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Abstract

This paper demonstrates that in a vertical structure, improving cost efficiency might sometimes
be detrimental to consumers, by increasing market price. This is in stark contrast to the standard
result in oligopoly theory which suggests that the surplus generated by any efficiency gain in
production is shared between firms and final consumers, depending on the degree of market
power. These results are applied in contexts such as international trade, diffusion of knowledge
and techniques and government intervention through income support programs.
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1 Introduction

This paper demonstrates that in a vertical structure improving cost efficiency might sometimes be
detrimental to consumers, by increasing market price. This is in stark contrast to the standard result
in oligopoly theory which tells us that the surplus generated by any efficiency gain in production is
shared between the oligopoly and the final consumers, depending on the degree of market power (see
for instance Stennek and Verboven ([6]) for a recent survey of the literature).!

More precisely, we consider a group of retailer oligopolists buying a homogenous product from an
upstream sector composed of numerous firms. Some of the upstream firms can produce at a low cost
but their total production capacity K is fixed in the short term. If initially this production capacity
is low enough (for a given demand), then, at the equilibrium, retailers find interesting to procure the
good not only from these efficient producers but also from less efficient upstream firms. Denote total
production by @. Imagine that for some reasons the efficient producers’ total capacity K increases
sufficiently. It may appear that retailers find profitable to decrease their orders from @ to K. Indeed,
by limiting globally their orders at K, they stop buying from inefficient upstream firms in order to
decrease their procurement costs. If this increase in K is not too large, total production falls and the
harsh consequence for consumers is that retail price increases although the procurement price for the
oligopoly decreases. In such a situation, a cost efficiency improvement does not benefit consumers at
all.

The phenomenon we exhibit has potential implications in several fields. For instance, our basic
setting can be interpreted as a situation where high-cost national producers are protected from low-
cost foreign producers by an import quota K. Starting from a situation where retailers buy products
both from national and foreign producers, a small increase in the import quota might not be in the
interest of consumers, contrary to the intuition. Indeed, this would allow retailers to refrain from
buying to national producers and to coordinate on a smaller equilibrium quantity.

Also, this paper formalizes the idea that technological progress in the upstream sector might

yield to opposite patterns concerning final and intermediate prices, at least temporarily. This raises

1See also Bulow and Pfleiderer ([1]) for an earlier reference on the monopoly case.



concerns on the impact of public support (e.g. public R&D or subsidies for cost-reducing investments)
aimed at reducing upstream producers’ production costs. For instance, in agriculture, it is common
for governments, both in the US and in Europe, to finance public R&D that benefits to agricultural
producers (Hamilton and Sunding ([2])). It is also common to subsidize improvements in production
technology (irrigation). In the context of our model, the impact of public aid is to allow for a limited
number of producers (due to budget constraints) to switch from a given technology to a less costly one.
This would correspond to an increase in K. Our result suggests that if this increase in K is small, then
the only impact is to increase the income of subsidized producers. When this increase in K is large,
then the improvement in cost efficiency is perfectly transferred to retailers and consumers. However,
for intermediate values, the improvement in cost efficiency is perfectly transferred to retailers whereas
consumers have to pay a higher retail price.

As noted above, our result contrasts with the conclusions established in the standard microeco-
nomics textbooks (see e.g. Pindyck and Rubinfeld ([4])). Consider for simplicity the situation of
constant marginal costs. In case of perfect competition, the pass-on of industry-wide cost savings to
consumers is usually complete, except when there exist some capacity constraints. For the monopoly
and the oligopoly case, this pass-on is commonly incomplete, depending on the market structure. In
any case, the impact of cost savings is always reported to be positive for consumers.? In this paper,
we exhibit a setting where this impact is potentially negative.

The paper is organized as follows. Section 2 lays down assumptions and notations. Section 3 is
devoted to the monopoly case while we extend our main result to the oligopoly situation in section 4.
Finally, in the last section we apply our results in other contexts such as international trade, diffusion

of knowledge and techniques and government intervention through income support programs.

2 The model

Consider a vertical structure composed of upstream producers and downstream retailers. Upstream

manufacturers produce a homogenous product which is then transformed by retailers and sold to final

2For a recent detailed discussion on the determinants of the pass-on of cost savings, see the literature on merger
controls, for example Stennek and Verboven ([6]) and Ten Kate and Niels ([3]). For an application to the case of mergers
in the food retailing sector, see Barros, Britto and De Lucena ([5]).



consumers. The upstream sector is heterogenous in the sense that a fraction of producers is able
to produce at constant marginal cost ¢;. The total production capacity of this group of individual
producers is limited and denoted by K. The rest of producers face a constant marginal cost co > ¢ >
0. The total capacity of high-cost producers is sufficiently high so that retailers are never constrained
in quantity at the equilibrium.

Upstream producers face a set of N symmetric retailers. Marginal distribution cost is assumed to
be constant and hence w.l.0.g. we set it to zero. The final (inverse) demand is P(Q) = a — b@Q where
Q = " ¢; with ¢; the production of retailer i.*> We assume that b > 0 and a > co. We model retailers
competition by assuming that they simultaneously choose the quantities offered on the final market
while anticipating that the final price will be established to P(Q). We assume that upstream producers
are sufficiently numerous so that the upstream market can be considered as perfectly competitive on

the supply side: the supply function is denoted w(Q) and is defined by

C1 if Q < K
co otherwise.

w(@) = {

Consequently, the profit function of retailer ¢ can be written as follows
mi = [P(Q) —w(Q)] ¢-

The difference with standard Cournot models is that here each retailer’s cost function does depend
on the quantity chosen by all the retailers. If the total quantity is less than K, the competition
between the upstream low-cost producers is fierce enough to drive the procurement price of the good
to their marginal cost c;. In contrast, if the total quantity exceeds K, the procurement price of the
good rises to the high marginal cost co. In this case, low-cost producers are able to extract a rent equal
to co — ¢1 per unit. While this assumption may appear inappropriate for some industries, it seems

to be a reasonable one if retailers are numerous enough or if the product is sold via spot markets.

3This assumption can be easily relaxed by only requiring that whatever @ and ¢ positive, we have ¢P" (¢ + Q) +
P'(¢+ Q) < 0. An usual assumption when using Cournot style models with constant marginal cost is to require that
gP(q+ Q) is concave, so that the firms’ reaction functions are unambiguously defined: When P is twice differentiable,
this condition is equivalent to having ¢P" (¢ + Q) +2P’(¢+ Q) < 0, whatever Q and ¢ positive. So, our condition, while
having the same "flavor”, is a bit more demanding.

Yet, our goal in this paper is to highlight the intuition behing our model, while staying as simple as possible. As our
qualitative results extend to more general demand functions, we chose to expose them through simple linear demand
functions.



Our analysis is thus applicable to markets where retailers, for whatsoever reason, are not able to price

discriminate upstream producers.
3 The monopoly case

In this section, we abstract from strategic interaction between retailers by focusing on the monopoly
case (N = 1). The interest of this restriction is that it allows for a simple graphical analysis of our

main result. The monopoly profit function is m(q) = [P(q) — w(q)] ¢ which can be rewritten as

[ Ja—bg—ci]qifg< K
m(q) = { [a — bg — ¢2] g otherwise.

Whenever the monopoly orders a quantity higher than K, it suffers from a high marginal procure-

ment cost c».

7(q)

Figure 1: Profit function 7 (q) for low values of K.

Figures 1, 2 and 3 present the profit function 7(q) according to different values for K. This
profit function is draw from two underlying virtual profit functions. The first one corresponds to the
monopoly facing a marginal cost equal to co (we label it a co-monopoly) and the other one for ¢;. The
optimal quantity for a ¢;-monopoly is denoted ¢;* and we clearly have ¢3* < ¢7".

More precisely, figurel presents the case when K is low enough. In this case, the monopoly has to
strongly restrict the quantity sold in order to benefit from a low procurement cost. It appears that

going beyond the capacity constraint K by ordering from both low and high-cost producers enables
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Figure 2: Profit function 7(q) for intermediate values of K.

Figure 3: Profit function 7(q) for high values of K.



the monopoly to get more profit. It actually produces at the optimum the quantity ¢j* which is
optimal for a ca-monopoly. This equilibrium will hold as long as the profit obtained by ordering K
(at cost ¢1) is lower than the profit obtained when producing ¢3* (at cost c2). Let us denote L the
particular value of K such that the monopoly is indifferent between producing L (at cost ¢1) or ¢5*

(at cost ¢z). Given our specifications, L is given by the lower root of

2

_(a—c9)
(a—bL—Cl)L—T. (1)

Clearly, L is strictly lower than ¢5* and hence to ¢i".

Figure 2 presents the case when K is higher than L but also lower than ¢{", the optimal quantity
for a c;-monopoly. Here, the optimal quantity is actually K. Indeed, as K > L, the monopoly earns
more by producing K instead of ¢j'. Also, producing less than K is obviously suboptimal because the
profit function is increasing as K is lower than ¢i*. In figure 3, K goes beyond ¢7* and the monopoly

produces the non constrained optimal quantity ¢i* bought at cost c;.

Figure 4 depicts the optimal quantity as a function of the low-cost producers capacity K.

A

q

L q,m qm K

Figure 4: The optimal quantity as a function of the low-cost producers capacity K.

When K is low enough, the optimal quantity is ¢5* and is produced at cost co. When K reaches
L, there is a discontinuity as the monopoly now prefers to produce K at cost c; until the capacity

K goes beyond ¢i"* in which case the optimal quantity remains ¢i* whatever K. Figure 5 depicts the



corresponding equilibrium price on the final market which presents also a discontinuity when K = L.

Figure 5: The equilibrium price on the final market as a function of the low-cost producers capacity
K.

One may interpret an increase in K as an increase in the global efficiency of the upstream sector
as a larger quantity could be produced at cost c¢;. Yet, the jump in the final price implied by the
discontinuity is upward. Hence, as soon as K is higher than L but lower than ¢3*, the optimal quantity
produced under cost ¢; is lower than ¢5* which is produced at a higher cost cy. Consequently, we

obtain the counterintuitive result that a (local) increase in the efficiency of the upstream sector might

end up with a higher price on the final market.*
4 The oligopoly case

This section is intended to extend the preceding result to the oligopoly case. We obtain the same
result but the proof is different by taking into account the strategic interaction between retailers.
This is not surprising as one can view the behavior of an oligopolist as similar to the behavior of a

monopolist facing the residual demand, that is the demand left by other members of the oligopoly.

4If K is subject to random shocks, this might contribute to explain some instability in prices: Even small differences
in costs might induce much larger price jumps.



4.1 Analysis

We introduce some piece of notations. Recall that K is the total amount of good that can be procured
at price c¢;. If total demand exceeds K then all goods have to be paid at price c3. From firm i’s
viewpoint, when anticipating that other firms will produce a total quantity Q_; = qu, the good
can be procured at the low price ¢; whenever ¢; < k; where k; = K — Q_;.> In :;i(le same spirit,
we denote a; = a — bQ)_; which represent the maximum admissible price on the residual demand

Pi(q;) = a; — bg;.

4.1.1 The reaction functions

Recall that in the monopoly case analyzed above, the threshold L is a function of demand and cost
functions parameters (see equation (1)). In particular, L depends on the maximum price a. In the
oligopoly context, as firm ¢ behaves like a monopoly on its residual demand P;(g;), it faces a similar
trade-off between selling too few products but procured at the low price ¢; or selling more products
but procure at the high price co. As we have seen above in the monopoly context, this trade-of highly
depends on the relative position of K and the threshold L. In the oligopoly context, this result applies
as well but for the residual demand faced by firm ¢ that depends on the others’ choices through @ _;.
Hence, the threshold for firm ¢ depends on @ _; and is denoted L(Q_;).

Applying equation (1) to the oligopoly context, we have that L(Q_;) is the solution (lower root)

of
32
(a5 = bEQ0) — en) Qo) = L2 ©)
or equivalently using the definition of a;
—bQ_; —c2)?
(0 - bQ—i ~ bLQ—) — e L(Qy) = LY m ). )

We now derive the optimal behavior of firm ¢ as a function of competitors’ decisions. As in the
monopoly case, firm i’s optimal decision depends on the relative position of k; and L(Q_;). Assume

for the moment that ¢)_; is such that L(Q—;) > 0. We thus have three cases:

5This formulation encompasses the case where k; is non positive. In such a situation, firm 4 necessarily buys the
good at the high price ca (and so is the case for the other members of the oligopoly).



e Case 1: k; < L(Q—;). Here, the best decision for firm ¢ is to produce the optimal quantity
for a monopoly facing the residual demand with the procurement cost co. Hence, the optimal

quantity ¢;(Q—;) is such that

o a; — C2 o a*bei*CQ
¢:(Q—;) = max <0, 57 > = max <0, — >

o Case 2: L(Q_;) < k; < “5% = abeQqu .5 In such a situation, firm ¢ prefers to produce the

highest quantity (k;) that can be procured at the low cost c¢;. Hence, ¢;(Q_;) = max(0, k;).”

e Case 3: % < k;. Here, firm i is not constrained in buying its ideal quantity given the
procurement cost ¢;. Hence, ¢;(Q—;) = max (0, %) = max (0, %)

Actually these results can be generalized to the case where L(Q_;) is non positive.®

4.1.2 The Nash equilibria

Having determined the retailers’ reaction function, we now look for Nash equilibria. Our strategy is
to first characterize Nash equilibria such that one firm at least falls in case 3. Then, we look for Nash
equilibria such that one firm at least falls in case 1. Finally we will treat the remaining case when all

the firms are in case 2.

Nash equilibria such that one firm at least falls in case 3 First, suppose that one firm

at least, say firm 4, is in case 3 at equilibrium and hence produces ¢;(Q—;) = aib%—gfq At the

a—bQ,i— >
2b

equilibrium the good is procured at cost ¢;. Since we have “L < k;, any active firm could

slightly reduce or increase its quantity without modifying the procurement cost. So, for ¢* to be a

Nash equilibrium, necessarily each individual quantity must be (1%_:-?)_1)‘ This follows from standard

cp _ a=bQ_;—cy

6Note that similarly to the monopoly situation, L(Q_;) is lower than L = o .

"Note that although when L(Q_;) > 0, in Case 2 k; is necessarily positive, here we take care of the possibility that
k; might be non positive. See footnote 8.

8 L(Q—;) < 0 happens whenever a; —cz < 0 or equivalently a —bQ_; —c2 < 0. In this situation, others firms produce
too much so that the price on the market when firm 4 is not active is a — bQ_; < c2. Hence, if firm ¢ has to procure the
good at price cg, its best choice is to produce nothing. Moreover, if k; < 0 then firm 7 is obliged to procure the good at
price cg whatever the quantity and so decides to produce ¢;(Q—;) = 0. This situation appears obviously in Case 1 and
in Case 2 when k; < 0. The above expressions for ¢;(Q_;) take into account the fact that k; < 0 might be non positive.

When k; > 0, firm #’s best choice is to produce a quantity as close to its best response ¢;(Q—_;) = max (0, kl)%—;iﬂ)

while still inferior to k;. The definition of ¢;(Q—;) in Case 2 and 3 are consistent with this behavior. To conclude, the
expressions derived in the case L(Q—;) > 0 are still valid for the case L(Q—;) < 0.

10



Nash Cournot behavior in a symmetric N-oligopoly with constant marginal cost c¢;.? Hence, if one
the oligopolists is in case 3 at the equilibrium, it must be true that all firms follow the same behavior.

Consequently, we have

q" = (q7,...,qn) is a Nash equilibrium where one at least of the firms is in case 3

< q" =(qf, ..., qy) is a Nash equilibrium where all firms are in case 3

X (L—C]
4 = NT1)p Vi
a—bQ* ;—c1 Z,
T — < k;

{ b(N 1) VZ7 q:( = QCl
e <K = (N = 1)ge

Vi7 q;k - qu
Qe < K

where Q., = %.

Nash equilibria such that one firm at least falls in case 1 Now, let us assume that at least
one firm, say firm 4, is in Case 1 at equilibrium and hence produces ¢;(Q* ;) = max (O, %&FCZ) .
At the equilibrium the goods are procured at cost cz. In that case, K < Q* so that any active firm
could slightly reduce or increase its quantity without modifying the procurement cost. So, for ¢* to be
a Nash equilibrium, necessarily each individual quantity must be (X,—rf)—b This follows from standard
Nash Cournot behavior in a symmetric N-oligopoly with constant marginal cost co. Hence, if one of

the oligopolists is in case 1 at the equilibrium, it must be true that all firms follow the same behavior.

Consequently, we have

¢ = (4}, .-, qy) is a Nash equilibrium where one at least of the firms is in case 1

< ¢ =(q}, ..., qy) is a Nash equilibrium where all firms are in case 1

@ =0\
< { ki < LQ)
<:> VZ7 q;k - qu
K < (N - 1)q62 +L((N - 1)(]02)

91f, for an equilibrium candidate, say (§;)i=1..n, one of the firms is not producing the Cournot output, then the
quantities are not a Nash equilibrium of the Cournot game, and at least one firm has incentives to change his quantity
given the other firms’ quantities. As the profit of a firm, given the other firms’ quantities, is a concave function, if a
firm j has incentives to choose a different quantity q;, it also prefers any intermediate quantity between g; and ¢; to
the quantity g;.

11



Nash equilibria such that all firms fall in case 2 If all firms are in case 2 at equilibrium, then

whatever i, L(Q* ;) < k; < q.,. Consequently, we have

q¢" = (q7,-..,q5) is a Nash equilibrium where all firms are in case 2

< { LQ ) <k <gn '©
N >0 =K
Vi, L(Q*;) < K —Q; < qe,

PN >0 =K
Vi, L(Qti) + Qii <K< qe, + Qii

Note that in the formulation above, both symmetric and asymmetric equilibria may exist.

stricting the analysis to symmetric equilibria, expression (4) reduces to

K

qf - N Vi
LKy (DK < g, DK TS
* K

i — N Vi
= { p(WSDEy | WK < <, "

All Nash equilibria To sum up our results, let us denote

(N -1z

on(r) = (1) (DD

N

Then, we get
(Gesy Gegs -5 Qe ) 18 @ Nash equilibrium as soon as K < ¢ (Qe,)

(K, £....,X) is a Nash equilibrium as soon as ¢y (K) < K < Q.,

(GeysGey s -5 Qey ) 18 @ Nash equilibrium as soon as @, < K.

(6)

As in the monopoly case, for small values of K, competition mimics the situation that would

occur in a symmetric high-cost N-oligopoly while for large values of K, we obtain the outcome of

a symmetric low-cost N-oligopoly. For intermediate values of K, the situation where firms share K

between themselves in order to secure the good at a low cost is a Nash equilibrium of the game. Now,

the interesting issue is to analyze the different patterns of equilibria. This is done in the proof of the

following proposition.

Proposition 1 There exist L1 and Lo such that 0 < L1 < Lo < Q¢, and such that

(1) when K < Ly, the only Nash equilibrium is (qcy, -, Gey )s

12



(ii) when £1 < K < L, there are two symmetric Nash equilibria, (qc,, ..., qc,) and (%, ..., &). How-
ever, the equilibrium (%, ..., £) dominates the other one,

(iii) when Lo < K < Q¢,, the only symmetric Nash equilibrium is (%, - %),
(iv) when Q., < K, the only Nash equilibrium is (qey s -y 4cy )-

When L1 < K < Qq,, if (¢f,....,qx) is a Nash equilibrium, then > qf = K.

Moreover, we have Lo = ¢ (Qc,) and Ly is the (unique) solution of oy (L1) = Ly.

Proof: See Appendix A. =

L L Qc2 Qc1 K

v

(qcl’ qcl" teo qcl)

(qc29 qcza sy qcz) (qc29 qc29 ey qcz)

(K/N, K/N,...,K/N) | (K/N, K/N,..., K/N)

And some other And some other
(d;> 995---» qy) such that | (q;, qy,-.-., qy) such that
qtgpt.. . Hq=K q gt =K

Figure 6: The set of Nash equilibria according to the value of K.

Note that Proposition 1 indicates that asymmetric equilibria may only occur for values of K where
a symmetric equilibrium (£, ..., £) also exists. What is important actually is that the total quantity
on the market is K for both types of equilibria. So, similarly to the monopoly case, we can draw Figure
4 depicting the equilibrium quantity as a function of the low-cost producers capacity K. When K is
low enough, the equilibrium quantity is )., and is produced at cost co. When K reaches £;, there is
a discontinuity as the oligopolists now prefer to produce K/N at cost ¢; if their competitors produce

K/N . This remains true until the capacity K goes beyond Q., in which case the equilibrium quantity

13



remains ()., whatever K. Figure 5 depicts the corresponding equilibrium price on the final market
which presents an upward discontinuity when K = £;. Still, we obtain the following counterintuitive

result.

Corollary 2 A local increase in the efficiency of the upstream sector might end up with a higher price

on the final market.

4.2 Comparative statics

In this subsection, we specifically investigate the impact of an increase in the size N of the oligopoly.

4.2.1 Impact of N on prices

First, it is clearly seen that Q., and Q., are increasing in N. Recall that £1 = £1(N) is such that

on(L1(N)) = L1(N).

As pni1(x) > o (x) whatever z non negative, and ¢y is increasing,

L1(N +1) > Ly (N).

It follows that the total quantity sold on the market is increasing in N, and hence the retail price

is decreasing in N.

A A
L Q—¥—» K

Q. K Q4

Figure 7: The total quantity according to the relative situation of K, ., and L1(N).

Indeed, as long as K remains in one of the three zones depicted in the figure 7, the total quantity
is non decreasing in N. One can check that the total quantity change is positive when the increase
in N implies that K goes from one zone to another. Suppose for example that for a given N,

L1(N) < K < L1(N +1). Then, the quantity produced with N + 1 retailers is Q., (/N + 1), which has

14



been shown to be higher than £; (N + 1), and is therefore higher than the quantity K produced with
N retailers.

For a given value of K, as N increases, there is less chance that oligopolists collectively restrain
to produce K in order to benefit from a low procurement price c¢;. Thus the procurement price is
increasing in N. This explains why upstream producers might benefit from increased competition

downstream.

4.2.2 Impact of N on profits

As expected, retailers total profit is naturally decreasing in N.' Nevertheless, it may happen that
the industry (retailers plus upstream sector) profit may increase. Indeed, the increase in the upstream
sector profit (due to an increasing upstream price) may outweigh the decrease of the retailers profit
when N raises. In the following proposition, we exhibit this phenomenon by looking at the impact of

going from a retailer monopolist to a duopoly structure.

Proposition 3 There exist some values of K for which the total profit of the industry (retail plus
upstream sectors) strictly increases when N goes from 1 to 2, if and only if %f < % More precisely

the relevant set of K is then given by [L£1(1), min{L;(2), (a — ¢3)/3b}).
Proof: See Appendix B. =
5 Concluding remarks

As we have seen, our main result states that a (marginal) increase in the efficiency of the upstream
sector may have adverse effects on the retail price, whether the downstream sector consists in a
monopoly or an oligopoly. As suggested in the introduction, there are many ways to interpret an

increase in the upstream sector’s efficiency.

10To prove this, note that retailers’ total profit for a given total quantity Q is equal to a monopolist retailer’s profit
producing Q.

When K does not belong to [,Cl(l)7 qgﬂ ,the monopolist profit is decreasing in the quantity sold, as long as it is higher
than the optimal monopoly quantity. As the total quantity sold on the market is increasing in N, this proves that the
retailers total profit is decreasing in N.

When K belongs to [51(1),%”] , retailers offer a quantity K on the market for low N, and switch to the Cournot
equilibrium quantities given a procurement cost cz when N is high enough. These quantities are above ¢3*, and thus
belong to a region where the monopolist profit is decreasing in the quantity sold. As the total profit of the retail sector
when producing K is higher than any profit the retailers can get with a procurement cost ca, we still obtain that the
retailers total profit is decreasing in NN in this case.

15



First, the heterogeneity of the upstream sector might result from regulatory intervention. For
instance assume that all upstream producers face the same production conditions and hence a same
marginal cost c3. Suppose that the regulator subsidizes some of the producers by an amount s = co—c;
per unit produced up to some limit such that the total subsidized quantity is K. The reason why
the regulator might want to subsidize (partly) production is left unmodelled. If K is small, then
the intervention does not impact the downstream market and subsidized producers keep the whole
subsidy. On the contrary, when K is large, then the outcome is the same as if all producers were
facing the same marginal cost ¢; and consequently the whole subsidy is perfectly transferred to the
downstream sector (including consumers). Finally, for intermediate values of K, retailers prefer to
limit their production to subsidized quantity K, the total subsidy is perfectly transferred to them.
This phenomenon appears as soon as K is taking values between £; and Q.,. Furthermore, if K is
taking values between £; and Q).,, consumers suffer from price increase compared to the no regulation
situation, and the social surplus decreases.

Now suppose that the total quantity which is subsidized is fixed to K. The regulator decides on
the level of s. If one increases s, there are two consequences: first, the threshold £, at which the
retailers prefer to stick to total subsidized production K is decreasing so that the upward jump on the
final price comes for lower values of K, and second, as a consequence, the upward jump in final price
is also higher. This is detrimental for consumers and can also be detrimental for upstream producers
if this increase in s causes K to exceed L1, as their rent is then fully transferred to the retailers.

Second, the framework may be interpreted in an international context. For this, assume that
domestic production capacity is K with marginal cost ¢; and that the market can be supplied by
foreign producers that suffer from a cost disadvantage. The gap co — ¢; between foreign and domestic
marginal costs may come from a combination of less efficient technologies abroad, the presence of tariffs
and transportation costs. Our analysis suggests that an increase in cheaper domestic production might
not be in the interest of (domestic) consumers. Conversely, suppose that domestic production (c3) is
now costlier than foreign production (c1) but that there is an import quota K in order to protect

domestic producers. If one has to increase the import quota for whatever reason, this can be harmful

16



for consumers.

Third, an increase in K might come from the fact that the upstream producers get increasing
availability of more efficient technologies through some investment, so that some of them switch from
marginal cost ¢z to ¢1. As soon as total production capacity K (at cost ¢1) is not too large, efficient
individual producers are rewarded at a rate co — ¢q. If this allows them to compensate for the cost of
investment, there will exist a marginal (myopic) producer who, by investing, will have a large impact
on the market, as the procurement price will now reach ¢z, thereby expropriating all efficient producers
from their investment. This will also provoke an (brutal) increase in final price. As the benefit from
investing is captured by retailers as soon as K is higher than £, producers no longer have incentives
to invest whereas it would be welfare improving.!!

An interesting extension of the model would amount to consider that the total capacity K is
endogenously determined at the equilibrium by rational upstream producers who can undertake cost-

reducing investments. This task is devoted to future research.

11 Of course, this argument might not hold when upstream producers have market power.
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Appendix
A Proof of Proposition 1

First we study the function ¢y (z). Using the properties of this function, we rearrange (6) in order to
get parts (i) to (iv). Then, we show that the case described in part (ii), one equilibrium dominates
the other one.

From (3), recall that L(x) is given by

(a — b — bL(z) — ¢1)L(z) = W

Differentiating this equation w.r.t. x, we obtain that:

iy 1[a—co—br—2bL(x)
D) == o = =t |-

Both terms of the fraction are positive'? and furthermore the term between brackets is inferior to 1.

Then it is true that —1 < L'(z) < 0.1

Recall also that ¢y (z) = L((N}Dl‘) + (N;)x

. Differentiating w.r.t. x, we get

ety = 2t [ ]

So it is also true that

IN-1 N-1

-— < < .
5N < pn(z) < <1

A direct consequence of this result is that the function @y(z) — x is strictly decreasing and
limg— 400 on () — 2 = —00. Moreover, as ¢x(0) > 0, the equation ¢y (z) — 2 = 0 has a unique
(positive) solution so that the function ¢y (z) — x is first positive, reaches zero at © = £; and then is
negative.

From (6), the condition ¢ (K) < K < Q.,, upon which (£, ..., £) is a Nash equilibrium, can be

rewritten as £1 < K < Q.,. Denoting L2 = ¢n(Q.,), we obtain the different regimes described in

128ee footnote 6.

13 As said earlier when presenting the model, our results can be generalized to demand functions such that that
whatever Q and ¢ positive, we have ¢P" (¢ + Q) + P'(¢ + Q) < 0. This assumption is needed here to garantee that
L'(z) <0.

19



parts (i) to (iv). Moreover, if £1 < K < Q.,, as indicated by the above study and in particular (4),
other potential asymmetric equilibria require that > ¢} = K.
i

Now, we have to prove that £; < L2 < Q.,. First let us show that £o < Q.,. Assume that
K = Q., —¢ with € > 0. Suppose that all players except player 1 choose q.,. If Lo > @Q., — ¢ then
player 1 would want to play q., rather than g., — . However, by choosing g., — ¢ instead of g¢.,,
player 1 would loose a revenue less than ae but would gain more than (g., —¢€) (c2 —¢1). So for ¢
small enough, player 1 prefers g., — & to g, and so L3 < Q., —e. Consequently, L2 = ¢ (Qcy) < Qc,-
As ¢n(z) — 2 is non increasing and ¢y (L1) = L1 we have Q., > L£1. Moreover, as ¢y(.) is non

decreasing, we get pn(Qe,) > @n(L1), that is Lo > L;.

It remains to show that for £; < K < Lo, the equilibrium (%, - %) dominates the equilibrium

z2=

(Gegy ey Qe ). As (%, - %) is a Nash equilibrium, we must have that for say player 1, 71 (%, ceny ) >

m (qCQ, %, e %) Moreover, as a firm’s profit for a given individual quantity is decreasing in the total

quantity chosen by the others and as we have here K < Q)., or equivalently % < QJ\? = q,,, it is true

that m1 (¢ey, &, .., &) > ™1 (¢es s g, ). This concludes the proof.
B Proof of Proposition 2

To obtain the desired result, it must be true that when going from the monopoly to the duopoly
structure, the upstream sector total profit must raise and this can only comes from an increase in the
procurement price from ¢; to c3. Recall that the necessary and sufficient condition for the procurement
price to be ¢; in the monopoly case (N = 1) is K > £4(1). Similarly, the procurement price is ¢y in
the duopoly case if and only if K < £1(2). We assume that both conditions hold in the following.
Hence, for N = 1, the total quantity offered to consumers is K while it is Q,(2) = 2(a — ¢2)/3b in
the duopoly case.

Moreover, note that the total industry profit II*** whatever N can be written as follows:
for Q> K, ot = (a* Co — bQ)Q + (Cg — Cl)K

So, the total profit when producing Q.,(2) is greater than the total profit when producing K if
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and only if
(a—cy —bK)K < (a—ca—bQc,(2))Qc,(2)
which is satisfied when K < (a — ¢3)/3b.
We thus obtain the desired result if and only if K € [£1(1), min (£1(2), (a — c2)/3b)[. It remains

to determine the parameters values for which this set is non empty. First note that as shown before,

L£1(2) > £1(1). As the function g(q) = g(a — ¢1 — bq) is strictly increasing on [0, %54, then L =

L1(1) < (a — ¢2)/3b is equivalent to

(a — c2)?
4b

a—c a—c
3b2 (a—cl—b 3b2) >L(a—c1 —bL) =

which yields to 13co — 12¢1 > a, or equivalently

a— Cy 12
LA
a—cy ~ 13
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