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Abstract. In this paper, a formal model of technology-based vertical market structure is
interacted with different environments of downstream and upstream strategic behavior.
The research is innovative on four grounds: on the one hand, it explicitly establishes
mathematical conditions for the assessment of vertical arrangements at the firm level,
rigorously defining — as a peculiar production (in)externality - economies of depth.
Secondly, it provides equilibrium and welfare comparisons of vertically integrated and
non-integrated or decentralized market structures under different assumptions on the
intervening productive agents competitive behaviour - final output producers,
intermediate product suppliers, and primary factor owners. The exercises highlight
transmission mechanisms of market power through intermediate product industries. The
consequence of each particular market failure is studied inde pendently (or in absence) of
the others, considering ceteris paribus deviations of conduct relative to the competitive
paradigm of each side of a transaction. Thirdly, the analysis shares a common well-defined
representation of the underlying technologies, relying on duality and other production
theory properties with respect to factor prices and usage — allowing for substitutability as
for complementarity. Finally, the role of pre-commitment or contractual arrangements —
vertical restraint clauses - is discussed in connection to the sequencing or hierarchy of the
decision process. A final qualification of the effect uncertainty in upstream markets on
equilibrium outcomes is suggested.

Keywords. Economies of depth; Internalities; Vertical integration; Vertical mergers;
Intermediation; Intra-industry trade. Economic (mechanism) design: Short and long-run
reaction functions; Pre-commitment; Vertical restraints; Trade unions. Monopsony in
primary factor markets.
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1. Introduction
heory and measurement of economies of scale are well documented
in economics literature. Even economies of scope were subject to
rigorous mathematical study under multiproduct technology theory
(Chambers, 1988). Firms' vertical arrangement does not seem to have
benefited from identical analysis: going over the vertical structure
literature, a common feature is the usual neglect of the reference to a well-
defined upstream (sellers of intermediate products) — or downstream
(buyers of intermediate products and sellers of final products) — production
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function, connected to the use of outside primary factors; the analysis
usually stops at cost functions. Of course, vertical integration was modelled
and connected to merger occurrence — in a context of a variety of plausible
reasons. Yet, a link to final input and factors “derived” demand is generally
absent. Which may be irrelevant for most analysis — and we will recover
some well-known results of previous studies. But by proceeding to it, we
get a wider understanding of transmission of market power over an
industry, study the less popular case of complementarity, provide simpler
— or novel - rationales for particular arrangements such as vertical
restraints, and proceed to a different type of assessment of vertical mergers.
In particular, it allows the study of uncompetitive primary factor markets —
a subject usually not associated to vertical integration.

The first thing that is acknowledged in this research is the potential
indeterminacy of vertical market arrangements under conditions of
competitive markets and absence of (positive or negative) technological
“economies of depth” — nesting or “chain economies” -, these referred to
the use and internal production capacity of primary inputsby downstream
technologies. Yet, even if those economies — adding up Perry’s (1989)
technological and transactional economies (Williamson, 1975) — exist on a
(upstream )firm-to-(downstream )firm basis, the vertically decentralized
market may still be able to provide the inputs at a lower cost — if the
optimal scale of the downstream firm requires a very different input
quantity than the competitive scale of upstream producers -, justifying the
literature on vertical integration (Tirole 1988; Perry, 1989; Hay & Morris
1991; Martin, 1993; and Guerra, 1997 for surveys) relying on a constant
returns to scale (CRS) assumption for the upstream technology or on the
existence of small number of intermediate input manufacturers.

A second type of determinants of the vertical arrangement of the
industry is external to the downstream technology and rather relies on the
market structure of the surrounding environment — the number and
strategic behavior of the intermediate input manufacturers and the
substitutability between the intermediate inputs in the downstream
technology (Vernon & Graham, 1971; Schmalensee, 1973; and Westfield,
1981 assess upstream monopoly); of sellers of the same final output (Perry,
1978) studies monopsony towards upstream producers); market power of
the owners of primary factors used in the industry.

In a decentralized — or not... - industry, a new market layer is
introduced, and the sequencing of the multiple decision processes may
exhibit different features. Apparently, perfect competition allows
alternative hierarchies to generate equivalent outcomes; that is not the case
with deviations from the competitive paradigm. Vertical restraints are then
a source of such conditioning this may be based on contractual
arrangements, but also be physically or technologically induced. They are
sometimes suggested by the existence of ‘externalities” to the upstream
maximization problem (Mathewson & Winter, 1984). Also Irmen (1998) for
a survey of related developments); by uncertainty or asymmetric
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information (Rey & Tirole’s 1986 argument; see Katz, 1989 for a survey);
and, of course, also important for the comparison between decentralized
and vertically integrated prototypes. Usually, they are considered to be
imposed by a uncompetitive manufacturer on a retailer; we note that the
implicit quantity (under quantity-fixing, QF) or price limiting level (under
resale price maintenance, RPM 2) may, nevertheless, ultimately be set by
the downstream entity and study their effect in this light: their reaction-
limiting role, potentially advantageous against uncompetitive opponents.
We expand the argument to interpret tying arrangements in contexts of
multiproduct bargaining.

A final application is directed towards including uncertainty in the
framework. We study upstream market uncertainty (Carlton 1979 analyses
final output demand uncertainty), extending Arrow’s (1975) appraisal, and
consider the simpler example of exogenous fluctuations affecting decisions
in four typical contexts (Aiginger’s, 1987 typology, also used in Martins,
2004): quantity-quality, with or without ex-post flexibility towards quantity
decisions and price formation.

The research on the effects of uncompetitive conduct is illustrated with
duopolistic examples and directed towards the recognition of familiar
reaction function (geometric) analysis of the resulting (simultaneous...)
Nash equilibria.

Notation with respect to the intervening firms’ tecnologies and technical
economies of depth are defined in section I. Section II inspects properties of
reaction function equilibrium of uncompetitive upstream producers, with
and without vertical restraints, and section III those of intermediate
product buyers. In section IV, similar analysis is conducted for an industry
facing uncompetitive primary factor pricing; monopsonistic behavior in
such markets is then dealt with in section V. In section VI, uncertainty in
upstream markets qualifies the likelihood of emergence of in-house
production. The exposition ends with a brief summary in section VIL

2. Technology
Let there be a final product y in the economy which can be produced
through the function:

y = 6,5V L) M

Ly denotes quantity of a primary factor of production, xy1 and xyz, of

two intermediate products. These are produced by independent firms
according to specific product functions requiring production factors L;:

2 Gilligan (1986) summarizes its role among others as a cartel discipline device. Under
downstream monopoly, we will highlight its ability as a competitive promotion one.
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x = gLy , i=12 @)

If by integrating with intermediate production — say, by merging with
the firms producing 1 and 2 that become plants of the whole complex (then
vertical integration is no more than an accounting device); or by actually
replacing the whole process and rely on upstream primary factors rather
than intermediate products -, the firm that produces y would face the
function:

y = flg' 1Y), 87y, L] 3)

there are no technological advantages nor disadvantages in joint (i.e.,
with x; and x, simultaneously) vertical integration.

Suppose we are assessing integration between the firms that produce y
and intermediate input 1 only; technology constraints do not allow the

output 'y = f[g1 (Lyl), Xy, Ly] with such arrangement; instead, the efficient
production of y without the direct use of x; even if with the primary factor

used in its production, L, is possible according to a production function
- nly
y =h L7y, xp Ly) (4)

Eventually, if Lyl and Ly refer to the same factor, h1 (Lyl, Xy, Ly) =

hl(xz, Ly1 + Ly) = hl(xz, th) and the distinction between LY. , say,
assigned to the internal production of input 1, and Ly, other factor usage,

becomes meaningless; without loss of generality, we will keep the
distinction.

If hl(Lyl, Xo, Ly) > f[gl(Lyl), X, Ly]’ there are technical economies of
depth with respect to input 1. With perfect information and competitive
markets, one would expect to observe only the vertically integrated
arrangements. If hl(Lyl, Xoy, Ly) < f[g1 (Lyl), Xo, Ly], there are diseconomies

of depth - chain diseconomies, nesting diseconomies - with respect to input
1.

Economies of depth with respect to each input may interact in various
ways. For example, there may be economies of depth with respect to1 and

. 1 1 2
2 unilaterally, so that h™ (LY}, x,, Ly)> flg (LY)), x5, Lyl and h"(x;, LY,
Ly) > f[xl, gz(Lyz), Ly] - h2(x1, Lyz, Ly) represents the integrated

technology with input 2 only, differing from n! (Lyl, X, Ly) -, and yet the
A.P. Martins, 9(1), 2022, p.1-53
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joint integration, h(Lyl, Lyz, Ly) does not improve upon each of the
unilateral arrangements, hl(Lyl, Xo Ly) or hz(xl, Lyz, Ly), even if it does

the decentralized f[g1 (Ly1 ), gz(Lyz), Ly]'

A dual representation may thus correspond to the previous definition.
Let Py denote the price of y, p; the price of input i, i =1,2, and w the price of

a now homogeneous input L. The cost function of the generic producer
using intermediate products — with quasi-concave technology in the three
arguments, x;, X, and Ly as (1) - is C(y, py, py, W), originating conditional

demands x;(y, py, Py, W)= 0C(y, py, Py, W)/ Op;; of an intermediate product
firm — with concave technology - it is C'(x;, w), with supply function x.(p;

w) generated from p; = 6Ci(xi, w)/ Ox; 3. From equilibrium between
supplies and demands, xi(y, Py, Py w) = Xi(pi’ w), i= 1,2, we derive a set of
price equations, p; = p;(y, w).

If intermediate products are manufactured by single producers — or by
CRS technologies — and the intermediate market is competitive, integration
will be expected — there will be economies of depth - iff

Py, wy < Cly, Cxq, wilxq, €26y Wiy, w1 < Cly, py(y,w), pyly,w), wl (5)

where Ch(y, w) denotes the cost function for the generic integrated
production, say, h(Lyl, Lyz, Ly)’ and the xi’s in (6) are evaluated at the

unintegrated market optimal size level.
Partial economies of depth with respect to one input only, say 1, could

as well be related to Chl(y, Py w) < C[y, Cl(xl, W)/Xl’ Py, w] < Cly,

p1(y/W), py, W], where Chl(y, Py, w) would be the cost function associated
with (4).

Suppose that post-merger technology with both x; and x, allows y =

f[g1 (Lyl), gz(Lyz), Ly’ Lyl, Lyz] so that f(xyl, xyz, L., 0, 0) identifies the

y

decentralized production function of y from extemally produced x; and x,,

1e.:

3 Production theory results and properties are commonly referred to in textbooks and
surveys - Varian (1992), Diewert (1982), Nadiri (1982) and Chambers (1988) for example.
Also, Silberberg (1990).
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y = £, %, Ly 0,0) = £y, %Y, Ly) (6)

Then, economies of depth arise in the form of externalities - or rather, as
internalities - implicit in valuation through f(xyl, xyz, Ly’ Lyl, Lyz) of the

last two arguments, only present with vertical integration (they might as
well be introduced as functions of the input quantities themselves...), with
internal production of the intermediate products. Economies of depth with

respect to input, say 1, would occur iff f[gl(Lyl), xyz, Ly’ Lyl, Lyz] >

fig (L)) ¥, Ly, 0, LY)], to input 2, iff x"), (LY, Ly, Y} LYy1>
2 . 1 2

f[xyl, g (Lyz), Ly’ Lyl, 0] - possible represented by f,[g (Lyl), g (Lyz), L v

U, Y, &8 Y)), g2y, Ly, LY}, Y] > 0 - positive “internalities” -,

respectively; diseconomies would be associated to negative marginal
effects.
Technically, presence of (dis)economies of depth defined in this way

involve the collapse of the weak separability — even if arguments of gl(.)
are priced equally in the market as those in gz(.), they are of independent
usage in each of the subfunctions... - implicit in the form f[g1 L) gz(Lz),
Ly’ 0, 0], even if separability between the input usage in the two sub-

production functions is preserved with vertical integration.
Suppose further that the technology representing unilateral integration

of y with firm 1 stems from the same 5-argument function as f[gl(Ly1 ), Xo,

o1 o 2
Ly, Lyl, 0], and that with firm 2 obeys f[Xl’ g (Lyz), Ly, 0, Lyz]; then,

(dis)economies of depth enjoy some sort of separability themselves. If we
think of monetary, say cash-in-advance economies, natural — separable -
economies of depth arise just for the fact that vertically integrated
industries would save r (py X; + py X5 =Wy L; = W, L,)*, where r denotes
the interest rate, each period of production just by being fully integrated.

Then, unilateral economies of scale with respect to input, say, 1 with the

other kept external would occur iff f[gl(Lyl), xyz, Ly’ Lyl, 0] > f[g1 (Ly1 )

x5, L, 0,0], to input 2, iff fx7;, gA(LY,) Ly, 0,LY,1> ), 1Y), L0

y
0] - possibly represented by f4(xy1, xyz, Ly’ 0, 0), f5(xy1, xyz, Ly’ 0,0)>0,

‘r (p1 X| TPy Xy =Wy L1 -w, L2 - P 81 K1 P 62 Kz) where Py denotes the unit price
of physical capital, 6i the capital stock depreciation rate and Ki the stock of capital in

sector i if capital were also used in upstream firms and its owners “residual claimants” of
the firms accounting profits, not re quiring pre -money.
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respectively; diseconomies would be associated to negative marginal
effects.

Global economies of depth arise iff f[gl(Lyl), xyz, Ly’ Lyl, Lyz] >

f[gl(Lyl), xyz, Ly’ 0, 0]. Then, they may occur even if unilaterally and

keeping other input process out they may not (for example, a case in which
f,<0,f <0butf45>0).

To assess the arising of a vertical integrated arrangement in such
deterministic scenario, one would weight

1) Technological economies of depth with respect to each input.

2) The costs of internal production of the inputs relative to the cost at

which it is available in the market. Then, scale of optimal demand of xyiby

the firm that produces y relative to that of the typical firm producing i,
returns to scale at the their production level, profits made by a firm in the
intermediate product industry, and the competitive environment in the
intermediate product industry are also relevant.

Proposition 1:

1.1. With CRS (or decreasing returns to scale, DRS, at the firm level, with
smaller scale than downstream firms require) intermediate product
technologies, and intermediate product industries operating at zero profits
— facing competitive primary factor markets themselves -, unless we have
economies of depth, no vertical integration is expected.

1.2. In the absence of (dis)economies of depth and if the firm producing
y is the only user of the two inputs, provided the intermediate product
firms behave competitively - ie, price at marginal cost and face
competitive factor markets -, market outcomes are invariant to vertical
integration. As long as the intermediate product firms are making positive
profits, integration is, however, to be desired by downstream producers —
by internalizing production, these will accrue to the downstream firm (in
addition to those already got...). And also the reverse...

The presence of a unique buyer-seller of each intermediate product has
interesting implications for the understanding of the non-technological
determinants of vertical integration. Under such circumstances, strategic
behaviour of both buyer and sellers — the framework suggesting a model of
two differentiated products competition - as market power of the seller of
final product y, and of supplier of primary factor L are relevant in the
determination of market structure.

Obviously, barriers to vertical integration — institutional, international or
other - may exist. For simplicity, we will consider a single intermediate
input economy and L; and Ly as quantities of an homogeneous primary

factor in most of the sections — whenever we are not focusing on their
behavior.
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A general qualification of welfare effects can also be made. Obviously,
given that we descend to primary factors in all production stages, the
welfare loss of any vertical arrangement will depend on final output
demand configuration, but also on primary factor supplies. The traditional
surplus evaluation now suggests that:

- if both final demand and factor supplies are perfectly elastic, the
welfare losses are confined to total industry profits waste.

- if final demand is perfectly elastic but factor supplies are perfectly
inelastic, welfare losses will approach final revenue decreases and be in line
with final output contraction in the downstream market.

- only if factor supplies are perfectly elastic can welfare losses be
ascertained by the sum of consumer surplus and profits decreases. Or
rather, if factor supplies are not perfectly elastic (nor perfectly inelastic),
producer surplus measurement should internalize factor supply response.

3. Monopolisticupstream markets

3.1. Modelling vertical (or other) restraints

When assessing the possibility of an upstream firm exerting market
power, one has to make assumptions on how it perceives the downstream
firm reaction to its control variable — the downstream firm demand reaction
to the price the upstream firm sets. That may be seen as constrained by the
sequence of the decision process itself, or by the knowledge the upstream
firm has by the time her own decision takes place on variables that the
downstream firm either controls or faces. Or by the pre-committed level of
these variables implied by particular transaction arrangements. Of course,
the matter is not relevant for an upstream price-taker — she just assumes
fixed output prices, invariant to her own scale decisions; it does otherwise.

Let xi(py, Py x)-, Ly) denote the short run demand for input i, arising

from the solution of Py £:(x1, Xy, Ly) = p;- To identify it as its perceived

demand, the upstream firm must, at the time of its production decision,
observe all the four arguments in the function; and to use it for
optimization, it must not observe p]-, the monopolistic competitor’s price —
in which case, it could use instead x i(py’ Py Py Ly), arising from py fi(xl’
Xo, Ly) =p; forbothi=1,2 -, nor w.

Or p v % and Ly are just fixed, while i's decisions concerning its price
and supply take place. If labor contracts are of longer duration than — or
settled before — those concerning the transaction of the upstream firm
intermediate inputs - these decided at the same, and lower, hierarchic level

in the decision process -, one would postulate that i recognizes only the
short—run conditional demand Xi(py" Py Py Ly). If labor could be adjusted

also in the short run - yet an overall production scale y is (still) decided
upon by downstream firms along with final output pricing prior to the
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factor and input-mix negotiation -, we would admit that the upstream firm
faces the conditional demand:

X; = X{(y, Py, Po, W) )

Of course, ex-post, y will be subject to optimization by the downstream
firm. But at the time i makes decisions, and during the period in which the
pertaining activities occur, it is seen as invariant °.

We will concentrate on the comparison of two cases: one in which the
conditional demand is identified — quantity-fixing, QF; another where the
derived demand is — then, resale price maintenance, RPM, is suggested (or
a perfectly elastic final output demand and no vertical restraints —
theoretically, the optimizing behaviour of an upstream monopolist under a
perfectly elastic final output demand in a perfectly informed, vertically
unconstrained economy). We neglect the problem of firms multiplicity or
entry dynamics in each (homogeneous) market — the setting may thus be
seen to apply literally to single producer sectors (facing a perfectly elastic
demand when their competitive selling behaviour is to be realistically
staged); or to a competitive selling sector of firms with CRS technology —
then, the firms/sector would always make nul profits.

Being the intermediate product firm i a monopolistic producer facing the
conditional demand, it will set p, such that it maximizes

P; xi(y, P1- Py, w) — Cl[Xi(Y/ Py Py w), w] (8)

In a market where simultaneous downstream scale and hiring decisions
take place — in which firm i links Py to the demand it faces — the upstream

firm would internalize the buyer derived demand Xi(py’ Py, Py, W) and

maximize instead

P; X;(Pys P1/ Poy W)= Cl[Xi(ny P1 Py, W), W] = )

= pl XI[Y(py/ plr p2/ W)/ p1/ p2/ W] - CI{XI[Y(py/ plr p2/ W)/ p1/ p2/ W]/ W}

y(py, Py, Py, W) denotes the downstream supply function.

In either case, optimization may be subject to conjectures on reaction of
firm j to the price strategy of firm i, pj = sj(pi, y, W) or pj = sj(pi, Py w)
respectively. FOC require:

5 The setting reproduces a special two-stage game - see an example in Kreps and
Scheinkman (1983), generating Cournot outcomes after Bertrand strategies in
homogeneous product markets with capacity-induced quantity pre-commitment.
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xi(k, Py, Py W) + {p; - OC'x(k, 1, Py, W), WI/ O3}
[0x;(k, Py, Py, W)/ Op;+ Ox;(K, pp, Py W)/ 8pj 6s](pi, k, w)/ dp;]=0 , k=
Y’ py

SOC for a maximum establish that the derivative of (the left hand-side
of) the previous expression with respect to p, must be negative around the

solution obeying FOC.
Let i be a monopolist — and j sold in alarge competitive market at fixed

price P Pj - 6Ci[xi(1<, Py, Py W), wl/ Ox; reacts to p; according to 1 -

. . 5
d{aCl[Xi(k, Py, Py W), wl/ axi}/dpi =1- azcl[xi(kr Py, Py W), w]/ axi axi(k,
P, Py W)/ Op,, positive if (but not only if) i works in the neighborhood of
decreasing retumns to scale (required by SOC for a price-taker); then, to
create a (positive) wedge between p; and marginal cost, the price should
rise — and (at fixed Py k and w) p; would be larger for amonopolist than for

a price-taker.

(In our definition,) Final output pre-commitment implies that the
downstream firm scale decision is outside the range of the input producer
optimization — that y can be pre-ordered, insured, by the downstream firm
without i's agreement which with input substitutability is a reasonable
assumption. And the use of a particular demand form x;(.) in i's maximand

also means that i is involved in such agreement: that she will supply the
desired x;(., p .) at the arguments” level of the function provided that p; is

guaranteed.
One could argue that short-run demands would more adequately apply
to the scenario. Consider the extreme case that xi(y, X, Ly), solving y = f(xl,

Xs, Ly) was to be used. Then, pre-commitment would mean that i always
guarantees X; to the downstream firm, which therefore, indeed fixes x i and

y (and chooses all else after and regardless of arrangements with i) — that i
will provide x;, compatible with any y desired by the downstream firm,

regardless of the P Le, i chooses y that maximizes P; xi(y, Xy, Ly) -

Ci[xi(y, Xo, Ly)’ w]: with downstream price-takers, the fully competitive

solution is then achieved... In another angle, that would correspond to the
vertical integration outcome.
If Xi(py’ Py .), then final price is maintained — invariant — during

negotiations. It applies to bargaining agreements arranged through explicit
resale price maintenance clauses; or under perfectly elastic final output
demand with (some) internalization of final price (and then RPM is just
implicit).

A.P. Martins, 9(1), 2022, p.1-53
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Obviously, the upstream firm will benefit from the removal of the
quantity pre-commitment clauses, (or of the resale price maintenance
clauses when final demand is less than perfectly elastic and the
downstream market is competitive): if decisions on y are adjustable by the
downstream firm after negotiations on x; and p;, i is in fact a “follower”

after another - constrained to play a symmetric Nash-bargaining game - in
what the decision on y is concerned. With the lifting, i can act as a
“Stackelberg leader” — and cannot, therefore, be worse-off.

Proposition 2:

2.1. Monopolistic upstream firms can only deviate from competitive
practices — and charge prices above marginal cost - if not all other input and
factor purchases (or orders) were negotiated before — but totally adjustable
by the downstream industry to — the upstream firm’s price and quantity.

2.2. Under resale price maintenance schemes, one cannot have (active)
quantity pre-commitment clauses — or vice-versa — affecting upstream
optimization. That would not leave free the pre-determined levels of other
products variables (either prices or quantities).

2.3. Obviously, the upstream firm will benefit from the removal of all

pre-committed level if the latter was, in fact, pre-set by the downstream
sector (and the removal does not change the downstream modus operandi,
i.e., the perceived demand for the upstream intermediate product remains
valid).

Likewise to 2.3, the upstream firm would not benefit from downstream
firm shortrun rigidity of other input or factor quantities during
negotiations if these were decided optimally ex-ante.

3.2. Upstream monopoly with perfectly elastic final demand

Let y be pre-committed and i forced to a Nash equilibrium with respect
to the downstream firm scale determination. Bertrand conjectures © - o9 Py
y, W)/ Op; = 0 — or perfectly elastic supply of x; and Ly at prices Pj and w to

J
firm y imply that:

Xi(y, P1/ Py w) +{Pi - GCl[xi(y, P/ Py w), wl/ 8xi} aXi(Yr P/ Py, w)/ 5pi =0

or

-[1- aCI[Xi(y, p1, pz, W)r W]/ aXi /pl] ﬁxi(y, p1/ pZI W)/ 6191 pi/Xi(y, pl, pz,
w)=1 (10)

¢ Thatis, Nash equilibrium in price strategies...

A.P. Martins, 9(1), 2022, p.1-53
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The conditional demand is negatively sloped and 0x;(y, py, py, W)/ Op; <

0. Hence, in this case, - because xi(y, Py Py w) >0 - the intermediate firm(s)
will set p;> 8Ci[xi(y, P Py w), w]/ 8xi.

(10) implies a response function p. = pi(y, Py w). Of relevance is also
how the price moves with A = Py ¥ and w. On the one hand, the derivative

of (10) with respect to p. is negative for a maximum. Then at given other

variables, the sign of api(pj, y, w)/ OA, A= pj, y, w is that of the derivative
of (10) with respect to A = pj, y, w. For A = pj, y:

ox;(y, Py, Py W)/ OA + (11)
+{p;- OC' (Y, Py, Py, W), W1/ Ox;) szi(y, Py, Py, W)/( Op; 0A) -

- azcl[xi(y, Py Py W) w]/ 6xi2 oxi(y, Py, Py W)/ OA x,(y, pys Py
w)/ 8pi

The intermediate term can be replaced by:

- 62xi(y, P1/ Py w)/( api 0A) Xi(Yr P1, Py, w)/ 5Xi(}’r P1/ Py, w)/ api (12)

As long as this is negligible (say, for prices around marginal cost) or
favorable (e.g., along with the first term), expression (11) will have the sign
of 0x;(y, p;, Py W)/ OA. For A =y, being i a nomal input in the

downstream technology - i.e., 0X.(y, py, Py, W)/ Oy > 0 - it will be positive;
being regressive, it will be negative. For A = Py it has the sign of dx,(y, py,
Py W)/ Gp]-, positive if i and j are substitutes in production in the

downstream technology, negative if they are complements.
For A =w, (11) includes also the term

- aZCI[Xi(yI Py, Po, W), WI/(0X; Ow) 0X(y, p1, Py, W)/ Op; (13)

having the sign of 82C1[xi(y, Py Py W), WI/(Ox; Ow) = 8L1[xi(y, Py Py
w), W]/ 0x;, of how the “competitive” conditional demand for L; by firm i
responds to its own scale. If L, was priced independently of L % (13) would

not be included along with (11) in the measurement of the effect of the price
of Ly, and it would be the only term relevant in the measurement of the

A.P. Martins, 9(1), 2022, p.1-53
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effect of the price of L; — positive (negative) if L, is normal (regressive) in

the upstream production process”.
Being i and Ly substitutes (in production) in y - 0x;(y, py, Py, W)/ Ow>0

- L;a normal factor for firm i, and (12) negligible, (11) plus (13) will be
positive.

I's profit will change with A=y, P; according to {p; - aCi[xi(y, Py Py W),

w]/ 8xi} 6xi(y, Py, Py w)/ 0A, and with w as {pi - aCl[xi(y, Py Py w),
w]/ 6xi} 8xi(y, Py Py w)/ Ow — Li[xi(y, Py Py w), w], where Li[Xi(y’ Py Py

w), w] denotes the conditional demand of firm i.

Proposition 3:

Under quantity pre-commitment, exogenous to upstream monopoly
determination:

3.1. Monopolistically competitive upstream firms will set prices above
marginal cost. For a given final output level, this will necessarily imply a
shift to the use of primary factor (if there are no other inputs) in
downstream production — and a total inefficiency by excessive hiring in the
whole industry — relative to the price-taker equilibrium.

3.2. A rise in scale will imply a rise (decrease) in the monopolist price,
provided the input is normal (regressive) for firm y. A rise in other
intermediate product price will raise (decrease) the monopolist price if the
inputs are substitutes (complements) in the downstream technology. A rise
in wages (primary factor prices) will most likely imply a rise in prices if
input is substitute (complements) to labor in downstream technology and
normal (regressive) in the upstream technology.

3.3. A rise in scale will imply a rise in the upstream monopolist profits,
provided the input is normal for firm y. A rise in other intermediate
product price will raise (decrease) the monopolist profit if the inputs are
substitutes (complements) in the downstream technology. A rise in wages
(primary factor prices) will imply a decrease in the monopolist profit if (but
not only if) the input is complement to labor in downstream technology.

Even if y is pre-arranged to upstream negotiations — provided the
downstream firm is competitive in the final output market and allowed to
maximize its profits - equilibrium final output will ultimately be replaced
in (10). If final output demand is perfectly elastic at price Py that amounts

to say that downstream supply, y(py, Py Py, W) is replaced in (10) - which
implies that p, = pi[p]-, y(py, Py Py, W), w] will respond to Py in the same

direction as to y. (Note that, using Hotelling’s lemma, api[pj, y(py, Py Py

7 With only one input in upstreamtechnology, it will be normal.
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w), wl/ Oy Oy(py, Py, Py, W)/ Op; = - 8pl[pj, Y(Py, Py Py W), W1/ Oy Oxi(py,
P Py, W)/ 6py <1 always, once the left hand-side is always negative.)
As y(py, Py, Py, W) answers to Py — and input prices -, the further

internalization of the downstream firm output scale optimization process
also affects the equilibrium outcome. Additional reaction of supply of final
product would lead to

X{(Py Py Py W) +{p; - GCI[xi(py, Py Py W), W1/ Oxi} Oxi(Py, Py, Po, W)/ Op; =

0 (14)

which, because Xi(py’ Py Py w) = xi[y(py, Py Py w), Py Py w], in fact
adds to (10) the term:

{pi - OCI[Xi(y, P1 Py w), w]/ 8xi} @)xi(y, Py Py w)/ Oy ay(py, Py Py w)/ 8p1(15)

It is clear that the solution of (10) evaluated at the final demand y(py, Py
Py, W), expected, say, if y is pre-committed, differs from the new one,
which would also include (15). Obviously, at given (py, Py w) — if final

demand is perfectly elastic -, i is always better-off without (any) pre-
commitment. In practice, RPM could then be a device to escape quantity
fixing - conditional demand bargaining - and/or a means to achieve a better
understanding of the downstream sector optimization process.

Duality theory proves that dx;(y, p;, py, W)/ Oy 6y(py, Py Py W)/ 0p;<0
always — it measures the scale effect on the demand for x; of a rise in its
price, p;. Therefore, we expect that a further internalization of scale
optimization (at given w and pj) decreases p; (lowers i’s reaction function)

and, therefore, will tend to increase x i Also, QF before could take the form

of a ceiling (floor), of a maximum (minimum) output-scale-capacity clause
if i is normal (regressive): as y responds according to downstream supply
y(py, Py, Py w), it would be set at a higher (lower) level without the

restraint.
Otherwise, conditions involving conditional demands are now replaced

by others relating to derived demand. For instance, 8xi(py, Py Py, W)/ OA,
A= Py Py still conditions the effect of A on firm’s i reaction function. For A
=P it is now substitutability at the derived demands that affect the slopes
of the reaction functions. For A = Py as 8xi(py, Py, Py W)/ pr = oxi(y, Py
Py, W)/ Oy 6y(py, Py, Py W)/ 8py, factor normality still conditions the sign
effect.
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For a fixed final output price, an upstream monopoly would still fix a
higher intermediate input price than a price-taker. At P; and w — for i

monopolist -, the optimal profits increase (decrease) with Py if i is normal

(regressive) in downstream technology because then {p. - 8Ci[xi(py, Py Py

w), w]/ 0x;} 6xi(py, P Py W)/ 8py > (<) 0.
Downstream firm’s profits rise with A iff OP(py, Py Py, W)/ OA+ OP(p v

Py Py W)/ Op; Op'/OA = OP(py, Py, Py W) OA - Xi(Py, Py, Py W) OP'/OA >0,
A = Py Py Wr where P(py, Py, Py, W) denotes y’s conventional profit

function. They rise with Py iff y(py, Py Py W) - Xi(py’ Py Py, W) 8pi/8py>
0, i.e, if average product y(py, Py Py w)/ Xi(py’ Py Py w) is larger than

8pi/6py; they decrease with A = pj W if but not only if 6pi/6A >0.

Proposition 4:

With monopolistic upstream firms and perfectly elastic final output
demand — or under a fixed final output price:

41. Input price flexibility to downstream output price will lower
upstream prices. It will thus raise (decrease) final output - provided the
intermediate input is normal (regressive); and it will enhance both
downstream and upstream firms profits.

4.2. Reaction to final output price has the same sign as to downstream
firm scale. The sign responses to other intermediate input prices and wages
remain valid relative to 3.2 and 3.3. but conditioned by substitutability in
derived demand.

4.3. Vertical integration, insuring competitive upstream practices, will
necessarily increase aggregate profits and welfare. It will increase
(decrease) output provided i is normal (regressive) in downstream
technology é.

3.3. Upstream monopoly and interaction with final output

demand and competitive environment

We have (implicitly) assumed a perfectly elastic final output demand. If
we drop the assumption, the previous analysis becomes insufficient to
qualify equilibrium. On the one hand, even if the downstream firm behaves
competitively:

- the quantity pre-commitment solution (10) will hold and can be seen as
evaluated at supply y(py, Py1- Py, W) but this suffers feedback — through Py

- from the final output market and demand.
- solution (14), or (10)+(15), will hold only if resale price maintenance
clauses are present. If they are, they can be seen as evaluated at supply

8 This is implicit from the next subsection conclusions.
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y(py, Py, Py, W) but, again, this suffers feedback from the final output

market. Particularly, it is no longer true that (14) is better than (10) for an
upstream monopolist — (14) does not insure against input demand fall
feedback...

- without resale price maintenance or other restrictions — and with
downstream always being a standard price-taker “follower” -, solution (14)
will no longer hold: then, it can also benefit from its implicit monopoly
position towards the final output market, as the sole supplier of an input all
downstream sellers — even if many and competitive —require, that is always
incorporated in the final product. (Of course, the upstream firm will be
better-off under this arrangement.)

On the other hand, a downstream monopoly behaviour towards the
final demand will interact differently with the three types of contracts or
decision processes.

Let Py = py(y) denote the negatively sloped inverse demand for the final

product y, y = y(py) being the direct function. A downstream price-taker -

with cost function Cy(y, Py, Py, W) - behaviour will insure y = yC(pl, Py, W)
such that satisfy:

Py(y) = 0CY(y, Py, o W)/ Oy or ¥ =yIPy(y), Py, Py W] (16)

Then:

C
Oy ~(py Py W) OA = Oy(py, Py, Py, W)/ OA /IL = Oy(py, Py, Ppr W)/ 0Py,

py(Y),] = azcy(y, P1/ Py w)/( Oy 0A) / [py(Y)’ - 52Cy(y, P1 Py, w)/ 8y2] , A=
b1 Py W (17)

It has the same sign as, but lower absolute value than Gy(py, Py Py
w)/ OA, and opposite sign to 62 Cy(y, Py Py w)/( Oy OA), for 82 Cy(y, Py Py

w) / 8y2 >0, increasing marginal cost.
Supply and derived demands — being the downstream firm a price-taker
towards inputs — will follow as functions of Py but now this is

. o _ C _ . C
extraneously fixed at py(y) = py[y Py, Py W) = Py (Py, Py W) that
solves (16).
The first thing to notice is that downstream (price-taker) firm optimal

profits P{py[yc(pl, Py, W)l Py, Py, W} will decrease (increase) with an
upstream price rise — say, due to the monopolization of upstream market -

iff
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OX((Pys P> Py WN/OPy, Py /X, < (2) - OY(Py)Opy Py /y [1-Dy(y)” O¥(py, Py Py,
w)/Opy] = - 0y(py)/OPy, Py /Y T OY(Py, Pys Py WOPy Py /Y

0Y(Py» Py Py WIOPy PJY [OX(Y, Py, Py W)Y y/x; — 1] < (>) - O¥(py /oDy,
Py/y (18)

i.e., iff final demand is very elastic (inelastic). (Because it reacts to a
, A.C

change dp; as [0 (py, Py, Py W)/ 0Py, Py(Y)" Oy~ (Py, Py, W) Op; + OP(py, Py,
Py W)/ Op;l dp; = [ y(Py, Py Py W) Py(¥) X(Py, Py, Py W)/ Opy / [ -
py(y)’ 8y(py, Py, Py W)/ 8py] - Xi(py’ Py, Py, W)} dp;.) When sector y, that
prices at marginal cost, benefits with such rise (decrease) in a normal
(regressive) intermediate input price, it is as if upstream cartelization, for
example, or the vertical restraint, pushed the final market towards a
solution closer to its own monopolization; obviously, if the downstream
market is constrained to behave competitively, vertical integration could
then harm aggregate profits - it always benefits aggregate welfare.

It is immediate to conclude that under pre-commitment (10) will lead to

a decrease (increase) in output — and, for (16) to hold, require an increase in
input prices — after monopolization of the market of a normal (regressive)

input, say, input 1. (16) establishes py(y) - GCy(y, Py, Py W)/ Oy = g(y, Py
py, w) =0, 0g/0y <0 (for SOC to hold) and 0g/0p; <0 if 1 is normal. At y¥,
p;* of perfect competition, g(y*, p;* p,, w) = 0. Using (10), we conclude
that p; (y*, w) > p;* once the latter is fixed at marginal cost of firm 1; that is,
gly”, p1(y", w), py, w] <0 and y has to “decrease” to restore equality. Of

course, intermediate input prices (“do not decrease” because they were not
set at p;(y", w)...) must now be higher because g(y, p;, py, w) =0 must still

hold and y is now lower. Py~ because final demand is negatively sloped -
is necessarily higher.

Alternatively, if 1 is normal, y = yC(pl, py, W) is negatively sloped and
(10) generates a positively sloped function p; = p;(y, w) in space (y, py).

p1(y, W) is necessarily above the competitive locus p; = aCl[x1 ¥, Py Py
w), W]/ 0xq. Therefore, the upstream monopoly solution E — see Fig. 1 -

must be to the northwest of the competitive solution C.
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Figure 1. Quantity Pre-Commitment - 1 normal

If 1 is regressive — Fig. 2 — E will lie to the northeast of C — implying a
higher intermediate input price and final output level under upstream
cartelization.

Py

(10)

Fy= l‘fclf_‘.-':l

C
Y=Y (P Ppe W)

=]
o
Y

Figure 2. Quantity Pre-Commitment - 1 regressive

Under RPM, we could attempt to develop the same reasoning but with
respect to Py- If 1 is normal, (14) generates a positively sloped relation p; =

: C
pl(py, w) in space (py, pp), but also does Py = py[y (P, Py W)I: the
assessment of the effect of upstream cartelization becomes dependent on
the relative size of the slopes of the two curves. If Py = py[yc(pl, Py W)l

has higher slope — say, if final output demand is very elastic -, cartelization
raises both the intermediate and final output price; otherwise, it decreases
them.
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With no vertical restraints:

C i C
Xl{py[y (p]_/ p2/ W)]/ p]_/ p2/ W} +(Pl - aCI[XI{Py[Y (p]_/ p2/ W)]/ p1/ p2/ W}/
C C
wl/ %)) [0xi{py [y "(Py, Py W)l Py, Pyr WHOP; + OXi{pyly~(Py, Por WL Py
C ;A C
Py, WI/0py Pyly ™~ (P1, P, WII Oy ™ (Py, Po, W)/ Op;] =0 or
C i C
Xl{py[y (pl’ p2’ W)]/ pl’ p2/ W} +(p1 - 8(j‘l[)(l{py[y (pll p2/ W)]/ pll p2/ W}/
C C
C ,
wl/ 0p; Pyly (1, Py WII Oy(Py, Py, Ppr W)/ Opyl /[ = Oy(py, Py Py
W)/ Oy py(y)]=0 19)
As long as SOC hold, it can again be reasserted that the equilibrium
intermediate input price under upstream cartelization should be higher
than the competitive one. Then — due to (16) -, output decreases (rises) with
it provided iis normal (regressive) in downstream technology.

The lifting of resale price clauses — generating (19) - will imply that (14)
will be added of

ip; - aCl[xi(py, Py, Py W), W1/ Ox;} py[yc(py Py W)I ayc(py Py, W)/ Op; =
Py - aCl[xi(py Py Pyr W), wl/ O} py[yc(pl, Py, W)I' 0y(py, Py Por W)/ Op;
/11 - ay(py Py, Py, W)/ apy Py(y)1 = {p; - 8C1[xi(py, Py Py W), Wl Ox;)

PylY (P, Py W OX,(3, Py, oy WY Oy / [Py (y) - 0C2(y, Py, Py, W)/ Y71 (20)

(20) will be positive (negative) if i is normal (regressive): normal

(regressive) intermediate input prices will rise (decrease) with the lifting of
C C . .

RPM. Because of (16), y~(py, pp, W) — and py (P1, Py, W) - holding with or

without RPM, output will decrease and final output price will increase with
the lifting of RPM (which may, therefore, take here the form of a ceiling, of
a maximum output price clause).

With the lifting of quantity pre-commitment, the upstream firm will
look for (10) plus:

(p; - 8C'x,(y, Py, Py W), Wl x5} &y (py, Py W)/ 0Py = [p; - OCI(y, Py, Py
W) W ) 8x,(y, Py Py W) Y /TPy (y) - 8C7(y, Py, Py W)/ Oy (21)

(10) + (21) must decrease with p; for SOC to hold. If i is normal

(regressive), (21) is negative (positive); then, at the solution satisfying (10),
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(10) + (21) < (>) 0: p; must decrease (increase) to restore equality to O -

intermediate prices decrease (increase) without quantity pre-commitment.

Proposition 5:

With monopolistic upstream firms, not perfectly elastic final output
demand and competitive downstream sector:

51. With quantity pre-commitment or no vertical restraints,
intermediate input cartelization raises its price above the competitive level.
With RPM, a sufficiently elastic demand would produce the same result —
which, in general, is no longer guaranteed. If it occurs, if the input is
normal (regressive) in downstream technology, final output produced will
suffer (increase) with upstream cartelization.

52. Resale price maintenance will decrease (increase) normal
(regressive) intermediate input prices and raise final output.

5.3. Quantity pre-commitment will increase (decrease) normal
(regressive) intermediate input prices and decrease final output.

5.4. Vertical restraints will harm upstream firms.

5.5. Downstream firms will benefit from intermediate input price
decreases (rises) — due to cartelization of upstream markets, vertical
restraints or other - iff (18) holds (does not hold).

5.6. Vertical integration may decrease aggregate profits. It will always
raise total welfare.

One can further qualify the additional effect of a downstream monopoly
equilibrium ° — a possibly more realistic hypothesis, even if a downstream
firm can sell in an international market and still face local input markets.
The downstream firm - price-taker with respect to the input markets - will

set y such thaty = yM(pl, Py w):

Py +YPy(y) = OCH(y, Py, Py W)/ Oy (22)
At the same input prices, the monopoly “derived” or “reduced” supply
will be smaller than the competitive one: yM(pl, Py W) < y[py(yc), Py Py

w] = yC(pl, Py, W) derived under (16). Now, from (22)

M
0y (py, Py, W) Op; = Ox,(Y, Py, Py W)/ Oy /

[2py(y) +y py(y)” - ac(y, Py, Py W)/ oy’ (23)

® The chain of monopolies was early assessed by Spengler (1950). Upstream and
downstream oligopolist equilibria were studied by Greenhut & Ohta (1979). In their
industry, upstream firms have CRS technologies and downstream firms are pure
intermediaries. They conclude that final output increases - and final price declines — with
verticalintegration of Cournotagents.
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Any feedback through the downstream market will have the same sign
as with a competitive downstreamer, but attenuated iff py(y)’ +y py(y)” <

0,ie, -y p(y)” / p(y) <1 (the relative measure of risk aversion of the

inverse final demand is smaller than 1) — that is, when py(y) (or y(py)

because it is negatively sloped) is not too convex.
Aggregate profits are obviously maximized if (22) holds and sector i
(upstream sectors...) behaves competitively, i.e., charges at marginal cost p;

= 8Ci[xi(y, Py, Py, W), W]/ Ox;: one would choose y, p; and x, maximizing

py(y) y - Cy(y, Py Py W)+ p; X - Ci(xi, w). That allocation is the one

achieved through vertical integration !° if downstream monopoly is
insured.

Downstream (monopoly) profits — derived under (22) - will always
decrease with an upstream price increase — say, due to the monopolization
of upstream market or QF.

As yM(pl, Py w) < yC(pl, Py w), under quantity pre-commitment (10)—
regardless of the feedback from the upstream market, equally present as
p;(y, w) over (23) as if the term y py(y)’ was absent on it —, final output will

be lower and then, - due to proposition 3.2 - equilibrium prices of a normal
(regressive) input would be lower (higher) when the downstream firm is a
monopoly than when it behaves competitively: we contrast E and E’ in Fig.
1 (2). As final output is lower, if i is normal (regressive) i's profits are also
lower (higher): i loses with (benefits from) downstream cartelization. The
downstream firm benefits with its monopolization if (but not only if) i is
normal — on the one hand, from its own downsizing at given input prices,
on the other, from the induced input price reduction, occurring if i is
normal.

Alternatively: at yM(pl, p, W) and/of competitive price piC, if iis
normal (regressive), (10) is negative (positive). As 82 Pi(y, Py, Py w)/ 8p12 +
25 M . .
0°PUy, Py, Py WH(3p; By) Oy (py, Py W)/ p; < O provided (12) is
negligible (because then & Pi(y, Py, Py, W)/(0p; Oy) > (<) 0 if y is normal

(regressive) and then ayM(pl, Py W)/ 0p; < (>) 0, the second term is always

negative — the first must be for SOC to hold), the gap created in (10) closes
with the fall (increase) of p;.

10 As noted in Westfield (1981), p. 338, for example. He assesses the result of a previously
downstream competitive market rendered a monopoly towards final output demand after
verticalinte gration.
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Let us consider resale price maintenance clauses. If the downstream firm

remains passive — price-taker - towards the upstream market, y = yM(pl,
p,, w) would appear to remain valid; yet, derived demand faced by i is
xi[y(py, Py Py w), Py Py w], with py seen as fixed, which would be

incompatible with it. RPM is a conduct norm towards the final product
market applied to downstream firms during intermediate input
negotiations — price is seen as fixed and i always faces the competitive
derived demand Xi[y(py, P1 Py W), Py Py Wl — (14) always holds.

Therefore, at choosing scale, either the downstream firm sees output price
fixed and a perfectly elastic demand at the agreed price — and RPM leads to
the invariance of market outcome relative to downstream competitive
behaviour towards the final output market.

Or the optimal reduced supply differs from the previous ones and obeys

y= yMl(pl, Py, w) such that:

¥+ YIPy M Py(y) = 0CUyIpy(y) Py Py WL Py, Py WHAY OylPy(y), Py,
Py, WI/ 8py or

Py(y) ¥y + Py(y) = aCy{y[loy(y), Py Py Wl Py, Py WHOy Oylpy(y) Py, Py

w]/ 5py Py(Y)' (24)

s

while without them, it followed (22). Because py(y)’ <0, pyM must be
smaller than pyM and Y™ (py, py w)> Y™ (py, Py w). Tf Py (y, Py,
Py W 0y OyIpy(Y), Py, Py WY/ Opy, - ¥} > 0CT(y, Py, Py, W)/ Oy — if y >
oC¥(y, Py Py, W)/ Oy {6y[py(y), Py Py WI/ 6py - y(py)’} -, it is still the case

M’ C M’ C
that y (py, Py, W) <y~ (1, Py W) and poly ™ (py, Py W)I> Pyly ~(Py Py
w)]. Then, if i is normal, equilibrium p; with downstream monopoly will be
higher (lower) than with perfect competition towards final demand iff in

2. 2 i ,
(14) © Pl(py, Py, Py, W)/ Op;” + & Pl(py, Py Por WI(9p; Opy) Py(y)

ayM’(pl, Py, W)/ 0p; > (<) 0... Now, under that same condition, with

monopoly in downstream markets, (14) - which is smaller than (10) and
therefore negative at the equilibrium levels of quantity pre-commitment —
resale price maintenance will lead to higher (lower) intermediate price than

quantity pre-commitment. But it can also happen that yM,(pl, Py, W) >
C
y (P, P W)--.
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Finally, consider there are no vertical restraints. The first difference
relative to the downstream price-taker case is that derived demand x;(p v

Py, Py W) loses its role completely: for example, the lifting of RPM no

longer provides the internalization of a restriction for the upstream firm. In
fact, with a downstream price-taker, the upstream firm will look for (10)
plus (21) while the one facing monopoly will choose (10) plus:

. M .

{Pi - 8C1[xi(y, Py, Py, w), wl/ 8xi} oy (Plf Py w)/ 5Pi = {Pi - GCI[xi(y, Py, Py,
, . 2

w), Wl Oxi} 0xi(y, Py, Py WI Oy 12 py(y) Y Py(y)” - 0C° (v, Py Py

w)/ 0y°] (25)

On the one hand, yM(pl, Py W) < yC(pl, P, W), suggesting that if i is
normal (regressive), (10) will be negative (positive) at the new induced price
level. On the other, (25) is negative (positive) if i is normal (regressive) —
and less negative (positive) than (21) if final demand is concave or not too
convex — if py(y)’ +y py(y)” < 0. Then, if (but not only if) demand is not

very convex, (101+(21) is negative (positive) at yM(pl, Py w) and P; (piC
has to decrease (increase)) increases (decreases) with downstream
cartelization. But even if demand is very convex, the first effect can still
dominate...

We can also compare the two vertical arrangements with the new case. It
is still true that the comparisons with QF remain valid - (25) is negative.
With RPM under downstream monopoly, (10) is added of

tp; - 0C'[x,(y, Py, Pyr W), WY Ox,} OXy(y, Py, Py W)/ By 0y(Pys Py Py W/ Opy,

py) o™ (b, Py W)/ Op; 26)

while with no vertical restraints it was added of (25). If i is normal, (25)
is negative, but, if 6yM,(p1, Py, W)/ 0p;< 0 —alikely result -, (26) is positive.
Then, (10)+25) is negative at the RPM price solution, which therefore

implies lower intermediate prices in the absence of vertical restraints than
with RPM. The opposite occurs if i is regressive.

Proposition 6:
With monopolistic upstream firms, elastic final output demand and a

cartelized downstream sector:
6.1. Regardless of the existence of vertical restraints, demand feedback

still allows intermediate input cartelization to raise its price above the
competitive level.
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6.2. Under quantity pre-commitment, the downstream industry
cartelization will necessarily decrease final output, raise final output price,
and if i is normal (regressive) lower (raise) intermediate input prices and
upstream profits.

6.3. Under resale price maintenance, the downstream industry
cartelization may raise final output price, decrease final output and, being i
normal, increase intermediate input prices and upstream profits.

6.4. In absence of vertical restraint clauses, downstream cartelization will
raise normal (decrease regressive) intermediate input prices if (but not only
if) final demand is not very convex.

6.5. Resale price maintenance will (likely) increase normal (decrease
regressive) intermediate input prices. It may not harm upstream firms.

6.6. Quantity pre-commitment will increase normal (decrease regressive)
intermediate input prices. It will harm (benefit) upstream firms if i is
normal (regressive).

6.7. Downstream firms will benefit — and final output will increase if iis
normal (decrease if i is regressive) - from intermediate input price
decreases — due to cartelization of upstream markets, vertical restraints or
other — except if RPM is introduced.

6.8. Vertical integration, insuring implicit competitive upstream
practices, will necessarily increase aggregate profits. It may be welfare
detrimental.

3.4. Upstream monopoly and two-stage Bargaining under

quantity pre-commitment

Quantity (or price) pre-commitment as previously modelled implied
that final output (or price) was subject to downstream firm discretion. For
upstream firms to be able to benefit from it, the downstream firms must
have less autonomy towards the final output market than a standard price-
taker has. Which — as it faces a monopoly intermediate price seller — may
seem intuitively acceptable.

If there is only one intermediate input and ex-post, y always reacts
according to its supply y(py, p;, W) — similarly to a conventional

Stackelberg follower, as was assumed —, 1 benefits from internalizing it and
prefers — as y does, once p; is lower... - unconstrained bargaining. More

plausibly, with quantity pre-commitment, y would bargain on his short-
run supply, y= y(py, X1, w); but, because the short-run supply evaluated at

conditional derived demand y = y[py, X1 (¥, py, W), w] must solve for the
long-run supply y = y(py, p;, W) - and derived demand is already

embedded in the game -, we would not reach different conclusions.
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That is, downstream quantity determination must also be under 1’s
discretion for her to benefit from pre-commitment. Two-stage games can be
constructed to reproduce the double bargaining '
1) As 1 benefits from a rise in y, a plausible outcome would be for 1 to
force the maximum y that just warrants minimal profits to the downstream
firm: Pyy = C(y, X1, w) or Py Y= C(y, p1, w): impose it instead of supply.

2) Say, for a monopolist, (10) generates a contingent (sub-game)
equilibrium price, p; = py(y, w), resulting from a first auction by

downstream producers. Then, in an encompassing stage of the game, firm 1
sets x;, maximizing pl[y(py, X1, W), Wl xq — C1 (X1, W), where y(py, X1, W)
denotes the short-run supply of firm y; it generates a response x; = x; (py,

w) obeying:

1
Pl[Y(Py/ X1, W), Wl+xq apl [Y(Py/ X1, W), Wi/ dy 8Y(Py/ X1, W)/ 8X1 -0C (X,
w)/ 0x1 =0

Then and ex-post quantity of the sub-game may either be:

- X1 (Pyy W)y =¥[Pys X1 (Pyy W), Wi Py = Py {yIPy, X (Py, W), W, W)

- ¥ =¥IPy X1 (Pyr W), WI xq yTPy, X1 (Py, W), W1 Py (¥[Py, Xq (Py, W), W),
w), w} and p; = p; {y[py, Xl(py' w), w], w}. Then, the second-stage game

just signals a short-run supply argument.
-x41(p y w) = xq[y, p1(y, w), w]. From it, y = y(py, w) that would solve

the sub-game but that would be incompatible with (differ from) short-run
supply y[py, Xl(py’ w), w]. Then, p; = p; [y(py, w), w] — which will differ
from pl{y[py, Xl(py’ w), w], wl...

In the first two cases, Xl(py’ w) is instrumental to fix the supply quantity
y imputed into the price subgame solution, yielding p; = p; {y[py, X1 (py,
w), w], w}: we donot expect therefore that xl(py, w) = xl[y, Py (y, w), w]...

Also, the first is always better for 1 than the second.
Ex-post, p; is set below marginal cost only in the first case.

3) Say, for a monopolist, (10) generates a contingent (sub-game)
equilibrium order, X; =x4[y, p1(y, W), w] = x4 (y, w) placed by downstream
producers. The second bargaining round is quantity-constrained, so that x;

is fixed at that level; firm 1 sets p;, maximizing p; xq [y(py, Py W), wl-

11 We are, of course, assuming that the upstream firm is constrained to linear or proportional
pricing. Otherwise, as previously pointed out in the literature — being the final demand
perfectly elastic; or with downstream monopoly as illustrated in Tirole (1988), p. 176 —, the
upstream firm would maximize results charging at marginal cost and appropriating the
“autonomous” downstream firm e conomic profits through a lump-sum fee...
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Cl{xl[y(py, Py, W), wl, wi, where y(py, py, W) denotes supply, idealized

supply, of firm y; 1 generates a response obeying

1
Xl [Y(py/ pll W)r W] + [pl - aC {Xl[Y(pyl P1, W)/ W]r W}/ﬁxl] aXl[Y(pyr p1/
w), W}/ 0y Oy(py, Py, W)/ Opy =0

a solution p; = py (py, w) and implies y = y[py, Py (py, w), w]. The price
now set may be:

- in fact, py (py, W); y = yIPy, Py (Py, W), w] and xq =xq{ylpy, Py (Py, W),
w], wi.

-y= y[py, P (py, w), w]; ex-post price of the sub-game pl{y[py, P (py,
W)/ W]/ W} and Xl = Xl{Y[py/ p]_ (Py; W)l W]l W}

- or yet require y that insures agreement with the first-round price,
pl(py, w) = p;(y, w) generating y = y(py, w) - then incompatible with
supply y[py, pl(py, w), w] -, that canbe imputed into xq {y(py, w), p1ly(p v
w], w), w}, the effectively ordered quantity.

Of the three possibilities, the first is always better for 1 than the second.

4) Say, for a monopolist, (10) generates a contingent (sub-game)
equilibrium contract, x; = xq[y, p(y, W), w] = x¢(y, w) placed by

downstream producers that agree on price p;(y, w); such contract is going

to be enforced. In the second bargaining round, y is discussed in connection
with the production abilities of firm 1: firm 1 sets X1, maximizing 12 [y(p v

X1/ w), W] xl[y(py, X1, w), w] — Cl(xl, w), where y(py, X1, w) denotes
supply of firm y; 1 generates a response obeying
{Xl[Y(pyr Xlr W)r W] apl [Y(py/ Xlr W)r W]/ ay + pl[Y(py/ X1/ W)/ W]/ ay
1
8x1[y(py, X1/ w), w]/ Oy} ay(py, X1/ w)/ 8x1 -0C (X1,W)/ axl =0
a solution xq = Xl(py’ w) that implies y = y[py, Xl(py’ w), w], inputed

into the first-stage game: p, {y[p v X1 (py, w), w], w} and xl{y[py, X1 (py, w),
W]r W} = X1 {Y[py/ Xl(py/ W)/ W]/ pl{y[py/ Xl (pyr W)r W]r W}

3.5. Upstream duopoly

For a duopoly, (10) establishes how i sets its price conditional on other
variables, including the price of the other input: i's reaction function p; =

pi(pj, y, w). On{’s reaction function, for given y and w:
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2 2

i 2 2
{p; - OCTX(, Py Py W), WYOX} OX(Y, Py» Py W)/OP,” ) dp, +

2 ~d 2
+ ({1 - 0°C'[x(¥, P> Py W), WYOX” OX(Y, Pp» Py WD} OX(Ys Dy Doy

i 2
w)/op; + {p; - OCTX(Y. P}, P, W), WO} 07Xy, Py, o W)Op,Op; ) dp; =
0

The term multiplying dp; is negative for SOC to hold. For prices around
marginal cost, the term multiplying dp]- has the sign of dx(y, py, Py

w)/ 6pj, positive if i and j are substitutes in production in the downstream
technology - p; = pi(p]-, y, W) is positively sloped in (py, p,) space -, negative
if they are complements - p, = pi(p]-, y, w) is then negatively sloped.

With two duopolists, in equilibrium, p, - 8Ci[xi(y, Py Py W), WI/ OX;
reacts to p; according to 1 - d{(?Ci[xi(y, Py Py W), wl/ox}/dp; = 1 -
S Clxilys Py, Py Wl WY O [0y, Py, Py, W Oy + Oy, Py, Py WY Op,

op) (p; ¥, W)/ Op;l- Ox,(y, Py, Py W)/ 6p]- ap](pi, y, w)/ Op; is always positive;
if (but not only if) the own effect dominates in the sum in square brackets,
we expect higher prices than in a price-taker equilibrium — yet lower than
in a monopoly.

The geometry of reaction functions implicit in (10) — at given w and the
other argument, say y — is well-known. For stability, i's reaction function
should exhibit a higher (more negative) slope than j’s in space (p;, pj) if

both are positively (negatively) sloped — Fig. 3 (Fig. 4). Over i’s reaction
function, because its profits react toj’s prices according to {p; - aCi[xi(y, Py
Py, W), W/ Ox} ox(y, pys Py W ﬁpj, i's profits rise (decrease) as P;
increases if i and j are substitutes (complements) — signalled in the Figs.
Also, the reaction curve of firm i, (10), at given Py Y and w, will always
imply a higher price than p, = 8Ci[xi(y, P1- Py W), Wi/ 0x; (because at the

prices satisfying this, (10) is positive; as SOC determine that it decreases
with p;, this must raise to re-establish equality to 0): the latter will establish

a pseudo-reaction function of a price-taker upstreamer — depicted in the

: . i 2
Figs, p; = MCi(pj’ y, w) - with slope dpi/dp]- = {82 Cl[xi(y, P1- Py W), W/ Ox;

i 2
ox(y, Py, Py W)/ apj} /- Cl[xi(y, Py Py W), WI/ OX” OX,(y, Py, Py
w)/ Op;} and that will lie to the left of i’s reaction function in the (p,, p].)
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space. It is inmediate to conclude that the monopolistic equilibrium, E, will
imply at least one of the prices larger than the price-taker environment,

originating C.

&
Py
1°s reaction fonction
= MCI [:F‘z}
27z reaction fonction
Py = MC I-.'.{P 1)
0 Plr
Figure 3.1 and 2 Substitutes
A
pl'- P = }.{C.l{pzj 17z reaction function
0

Figure 4. 1 and 2 Complements

If we evaluate reaction curves at the optimal supply and depict p,

pl[pj/ Y(Py/ pll p2/ W)r W]/ Wlth Slope dpl[P]r Y(py/ pll p2/ W)/ W]/dp]
[0P'[P), Y(Pys Py, Py W), WY/ Op;+ 0P [Py, Y(Pys Py, Py W), W1/ Oy Oy(py, Py,

Py, W)/ Op; VL - aPl[]P]v Y(Py: Py, Py, W), WI/ Oy 8y (py, Py, Py, W)/ Opjl; signs
of slopes may be preserved — given now by the numerator of the

expression. Profits will increase (decrease) with P; iff {p; - 8Ci[xi(y, Py, Py
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w)/ Op; dpl[p]., Y(Pyr Py Py W), W]/dp]-} — or ox(y, Py Py W)/ ('?p]- + 0xy(y,
P1- Por WY 0y Oy(Py, Py, P W)/ Op; + Xy, Pys Por W)/ Oy Oy(Pys Py Py

w)/ Op; dpi[pj, y(py, Py Py W), w]/dpj - is positive (negative); along the
“new” i’s reaction curve, i's profits rise (decrease) with P; when 1 and 2 are

substitutes (complements), once the sign of the expression is the same as
that of Ax;(py, 1, Py W)/ Op; = 0x;(y, Py, Po, W)/ Op; apl[pj, Y(Py, Py Py W),

wl/ Oy + Oxi(y, Py, Py W)/ Oy apl[p]-/ y(Py Py Por W), W1/ Opi} Oy(Py, Py, Py
w)/ Op;.
As y(py, P/ Py, W) answers to Py - and input prices -, the further

internalization of the downstream firm output scale optimization process
also affects the equilibrium outcome. i’s reaction function moves down in
Py p]-) space as quantity pre-commitment is lifted — ie. as reaction

functions change from (10) — evaluated at supply - to (14); therefore, we
expect that a further internalization of scale optimization (at given w and
p]-) decreases p; (shifts towards the origin i's reaction function) and,

therefore, will tend to increase x i Slopes of reaction functions are related to

substitutability in derived demands and profit increases (decreases) with
the other firm’s price along a reaction function if they are substitutes
(complements).

For duopolists, we can rely on reaction function geometry to infer that
regardless of the commitment status of i, he will benefit from quantity
commitment in the supply sense (over (10)) of j iff i and j are substitutes 12 —
in Fig. 3, 2’s reaction function is higher and therefore 1 reaches higher
profits (on its reaction curve, held fixed) if 2 is pre-committed; it will
benefit from its withdrawal if i and j are complements. Therefore,
complementarity would point to the emergence of no pre-commitment of
the invoked source, but with substitutability, pre-commitment with respect
to y might improve the outcome of the bargaining exchange between the
two duopolists.

The desire for such vertical restraints does not occur with upstream

price-takers, i.e., that set p; = GCI(Xi, w)/ 8xi without taking into account

any of the downstream firm feedback: if the downstream firm is
competitive, its cost minimization will not be affected. They may arise
again, however for the pre-fixing of the purchase of other inputs if some
uncompetitive behavior towards them exist, though — argument which
parallels the effects on short and long run cost curves...

12 We are assuming that the sign of pre-commitment reaction function slopes are preserved
with the replacement of supply...
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Proposition 7:

If inputs are substitutes (complements) in downstream technology,
quantity pre-commitment relative to a duopolist improves (worsens) a
Bertrand competitor’s position.

Perfect collusion will involve the setting of (p;, p,) maximizing the sum

of profits of the two firms:
xi(y, Py Py w) + {pi - éCl[xi(y, Py Py w), wl/ 8xi} 8xi(y, Py Py w)/ épi +

+ {pj -oC) [Xj (¥, P1, Py W), W/ 6x]-} axj(y, Py, Py, W)/ 0p;=0 (27)
We may still look at (27) as implying pseudo-reaction functions of the
two firms. Around the Bertrand equilibrium, over of the Bertrand
competitor i’s reaction function:
If i and j are substitutes, 8x]-(y, Py, Py, W)/ Op; > 0, expression (27) is

positive: i’s optimal pseudo reaction function will lie to the right — will
imply a higher p; for the same Pj- of the Bertrand’s one.

If i andj are complements, 6x]-(y, Py, Py, W)/ Op; < 0, expression (27) is

negative: i's optimal pseudo reaction function will lie to the left of
Bertrand’s one.

Obviously, conclusions apply at fixed y. In the absence of pre-
commitment, analogous statements could be advanced for derived
demands, conditional on py.

Proposition 8:

If inputs are substitutes (complements) in downstream technology,
prices will be higher (lower) under upstream firm coordination than under
Bertrand competition.

Additional knowledge of supply of final product would add to (27):

[ {Pi - 8C1[Xi(y, P1/ Py w), w]/ ﬁxi} 8Xi(y, P1 Py w)/ Oy +

+ {p]. - 6C][x].(y, Py Py w), w]/ 6xj} 6xj(y, Py Py w)/ Oy ] 6y(py, P Py
w)/ Op; 28)

Tying arrangements could be a device to achieve collusion. Some may as
well be suggested with sequential optimization arguments similar to those
suggesting our definition of quantity pre-commitment (Nash) bargaining,
Let the downstream firm relevant demand be (a short-run demand) x (y, Py

X w) - of course, ex-post (in the long-run) it will be evaluated at the (long-
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run) demand X v, py Py w) 13 — or rather Xi(py’ Py Py w) and xj(p y Py Py

w). Then, firm i will set p; = pi(y, X w) obeying;:

Xy, Py X w) +{p;- 8C1[xi(y, Py Xjr w), W]/ Ox;} 0x;(y, py X w)/ op;=0 (29)

evaluated at x]- = xj(y, P1, Py, W). (10) has an extra term relative to (29):

x:(Y, Py, Por W) +{p; - 0C'[X,(y, Py, Py, W), W1/ 0} OX,(y, Py, Py, W)/ Op; =(30)
= (29)+ {pi - aCl[xi(y, Py x]-,w), w]/ 8xi} 8xi(y, Py x]-, w)/ 8x]- axj(y,
P1.Pp,W)/ Op;

Evaluated at (29), (30) — hence (10) — is negative if axi(y, o x]., w)/ 6x]
ax]-(y, Py Py, W)/ Op; < 0. If the two derivatives have opposite sign -
guaranteeing that the long-run demand for x; is more elastic than the short-
run -, i’s reaction curve (10) will be to the left of (29) in the (p, pj) space.

Then, equilibrium input prices will be higher if negotiations are tied —i.e,
obey (29) rather than (10) - in the sense that decisions relative to one’s price
and quantity can be made conditional on the other’s quantity, being settled
jointly by y. Of course, the final outcome is not the collusion one, but the
simultaneous bargaining of the two products — as a device for each
upstream duopolist to negotiate on the, less elastic, short rather than long-
term input demand - may improve profits — approach (27) - over the
unilateral bargaining outcome (10) if they are substitutes...

Finally, integration of y with one of the upstream firms, say 1, would

allow the solution (10) for i =2 at Py = G(Zl[x1 (v, Py Py w), w]/ 8x1, that

would suggest a new “reaction function” of 1, with a lower implicit price of
input 1 than in any monopolistic competition arrangement at any given
value of the other variables — p; = MC,(p,) of Figs 2 and 3 -, generating

equilibrium at its intersection with 2’s reaction function. According to the
slope of 2’s reaction function, we therefore expect a lower price of an input
with partial vertical integration with another if both of them are substitutes
in the downstream technology !* — a higher price if they are complements,
in which case the independent intermediate product firm sees its profits
enhanced.

13 The firms are assumed to, nevertheless, set prices... In general, the resulting outcome will
differ from the Cournot quantity-setting stage — explored in Singh & Vives (1984), for
example. That would point to maximization in X by each firm of a profit function where

price is replaced by the solution of the inverse system of the two long-run input demands.
14 See Martin (1993), p. 247 and references in footnote 15.
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Proposition 9:

If inputs are substitutes (complements), partial vertical integration will
lower (raise) the price and profits of the other intermediate product. It
always lower the shadow price of the integrated firm’s product if long-run
supply is more elastic than the short-run one.

4. Monopsonisticintermediate product buyers

Monopsonistic behavior of a downstream firm towards input producing
firms would also be welfare detrimental and vertical integration necessarily
welfare improving — and raise aggregate profits under perfectly elastic final
demand and primary factor supplies. Firms will set:

Py f(x,, x,, Ly) Ox(p,, W)/Op, = x(p, W)+ p, Ox(p,, W)/Op, (31)
or

by £1x,( W) 0 Wi L] = X0, W)/ 05, WD +p,

py £y (X1, %y, Ly) =w (32)
p; gl(Li)’ = w from where (or) X; = x;(py W) (33)

Replacing (32) in (31) would allow to derive pseudo-reaction functions
suggesting how concavity — and substitutability - in the downstream
technology affects the inputs price choice. Given the passive position of
upstream firms — already price-takers -, “competitive interaction” between
them is not a good description of the scenario. Welfare qualification
therefore proceeds for a single intermediate input and y = f(x;, Ly). Then,

from (31), we immediately conclude that, as 8xi(pi, w)/ api > 0, the value of

marginal product of input 1 will tend to be higher and, therefore, the use of
input 1 lower and — because 0x;(p;, w)/ dp; > 0 - the intermediate input

price lower under the monopsonist arrangement.
The introduction of another downstream seller facing the upstream
price-taker allows the analysis of duopsony behavior towards an

homogeneous intermediate product. Now x1A + x1B = X;(py, W), where A
and B refer the downstream firms and x11 firm I's purchases of x;. We can

write its inverse as p; = p; (xlA +Xq B, w); most likely, quantity competition
will be observed. Then, FOC require (33) and

Py £y 0y Lyl) = b0 43y B w)+xqtapy g B wyl axg, 1= A, B (34)

If Ly is fixed, (34) establishesI’s reaction function, 1= A, B; on it:
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[py f11-2 apl(x1A+ xlB, w)/ Ox - x11 azpl(xlA + xlB, w)/ axlz] dx11 =
= [Gpl(xlA + xlB, w)/ 8x1 + xll 82p1(x1A + xlB, w)/ 8X12] dxlk, 1=A B
(35)

The left hand-side is negative — by SOC; provided 82p1(xlA + xlB,

w)/ 6x12 is positive or not too negative, reaction functions will be
negatively sloped.
If Py rises, at a given xlk, I’s reaction function shifts outwards 15: a rise in

the output price will imply an increase in intermediate input purchases —
hence a higher intermediate input price.

Also, if Ly is normal in the upstream technology, dp; (X1A +Xq B, w)/ ow

=- [ax1 (pp W)/ ow]/ [8X1 (P, W)/ 8p1] > 0; then, provided azpl (x1A + xlB,
w)/ Ox10w is positive or not too negative, reaction curves shift inwards

after a rise in wages implying lower quantities — hence a lower
intermediate input price 1°.

If Ly1 is allowed to adjust, the left hand-side of (35) becomes:

2 A B 1 A B
[py f11 - Py f07/ L -2 Op (7 + xq T, W)l Oxq - xq 82p1(x1 + X1,

1

w)/ 0x; 2] dxg (36)

The effect of a change in Py would have the same sign. For w, we would

consider:

[py f11 - Py fle/ fip -2 8p1(x1A + xlB, w)/ 0xq - xll 82p1(x1A + xlB,
w)/ 6x12] Xml = [('3p1(x1A + xlB, w)/ ow + xl1 82p1(x1A + xlB, w)/ Oxq0wW -
fp /)l dw 37)

As f} 1 <0, if (but not only if) £;; >0, the sign of the wage effect remains.

15 (Some) normality in the use of input 1 by the downstream technology would eventually
be requireclifLy was adjustable.

16 Note that we have only two inputs, and they must be substitutes in production. With

more inputs, the result would be observed under complementarity between Ly and Xq in

downstream technology —with substitutability allowing the reverse to occur.
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Proposition 10:

Monopsonistic downstream, quantity-setter firms towards an
intermediate product price-taker:

10.1. will set intermediate prices below the competitive level.

10.2. will increase intermediate product prices after a rise in output
price; (under reasonable assumptions) will decrease them after a rise in
wages.

The problem could also be stated in terms of conditional demands.

It is clear that relative to the downstream price-taker conditional
demands x;(y, p;, py, W) and Ly(y, Py Py W), the monopsonist will achieve

now their values with the replacement of p, by x.(p;, w) / 0x;(p;, w)/ Op; +
Py

xily, Pyt xq (P, W) / 0x(py, W)/ Opy, Pyt Xp(Py, W) / OXy(py, W)/ Opy, W), i=
1,2
(38)

that — as they are stated in implicit form - determine equilibrium with
the requirement that supplies of intermediate products are equated to
demands. For simplicity, assume a single intermediate input. Then:

X1y, p1+x1(p1, W)/ 0x1 (p1, W)/ Opq, Wl =x1(p1, W) (39)
allows for
P1=pP1(y, W) (40)

Given that demand responds negatively to the second argument, at the
price-taker solution for Py p1C — for which X1 (y, plc, w) = X1 (plc, w) -

xqly, p1C+ Xl(plc’ w) / 8x1(p1C, w)/ Opy, w] - Xl(plc’ w) < 0. For the
wedge to close, as it responds to p; according to dx4(y, p;, w)/ dpq {2 -

x(pp, W) Ox((py, W) Op> Nloxq(py, W) &pq P} - dxy(py, W)/ dpy -
negative if 82x1 (P, W/ ap12 is negative or not too positive - the
monopsonist p; will most likely be below the competitive level.

The competitive cost function C(y, py, py, W) is replaced by an implicit
form p; x;(py, W) + Py X5(pp, W) + W Ly[}’r Pyt x1(Py, W) / Ox1(py, W)/ Opy,
Pyt X5(Py, W) / OXy(py, W)/ Opy, W] o1 py Xq[y, Pyt Xq(Py, W) / Oxq(py,
W)/ Opq, Pyt Xo(Py W) [ 0X5(py, W)/ 0Py, W]+ Py X[y, P+ X1(Pp, W) /
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01(p1, W)/ Op1, Pyt X5 (Py, W)/ OX5(py, W)/ Opy, W]+ W Ly[Y/ Pt xq(py, W)/
0x1(p1, W)/ Op1, Pyt Xo(Py, W) / OX5(Py, W)/ Opy, WI.
Final output quantity restraints would allow - on (40) - for p; = p; {y[py,
p1t x1(py, W) / 0x¢(py, W)/ Opy, wl, w} and would be ex-post irrelevant —

because the decision-maker that faces reaction is the same and internalizes
all the feedback that effectively opposes him: from the structure of FOC of
the profit maximization problem we conclude that he would choose
demand y according to the competitive supply, y(py, py, W), but evaluated

(in implicit form) at [py, Pt x1(pp W) / 8x1(p1, w)/ 6p1, w], which he
recognizes to set X.

Oppositely, one can easily show that in the presence of multiple
arguments of the upstream production function, the downstream
monopolist will benefit from short-run flexibility of the upstream firm
relative to all primary factors quantities - even if rigidity would hinder the
elasticity of the input supply effectively faced by the downstream
monopolist in negotiations. Let the intermediate input 1 technology use
two factors L and Ly, with only the first adjustable in the short-run (ignore

Ly in y’s production); the short-run supply is x; (p, w,, Ly,), while the long
run is Xq (pl, W wb) =X [pl, Wy Lb(pl, W wb)] where Lb(pl’ Wy wb) is
the (long-run) derived demand for input L. If bargaining is set-up in the

short-run while L is pre-settled, FOC of the downstream firm imply:

[Py f1(xq) - pql axl(PyWa/ Lb)/ apl - X1(pp Wy Ly,) =0 (41)

If L) can be adjusted in the short-run, the condition is replaced by:

[pyfl(xl) - p110x1(py Wy Lp)/ dpq - X1(pp Wy L) +
+ [Py fl(xl) - Pl 5X1(P1, W, Lb)/ 5Lb 5Lb(P1, Wy Wb)/ 5P1 =0 (42

At the short-run solution, py f1(x1) > py- Then, as ax1 (P Wy Lb)/ 6Lb
0L, (Py, Wy W)/ Opy is expected to be positive — if short run supply is less

elastic than the long-run one -, the left hand-side of (42) is positive at the
solution satisfying (41): p; will be set at higher level - implying a higher

X1(py, W, W) — than if only the short-run response was present (even if
evaluated at L, (P Wy W)

The impact on y’s profits of the additional flexibility is negative. We are
comparing situations where, ex-post, Ly is fixed at level Ly (p;, w,, W),

allowing for upstream short-run adjustment feedbacks negatively into y’s
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rent appropriation ability because the value of marginal product of input 1
is set higher than its price. But, because p; rises, also the upstream market

profits rise.

Proposition 11:

Monopsonistic = downstream, quantity-setter firms towards an
intermediate product price-taker:

11.1. will find quantity restraints irrelevant.

11.2. will benefit and induce an increase of intermediate product prices
with more flexible hiring of upstream production.

For duopsonists quantity setters — that do not have to produce the same

final output -, with generic competitive demands x11 = Xll(yl’ pp, W), 1=

A,B, conditional reaction functions will obey

><11 = Xll[yl’ pl(x1A+ xlB, w) + xl1 (3p1(x1A + xlB, w)/ Oxq, W] 43)
{1- 6x11[y1, pl(x1A+ xlB, w) + xlI 8p1(x1A+ xlB, w)/ 6x1, w]/ apl

[2 8p1(x1A+ xlB, w)/ 6x1 + x11 62p1(x1A+ xlB, w)/ 6x12]} dx11 =

= 8x11[y1, pl(x1A+ xlB, w) + Xll 8p1(x1A+ xlB, w)/ 0xq, wl/ Opq

[apl(x1A+ xlB, w)/ axl + Xll 62p1(x1A+ xlB, w)/ 8x12] dxlk, 1=A, B (44)

They will be negatively sloped — see Fig. 5 - provided 82p1(x1A + xlB,
w)/@@xl2 is positive or not too negative. The competitive pseudo-reaction
curve of a competitive firm |, Xll = xll[yl, P (xlA + xlB, w), w] — function
xll = Xl(xlk) in Fig. 5 -, will imply, at the same xll, a higher Xlk: on (43), Xll
= xll[yl, pl(xlA + xlB, w) + D, w], where D is positive; fixing Xll on this
function, to change D, x1k has to react according to D / axlk =-0p; (x1A +
xlB, w)/ 8x1 < 0; then to decrease D to 0, xlk has to increase: at the same

xll, xlk of the competitive buyer must be higher.
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'y
X A’z reaction function

Figure 5. Duopsony

If y rises and 1 is normal (regressive) in downstream technology, at xlk,

I's reaction function shifts outwards (inwards): a rise in the output will
imply an increase (decrease) in intermediate input purchases — hence a
higher (lower) intermediate input price.

Also, if L1 is normal in the upstream technology, as apl(xlA + xlB,
w)/ Ow = - Ox4(py, W)/ Ow / Ox4(py, W)/ Op; evaluated at p; (xlA + XlB, w),

8p1(x1A + xlB, w)/ 0w > 0; then, provided @)Zpl(xlA + xlB, w)/ axlaw is
not too negative, being x; and Ly complements or not too substitutes in

downstream technology, reaction curves shift inwards after a rise in wages
implying lower quantities — hence a lower intermediate input price
(regressivity of L; and substitutability between x; and Ly would lead to

the reverse).

Partial integration with one of the firms — leading to the intersection of
its competitive equation with the other’s reaction function - will raise the
downstream merged firm production and decrease the other’s quantity and
profits.

Proposition 12:

Monopsonistic downstream, quantity-setter firms towards an
intermediate product price-taker:

12.1. generate Cournot-type reaction function behaviour in the
intermediate input purchases.

12.2. partial vertical integration will raise the downstream merged firm
production and decrease the other’s quantity and profits.
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5. Monopolistic primary factor market (owners)

Assume that the factor market is non-competitive and only input 1
enters the downstream firm’s production function — in which, other
arguments — factors - than x; and L; may exist. Demands and supplies are

also subject to prices of these background inputs, assumed parametrically
fixed throughout the section.
Unions — factor owners - seek to maximize wage bills, Wy L1 and or wy

Ly. They may or may not set different wages across the two firms (plants,

in case of integration).

As in the previous section towards input producers, we note now that
the unions’ decision concerning wage is constrained by the perceived
demand they face — or by the antecedent contractual arrangements with
regard to other firms’ decision variables.

Case 1: Competitive Input Market
Under competitive unintegrated markets, unions may set different
wages in the two firms. If Ly(y, Py wy) is the conditional demand of the

downstream firm, union y will seek to maximize Wy Ly(y, 12T wy), setting

wy such that
Ly(y, Py Wy) + wy 8Ly(y, Py Wy)/ 8Wy =0 (45)

implying

wy =-Lo(y, Py Wy) / ALy, Py, W)/ Owy or wy =wo(y, pq)

From (45), a wage-setting function Wy = wy(y, py) is derived. Being Ly
normal in the downstream technology, we expect that 8wy(y, py)/ Oy = -
[OLy (5, Py, wy)/ By + wy Ly, Py, W)/ dydwy)] /2L (y, py, wy)/ dwy,
+ wy 82Ly(y, Py wy)/ awyz] > 0 — which will occur if 62Ly(y, Py
Wy)/( 8y8wy) wy has a smaller impact than or favorable to that of @)Ly(y,
Py wy)/ Oy in the numerator; and — under the same condition with respect
to p; - being Ly and x; substitutes (complements ), 8wy(y, py)/ Opy = -
[OLy(y, Py, Wyl Opy + wy Loy, Py, wl(pydw)] / 12 ALy(y, py
Wy)/ Gwy + wy 82Ly(y, Py Wy)/ Gwyz] > (<) 0.

7 With only two inputs, they will necessarily be substitutes; with additional inputs, the
statement stands.
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The upstream firm, with labor demand L1 (pl, Wl) - arising from 12}
gl (Ly) =wy if firm 1 only uses input L; -, will set:
L1(py, wy)+wy 8L1(p1, wq)/ 8w1 = 0, implying wy =wq(pq)
(46) establishes w; as a function of p; or vice-versa. Being L; normal in

the upstream technology, we expect wy(pq)’ = - [OL;(p;, wq)/ Op; + wq

0Ly(py, w/(dwy0p)] / 2 OL(py, wy) Bwy + wy &Ly (py, wy)/ dwy 21>
0 — guaranteed if the second derivative of demand in the numerator
multiplied by wy has a smaller impact than or favorable to that of first one.

Given that the firms behave competitively — and that wages may be set
independently -, (45), (46) and equilibrium between supply and demand
for input 1:

1
X1(p1- w1) =8 [Ly(py, w1 =x4(y, P71 Wy) (47)
define equilibrium at given y. In fact, (47) implies a relation
P1=P1(y, Wy, Wy) (48)

It is immediate to show that 8p1(y, wy, wy)/ OA has the sign of le (v,
Py wy)/ OA for A=y, Wy positive (negative) for A =y if 1 is a normal

(regressive) input in the downstream technology; positive (negative) for A
= Wy if 1 and Ly are substitutes (complements) in the downstream

technology. dp4(y, wy, wy)/ 0w - with the sign of - x; (p;, wq)/ Owq — will
be positive (negative) if L; is normal in the upstream technology.

(48) can be inserted in (46), generating from w1 = wy[py(y, wy, Wy)] an
implicit or observable reaction function of union 1 to union y’s wage, wq =
w (v, wy). Again, (provided Lyis normal and so wy(pp) > 0) if X1 and Ly

are substitutes (complements) in the downstream technology, it will be
positively (negatively) sloped: ow;(y, Wy)/ awy > (<) 0. If x; is normal

(regressive) in the downstream technology (again, provided L is normal in
upstream production), 8w1 (v, wy)/ Oy > (<) 0.

Likewise, (48) can be inserted in (45), generating from wy = wy[y, p1(y,
Wy, wy)] an implicit reaction function of union y to union 1’s wage, Wy =
wy(y, wy)- Slopes are more difficult to derive. Provided 1 - 8wy(y, pl)/ 8p1
op1(y, wy, wy)/ 8wy >0 (and L is normal in upstream technology), if x,

and Ly are substitutes (complements) in the downstream technology, it will
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be positively (negatively) sloped. Under the same condition, 8wy(y,

wq)/ 0y >0 when both x; and Ly are normal if but not only if x; and Ly are

substitutes.
(1- Gwy(y, pp)/ 9pq Opq(y, Wy, Wy)/ awy >0, iff [2 8Ly(y, Py Wy)/ 6Wy+

2 2
wy O°Lo(y, P W)l OWT] [0xq(y, Py wy)/ Opy - [0xq(Py, Wyl Opq] >

2
[0x1(y, Py, wy)/ Owy + wy ox¢(y, Py wy)/( awyﬁpl)] ox1(y, Py wy)/ ﬁwy.
Concavity of the cost function C(y, p;, Wy) in (py, Wy) would suggest its

likelihood.)

The two cases are then depicted in Figs. 6 and 7. The wage bill of each
union rises according to the arrows direction: y’s wage bill changes with
wy along y’s reaction curve according to Wy GLy(y, Py wy)/ opq [Opy(y,

Wy, wy)/ aaw1 + Gpl(y, w1, wy)/ awy awy(y, Wl)/ awl] — under
normality, signed as 6Ly(y, Py wy)/ Opy; 1’s wage bill changes with wy
along 1’s reaction curve according to w; 0Ly(y, py)/ Opy [Op1(y, Wy,
Wy)/ Gwy + 0py(y, Wy, wy)/ owq owq(y, wy)/ Gwy] — under normality,

signed as awl (y, wy)/ é’wy.
E is the equilibrium point.
&
W _ .
¥ 1’s reaction function
E
¥'s reaction function
0 W

4
o

Figure 6. 1 and Ly Substitutes
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W . .
¥ 1°= reaction fonction

v's reaction function

4
—

Figure 7. 1 and Ly Complements

Also, provided that Ly[y, py(y, Wy, wy), Wy] reacts negatively to Wy~ or

labor market stability based on an excess demand adjustment mechanism is
guaranteed -, for an interior solution (45) to be possible, it must imply
lower employment than the (a) positively sloped labor supply does at the
same wage: at a given wy, the monopoly wage Wy must be higher than the

competitive one, i.e, Wy(wl) that would insure equality between supply
and demand; such “competitive” function Wy(wl) would be below y’s
reaction curve in space (wy, wy) in Figs 6 and 7. Analogously, w; obeying

(46) — at given Wy~ should be higher than the competitive level.

Proposition 13:

In vertically decentralized markets where firms behave competitively,
monopolistic — revenue-maximizers - primary factor owners will

13.1. likely optimize conditional on the ex-post equilibrium intermediate
input price.

13.2. implicitly compete setting prices (wages) above the competitive
level, reacting to each other through positively (negatively) sloped wage
reaction functions if the intermediate input and the factor are substitutes
(complements) in the downstream technology.

13.3. increase wages after a rise in final output if the intermediate input
and the factor are substitutes in the downstream technology. The upstream
union will raise wages but the downstream one may raise or contract them
after a rise in final output in case of complementarity.

In the absence of final output quantity pre-commitment, (45) is replaced

by:

L L L
g7 P Wy) + wy OLo(y, py, Wyl 0wy +wy OLo(y, Py, wy)/ Oy Oy(py, Py,
wy)/ 8wy = 0, implying, replacingy by y(py, Py wy), wy = wy(py, Py)
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or

Ly(py’ Py Wy) + wy 6Ly(py, Py wy)/ 6wy =0 (49)

where y(py, Py Wy) denotes the downstream firm supply. GLy(y, Py
Wy)/ Oy and Gy(py, Py Wy)/ 8wy will have opposite sign. Hence, at the
solution satisfying (45) and y(py, Py wy), condition (49) is negative — at a
fixed p; (and given py), union y will choose a lower wage Wy relative to

the case of pre-commitment, (45).
(47) is replaced by

1
X]_(p]_l W]_) = g [L1 (p]_/ W]_)] = X]_[Y(py/ p1/ Wy)/ P1/ Wy] = Xl(py/ p1/ Wy) (50)

where Xl(py’ Py Wy) is the derived demand for X1 and therefore, (48)
by:

P1 = P11y(Py, Py, Wy), Wy, Wyl, generating py =pq(py, Wy, Wy) (51)

to be replaced in (49) and in wy = wy(Pq) from (46), which remains

valid.

If we replaced (50) and the supply function — or (51) - in wy = wy(p;)
and in wy = wy(y, pq) from (45), we would obtain the implicit “final”
reaction functions of the pre-committed case. Provided that Xl(py’ Py wy)
reacts to py, wy and wy in the. sarrTe. direction as before xl(y, Py Wy)
responded to y, wq and Wy the implicit p; = p; [y(py, P/ wy), w1, Wy] =
pl(py, Wy, wy) reacts to Py W1 and Wy, as before p; (y, wy, wy) did to y, wy
and wy (Because 1 - Opy(y, wyq, Wy)/ oy oy(p y Prv wy)/ dpy > 0, it is
immediate to verify that such is necessarily the case for Py -~ supply is

positively sloped — and wy); then, reaction function geometry would still be

valid — with substitutability and complementarity qualified in terms of
derived demands.

Now, relative to the reaction functions with pre-commitment, y’s
reaction function derived from (49) and (50) implies a lower wy - in Figs. 6

and 7, y’s reaction function would be below the one of the pre-committed
case in the (w1, wy) space. Then, both factor prices will be lower without

pre-commitment if Ly and 1 are substitutes; the upstream wage will be

higher and the downstream one lower if they are complements. Union 1
will be better (worse) off with pre-commitment if Ly and 1 are substitutes
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(complements) in the downstream technology; union y may end-up worse
off without it in any case.

Proposition 14:

In vertically decentralized markets where firms behave competitively,
and primary factor owners are monopolistic revenue-maximizers, factor
prices will be higher in the presence of final output commitment if the
factor and the input are substitutes in the downstream technology. The
upstream wage will be lower and the downstream wage higher in case of
complementarity.

Case 2: Vertically Integrated Markets

With an integrated industry, on the one hand, firms may not be able to
justify different wages — in which case, the equilibrium will surely differ
from the previous one. On the other, there is no intermediate disguise of
competition between unions in wage setting, no competition layer
provided by the intermediate product market. And different strategic
behavior will imply different equilibrium: now unions set wages
conditional on either wages or quantities — or other — of the other one, and
not at a given level of the wmlue of marginal product of the intermediate product in
firm 1 as was hypothesized for decentralized markets.

Unions may behave as Bertrand competitors. Then,

Ly(y, Wy, Wy) + wy 6Ly(y, Wy, wy)/ 6wy =0 (52)

Ll(y, Wy, wy) + Wy 8L1(y, Wy, wy)/ 8w1 =0 (53)

Well the first condition will differ from (45) evaluated at p1(y, wy, wy),

coming from the equilibrium condition (48):

where Ly[y, Py, Wy, wy), Wy] represents Ly(y, Py wy) evaluated at
pl(y, w1, wy). Rather, Ly(y, w1, Wy) = Ly[y, P (y, w1, Wy)’ Wy] and (52)

will correspond to:

Ly[}’r p1(y, Wy, Wy), Wy] + Wy 8Ly[y, p1(y, Wy, Wy), Wy]/ 8wy +

+ wy 6Ly[y, p1(y, wy, Wy)’ Wy]/ dpq Opq(y, Wy, Wy)/ 6wy =0 (55)

Then, aLy[y, p1(y, wy, Wy), Wy]/ opy Op1(y, Wy, Wy)/ 8wy is always
positive, with the two terms having the same sign: positive (negative) if x4

and Ly are substitutes (complements). At the same level wy (and y), the
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optimal wy should be higher than that of (45) — union y’s reaction curve is

above the one of the decentralized case in space (w, wy).

Also, (53) will differ from (46), including relative to the latter the term
wq OLq[py(y, wy, wy), wql/ Opy Opy(y, wq, wy)/ 0wy, always positive. That

implies that at the same level Wy the optimal w; should be higher than
over (46) — union 1’s reaction curve is, in space (Wl’ wy), to the right of the

one of the decentralized case.
Then, both w; and wy, are expected to be higher in the integrated

industry.

Proposition 15:

In vertically integrated markets where firms behave competitively, and
monopolistic primary factor owners are revenue-maximizers:

15.1. their strategic behavior may vary substantially and from the
vertically decentralized industry.

15.2. if they are Bertrand competitors, they implicitly compete setting
prices (wages) above the competitive level, reacting to each other through
positively (negatively) sloped wage reaction functions if the intermediate
input and the factor are substitutes (complements) in the downstream
technology. Both factor prices are higher than in a decentralized industry

Or they may collude. In this case, wages will be set in a way such that:

Ly(y, Wy, Wy) + Wy 8Ly(y, Wy, Wy)/ 6wy +wy 8L1(y, Wy, wy)/ 6wy =0 (56)
L,(y, wy, Wy) +wq 0L (y, Wy, wy)/ Owq + wy 8Ly(y, Wy, wy)/ ow,=0 (57)

Being the two inputs X1 and Ly substitutes (complements), the last terms

are positive (negative) and suggest a further wage increase (decrease) of
both factor prices relative to the Bertrand case — known effects in the
literature. Then, in case of substitutability, vertical integration with
Bertrand competition, by raising wages, will promote an increase in wage
bills relative to the decentralized solution.

In the latter case, they will probably be constrained to set the same wage
for the different tasks:

Ly(y, Wy, wy) + wy 6Ly(y, W1, Wy)/ 8wy +wy 8L1(y, Wy, wy)/ 8wy +

+L(y, wy, wy) +wq 0L (y, Wy, Wy)/ owq + wy aLy(y, Wy, wy)/ owy =0 (58)

at wy = w, = w. At such wage, (56) and (57) are symmetric: if (56) is

y

positive, the optimal Wy is larger than w in the unrestricted case and vice-

versa if it is negative.
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Identical analysis could be preformed for the derived demands — for
absence of quantity restraints. Conclusions would not alter qualitatively
under input normality — substitutability qualified in terms of derived
demands.

6. Monopsonistic primary factor market

Of course, the complementary view to the previous market structure, of
monopsonistic behaviour toward supply of labor could generate an
opposite assessment of decentralization, but only if supplies are not
independent. If supplies of factor L to the upstream and downstream firms

are unrelated - Ly(wy) and L1 (wq) - they work as independent factors —

represent different primary inputs that may be priced differently — and
provided firms behave competitively with respect to all other decisions,
industry structure is irrelevant. It will not be, if wages are constrained to
equalize — say, union bargaining requires (nothing else than...) wage
equalization. Then, instead of

Py fix1 Ly) = Py (59)
Py L1, Ly) = L wy) /Y (wy) +wy, (60)
P18 (L) = Li(wp) /L (wy) +wy = pyfi(xg, L) (Ly) (61)

with final solutions given by (60) and (61), a vertically integrated
industry observes:

Py £10c1, L) g (Ly) L1y + py fy (xp, L) LY (w) =
= Ll w)+ LY w) + w L (wy + LY ] (62)

Proposition 16: In vertical markets where firms behave competitively in
intermediate product markets but are monopsonists towards primary
factor markets:

16.1. equilibrium is independent of vertical arrangements provided that
factor prices (supplies) are unrelated.

16.2. if factor prices must equalize under vertical integration, profits will
decrease with the merger in the industry.

Suppose instead that it is the same factor that provides both firms, with
inverse aggregate supply W(L; + Ly)' Then, a decentralized market will

achieve:
py fl(Xl’ Ly) =P (63)
py fL(Xl’ Ly) = W(L1 + Ly) + W(L1 + Ly)’ Ly (64)
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pyg (L) = WL+ L)+ WLy LY Ly (65)

(65) establishes a reaction function of firm 1, L= L1 Py Ly); it can be

transformed in a pseudo-reaction function conditional on Py by solving for

L, theequationL; = Ll{py fq [g1 (L), Ly], Ly}, obeying
1 1. ,
Py f118" (Lq), Ly] g (Ly) = WL+ Ly) +W(L, + Ly) Ly (66)

The implicit L; = Ll(py, Ly) will probably be negatively sloped

. 7 17 ]- ]- 7
provided that W(L; + Ly) +W(Ly + Ly) L > Py fi g (Ly) Ly] g (Lq)-

(63) and (64) - replacing x; from one of them — suggest a reaction function

of the downstream firm at given Py alternatively, one can replace gl(Ll)

on (64) and derivate Ly = Ly(py, Ly):

1 ,
Py fLl8 (Ly), Lyl = W(Ly + L)+ W(Ly + LY Ly (67)

as the downstream firm counteracting reaction function; it will be
tively sloped ided that W(L L) + W(L L) L, >
negatively sloped provide a ( 1t y) + (1+ y) y py
le[gl(Ll), Ly] gl L)) ie, under a similar condition to that under which
1’sis.
A vertically integrated market would achieve a different equilibrium,
requiring;:

Py 5 (L), Lyl = WLy +L )+ WLy +L) (Ly L) = (68)

Py f1l8 (L) Lyl gl (Ly) = WLy L)+ WLy +LyY Ly +Ly) (69)

(68) and (69) can still be seen to suggest quantity competition between
the purchase of the two inputs. On (68), because W(L + Ly)’ > (), at a given

level of Ly, Ly must be to the left of the level at which was on (67).
Likewise, on (69): at a given level of Ly’ L, mustbe to the left at the level at

which was on (66). So — regardless of the slopes of the reaction functions -,
employment is expected to be lower than in the decentralized economy.
Being W(L; + Ly)’ > 0, wages are expected to be lower for a vertical

integrated industry.
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Proposition 17:

In vertical markets where two firms behave competitively in
intermediate product markets, but are monopsonists towards the primary
factor market that supplies homogeneous labor:

17.1. a decentralized equilibrium will allow for competition for factor
quantities by the two firms.

17.2. vertical integration will imply lower employment and wages than
decentralized settings.

7. Uncertainty in intermediate productindustries

In this section we illustrate the impact of exogenous uncertainty
affecting directly the intermediate product unit on the market outcome. To
the extent that it affects the equilibrium solution, we justify vertical
integration on such grounds. We consider that the intermediate product
market is competitive — price is set at marginal cost — and maintain that
firms maximize profits — are risk-neutral - to isolate pure uncertainty
effects.

Uncertainty is introduced as an exogenous Bernoulli lottery, Z, of null
expected value: with probability q it takes the value s, with probability (1 —

2

q) it takes the value -ﬁ, so that E[Z] = 0 and Var(Z) = gs
1-q 1-q

alternative sources of uncertainty are considered to affect the intermediate
product market: factor quantity uncertainty — and the exogenous
randomness affects additively the production function —, factor quality
uncertainty — Z is added to the argument of the intermediate product firm
production function '® —, and wage uncertainty.

A first note to be made is that if there is ex-post flexibility to the
gs
1-q
equilibrium — and aggregate profits which then rise with uncertainty in
prices - is invariant to vertical arrangements. Of course, neither the
equilibrium quantities '°, nor the “split” of industry profits between the two
in the case of decentralized markets will be invariant to uncertainty.

Ex-ante commitment with respect to quantity decisions may imply
different choices in a vertically integrated and in a decentralized market. It
will not with wage or final output price uncertainty, i.e., if Z is added to
wages or prices: in either industry arrangement, market outcome is
invariant to such uncertainty. But it will in other cases:

. Three

realization of Z — price of input 1 is formed after s or - is observed -,

Factor quantity uncertainty, ie., x; = g1 (L) + Z does not affect demand

for Ly(py, wy) in a decentralized market equilibrium; p; gl(Ll)’ = w and

18 See Feldstein (1971) for a similar concept of technological uncertainty, yet working
multiplicatively.
19 See Martins (2005) for single input technology case.
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firm 1’s supply is x; (py, wy) + Z%°. Being prices fixed ex-ante, firm y takes

quantity x; (pq, W) + Z; she maximizes
Py E[f(x; +Z, Ly)] “Pp Xy Wy Ly =

- _ _as _ _
py [q f(x1 +5, Ly) +(1-q) f(x1 I g , Ly)] P1Xq wy Ly (70)

so that

gs -
Py [qfi(xq +s, Ly) +(1-q) f(xq - ﬁ’ Ly)] = P

gs _
py [q fL(X]_ +s, Ly) + (1 - q) fL(Xl - ﬁr Ly)] - Wy
1.
P18 L) = wy
and therefore the equilibrium obeys:
1 1 S
Py lafylg (L) +s L]+ (L-a)fylg'Ly- 1q_—q,Ly1} - p, (71)
P faf[g (L) +s L1+ (1-q)fy g (L) - = L]} = w (72)
y "ULie T Ty Lo ™7 g’y y
1. .
p1g (L) = wy (73)

An integrated downstream firm would set L; and Ly such that it would

maximize:

1
Py Eif[g (L) +Z, Ly]} -wq Ly - wy Ly (74)

setting:

1 1 gs 1. v
Py lafylg (L) +s Lol+ 1 -q)fylg (Ly)- E,Ly]}g (L)'= wy (75)

1 1 gs
Py {qf[g (Ly)+s, Ly] +(1-q)f; [g (Ly)- m/ Ly]} - Wy (76)

Obviously, the market solution is the same as for the decentralized
market. Equilibrium would equivalently apply if the uncertainty was felt

20 That different firms may exist in the market is compatible with a measure Z inde pendent

of their number, just requiring that it represents perfectly and positively correlated
uncertainty across all the firms enduring it.
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directly and additively to x4 in firm y production function and prices were

pre-committed.

Factor quality uncertainty, i.e., x; = g1 (Ly +Z) would imply

Py lq fl[gl(Ll +9), LI+ (1-q)f) [81(L1' 1q__5q), LD =Py (77)
1 1 gs
Py f (8 (1 +9) Lyl+ (- g (- 72 )Lyl = wy 78)
P1a8 (g +9) + (=g (L - 1)1 = vy 79)
(77) and (79) imply:
1 1 gs
Py {qfy[g (Ly +s), Ly] +(1-q)f;[g (L;- ﬁ ) Ly]}
1 , 1 as
[qg" Li+s)+(1-9)g (Ll'ﬁ)lzwl (80)
A vertically integrated market will set
Pyla folg! (L) Ly I8 L)+ (- g (gL I8 (gl =wy 61
1 1 gs
Py {qf; [ (Ly +9), Ly] +(1-q)f;[g (Lq- ﬁ ) Ly]} - Wy (82)

As gl (Ll) is concave and f11 <0 for f to be concave, one can show that

the left hand-side of (80) is always smaller than that of (81): at the
decentralized industry solution, the derivative (of the vertical integrated

firm’s problem) generating (81) is positive and the integrated market will
tend to exhibit a higher L; .

Aggregate expected profits are certainly lower under decentralization —
under market integration, a certain degree of flexibility is gained in internal
pricing of the intermediate input: with vertical merger the intermediate
price stickiness is circumvented. Of course, for the market itself not to
allow price fluctuations, input quality must only be realized after internal
use in the downstream production process.

Proposition 18:

Assuming up and downstream firms are risk-neutral profit maximizers
and behave competitively:

18.1. Under ex-post flexibility, aggregate market outcomes are invariant
to vertical arrangements, even if not to uncertainty.
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18.2. With ex-ante commitment, wage uncertainty has no effect on
market outcomes.

18.3. Ex-ante quantity uncertainty in the production of the downstream
firm, affects market outcomes. The impact is invariant to vertical
arrangements.

18.4. Ex-ante quality uncertainty in the production of the downstream
firm, affects market outcomes and differently according to industry vertical
structure. Aggregate profits are lower under vertical decentralization; the
vertically integrated market will produce more intermediate product — and
potentially choose a larger size.

8. Summary and conclusions

Analysis of industry vertical structure usually neglects primary factor
effects. This study identified some of the consequences of specific market
competition arrangements when explicit and complete production
functions of both downstream and upstream producers are accounted for.

A first interesting consequence is the mathematical characterization of
technical economies of depth — defined with respect to technology features
of the existing downstream technology only. The following analysis was
always performed assuming their absence and mostly a perfectly elastic
final demand. It suggested stylized unilaterally uncooperative
arrangements likely to affect the equilibrium of a decentralized vertical
industry:

Monopolistic upstream markets will set input prices above marginal
cost. Intermediate input prices will lower with downstream scale flexibility,
introduced as derived input demand rather than conditional demand-
based optimization — (both) downstream (and upstream) firms will benefit
from the removal of such vertical restraints. Partial integration will lower
the price of a substitute upstream duopolist; it will increase that of a
complement (which will benefit with integration). With a less than
perfectly elastic final demand its feedback would alter some of the
conclusions; then, resale price maintenance clauses would appear to
promote a downstream monopoly/cartel competition and thus enhance
derived intermediate input demand faced by upstream firms, which may
then benefit from its imposition.

Vertical restraints were modelled allowing downstream autonomy
towards final output market Some comments applied when that
hypothesis can no longer be assumed valid — suggesting the generation of
delegation type equilibria.

A monopsonist intermediate product buyer will set input prices below
the competitive level. Vertical restraints on final supply would be
redundant; conversely, short-run flexibility in upstream hiring decisions
will benefit a downstream monopsonist — and the upstream price-taker.

Monopolistic primary factor owners set their prices above their
competitive level. The downstream wage will be higher in the presence of
vertical (final output) restraints - further output contraction responds to the
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downstream union wage increases without them; the upstream wage will
be higher (lower) if the intermediate input is substitute (complement) to the
primary factor in the downstream technology. With integration - and wage-
competition between unions -, both wages will likely rise.

Vertical integration would not affect monopsonistic primary factor
markets if factor supplies are unrelated and factor prices still allowed to
differ — i.e., unless monopsonistic price discrimination is no longer possible.
If wages must always equalize, vertical integration will lower wages — and
total employment: the competition layer provided by the decentralized
exchange of intermediate product is lost and production of final output
contracts.

Of final relevance, a formal justification for vertical integration in the
presence of uncertainty towards an intermediate product was produced,
based on its quality uncertainty — and even if its exogenous source remains
active in the two scenarios -, with vertical integration suggesting a higher
production level. Quantity uncertainty or ex-post price flexibility would
render vertical arrangements irrelevant.
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