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We analyze the advantages of centralization and decentralization in industries in
which production takes place in several stages and the costs are privately observed
by the agents in charge of production. We demonstrate that “informational dis-
economies” arise when uncorrelated information is concentrated in the hands of a
single agent. These diseconomies arise when the stages of production are different
activities with different cost supports. Journal of Economic Literature Classification
Numbers: D82, L22, L51.

1. INTRODUCTION

The organization of production is especially important in industries like
the electric power industry, where production takes place in several stages
(distribution, transmission, and generation), and/or the final good is com-
posed of several components. In such industries, a single firm may be respon-
sible for the different stages or components. Alternatively, multiple firms may
operate, each undertaking a different activity. We will refer to the former
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possibility as “centralized structure,” and to the latter as “decentralized struc-
ture.” This paper studies the optimal organization of production when the
costs of its different stages are uncorrelated private information, observable
only by those who undertake it.

When costs are correlated across activities, the principal may find it
optimal to choose a decentralized structure and rely on relative performance
schemes to lower the cost of the contract. Demski and Sappington [5, 6]
have shown that whenever it is possible to divide production into similar
activities whose costs are correlated, it is better to decentralize production.
Dana [ 3] establishes that informational economies of scope arise when one
firm produces both goods. The regulator should weigh these economies
against the benefits of relative performance schemes.

If costs are uncorrelated, the centralized structure enables the regulator to
avoid the informational externalities that would arise with multiple inde-
pendent firms. This argument is similar to those used in a moral hazard
framework suggesting that the formation of teams tends to increase welfare
by eliminating risk and commitment externalities.* In this vain, Baron and
Besanko [2] and Gilbert and Riordan [7] have shown that the optimal
regulation of complementary products may involve a centralized structure.’
For this to be the case the support of the cost distributions in the different
stages of production must be symmetric.

Our main contribution in this paper is to provide a theoretical basis for
the choice of a decentralized structure when costs are uncorrelated and the
products are complementary. More specifically, we show that when the sup-
ports of the cost distributions in the different stages of production are suf-
ficiently different, activities are optimally separated. With different supports,
two different effects arise under centralized production. The first effect favors
centralization: the cost of the contracts is reduced when agents internalize
the externalities that arise in decentralized structures. The second effect
favors decentralization: when production is centralized, the firm obtains
greater informational rent because of its ability to coordinate messages. That
is, centralization increases the size of the agents’ message space, and this
generates new informational rents. This effect, which we will call Concentra-
tion Effect, increases the cost of the contract. We will show that under the
assumption of equal cost supports, the concentration effect does not arise
but under more general circumstances it may even prevail.

2See Itoh [8] and Macho-Stadler and Pérez-Castrillo [9]. On hierarchies and collusion
among agents see Tirole [12].

3 Baron and Besanko, [2] also study informational delegation or subcontracting. Given strict
complementarities between the two suppliers, they find that decentralized and delegated
contracting can be performance equivalent. Melumad et al. [10] have shown that delegated
contracting may be inferior, in the absence of complementarities.



The paper is organized as follows. In Section 2 we introduce the model
and characterizes the optimal contract under each structure. Section 3 com-
pares the two structures. Finally, Section 4 concludes.

2. THE MODEL

We will consider a good which is produced in two stages (i =1, 2) (or is
assembled from two components). Production can be undertaken separately
by different agents, or jointly by a single one. We will assume a constant
marginal cost at each stage of production, #”. Hence, the total cost of g units
of output is given by C(q, ', 0%) = (6" +0%) q.

Cost realizations at each stage are independently distributed over two-
point supports. Formally, 0'e {6}, 0%}, with A40'=0%—6} >0, Vi=1,2.
The probability of the low cost realization, y, is common to both activities
and public knowledge. We allow the supports of the cost distributions to be
different. Without loss of generality, we will assume that 460" > A462.*

The principal chooses the way in which production is to be organized. In
particular, he contracts production out to either a single agent or to several,
each of which is put in charge of a different activity.” We will refer to the
first situation as centralization, and to the second as decentralization. In both
cases, the principal designs contracts so as to maximize his net expected
payoff W, which is the expected value of the difference between an increasing
and concave function of output ¥(g) and the expected payments to the
agent.® Both the principal and the agents are risk neutral.

2.1. Decentralization

Under decentralization, the marginal cost of each producer is private
information, and the principal induces truthful revelation in a Bayesian Nash
equilibrium. That is, he designs a menu of contracts, { 7'(8", 62), Td", 0%y,
¢(6", 0*)} specifying the payments to each agent and the required output
level as a function of announced costs, (9": 6-). We will write g; to denote
the required output when 0'=6; and 6>=63, where j ke {L, H}. The

4 A possible interpretation is that the realization of the marginal costs for each of the stages
may be the sum of an expected cost common to all of them, & defined by y0% +(1—y) 0=
E0F =0, ¥i=1, 2, plus the realization of a random variable &', which captures the specific effects
which affect each stage of production, and whose impact on the marginal cost can be different
in each stage. Formally, #'=0+¢', £'e { — o', '} Vi=1, 2, where »' > w?

’In contrast to our model, in Riordan and Sappington [11] the principal can choose
between undertaking second stage production himself or contracting out the second stage
production to the agent who performs the first stage.

% 1(q) can be interpreted as the consumer’s surplus, if we think of the principal as a
benevolent regulator, or as a firm’s revenues.



optimal contract maximizes the principal’s expected payoff subject to
appropriate incentive compatibility and participation constraints. We will
require the “participation” constraint to hold ex post. One possible inter-
pretation which seems realistic in a regulation context is that firms have
limited liability.

It is easy to show that if the monotonicity constraint on the expected
production levels holds, the principal will ensure that the ex post participa-
tion constraints for the less efficient agents and the incentive compatibility
constraints for the more efficient agents hold with equality. A low cost agent
will always participate if a high cost type does (for he can always sign the
other type’s contract and obtain a payoff above the reservation level). On the
other hand, given that the low-cost agents expected output is no lower than
that of the high cost agents, the latter do not find it attractive to pose as low
cost types. Hence, optimal contracts satisfy:

W —0190)+ (1= T Ly —0Lqcs)
=Ty, — 01 qr) + (1 =T 1y — 019 1m0,
T3 —07q,0)+ (1= yN( T — 074 m1)
=T~ 07qrm) + (1 =Tl — 019 5m),
Tin—0%qm=0, forall ke{L, H},
T3 —04q;y=0, forall je{LH}
Using equations above, we compute the informational rents earned by each

agent in each state. Substituting the informational rents in the principal’s
objective function, the decentralized optimal contract satisfies

V,(‘]LL):‘91+H§, (1)
Vigu) =0} + O+ 7 40° )
Viqum) = O3+ 03+ 40" 3)
V') = 9},+9§,+1L_y [ 46" + 46%]. (4)

As is usually the case in adverse selection problems, the principal distorts the
choice of output levels by high-cost types in order to reduce the informa-
tional rents accruing to low cost agents. Moreover, only low cost agents earn
positive informational rents.



2.2. Centralization

Under centralization, a single agent simultaneously observes the realiza-
tion of the costs at both stages of production. It is straightforward to prove
that the principal must base contracts on the sum of the cost of the two
activities,” given by @ = (' + 6?), in

A= {@LLs @LH’ @HL9 @HH} = {0}‘ + Hi, 0},‘*‘ Bfm 0}1"‘ Hi, 0}1+ 0%—1}

The principal designs a menu of contracts, { T, g6}, specifying the payment
to the firm and the required output level as a function of announced
costs, o.

To characterize the optimal contract, we begin by observing that the
global incentive constraints are equivalent to

T'tp—00091.2Tn— 01 91m (5)
Trn—Orudrn>To,—Orudrr (6)
Ten—O1u9ia> T —Oruqm (7)
Th, =04z Tou—Ourqin (8)
Thr—~Op9.Z T — Ourqun 9)

Tug—Oundnn> Ty —Opnqur (10)

together with the monotonicity restriction on output levels®

9rr 29182901 Z 9un-

Note that if (5), (7), and (9) are binding then (6), (8), and (10) also hold
SINCE 17 = Gru = qur = 9uy- Given the binding constraints, we can write

T, =Ouqr =Tin—Oruqrin+ AHZ(‘ILH_ qrr)
Tih— O 9in=Tuy—Oprqmu + (40" — AQZ](qHL —qrn)
Ter —Ouu9ur=Tug— Ouudun+ Agz(qHH_ qur)-

7 Notice that for any pair of contracts (70", 0%), (0", 0%)) and (T((", 0%), ¢(0", 0%)) such that
0,+0,=0"+0% the incentive compatibility contraints imply T(6", 0%)=T(6", 0*) and
g(0*, %) = q(0", ). Whenever 40" > 462, the principal’s information is the same no matter he
receives announcements about the combined marginal cost, @, or about the marginal cost at
each stage, (6, 6?).

8 As in the case of decentralization, the assumption on the size of the supports determines the
ordering of the output levels. Had we assumed 46> 46", then the monotonicity condition
would be written ¢;; > qu; > qru> qun.



Finally, if the participation constraint for the agent with high costs in both
stages of production holds with equality, the informational rents accruing to
any other agent are given by

M, =40%q .+ 1y

1l y= [AHI _492] Ger T U gr
My = APquy+ My

Iy =0=0.

The principal’s problem is therefore equivalent to

G?a}x VI Grs) = 0 11qr] + 71 =N Vs — O 1rdrn]
qij

+y(1 =[N qur) — Orrqac]
+(1— 7)2 [ M qun) — O uuqnnl

C
P 2402y — Y[ 46" — 467] Gy — (1 — (1 — 7)) 40°q g

I
.

qrrZ 9L

St.Aq9u=q9nuL

\ quL = 9un-

In the absence of distortions on the production level of the agent with low
costs in both stages of production, ¢,, will always be larger than q,,. We
can therefore ignore the first constraint and then check that the solution of
the resulting problem does indeed satisfy it. This procedure will not work for
the remaining (monotonicity) constraints. However, the incentive com-
patibility constraints ¢,z > ¢y, and qu;>qggy are never simultaneously
binding. This allows us to reduce the number of possible cases to three. Next
lemma establishes the three possible regimes and the ranking between them.

LEMMA. Which regime prevails in each case depends on the relationship
between 460" and A6>. In particular, the solution to the principal’s problem
yields

2
Regimel (411> q1n=9nL> Qun) if A02<A01<2— 40
-y

2 2—
Regime Il (911> 45> 9uL > 9au) if 3= yA02<AHI<—1—);A02

2_
Regime Il (q1.>qru™> G =dmm) i 1—V402<A91.
-7



Proof. See the Appendix. I

The intuition behind this result is the following. In adverse selection
problems, the principal distorts the choice of output levels (or sets inefficient
output levels) in order to reduce informational rents. The larger the marginal
informational cost associated with a level of output, the larger is the optimal
distortion from the point of view of the principal. When 46" is not “very dif-
ferent” from 462 (regime 1), the marginal rents associated with g, are larger
than those associated with ¢, . Hence, the principal would like to distort
¢, more than the incentive constraints allow him to. Hence, the principal
“pbunches” the production levels associated with the states “LH” and “HL.”
In regime I1I, the principal cannot distort ¢, as much as he would like and,
in order for the contracts to satisfy the incentive restrictions, the constraint
qrr — G g =0 must be binding.

3. CENTRALIZATION VERSUS DECENTRALIZATION

Baron and Besanko [2] and Gilbert and Riordan [7] have shown that
when the supports of the cost distributions are identical the principal prefers
to centralize production because he finds it less costly to induce honest
revelation when a single agent has all the informatién. We now show that
the assumption of identical supports is far from innocuous.

PROPOSITION. If A8 <(1/1 —y) A0* the principal strictly prefers to
centralize production, but if A0'>(1/1—y) 40> he strictly prefers to
decentralize production. When A0'=(1/1—y) 46°, centralization and
decentralization are equivalent.

Proof. For any value ¢ =(qyu, 9ur- 9ru-> 912). the expected rents under
decentralization (EITP) and under centralization (EII€), are given by

EIT"(q) = y(40Pq s+ 40" q ) + (1 — PIL40" + 40°] s
EIT(q) =*460°q u+ y[ 40" — 46°] qur + (1 — (1 =9)*) 40° .
Hence, the difference in rents across structure types is equal to
EITP(q)— ENT(q) = y[ A0* — (1 =) 40" (¢ — G m) (11)
Denoting by ¢° to the optimal output under the structure of production S,
S=C, D, optimality of output choices and (11) imply W€(¢°) > W<(¢°) >
WP(gP) if

EITP(q")— EII(q") = y[46* — (1 —y) 40" (g5 — 95 > O,



and, similarly, W?2(g?)= W?(¢€) > W(g°) if
EI€(q°)— EITP(q€) =y[(1 —y) 46" — 40> (g 57, — 9 521) > O-
Thus,

(i) If 40" <(1/1 —y) 462, we have W€(¢°)> WP(¢”) since g5, >
qgr}r

(i) If 40" > (1/1 —y) 46 then WP(q")> W<(¢°). To see this, notice
that if 40" e ((1/1 —y) 462, (2—y/1 —y) 46?), we have IT?(¢€)— 1€ (q°) =
(1 —79) 40" — 4621(q5, — q5,) >0. And if  A0'=(2—y/1 —y) 46%,
P (g9 =M°(q°) due to ¢5;, =q5y, and g5 #q5, imply WP(¢")>
w(q).

Finally, it is straightforward to see that A6'=(1/1 —y) 46% implies

ITP(q) = IT(q) for all ¢, and, consequently, W<(g)=W?(¢"). |

Each structure has advantages and disadvantages when it comes to
extracting information. To see this, let Ty and II7 denote the infor-
mational rents associated with (6}, 63), j, ke {L, H}, under centralization
and decentralization, respectively, where [T =3,_, , IT7. We can write

g, =7, — 40%(q 5 — 4un)
Hiy= 17, + (460" — A0* NG — Gumr)
i 1C1L =y
g, =1%,.
Note that the centralization of production has two different effects:

o Lfficiency Effect. The informational rents associated with the state
“LL” are smaller when production is centralized, ie., II§, <II7,. The
reason is that with decentralized production each agent does not take into
account the fact that when he announces high costs, he reduces the infor-
mational rents accruing to the other agent (when the latter’s costs are low).
When production is centralized, agents internalize that externality and the
expected cost of the contract is lowered by y?40%(q yz — G 1r1)-

s Concentration Effect. The informational rents associated with state
“LH” are larger when production is centralized, I7¢,,> I12,,. The reason is
that centralization increases the set of possible announcements, and this
increases the cost of inducing honest revelation. If we decentralized produc-
tion, the set of possible announcements becomes smaller, and informational
rents shrink (the expected cost of the contract falls by y(1 —y)[ 46" — 40*]

(e — 9om))-



Hence, if 40" <(1/1 —y) 46% the efficiency effect prevails over the con-
centration effect and it is better to centralize production. In particular,
when 46! = 467 there is no concentration effect and therefore centralization
always dominates. When 40" =(1/1 —y) 46 both effects offset each other
and therefore centralization and decentralization are equally efficient.
Finally, if 46" > (1/1 —y) 46%, it is better to decentralize production. Note
that decentralization is now the optimal choice even when the cost of the
optimal contract is the same for both structures since decentralization
allows the principal to loose the incentive constraints he faces.’

4. CONCLUSIONS

In this paper we have analyzed the advantages of centralization and
decentralization in industries in which production takes place in several
stages (or the final good is compose of several components) and the costs
at each stage are uncorrelated private information.

Our main contribution has been to identify the existence of “informa-
tional diseconomies” associated with the concentration of information in
the hands of a single agent. Centralizing production generates two different
effects on the cost of the contracts: it makes for the internalization of infor-
mational externalities (efficiency effect), but it enables the coordination of
the announcements of both costs (concentration effect). When the supports
of the cost distributions are sufficiently different, the second effect
dominates the first, thus the principal is better off when he decentralizes. In
De Frutos and Da Rocha [4] it is shown that this insight generalizes when
more general discrete distributions are considered.!® In particular, it is
shown that, allowing the probability of obtaining the low cost realization
to vary across the two stages of production does not alter the preference for
decentralized production.

Organizational structure is particularly important in regulated industries
like electric utilities. In this line, when Dana Jr.[3] concludes that
regulators must centralize production when costs are sufficiently correlated,
he writes “... the break-up of electric utilities along distribution, transmission,
and generation lines would be inconsistent with the theory.” This paper

® When 40' > (2—7y/1 —y) 40 both contracts are equally costly but the principal prefers to
decentralize since it gives him a larger margin of choice: under decentralization contracts must
satisfy ¢z > ¢un, Whereas under centralization the only allocations which can be implemented
are those for which ¢4 =qgyx.

10 The interested reader will also find there an example for the continuous case for which
decentralization is the optimal regulator’s choice. The crucial feature of that example is that the
distribution function of 0}(F(#')) stochastically dominates the distribution function of
O F5(0%)).



provides theoretical support for the separation of electricity generation
from its distribution and commercialization even when costs are un-
correlated, a practice which has been adopted in a number of countries.
This choice may be seen as an attempt to reduce the informational advan-
tages derived from the concentration of all the relevant information in the
hands of a single firm.

APPENDIX

Given that we can ignore the first constraint, ¢,; > ¢, 5, the optimal
contract satisfies

oL

2 272[ Vi(qrr) —0r]1=0 (12)
drr

aL 1 2 2

P =yl =)V (qrr) —Oral —v 40" +pu, =0 (13)
qru

dL , 1 2

3 =(1=9)y[V'(qur) = Our] —y[A40' —46°] —py + 1, =0 (14)
q9HL

oL PR 2y 41p2
a—=(1_7’) [V (9ue) —Opu] — (1 = (1 =7)7) 40— pu, =0, (15)
qunH

where y, is the multiplier associated with ¢,z — ¢y, >0 and u, that of
quL—9un=0.

First we will show that the incentive compatibility constraints g,z —
Gur >0 and ¢y — g >0 are never simultaneously binding. Suppose the
contrary, i.e. let ¢;5=q g =qur=q and therefore 4, >0 and u,>0. By
adding (13) and (14), and from (15), it is easy to see that we must have
(2y —1/y) 40* = 40" = (2/y(1 —y)) 46%, which is impossible since 2/y(1—
) > 2y — 1/y. Hence, there are only three possible regimes. In order to com-
pare them, we will write g5 to denote the optimal quantity in regime R,
R=1, Ii, ITI, when the cost announcement is &, with j, ke {L, H}.

e Regimel. 4,>0, 4,=0 (9r5=9nr> 9aL> 9uE)
VI(‘]iL) =0,

2—y
2(1—7)

L—(1—)?
TEmate

V’(qILH): V,(Q{'-]L):@LH‘F A9' — 467

V' (qhn) =Oun+

10



o RegimeIl. ;= =0 (94> 9qur, 4ur > 9an)
V’(qu) =0..

V' (qiy) =Oru+ IL—y 46*

1
V' (q5L) =Our+ I——y [40" — 46%]

1-(1-y)

2
V,(ng):@HH_l_ (l—y)z 46,

o Regime NI p; =0, t5>0 (925> Gar> Grr=9un)
V’(qglld) =01

, Y
V(qﬂ,) = @LH+1—__y 460?

1 . b4
V(g =V (@) = @HH+1—_V 46",

Notice that we have V'(q;,) < V'(q.z) in all regimes. Observe too that
the solution corresponding to regime II is at least as efficient as those for
other regimes, since it corresponds to a free maximum of the objective
function. Moreover,

1
Vi(qi) — V' (qLa) = Ty [(2—7) 40" —246%]
1
Vi{q5m) — V' (di) 0= [(2—y) 46> —(1—y) 40'].
Thus, if 40" e ((2/2—7y) 462, (2 —y/1 —y) 40?) then
Viga) —V'(qiy) >0 implies q7y> gy,
V(@hw) —V'(qg) >0 implies g5, >4y,
and the optimal solution to the principal’s problem yields g7, > g7y >
choose between regimes I and II1. To see which regime prevails, notice that

from a comparison of the first order conditions corresponding to these
regimes, we obtain:

1"



1) For all 46 and 46", we have g%, =q%% and ¢%,, > g% .

(
(2) If 40" <(2/2—y) 462, then ¢L, > ¢ and gl <y
(

<
3) If 402 = (2 —y/1 —y) 462, then g%, < g™ and ¢y > gl
Consider first (2). The concavity of V{(g) implies
WC(qI) . WC(qIII)
291 =) V'(qre) —Oru)(qrn—daLs)

+9(1 =PV () — O N g — i)
+ (1= [On — V(@) Wi — O arr) — P2 A0 gLy — a7
— [ 40" — 40?1l — a5 ) + (1 — (1 —9)?) 40%(q 5 — G aw)-

Since ¢4, =¢%,, and g%, > ¢’ , straightforward computations yield

we(q")—we(q™)
P2—7)
> a0 12 401 | Lot e~ 2

implying that regime I prevails over regime III since both expressions
between brackets are non-negative.

Finally if (3) holds, ie., if 46" >(2—y/1 —7y) 462, then it is easy to see,
by using arguments similar to those in the previous case, that regime III
dominates regime 1.
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