Asymmetric Information and Middleman Margins: An
Experiment with Indian Potato Farmers

A Theory Appendix

Notation and Technical Assumptions: (i) u is strictly concave, satisfying Inada conditions, and the property that
a*(p)
q*(p)
pq —u(g — q). This insures that the monopsonist’s marginal cost p(q) + gp’(q) of procuring quantity g is increasing
in ¢, where p(q) is the inverse of ¢*(p). (ii) F’s information about v is represented by a c.d.f. G(v) with full support
over [v, 00).

is non-increasing in p, where ¢*(p) denotes the farmer’s supply function, i.e., the solution to ¢ in maximizing

The Separating Equilibrium: Working backwards from Stage 5, suppose F had taken g2 to the mandi and received
a price offer of m from MT. How much would he want to sell at this price? This corresponds to selecting q < g2
to maximize mq — t(g2 — q) + u(q — q). The ‘effective’ price received by F is now m + ¢, since anything not sold
here will have to be transported back at an additional cost of ¢. The solution to this is g(g2, m) = ¢*(m + ¢) if
g2 > ¢*(m +1t), and g2 otherwise. Note that the farmer’s beliefs regarding v do not matter at Stage 5, since the
only option he has at this stage is to either sell to MT at the offered price m or consume the rest.

Now move to Stage 4, where MT is approached by F with stock g2. Let n(g2) be defined by the solution
to m in ¢*(m +t) = ¢2. Any price m bigger than n(g2) is dominated by the price n(g2) since it would result
in the same traded volume g2 but at a higher price. Any price m lower than n(g2) will result in traded volume
of ¢*(m + t) at price m. Hence MT selects a price m(v;qz,t) < n(g2) to maximize (v — m)g*(m + t). Given

«
q*, is nondecreasing, this is a concave maximization problem. Hence MT will offer a price

the assumption that
m(v; q2,t) = min{n(q2), m(v)}-

Next move back to Stage 3, and suppose that F has decided to reject VT’s offer. What decision should he
make regarding ¢27 Here his beliefs regarding v matter, since they affect what he expects MT to offer at Stage
4. Suppose that F believes that the realization of v is 7 with probability one. A choice of g2 < ¢*(m(¥) + t) will
result in a sale of g2 to MT at a price of n(q2), and a payoff of

P(g2,7) = n(g2)g2 +u(d — q2) — tga. (2)

Given the definition of the function n(-), it follows that P(g2,7) is (locally) strictly increasing in g2. Hence any
g2 < ¢*(m(D) 4 t) is strictly dominated by g2 = ¢*(m(?) + t).

Now consider any g2 > ¢*(m(?) + t). This will lead to a sale of ¢*(m(?) + t) to MT at a price of m(?¥), with
the excess transported back to the village. Hence it is optimal for F to select go2 = ¢*(m(?) + t) if he rejects VI's
offer. In this event his payoff from the resulting continuation game will be

[m(?) — tlg" (m(?) + 1) + u(q — ¢" (m(?) + 1)) ®3)

At Stage 2, then, if VT offers a price p() where U > v, the farmer believes the realization of v is U with
probability one and expects a payoff equal to (3) if he rejects the offer. The farmer is indifferent between accepting
and rejecting the offer, by construction of the function p(Z). Hence it is optimal for the farmer to randomize
between accepting and rejecting the offer; in the event of accepting F will sell ¢*(p(2)) to TV. And offering any
price less than p(v) leads the farmer to believe that 7 = v with probability one, so such an offer will surely be
rejected.

Finally consider VT’s problem of deciding what price to offer at Stage 1. Any offer below p(v) will surely be
rejected, while any offer p(7), 7 > v will be accepted with probability 1 — () and will result in a trade of ¢* (p(?))
at price p(7). Hence VT’s problem is similar to making a price report of 7 > v in a revelation mechanism which
results in a trade of ¢*(p(¥)) at price p(D), resulting in a payoff of

W(@lv) = [1 — a@)][v - p(@)]lq" (p(7)) (4)

It remains to check that it is optimal for VT to report truthfully in this revelation mechanism. Now W, (P|v) =
[1 — a(?)]g* (D), so if we define X (v) = W(v|v) we see that incentive compatibility requires that locally X'(v) =



[1—a)g*(p(v)), ie., ,
X(v) = X(v) +/ (1 —a(@)]g* (p(7))dv (5)

which implies that
1 —a@)]v—p@)d"(pv)) = [1 — a(v)][v — p(v)la” (p(v)) + /V[l — a(P)]q" (p(v))dp (6)

Differentiating with respect to v, this local incentive compatibility condition reduces to the differential equation

QW) ) 1
o) o) v Y @)

with endpoint condition a(v) = & for arbitrary & € (0, 1).

A sufficient condition for global incentive compatibility (see Mirrlees (1986)) is that W, (9|v)

1-
a(?)]q* (p(?)) is non-decreasing in . This is equivalent to —a/(v)q*(p(v)) + [1 — a(u)]q*/(p(y))p’(u) 0 for

all v. Condition (7) implies —o/ (7)q* (p(¥)) + [1 — a(¥)]g* (p())p' (v) = [l_a(”)]p,(?)g*(p(y)) > 0.

v—p(v

Y

That p(v) < m(v) is obvious from the definition of p(r). The unconstrained monopsony price p for VT (which

maximizes (v —p)g* (p)) exceeds m(v), since the former solves p+ q:,((p)) = v while the latter solves m-+ % =
q p q m
*/
v, and L7 is non-decreasing. Hence the monopsony price exceeds p(v), implying that % > #%V)’ so a(v)

is strictly increasing.

Pooling Equilibria: Note first that nothing changes from the separating equilibrium above at Stages 4 and 5, since
the farmer’s beliefs do not matter at these stages.

At Stage 3, the farmer’s beliefs do affect his decision on the stock g2 to take to the mandi upon rejecting
VT’s offer. Suppose that the farmer’s updated beliefs at Stage 3 are obtained by conditioning on the event that
v € [v*,v* + z] where v* > v and > 0. F will then not be able to exactly forecast the price that MT will
offer him at Stage 4. He knows that if he takes g2, and the state happens to be v, MT will offer him a price
M (v; q2,t) = min{n(g2), m(v)}, that he will then sell MT a quantity Q2(v;q2,t) = min{qe, ¢* (M (v;g2,t) + 1)},
and carry the rest back to the village. Since m(v) is increasing in v, his ex post payoff will be increasing in v for
any given g2. Moreover, given any v*, an increase in x will induce him to select a higher optimal g2 and earn
a strictly higher continuation payoff from rejecting VT’s offer. Denote this payoff by Y (v*, ), which is thereby
strictly increasing in x. It is evident that Y (v*,0) is the expected payoff when he is certain the state is v*, as
in the separating equilibrium in state v*. Hence Y (v*,0) = II(p(v*)), the payoff attained by F in the separating
equilibrium in state v*.

Construct the endpoints {v;} of the partition and the prices {r;} iteratively as follows. Define the function
p(v*,z) by the property that II(p(v*,z)) = Y (v*, z), the price which if offered by VT would make F indifferent
between accepting and rejecting, conditional on knowing that v € [v*, v* +z]. By definition, then, p(v*,0) = p(v*).
Select vg = v. Given v;_1, select r; € (p(vi—1),P(vi—1,00)). Select v; = v;_1 + x; where x; is defined by the
property that p(v;,x;) = r;. By construction, F is indifferent between accepting and rejecting a price offer of r;
from TV, conditional on the information that v € [v;_1,v;].

The rest of the argument is straightforward. VT in state v;_1 is indifferent between offering prices r;_1 and r;.
This implies that in any state v € [v;_2,v;—_1), he prefers to offer r;,_1 rather than r;. Moreover, the single-crossing
property of VT’s payoffs with respect to the state v implies that each type is selecting offers optimally in the set
{ri}i=1,2,... Also offering a price between r;_1 and r; is dominated by the price r;, since it corresponds to the
same probability of acceptance by F, and a lower profit for VT conditional on acceptance.

B Additional Tables
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