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Agri-decision Making

Abstract

Agricultural cooperatives aim at providing stable prices to producers and assist farm-
ers in capturing better market deals. Similarly, adoption of organic farming reorient
the farmers towards a niche market with a better price premium and relatively lower
price volatility. This paper attempts to examine farmers’ decision of adoption of organic
farming and cooperative participation under price volatility through an analytical game
theoretic model. We analyse conditions under which farmers would prefer to opt for
organic farming and participate in a cooperative. We examine the effect of price volatil-
ity and operational cost of cooperative, representing the maximum participation cost of

farmer, on farmers’ decision to participate in a cooperative and produce organic crop.
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1 Introduction

With increased commodity price volatility, risk and uncertainty in farming have become
an important concern for farmers, who are often characterized as price taking units with
negligible influence on the final price of the commodity produced. Moreover, for small
producers, with relatively low risk- bearing ability, uncertainty in revenue flow is push-
ing them to the margins of poverty. Production of organic commodity and transaction
through cooperative can help in achieving economically sustainable lifestyle through a
smooth and stable revenue flow for farmers as it commands high price premium and low
price volatility.

Agricultural cooperatives have policies to keep prices relatively stable within a narrow
spectrum. Within a cooperative, price volatility is shared among all the members of
the cooperatives and each member receives an average price for the produce in a season,
thereby reducing the price volatility over a longer duration. Cooperatives also ascertain
relatively higher prices to farmers by shortening the supply chain.

Penetration to market for differentiated products can also result in relatively lower price
volatility and apprehends price premium, and thus, can provide farmers an alternative
to producing a conventional crop with high price volatility. Organic product commands
a niche market for itself, and are reported to have less volatile prices (Kleemann and
Effenberger [2010]; Franco [2009]; Su et al. [2013]). It has the potential to provide bene-
fits to consumers by improving food quality and to producers by channelizing production
towards areas of market demand (Lampkin [1994]). There has been a rapid increase in
demand for high-quality organic produce.

However, in spite of the advantages of participation in cooperative and shifting to organic
production techniques, farmers’ reluctance to both is unambiguous. Barriers to adoption
of organic farming is massively documented in literature (De Ponti et al. [2012]; Schnee-
berger et al. [2002]; Mzoughi [2011], Rigby and Céceres [2001]). Nevertheless, failure of
cooperatives due to lack of participation from members is additionally a major concern
for many local and international institutions (Gardner and Lerman [2006]; Braverman

et al. [1991]; Goldman et al. [2007]; Nilsson et al. [2012]). It is observed that farmers’ will-



ingness to join a cooperative is often associated with the price volatility of the commodity

they produce (Table 1).

Table 1: Commodity-wise number of cooperatives and price volatility

Commodity No. per thousand Percentage of | CV of prices”
Agricultural HHs? HHs selling
in cooperative®
No. of HHs selling All HHs
to Cooperatives
/govt. agency
Paddy 28 638 4.39 0.61
Maize 19 719 2.64 0.38
Wheat 25 368 6.79 0.39
Barley 0 140 0.00 0.37
Sugarcane 417 943 44.22 0.18
Potato 1 534 0.19 0.21
Onion 7 543 1.29 0.34
Groundnut 13 689 1.89 0.3
Rapeseed /Mustard 2 456 0.44 0.23
Coconut 15 491 3.05 0.17
Cotton 11 923 1.19 0.2
Pulses 2 397 0.50 0.28

Source: (a) NSS Report on Agriculture, 70th Round (b) Author’s own calculation
using annual producer price index data from FAOSTAT

As suggested by the correlation coefficient between the number of households selling
to cooperatives and price volatility for a particular commodity (-0.23), the proportion of
households selling to cooperative is higher for products with lower price volatility. The
price volatility might also indirectly affect farmers’ decision for the adoption of organic
farming through their choice of cooperative participation.

There are limited studies that attempt to analyse the effect of price volatility on farmers
choice at the production level. Our study seeks to address this issue. In this paper we
examine farmers’ decision on adoption of organic farming and cooperative participation
under price volatility through an iterative analytical model. The objective is to find
conditions under which farmers would prefer to opt for organic farming and participate
in a cooperative.

The remainder of this paper is organised in four sections. Next section presents a brief
review of the literature to place the significance of the study. The third and fourth

section presents the model and analyse the results. The last section ends the paper with



concluding remarks.

2 Literature Review

The objective of this section is to provide a brief account of the studies which have ex-
amined the agricultural supply chain in depth and discussed the need for a differentiated
market, thereby placing the significance of the present study.

The concept of the supply chain has been applied to agricultural commodities very re-
cently and has been studied extensively in the literature across different fields. One of the
most imperative research in this area was initiated by Dolan et al. [1999] with reference
to Horticulture Global Value Chain (GVC). This work extensively studied the market for
fresh vegetables and identified the marketing channels. They found that the supply chain
is largely dominated by large retailers, and they have adopted competitive strategies,
attributing to quality and product differentiation. They analysed the role of large firms
(mostly owned by exporters) in moving production away from small producers.

Talbot [2002] studied the supply chain of green coffee in Uganda, one among the major
producers of coffee beans. This study showed that after liberalization supply chain of
coffee has undergone considerable changes with numerous evidence of direct purchase by
roasters from local exporters. However, in spite of such developments, the predominant
purchasing route of green coffee remained via spot markets, thereby, highlighting the
exploitative role of middlemen and curing houses in the process.

Fitter and Kaplinsky [2001] in their study analysed the input-output relation using the
value chain approach and attempted at identifying power asymmetries along the chain.
The study observed considerable power concentration with the importing countries. The
study also highlighted the growing need for Fairtrade products that will enable the pro-
ducers to get a fair price.

The impact of international prices on farmers’ decision of investing on production and
quality improvement has also been carried forward by a number of studies. For example,

a study by USAID (2005) has showed that farmers’ lack economic incentive to improve



their product and service quality as it does not bring any higher prices from the local
distribution channels. Analysing buyers bargaining power, Oxfam [2002] reports that low
market prices creates a buyers’ market where poor and powerless people from developing
the world negotiate with the powerful buyers in more advanced countries in the open
market.

An application of Global Value Chain analysis to coffee by Daviron and Ponte [2005]
pointed out that in developing countries, producers of tropical commodities often do not
have direct contact with the consumption places and hence are unable to obtain gains
from the quality of the product they sell in the market although other actors involved in
the value chain do reap the benefits of the improved quality and pass on the loss of the
lower quality to producers. This results in disincentive for farmers to improve quality.
Fromm and Dubén [2006] and [Richards et al., 2011] point out that there are chances
of gain from producing commodities for differentiated markets. The price paid in these
markets is twice compared to conventional market price. In addition, they suggest that
through internet auctions and direct buys, the role of intermediaries can be reduced, and
this guarantees higher price to the producers. Studies have noticed increasing demand
for organic and fair trade commodities (Park and Lohr [1996]).

Role of Farmer associations and cooperatives have also been studied widely in literature,
especially by Bacon [2005], Verhaegen and Van Huylenbroeck [2001], Raper et al. [2005]
and Dempsey [2006]. Bacon [2005] have found that farmer associations and cooperatives
play an essential role in supporting farmers to convert their production technique and
adopting a quality standard. Cooperatives also play a major role in reducing the cost
of information gathering [Verhaegen and Van Huylenbroeck, 2001]. While, Raper et al.
[2005] states that cooperatives enable farmers in gaining access to specialized markets.
According to Dempsey [2006], strong institutional development interventions provide the
basis for success in cooperative coffee in Ethiopia. According to him, this has a positive
impact on new coffee export value chain resulting in improved quality of produce and
gained access for farmers in higher value coffee markets with a sustainable income. How-

ever, sometimes lack of coordination between local institutions and producer cooperatives



proves to be a major hindrance in improving the status of smallholders in Fromm and
Dubén [2006], especially after liberalization.

An examination of literature suggests that moving to organic production technique and
shortening of supply chain via cooperative appears to improve farmers livelihood, how-
ever, farmers reluctance in accepting these changes are often observed. There are no
studies that attempt to analyse farmers’ decision in opting for organic farming and co-

operative participation. Our study is an attempt to address this issue.

3 Model

We formulate a two-stage model to describe farmers’ production decision and the decision
to participate in cooperative, on the basis of the prices they expect to receive. Farmers
can choose between private firm and cooperative owned processor to sell their produce.
Free entry and exit from cooperative is possible. Cooperatives help in vertical integration
of farmers to the supply chain evading the middlemen and helps them in receiving higher
prices compared to the private firm.

Two farmers A and B produces crop using two different techniques: Conventional or
Organic. They can sell their produce to two different options: Cooperative or Private
Firm. Both farmers simultaneously decide on production technique first and later decides

on selling option simultaneously. Graphical representation of the problem is given below

(Figure 1):
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In the Figure 1, ‘O’ represents a choice of producing organic crop and ‘T’ represents a
choice of producing conventional crop. Similarly, ‘C’ represents choice of selling through
cooperatives and ‘P’ represents choice of selling to private market.

Membership to cooperative is open, anyone can become a part of the cooperative. Farm-
ers participating in cooperative receive the final payment at the end of cropping season
for seasonal crops. Agricultural and plantation commodities are highly weather sensi-
tive and is prone to high supply and price fluctuation. Revenue from these commodities
widely depend on the time of delivery of the produce. Producers selling to private firm
face this volatility in the price and fluctuating revenue. However, producers delivering
to cooperative share this risk by receiving average price for the entire season as well as
for different quality. In cooperatives, most of the cyclical fluctuations in price or changes
in consumer demand is spread out across all producers by offsetting higher-than-average
returns with lower-than-average returns and farmers tend to receive by an large a stable
price over the year.

Farmers do not hold the commodity for long and sell it immediately after harvest to

either of the two processing units: a cooperative or a private firm. Decision of selling is



taken one period advance at the time of sowing the seeds. If the farmer wants to sell its
produce to the cooperative in the next period, s(he) needs to join the cooperative in the
current period. If s(he) does not, by default, s(he) will have to sell its produce to the
private firm.

Let, g. be the total quantity sold by each farmer in the cooperative and ¢; be the total
quantity sold by each farmer to private firm. Demand is assumed to be infinite.

Cost function of farmer is given by:

cla) = 507 (1)

where, ¢; is the commodity produced by ** individual.

The cost function of the cooperative is given by:

c(Q.)=F (2)

Where, Q. is the total quantity sold through cooperative. Cost of processing of product
(variable cost of the cooperative) is assumed to be zero and operational cost of coopera-
tive (henceforth referred as operational cost) is a fixed cost given by F.

The objective of the farmer is to maximize expected utility of profits. Let the utility
function of both the farmers follows constant absolute risk aversion (CARA) and is given

as follows:

U=—e°l (3)

Where, « is the coefficient of absolute risk aversion.
Farmer is risk averse as U’'(Il) > 0 and U"(IT) < 0.

Farmer’s profit function can be defined as:

Il = Pq — c(q) (4)

Where, q is the total quantity sold by the farmer and ¢(q) is the total cost incurred. P



is the price of the commodity, assumed to be a random variable with f(P) as the density

function. Assuming a small economy, farmers are price takers. The production decision

is taken in advance such that future spot price of the commodity is not know. However,

given that the current period price follows normal distribution with mean P, and variance

o?, farmers assume that spot prices in the next period also follows normal distribution
21

with mean P, and variance o~.

Thus, the expected profit function? is given by:

1 «
E(U) = P,q — 5(12 — 502612 (5)

By selling to private firm, farmers receive the spot price prevalent in the market at
that point of time. However, by selling in cooperative, farmers receive the average price
given by P, at the end of cropping season thereby getting protected from price fluctua-
tions.

Let the average price for conventional crop be P, and the variance in price be o,2. Simi-
larly, average price for organic crop be P, and the variance in price be o,2.

Thus, the objective function of farmer selling to private firm is given by:

1
maximize E(U) = Pigiy — 5%}”2 - %%‘2%02,%' = {t,0} (6)

where, ¢;; is the amount of conventional/organic produce each farmer sells to private
firm.

Each farmer in the cooperative decides on the output level that maximizes his/her ex-
pected profit given the contribution of other member. Farmers expect to get a average
price Pi{Vi = t, 0} by selling in cooperative and zero variance in price. However, members
of the cooperative proportionately share the operational cost of cooperative denoted by
F.

Therefore, the objective function of each farmer selling in cooperative is be given by:

"'We assume farmer follow rational expectation.
2For derivation refer to Appendix 1
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Where, g;. is the amount one conventional/organic farmer is selling through cooperative
and ¢;» is the amount of produce other individual is contributing to the cooperative.
The last term in the equation denotes the operational cost shared proportionally by each
farmer. Since, both farmers are homogeneous, ¢;. equals to g;» and hence, each farmer
pays % as cost of participation if both of them participates. If only one farmer partici-
pates, ¢;» = 0 and he/she has to borne full operational F'.

Three cases are considered, for organically produced crop and conventional crop respec-
tively: 1) When both the farmers sell their produce to Cooperative. 2) When both the

farmers sell their produce to Private Firm. 3) When one sells to Cooperative and another

to Private Firm. We solve the game using backward induction.

4 Analysis

4.1 Equilibrium in conventional market

Suppose both the farmers produces conventional crop. How do they decide on whether
to sell through cooperative or not?

Operation of cooperatives incur cost. Since, cooperatives are owned by farmers who are
the members of the cooperative, they share the operational cost proportionately depend-
ing on the amount they sell through cooperative. Decision on whom to sell depends on

the operational cost.

Proposition 1: For a given value of F, «, o,, P, and P> > 2F, decision of

participation in a conventional cooperative is given as follows:

Both partcipating in cooperative VIF < 2‘("1?11; f;)
Participation decision = § Both selling to Private Firm VF > eo P
(14+ao?)
. 2p 2 252
Either of the two v((fitafttz) <F< 2‘(11?&1;22)
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Proof: See Appendix 2.
Operational cost F represents the maximum cost of participation in cooperative a farmer

can incur. There exists a trade-off between the dis-utility from paying a higher participa-

ao,«,QPt2

tion cost and higher volatility in private firm. When operational cost is below HitaoT)

dis-utility from higher volatility dominates operational cost and farmers prefers to sell all
the produce in cooperative. However, as operational cost increases, the trade-off between
higher operational cost and higher volatility in private firm becomes stringent. When the
disutility from higher operational cost overcomes disutility from higher volatility, farmers

prefer to sell their produce to private firm.

Corollary 1: Tendency of farmers to participate in cooperative is more for com-
modities that has lower operational cost, ceteris-paribus and vis-a-versa.
Proof: See Appendix 2, Equation (19).
Suppose there are two commodities, one that require higher operational cost and thus
higher participation fee and another with lower operational cost. Assuming other things
being same, commodity with lower operational cost attracts more farmers to cooperative

and has more number of cooperatives than commodity with high operational cost.

Corollary 2: If the operational cost is high for any commodity, participation in co-
operative requires price volatility for that commodity to be extremely high, ceteris paribus.
Proof: See Appendix 2, Equation (20).

Unless the price volatility of the commodity is sufficiently high, it can not dominate the
dis-utility of higher operational cost and thereby pushing farmers to private firm and
facing the volatility. This means commodities with lower price volatility and a higher
storage and processing charges tends to see less cooperatives and more sell in private

market.

Corollary 3: Higher the degree of risk aversion of farmer, higher is the chances of

s(he) becoming a member of cooperative.
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Proof: See Appendix 2, Equation (20).

Farmers’ attitude towards risk is an important determinant in farmers’ decision of coop-
erative participation. If a farmer is more risk averse, s(he) has a higher tendency to join
a cooperative and avoid price fluctuation as well as revenue fluctuation even for a little

higher operational cost.

4.2 Equilibrium in organic market

Suppose both farmers produces organic crop. How is cooperative participation decision
for organic crop different from conventional crop?

Similar to conventional crop scenario, for organic crop also cooperative participation de-
cision depends on the operational cost, price and price volatility of organic produce and
farmers degree of risk aversion. Average price for organic produce is higher that the
average price of conventional produce, however, the price volatility in organic produce is
lesser than the price volatility of conventional produce (Oberholtzer et al. [2005]; Buck
et al. [1997]; Raynolds [2000]).

Proposition 2: For a given value of F, «, o,, P,, and P,> > 3F, decision of

participation in an organic cooperative is given by:

Both partcipating in cooperative VF < 20057 Py?.

= 3(1+ao,2)

Participation decision = § Both selling to Private Firm VF > 7;(?‘_‘;_";5";)
. 4ao,2P,? 200,%P,?
Either of the two V73(1+a%2) <F<L o D)

Proof: See Appendix 3.

The threshold for organic cooperative and private firm participation is much higher than
the conventional crop implying organic farmers require much higher operational cost for
selling to Private firm rather than conventional crop.

Volatility in conventional private market is far higher than volatility in organic private
market. Thus, income stream from conventional crop is far more volatile than income

from organic. Therefore, even a lower operational cost can offset the effect of higher

12



volatility in conventional market. But, for organic crop a higher operational cost is
required.
The results in Proposition 1 and Proposition 2 holds true even when both farmers follow

different production technique. i.e. If F' < 20“”213 2 dominant strategy for conventional

2(1+ac¢?)”
farmers is to participate in cooperative and else, to sell to private firm. Similarly, if
F< 32(0‘11"—023:22), dominant strategy for organic farmer is to participate in cooperative, else,

to sell to private firm.

4.3 Decision on farming technique and selling choice

Selling decision is juxtaposed on the choice of farming technique to get a solution for
the entire problem. Decision on farming technique depends on the price and volatility
of organic and conventional produce and on the selling decision. What to produce and

where to sell is conditional on the operational cost.

Proposition 3: For a given value of F', o, P;, P,, o4, 0, and an upper limit on
. . . .7 . . . 2
the ratio of price and price volatility of organic and conventional crop such that i—% < %
2
and Z—% < %, decision on cooperative participation and production technique s given as

follows:

Produce O/T; Sell to C VE < w

Produce T; Sell to C V% <F< 2‘()‘1‘17?%

Overall decision = 4 Produce 0/T; Sell to C/P V322Li < F < (2’;’3 - Hlfgg)
Produce T; Sell to P v <2§3 - 1+Poct2cr§) <F<L 2?:22;;)
Produce O; Sell to P VE > leﬁzgg)

Where, O represents Organic crop, T represents Conventional crop, C represents Coop-
erative and P represents Private firm.

Proof: See Appendix 4.

Figure 1 summarizes proposition 3:
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Figure 1
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Where, ¢ and ¢, respectively represents selling of conventionally and organically pro-
duced crop through cooperative and fr and f, represents selling of conventionally and
organically produced crop to private firm respectively.

First segment signifies range of very low operational cost. Operational cost is so low that
it is always beneficial for farmers to participate in cooperative no matter what they pro-
duce. However, producing organic crop is pareto optimal over traditional crop as organic
commands price premium.

In the second segment, farmers prefer producing conventional crop rather than organic
crop and sell in cooperative, even though organic receives higher premium. This is be-
cause the sum of cost of extra effort for organic production and the operational cost of
cooperative is dominating the price premium that organic product commands and hence,
it becomes profitable to produce conventional crop.

The third segment signifies a region where dis-utility from price volatility of conventional
produce is dominated by the operational cost, however, for organic produce dis-utility of
volatility continues to dominate operational cost. Hence, either both of them produces
organic and sell to cooperative or produce conventional and sell to private. Nevertheless,
here also the sum of cost of extra effort for organic production and the operational cost
dominates the price premium of organic, hence farmer choose to produce conventional
crop and sell to private firm. Same is true for the fourth section as well.

However, in the last segment, dis-utility from very high operational cost offsets the dis-
utility from volatility for both organic and conventional produce. Additionally, lower
volatility and higher price in organic market offsets the lower price and higher volatil-

ity in conventional market, and therefore, farmers produce organic and sell to private firm.
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Figure 2
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Corollary 5: A change in price volatility of conventional crop increases
cooperative participation for both organic and conventional crop.
Increased volatility in the conventional market reduces participation in the conventional
private market and increase participation in cooperative. With increasing volatility, the
uncertainty in revenue flow increases and therefore to avoid fluctuation in revenue farmers
either join conventional cooperative even for higher operational cost or start producing
organic product and join cooperative when operational cost is very low.
The operational cost of cooperative plays a consequential role in choosing selling options
as well as deciding on farming technique. Given that organic farming requires the extra
cost of effort, only a very low operational cost can compensate for that and induce farmers
in producing the organic crop and participate in cooperative. However, as operational cost
increases, farmers incline to move towards conventional farming to evade the extra cost
of effort. Nevertheless, high operational cost also persuades them to sell their produce to
the private firm and accept volatility rather than much higher cooperative participation

cost.

Conclusion

The paper highlights the role of tacit trade-off between price volatility and operation
cost of cooperative (maximum participation cost of cooperative) in decision of cooper-
ative participation as well as trade-off between operational cost and cost of effort in
choosing between techniques of production. This paper has an important contribution to
understanding why there are fewer cooperatives for volatile commodities and why organic

farming is still in a dormant phase. For commodities with high price volatility, a risk-
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averse farmer always prefer to join a cooperative and avoid the risk of fluctuating revenue
only when the maximum participation cost of cooperative is lower than the dis-utility
from fluctuating revenue. Further, organic farming is most desirable when farmers can
sell their produce through cooperatives.

However, selling through cooperative requires low participation cost. Hence, unless the
operational cost of cooperative is low or a sufficient number of farmers willing to form
cooperative, organic production is not a profitable option for farmers to adopt.

This paper also has important policy contributions. If the objective of the government
is to encourage sustainable practices in farming and provide economically sustainable
revenue to farmers through cooperative participation, first a foremost thing required is a
reduction in operational cost of cooperative. Organic production with cooperative par-
ticipation is viable only when the operational cost of cooperative is very low. Institutions
can provide assistance in operations of the cooperatives, for example, by building infras-
tructure, thereby reducing operational cost.

Secondly, the price differential between organic and conventional crop also plays an im-
portant role in deciding between which technique to adopt. If the price differential is
increased, we can have higher chanced of people participating in organic cooperative
rather than moving to cooperative for the conventional crop. If the organic product does
not command a sufficient price premium, farmers will be reluctant in adopting organic

production technique, given the cost of extra effort organic production require.
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Appendix 1

Since, price is distributed normally, profit also follows a normal distribution with mean
I1,, and variance IIZ.

Then, the expected utility is given as:

B(U) = [ fman (®)

(—-T1,)2

Where, f(II) = [W] e_( 2112 ) is the probability density function.

Hence,

1 _<(H;1‘132M)2) all
E(U) = W e g (—6 )dH
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- 2112
_ - e g dH
231 2/
(2nI12)Y
o2m2 1 _(M)
= —e? ol /—e 2o dlIl
2)1/2
(2r112)Y/
QQH?I
= —e2-ally (9)

Monotonic transformation of equation (9) can result in:

BW) =1, — e (10
II, = E(P)q — %qZ
= Puq — %qQ
I, = E(IY) — [E(ID)]*
= E(Pq - %qu - (E(P)q - %cf)z
= [E(P?) — (E(P))*q;
= o2
E(U) = Pug — %qQ - %azqg (11)

Equation (11) represents the expected utility function of the farmer.

Appendix 2

Equilibrium in conventional market

Farmers expect to get an average price P; by selling in cooperative and the variance in the

price 0,2 is zero. Thus the objective function of each farmer selling through cooperative
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can be written as:

o - Loy a5y F
max;cmlze E(U)—Ptqtc—éqtc — 50 Qte” — [m Qte (12)

Where, ¢, is the amount one farmer is selling through cooperative and ¢ is the amount
of produce other individual is contributing to the cooperative. F denotes the operational
cost. Since, both farmers are homogeneous, ¢, equal to ¢, and hence, each farmer pays

% for operating the cooperative.

Substituting o,* = 0 in equation (12)

1 F

2
Gt —

5 5 (13)

E(U) = Bigre —

The utility maximizing output level ’¢;.x’ for each farmer is P,.
Substituting the value of ¢;.* in the expected utility function, expected utility of each

farmer becomes equals to (P> — F).

When both of them sell everything to private firm:

When both farmers sell everything to private firm, the expected utility of the farmer
depends on both: the average as well as the variance of the price. Farmer’s objective is

to solve the following problem:

o 1 o}
maximize E(U) = Py — eqfQ — §0t2qtf2 (14)

where, ¢ is the amount of produce each farmer sells to private firm.

Expected utility maximizing output level for farmer selling to private firm is HZ—fHQ.

Expected utility of each farmer equals to % ( s )

14+ao?
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When one farmer sells in cooperative and another to private firm:

When only one farmer sells in cooperative, s(he) has to pay the whole operational cost.

Hence, following equation (13), Expected utility function of farmer selling in cooperative

1s:

1

maxqicmize EU) =P — 5th2 - F
Expected utility maximizing output level:
QGex = B
Expected utility from selling in cooperative:
EWU)" = %2 - F

Expected utility function of farmer selling to private firm:

1 o

E(U> = PtQtf - §Qtf2 - §Ut2%f2

Expected utility maximizing output level for the farmer is 1+§—tat2.

Expected utility of farmer selling to private firm equals to % ( L )

1402
Representing all the payoffs in matrix form:

Cooperative Private

Cooperative | (P> — F), (P> — F) (Pt2 _ F) 1( % >
Private | 1 (£2:), (% - F) | 4

Farmers participate in cooperative only when:

P _ps LB
2 =2 \1+ac?
02>—2F
" T (P2-2F)a

= k(say)

22
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Equation (19) can only satisfy when P> > 2F as right hand side of the equation is
positive. Equation (20) states that, for a given value of k, when the volatility in the
commodity price is high, a risk averse farmer prefer selling to cooperative.

From equation (20), %’“ > 0. Which means, for commodities with lower operational cost,
the above condition satisfies even for lower volatility. However, if the operational cost is

high fulfilment of above requires volatility to be extremely high.

Nash Equilibrium:

Conditions Nash Equilibrium
Case 1 2‘("&725;) >F (Cooperative, Cooperative)
Case 2 2?‘1‘172?:2) <F< git;it;) (Cooperative, Cooperative);(Private, Private)
Case 3 (Clkitjf:;) <F (Private, Private)

Appendix 3

Equilibrium in Organic market

For organically produced commodity, the average price is assumed to be P, and the vari-
ance in the price is 0,2, In addition to this, organic farming also incurs additional effort

in controlling for pest and diseases. Cost of effort is represented by c(e) = ;¢;.

When both of them decides to participate in cooperative:

Thus the objective function of each farmer can be written as:

1 1 o F
imi EU:POOC__OC2__OC2__02002_ - - oc 21
maximize (U) q 54 14 500 4 PR q (21)

Where, g, is the amount of organic produce one farmer is selling through cooperative and

Qoe 18 the amount of organic produce other individual is contributing to the cooperative.
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Substituting ¢,% = 0 in equation (21)

Sqoc — 74oc — (22)

1 1 F
E :Pooc_ 2 2 ~
U) Qo — 3 1 5

The utility maximizing output level ’g,.x" for each farmer is %PO.

Substituting the value of g,.*x in the expected utility function, expected utility of each

farmer equals to %POQ — %

When both of them sell everything to private firm:

When both farmers sell everything to the private firm, the expected utility of the farmer
depends on both: the average as well as the variance of the price. Farmer’s objective is

to solve the following problem:

L 1 1 «
maximize E(U) = P,qy — §q0f2 - z_lq"fz — §Uo2qof2 (23)

where, g, is the amount of produce each farmer sells to the private firm.

2P,

Expected utility maximizing output level for farmer selling to private firm is ;5-2—.

Expected utility of each farmer equals to (ﬁ%)

When one farmer sells in cooperative and another to private firm:

When only one farmer sells in cooperative, s(he) has to pay the whole operational cost.
Hence, following equation (22), Expected utility function of farmer selling in cooperative
becomes:

Loy 1

maximize E(U) = P,qo. — gloc = goc” — F (24)
dc
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Expected utility maximizing output level:
2
Goc* = 5P o (25)
3
Expected utility from selling in cooperative:
1

EU)* = gPO2 -F (26)

Expected utility function of farmer selling to private firm:

1 1 «
E<U) - Poqof - EQOf2 - Zlqoc2 - §UO2QOf2 (27)
ey . . . . 2Po
Expected utility maximizing output level for the farmer is 55°2—.

Expected utility of each farmer equals to (%)

Representing all the payoffs in matrix form:

Cooperative Private
. 1p2 F 1p2 F | 1p2 _P?
Cooperatlve 3PO 5 3Po 2 3P0 F’ <3+2a002)
. PO2 l 2 _ P02 P02
Private <3+2a002 ) 3P0 F <3+2a002 ? \ 3420052

For both the farmers to participate in cooperative,

1 P2
_PP—_F|>|—2 28
(3 ) - (3+2a002) (28)

Equation (28) can only satisfy when P,> > 3F.

Nash Equilibrium:

Conditions Nash Equilibrium
Case 1 32(0110—557022) > F (Cooperative, Cooperative)
Case 2 32(‘{1"—02’22) >F> ?ﬁi"—;i% (Cooperative, Cooperative);(Private, Private)
Case 3 ?jl(‘)l‘i"—;fo";) <F (Private market, Private market)
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Appendix 4

Decision on Farming Technique and Selling Choice

Let T} = 5eeli and Tj = 277,

Ty = Jaeles and Ty = 277
Four possible situations arises:

(1) T < T? and TE < T

(2) Tf < T? and TE > T7¢

(3) Tf > T and T} > T3

(4) T} > TP and T} < T3

However, it is assumed that there exists an upper bound to the percentage difference
in the price of organic vs conventional crop such that it is less than or equal to 2/3,
i.e 67 percent and the ratio of i—? < %.3. With this assumption, only one case remains:
T < TE < TP < Tg.A Five different ranges for “F” is possible. By using the Nash
equilibria from stage 2 subgames, different Nash equilibria for all the ranges for “F” as
follows:

(a) F < T, i.e.Very low operational cost. Nash equilibrium in both the subgames solved
earlier is (Cooperation, Cooperation).

(b) F lies between T{&T% i.e.low operational cost. Nash equilibrium for subgame 1 (for
conventional crop) is both (Cooperation, Cooperation) and (Private, Private) whereas
for subgame 2(for organic crop) is (Cooperation, Cooperation)

(c) F lies between Ti&TY i.e. moderate operational cost. Nash equilibrium for subgame
1 (for conventional crop) is (Private, Private), whereas for subgame 2(for organic crop)
is (Cooperation, Cooperation).

(d) F lies between T7&Ty i.e. high operational cost. Nash equilibrium for subgame 1

(for conventional crop) is (Private, Private), whereas for subgame 2(for organic crop) is

(Cooperation, Cooperation) and (Private, Private).

3Since same commodity with different quality attributes is considered, this is a reasonable assumption
to make.
4For derivation refer to Appendix 5
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(e) F > TY i.e. very high operational cost. Nash equilibrium in both the subgames is
(Private, Private).

Let ¢r and ¢, represents sell of traditionally and organically produced crop through
cooperative respectively and fr and f, represents selling of traditionally and organically
produced crop to private firm respectively. The equilibria for different ranges can be

represented graphically as follows:

Figure 3
(cr,ecr) (e, er), (fr, fr) (fr, fr) (fr, fr) (fr, fr)
\ | | | | |
\ ! ! ! ! |
0 T! T4 Ty 13 F
(o, o) (co5¢o) (co,¢o) (co,¢0); (fos fo) (fos fo)
Since,
P? 3
= <= 29
Pt2 2 ( )
= 2P? - 3P? <0 (30)

Casel: F < T} (Both goes to Cooperative)
Organic(O) Conventional (T)

Organic(O) | sP,° — 5, 3P> =5 | sP°—F, 3P° — F

Conventional (T) %Pf - F, %POQ —F %Pf - £, %Pf - £

If 2P,> — 3P* > 3F, N.E. is both of them producing organic crop and selling in coop-

erative. However, with 2P,> — 3P, < 0 (refer to equation 30), this condition can never
satisty.

If —3F < 2P,> — 3P,> < 3F, N.E. is either both of them producing conventional crop or
both producing organic and both selling through cooperative.

If 2P, — 3P,% < —3F, N.E. is both of them producing conventional crop and selling in

cooperative.
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Case 2: T} < F < T} (Conventional Farmer sells to cooperative or private
firm and Organic Farmer to Cooperative)

If conventional farmer sells in cooperative, equilibrium is same as in case 1. However, if he

sells to private firm, game matrix looks like as below:

Organic(O) Co
1p2 F 1p2 F 1p2
sle — 5 500 —5 | 5l

Organic(O)

2 \ T+ao:?

Conventional (T) | 2 ( B >, 1P’ —F

2
If %02 — 2(%*&0?) > F', N.E. is both producing organic crop and selling in cooperative. Since,
2
%‘? — 2(%303) < T} (using equation 30), this condition can never satisfy.
L B p 22 BN s either both of them produces organic and
3 2(1+aaf) 3 (1+0¢O’t2)7 L. p g

sell to cooperative or both produces conventional crop and sell it to Private firm.

If 2Pz pP?
3

Trao?y < F, N.E. is both of them producing conventional crop and selling to
t

Private firm.

Case 3: T} < F < T? (Conventional Farmer sells to private firm and Organic
Farmer to Cooperative)

Equilibrium is same as case 2.

Case 4: T? < F < Ty (Conventional Farmer sells to private firm and Or-
ganic Farmer to either Cooperative or Private firm)
If organic farmer sells in cooperative, Nash equilibrium is same as Case 3.

However, if he sells to Private firm, game matrix is as follows:

Organic(O)
Organic(O) (3+§2102>’ <3+§&i02) <3+§§702>’ % (1+FC)£Z'1§2>

. l Pt2 P02 l Pt2 l Pt2
Conventional (T) | 5 (HaUtQ), (SHMOQ 2 (TTao? ) 2 (TTae2
p? 3+2a02
It pP? > 2(1+ac?)’
3+2a02
2(1+ao?)’

Conventional (T)

N.E. is both of them producing organic crop and selling to Private firm.

If i—"i < N.E. is both of them producing conventional crop and selling to Private
firm.

Since, F' is less than %3, a sufficient condition for above inequalities to hold can be:
t

It F> ;E%Z‘;é), N.E. is both of them producing organic crop and selling to Private firm.
t

If I < ;Eﬁggé), N.E. is both of them producing conventional crop and selling to Private
t
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firm.

Case 5: F > Ty (Both goes to Private firm)

Equilibrium is same as case 5.

Figure 3 summarizes the results for the entire game:

Figure 4
(¢o, o) (er,cr) (co,¢o) (fr, fr) (frfr) (fofo)
l | | | | |
I I I I I I
0 3PP —2P] Tt 2p2 P2 T 3+2a0?
3 3 1l+ao? 2(1+ao}

Appendix 5

It is evident from the values of T}, T4, 77, Ty that Tf < Ti and TY < Ty

What is the relation between T% and T7.

OLO'tQPt2
(1+aot2) :

Tt =

o _ 200,2P,>
Tl T 3(14aocs?)

If 70 > Tt

200,2P,2

22
ao” P

= >
3(1 4 ao,?)

= X
3(1+ ao,?)

200,2P,>

(1+ aos?)

(1 + OéO'tQ)

O[O'tgptZ

= 2P%0,2 + 2aP,%0°%0,> — 3P%0,> — 3aP%5,%0,> > 0

= ao,’0,*(2P,> — 3P? > 2P,*0,> — 3P0}*

:ia@Rf—3E%>>(

= 2P,> <a —

P2
= 0
P/?

1
—2) >3Pt2 (Oé—
0¢

. 3(1 — ao,?)
2(1 — aoy?)
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2P2 3Pp2

0,2

Oo
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since, P,> > P, L.H.S of the above equation is always greater that 1. For the above

equation to hold true, we must have R.H.S to be less then 1.

3(1 — ac,?)

= <1
2(1 — aos?)

1
= 3002 — 20t2 > —
«

since, « lies between o and 1, the R.H.S is always positive and greater than 1. A sufficient

condition for satisfying the above equation is when,

= 30,2 — 20,2 <0

0,2

7 <

wl o

Ot

Thus, if 22 < 2 = 79 > T}
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