the contract, and hence to increase their income. Equality among farmers is ensured, as
they all receive the same income and produce the same quantity. However, if the di�erence
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in transport cost between the trader and the farmers is small, imposing uniform pricing does
not allow the trader to make a positive pro�t and to exploit his cost advantage to increase
production.

Assuming that trader has a su�ciently large cost advantage, imposing him to use mill
pricing also increases the revenue of most of the farmers. But, contrary to the uniform pricing,
farmers far from the trader, who were already poor, gain less than the one close to the trader.
Mill pricing increases inequality among farmers, with respect to their stand alone situation,
but also with respect to a situation where the trader is allowed to spatially discriminate.

Figure 1: Comparison of spatial pricing policies

(a) Farmer's income y(x) (b) Output produced f(k(x))
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* Blue: spatial price discrimination, green: uniform pricing, red: mill pricing, black: stand-alone alternative.
Note that income under spatial price discrimination is equivalent to reservation income y0(x). Choice of the
parameters: r = 300, R = 100, p = 700, τ = 1, i = 100 and θ = 0.2. Note that parameters are such that the
mill pricing contract is constrained, indeed the su�cient condition (see proposition 7) p > 2τr + τR− θr is
satis�ed.

The previous discussion is illustrated by �gure 1, which represents the evolution of farmers'
income and output produced with distance, under the three pricing policies. Both uniform and
mill pricing policies have positive e�ects on the income of most of farmers. Hence, if the policy
maker is concerned only by farmers' revenue, spatial price discrimination should be prohibited.
The choice of the pro�t-maximizing trader among the two remaining policies is not obvious.
As illustrated in Appendix F.4, the trader tends to prefer mill pricing when the output price p
is large. However, when p is small, situations may occur where trader's pro�t is higher under
uniform pricing. This is particularly true when r is large or τ − θ is large, that is, when the
trader has an important cost advantage compared to farmers.

Producers' organizations in developing countries and NGOs argue that prices for agricul-
tural goods are too low and claim that they remain low due to �unfair� international competition
caused by subsidized exports from industrialized countries. This is seen as one of the reasons
which keeps small producers in poverty (see for instance Oxfam (2002) or CFSI (2007) on
milk sector). In a context in which p is very low, imposing mill pricing may result in increasing
all farmers' income, including the most distant one. Numerical simulations also show that,
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when p is small, mill pricing may be preferred to uniform pricing by a majority of farmers.12

In the same way, the sum of all farmer's incomes may be higher under mill pricing. 13 If the
policy-maker's objective is to choose a policy that increases farmers' total income and/or is
preferred by the majority of them, then imposing mill pricing in a context of low output price
is optimal. When the output price is large, however, uniform pricing is preferred by a majority
of farmers and leads to a higher total farmers's income, but is never able to increase the income
of all the farmers.

A policy maker may also be interested in improving social welfare, de�ned as the sum of
total farmers' income and trader's pro�t. Whatever the pricing policy, it is given by:

W =

∫ r+R

r

(p− θr − τ(x− r))f(k∗(x))− ik∗(x)dx (7.1)

This expression is maximized when k∗(x) is equal to k#(x) as de�ned by (2.5). From proposition
1, spatial price discrimination leads to the highest social welfare. Numerical simulations show
that social welfare is higher under uniform pricing than mill pricing (see Appendix F.3).14

7.2 Non-pro�t trader

Whatever the pricing policy used by the non-pro�t trader, he uses his cost advantage to
improve all the farmer's income, compared to their stand-alone initial revenue. As in the for-
pro�t case, the non-pro�t intermediary who has a su�ciently large cost advantage incites all
farmers to increase the quantity of input they use as well as their level of production. If if the
di�erence in transport cost between the trader and the farmers is small, using a uniform pricing
policy hampers the non-pro�t trader to use his advantage to increase farmers' income. Under
mill pricing policy however, even if the trader has a small advantage, he is able to promote
increased production and input use.

In a laissez-faire situation, it is optimal for the non-pro�t trader to use mill pricing. Even
if the trader is allowed to price discriminate he will choose to charge prices which re�ect the
di�erence in transport costs. Hence, in this case mill pricing and discrimination pricing are
equivalent. If the trader's advantage is large enough, imposing uniform pricing would serve the
equality objective as in this case all farmers get the same income. Moreover, this policy allows
to reduce relatively more poverty of the poorest (i.e. the most distant) farmers, compared to
the less remote ones. With a mill pricing policy, most distant farmers receive a lower price for
their output, hence get a lower income. However, the di�erence in the price received exactly

12That is, the median farmer located in r+R/2 has a higher income under mill than under uniform pricing,
see appendix F.1.

13See appendix F.2.
14One may argue that social welfare has to take into account transport costs, as they create a revenue for

somebody. First, this is not necessarily the case as they are not always paid to some agent, but may represent
a loss of time for the trader and/or the farmer. They may also consist in the loss of a fraction of the output,
due for instance to perishability. Second, even if transport costs are taken into account in the social welfare

function (i.e. W ′ =
∫ r+R
r

(p − θr)f(k∗(x)) − ik∗(x)dx), numerical simulations show that uniform pricing still
dominates mill pricing (that is: W ′U > W ′M ).
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re�ects the di�erence in transport cost, and each farmer receive the same additional income
from the contract, compared to his initial income. This discussion is illustrated by �gure 2.

Figure 2: Farmers' income maximization

(a) Farmer's income y(x) (up)
and trader's pro�t π(x) (down) (b) Output produced f(k(x))
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* Green: uniform pricing, red: mill pricing and spatial price discrimination, black: stand-alone alternative.
Choice of the parameters: r = 300, R = 100, p = 700, τ = 1, i = 100 and θ = 0.2.

From a social welfare perspective, when the trader is a non-pro�t trader mill pricing is
preferred to uniform pricing since this leads to the highest social welfare. This implies that the
policy recommendation regarding spatial pricing to be used depends crucially on the nature
of the trader: in the case of a for-pro�t trader, the highest social welfare was shown to be
reached under uniform pricing rather than mill pricing. Hence, if the policy maker is not able to
distinguish the trader's type, or to impose di�erent policies to di�erent traders, no unambiguous
policy recommendation regarding spatial pricing can be made. Regarding external aid donors,
if the recipient of this aid is a non-pro�t organization, there should be no need to condition
their aid to the use of a particular pricing given that the trader would adopt the pricing policy
which maximizes social welfare. The situation is di�erent if the recipient of this aid is for-pro�t.
Indeed, it has been numerically shown that imposing uniform pricing contributes to a higher
social welfare, compared to mill pricing policy.

8 Conclusions

In this paper, we develop a model of input-output interlinked contracts between a trader and
geographically dispersed farmers, and analyze the welfare implications of the spatial pricing by
this trader. We look at three di�erent spatial price policies, namely spatial price discrimination,
uniform pricing and mill pricing.

We assume an agricultural output market that is characterized by large transport costs.
The intermediary has a (transport) cost advantage over the farmers from whom it buys their
production. This cost di�erence leads to an input-output interlinked contract between the
intermediary and the farmer. A �rst result is that the use of an interlinked contract by a trader
who has a su�cient transport cost advantage leads to an increase of the farmer' production,
independently of the type of pricing policy used by the intermediary.
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If the intermediary is able to perfectly discriminate contracts between farmers, this would
be his preferred option. This allows him to push all the farmers' incomes down to their stand-
alone initial income and hence appropriate all the e�ciency gain generated by the contract. If
this is the case, the presence of the intermediary, while improving agricultural e�ciency, does
not directly help to reduce rural farmers poverty. In practice discriminatory pricing might not
be feasible and other pricing policies exist, such as uniform pricing, where the trader bears the
transport costs and concludes the same contract with all farmers, or mill pricing, where farmers
are in charge of transport, and receive the same price at the mill. If the trader's cost advantage
is large enough, we show that in both cases, most of the farmers get a positive surplus from
the contract, while the trader is still able to make a pro�t. In the mill pricing case, under some
conditions we can have a situation in which all farmers, including those located the furthest
from the market, see an increase in their income.

We show that imposing a uniform pricing policy to the trader leads to a reduction of isolated
farmers' poverty. Providing the same income to all farmers, uniform pricing favors relatively
more isolated farmers, since they are the ones who initially receive a lower income. Moreover, it
leads to a higher social welfare, de�ned as the sum of trader's pro�t and farmers' income, than
mill pricing. When the output market price is large enough, uniform pricing is also preferred
to mill pricing by a majority of farmers, and it leads to higher total farmers' income.

In developing countries, agricultural market prices are often driven down by international
competition. If output market prices are very low, imposing mill pricing may be the optimal
policy. Indeed, it may increase all farmers' income, including the closest and the most distant
one. This is not possible under uniform pricing, whatever the output market price. Moreover,
when the output market price is low, total farmers' income, as well as median farmer's income
may be higher under mill than under uniform pricing.

Since, in developing countries, there are several examples of NGOs and farmers' associations
setting up intermediaries, we also look at a situation in which the trader maximizes total
farmers' income. For any pricing rule, such a trader is able to reach at least the same social
welfare level as the for-pro�t does. We also show that it is optimal, from the non-pro�t �rm's
point of view, to use a mill pricing scheme, also implying that, in this case, social welfare is
the highest under mill pricing. From this we can conclude that the optimal pricing policy
depends on the nature of the trader. Given that both types of trader exists, a priori no policy
recommendation regarding the type of pricing policy can be made.

Under mill pricing, maximizing social welfare implies that the pro�t of intermediary will
be nil, while under the other pricing policies, its pro�t can be strictly positive. Under mill
pricing, only one vector of prices is optimal for social welfare. Under discriminatory and
uniform pricing, there is a continuum of prices which will maximize social welfare. Within this
range, some prices favor more the farmers while others favor more the trader.

We also generalize the result found in Gangopadhyay and Sengupta (1987) that the
trader has an interest in giving a discount to the farmer on the input price. If the trader's cost
advantage is su�ciently large, this is true for all three pricing policies considered.

The model developed here gives potential avenues for future research. First, in certain
cases, the choice of the size of the collection area may be important to the trader. In that
case, rather than considering the number of farmers as being �xed, the number of participants
may constitute a choice variable for the trader. A possible extension of the our model would
consider how the number of suppliers is endogenously chosen. This would also allow to analyze
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the impact of pricing policy choice on the inclusion of isolated farmers in a collection area.
Secondly, it may be interesting to see whether besides the pricing policies considered in this
paper, other spatial pricing policies such as two part pricing would improve social welfare.
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Appendices

A Proof of lemma 1

Using the envelop theorem, we have for a participation constraint at location x

∂g(x, pM , iM)

∂x
= −τ

(
f(k∗(x))− f(k0(x))

)
S 0⇔ k∗(x) T k0(x) (A.1)

If the production function is homogeneous of degree h, then, using Euler's theorem, the
farmer's income is given by y(x) = iMk

∗(x)
(

1
h
− 1
)
. Farmer's alternative income is given by

y0(x) = ik0(x)
(

1
h
− 1
)
. A participation constraint at x̃ which is binding for a (pM , iM) i.e.

g(x̃, pM , iM) = 0 implies iMk
∗(x̃)− ik0(x̃) = 0 or equivalently k∗(x̃) = i

iM
k0(x̃).

(i) If iM ≤ i, we have ∂g(x,pM ,iM )
∂x

∣∣∣
x=x̃
≤ 0 . This means that g(r + R, pM , iM) ≥ 0 implies

g(x, pM , iM) ≥ 0 for all x ∈ [r; r +R]. On the contrary if iM > i, then we have ∂g(x,pM ,iM )
∂x

∣∣∣
x=x̃

>

0 which means that g(r, pM , iM) ≥ 0 implies g(x, pM , iM) ≥ 0 for all x ∈ [r; r +R]. The couple
of constraints g(r) ≥ 0 and g(r +R) ≥ 0 is thus su�cient to ensure that g(x) ≥ 0 ∀x.

(ii) Suppose g(r) = 0 at the optimum. For other constraints to be satis�ed, this implies
∂g(x,pM ,iM )

∂x

∣∣∣
x=r
≥ 0. Suppose also that g(r + R) > 0. Thus ∂g(x,pM ,iM )

∂x

∣∣∣
x=r

> 0 and, from (i),

iM > i (otherwise ∂g(x,pM ,iM )
∂x

∣∣∣
x=x̃

would be negative and x̃ could not be equal to r). From

(A.1), this would imply k∗(r) < k0(r). As production function is concave, using (2.2), it would

imply iM
pM

> i
p−τr or p−τr

i
< pM

iM
. Subtracting τ(x−r)

i
on both sides and given that iM > i, this

would give p−τx
i

< pM−τ(x−r)
iM

, thus k∗(x) < k0(x) ∀x. Trader's pro�t would be given by:

Π =

∫ r+R

r

(p− θr − τ(x− r)f(k∗(x))− ik∗(x)− y(x)dx (A.2)

The trader could always increase his pro�t by replicating farmers' stand alone situations (that
is, proposing a contract where pM = p − τr and iM = i, each farmer using exactly k0(x) and

getting his reservation income y0(x)). In this case the pro�t is given by
∫ r+R
r

(p− θr − τ(x−
r)f(k0(x)) − ik0(x) − y0(x)dx. This is always higher than (A.2). Indeed, from participation
constraints, y(x) ≥ y0(x), and, given our assumptions on f(k), the function (p − θr − τ(x −
r))f(k(x)) − ik(x) is concave in k(x) and maximized in k#(x) de�ned by (2.5). Comparing
with (2.2) we see that k#(x) > k0(x). Thus, k#(x) > k0(x) > k∗(x), implying that k0(x) and
k∗(x) lie in the increasing part of the function, thus (p − θr − τ(x − r)f(k0(x)) − ik0(x) >
(p− θr − τ(x− r)f(k∗(x))− ik∗(x) ∀x.

As trader's pro�t could always be increased, the situation where g(r) = 0 and g(r+R) > 0
cannot characterize the optimum. The only way for �rst farmer's participation constraint to be
binding is that all farmers' participation constraint are binding. As �rst farmer's participation
constraint is never the only one to be binding at the equilibrium, it can be said that g(r+R) ≥ 0
is su�cient to ensure that g(r) ≥ 0.

From (i) and (ii), g(r +R) ≥ 0 is su�cient to ensure that g(x) ≥ 0 ∀x.
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B Proof of proposition 6

Suppose the solution to trader's problem is characterized by g(r) = 0. From Appendix A
(ii), this implies g(x) = 0 ∀x and pM = p− τr and iM = i. Isolating λ in (5.3) and substituting
in (5.2), when f(k) = 2

√
k, then replacing pM by p− τr and iM by i gives:

i = i
6(p− τr)2 − 3(p− τr)τR + τ 2R2

6(p− θr − τR)(p− τr) + 2τ 2R2

⇔ 6(p− τr)(θr − τr + τ(R/2)) = τ 2R2

Under assumption 1, this is impossible as θr − τr + τ(R/2) < 0 while other terms are
strictly positive. The supposition that g(r) = 0 is absurd, thus g(r) > 0.

From Appendix A (i), g(r) > 0 and g(r+R) ≥ 0 imply g(x) > 0 for x ∈ [r, r+R[. Optimum
is either (p∗∗M , i

∗∗
M) where g(r + R) = 0 and g(x) > 0 for x ∈ [r, r + R[, either (p∗M , i

∗
M) where

g(x) > 0 for x ∈ [r, r +R].
Knowing that g(r + R) = 0 at the constrained optimum (p∗∗M , i

∗∗
M), for other constraints to

be satis�ed, this implies ∂g(x,pM ,iM )
∂x

∣∣∣
x=r+R

< 0. Then, by (A.1), i∗∗M < i.

At the unconstrained optimum (p∗M , i
∗
M) we have that

∂i
FOCpM
M (pM )

∂pM
≥ ∂i

FOCiM
M (pM )

∂pM
where

iFOCpMM (pM) (resp. iFOCiMM (pM)) is implicitly given by ∂Π
∂pM

= 0 (resp. ∂Π
∂iM

= 0). This is

the consequence of the second order condition for a maximum, ∂2Π
∂p2M

∂2Π
∂i2M
−
(

∂2Π
∂pM∂iM

)2

≥ 0, and

using the implicit function theorem,
∂i
FOCpM
M

∂pM
= − ∂2Π/∂p2M

∂2Π/∂pM∂iM
and

∂i
FOCiM
M

∂pM
= −∂2Π/∂pM∂iM

∂2Π/∂i2M
. This

implies that all points (pM , iM) on ∂Π
∂pM

= 0 with iM > i∗M will lead to ∂Π
∂iM

< 0.

Under assumption 2, at point (p′M , i), where p
′
M = 1

2
(p−θr+ τ(R/2)) and is the solution to

∂Π
∂pM

= 0 when iM = i , we have that ∂Π
∂iM

= R
4i2

(
(p− θr + τR

12
)τR− (p− θr)2

)
. This is negative

if p > θr+ (3+2
√

3)
6

τR which is guaranteed by our assumptions p > τr+τR and τr−θr > τR/2.
As a consequence i > i∗M .

C Mill pricing: unconstrained optimum

In the unconstrained case (p∗M , i
∗
M)), λ = 0. Replacing in (5.2) and (5.3) when f(k) = 2

√
k

and simplifying gives:

(p− θr − pM)− i

iM

(
pM − τ

R

2

)
= 0 (C.1)

(p− θr − pM)

(
pM − τ

R

2

)
+

(
1

2
− i

iM

)(
p2
M − pMτR +

τ 2R2

3

)
= 0 (C.2)

C.1 Proof of 0 < dp∗M/dp < 1

Taking total derivatives of (C.1) and (C.2), equalizing them to zero and rearranging:

−
(

1 +
i

iM

)
dpM
dp

+
i

i2M

(
pM −

τR

2

)
diM
dp

= −1 (C.3)
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(
p− θr − pM
pM − τR

2

− 2
i

iM

)
dpM
dp

+

i
i2M

(
p2
M − pMτR + τ2R2

3

)
pM − τR

2

diM
dp

= −1 (C.4)

Using Cramer's rule on this two-equations system, we can calculate dpM/dp as:

dpM
dp

=
−

i

i2
M

(
p2M−pM τR+ τ2R2

3

)
pM− τR2

+ i
i2M

(
pM − τR

2

)
−
(

1 + i
iM

) i

i2
M

(
p2M−pM τR+ τ2R2

3

)
pM− τR2

− i
i2M

(
pM − τR

2

) (
p−θr−pM
pM− τR2

− 2 i
iM

)
⇔ dpM

dp
=

τ2R2

12(
1 + i

iM

) (
p2
M − pMτR + τ2R2

3

)
+
(
pM − τR

2

)2
(
p−θr−pM
pM− τR2

− 2 i
iM

)
From (C.1), i/iM = (p− θr − pM)/(pM − τR/2), thus:

⇔ dpM
dp

=
τ2R2

12(
1 + i

iM

) (
p2
M − pMτR + τ2R2

3

)
+
(
pM − τR

2

)2
(
− i
iM

)
⇔ dpM

dp
=

1
12
τ2R2

(
pM − τR

2

)2
+ 1 + i

iM

(C.5)

From this expression, 0 < dpM
dp

< 1.

C.2 Proof of di∗M/dp < 0

Using Cramer's rule on the two-equations system (C.3)-(C.4), we can calculate diM/dp as:

diM
dp

=

(
1 + i

iM

)
+
(
p−θr−pM
pM− τR2

− 2 i
iM

)
−
(

1 + i
iM

) i

i2
M

(
p2M−pM τR+ τ2R2

3

)
pM− τR2

− i
i2M

(
pM − τR

2

) (
p−θr−pM
pM− τR2

− 2 i
iM

)
From (C.1), i/iM = (p− θr − pM)/(pM − τR/2), thus:

diM
dp

=
pM − τR

2

−
(

1 + i
iM

)
i
i2M

(
p2
M − pMτR + τ2R2

3

)
− i

i2M

(
pM − τR

2

)2
(
− i
iM

)
⇔ diM

dp
= −

pM − τR
2

i
i2M

((
pM − τR

2

)2
+
(

1 + i
iM

)
τ2R2

12

) (C.6)

As pM is necessarily larger than τR
2
(otherwise participation constraints could not be satis�ed),

diM
dp

is strictly negative.
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D Mill pricing: constrained optimum

In the constrained case (p∗∗M , i
∗∗
M)), λ ≥ 0. Isolating λ in (5.3) and substituting in (5.2),

when f(k) = 2
√
k, gives:

iM = i
6p2

M − 3pMτR + τ 2R2

6ppM − 6pMτR + 2τ 2R2 − 6θrpM
(D.1)

Binding participation constraint g(r +R) = 0 gives:

iM = i
(pM − τR)2

(p− τr − τR)2
(D.2)

Prices (p∗∗M , i
∗∗
M) are given by the intersection between the curves (D.1) and (D.2), provided

τR ≤ p∗∗M ≤ p− τr. Simplifying:

⇔ h(pM) ≡ (−6p+ 6(τR + θr)) p3
M +

(
6p2 − 12pτr + 2(3τ 2r2 − 4τ 2R2 + 6τR(τr − θr))

)
p2
M

+
(
−3p2τR + 6pτrτR + τR(τ 2r2 + 7τ 2R2 + 6τR(−τr + θr))

)
pM

+
(
p2τ 2R2 − 2pτ 2R2(τr + τR) + τ 2R2(τ 2r2 + 2τrτR− τ 2R2)

)
= 0

(a) h(pM) is a polynomial of degree three in pM where the leading coe�cient is strictly negative.
This implies that h(pM) is decreasing at both ends. (b) Evaluated at pM = τR, h(τR) > 0.
(c) The �rst derivative of h(pM), evaluated at τR is strictly positive. This implies that τR
lies in an increasing part of h(pM). (d) If τr − θr > τR/2 holds, then h(p − τr) < 0 holds
for p > τ(r + R). Elements (a) to (d) are su�cient to ensure that h(pM) has one unique root
between τR and p− τr, i.e. that the constrained optimum exists.

D.1 Proof of dp∗∗M/dp > 0

(i) h(pM) = 0 is a polynomial of degree three in pM where the leading coe�cient is strictly
negative, h(pM) is decreasing at both ends. We have already shown that h(τR) > 0 and
h(p − τr) < 0. As p∗∗M lies between τR and p − τr this is su�cient to ensure that h(.) is

decreasing at p∗∗M , that is ∂h
∂pM

∣∣∣
pM=p∗∗M

< 0.

(ii) First derivative of h(.) with respect to p is given by−6p3
M+p2

M(12p−12τr)+pM(−6pτR+
6τrτR) + 2pτ 2R2 − 2τ 2R2(τr+ τR). As τR < p∗∗M < p− τr, it is strictly positive at p∗∗M . That

is, ∂h
∂p

∣∣∣
pM=p∗∗M

> 0.

(iii) From implicit function theorem,
dp∗∗M
dp

= − ∂h
∂p

∣∣∣
pM=p∗∗M

/ ∂h
∂pM

∣∣∣
pM=p∗∗M

. From (i) and (ii),

this is strictly positive.

E Proof of proposition 7

Here we show that (1) when the equilibrium is constrained, then it is still constrained when
p increases, (2) when the equilibrium is constrained, then it may become unconstrained when
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p decreases, (3) when the equilibrium is unconstrained, then it is still unconstrained when p
decreases, (4) when the equilibrium is unconstrained, then it may become constrained when p
increases. Statements (1), (2), (3) and (4) ensure that there exists a p̄ such that the equilibrium
is unconstrained for p < p̄ and constrained for p > p̄. Moreover, we show that (5) a su�cient
condition for the equilibrium to be constrained is p > 2τr + τR− θr.

Proof of statement (1): The constrained maximum is relevant when unconstrained one does
not satisfy the constraint. Suppose that the unconstrained maximum (p∗M(p0), i∗M(p0)) does

not satisfy the constraint for a given p0: g(r +R, p∗M , i
∗
M , p0) =

(p∗M (p0)−τR)2

i∗M (p0)
− (p0−τr−τR)2

i
< 0.

∂g(r+R,p∗M ,i
∗
M ,p)

∂p
=
(

2(p∗M(p)− τR)
dp∗M
dp
i∗M(p)− di∗M

dp
(p∗M(p)− τR)2

)
1

i∗M (p)2
− 2(p−τr−τR)

i
.

Using (C.5) and (C.6),
∂g(r+R,p∗M ,i

∗
M ,p)

∂p
=

2(p∗M (p)−τR)

i

(
i

i∗
M

(p)
+(p∗M (p)−τR)(p∗M (p)−τ(R/2)) 6

τ2R2

)
1+ i

i∗
M

(p)
+(p∗M (p)−τ(R/2))2 12

τ2R2
−2(p−τr−τR)

i
.

As the second ratio is lower that 1, it can be said that
∂g(r+R,p∗M ,i

∗
M ,p)

∂p
<

2(p∗M (p)−τR)

i
− 2(p−τr−τR)

i
.

This is strictly negative for all p ≥ p0 as p∗M(p) < p− τr for those values of p. Indeed, we
know that this is satis�ed at p = p0, otherwise (p∗M(p0), i∗M(p0)) would satisfy the constraint.
This is sure as we know that i∗M(p0) ≤ i (see proposition 6). If this is true at p0, it is also true
at any p > p0 because p

∗
M(p) increases less rapidly with p than p− τr does (see appendix C.1:

dp∗M/dp < 1.)
As ∂g(r + R, p∗M , i

∗
M , p)/∂p < 0 for all p ≥ p0, if (p∗M(p0), i∗M(p0)) does not satisfy the con-

straint, then (p∗M(p1), i∗M(p1)) does not satisfy the constraint neither, for any p1 > p0.

Proof of statement (2): Suppose that the unconstrained maximum (p∗M(p0), i∗M(p0)) does
not satisfy the constraint for a given p0: g(r + R, p∗M , i

∗
M , p0) < 0. We have shown (see proof

of statement (1)) that, at p = p0, ∂g(r +R, p∗M , i
∗
M , p)/∂p < 0. Thus there may exist a p′ < p0

such that g(r + R, p∗M , i
∗
M , p

′) > 0, that is, (p∗M(p′), i∗M(p′)) satis�es the constraint. Note that
the existence of such a such a p′ that satis�es the assumption p′ > τr + τR is not ensured.
Depending on the other parameters, such a p′ may or may not exist.

Proof of statement (3): Suppose that the unconstrained maximum (p∗M(p0), i∗M(p0)) satis�es
the constraint for a given p0: g(r +R, p∗M , i

∗
M , p0) ≥ 0.

(i) Suppose that p∗M(p0) < p0− τr. In this case, we have shown (see proof of statement (1))
that g(r+R, p∗M , i

∗
M , p) is decreasing in p. This is su�cient to ensure that g(r+R, p∗M , i

∗
M , p1) ≥

0 for any p1 < p0, thus that (p∗M(p1), i∗M(p1)) satis�es the constraint for any p1 < p0.
(ii) Suppose that p∗M(p0) ≥ p0 − τr. As, from appendix C.1, 0 < dp∗M/dp < 1, this implies

p∗M(p1) ≥ p1 − τr for any p1 < p0. Given that i∗M(p) ≤ i (see proposition 6), this is su�cient
for (p∗M(p1), i∗M(p1)) to satisfy the constraint.

(i) and (ii) ensure that if (p∗M(p0), i∗M(p0)) satis�es the constraint, (p∗M(p1), i∗M(p1)) still sat-
is�es the constraint, for any p1 < p0.

Proof of statement (4): Suppose that the unconstrained maximum (p∗M(p0), i∗M(p0)) satis�es
the constraint for a given p0: g(r +R, p∗M , i

∗
M , p0) ≥ 0.

(i) Suppose that p∗M(p0) < p0 − τr. In this case, we have shown (see proof of statement
(1)) that g(r + R, p∗M , i

∗
M , p) is decreasing in p. This is su�cient to ensure that there exists a

p′ > p0 such that g(r +R, p∗M , i
∗
M , p

′) < 0.
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(ii) Suppose that p∗M(p0) ≥ p0 − τr. From appendix C.1, dp∗M/dp < 1. Thus it exists
a p′′ > p0 such that p∗M(p′′) < p′′ − τr. From (i), there exists a p′ > p′′ > p0 such that
(p∗M(p′), i∗M(p′)) does not satisfy the constraint.

(i) and (ii) ensure that if (p∗M(p0), i∗M(p0)) satis�es the constraint, there exists a p′ > p0

such that (p∗M(p′), i∗M(p′)) does not satisfy the constraint anymore.

Proof of statement (5): To establish that the optimum is constrained, it is su�cient to de-

termine that the unconstrained optimum, does not satisfy the constraint, i.e.
(p∗M−τR)2

i∗M
−

(p−τr−τR)2

i
< 0. Isolating i∗M in (C.1) and substituting in the previous expression gives

(p∗M−τR)2

p∗M−τ(R/2)
< (p−τr−τR)2

p−θr−p∗M
. A su�cient condition for that is:

(p∗M − τR)2

p∗M − τR
<

(p− τr − τR)2

p− θr − p∗M

⇔ (p∗M − τR)(p− θr − p∗M)− (p− τr − τR)2 < 0

⇔ w(p∗M) ≡ −p∗2M + (p− θr + τR)p∗M − (p− θr)τR− (p− τr − τR)2 < 0

w(p∗M) is a polynomial of degree two in p∗M where the leading coe�cient is strictly negative.
The discriminant is given by (p− θr+ τR)2− 4((p− θr)τR)− 4(p− τr− τR)2. This is a poly-
nomial of degree two in p where the leading coe�cient is strictly negative. It is thus negative
before the �rst root (p1 = 1

3
(2τr + θr) + τR) and after the second one (p2 = 2τr + τR − θr).

A negative discriminant is su�cient for w(p∗M) to be negative. Thus p > 2τr + τR − θr is a
su�cient condition for the unconstrained optimum to be excluded, hence for the optimum to
be constrained.
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F Numerical simulations

F.1 Median farmer's income under uniform and mill pricing
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F.2 Total farmers income under uniform and mill pricing
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F.3 Social welfare comparison: WU −WM

4000

6000

8000

10000

12000

0

2000

4000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

1500

2000

2500

3000

3500

4000

0

500

1000

1500

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

6000

8000

10000

12000

14000

16000

0

2000

4000

6000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

r = 300, R = 100, τ = 1, i = 100, θ = 0.2 r = 150, R = 100, τ = 1, i = 100, θ = 0.2 r = 400, R = 100, τ = 1, i = 100, θ = 0.2

1500

2000

2500

3000

3500

4000

0

500

1000

1500

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

10000

15000

20000

25000

30000

0

5000

10000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

300

400

500

600

700

800

900

0

100

200

300

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

r = 300, R = 50, τ = 1, i = 100, θ = 0.2 r = 300, R = 200, τ = 1, i = 100, θ = 0.2 r = 300, R = 100, τ = 0.4, i = 100, θ = 0.2

10000

15000

20000

25000

30000

0

5000

10000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

6000

8000

10000

12000

14000

0

2000

4000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

2000

3000

4000

5000

6000

0

1000

2000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

r = 300, R = 100, τ = 1.5, i = 100, θ = 0.2 r = 300, R = 100, τ = 1, i = 100, θ = 0.1 r = 300, R = 100, τ = 1, i = 100, θ = 0.5

10000

15000

20000

25000

0

5000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

2000

3000

4000

5000

6000

0

1000

2000

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

1000

1500

2000

2500

0

500

0 200 400 600 800 1000 1200 1400 1600

p

WU-WM

r = 300, R = 100, τ = 1, i = 50, θ = 0.2 r = 300, R = 100, τ = 1, i = 200, θ = 0.2 r = 300, R = 100, τ = 1, i = 500, θ = 0.2

36



F.4 Trader's pro�t under uniform and mill pricing
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