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PECUNIARY EXTERNALITIES:
A GAME THEORETIC ANALYSIS

by
Martin Shubik¥

1. Pecuniagx Externalitie; and Harketé.

When one firm or an industry expands, its actions may influence
the cost of factors to another firm. The change in‘the cost of factors
represent an externality to the firm.whiqh firds itg input pr;ceaAcbqnged.
Thg firm ig not the mastefxof its own destiny. An action by an outside

agent has influenced its economic well being.

Why ghould a pecuniary externality; ioe.; an ex;ernal%;ymthﬁtm§g
manifested in a change in prices, be different from a physical externality
gsuch as the production of smbke or other pollutien? Hbdern econemic
analysis provides the amswer that the change in prices are merely a re-
flection of the maximization process in a competitive ma:ket_embod@ed in
4 general equilibrium gystem. The apparent externmality shows up as a
feedback from one market to amother in a comparative statics explanation

of adjustment to change.

*

Regearch undertaken by the Cowles Commission for Research in Econemics
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rIngtggd of assumipg thg existence_o§ a pricg syatgm.wg_Qgﬁuge
its\gxig;gnce as thg limit of‘nhe core of an economy ﬁith many plgxgrs $j*
In our attempt to set up therappropriage ecggomi:_qugl we find that the
payadox of the pecuaiary e:ternality is closely :elatgd to the implicit

gssumption of the existemce of markets rather than the assumption of the

emergence of markets as part of the economic process.

The paradox of the pecuniary externality does not even appear
if, ingtead of viewing the behavior of the individual firm or customer
as a mere mechanistic adjustment to a price system it is viewed «s

the acts of a player in an economic game.

Edgeworth first suggested approaching the formation_of the price
system via the contracting and recontracting of groups in a market. He
indicated the limits of a Fargain between traders by means of a contract
curve and indicated that as the number of traders is increased the
contract curve shrinks and iﬁ the limit (with_many trgders)fthe p;icg“
gyspém_eme:ges 2/. Shubik noted that the Edgeworth contract curve was ;he
same as the game theoretic concept of the core of a game §j9 He treated
a gpecial case; Scarf treated the general cage and proved_the convergence
of the core to the competitive eqnilibrium_price in a general context.

Debreu worked with Scarf in shortening and stremgthening the proof 4/.

The reason for the paradox of the pecuniary externality and why
it does not appear when we -approach the price system via the core can be .
explained by means of a simple example of a clogsed economy with two in-

dustries, customers, two final products and labor.



Figure 1 shows the gengral eqq%librium,mgrket mpdel'gnﬁrFigurgrz
shows a closed economy modeled as a game. They are modeled for two firms

and two customers. For simplicity, we assume that raw materials are free
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{nputs hence the profits of Firms 1 and 2 can be expressed as:
My = Pyhy(y) - paz;  and I, = pyh,(2y) - P3%y

where 2, + Zy =W + Wy s i.e., the amount of labor bought equals the
anount sold. Py Py and p, are regpectively the prices of the first

and second congumer preducts and lgbor., hl(zl) and hz(zi) are the

production functions and for simplicity we assume that the utility fuactions
of the consumers are the same, ¢ and their initial endowments are also

the gsame (0, 0, A) .

The lines and arrows marked by M, show the presence of a
market for the consumer goods (or two interlinked markets). The market
structure aggregates and interlinks firms and customers so that any in-

dividual trades with an impersonsl market rather tham indulges in personal



face-to-face bargain;ng and trading. Both firms and"custgmersrgrg
assumed to face prices and they maximize accordimgly. The lines marked

by M, denote the labor market.

If we wished we could introduce one more set of lines representing

the payments of dividends Bl + D2 = “1 + nz back to the cbnéumers. For

the purpose at hand this is an unnecessary complication. Furthermore if
the production functions are homogeneous of order 1 (i.e., congtant

returns) then profits will be zero and no dividends will be paid.1
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Figure 2 shows the two firms (qs Players 1 and 2) and the two
customers (as Players 3 and 4). The dotted lines indicate that anyone
can deal with anyone directly. There is no imposed market étrncture or

Price system,

In particular the two firms and customerg can form 24 - 1or

15 different -trading groups. The trades that these different groups can

1 There is a further complication relating to prodection. Are the pro-

" duction functions individually owned or can any factory produce anything
1f it has the imputs? Here we assume the former. This might happen if
each owner had a nommarketable talent or capital good used in the process.
A fully satisfactory answer to this questionis not attempted here as it
is not central to discuseion of monetary externalities although it calls
for care in treating capacity constraints, nommarket goods and dividends.




achieve can be denoted by a characterizing function 5/.

v{ih =0 i3 the set of outcomes that a coalition of one
1nd1v1dnal i ~can thain if he_deals wi;h gdquy elge. This amount can
bemasgigned the valug_ 0 . It ig the gtatus guo payoff. There are four

one~person coalitions.

v({i,iD) “stgnds for the set of outcomes that a coalition of two

individuals can obtain.

v({1,2}) = v({3,4}) = 0 .
1f the firms or the customers try to trade only among themselves they

cannot improve over the gtatus quo.

v({1,3}) = V({1,4}) = the Edgeworth contract curve between the
first firm and a single customer (wvhere the cugtomers have the same tastes

and endowments)

v({2,3}) = v({2,4}) = the Edgeworth contract curve between the

second firm and a single customer.

There are six two person coalitions pogsible. Similarly there
are four three person coalitioms: V({1,2,31) , V({1,2,4}) , v({1,3,4]),
and v({2,3,4}); and there is one four person coalition whose trading

possibilities are characterized by V({1,2,3,41).

2, Orthogonal Coalition Games and Decemtralization.

Despite its relatively frightening name. The concept of an
orthogonal coalition game is relatively straightforward and is the key
to the analysis of extermalities. The basic idea is that in such a game,

once the participants have chosen sides those excluded from a specific



coalition have no influence on the fate of fhe coalitiqn. This”is.

highly related to the view of open trading in a mgrketo When“twq_prngrs
ggree upon a bargain, for all intents and purposes they_@o notmcgreuwhati
the rest of the market is“doinge This doeg pot mean that the availability
of others to trade with is of no influence on the market; hawever no oae
is forced to deal with anyone else. The device of recontracting may_bgr
regarded as a comparative statics way of checking trading possibilities;
however (as 1s the case in most actual marketplaces) a eontract will be

honored by both parties and does not depend upon third parties.

When we view the market with two firms and customers, as
described in Section 1 as one in which any coalition is feasible then as
soon as you have signed your contract with some set of partic;pan;srthe
remainder of the market is irrelevant.1 The essence of an orthogonal

coalition game in gemeral and of a market game in particular is "doing

your own thing",

Consider the coalition {1,3} which can obtain V({1,3}) .

This is indicated in Figure 2 by V13 ; and leaves the first firm and

customer utterly 1ndepen&entiof the second firm and custémer; Thig is
not possible in the setup degeribed iﬁ Figufe 1. The other firm and
Customer are always interlinked to everyone else through the impersonal
narket where a price to ome ig a price to all simultameously. The
warket im Figure 1 forces a feedback upom all participants whether they
like it or not. They cammot cut out and form their own community. The

1 It is possible that, for unspecified reagons, the outsiders might wish
to give away extra goods to you, whether you iike it or not. However
if strangers bearing gifts turn up you do not have to take them.




market in Figure 2 allows for amy grouping anyone wants. Once the groups
have been decided upon they arerstrategically igolateda They hgyg no
fur;her 1atergction with each other. 1In other words they are completely

decentralized.

If an organigation can be degcribed as an orthoggnal coalipion
game this means that it is possible to decentralize it in such a complete
manner that the performamce of any subdivision wiil depend only uﬁen

1tse1f.1

Supposge that we were to increase the number of customers ayd the
number of firms of Type 1 and Type 2; the market we have described is
merely a special instance of the market treated by Scarf 6/. As the
aumber of firms and customers increases the core shrinks and a& price

gystem emerges.

3. Partial Equilibriem Analysis, Comparative Statica and Externalities.
The full force of the paradox of pecuniary externalities comes

in when we discuss changes in supply costs to an industry qonsidergd‘iq B

isolatiomn; where the changes have been brought about by a shift elsewhere

in the economy. For example, suppose that an industry in the same district

has had a change in technology which callg for a differemt type of labor

_input. The effect of this change may feed back on the labor costs of

the first industry.

1 This does not solve the problem of what is the optimal decertralization
for the organization as a whole. The answer for a market appears to be:
"oive up the doing-your-own-thing level of decemtralization. Put in
a price system in the central office and announce the prices to the
otherwise decentralized divisions."



Following the description of the twe models inl§§ct19gﬁ}<ye
can see immediately the effect of the diffe:ent.treatments. Suppose
that there was a shift in techmology so that the production fung:iog

for Firm 2 becomes h%(zQ) ingtead of hﬁ(gﬁ) o 8Solving the general

equilibrium system imdicated in Fignre 1 a new get of‘priceg vill emerge.
In particular the cost of the labor supply to Firm 1 will have changgd.
Viewed from the pogition of the hesd of the first firm losking on}yrat.

his own market, an external force over which he has mo comntrel hga effected
his costs. The reason for this ig because we have implicitly asspmeéw‘

that he has to deal via the overall impergonazl price system of the mass

market whather he likes it or not.

~ Let us now consider this change in terms of the model in
thurg 25 .The qnly values of the characterizing'fumc;ion that have
changed are those involving Firm 2. If your group wag not dealing with
Firm 2 before his technological'breakthrough, it ¢9as not @ﬁvg to deal
vith it now. If it chooges uot to, them 1t will earn the same amount

as before.

The effect of the technological change im Firm 2's praduction
has not gone ummoticed., It has imcreased the value of 8 out of the 15
coalitions., By deing so it has made certaim coslitioms more attractive
to gome players them they were before amd has changed thg»pamtam of
vorthwhile recontracteg. If we were to take the mew characterizing function
and add more players the core will now converge to a new limit which is

the new price system which fakes into account the chsnge im technology.



4, Markets, Economic Reality, Pecuniary and Physical Externalities.

Suppose that exogenous change in the production process of Firm 2
gere such that it involves a physical externality. For example it gwitches
to a new procegs which may be labor-savimg to itself but which dumps
snog on the consumers and on the other firm. Returning to Figure 2 and
to the characterizing function; we would have to modify the Figure by
fntroducing solid interlinkages between Firm 2 and the three others.
Regardless of the market organization they cipnotrgvoid the connection
to Firm 2. The game is no longer an orthogomal coalition game; we camnot
even easilj gtate wh;g a coalition can obtain Y;thogt firgt finding out
vhat Firm 2 intendé‘to do. It is no longer posgibie "to do your own
thing"”. The characterizing function is not parpichlarly helpful in
describing the structufe of the threats and interference that the firm

with the physical externality can export to all of the other players.

When we try to patch up the,charactgrizigg:function to take into
account the actioms of Firm 2 we find thgt thg core gf the new game may
not exigt 7/. Furthermore if the core were to exist there is mo guarantee
that it converges as ﬁore firms and customerg are added. No price system

emerges.

Raturning to Figure 1 we woald.hgve to patch up all production
functiong and the consumer preferences to reflect ﬁhe role of the smog as
an extra commodity. The smog is not an ecomnomic é;od and will not appear
with a price, ner can it be traded or aveoided. Independent maximizing
behavior baged upon a price system which does not imclude & method for

Pricing and controlling the distribution of the extra commodity wiil be



10

optimal only by pure coincidence.

In an economy such as ours, markets exist and, at least in some
areas; the price system is prevalent, Although the argument in this
article has attempted to show that by adopting a more basic approach
to trade based upon the core of an economy agd¢a11 coalition structures
the phenomenon of pecuniary extermalities poses noiproblem; yet we know
fhat our institutions have markets and we doinqt de@uce their existence

. de novo by calculating the effect of billions of coalitions.

If we assume that firms must trade through organized markets;
but . 1f we #130 assume that a large firm need not be”considered as a passive
price-taker them in a partial equilibriuﬁ gligppé}istic competiﬁion
analysis a pe@uniary externality may be just.as réal to a campetitéf as

is smog being dumped on his factory.

If the individual large firm has strategic control over at
least; part of thé enviromment its mamagement wiilihot care (unless they
are socially motivated) whgther cogts are g@iﬁgruﬁﬂbeeause a new Iindustry
in the area is bidding_up the price ¢f engineérs or causging cogt te rise
because it ig now-more expensive to clean p@lluﬁed water for the imdustrial
use that the firm has for it. In either case the strategy of interest
to the oligopolistic firm is te block the emtry of the mew industry or
to extract a tribute from it to pay for the additiomal cests it will
.incur, The firm per ge does not care whether {as in the first case)
the extra costs are caused by the fumcti@ning of a technically efficlent

price system correctly (from a social point of view) increasing the cost
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of skilled labor to it; or whether costs are increasing due to a

gocially undesirable externality which has not been accounted for.

In summary there are three phenomens which must be separated
when comparing pecuniary and physical externalities. We may view the
wvhole economy as a mechsnigtic functiening of the price system. The
gingle price-taking producer will regard a change in costs to him via
the price system as bad as & change via a physical externality. However,
he is constrained (by being a price-taker) to do the right thing when
the cost change merely reflects a feedback in the general equilibrium
process. He will almost always do the wrong thing when the cost

change is caused by a physical externality.

When we view the whole economy as a cooperative game with all
coalitions possible, the paradox of the pecuniary extermality disappears
and ig gshown to vanlsh into the overall maximization problem where
exogenous change is correctly reflected in the change in the values of

some of outcomes shown in the characterizing fusction.

When we consider the possibility that an individual firm may
be an oligopolist with market power, it is not constrained "go do tﬁe
right thing" when its costs go up, no matter how they go up. Hence in
the sense of an oligopolistic partial equilibrium, an individual firm
may be expected to uge its power to. nomceoperatively fight amy type of

Perceived externality.
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