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All-units discounts in retail contracts refer to discounts that lower a retailer’s
wholesale price on every unit purchased when the retailer’s purchases equal or
exceed some quantity threshold. These discounts pose a challenge to economic
theory because it is difficult to understand why a manufacturer ever would
charge less for a larger order if its intentions were benign. In this paper, we
show that all-units discounts may profitably arise absent any exclusionary
motive. All-units discounts eliminate double marginalization in a complete
information setting, and they extract more profit than would a menu of two-
part tariffs in the standard incomplete information setting with two types of
buyers. All-units discounts may improve or may reduce welfare (relative to
menus of two-part tariffs) depending on demand parameters.

1. INTRODUCTION

All-units discounts in retail contracts refer to discounts that lower a re-
tailer’s wholesale price on every unit purchased when the retailer’s pur-
chases equal or exceed some quantity threshold. The discount usually
is specified in terms of a percentage off list price, and it also sometimes
is referred to as a “target rebate” because, when the target threshold is
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reached, the retailer receives a rebate on all units previously purchased.
Thus, all-units discounts have the odd property that purchases at higher
quantities actually may be cheaper for the buyer than purchases at lower
quantities.

Although the use of such discounts in intermediate-goods markets
is common,! all-units discounts for the most part have been ignored in
the economics and business literatures. And when they are mentioned
in these literatures, it often is asserted simply that their use is irrational?
or that they are anticompetitive because they provide a strong incentive
for a retailer to promote the sale of products on whichitis eligible to earn
a rebate at the expense of other, substitute products.® Indeed, all-units
discounts pose a challenge to economic theory because it is difficult to
understand why a manufacturer ever would charge less for a larger
order if its intentions were benign.

In this paper we consider the use of all-units discounts in retail
contracts and assess their welfare implications. To rule out exclusion
of rivals as a possible motive for the manufacturer a priori, we restrict
attention to the case in which a single upstream firm (manufacturer) sells
its output to a single downstream firm (retailer). We consider a setting of
complete information in which demand is known by both firms at the
time of contracting and a standard setting of incomplete information
with two types of retailers. In each setting, we compare and contrast
the manufacturer’s profit-maximizing menu of all-units discounts to its
profit-maximizing menu of two-part tariffs.

We establish three main results. First, we show that all-units
discounts, like two-part tariffs, can eliminate double marginalization
when demand is known by both firms at the time of contracting.* Instead
of selling its product to the retailer at a per-unit price of marginal cost
plus a fixed fee, which is one way of eliminating double marginalization,
the manufacturer can offer the retailer an all-units discount contract and
can eliminate double markups by choosing the target quantity to induce
the joint-profit maximizing retail price and the percentage discount
off list price to divide the surplus. Compared to contracts with linear
pricing, all-units discount contracts in this case are Pareto improving.
They benefit firms with higher profits and consumers with lower prices.

1. The list of companies using them in their contracts include Coca-Cola, Irish Sugar
British Airways, and Michelin.

2. Nahmias (2001, p. 216) states “The all-units schedule appears irrational in some
respects. Why would . .. actually charge less for a larger order? One reason would be to
provide an incentive for the purchaser to buy more.”

3. See, for example, the law journal article by Tom, Balto, and Averitt (2000).

4. The problem of double marginalization was pointed out first by Spengler (1950).
The use of two-part tariffs as a possible solution has been noted by Moorthy (1987), Tirole
(1988, pp. 174-176), Katz (1989, pp. 664-665), and many others.
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Second, we show that when the retailer has private information
about consumers’ demand, the manufacturer earns higher profit under
its profit-maximizing menu of all-units discount contracts than under its
profit-maximizing menu of two-part tariff contracts. All-units discounts
in this case are more efficient than two-part tariffs atinducing the retailer
to reveal the state of demand (they are a better screening device) and
hence lead to greater surplus extraction for the manufacturer.

Third, we show that when the retailer has private information
about consumers’ demand, welfare may be higher or lower with all-units
discounts than with two-part tariffs. The direction of change depends
on the shape of consumer demand. For example, if the demand curves
in the different states of nature are linear and have a common vertical
intercept, then all-units discounts lead to lower consumer prices and are
welfare improving. On the other hand, if they have a common horizontal
intercept, then all-units discounts lead to higher consumer prices and
are welfare reducing.

In summary, our results imply that all-units discounts need not
be irrational, as some have asserted, nor are they used necessarily by
manufacturers for exclusionary purposes. Instead, we find that all-
units discounts may arise profitably in retail contracts even in the
absence of an exclusionary motive. The discounts can eliminate double
marginalization in a complete information setting when demand is
known by both firms at the time of contracting, and they can act as a
screening device to induce the retailer to reveal the state of demand and
to extract surplus when the retailer has private information.> Consumer
welfare can be higher or lower as a result.

The paper is organized as follows. In section 2, we introduce the
model, discuss the problem of double marginalization, and present
our first main result. In section 3, we extend the model to allow for
incomplete information and present our second main result. Our third
main result and illustrative examples are presented in section 4. We offer
concluding remarks in section 5.

2. THE CASE OF COMPLETE INFORMATION

We begin with the case of complete information (Demand is known at
the time of contracting). There is a single upstream firm that produces
a good at constant marginal cost, c. The upstream firm distributes the
good through a downstream firm, which then resells the good to final

5. The problem we consider is equivalent formally to one of implementing second-
degree price discrimination among independent retailers with different levels of demand.
In this case, the manufacturer offers a menu of options to each retailer and prices the menu
so as to induce each retailer to reveal its level of demand by the option it selects.
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consumers. We will refer to the upstream firm as the manufacturer and the
downstream firm as the retailer. For simplicity, we assume the only cost
the retailer incurs is the payment it makes to the manufacturer when it
purchases g > 0 units of the good. Let T(g) denote the retailer’s payment.
Let p denote the retail price and p = p(q) denote the consumers’ inverse
demand, where for all g such that p(q) > 0, we assume p(g) is downward
sloping. Then the manufacturer’s profit is 7™ = T(g) — ¢q, the retailer’s
profitis 7" = p(q)g — T(q), and the overall joint profitis 7™ = p(q)q — cq,
which is the profit an integrated firm would earn if it produced and
distributed an amount g of the product.

Let g*(w) = argmax,; p(q)q — wq. Then it is well known that the
manufacturer can maximize its profit by offering a two-part tariff
contract such that (1) the per-unit price induces the retailer to purchase
the integrated quantity, 4*(c); and (2) the fixed fee fully extracts the
retailer’s surplus:

@) 0 if q=0, O
= cq+F if g>0,

where F = (p(3*(c)) — ¢)g*(c). The total outlay of the retailer for any
quantity it might purchase under this contractis shownin Figure 1A. The
jump-up in cost at ¢ = 0 represents the fixed amount the retailer must
pay if it purchases from the manufacturer. The upward-sloping line with
constant slope ¢ represents the additional payment the retailer makes
as g increases. Given this contract, the retailer chooses the integrated
quantity, g*(c), and pays F + cq*(c) to the manufacturer.

Alternatively, the manufacturer can maximize its profit by offering
a contract with a high inframarginal per-unit price, as long as the
retailer’s per-unit price at the margin is set at cost:

p(0)q ifq<4g,
T@) = 2
T e -+ p00 ifq=4,

where 4 is implicitly defined by (p(0) — c)d = p(g*(c)) — ¢)g*(c). In this
contract, which we illustrate in Figure 1B, the manufacturer offers the
initial units up to § at a per-unit price of p(0) > c. For additional units
beyond 4, the retailer’s per-unit price falls to c. At q = §, the retailer’s
total outlay is p(g*(c)) —¢)q*(c) + ¢4, which is the same outlay the
retailer would make if it purchased § units and faced the contract in
Figure 1. For g > 4, the two curves are the same. For g < 4§, the total
outlay of the retailer is p(0)g, which is less than what the same quantity
would cost in Figure 1A.
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FIGURE 1. TWO-PART TARIFF AND INCREMENTAL-UNITS
DISCOUNT

Since the retailer never would purchase g < § when faced with the
contract in (2) (because at a per-unit price of p(0) its cost would exceed
its revenue), it follows that the retailer will purchase the same quantity
and that the manufacturer will earn the same profit in Figure 1B as in
Figure 1A.°

The contracts in Figures 1A and 1B have the property that the
retailer’s average per-unit payment exceeds its marginal payment at
the profit-maximizing quantity. This allows the manufacturer to solve
the double marginalization problem by extracting surplus from the
retailer with inframarginal payments without distorting its incentives
at the margin.7 In contrast, all-units discount contracts do not allow
separation between the retailer’s average and marginal payment. They
have the form

wg ifg <q,

T(q) = !Awq itg>7, )

6. In Figure 1B, the manufacturer offers an initially high wholesale price and then
discounts the wholesale price on the retailer’s incremental purchases beyond the quantity,
4. This is sometimes referred to as an incremental-units discount, and it is equivalent to
the lower envelope of an appropriately chosen menu of two-part tariffs. For example, the
contract in Figure 1B is the lower envelope of the two-part tariff contract T(q) = p(0)g,
where the fixed fee is zero, and the two-part tariff contract T(0) = 0, T(q) = c¢q + F for all
q > 0, where the fixed fee is the same as in Figure 1A.

7. Contracts such as T(q) = wq suffer from a double marginalization problem because
in order to extract surplus, the manufacturer must charge w > ¢, but in doing so, it
necessarily distorts downward the retailer’s quantity choice.
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where w > 0 and A € (0, 1). In this contract, if the retailer purchases
g < g, its average per-unit price and marginal price equals w, whereas
if the retailer purchases q > 7, its average per-unit price and marginal
price equals Aw. Since A < 1, the retailer is rewarded for purchasing
at least § units. One can think of w as the manufacturer’s list price
and 1 — A as the percentage discount off list price, which is applied
to every unit the retailer purchases if the retailer reaches the target
quantity.

The most salient characteristic of contracts with all-units discounts
is that the retailer’s total outlay jumps down at g, which implies that
purchases at higher quantities can be cheaper than purchases at lower
quantities. This property has raised concern that these contracts may
be exclusionary when used by dominant firms because the downward
discontinuity in the total outlay schedule at 7 allegedly unfairly induces
the retailer to promote the sale of the manufacturer’s product at the
expense of smaller competitors who may not be able to offer such
potentially large rebates.® Indeed, the effective marginal wholesale
price in these contracts at the target quantity is negative, which un-
der some definitions of predation might be construed as predatory
pricing.

However, we now show that contracts with all-units discounts
have an efficiency rationale. They, like the contracts in Figures 1A and
1B, can eliminate double marginalization. To see this, consider the set
of contracts that offer an initial wholesale price of p(0) for all g less than
some quantity threshold 4*(c), and a discounted wholesale price of Ap(0),
where A € [ﬁ, ﬂz%], thereafter

{P(O)q ifg <q7(),
T(q) = . (4)
ap0)q if g = q7(c).

With these contracts, the retailer never would purchase less than g*(c)
because at a per-unit price of p(0) its cost would exceed its revenue,
and we know by the definition of 4%(c) that the retailer never would
purchase more than q*(c) because Ap(0) > cimplies that g*(Ap(0)) < g%(c).
Thus, the contracts in (4) induce the retailer to choose g = §*(c), realizing

the integrated outcome. When 1 is at its upper bound of (pZ(;;))’ as we

illustrate in Figure 2A, the manufacturer earns all the surplus. When 1 is
at its lower bound of ﬁ, as we illustrate in Figure 2B, the retailer earns

8. The European Commission has brought several cases against upstream firms for,
among other things, offering all-units discounts in their contracts. To our knowledge, the
U.S. antitrust agencies have not condemned contracts explicitly with all-units discounts,
although their concerns are similar (see Tom, Balto, and Averitt, 2000).
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FIGURE 2. ALL-UNITS DISCOUNT (Aw = p(g*(c)) AND w = C)

all the surplus. Intermediate levels of A between these bounds reflect a
more balanced sharing of the overall surplus.

PRoPoOsITION 1: The all-units discount contracts in (4) eliminate double
marginalization.

The contracts in (4) induce the integrated outcome because the
quantity threshold g*(c) effectively caps the retailer’s price to consumers
atp(q*(c)). The price is capped because if the retailer were to charge more
than p(3*(c)), it would not be able to sell g*(c) units and thus would not
qualify for the target rebate. Of course, the retailer also does not want
to charge less than p(g*(c)) because, under the contracts in (4), it never
wants to sell more than g*(c) units (This follows because the retailer’s
wholesale price is everywhere weakly larger than c). If the manufacturer
makes a take-it-or-leave-it offer, the double-marginalization problem
is solved by eliminating the retailer’s markup. If the retailer makes a
take-it-or-leave-it offer, the double marginalization problem is solved
by eliminating the manufacturer’s markup. Otherwise, the contracts in
(4) ensure that the sum of the firms” markups is equal to the markup that
an integrated firm would have. To the extent that both firms have some
bargaining power, there will be agreement on the quantity threshold,
q*(c), but disagreement on the percentage discount off list price. The
manufacturer will prefer a lower percentage discount, and the retailer
will prefer a higher percentage discount.
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3. THE CASE OF INCOMPLETE INFORMATION

We now extend the model to allow for the possibility that the manu-
facturer may not know what demand will be at the time of contracting.
This is an important case to consider because demand sometimes may be
unpredictable (e.g., Sales of ice cream will depend on the weather), and
because the model with complete information does not have predictive
power to explain why one contract form may be chosen over another.
As we shall see, the equivalence among two-part tariffs, incremental-
units discounts, and all-units discounts no longer holds when demand
is unknown.

We assume, for simplicity, that consumer demand can take one
of two forms. It may be high or low depending on the state of nature.
The low-demand state of nature occurs with probability « € [0, 1] and
the high-demand state of nature occurs with probability (1 — «). We
denote the low-demand state by L and the high-demand state by H. The
retailer faces the inverse demand p = p1(9) under state L and the inverse
demand p = pr(g) under state H, with py(-) > pr(:).

Let Ri(q) = pi(g)q denote the retailer’s revenue from the sale of
g > 0 units of the good in the ith state of nature, where i € {L, H}. Our
assumptions on inverse demands imply that the retailer’s revenue in
the high-demand state is weakly larger than the retailer’s revenue in
the low-demand state for a given quantity sold: Ry(q) > R;(g). We also
make the following assumptions on R;(g):

ale(q) <0, 8RH("7) > 3RL(‘1) (5)
0q° 0 o

The first assumption in (5) implies that the retailer’s revenue in each
state is concave (This ensures that firm i’s marginal revenue is down-
ward sloping). The second assumption in (5) implies that the retailer’s
marginal revenue in the high-demand state always is greater than its
marginal revenue in the low-demand state (This property sometimes is
referred to as the single-crossing condition).

The timing of the game is as follows. In the first stage, the manu-
facturer specifies the terms at which it will sell its good to the retailer.
It does so without knowing whether consumer demand will be high
or low. In the second stage, the uncertainty is resolved, and the retailer
learns the state of nature. It then chooses whether to purchase, and how
much to purchase, from the manufacturer and pays the manufacturer
according to the terms of its contract. The retailer resells this quantity to
final consumers, earning revenue R;(g), where i € {H, L} is the state of
nature.
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We assume the manufacturer cannot contract on the state of nature
(If it could, we are back to the model in the previous section) and so
cannot prevent a retailer facing one demand state from pretending that
another demand state has occurred. Thus, the manufacturer must choose
its contract in stage one to induce the retailer to reveal the true state of
demand in stage two.’

This situation has been studied in the literature on self-selection
and price discrimination (In our model, the manufacturer offers a
menu of options to the retailer and prices the menu so as to induce
the retailer to reveal the state of demand by the option it selects).!
Conventional wisdom is that (1) the retailer will earn zero surplus in
the low-demand state and positive surplus in the high-demand state;
and (2) the manufacturer will distort downward the quantity chosen by
a low-demand retailer but not the quantity chosen by a high-demand
retailer.! We will show these results using the manufacturer’s profit-
maximizing menu of two-part tariffs, or, equivalently, incremental-units
discount, as a benchmark. We then will compare consumer prices and
social welfare under this benchmark with those of the manufacturer’s
optimal menu of all-units discounts.

3.1 MENU OF TWO-PART TARIFFS, INCREMENTAL-UNITS
DISCOUNT

Suppose the manufacturer offers a menu of two-part tariffs
((wr, Fr), (wh, Fu)), where w; denotes the per-unit price and F; is the
fixed fee, with (wr, Fr) meant for the retailer facing low demand and
(wy, Fry) meant for the retailer facing high demand. Let g} (w) denote
the low-demand retailer’s quantity choice if it faces a per-unit price of

w and purchases a positive quantity, and let g};(w) be defined similarly,

i.e., gf(w) solves %@ = w. Then the manufacturer’s problem is

m.an . a(wr —c)gf(wr) + 1 —a)(wy —c)g5(wh) +aFr,

+ (1 —a)Fy, (6)

9. In what follows, we assume that the manufacturer wants to serve both retailer
types. That is, we assume that selling to the high-demand retailer only is less profitable
than selling to both types. See Salant (1989) for a characterization of the necessary and
sufficient conditions for discrimination to be optimal in the two-type case.

10. See, for example, Willig (1978), Spence (1977, 1980), Roberts (1979), Goldman,
Leland, and Sibley (1984), Maskin and Riley (1984), and the excellent survey on second-
degree price discrimination in Tirole (1988, pp. 142-158).

11. This result depends on the assumption that the retailer’s demand in the high-
demand state is independent of its demand in the low-demand state. Ordover and Panzar
(1982) show that if the demands across states of nature, or among different types of
consumers, are interrelated, then a distortion may arise even in the high-demand state.
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subject to the low-demand retailer choosing a positive quantity under
(wy, Fr),

Ri(q;(wr)) —wrqgf(wr) — FL >0, (7)

and the high-demand retailer choosing to purchase under (wy, Fpr)
rather than (wy, Fr),'?

Ru(gi(wy)) —wuqgf(wy) — Fg = Ru(gh(wr)) — wrgf(wp) — FL. (8)

Our assumptions on the revenue functions, and the fact that the maxi-
mand in (6) is increasing in F; and Fp, imply that these two constraints
will be binding. Specifically, it follows that F; will be chosen to satisfy
(7) with equality and that Fy; will be chosen to satisfy (8) with equality;
i.e., the low-demand retailer will be pushed to indifference between
purchasing a positive quantity and not purchasing, and the high-
demand retailer will be pushed to indifference between choosing a
quantity under contract (wy, Fy) and choosing a quantity under contract
(w, F1). Thus, alow-demand retailer will earn zero profit, while a high-
demand retailer will earn positive profit.!>

Substituting the fixed fees that satisfy (7) and (8) with equality into
the maximand, and assuming the new maximand is concave in w;, and
wy, we have that the optimal wy and wy, solve

<aRH(q1’;(wH)) B C) 095, (wn) _
g dwy

0, )

o (M - c) %“L’L’ + (- @) —giw) = 0. (10)

aq Jw

We see from the expression in (9) that the manufacturer should
charge wy = ¢ to the high-demand retailer, thereby inducing it to pur-
chase and to resell g7;(c), the integrated quantity when demand is high.
However, because of the term (1 — a)(g},(wz) — g (wr)), the expression in
(10) implies that the manufacturer will want to distort the low-demand
retailer’s quantity. Since the high-demand retailer’s marginal revenue
is everywhere above the low-demand retailer’s marginal revenue, it
follows that g},(wy) > g;(wr), for all wy, > 0, which implies that the left

12. Two constraints are suppressed: A high-demand retailer must purchase a positive
quantity, and a low-demand retailer must purchase under (wy, Fr) rather than (wy, Fy)
(These constraints are trivially satisfied).

13. To see this, note that the high-demand retailer’s profit is RH(q;l(wL)) - qu;I
(wr) — Fr, which is strictly positive because RH(qL(wL)) — qu;{(wL) —Fp > RH(qz(wL))

—wq; (wr) — FL > Re(q; (wr)) — weqy (we) — FL = 0.
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FIGURE 3. MENU OF TWO-PART TARIFFS

side of (10) is positive when evaluated at w;, = c. Thus, the manufacturer
should charge w;, > ¢ and should induce the retailer to purchase and to
resell less than gj (c), the integrated quantity when demand is low.

Let ((wy, F}), (wj;, Fj;)) solve the manufacturer’s problem in (6)
through (8), and let T} = w}q;(w;) + F; denote the amount a retailer
facing demand state i pays to the manufacturer, i = H, L. Then, the
manufacturer’s maximized profit given the profit-maximizing menu of
two-part tariffs is

w2l = a(T} — cqf(w})) + (1 — a)(T; — cqfy(wip).

Figure 3 depicts the total outlay of the retailer for any quantity it
might purchase under the manufacturer’s profit-maximizing menu of
two-part tariffs. The two-part tariff meant for the low-demand retailer
is given by the upward-sloping line beginning at Fj on the vertical axis,
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with slope wj. The two-part tariff meant for the high-demand retailer
is given by the upward-sloping line beginning at F}; on the vertical
axis, with slope wj; = c. The cost-minimizing outlay for any quantity
the retailer might purchase is given by the lower envelope of these two
lines, with a kink-point at §, which is defined implicitly by wi§ + F; =
cq + Fj;. If demand turns out to be low, the retailer will choose g; (w})
from this envelope and will pay the manufacturer T;}. Since (7) is satisfied
with equality, it follows that the retailer in this case is indifferent between
purchasing g7 (w;) and zero, earning profit 7] = 0. If demand turns out
to be high, the retailer will choose gj;(c) from this envelope and will
pay the manufacturer T},. Since (8) is satisfied with equality, it follows
that the retailer in this case is indifferent between purchasing g7;(c) and
75, (wf), earning profit f; > 0.

Since the retailer only will choose points from along the lower
envelope of the menu of two-part tariffs, as depicted in Figure 3 (the
cost-minimizing outlay), the manufacturer instead could have induced
the same profit-maximizing outcome with a single contract that traces
out this curve:

cq@q-P+wig+F if qg=4.

With this contract, the retailer faces a per-unit price of w; for all units
purchased up to 4. For incremental units purchased beyond §, the
retailer pays a per-unit price of c. If demand is low, the retailer purchases
g;(w;) and pays the manufacturer T}. If demand is high, the retailer
purchases gj,(c) and pays the manufacturer T};. Since the quantities and
payments are the same as in the case of the profit-maximizing menu
of two-part tariffs, it follows that each firm’s profit also will be the
same. This establishes that contracts with incremental-units discounts
can obtain the same outcome as contracts with menus of two-part tariffs.
Since any contract with incremental-units discounts can be replicated
with a menu of two-part tariffs, the converse also can be shown. Thus,
the equivalence between these two types of contracts extends to the case
of unknown demand.

3.2 ALL-UNITS DISCOUNTS

We now show that there exists a contract with all-units discounts that
induces the retailer to choose the same quantities as in Figure 3 but yields
strictly higher profit than 72T. Thus, the equivalence among different
types of contracts does not extend to contracts with all-units discounts.
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PrRopPosiITION 2:  When demand is unknown at the time of contracting, the
manufacturer can earn higher profit with a menu of all-units discounts than
with a menu of two-part tariffs.

Proof: Let € > 0 be arbitrarily small, and consider the menu of con-
tracts T1(g) and T2(g), where

o) pu)g if q <qj(wy)
1) = ) : ’(hky
om0 i g = qiw))

) pu)g if q <qj(c) W)
2g) = e . .
dsq i g = g5,

or, equivalently, the contract that corresponds to the cost-minimizing
outlay given this menu:

puO)g if g <gj(wy),
TA(g) = griond 1 qi@]) <q <q5(), 13)

TH+6

i1 it g = aqi).

Figure 4 depicts the retailer’s total cost for any quantity it might purchase
under TAY(g). For all units purchased up to g5 (wy), the retailer’s per-unit
price is py(0). For purchase quantities of g; (w}) or between g; (w}) and

g5 (c), the retailer’s per-unit price on all units is , and for purchase

*( *
quantities that equal or exceed gj,(c), the retaller s per-urut price on all
H+e
75"
To expedite the proof, it is useful to begin with a couple of

observations. First, we note that, when faced with contract TAu(q), the
retailer never will purchaseq < g} (w}) because at a per-unit price of py(0)
its marginal revenue is everywhere below its marginal cost. Second,
we note that TAY(q) = T'(g) at g = g} (w}). Third, we note that for all
q > q;(wy), TAU(q) > T (g).1

These observations imply that the retailer will choose gj(w;)
and will pay T; when the low-demand state occurs. Recall that
qg; (wy) = arg max, Rp(q) — T (). Hence, it also must be the case that

units is

14. To see this, note that for all units between qZ(wZ) and q;(c) the per-unit price in
Tt (q) is either wL or ¢, which is less than the per-unit price of % in TAU(g). And,
for all units greater than or equal to qH(c), the per-unit price in T (9), which is ¢, is less
cqfy(c)+Ff+e

. . . Au . .
than the per-unit price in T (g), which is )
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FIGURE 4. MENU OF ALL-UNITS DISCOUNTS

q; (wy) = arg max,; Ri(q) — TAU(g). At this quantity, the low-demand
retailer earns zero profit.

These observations also imply that the retailer will choose g7;(c)
and will pay T}, + € when the high-demand state occurs. To see this,
recall that g;(c) = arg max, Ry(q) — T'Y(g) and T"Y(g},(c)) = Tj;. Then,
it follows that Ry (q7;(c)) — TAU(g%,(c)) > Ru(q) — TAY(q), forallg # q7,(c),
because

Ry (q3(c) — T™(q1(0)) = Ru(q#(0) — T (g5(c)) — e
> Ru(q) —T™(q) ifq #qp(c)
> Ru(q) — T™(q) forallg = qi(wy),
where the first inequality follows because € is arbitrarily small, and the

second inequality follows because TAY(q) > T'/(g) in the relevant range.
At g7,(c), the high-demand retailer earns positive profit, but not as much
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as it would have earned if the manufacturer had offered the contract
T (g).

Since the manufacturer earns T} — cq; (w}) when the low-demand
state occurs, and T}, 4 € — cqj;(wj;) when the high-demand state occurs,
its expected payoff under contract TAY(q) is

7 = o(Ty — eqi(w})) + (1 — )(Tj; + € — cqiy(wiy)).

Comparing 74" and 7T, we see that 74" = 72T 4 (1 — a)e, which
implies that the manufacturer earns strictly higher profit under the all-
units discount contract in (13). O

The manufacturer can extract a higher profit with an all-units
discount contract because these contracts are more efficient at inducing
the retailer to reveal the state of demand. Put simply, the flexibility
afforded by the discontinuous outlay schedule makes it possible for
the manufacturer to charge higher prices for all quantities greater than
qf (w}) while stillinducing a retailer in the high-demand state to purchase
g5(c). As can be seen from Figure 4, the retailer in the high-demand state
cannot reach the same isoprofit curve that it did in Figure 3 because
the profitability of purchasing any quantity between g; (w}) and gj,(c),
and in particular of purchasing g7, (w}), is lower when the high-demand
retailer faces the contract TAU(g) than when it faces the manufacturer’s
profit-maximizing menu of two-part tariffs. Thus, choosing to purchase
under the contract option meant for the low-demand retailer—T(g)—
is less profitable than it was before, implying that the manufacturer
does not have to leave the retailer as large an informational rent in this
case.

4. PROFIT-MAXIMIZING QUANTITIES WITH
ALL-UNITS DISCOUNTS

As we have seen, all-units discounts are the preferred choice of the
manufacturer relative to contracts with incremental-units discounts (or
contracts with a menu of two-part tariffs) when demand is unknown
at the time of contracting. This is because the manufacturer always can
choose an all-units discount contract that induces the retailer to purchase
the same quantities and to set the same prices as under the optimal
incremental-units discount while extracting a higher payment. Thus,
there exists an all-units discount contract that increases its profit without
affecting welfare.

In this section, we extend the analysis to consider the welfare effects
of all-units discounts vis a vis incremental-units discounts when the
manufacturer chooses its optimal all-units discount contract. Our main
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result is that welfare can be higher or lower depending on demand
parameters.

Let (TL(9), Tr(g)) denote the menu of all-units discount contracts
offered by the manufacturer, where T}, is meant for the low-demand
retailer and Ty is meant for the high-demand retailer, and

w if <q w if <q
Ly =" q<7qL TH(q)z{ HA q9<Tu

)\.Lqu if q ZﬁL, )\Hqu if q ZﬁH

Let q;*(w;, A;, q;) € arg max,; Ry (q) — T;(q) denote the low-demand re-
tailer’s quantity choice if it purchases under contract T;(q) and define
g1 (wi, A;, q;) similarly. Then the manufacturer solves

max sk — sk —
wL,AL,ﬁL,wH,AH,q*HO‘(TL(qL (wr, AL, qp)) —cqr*(wr, Az, 41)) (19)

+(1 = @) (Tu(@5 (wa, A, Tn)) — cqii(wa, Au, o)),

subject to the low-demand retailer choosing a positive quantity under

Tr(q),
Ru(qf (wr, A, qr)) — Te(g;*(we, AL, §1)) = 0, (15)

and the high-demand retailer choosing to purchase under Ty(g) rather
than T1.(g),

RH(q;iI*(wH/ )"H/ ﬁH)) - TH(Q[*{*(WH/ )\H/ 7H)) > RH(‘]}?(WL/ )"L/ q_L))
— Ty (we, AL, q1))- (16)

The solution to the manufacturer’s problem is not as straightfor-
ward here as it is in the case of two-part tariffs because, with all-units
discounts, there are no fixed fees to equate the two sides of (15) and
(16). Instead surplus must be extracted indirectly through the choice of
A; and 7;. Nevertheless, as we now show, even without fixed fees, (15)
and (16) will bind in any solution.

—kk

LEMMA 1: Let (Wi*, AT, qp7), (wif, A%, G p5) be a solution to the manu-
facturer’s problem. Then the low-demand retailer earns zero profit and the high-
demand retailer is indifferent between purchasing qif(wif, A, 1) under

contract Ty(q) and purchasing qif (wi*, A7*, q1") under contract Tr(q):

Re@@r™(wis AT, 400 — Tu(qr" (i, A7, 417)) = 0,
Ru(qi (wi, 451, 01)) — Tu(qi (Wi, A5, 07)) =
Ry (wi™, AT 710 = Tu @ (wi™, AT 71)-

For the proof, see the Appendix.
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We can understand Lemma 1 as follows. The manufacturer can
induce a retailer in the low-demand state to purchase zero or at least
g1 by choosing wy sufficiently high. And for a finite w;, the manu-
facturer can induce the retailer to purchase at most 7; by choosing
Ar sufficiently high. It follows that the manufacturer can induce the
low-demand retailer to purchase exactly 7; and to extract all surplus
by choosing Arw; appropriately. For example, the manufacturer can
extract all surplus and can induce the low-demand retailer to pur-
chase g;*(wr, A, §1) = g by choosing wy > py(0) and A w;, = % =
pr(7.)- The extraction of surplus from a retailer in the high-demand
state can be achieved similarly, except that instead of choosing Apwy
to extract all of the high-demand retailer’s surplus, the manufacturer
chooses Agwy to make the retailer indifferent between purchasing
95 (wh, Ax, § ) = 9y under Ty(g) and purchasing g7 (wr, AL, §) under
Ti(g).

Lemma 2 shows that the manufacturer must choose its contract
terms in this way.

LEmMMA 2:  Let (Wi*, A%, q77), (wif, A, 5) be a solution to the
manufacturer’s problem. Then it must be that wi* > pr(0), AJ*wi* =
PL@), a7 i, AP, 1) = 73 and g (i, 135, T35) = T

For the proof, see the Appendix.

Lemma 2 implies that at the optimum the manufacturer must
choose its contract terms to induce the retailer to purchase at the quantity
threshold that corresponds to each demand state. Since we know that
for any g; the manufacturer can choose wy > pr(0) and Apwr = pL(q})
to induce g;*(wr, A1, §1) = 4 and satisfy (15) with equality, and since
we know that for any 7 the manufacturer can choose wy and Agwy
to induce g} (wy, Au, ) = 5 and satisfy (16) with equality,'® we can
use Lemmas 1 and 2 to rewrite the manufacturer’s problem in (14)—(16)
as

max_ o(RL(71) —cq1) — (1= @) (Rulqif (w, AL, 71))

wr,, )\LrﬁL/ qH

—Te@@f(we, AL, 71))) + (1 — o) (Ru@y) — cTy), 17)
such that
wy > pr(0), and Apwp = pr(qy). (18)

15. For example, the manufacturer can choose wy such that Rp(gf(wpg)) —
whqf(wha) < Ru(@@if(we, AL, 7)) — T (we, AL, 7)), and Agwy such that A\pwyg g =
Ru@p) — (Ru@if(wr, AL, q1)) — TL(qf (wL, AL, 1))
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It follows that the profit-maximizing 7 ;; solves max,(1 — a)(Ru(q) — cq),
implying that, for & # 1, there is no distortion in the quantity purchased
by a retailer in the high-demand state.

—kk

PrROPOSITION 3:  Let (W}*, AT*, Qi) (wif, A, 75) be a solution to the
manufacturer’s problem. Then it must be that a retailer in the high-demand
state will choose q 7 (wif, A3, 1) = 475(c).

For the proof, see the Appendix.

Proposition 3 establishes that a retailer in the high-demand state
will choose the integrated quantity, which is the same quantity that a
high-demand retailer would choose under the manufacturer’s profit-
maximizing menu of two-part tariffs. Thus, the welfare comparison
between the profit-maximizing menu of two-part tariffs and the profit-
maximizing menu of all-units discounts will depend solely on the
relation between the quantities purchased by the low-demand retailer
in the two cases. From the manufacturer’s problem in (17)—(18), we see
that, in the case of the profit-maximizing menu of all-units discounts, the
manufacturer will want to distort downward the quantity purchased by
a retailer in the low-demand state. There are two subcases to consider.

PROPOSITION 4: Let (wWi*, A, i), (wif, M§f, G 51) be a solution to the

manufacturer’s problem. Then it must be that if qf(AT"wi*) > q7]*, then
qr(wi*, A%, q17) solves

IRL() Ip(q) .
« (ol —e) + - B gi @) =0, (19)
and if g (AT wW) < q", then qf*(wi*, A, i) solves
(R Yo (k) 3R 20
9 9 9

For the proof, see the Appendix.

Proposition 4 characterizes the manufacturer’s choice of §7*, and
hence the retailer’s induced choice g;*(w}*, A7*, 1), for the two sub-
cases that arise depending on whether or not a retailer in the high-
demand state would be constrained by 77" if it purchased under contract
T1(q). As thelinear-demand examples below make clear, this will depend
on exogenous parameters that determine the gap between consumers’
inverse demands in the low and high demand states. If the high-demand
retailer would be unconstrained by 777, then 7" must solve (19). If the
high-demand retailer would be constrained by 77", then §}* must solve
(20). In both cases, we see that 77", and hence g;*(w;*, A7%, §7*), will be

less than g*(c), the integrated quantity in the low-demand state.
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4.1 THE WELFARE EFFECTS OF ALL-UNITS DISCOUNTS

To determine whether welfare is higher with all-units discounts or
with two-part tariffs, we compare the low-demand retailer’s quantity
choice as characterized in Proposition 4 with its quantity choice under
the profit-maximizing menu of two-part tariffs, g;(w}), where wj is
characterized in (10).

4.1.1 SUBCASE 1: g W) > q7".
If we evaluate the left-hand sides of (19) and (10) at g} (w}) and
wy, respectively, subtract (10) from (19), and use the fact that retailer

optimality implies w} = IRGLD) 56 that

aq

dqr(wi) _ 1

dwi  PRugwp)’ 1)

9q?

then the left-hand side of (19) can be written as

~ (1= 0) @) —qi ) IR

] (wy
+(1—0) P g7 ) @2)

It follows that if g5(A}*w}*) > 777, so that the condition in (19) applies,
and if the left-hand side of (19) is decreasing in g, then g;*(w}*, A7*, 1) >
g} (wy) if and only if (22) is positive.

4.1.2 SUBCASE 2: gEATwr) <q7".

If we evaluate the left-hand sides of (20) and (10) at g} (w}) and
wy, respectively, subtract (10) from (20), and use (21), and the fact that
retailer optimality implies

R} (w})) _ dRu(@(w})

7

dq dq
then the left-hand side of (20) can be written as
a5 W) ZR ZR % (0)y%
1 —oz)/ HAL (3 Hz(q) 9 L(qu(wL))> dq. (23)
gr (i) aq aq

It follows that if (A wi*) < 77", so that the condition in (20) applies,

and if the left-hand side of (20) is decreasing in g, then g;*(w}*, A7*, 77) >
g; (wy) if and only if (23) is positive.
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4.2 LINEAR DEMANDS

With linear demands, the left-hand sides of (19) and (20) are decreasing
in g, implying that the signs of (22) and (23) suffice to determine whether
the low-demand retailer’s quantity choice under the profit-maximizing
menu of all-units discounts is greater than, less than, or equal to the low-
demand retailer’s quantity choice under the profit-maximizing menu of
two-part tariffs. Since the high-demand retailer’s quantity choice is the
same for both, we have the following proposition.

PROPOSITION 5:  Suppose consumer demands are linear and « # 1. Then, if
(AT w) > q7*, consumer welfare is higher (lower) with all-units discounts
than with two-part tariffs if and only if

205 (wi) — g7 (wp)) > (<)g5(pLg; (wi))). (24)

If g5, (AP wi™) < g7, consumer welfare is higher (lower) if and only if

3 Ru(q) -

9°Ryr(q)
942 '

9g°

(<) (25)

Proof. ~ With linear demands, (24) follows by substituting 323%@ =
Zipa’i'ﬁ into (22). And, with linear demands, (25) follows by noting that

%’L), i € {H, L}, are constants in (23). O

As we now show, consumer welfare can be higher or lower with
all-units discounts. To see this, suppose demand in the high and low
demand states are sufficiently close that g7;(A;*w;*) <g7*. Then (25)
implies that consumer welfare is higher (lower) if and only if the slope of
the marginal-revenue curve in the high-demand state is larger (smaller)
than the slope of the marginal-revenue curve in the low-demand state.
The different outcomes are illustrated in Figures 5 and 6.

4.3 EXAMPLE IN WHICH WELFARE Is HIGHER
WITH ALL-UNITS DISCOUNTS

Suppose the inverse demands are given by pi(q) =a — £, where
i € {H, L} and 0y > 6, so that when plotted (see Figure 5), the inverse
demand is everywhere flatter in the high-demand state. Since this
implies that the corresponding marginal-revenue curve is everywhere
flatter in the high-demand state, it follows immediately from (25) that,
when g5;(AJ*w}*) < g%, consumer prices are lower and social welfare is
higher with all-units discounts than with two-part tariffs. As we show
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FIGURE 5. WELFARE IS HIGHER WITH ALL-UNITS DISCOUNTS

in the Appendix, a similar conclusion also holds when (24) applies, i.e.,
when g5, (" wi") > 77"

This case might arise, for example, when there is uncertainty about
the size of the market, but firms have knowledge of the proportion of
customers with a given willingness to pay. For example, suppose the
manufacturer sells a product in a locale that depends on tourism, which
in turn depends on the weather (Tourism is higher when the weather is
good and is lower when the weather is bad). Then one can think of the
high-demand state as corresponding to an increase in the population
size of a market relative to the low-demand state with no change in the
underlying distribution of consumer preferences. At the choke price, the
quantity demanded in either state is zero, but for any price with positive
demand, the high-demand quantity is a multiple of the low-demand
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a q
FIGURE 6. WELFARE IS LOWER WITH ALL-UNITS DISCOUNTS

quantity reflecting its larger population size. Our findings imply that
in this case the manufacturer’s profit with all-units discounts will be
higher and so will consumer surplus and social welfare.

4.4 EXAMPLE IN WHICH WELFARE Is LOWER
WITH ALL-UNITS DISCOUNTS

Suppose the inverse demands are given by pi(g) = 0;(a — qi), where
i € {H, L} and 0y > 6, so that when plotted (see Figure 6), the inverse
demand is everywhere steeper in the high-demand state. Since this
implies that the corresponding marginal-revenue curve is everywhere
steeper in the high-demand state, it follows immediately from (25) that,
when g5 (AF*w}*) < 77", consumer prices are higher and social welfare is
lower with all-units discounts than with two-part tariffs. As we show in
the Appendix, a similar conclusion holds when (24) applies, i.e., when

THOTwE) > 77



All-Units Discounts in Retail Contracts 451

This case might arise, for example, when firms have knowledge
of the number of potential customers, but there is uncertainty about
the distribution of their willingness to pay. For example, suppose the
manufacturer sells a product for which demand depends primarily
on consumers’ discretionary income. In good times, consumers will
have more to spend, while in bad times, consumers will have less to
spend. Thus, when the product’s price is zero, demand is the same
in the two states of nature, but as the price increases, demand is
everywhere higher in the state of the world where consumers have
higher aggregate incomes. Our findings imply that in this case although
the manufacturer’s profit will be higher, consumer surplus and social
welfare will be lower.

5. CONCLUSION

A discussion of the purpose and competitive effects of all-units dis-
counts until now has been left to policymakers and legal scholars, many
of whom view the discounts as exclusionary. On the one hand, it is not
surprising that all-units discounts are viewed with suspicion because
it seems odd that a manufacturer ever would want to charge less for a
larger order if its intention is benign. On the other hand, policymakers
and legal scholars have overlooked plausible efficiency rationales.

In this paper, we have shown that all-units discounts can arise
in the absence of any exclusionary motive. They can eliminate double
marginalization when demand is known at the time of contracting, and
they can profitably induce second-degree price discrimination when
retailers have private information about demand. The welfare effects
of all-units discounts are ambiguous. Compared to linear pricing, all-
units discounts lead to lower prices for consumers and are welfare
improving. Compared to menus of two-part tariffs and contracts with
incremental-units discounts, all-units discounts can lead to higher or
lower consumer prices in equilibrium. We showed that with linear
demands the latter case occurs when the uncertainty about demand
is over market size, while the former case occurs when the uncertainty
about demand applies to consumers’ willingness to pay.

Although we have assumed there are only two states of nature, this
assumption can be relaxed with no change in our qualitative results.
Our results extend as long as the number of menu options offered
by the manufacturer equal or exceed the number of states of nature.
To see this, suppose there are three states of nature, corresponding to
high, medium, and low demand. Then, our results suggest that a menu
of all-units discounts can do strictly better than a menu of two-part
tariffs (implementation and complexity costs aside) because regardless
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of the induced quantity choices of the retailer in the low-, medium-,
and high-demand states given the optimal menu of two-part tariffs, the
manufacturer can do strictly better by offering these same quantities as
targets in an all-units contract at prices such that the amount collected
from the retailer in the low- and medium- demand states is unchanged
and such that the amount collected from the retailer in the high-demand
state is increased by a small amount. This method of proof extends to
any finite number of states of nature.

As the number of states of nature increases, however, it may be
that the relative effectiveness of all-units discounts in reducing the
retailer’s informational rent decreases. Intuitively, with a finite number
of states of nature, there is money on the table the manufacturer can claim
by restricting the retailer’s choice using all-units discounts. However,
with a continuum of states, and assuming that the “hazard rate” of the
distribution of types is monotonic, it has been shown that the optimal
nonlinear payment schedule can be implemented by letting consumers
choose among a continuum of two-part tariffs (see Maskin and Riley,
1984). In this case, it can be shown that the optimal menu of all-units
discounts yields the same outcome as the optimal menu of two-part
tariffs.1®

The problem we consider is equivalent formally to one of im-
plementing second-degree price discrimination among independent
retailers with different demands. For example, the manufacturer may
know that it faces retailers of different sizes but, given existing antitrust
laws, e.g., the Robinson-Patman Act, it may not be possible directly
to offer discriminatory terms to the large and small retailer. However,
as many commentators have pointed out, it often is possible to satisfy
antitrust laws by offering a menu of options and letting each retailer self
select.'” As long as the various options functionally are available to all,
our results suggest that a manufacturer can do better by offering a menu
of all-units discounts than by offering a menu of two-part tariffs.

APPENDIX

Proof of Lemma 1. To prove Lemma 1, we must show that (15) and (16)

are satisfied with equality at (wj*, AT*, g77), (w3, A%, 757 ). We proceed
by contradiction. Suppose first that (wi*, AT*, 777), (wif, A%, 73) are such

that (16) is not satisfied with equality. Then it must be that the profit the

16. As pointed out by a referee, when there is a continuum of states, but with a finite
number of peaks and little mass in between, the hazard rate is not monotonic, and the
superiority of all-units discounts is established once again.

17. For a comprehensive legal treatment of this issue in the United States see American
Bar Association Antitrust Section, 1997.
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manufacturer earns in the high-demand state, Ty (g} (wif, A%, 75)) —

cq (Wi, A%, g1, is less than Qp, where Qy = Ru(q7f (Wi, Af, 1)) —

caii (Wi, i, Tip) — Ry (wi', 2, 777) + TL@i wi', A7, 7).

To show the manufacturer has a profitable deviation, consider
an alternative menu of contracts (w}*, A7*, 77%), (pu(0), An, 455 (wif,
A, 7)), where
3, = Re@ii (wii, X5, Ti7) = Re@ii (i, A% 7070 + Tu (@i (0f, 275 770

prO)qi (Wi, A1, GH

(A1)

With these contracts, there is no change in the manufacturer’s profit
in the low-demand state and the constraint in (15) is satisfied (The
option meant for the low-demand retailer is unchanged). To see that
the constraint in (16) is satisfied, note that because (w;*, A7*, 77%) is the
same the right-hand side is unchanged, and because the retailer always
can choose g7 (wif, A5, 717), the left-hand side must be at least as large
as Ry(q5 (Wi, X5, 750) — puO)iug i (wir, A5, 75). 1t follows that the
constraint in (16) is satisfied and thus that the manufacturer’s profit
in the high-demand state is (pH(O)XH —c)g = QHm > Qp, for
all g > q5/(wif, Aff, G )- Since the high-demand retailer never would
purchase less than g} (wjf, A3, §7;) under the new menu of contracts
(because its per-unit price of py(0) would be prohibitively high), it
follows that the manufacturer will earn profit of at least Qy in the
high-demand state. Thus, the deviation is profitable, contradicting the
supposition that (wi*, A7*, §77°), (wif, A%, §7;) are such that (16) is not
satisfied with equality.

Now suppose (w}*, AT*, 77), (Wi, A%, q3) are such that (15)
is not satisfied with equality. Then it must be that the profit the
manufacturer earns in the low-demand state, Tr(q;*(w;*, A%, 777)) —
cq i (wi*, AT*, q7%), is less than Q;, where Q; = Ry (g7 (wi™, AT, 477)) —
eqi (i, 4 77

To show the manufacturer has a profitable deviation, consider
an alternative menu of contracts (wi}, A5F, 755), (pu(0), AL, gi*(wi*, A,
777)), where

Re@i(wi', AT, 1)

XL = sk =Rk
pu)qr*(wi*, AT 71

(A.2)

With these contracts, there is no change in the manufacturer’s profit
in the high-demand state and the constraint in (16) is satisfied (The
menu meant for the high-demand retailer is unchanged, and it is
now more costly to mimic the low-demand retailer). To see that the
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constraint in (15) is satisfied, note that because the retailer always can
choose g;*(wi*, A7*, q1"), the left-hand side must be at least as large
as Rp(gr*(wi, A5, 73) — pu(0)iLg*(wi*, A, 75). It follows that the
constraint in (15) is satisfied and thus that the manufacturer’s profit
in the low-demand state is (pH(O)XL —0o)g = WW > Q;, for
all g = g5 (wi*, A7, g17). Since the low-demand retailer never would
purchase less than g;*(w;*, A7*, §7%) under the new menu of contracts
(because its per-unit price of py(0) would be prohibitively high), it
follows that the manufacturer will earn profit of at least € in the
low-demand state. Thus, the deviation is profitable, contradicting the
supposition that (wy*, A7, 777), (wif, A%, 77) are such that (15) is not
satisfied with equality. O
Proof of Lemma 2. We know from Lemma 1 that (15) must be sat-
isfied with equality at (wi*, A7*, q77), (w3, AT, q55)- This implies that
wi* > p(0) because otherwise a retailer in the low-demand state could
earn positive profit by purchasing g < g7* for some q. Given w;* > p;(0),
Lemma 1 also implies that A}*w;* = pr (") because if AT*wi* < pr(77"),
a retailer in the low-demand state could earn positive profit by pur-
chasing g = 77%, and if AJ*w}* > pr(g7"), a retailer in the low-demand
state would earn negative profit for all 4 > 0. Given w}* > p;(0) and
AMwr = pr(@7Y), it follows that the retailer chooses q;*(wi*, A3*, q1") =
q7" because for all other g > 0 it would earn negative profit.

To finish the proof, it remains only to establish that
g Wi, M5, 950) = G5 - We know from Lemma 1 that (16) must be satis-
fied with equality at (w*, A7, 977), (wif, A3}, 751 ) This implies that wj}
must be such that max,; 7= Ru(q) — wijg < K, where Kis the right-hand
side of (16) evaluated at (w*, A7*, "), because otherwise a retailer in the
high-demand state would strictly prefer to purchase g < 73 for some
g under contract Ty(q) than purchase under contract T;(g). Given wj},
Lemma 1 also implies that A;;wj; must be such that max,>z: Ry(q) —
Aijwifg < K because otherwise a retailer in the high-demand state
would strictly prefer to purchase g = max{77}, 45;(AF;w})} under con-
tract Ty(g) than purchase under contract T;(g). Finally, Lemma 1 im-
plies that at least one of these two inequalities must be satisfied with
equality because otherwise a high-demand retailer would strictly prefer

to purchase under contract Ti(g). It follows that g} (wif, A%, 57) €

{g55(wi), max{7y], g5 A wih)}} if both inequalities are satisfied with
equality, q7f(wi, At 75) = q5(wyf) if only the first inequality is
satisfied with equality, and g} (wi, A1, 75) = max{q3, 95 (A wi)} if
only the second inequality is satisfied with equality.

To narrow the possibilities, suppose g7 (wif, A5, G1) = g5 (wi).
Then the manufacturer earns profit wifqy, (wif) — cqi(wi) = Ru(gs;
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(wi})) — cqi(wi) — K in the high-demand state. Since gj,(w}}) < q7;(c)
because wjf > ¢, this profit is less than Ry(g}(c)) — cqf(c) — K, the
profit it could earn in the high-demand state by choosing wy
such that max;.z, Ru(q) — wnq < K, \ywy such that Rpy(qy(c))—
rawnqgy(c) = K, and 7 = g5;(c). Thus, there is a profitable deviation,

Hk

contradicting the supposition that g (w};, A}, 1) = 95 (wi). Suppose
a5 wif, A, 7)) = 9 wif). Then, since Affwjf > ¢, implying that
g wi) < q7,(c), the same argument also establishes the existence of

a profitable deviation. Thus, it must be that (w3, A3, 95) =95 O

Proof of Proposition 3. To prove Proposition 3, we must show
that g} (wif, A5, 95) = 95;(c). The proof is by contradiction. Using
Lemma 1, we can write the manufacturer’s maximized profit as

a(RL(gr(wi™, AT, q1)) — eqr™(wi*, A7%, 41°)
+(1 = ) (Ru(qi (i, A, §1)) — cqif (Wi, A, 737)) (A.3)
— (1= a)(Ru(qiy (wi*, AT 410) = T(gir (Wi, AT5 q1)-

Suppose g (wif, A5, Gr) #q5(c).  Then, since gf(c) =
arg max; Ry(q) —cq, it must be that the manufacturer’s profit in
(A.3) is less than Q;, where
= o(Ry (71" (0, 47", 77) = cqp" (i, 477, 77)

+ (1 = a)(Ru(qg(c)) — cqp(c)) (A4)
— (1 = a)(Ru(qir(wi*, AT g1)) = Te(@i (Wi AT, 417)-

To show the manufacturer has a profitable deviation, consider an

—kk

alternative menu of contracts (w*, A¥*, 77), (pu(0), An, g3;(c)), where
5 _ Ru@5(©) — Ru(qf (i, A7, 41 + Te (@57 (wi™, AL, 71))

H= . (A5)

pr(0)q5(c)

With these contracts, there is no change in the manufacturer’s profit
in the low-demand state and the constraint in (15) is satisfied (the
option meant for the low-demand retailer is unchanged). Also, because
(wi*, A7%, q7") is the same, the right-hand side of (16) is unchanged, and
because the retailer always can choose gj;(c), the left-hand side must
be at least as large as Ru(q}(c)) — pu(0)Auqj(c). It follows that the
constraint in (16) is satisfied and thus that the manufacturer’s profit
in the high-demand state is (pu(0)Ay — ¢)q, for all g > g,(c). Since the
high-demand retailer never will purchase less than gj,(c) under the
new menu of contracts (because its per-unit price of py(0) would be
prohibitively high), it follows that the sum of the manufacturer’s profit
in the low-demand state and high demand state will be at least Q.
Thus, the deviation is profitable, contradicting the supposition that

(wi*, A7%, 77, (wif, A%, 5) are such that 5 (wif, A5, 1) #q95(c). O
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Proof of Proposition 4.  To prove Proposition 4, we begin by considering
the high-demand retailer’s quantity choice if it were to purchase un-
der the contract meant for the low-demand retailer. Since wy > py(0)
is optimal, the high-demand retailer never will purchase g <7;.!8
This means that the high-demand retailer will either choose g =7 if
the threshold is binding, or g > 7 if the threshold is not binding. If
the threshold is not binding, then the high-demand retailer will choose
g5 (wr, A, 91) = 95(pL(qL))- Substituting the retailer’s quantity choice
into (17), we can write the manufacturer’s problem as

nrq_lflxa(RL(ﬁL) —cq) — (1 —a)(Rulqi(p@L)))
=L@ )9 H(pL@ L)) (A.6)

Differentiating (A.6) with respect to 7 , and using the envelope theorem,
we have that §7* solves the first-order condition in (19). If the threshold
binds, then the high-demand retailer will choose g} (wr, A, 71) =7 .
Substituting this into (17), we can write the manufacturer’s problem as

HL’TJ?XO!(RL@L) —cqp)— (1 —o)(Ru(@r) — r@L)qL)- (A7)

—skk

Differentiating (A.7) with respect to 7, we have that §}* solves the first-
order condition in (20). We conclude the proof by noting that Lemma 2
implies that q;*(w;™*, A7, §7°) =q71". O

A.1 EXAMPLE IN WHICH WELFARE IS HIGHER WITH
ALL-UNITS DISCOUNTS

Suppose the inverse demands are given by p;(q) =a — L, where
i € {H, L} and 0y > 6, so that when plotted (see Figure 5), the inverse
demand is everywhere flatter in the high-demand state. Solving for
a5, 910, %;;) and "%"—q('), and substituting these expressions into (9)
and (10), we obtain the retailer’s quantity choices under the profit-
maximizing menu of two-part tariffs:

0?a(a — )

Oya —c) . _
)= A =) — (= 20011

5(0) = ——5— qr(w;

In the case of all-units discounts, we will have different solu-
tions for the two subcases that may arise. If g (A[*w;*) > 77", then
we can use Proposition 4 and condition (19) to solve for the re-
tailer’s quantity choices under the profit-maximizing menu of all-units

18. Note that w; affects the maximand in (17) only through the term
Ru(qif(wr, AL, qr)) — To(q}f (wr, AL, 71)). Since the maximand is decreasing in this term,
and since this term is decreasing weakly in wy,, it follows that the manufacturer will choose
w, such that a high-demand retailer never would purchase g <7, e.g., wr > pp(0).
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discounts:
_ Or(a — ) _ 02a(a — )
kk sk kk Kk kk kk sk Kk
(W, A, dg) = ——=— 4q; (Wi, AL )= ————.
IuWg, Ay, 9y 2 gL 2aby + (1?)9[{]

In this subcase, the high-demand retailer’s quantity choice is the same
in both cases (as expected), while the low-demand retailer’s quantity
choice is higher if and only if 6y > §6L. Since this subcase arises if and
only if Oy > 20y, > §9L, it follows that welfare is higher with all-units
discounts.

If g5;(A7*wi*) < g7, then we can use Proposition 4 and condi-
tion (20) to solve for the retailer’s quantity choices under the profit-
maximizing menu of all-units discounts:

iy _ OH(@ —0) _ Onbra(a —c)
L 200 — (1= )1
Comparing gq/*(wi*, A7%,q7") and gqj(w}), it can be shown that

g (wi*, A7%, g7 is higher than g; (w}) for all 0y < 26;, implying that,
once again, welfare is higher with all-units discounts.

A.2 EXAMPLE IN WHICH WELFARE Is LOWER WITH ALL-UNITS
DISCOUNTS

Suppose the inverse demands are given by pi(q) = 6i(a — g;), where
i € {H, L}, and 0y > 6, so that when plotted (see Figure 6), the inverse
demand is everywhere steeper in the high-demand state. Solving for
a5, 950, ‘m’( IR0 and aq, ), and substituting these expressions into (9)
and (10), we obtam the retailer’s quantity choices under the profit-
maximizing menu of two-part tariffs:

@=5(s-5) aiwn=5(a- ZOH )
i o) T =\ T A —w)e — (1 — 20001 )

In the case of all-units discounts, we will have different solu-
tions for the two subcases that may arise. If g} (A}*w}*) > g7, then
we can use Proposition 4 and condition (19) to solve for the re-
tailer’s quantity choices under the profit-maximizing menu of all-units
discounts:

*ok *ok Kk =kk 1 c Kk Kk sk =k
gy Wi, A qw) =5 \a—— | qr (wi™, AL g1
2 Oy

B a0r[(Ba — 1)0y + (1 — @)0L] — 2a6yc
o O [4aby + (1 — a)o; ]
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In this subcase, the high-demand retailer’s quantity choice is the same
in both cases (as expected), while the low-demand retailer’s quantity
choice is higher if and only if

- (20 —0L)
6L(O — (1 — a)0n)

a
c

If this condition holds, then welfare is lower with lower with all-units
discounts.

If g5;(A7*wi*) < g7, then we can use Proposition 4 and condi-
tion (20) to solve for the retailer’s quantity choices under the profit-
maximizing menu of all-units discounts:

1 c
g1 Wi, M TH) = 5 (a - @); g wrt, A, gy

_1 oc
_§<a_9L_(1_0()9H>.

Comparing g/ (wi*, A7%,q7") and gj(w}), it can be shown that
g (wr*, A%, q17) is always lower than g} (w}), implying that, once again,
welfare is lower with all-units discounts.
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