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I. INTRODUCTION

THIS PAPER RELATES NEATIVE EXTERNALITIES AND COMPETITION. In a competitive
environmentwith differentiated productghe tendency ofonsumergo impose costs on others

and notaccountfor these costim their decisions may have implications not just for the allocative
efficiency of market outcomes, but also, in meaningful ways, fostitueture ofthe equilibrium.

The competitive effects of externalities alter firmsO incentives with respect to prices, outputs, and
the imposition of external costself. Consequently, as this paper demonstratesnppetitive
effectsalter and may even reverse thergiaal effects of negative externalities on social welfare.
Accounting for these effects forces aeseamination of the public policy solutions that address
problems of shared resourdasa wide range of markets.

In many market situationg;onsumersmake choices that impose greater external costs on
those who do not make the same choice that they do, as compared with those \@omsider
first what one might call Ocombatant googs@ducts thabundlegreaterimposition of external
costs with greateprotection against the same costs, relative to alternatSart utility vehicles
(SUVs)impose greater risks of injury and death on other motorists than do cars, while at the same
time providing their occupants with increased protection against ttieke relative to cars.
Visible cartheft deterrent devicgsuch as the Cluliend to push thieves to other carsluding
those protected by invisible deterrent devices (such as Lojack); thus they redisttiimeteather
than reducing it, while inodating their owners against others who pursue the same strategy (see
Ayres and Levitt [1998]).

Another instance of the phenomenon is presented by situations in which a consumerQOs
adoption of a noisome product reduces her displeasure from othersO wsgroitict, either
because personal use increases habituation to others® use through a physiological mechanism,
such as addictive tolerance; or because it changes attitudes through a psychological mechanism,

such as reaction to cognitive dissonahdeor excample, Beh [1989] observes that smokers report



finding secondhand smoke less objectionable than desmookers suggesting a causmdeffect
relationship between personal tobacco use andaggseved attitudes towards othersO. use
Meanwhile, people wi maintain theidawns with gasolinepowered mowers and leaf blowers
might, because they hav@nsequently adjusted their attitudbs, less likely to find the fumes

and noise from neighborsO equipment objectionable. Similarly, the fact that oneOssneighbo
pollute a shared lake through pesticide runoff or by using motorboats may be viewed less
unfavorably if one is doing these things oneself. In such situations, as with combatant goods, the
noisome product imposes greater costs on individuals who haadapted it as compared with
those who have.

Yet anotherinstance can be found in situations in which agents who do not adopt a product or
service incur a stigma that grows stronger, perhaps by accruing credibility or acceptance, as
additional agents ag@d. As businesses obtain certifications (e.g., I1ISO 9000,-baskd
certifications, etc.), their uncertified competitors increasingly run the risk of being viewed as
unsafe or undesirable to deal withAs the job market in a certain profession becomesmyed
with candidates who have degrees from prestigious institutions, applicants that do not have such
degrees are increasingly viewed as deficiehalogous effects occur, generallyith respect to
all goods to which social norms are attached, toetktent that incremental adoption increases
sanctioning against neadopters. Thus, as more people wear expensive suits to interviews, or
give their ceworkers a bottle of wine at the holidays, such practices increasingly become the
norm, and those who dwt engage in them fadrecreasedsocial costs relative to those who¥o.

While many of thesetypes ofsituations have been discussed by economists, they have not
previously been recognized as involving anything other than simple negative exterhaties.
becausdhe external costare imposedselectively (i.e., more so on those not making the same
choice),they exhibit competitive effects not identified with n@elective negative externalities.
Specifically, selective negative externalities impigtwork externalities: an increase in the

number of people choosing an activity that imposes a selective external cost increases the benefit



of choosing the activity relative to the best alternativehe result is what one might call ard-Oi
you-canBGbeatOenrjoin-OemQ YCBEJE) network effect, whereby consumers join a bandwagon
created by the increased undesirability of the alternative chdmteition suggestshat the seller
has an incentive to enlarge external costs (or consumersO perceptions) 6f themosts are
selective because doing so would increfiesales’

The paper uses a simple location model of differentiated products to extmimdfect of
selective consumer choicémposed negativexternalities on theompetitivemarket equilbrium
and the strategic behaviors of the competitofhe framework allows us to consider social
welfare outcomes and the effect of a prospective public policy that reduces the externality at the
margin. Contrary to the IYCBEJE intuition, one finds tipending upon consumersO relative
demand for the competing products, the price effects of selective negative externalities may cause
the imposing productOs sales to decline, rather than rise, with the size of the externality.
Consequently, positive corafitive effects may overwhelm the externalities® negative direct
effects on welfare, such that an externadityurging policy actually improvesvelfare.

Selective negative externalities and their resulting competitive effects are appropriately
viewed though the lens of compatibility. When a consumer considers whether to use a selective
externalityimposing product or some alternative, she typically considers how well or badly the
alternative will fare in terms of its relationship to the imposing prododthow many units of the
imposing product there are in use. For example, the prospective buyer of a car might wonder
how well she will make out if she collides with an SUV, and how many SUVs she is likely to
encounter on the road. The first questios tado with compatibility, and the second with the
size of the relevant installed bdse.

Past analyses of network extertiab have generally focused on usepecific positive
externalities of consumption, that is, situations in which users of a gomditbother peoplavho
use thesamegood or a compatible good.Several papers in this vein analyze consumersO

equilibrium market choices, positing the importance of compatibility benefits as a parameter of



interest (e.g., Katz and Shapiro [198992} Farrell and Saloner [129; CrZmer, Rey and Tirole
[2000]). Compatibility between different products is then assumed to be a choice variable of the
consumer (through the decision to buy a converter) or the firm (through the decision to build a
product buntkd with a converter, or else to agree jointly with other firms on a product standard),
whence these papers examine the compatibility decision as part of a set of equilibrium outcomes.

While likewise analyzing consumers® choices in equilibrium, the presgrer takes
incompatibility between different products as given. It breaks the importance of incompatibility
costs into two components: the size of the negative externality, which it takes as a choice variable
of the firm; and the level of selectivityf dhe externality, which it treats as an exogenous
parameter of interest. The size of the externality, which the other papers treat as wholly
exogenous, is thus an outcome of our equilibrium analysis. There are two reasons for this
modeling approach. Eit, it is consistent with the conventional analysis of negative externalities,
which treats the size of the externality as a variable that may be manipulated by private parties.
In this context, public policy options for providing incentives to mitighte externality may be
considered, using marginal analysis of the social costs and benefits. Second, with respect to the
various examples of selective negative externalities proposed earlier, it is realistic to think of the
negative externality as beingvariable that firms may practically manipuléte.

Another important distinction between the present paper and some of the compatibility
literature pertains to the assumed effects of compatibility on prices. Katz and Shapiro [1985],
CrZmer, Rey and Tirolf2000], and Hogendorn and Yuen [2009], among others, assume that
firms that compete in outputa @ Cournot,O such that all firms have positive sales only if their
quality-adjusted prices are all equal. This vacates the possibility of the compatieiitsion
having any price effects. Cournot competition is a good assumption where products are
perceived to be homogenous but for network size expectations (for example, CrZmer, Rey and
Tirole [2000] model competition between Internet backbone providétsyvever, it is lesgood

in most of the consumer product contexts where selective negative externalities are likely to be



relevant (for example, the markets for motor vehicles and outdoor power equipment). In such
contexts, products are typically difeatiated, and consumers® tastes are heterogeneous.
Accordingly, as discussed above, the present paper uses a locationanledébzelling. 1t is
shown, in that context, that the imposing firmOs chosen level of incompatibility cost (that is, the
size of the negative externality) affects qualdgjusted prices in a way that depends upon
consumersO relative demand for one product over arithieence our result that the effect of
the negative externality on sales and welfare, at the margin in equilibdepends on relative
demand.

The rest of the paper is organized as follows. Section Il describes the basic Sextin 111
analyzes e modelO=quilibrium anddiscuss itspublic policy implications. Conclusions are

presented in section V.

IIl. A MODEL OF SELECTIVE NEGATIVE EXTERNALITIES

Il (i). Brief Summary of the Model

Selective negativeexternalities are modeled in a differentiated products framework in which
consumers exhibit heterogeneous preferences based on their Of0eati@presert on a unit
interval. Two products are offered. One imposesesgternal costhat reduces the utility of all
consumersbut its effects are selective: buyers of the product incur a smaller cost than buyers of
the rival product The otheproductimposes noexternal cost The manufacturer of the imposing
product may choose how large make theexternal costgiven the degree of itsselectivity.
Relative demand for the imposing product is posited as an exogenous parameter.

Firm decisioamaking occursn two stages First, the manufacturer of the imposing product

sets the level of the external cost. Second, prices are set taking the external cost as given. This



assumption is justified based on a notion that external costs are set throudértorgsign or
marketing decisions, whereas prices are set in a spot game between players in the market.

Two cases are considered: one where the imposing product competes with a free(product
no product) and one where the imposing product competes on pitbeanproductsupplied by
another firm (i.e., a Omarket product®e first case might represent such scenarios described in
the introduction as the decision to smoke (versus not), the decision to apply pesticides to oneOs
land (versus not), and the dsicin to get an ISO 9000 certification (versus not). The second case
represents scenarios such as the decision to purchase a visihlefcdeterrent device versus an
invisible device; the decision to purchase a gasgdimeered mower versus an electnmower;
and the decision to wear an expensive suit to an interview, marketed by -andighshion
designer, versus a more modest suit, marketed under a department stdre label.

When the imposing product competes with a free product, the negativeadititdras no price
effect. Consequently, an increase in the size of the negative externality increases the number of
consumers choosing the imposing product. This is consistent with the ICYBEJE intuition that
selective negative externalities create a bagiwm effect favoring the imposer. And, as in the
standard case of neselective external costs, the negative externality is set too large by private
parties, thus policy that reduced improves welfare.

However, vihen the imposing product competes price with another market product, the
negative externalitgnlarges th@ricedifferential between the twproducts because it effectively
degrades the rival product in relative terms. It folldvat a larger negative externality draws
consumers to theriposing product if it is in high relative demand, but drives consumers away if
demand for the imposing product is low. This is because, while the desire to avoid
incompatibility vis™-vis the negative externality is paramount for consumers when thdedstal
base of the imposing product is large, it becomes less important when the installed base is small,
whence the externalityOs price effect takes precedence. As a consequence, contrary to normal

expectations about unregulated market equilibrianpolicy to enlarge external costsmproves



welfare when demand for the imposing product is low enough. What is happening is that an
enlargement in the size of the negative externality reduces the number of units of imposing
product in use to a sufficient extehat welfare improves, even though each unit of the product is

imposing a larger negative externality.
. (ii). Assumptions

Consider a market for two products, A and B, sold at priggs and p,, respectiely.

Consumers ardistributed uniformly orthe interval (0,1pased on their preferences for A versus

B, with the total number of consumers normalized to 1. Consumers choose whether to purchase
A or B; each consumer will choose at most one unit ofafrtbe two productgi.e., there is no
outside good) It is assumed that product A, when used, imposes costs on other consumers.
Specifically, consumers incur costs proportional to the total number of consumers who purchase
A.'® However, purchasing A sHils the consumer against a fixed portion of the costs imposed by
other units of A. Consumers always bear their own costs and are never liable for costs imposed
on others.

A consumer located at a pojnfl> j > 0) who purchases A re@s utility
W U, ()= i ) (17 #)s0, o,
and if she purchases B she receives instead
2) U,(j)=v-6-14-20,-p,
Here, QA is the number of consumers who purchas€ Ais the cost that an individual unit of A

imposes on otheconsumers { " 0); ! represents the shielding that product A provides its
purchasers (= ¢ >0); v representshte demand for all product€), which may be posite or

negative, parameterizes tegogenougsiemand for A relative to B; andrepresents the intensity



of consumersO relative preferences for A of B). A consumer who chooses neither A nor B
receives utility of zero. Each cammer makes the choice that maximizes her utility.
Product A is produced by a single firm, firm A. For simplicity, the marginal cost of

production for A is assumed constant at ZéroHowever, firm A incurs a fixed cost of

production,C(l), which depends upon the negative externality imposed By Phe fixed cost

technologyis specified byC'(! ): k(! " L), where K,A >0. This implies C() is convex
everywhere, increasing od > A, and decreasing od <! . The chosen function has the

intuitively-appealing properties thatig (symmetrically) costly for firm A to set greater than

or less thand, and increasingly costly the farthdr is set from this minimurcost level’* To

eliminate unnecessary complexity in the solution of the modeltippingO conditions are
imposed, limiting attention ta@ sufficiently small that firm A in most cases has no incentive to
use ! to tip the market in response to a small change in exogenous parameters (see Appendix for
derivations).

Firm A first sets! to maximize
3) Mm,=p,0,-c(4)

then, it setsp , to maximize(3), taking its previous choice of as given.
[ll. EQUILIBRIUM
I (i). Externality-Imposing Market Product versus Free Product

Let us begin with the case in which product Bigplied for free, that isp, =0. B may be a

product providecand subsidized by the government, just something that is freely avaibalile

might represent the possibility of obtaining producias an alternative to product A.



Let us assume is large enough that all consumers choose to purchase A or B at equilibrium
prices, that is,QA +QB =1, where QB is the number of consumers that purchas& B.
Combining(1) and(2) then reveals

4 P =20+ 040, ~1(1-2/)
as the consumerOs reservation price for A relative to B. Note thaf, 30, then ‘P;V'F

increases withQ,. Thus a network exteafity may be said to exist for A if * > 0.”® The

network externality is the product of two components: a negative externaljtdife to A; and a
selectivity parameterd@ ) that repreents the extent to which the negative externality affects only
the nonpurchasers of A (i.e., purchasers of B).

Following the standard Hotelling model analysis, we may @3eto derive AOs demand
equation®

t'p 42"
5 _ Py
®) 2 2t #$

We proceed by substituting) into (3) and taking the firsbrder condition corresponding to firm
AOs seconstage profit maximization (i.e., takingd as given). This yieldspﬁ1 = 9+§.

Substituting back into AOs profit function, Ween obtain AOs fikstage firstorder condition

corresponding tds choice of! :

¥

©®) DZ;—%} =c(x)

Since(6) does not hava closedform solution,we nust characterize the equilibrium level of the
negative externality,! ", by analytical methodg§see Appendix) Figure 1 summarizes the
resulting equilibrium given values of the parametétsand ! , subject to the ntipping
condition imposed o .

(Place Figure 1 approximately here.)



Our focus is on the effect of small changes in the equilibrium level of the negative externality
on AOs price and sales anelated to these, on welfare, in the region in Figure 1 in which the
market is split between A and B. Becauseis assumed fixed at the second stage, we may
analyze these effects as fif were an exogens variable, much as one does when performing

comparative static analysis. As, is obviously invariant tol , we proceed to the effect df on
AOQs sales, obtained simply by sitbshg p; = 9+§ into (5) and differentiating with respect to

! . We find:

Proposition 1 (Competitive Effect of Selective Externality [ ‘CESE’], Imposing Market Product vs.
Free Product). Whenthe negativexternaity is selective, an increaseiits sizeis associated with

greatersaledfor the imposing product.

The welfare implications of the privatebhosen level of the nega¢ externality come from

differentiating the following standard social welfare function with respedt:to

@) W ), () d+ 0, () d

We find that’

Proposition 2 (Welfare Result, Imposing Market Product vs. Free Product). The producer of the
imposing product sets the negative externality too highpublic policy to reduce itmproves

welfare.
Neither resultis surprising. Indeed, Proposition 2 is consistent with the conventional,
competitionagnostic analysis of externalities. Moreover, both results hold for more general

specifications of the utility and cost functions. Suppose we repl-z(d& O'))uQA in (1) and

10



I'"Q, in (2) with general functionsz(i,QA) and fB(! ,QA), respectively. Assume each
function is decreasing in both and Q, with negative crospartials on the relevant domain, and
that each takes a value ddrp if either argument is zero. To incorporate selectivity, asshate

the respective partial derivatives and crpastials are strictly greater fong();,QA) than
fB(i,QA), except of course at =0 or Q, =0. Then both propositions follow, so long as

h(/l,QA)EfA—fB is concave, linear, or not too convex; there is no need to impose any

restrictions with respect to the cost functich'?
I (ii). Externality-Imposing Market Product versus Non-Imposing Market Product

We now consider equilibrium in the case in which product B is supplied by a competing firm,

firm B. Firm BOs marginal cost of production in zero. It fute0 maximize

(8) I, =p,0,
Again assume is large enough that all consumers will choose to purchase A or B at equilibrium
prices, implyig O, + 0, =1." Combining(1) and(2) reveals
(9) | M= 2"+ #3Q, %t (192])+ p,
as the consumerOs relative reservation price for A, and again a network externality exists for A if
I'">0.

Use(9) to derive demand equations for botlu# B, to wit,

_t—p,tp,+20  t-0oA+p,—p,—20
- 2t-oA P 2t — oA

(10 0,

and make substitutions into the corresponding profit functions. The firms@rdistconditions

with respect to price, takindg as given, together yield

11



(11) pa=t+2! " 148 py=t" 2" 24S

Substituting back into AQs profit function, we obtain AOfidstr condition with respect té :
/o,
* A 3) ' o
(12) P =C'(#)

Note that(12) shows that A will only sefl > A when Q, >% under the resulting equilibrium.

This suggests a relationshietween size of the installed base and incentives to set a large
negative externality in equilibrium; this relationship will be demonstrateck formally below.

As in the market product versus free product (hereafter -B@¢ecase, it is necessary to

characterize the equilibriumd* by analytical methods (see Appendix). Figure 2 displays the
resulting equilibrium gien values of the parameters and o, subject to the nipping
condition imposed oo .
(Place Figure 2 approximately here.)
The focus of our analysis now is on the effect obrohanges in the equilibrium level of the
negative externalitpn the relative prices of the two products, the sales of A, and, related to these,
on welfare; results will pertain to the region in Figure 2 in which the market is split between A

and B.

Using (11) and differentiating with respect to, we first obtain

Proposition 3. The price differential between the imposing product and thepiealuct increases

with the size of the negative externality.

To understand why this happens, let us derive the inverse demand curves for A and B by

rearranging the respective demand equatiosd)

(13) p,=t+p,+2I'" (2t" #$)QA

12



(14) p,=t+p,! 2" #$1 (20! #$)0,

Two effects maybe observed from an increase fin First, it causes an outward rotation of
both AOs and BOs inverse demand curves and, thergtaréfies price competition. Because
the model assumes constant total market sales, this has no significance to the equilibrium other
than implying a net transfer from firms to consumers. Second, an increhsednses an inward
parallel shit in BOs inverse demand curve. This reflects the notion that the network externality

OdegradesO product B relative to product A. Considering the futilitiions (1) and (2) and
recalling O, =1! Q,, we see that an increase in reduces the consumerOs relative preference

for B proportional too . It follows that an increased negative externality causes an unaooiig
reduction in the price of B. This, in turn, implies an inward parallel shift’srinverse demand
curve. This means AQs price drops as well, though $yHes the amount of the reduction in
BOs price, hence the increased price differential.

The implications of the price effect of the negative externality for AOs sales are articulated in

the following formal result§’

Proposition 4 (Competitive Effect of Selective Externality [“CESE”], Imposing Market Product
vs. Market Product). When the negative externality is selective, an increase in its size is

associated with greater sales for the imposing product when demand for that productiis.high

> %), but lower sales when demand for the imposing product igilew 0 < —% .

Corollary 4.1. An increase in the selective negative externality has a positive direct effect on the
sales of the imposing product, Halg prices constant; and a negative indirect effect through the

price differential between the products. The direct effect is larger than the indirect effect when

LU

I >" % but smaller wherd <" ~.
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Welfare impliations of the privatekghosen level ofA in the current case are derived using

the appropriatehdefined welfare function,
1 i

(19 Wi+ () di+ o (0)
i 0

which is identically equal t¢7), as, relative to the freB case, p,Qj is simply transferred from

B

the tota surplus of BOs consumers to firm BOs profit. We find that

Proposition 5 (Welfare Result, Imposing Market Product vs. Market Product). There exists a

threshold!_(" ,ff,t,k) < $§ such that, if demand for the imposing product is lower tBarits

producer sets the negative externality too low this case, a public policy to enlargiee

externality improves welfare.

To understand these results better, let us consider a nune@aple, positing values for the

paraneters.Let v=7,t=1, k=1, !/ =1,ando = This makes the critical value fé& in

1
3 -

the Proposition 40 = —%5 = —%; and the value fof corresponding to the edge of tigg =0

corner sqution,t9:$:—1.25.22 Solving the posited parameter values into the price and

quantity equationg10) and (11), and then into the firstrder condition forA (12), one may

directly obtain the equilibrium values of the negative externalitycorresponding to different
levels of imposing product demaridd. One may then observe the effects of a small exogenous
increase in!/ on the price differential between the products, the sales of the imposing product,

and welfareat each value of .
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Table | displays the equilibrium valués and effects of a 0.01 increase An for six posited
values for@, including the critical valué = —% . The sign bthe change inp, — p,, Q,, and

Wis shown in each case.
(Place Table | approximately here.)
We observe that an increase in the negative externality always increases the price differential
between the imposingroduct and its rival.Meanwhile, the effect of the externality on sales of

the imposing product depends upon that productOs relative desdditional light may be shed
on the latter finding by breakiné;_QTA into the direct andhdirect effect components described in

Corollary 4.1 and by considering how each component varies with the different valuées of

posited in our numerical examplén the Appendix it is shown that the direct effect component

equds 52, while the indirect effect i$ m

The values of these, using our posited values
for the parameters, are shown in the last two columns of Table I. The indirect effect through the

price differentialis always negative as expectedjsitnot monotonic in@ (it is minimized at

I'="2), but itvaries little with 8. Meanwhile, the positive direct effect varies substantially

with @, and its relationship t@ is monotone positiventuitively, the direct effect is the network
effect of the imposing product, which is based on its installed base. Thus, the example suggests
that the sie of the imposing productOs installed base, which varies positively with demand, is the
main determinant of the sign of the effeftthe negative externality on the imposing productOs
sales.

The numerical example also sheds light on the welfare reatgdsin Proposition 5. Consider
a decomposition of the welfare effect of a change in the negative externality as the sum of an
indirect effect through the sales of the imposing product A and a direct effect holding AOs sales
constant. The direct effect the negative externality on welfare is always negative, as a larger

negative externality imposed per unit of product A unequivocally makes consumers worse off.

15



But the indirect effect may be positive or negative: people will be made worse off if the
externality increases the sales of A, but better off if it decreases AOs sales. The effects of the
negative externality on AOs saigsdifferent levels { ) of demand for A shown in Table I,
indicate the sign of the indirect compmam and provide intuition on why the overall welfare
effects vary with demand When demand for A is high, as At=0.75 in our example, an
increase in the size of the negative externality increases the sales of imposing produtieA, as t
network effect dominates the price effect. Both indirect and direct effects of the externality on
welfare are negative, indicating that welfare is unambiguously reduced by enlargement of the
negative externality above its equilibrium level. When dainfor A is low enough (i.e.,

I'<™ 2), the indirect effect of the externality on welfare turns positive, as an increase in its size

reduces the sales of A. But if AOs demand ismtdw, as at!/ ="0.75, the negatie direct

effect overwhelms the positive indirect effect so that an increase in the size of the negative
externality at equilibrium reduces welfare overall. However, if demand forv&-jslow, as at

! ="1, the overall effect on wedfe of increasing the externality is positittee positive indirect

effect overwhelms the negative direct effect, so that though each unit of the imposing product
causes more harm, the number of units sold is reduced sufficiently to improve welfaretherhus
numerical example illustrates the astonishing finding that a public policy to enlarge product AOs

negative externality improves welfare if demand for A is below a certain threshold.

IV. CONCLUSION

This paper hasonsidered the effects on market diguum and public policy outcomes of

negativeexternalitiesoccurring in a competitive, differentiated product market context. It has

used a simple model to explore how a selective negative exterbalitg that affects consumers

of competing productsnore than consumers of the imposing prodbdmpacts prices and

16



consumer choices observed in equilibrium/hile the outcome that selective externalities have
competitive effects is intuitive on its face, its implications are surprising. \Wherand foithe
imposing producis relatively low, the usual welfare result relating to negative externalities is
turned on its head, ammblicy interventiors to enlargethe size of the negative externalitgprove
welfare

The findings suggest that public polictesaddress negative externalities of consumption must
account for competitive effects. Policymakers must consider whether the externality to be
remedied appears to be nonuspecific, either entirely or in relative terms. If it is, both direct
externaleffects and the indirect (competitive) effects of the externality must be taken into account
in establishing the best mechanism for remediation. The modelOs results demonstrate that the
optimal approach might in certain cases be the opposite of what Wweutdlicated based only on
direct external effectsStill, further work is needed to work out the details with respect to applied
policies. Consider, for exampldie design of Pigouvian taxeshich have beeheld up as a way
to address the welfare kss associated with negative externalifeg., Kopczuk [2003]) What
does an optimal Pigouvian tax look like for a selective negative externality? In view of our
public policy resultmight a subsidy sometimes callbéfor, rather than a té&x

The malel here has offered an exploratory analysis, and there is still much. tolde
implications of selective negative externalities in alternative contextisose represented in the
model shouldbe considered The frontiers of the analysis should be exged to include, for
example, the implications dlternative market structures to duopoly, consumalti-homing
and competition among multiple externalitgposing goods.

Other relevantissuesrelate tothe differences between network externalitieisiag from
selective(honusesspecific) negative externalities and those (the OconventionalO kind) that arise
from userspecific positive consumption externalities. For example, the former differ from the
latter in that they are not characterized by miitiuathat is, the network effect stemming from a

nonuserspecificnegative externality relates not to a benefit shared among compatible users, but

17



to a cost OnetworkO users impose unilaterally on OincompatibleO users. The implications of this
for compatbility outcomes must be examined. Does the lack of mutuality affect the extent to
which private incentives for compatibility diverge from socially optimal incentives? And how
should public policy towards compatibility be modified to deal with this pddickind of
network externality?Nagler [2008] considers some of these issues.

Finally, the competitive effects of externalities should be estimated empirically. Specifically,
the CESE, identified in Propositions 1 and 4, might form the basis for suna&ée Oexternal cost
elasticity of demand.0 One might expect zero demand elasticity for conventional negative
externalities, and a significant positive or negative elasticity where externalities are competitively

relevant.

APPENDIX

Analytical Solution to the Equilibrium, Externality-Imposing Market Product versus Free

Product. We begin by substituting the solution to the sekstage firstorder condition,
p,=! +< into(5) to obtain gartial reducedorm for Q, :

i+
2t" #$

*

(A1) 0, =

Let hMF(l‘ &,t,k,a) be definedas the marginal revenue to firm A from increasihg Then,

A’ is the value of/ that generates the greatest profit for A from among those values that satisfy

h,,. (l) = C'(l) and h '(/1) < C"()L), that is, it is the most profitable local maximum. To
idenify and compare candidate equilibria, we must specify the characteristhﬁFtﬁﬂ) in all

relevant cases.hMF(!) is given, for an interior solution, by the Wfand side of6). With

substitutions fronfAl) and p, = 0+ £,
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e (A)QA,QBe(OJ) - (Zt—;)z (6 ’ %)2

(A2)
Analysis reveals that this expression is increasing and conve%«o%f, and that it approaches
> as A approaches: .

Three corner solutions must also be considered. First, notepth&, =0 results when

I <" % and A1 < % It may be observed froifAl) and p; =1 +3 that asf approaches—é

from above, then, assuming < % both P, and QA approach 0. This reflects the intuition that
product A becomes unprofitable to sell as underlying demand for the product becomes

sufficiently small. Meanwhile(A2) shows thathMF(l) approaches 0 aé approaches—é
(also assuming/ <2-): firm A simply obtains no revenue from incetag A when it is not
going to sell any product anyway. %o . (l) =0 is associated with &, =0 corner.
Second,(A1) shows that wherf >—§, increases tod increaseQA without bound; thus
Q, =1 will be reached whemnl is large enough. Settj (A1) equal to 1 yields the threshold

level, ! :23—5#?. Now, the marginal revenue from increasiig when Q,=1 equals the

marginal effect ofA on AOs price, because AOs share of the market is held constant (at 1). Using
p,=2!'" t+#$, which arises from settin@) equal to 1,h, (! ): TatQ,=1.
Finally, when8 < —é, anotherQ, =1 solution exists corresponding to A setting> % . In

this case, WithpA =26 —t+ oA, consumers choosing product A will not have an incentive to

n

switch to B. As in the previou@ , =1 case,hMF(! ): holds.

The process of determinirige equilibriumusng hMF(! ) is illustrated graphically in the four

panels of Figure3. Which case in Figure 3 is relevant depends upon the relevant case of
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hMF(! ) Candidate equilibria are those Whe@é(l) intersectshMF(!) from below. Given

the cases identified with respect h,'gAF (l) there will be a minimum of one, and maximum of
two, candidate equilibria. FiguR$a) displaysa casewith one candidate equilibni; the single
intersection othF(l) with C'(! ) gives the value of *. Figure3(c) displaysa casewith two

candidate equilibria. Here, one must compheerelative sizes of shaded a€alO and OIIO to

determine which of the equilibria maximizé®s profitsif OIlO is larger, then it is the corner
solution with QA:I and | = ’~ but if OIIO is smaller, then it is the interior solution with
A=A,

(Place Figures 3(a), 3(b), 3(c), and 3(d) together approximately here.)

First consider the case 6f> —é, which implies hMF (l) is convex on! < 21,,#? , and flat

at hMF (7L)=0' on ).>23—;—%. Three suirases obtain, depending upon Whetl’l’%(!)
crosses !/ :2%#% below or aboveC'(!), and if the latter, WhethehMF'(/l)<C"(7L) at

A=2t—2 Supposeh, (! ) crosses! =2 #2£ below C'(l) . SubstitutingA = - — £ into

C'(/l) = k(l— &) , and settingC'(l) >h,, (/1) =0, yields 6 <2 - &0—"—:. Figure 3(a)

illustrates this case: the equilibrium consists of a single interior solution, implidd byz?’—’—g,

with some consumers choosing A and some B.

If instead 0 > %— Ao — "72 then h (! ) crossesA = ;—;—% above C'(l), SO0 one must

check whetherh, '(/1) < C"()L) at ).:23—;—%, to wit, / >%# If this holds, therthe

L
X

Q, =1 threshold occurgefore the first intersection othF(l) and C'(l); as Figure3(b)

illustrates, all consumers choose A in this unambiguous equilibrium corresponding to a relatively
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low !> 23—,’,#% Now if instead@ <%—%, the rdevant case, as illustrated bygkre 3(c),
involves a Otriple crossingO whereby firm A could’set! such that some consumers choose A

while otherschoose B, or/ = ’~ to induce all consumers to choose A.
But this latter option implies tipping the market. To preclude tipping, it is sufficient to rule

out the sukcase entirely by imposing the Gigping® condition that!  satisfy

3 2 207
R
) 24
(A3) R g2+7$ﬁ§
Under (A3), ! >%" #$" % implies ! >%#%, yielding an unambiguous equilibrium in

which all consumers choose A.

Now consider! <" 5. As noted previouslyh, (! ): 0 when A < % while hMF(iL): o
when ! > In this case, illustrated inigure 3(d), firm A could set! =/ such that all

consumers to choose B, or it coset A = i potentially tipping the marketBut, in fact,(A3)

implies no tipping wherf < -+ as well. To see this, note th@3) implies C‘(%) >0 . That

C'(%)>! implies no tipping when/ <" % can be observed by picturing in Figure 3(d) a
horizontal line forh,,. (! )=" that intersectst = 2 below C'(!). In this casethere is only a
single crossing and only one candidate equilibrium faE! . Thus (A3) assures an

unambiguous equilibrium in which all consumers choose B wher' .

Note that we have shown that< 3" also follows from o-tipping condition(A3).
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Analytical Solution to the Equilibrium, Externality-Imposing Market Product versus Non-

Imposing Market Product. As in the freeB case, we begiby obtaining a partial reducddrm

for Q: (here, substitutingll 1) into the first equation ifL0)):

AD _t+30-0h
AT 2t—oh
We proceed by specifyinthe characteristics off, (l‘ &,t,k,o), the marginal revenue to A

from increasing! when there are two market products, in all relevant cases. For an interior
solution, & (l) is given by the lefhand side of12). With substitutions fronfll) and(A4),

MM

we obtain

(A5)

Py ()’)QA,QBE(OJ) %(2,_;)2 (9 + é)Z —5= ihMF ()“) -3

As a linear transformation of,, , the functionh,,, is similarly increasing and convex on
A <%; however, the negativadditive term indicates thdt,,, could be negative; this implies
the possibility of abatement of the externality (i.2.,< A) in equilibrium.

Analysis of(10), (11), and(A4) reveals that the same three corner solutions found in the free

B case exist here, with minor modifications. Firgt,Q, =0 results wherf <—~ and A < % ,

with theadditional requirement that > 22 : at this corner,hMM(! ): 0. Second,pB,QB =0

o

(hence O, =1) results when! >"i2 and ).223—;—%, and this outcome corresponds to

h /1)20'. However, unlike the freB case, notice that ag approaches% " !ﬁ from

MM(
below, hMM (’) approache . This is because the marginal revenue from increading

reduced relative to freB by the negative effect of on price and its positive effect on the price

differential. The price effects are gone when,,Q, =0, hence a discontinuity in the marginal
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revenue function’, (l) at %—% Finally, ! <"§ and ! >2 togetheryield a corner

outcome ofp,,Q, =0 corresponding taz, (JL) =0.
We follow essentially the sam&chnique as in the fre® caseto determine the equilibrium

using hMM (l) The outcome depends updmetrelevant case oIfIMM (l) the location of the

threshold for theQ, =1 corner solution, and parameters determining AQs preference between

candidate equilibria.

¢

First, consider the case @ > - . The analysis is complicated slightly relative to the-Bee

case by the discontinuity ithM(l) at ! :23—5#?, which requires us to consider three sub

(2
o

cases with respect to the position bf (l) relative to C'(l) at A= 23—;— Suppose first

that h,,, (’) is beIowC'(l) on both sides of ).:23—;—%. This impIiesC'(;—;—%) >0, 0

n n 2 . .. . . . .
I < % #$ %. The outcome is a trivial variation on Figure 3(a), and we have a confirmed
interior solution with some consumers choosing A and some choosing B. Now suppose instead

that hMM(!) is above C'(l) on both sides of =2X#£. This impliesC'(3—f " ,ﬁ) <L or

2! 37

0> %— &0—‘;—;. The exact outcome depends upon Wheﬂm}'(! ) < C"(! ) at A= 23—;— %;

let us assume for theament that this is tru@hen, the equilibriuns a trivial variation on Figure

3(b), yielding an unambiguous corner solution in which all consumers choose A. Now consider
the third possibility,C'(:ff " ﬁ) $("§,! ) such thatC'(! ) crossesh, (’) at its discontinuity.

!

Figure 4 illustrates. Whether there is an interior solutioh at ! or corner solution al” = A

depends upon the relative size of shaded areasmdl@IaO Since an increase én shifts
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hy (!) upward, it follows that therexists !, " (%‘#@%#%,%#@%# %) such that
0 >0, implies a corner solution wherefls< 8,, implies an interior solutian
(Place Figure 4 approximately here.)

Returning to the subase where! >%" #$" %, notice that9>%—&0—g—z raises the

possibility of a triple crossing betweeh,,, and C'(!), similar to the tipping situation

illustrated in Figure 3(c) with respect to the fi@ease, but with a discontinuity ih,,,, above

the second intersection This scenario corresponds tg, '(l)>C"(l) at ﬂ.:;—;—%, or
0 <%"72—§. We rule out the scenario entirely by imposing thetipping condition that/

; 3 o> 8% it
satlsfyz—ﬂ,a—a o =5 0r

(A6) c<%[,//_12+§—8;—/_1}

Now consider9<—§. First, we are able to rule out a corner solution corresponding to
! > 2 applying to our current ndipping condition(A6) the same logieve applied in the fre8
case to(A3). This restricts us to an equilibrium in which<2 . Now, as noted above,
hyw =0 for ! >32% andinspection of(A5) indicates thath,,, <0 for A <3*2¢. Thus,
Ry (l) is kinked, so thathree possible subases obtain, as indicated by the three panels of
Figure 5. These depend upon whet@{!)>hy,, (/) at /! =32 and, if not, then whether
. '(l) < C"(l) or not atd = 322

(Place Figures 5(a), 5(b), and 5(c) together approximately here.)
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oA-3t
-

Suppose first thaC'(A) > h,,,, (1) at 1 =3322_ This subcase corresponds t6 >
Figure 5(a) illustrates: the equilibrium consists of a single interior solution corresponding to

1" = I. < I, with some consumers choosing A and some B.

If, instead, 8 < 2% | implying C'(4) < h,,, (1) at 1 =222 there are two possibilities to

consider. Ifh, '(l)<C"(l) at | =242" (that is, ! <" £2-" 1) then as illustratedy

3t+26
o

Figure 5(b), a corner solution obtains in whigh= A> and all consumers choose B. But

suppose instead thdt,, (l) > C"(l) at A=22 (thatis,6>—-$2—L). As Figure 5(c)

9 k 2

illustrates, this introduces the ilsility of a triple crossing, such that the equilibrium will occur

at | or 4, depending upon the relative size of shaded areas OIO and OIl.O We rule this scenario

out by imposing a ntipping condition hat o satisfy "if't < #%%#%, or

(A7) c<%[,//_12+%—4}

Combining (A6) and (A7), we obtain a single ntipping condition for the market product vs.

market product case,

n . 0/ 0/
(A8) I <! m1n{%.°fz+%$é‘§,%&ofz+i—€:$f§}

NTM &

Proof of Proposition 2. Substituting and integrating (@) yields

t
(A9) W:HA+(0),—t)Qj+(29—pA+t—/1)QA+v—9—E
Differentiate with respect td , using(5), and recognizing thaa% =0:

W:HA+(Gl—t)Qj+(29—pA+t—/l)QA+v—9—%

aIt,

24002 +2(0h-1)0, | 22 |- 0, +(20- p, +1-2) 2 |

W __
:>3/1_
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Because this expression is evaluatédhe profit maximum—=~ = 0. Thus, usig pA =!I+

i|#

and(A1) and factoring:

W - 607 -0, +2(ch—1)0, [2[ GJ (26- pA+t—),)|:2ff;J
o(1+6 )2 10 +2o(o/1—t)(g 9)+o(zz—ox)(ze—(;w)ﬂ—/l)[ 0, }

(Zt— 1)2 2t— oA 2t — oA 2t — oA
+0
ol (ao)
Based on(Al), the expression in brackets is positive if and onIQg>ﬁ. SinceO! " 1' 1,

0<Q, <1 implies the expression is negative, which in turn implies é_ﬁfattakes tle sign of
—(% + 9) (since 2t— oA >0 also follows from0 <Q, <1). Moreover,0<Q, <1 implies

0>—1L hence—( + 9) negative andy’ <0. |

Propositions 1 and 2 — General Case. Per the discussion in the text, assume general utility

functions
U, =v+0+f*(1,0,)-1(1-j)-
Ug=v! "+ F2(£Q,)! 1]
where £4(0,Q,) = £(0,Q,)=0 vQ, €(0,2), f*(1,0)= f*(2,0)=0 VA>0 and
£2(7.Qa) < fA(1,Q4)<0 " ! >0, Q, #(0,1)
f2(2.Qa) < T2 (2.Q4) <0 VA >0, Q, €(0.1)

fi(1.0,) < fio(4.0,) <0 VA>0, 0, €(0,2)
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Define h(4,Q,)= "~ f®. It follows that #(1,0,)>0 V1>0,0, €(0,1); and &, >0,
hQA >0, and h,IQA > 0. The reservation price of A may now be written

P =20 +h(1,Q,)-t(1-2j)
and we requirehQA < 2t for stability.

Define j* as the thresholglthat is, ¥'*" = p,. Then we have

. p,—20-h(1,0,) 1
A10 1- =7 = —
( ) Q,=] o + >

We cannot solve for the demand function for product A in closerh,fso we develop the

following implicit function, takingp, as given,

p " 2" h(1.0,). 1
2t 2 T

g(1.0,)=
where g(/l,QA) =0 yields QA( pA,t,O,i). Using the implicit function rule, we obtain

0 __ 9o _ I

__ 9% __Nh

gy, 2t=hy T Mg 2t-hy

where the second equation assunggsis held constant.

Because thgame is twestage, however, we must account for the effect of$itage changes

P

=1 - We calculate this using AQs fiostler

in A on firm AOs secorstage choice op, , that is

condition for price:
" " O/A
U (past," #)$ 0, (ot ,#)+pA%:O

Again using the implicit function rule

10, 120,
by gt 1 T PaTy,
(A11) D=l =p— P
v 18 2! 1?0,

'pa 'p A2

where
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90, + ha
POy _ Mg, * Moo, o1 _ Mo, * 9,0, (2"%) — M, _ ho,0. M

P (20—, ) (2—h,, ) (201, ) (20-1,,)
PQa —m hQAQA #'& - hQAQA

'Pa

o (atrn,) (2t" h,,)

Solving into(A11) yields

h)“ (2t B hQA ) + pAh/lQA
a0, ~2(2t 1, )’

(A12) Pe=h, +(2t—hy, )

Thus,

L — 90 +a&aﬂ_ h)“(Zt_r‘QA)+pAthA

. Paho,0, — 2(2t —h,, )2

oA oA B opy A

d d
Clearly %>O when hQAQA I 0, and also WhenhQAQA >0 but small. But%%oo as

hQAQA grows, soa limit on the convexity of is required as an additional QGiigpingO restriction

in this general case. Subject to tha%% >0 is assured, affirming the result in Proposition 1.

To prove Proposition 2 generally, we substitute the general utility functions(ihtand

integrate to obtain

W=l 10+ A R(S.0,) 1 p,( Qv #4(80,)"

Differentiating with respect tal ,
aHA aQA a A aQA
w a—/1+[2¢9+ h(4,Q4)+t— pa—2tQ, + hQAQA]a—AJrQA(hA —§7)+(f§+ fo, 87)
Now, we useaalf =0 and make substitutions frofA10) and(A12) to obtain

W= (200, + £, )L+ fE
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The expression in parentheses is signed ambiguously. Suppose first that it iseneglagin

3QA

> 0 is sufficient for = <0, so Proposition 2 follows from the proof of Proposition 1. If,
instead, the expression is positive, then thetippmgO restriction on the convexity /ois not

sufficient for %VX <0, as there eX|stshQQ >0 such that 2 >(0 and finite, but such that

%VX >0. But as+% <0 when hy o, =0, then it is ao true that <0 for hyo, <O (e,

0Qp

=i Is smaller). Wemay assure!!—,V,V<O, then, by requiringhQAQA <0 or sufficiently

when

limiting the convexity 4. This affirms Proposition 2. |

Proof of Proposition 4 and Corollary 4.1. Using the expression fa@, in (10), we differentiate

with respect tod , decomposing as follows:

&+ 19, !(PA#pB) — %9, #1
v (ptp,) 1t 2ms T3 2t#$

Thus the direct effect (first term) is positively signed and the indirect effect (second term)

o QA_%)

, which is positivel
2t— oA P Y

negatively signed. Summing the two terms together vi

signed if and only ifQ, > % Using(10), we see that this condition is equivalenftc " £. W

Proof of Proposition 5. Given that(15) is identically equal t¢7), we mayproceed usingA9).

Differentiating with respect tal obtains:
0 oI, 9Q, apA 0Q,
(A13 2 =Ze40oQ2+2(0A-1)Q, 2~ ( )Q +(20-p, +t-2)2

Because this expression is evaluated at the profit maxmtﬁn: 0. Whenf=-= "’1 , then

W — Q1 _ oW
J—O, becauseQ =0, hence =+=0. To evaluate S, on 0<QA<1, observe that
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‘ #(0,%;
%* =—§6 and '!Q,,”‘ = % Substituting these expressions irfdl3), using(10) and

(11) and factoing, yields

(20 -1)(2t~0A) +21(20+1)(2t ~ oA)(L o~ 1)+ Lo (41— 02)(20 +1)
3(2t-0A)

W _
(Ald) 2 =

; 2t 3% 0k g ; oW
Since l<; on 0<Q, <1, hence 0n9&(—5+7,—z] it follows that <-<0 at

0= —é. If we can show tha% > (0 at @ greater than but arbitrarily close to32—’ + Tg then we

have proven theproposition. Substitutingt9=—%+m1 and A=A4 into (Al4) yields

2

W
E 3 + 3(ats#”) >0. u
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! Cognitive dissonance may be described as the internal conflict that results when an individual receives
information that contradicts basic egopporting beliefs. For example, an individual temdthink, Ol am
a nice person who would never do something to irritate or harm an undeserving person.0 So if one engages
in an activity that one previously found irritating when others did it, internal stress might be averted by
changing oneOs attitudeasoto view the activity as less noisome. Evidence of attitude change as a reaction
to dissonanc@rovoking situations is provided by Festinger and Carlsmith [1959], Davis and Jones [1960],
and Glass [1964]. For an economic discussion of cognitive dissensee Akerlof and Dickens [1982].

2 Along these lines, Stiglitz [2008] pointed out a growing stigma for banks that had not elected to join
the U. S. TreasuryOs bailout plan during October 2008 as other banks joined.

% It is important to distinguish i phenomenon from positional goods (and activities), discussed by
Frank [1985, 1991], with respect to which adopters benefit by obtaining improved position in a hierarchy.
One example offered by Frank [1999, pp. 1%%] is the practice of Oredshirtingy@ereby parents start
their children a year later in kindergarten to give them a relative academic advantage over other children in
their kindergarten class. For such an activity or good tpubey positional, it must be that the adopter
does not impaes an incremental stigma on those lower in the hierarchy, so benefits aekrte relative
position.

* See, for example, White [2004] with respect to SUVs and Ayres and Levitt [1998] with respect to
visible antitheft devices.

® Previous analyses of tweork externalities (e.g., Economides [1996]) have not distinguished effects of
the number of users on thelity of users from their effects omsers’ opportunity costs, which are more

directly responsible for use decisions. The reason is that prevarkshas focused on selective external
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effects by users of a product erker users, such that effects on utility and opportunity costs are perfectly
negatively correlated. In contrast, the present paper considers external costs selectively impased on
users, whereby the opportunity cost of the OnetworkO good is decreased without affecting the utility the
consumer obtains from that good. It is therefore appropriate that we define a network externality as
involving the dependence of the opportunity dostthe network good, rather than utility from its use, on

the number of users. The new definition is general enough to encompass network effects based on both
userspecific and nonusepecific positive and negative externalities. (I am indebted tast@an
Hogendorn for his help in articulating this issue.)

® External costsan oftenbemanipulated throughroduct designSUVs generally have high, stiff front
ends that increase the damage done to the vehicles with which they collide; this effdtecandone
through various design changes (see, e.g., Bradsher [2002], Latin and Kasolas [2002]). Cigarettes could be
manufactured to give off more or less smoke from the lit end, and the amount of smoke and noise emitted
by gasolinepowered outdoor edpment could similarly be altered. Meanwhile, the size of the external
coststhat consumergerceive might be manipulated usingnarketing messagesFor instance, calling
greater attention to how imposing a particular SUV is might convince consumeitsghabre dangerous
to other motorists. (See Bradsher [2002] for examples of intimidating SUV advertisements.) By
advertising, ODonOt be the last programmer in the market to get one,O a purveyor of computer programming
certifications might enlarge peptions of the stigma imposed on rextopters by incremental adoptions.

" In fact, the term Ocrash test compatibilityO is sometimes associated with the first question in the case
of cars versus SUVs. See Bradsher [2002].

8 See footnot® supra.

° Other scenarios described in the introduction do not fit as neatly into the modified duopoly framework
proposed by this model. For example, the motor vehicle industry consists of firms that produce both cars
and SWs and that compete with one another. One role for future work might be to explore the effect of
market structures other than the one employed in our exploratory model. See section IV.

1% This is equivalent to the standard assumption in the networatliterof a network benefit that is

linear in the number of compatible users. See Farrell and Saloner [1992].
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" The constant marginal cost assumption eliminates the price effects of isoelastic increases in demand;
this allows the competitive effects origer of the selectivity of externalities to be viewed in isolation.

2The assumption that the fixed cost, but not marginal cost, of production is affectedstgnalogous
to Katz and ShapiroOs [1985] assumption that the costenpfatibility are fixed costs (p. 427). Katz and

Shapiro address the effects of relaxing the assumption, so | will not do so here.
13 Replacig C() with a more general convex forrmomplicates derivation of the equilibrium

somewhatbut it does not affect the modelOs results. Section Il covers the effect of using a general cost
function for the imposing product versus free product case. A full discussion covering imepoeimg

market product case is available from the autmoregjuest.

4 One may derivev satisfying this requirement (i.emin{UA(j)|V,UB(j)|V} >0) as follows. As
shall be Bown, O +Q =limplies v does notappear in the firsorder conditions for AOs profit

010 1’ AOs profimaximizing choice of A subject to all consumers
tUp=

maximization. This meansl

choosing to purchase A or B, is a function of exogenous parameters other th@wen p =0, the

satidies.

Q,+Q,=!

expressionv =0 +t+ A

15 Of course, as is clear frofi) and(2), theabsolute reservation prices for both Ad B decrease with

Q,, in that both become less preferretative to a choice of Oneither A nor BCI:.Zsincreases. But a

network externality with respetd A relative to B can be said to exist; amdherev is large enough to
effectively preclude Oneither A nor BO as an option, such a network externality has the same market

relevance as an OabsoluteO network externality. Related to this, see alsdbfoginate
16 Note that our ndipping condition guaranteels < 2t/” , assuring stability if5). See Appendi

" See Appendix.
18 See Appendix for a sketch of the proof.
19 By similar logic to that invoked in footnofiet above, it is possible to deriveia that meets this

requirement.
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20 Se Appendix.

2 See Appendix.

2 One mayverify that 0 = % satisfies the ndipping condition(A8) in the Appendix for the parameter

values posite.
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Equilibrium with Externality-Imposing Market Product vs. Free Product
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Equilibrium with Externality-Imposing Market Product vs. Non-Imposing Market Product



TABLE I

NUMERICAL EXAMPLE - EQUILIBRIUM WITH EXTERNALITY-IMPOSING MARKET PRODUCT VERSUS NON-IMPOSING MARKET PRODUCT

Letv=7,t=1,k=1,!=1,and 6 =1

At 1 =17 At A=21"+001 At A=
! A Pa— Pg 0, w ps! Py 0, w a% direct effect a% indirect effect
0.75 1.111 1.185 0.9102 7.1400 1.187(+) 0.9122(+) 7.1350(-) 0.3150 -0.1154
-0.25 0.950 -0.175 0.4426 6.9466 | -0.173(+) 0.4430(+) 6.9432(-) 0.1451 -0.1093
-0.5 0.944 -0.509 0.3333 7.1250 | -0.508(+) 0.3333(0) 7.1227(-) 0.1091 -0.1091
-0.75 0.950 -0.842 0.2240 7.3975 | -0.840(+) 0.2237(-) 7.3966(-) 0.0735 -0.1093
-1.0 0.969 -1.172 0.1134 7.7696 | -1.170(+) 0.1127(-) 7.7703(+) 0.0374 -0.1100
-1.2 0.993 -1.435 0.0230 8.1447 | -1.433(+) 0.0220(-) 8.1470(+) 0.0076 -0.1108
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