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A significant pertion of the recent literature in public finance has been devoted to the analyss of
newly discovered externalities in markets with imperfect infamation, Signalling (see Spence
(1973)), search (see Dmmind and Maskin (1979), Martenson (1979)),and insurance (see Shavell
(1979)) dated externalities are all cases in pant. In each instance the papers involved attempt
first to establish the existence d a “real” externality and then to develop a prescription for welfare
improving government interventions. In most d the literature neither d these steps is straight-
forward, Yet there is a framework, developed in this papa, which readily identifies "veal”
externalities (i.c. those leading to ineffident market allocations) and provides simple prescriptions,
based on cbservahle indicatars, for the appropriste direction of government intervention.

Concern with whether information based externalities are "real” seems to be rooted in the long,
but now almost m, tradition of analyzing the social impact of an individual’s actions in terms
of pecuniary and non-pecuniary extemalities; with the latter being "veal” externalities which justify
govermment intervention. The zero net impact of pecuniary externalities (j.e. the consequences of an
individual's impact an others through kLis impact on market prices) is often ascribed, if only

* Finarrial support of the Nartional Science Fourdation is gratefully acknoodedged Earlier wersions of this paper were
ed at seminars at Princeton, Harvard, Kenredy Schod, and LSE. We are insbred to participarts at these
seminars for helpful commerys,




infcemally, to the fact that as the number of agents in an econamy becames large, the effect of a
single individual al market determined variables, like prices, becomes negligible. Consequentty,
these effects can be ignared in making welfare calculations. . The implicit concern in the literature
seems to be that, in atomistically competitive econamics, cther market-medicted externalities may

be nzgligible for similar reasoms (hence the care with which the literature examines limiting cases
with large mumbers of agents), However, as this paper makes clear, pecuniary externalities in the
traditional sense arc a wry special case and market-mediated externalities are in gensral entizely

analogaus to traditional externalities (e.g. air pollution).

There are, however, pecuniary effects which erise fram any govenmant interventiocn ad these do
i&d net at in welfare calculations far atomistically competitive economics, The complexity d
many analyses of informational externalities is often attributable to a failure to identify and
eliminate these term.’ Daing so within the framework developed in this paper provides an appreech
which substantially simplifies the analysis  the apprepriate nature of government intervention in
imperfectly infarmed market economies 2

The paper comsists of two sections and a brief conclusion. SectionI develops the basic
framework and analysis, Section I then uses this formulation to investigate a broad range of
welfare situations in whch market-mediated externalities play an important role. It enalyses the
Jocal welfare impliaxﬁau‘ct adverse selection, signalling, maral hazard, manplete markets and

queue-rationing equilibria.
L The Basic Model and Results

The agents in the model consist of households, fims, and 8 government with the following
characteristics.

1. See ether the Btuztmmm:harmﬁﬁe?la 6%? Matensn m(gm)u'ﬁm(:.ggl?ﬂmh(asﬁn (lgj-cﬂmg
incamplete searities markets - g Diamand a Long Zeckhauser (1981). In generel, the compledty
these analyses arisss because the authars correntrate ( camparing relsvant marginal rates of substinutien; 3 framewerk,
which makes it dffiqlt to iderzify the "wrarsfer™ @ peamiary exxemalities which net ax. '

2, Anin:pmm?d&isappmd:is&mhid:rﬁﬁseuumﬁﬁsniﬂsmmbearmhrdmmﬂmdnnm
generating the effexs. In practice this makes it much easier to iderzify when an extemality is indeed non-pecuniary.




A. Households
Houscholds maximize a utility function,
ehzh, %), 8 =1, H,
where,

= (2}, z ) Cmsmnpﬁmvactacﬂwusehddh xlxsmsmmdtbsmnnu'mxcgood,
—(xz, xN):scu:mmpucftrr.N—lnm-numcraxregoods,

z = vectr of N7 other variables which affect the utility of houschald & (e.g. levels
of pdiutian, avmgequa.lxtycfagccdmmed)

Households maximize subject to a budget constraint of the form.

.tf + g .xh = o +Ea’f -,
F
takingq,'af,f"’,a’*f and 27 as fixed,

where

¢ = avectar o prices of the N —1 non-numeraire goods,
v = profindfmf,
a% = fractional hdding of hausshold k inﬁrmf,ga” =1,

I" = alump sum government transfer to househald b, = (I3, -+« IH),
We will also use,

"(q z ,u") - tbeapcntinnefuncnmdhmsdnddh wtnchgmstl’:cnnmrmnnexpmcﬁm
nncessarytocbtamalezelcfuuhtyu , When prices are ¢ and zP s level o
"other” variables.

It is well-known that,
xMq; 2", u") » the compensated demand for good k given z* and u® fixed
F14d
g (1)
Finally,




Mg, )= (xi‘(q,!),fh(q,f)) e the demand functicn (uncorapensated) of househdd b 3
We will assume that this function is differentiable.!

B. Fims
Fumsmaximizethspmﬁtﬁmcﬁm;
o =J"{ +p 'y-f»

where, -

y = f,57) = grhoductionvecta-‘cfﬁrinf with y{ and 57 defined analogously to x¥ and
) : ,

P = Vectar of producers’ prices for the N —1 non-numeraire goods.

Firms maximize profits subject to the constraint that,
H-d . =0,
G/ = aproduction function of the ususl sort,
2! - vecter of other N vﬁr'iablmffecﬁﬁgﬂ'mf'am:ogmsﬁd;ﬁmm"._
The firm’s maximum profit function, |

‘“{(Pl z'f)!

has the property that, .

3. The hased deend i deperds cn the erxire vecty of tranders because bah 2% and 21, < -+ 2F (which
dzemnew, *°° ard henee heusshdd income) mzy depend on the consurrption choices of oher hosehalds. In

a pure exchange scasony.
(g, 1) mx*(q,I*;2%q, 1)) where x4(q, I*; 2%) is,ﬂnlmaldzmndﬁnuicntaﬁ:gz" as fixed Also, for the seke
d%nunl smplidty, househwld factor sadowmenes have been arbitrarily set o zero. This has ro substarxive impact
m ysis.

4. The prodem of justifying this kind of difiererriability assumpton is examined in deall by Starrent (1980) who makes a
smilar asunpion in a sighty Gffrer comext. The hare is that the ussal copvexity assunptios of

ﬁmamﬁpodrﬁmﬁmﬁnnﬂlmgmmnedﬂmbﬂﬁy. The extemal effects may create dscaximities.
“excess demznd” finctios used here include the effect of prices o quantities boch directly and indirecdy via the
inpaumﬁmﬁwgmcaingaai\iﬁﬁ (i2. trough their impact of 2 and z*) which in wm, affec cnsimxion and
me [~

5. 3 < 0 represents an inpur, {
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_.1.7]2!=y{,k=1, "+ N (2
where y{ here denotes the profit maximizing level d the production variable in question,

Finally,

Y1) = 0. D, 7 @, 1) = supply function (uncampensated) of firm £

We will assume that this function like the demand fimction is differentiable.

C. Govermment

The government produces nothing, cdlects taxes, distributes the proceeds and receives a nst
incame, |

Rmt-F-21",
H

t= (g —p),

xm % i* (i.e. the sum of non-numeraire cansumption}.

An initial equilibrium with no taxes and 7 =0, —4, will be assumed to exist® At this
equilibrium, p = ¢ and," ,
f(q.:)-;:ffcp.nw
A simple test of the Pareto Optimality of this equilibrium is to ask whether these exists a set of

taxes, subsidies and lump sum tHansfer wl'nch would (a) leave househdd utilities unchanged and (b)
mcasegovamnmrevmua(assmedtobe cxmsumnd in mumeraire goad), This, in turn, implies

6. As described so far the modd m,dmse.hawanﬁuﬂ: un_price vector. However, having noted that
possibility, it is sill warth imvestigating the welfare implicatians anyaqml:bna which may edst. The case for this is
made fully andmu;zﬂuﬁr by Starrert (1980). We will also ignare the problem of free goods. Accamting for them
would merely complicate the analysis withast altering any basic results.




that the problem,
Reat -5 =-SIh
mep R =07 -3 9
subject to
1 +Ea”f o =EMq, 2t Eh) 7
wiere,

&" = competitive equilibrium utility levels,

andz",zf,frf,p end9 are fimctions of + and ], has a sduticn at ¢ = 0, if th= initial equilibrium

is Pareto Optimal. (This is a necessary, but nat suffidient, condition for Pareto Optimality.)

To see when this last condition holds, note that, aleng the constraint o equation (4),

dI* K dzf gp_ n dg p  dz
— ml — + =E +E} s ——,
dr_\g-:_-f [’ t n‘;drl ¢ g TETY )
wheze,
dar® . . . o
el change in Jump sum incamne per unit change in tax.
_ e y
w‘f =3¢ ,aan-demmtvectcr,
: Lazf | af 7
[ ook ] A \: -
A
E = 2| o |2 | (with u* suitably normalized), en M-
| 927 ] az '
element vectar.

But, dg/dt = Iy + dpldt (here Iy 1 is an identity matrix). Therefare, substituting into (4)

and rearranging terms yields,

7. This N -1 demerz vectir i nex a aonvertiomal derivative, snee there is 2o furnctional rdationship between ¢t and /., Also,
there is 2n impartare Smglifation which underliss equation (5). The dsuituians, 1y, -« - Iy and, kence, changss in
tse dstibutions are assuned to have no immgt o z* for any hausehold o 2/ for 2ny firm. Including the fmpact of
telandrg incane dsoibatios rmerdy adds an incame induced extemnality t2mm @ the ax induced term derived below,
Sines dus would gready conpiicate the naation withowr 2ltering the besic mature of the results, these terms have been
(adminedy somewhat arbitranly) ignared  Altemnatively, i35 the denivatives of 2 (ard p and ¢) with reepect to 7 can be
viewed as total derivatives, taking irro account the associats® changes infy, + - - 1y as well as the Erect efex ol 1.
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(1)
Eq + (&g fa )d: dt +F T ot Ez dt ©

Next, substitution from equations (1) and (2), summation over all houssholds and use of the fact
tbat f a =1 yields,

- - d dr* dzf dz*
+ _-)_E =2.._ 2 _...E A
FHEY dt ar [F of dt HE’ dt ]'

H

wherey = %}Tf = x in any market equilibrium. Therefare, along the comstraint (4),

Tk

C_ dzf
R L

Dl:,.

dz"
d: } M
where the "pecuniary” impact of the initial tax change, (x ~y) dp/dt, has been netted cut.

Now, differentiating the objective function (3) with respect to ¢, we obtain,

drR _  dx drh
oo 4R oL dE _d” ®
( t dt m dt
Substitution from (7) into (8) yields, .
4R _ 45, (o _
& (o -m), ©)
where .
5 U az! (10)
r R (A
' =5 gr 4 an
7 dt '’

which is the derivative R along directions in which the compensafial comstraint is satisfied, This
can be used as a measure of the net change in welfare,

For the initial equilibrium to be P.O., dR /dt must equal zero at t =0, which implies that,




—‘3‘?— =" -B') =0. (12)

Thus, Pareto Optimality depends on the abseace of any z's which change with taxes and affect
cither prfits or bousehdd wtilities.

The defining characteristic d externclities, which (in traditioral language) are "non-pecuniary'
and, therefore, justify some fam d government intervention, is that they enter utility or profit
functions in the fam d the z-variables. The variables involved may be dztermined by the market
interactions d agents (rg. average product qualities, scarch timss, average levels d unobservable
effat a, with incamplete markés, fuhfc pricss), and individual agents may have mly a nsgligible
impact m their levels. Nevertheless the resuling equilibrium will be Parcto insficient. As an
economiy beams increasingly atamistic, the reduced impact d each individual agent m the Jevel of
the “external” variables is just counterbalanced by the increasing number d cthers affected, Ths is
shown rigarausly in Appendix I. Except in the special @se (which is unlikely to hald generically)
where [1I¥ and B* cxéctiy t.':mccl each cther aut, the existence of non-pecuriary externalities will
make the initial equilitrium inefficient and guesrantee the existence of welfare improving tax
measures,

Furthermore, equation (9) provides a simple sct d necessary conditioms characterizing the

optimal level d taxes in the presence d externalities. Since dR /dt = 0 is necessary for eptimality,
optimal tax Jevels have the property that,

¢ - £ =11t —B' (13)

Taxes should be increased until the "constant-rate” lss in tax revenue is exactly equal to ths
marginal value of the abatement in externality generating activities, where "canstant-rate” changes

in taxes revenue are the changes in revenue that would have cccured at the existing tax rates?

8. Asimple eample may help darify how sraigh=famardly this rule can be applied in practice. A tax o auto travel that
reduces actiderts will always be intially benefidal, Howewsr, successive tax increases will reduce the reverus yielded by
the tax (at cnstary ratess), The tax should be increased weil ds loss io reverue exacty bolances the marginal bereSx of
reducsrions in exermal acidert oosts, . - :




The remainder d this paper is devoted to applying equation (12) in a veriety of familiar welfare

situations.

1L Applications

As noted in the introduction, the most fruitful area for applying equation (12) is in the field of
infamational externalities. There are several reasams for this. First, informational externalities are
almost invariably marker-medz'aiad in the sense that they affect allocations ndirectly through their
impact o mark equilibria (eg. by affecting the average quality of a beterogeneous, but
cbservaticnally identical, commadity which enters the market place) rather than directly through the
impact d me agent on another. Therefare, distinguishing market mediated extermalities from
traditionally pecuniary ones cften helps clarify what is at issue. Second, the impact of infarmational
externalities often includes comyplicated transfers which arise from changes in market equilibria.
Ignaring these "pecuniary” effects where they net out greatly simplifies the analysis. Third, the
welfare analysis d infarmational equilitzia has been greatly complicated by the variety of
infarmaticnal structures that arc assumed. Constrained Pareto optima d many different soris have
been and continue to be defined and discovered. It seem useful, therefore, to ask a simpler question;
namely, for a given information structure, are theae simple tax intevestions wiich will improve
welfare in the compensaticn sense used here? Focusing e compensated changes in governmen
rﬁvmu.e (i.e. dR/dt) gllows this kind d question to be answered relatively casily and produces
pdicy prescriptions which can often be based mn changes in cbservable market quantities.

In this ssction d the paper, simple models d market intervention arc developed for adverse
sglection, signalling, insurance, queue raticaing and incomplete risk market equilibria.

A. Adwrse Selection

The simplest case in which the analysis can be applied is to markets with asymmetrically

distributed information and heterogenass quality. The basic modd for these situations was

developed by Akerlaf (1970). To simplify even fprther we will assume that there is ely a single
such commxity and that there are no cther externalities. Buyers will be assumed to draw randomly
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fram the market in which the commadity in question is cffered for sale, Sellers know the quality ¢f
what they are selling. Buyers know only the average quality in the market as a whole, We will
assume, in addition, that buyers are perfectly informed about and care only 2bout the average
quality d what they bay. Rsalistically.buye:s may alsg care about the range of possible qualities,
bat taking this into account would ch\a.'l:lgc the analysis only in cbvious ways and would greatly
incTease jts complexity? Let 8 dencte the quality d each unit of the hetercgencus commeodity, and 8
denote the average quality in the market place.

The real situation corresponding most closely to this simple moded is a labor market in which
frms hire blindly fram 2 pool d workers d  heterogenous quality.

In terms of the model of this paper, the z* vecters will consist of a single dlement which is equal
to i (althoush households which do mot purchase the commodity may have du®/dz*=0).
Similarly, zf for all firms will have a single clement equal to 8. Formally,

E* = E*(q;9)

7 =20,0.

Under these circumstances, equation (12) for a small tax, dt , becomes,
. @R _ (g f_p4).48
dr [%_: ‘nbt %:Ea] dt (14)

Since o/ increases and E* decreases with 6, this means that any intervention which increases
average quality in the market place is beneficial, Thus, eny small tax which increases the quality of
the heterogenous commodity is always beneficial %

9. This simple mode] applies equally well to 2 siruation in which buyers purchase only a limited mumber of iterns and care
abaut the individual qualites of each. In that case ex ate expectad unlity (the appropriate welfare measure) will depend
@ the mean and spread of the distribution of “quality” in the markes pool,

9a A questin thar arises here is whether agents, dserving the deperdence of quality e grice, will behave in the mancer
described here. me,ingeneral.isg:? (See Sti itz-Weiss,(lBSl),Sl?Elrz, (1973)). But there are droumstances
in which they will, eg. when labar is engaged at a urion hining hall, in which there are a large nurober of employers.
Then the spply o laborers will be essermally ynaffectad by any single firm. Herxe, 2 firm will have ro incentive to pay a
wage in excess of the market wage, and carmot obeain any workers ar a lower wage.
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What is surprising about this result is is simplicity. The fact that an increase in 0 involves ths
sale of higher quality inputs by some households suggests the need for a careful balancing of the
increasedoostdtbsesalabymmrh\mselmkk against the bensfits to purchasers. Yet no such
calculation is implied by equation (14). The necessary balancing of the costs of selling higher
quality items is being done by owner households in the process of maximizing utility. Changes in 8
which result fram changes in x* by owner households (in response to changes in the market price)
are part of the pecuniary impact of the criginal tax change. As such, they net ocut. This accounts
for the simple form of the final palicy prescription.

A typical example d tax changes leading to changes in average akility arises where different
ability groups have different labar supply elasticities. If high ability warkers haw greater supply
dasticities than low abiity workers, a small proportionate wage subsidy will increase average
quality.

Finally, it should be noted that there is, at least in prindple, an dbservable basis far judging the
effectiveness d  govermment tax pdicy. Assuming that the average “quality” d labor entering a
particular market can be monitared (shart of determining the ‘Quality” d each individual warker)
by, for example, taking a statistical sample, any pdicy of "small” taxes which increase this quality is
a beneficial one'?

B. Sigmlling/ Screening

The question of whether a tax has berefidal o barmful effects on a signalling/ screening
equilibrium®* can be addressed in a similar way. The principal difference is that signalling

10. A question that paturally arises ar this junchure is whether the cormpensations required by (4) can actually be carried o
given the infarmation available to the govermment.  The amswer depenck, ot umaturally, o what the government knows
and the extent to which lwmp s taxes are available. If the govenment is restricted o commodity taxes and 2 unifam
turpp sum tax and knows the coracreristiar of each of M dasses of consurrers (but nat the dass to which any particular
individual belongs) then Pareto improving coromadty taxes will in general, exigt as long as the number of taxable
axnmodities strictly excescs M (e N > M), Leat the govemnment rsuict isdf w tax changes which keep each dass of
ensumers, except the firg, at 2 given level of wilicy. As a nile, this will requine M —1 taxes (ane for each group except
the first). Then let the govemmere change the tax n a further coromadity (say good 1), making simultarequs changes in
the M ~1 aher taxes t keep the dasses of consurners at 2ll their given levdl of uglity. If the criginal equilibrium is not
P.O., then in general a composite tax change o this kind will exux which raises reverne. This requires M taxes and,
therefore, M +1 commodities. ‘

11. Signalling/ scresniing equilibria invdve -situatias in which information is comveyed actively by sellers and/cr sought
activdy by buyers, The traditamal model of this kind of equilibrium as developed by Spence (1973), Stghitz (1975) o
Rathschild ard Stighitz (1977) is actually cast in dightly differerz terms than that preserted here. In mest f{amiliar
versions of the firms offer price-quantity coreracs subjec to self-selection constraints, The dfficulty with wsing
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equilibria invdve, even in the simplest ¢ase, two separate quality indices, one for those who acquire
a signal and a second for thosq who do not. Let these be dznated by 6, and (:12 respectively and
assume that aly frrms are affected bx their ‘levels. Since signals are costly and wages must,

therefore, depend pcsitively m signals, we will assume that El > .0‘2
Applying equation (12), the n=t impact d a small tax dt is,
t T F dt (13)

Assuming that finns draw at random from the pods d workers with and without signals and that

the number of firms is large, this reduces apprecimately to,

dt i 8t |F ay;

Since 37130 is pesitive (ie. higher average warker quality leads to higher profits), it follows
immediately that amy tax -which increases the average quality in both the signalling and non
signalling pools is beneficial, This would be true of a tax which discouraged werkers, who are below
average in the signalling pod but above the average d the non-signalling poal, from acquiring the
signal, Again the simplidty d this result follows fram the fact that many complicated "pecimiary
transfer effects are ignored.

I the value of higher c}ualitytoaﬁ:misd:e:t]ypropa-tional to the mmber of workers of a
particular type that it hires, then equation (16) can be rewritten as,

these madds in the preserr comen is that they include tho separate deparnures fram dhe usual full-infamation Arross
Debreu model. First, they erchody incarplete informatim and this aspect of the problem is, we hope, caprured by the
famuladan of this paper. Second, the cappetitive medhanisms assccizted cdefnitiens of equilibria used in the
sgnalling/ screem'ninndels difer fram the usual Wabrasian fomulations (these changes are largely resporsitie for the
mn-exisence problems in most sigralling models). Moreover, they differ in ways that moke it irmpesable o think of
“small” agerxs. Nevertheless, it is possble to apply the approach of this peper w s gmalling/ scresming equilibria df the
usual sart (Nen-pecuriary externalities arise becaiuse the actians of one finm affect the self-sefsction axstraints of cthers).
ﬂuH?we-'er, for the sake of unity of preserxation these variations of the sgnalling/ screening model will nox be dsqussed in
‘Pape.
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R 38 a7 38 oz
— =y — [=] +ny — [—=
I 175 [391 " [aezl an

n; a-éi 685

$4T o5 (2] [ai - 22
F F

n{ is the number of workers of type i hired by firm f, n; is the total fumber of workers of type i
and,

a{ 1 axf

aag n,f aai )

Ifweflmhu'assum:thatthzom'allamgeqmﬁtycfﬂ::laburforcc'ismﬂ.ff::tadbythesignal
and is fixed, then:

3'62 661 an 1

o = . — 4+ A _7a =
Hi oy tmigr v (-8 =0

Substitution from this expression into (17) yields:

drR _ 38, g _dg|_8m ezl = _= |
dt [nl at ] [aﬁl 852] at [652] (61 -8) (18)

The first term in (18) captures the "sorting” value of the signal. It is the improvement in quality in

the signalling pool (i.e. 38y/3¢) mmltiplied by the differential value of "quality” for workers from the
signalling compared to the non-signalling pcal. If “quality” is mere important for signalling wockers
then this term will be pesitive and, therefore, 8 tax which increasss the quality of the signalling pooi
will tend to be beneficial. If this increase in quality is achieved by reducing the number of wackers ‘
who signal (i. 3ny/ar < 0), then the second term in (18) will also be positive (since 8; — 6, > 0
and 35/38, > 0) and the tax will be unambiguously beneficial (remember that this applies to the

case where overall average quality is coastant).

Futhemoe, if there is no ‘sorting' (pwe Herarchichal saeeming) cffect (ie.
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35138, = 2g/38,), then:

R __ %"l s 3
- Tar [a62](91 &) (19)

and a small tax which reduces the amount of signalling is bepsficial.
Finally, if the ariginal equilibrium involves no signalling (i.e. 1y = 0), then (19) again applies.
C. Moral Hazard and Insurance

In the case of maral hazard arising from insurance contracts, an "externality” arises because the
prafits d insurance fims (a¢ given levels d pdicy prices) depend tn an unobservable average level
d care taken by subscriber households, This could be modelled directly, treating purchasers of
insurance a3 a heterogenaus "pod” (similar to adverse selection) with au average “quality” which in
this instance would be the level d care exercised in aveiding "accidents”.”? However, in an insurance
situation, a strang case can be made that the technology d providing insurance is characterized by
canstant returms to scale a.;d, as a result, the necessary derivatives which umderlie equation (12)
may not exist. Fortunately, with CRTS, firms are an inessential part d the mode). The CRTS
techndogy can be stbsumed dther into the househdd secter a into the non-CRTS firms which
provide the inputs to the CRIS techndogy. The fundamental results d the paper are nct altered.
Modelling the insurance problem in this way provides a useful oppartunity to show why.

Assume for simplicity that the universe of insured agents consists of identical households and
that a scalar level of effart which reduces the cost of accddents cammot be observed by insurers. Let

househalds maximize,2

E[Uh(xhr I'th eh)]n

12, The moeral hazard issue encoropasses far more than inswance poblens nammoMy comstrued.  However, the “insurance”
eample captures the fundamertal narure of the issues invdved in the whole range of moral hazard questians.-

13. Accidert lmsses are subsurted in this fimetion. This fonmulation assurnes that the individual corenits himsdf to all non
?n:naaire expencitures pricr 0 knowing whether there will be an acddemt. Qur resuls hdd for more general
crmulations,
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subject to the constraint that,

g-E=-wh) +y( D -1F - o = 0,
. F ‘

where E here denotes an expectation across states of nature, p* is a vector of insurance payments
acress states of nature (ie. pf, the first ddement of 1!, is the insurance payment made to household
h in state of nature 1), y(4", 2) is the premium paid for insurance (which may depend cn z#, but
this situation is described at length below), ¢ is the level of “care” exercised by hausehcld b and €
s the "average” level f care exercised by all househalds, i.e.:

F=a >
and w is the individual endowment vectar.
With constant returns to scale in the insurance industry and rik neutral iovestars, equilibrium in
the insurance industry implies:
Y, &) =EGS D)

(The Come,rT.llue. cqw/.m-% i a.- n(J
'ﬂ:ns can be substituted into the bousehdd budget comstraint sotkm bousehclds choose x* and 3 in

arder to maximize E [U*) subject to the constraint:

q -(x"’—w")-i-l-.'(u"le-) & -Ep'fqrfs 13
. F

where the function E[U*(x®, p*, ¢”)] can be treated as a norma) utitity function.

For a small tax, dr, the change in maximum expected utility for an individual household is,”

dE[U*] _ afdl* o _q_ * dnf _dE@hD gz
dt X dr + - ) E dt de

where M is the marginal expected utility of income to bousehdd A. In arder to insure that

14. This is the partial derivative of the Lagrangian with respect to i, which exails a straight farwand applicaton o the
arvdope theaem
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household A suffers no net less in utlity,

ﬂ_h_.____(wh_xh)iq_ _Ea;gr do + dE (\*[D) dE
dt

ds F dt T de dt

- Summing over all househdds and applying the same simplifications used in Secticn I above, the net
impact per unit of tax, dt, is3? '

dr -y dE (" |2) ) de
dt g de dt
Since dE (i |#)/d& should be negative (more care reduces imsurance payments), any small tax
which increases househald efforts at acddent avoidance will improve welfare. Mcreover, the net
social value of the tax change is just equal to the reduction in expected level of casualty insurance
payments. Again this is an cbservable consequence against which the efficdiency of a tax interventicn
can be measured.

This conclusion runs counter to the conventianal idea that competitive insurance markets cught
not to be interfered with as long as a competitive equilibrium ezists (see for example, Shavell
(1979)). However, in most d these models, the insurance industry is constituted so that no set of
taxes can alter the level of care. Showing why this cccurs reveals a great deal about the appropriate
rale of government intervention,

If we assume that insufance costs can be made to depend on the complete vectar of household
consumption, equilibrium in a competitive insurance industry will imply that,

Y, x4, 2) = E(fe(x"), =%
where the ¢ in question is now that of bouseholds with consumption vector x* since these
households constitute a separate insurance class. Under these conditions, the cost of insurance terin

in the net sccial impact expression will be,

15. Nate that 25 ¢ charges, the crtimal policy, 2, will change, but by the envelepe thecrem, this effect drops aur.
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dR 3 dE (ulz(x ")) ] 'e_gxh!
dt g de di

where x 7 is being beld constant as taxes change. However, if taxes donot affect x * then they vill
. not affect e” and, thus, will have no impact on 2. '

‘Therefcxe, whem insurance pnema ere conditioned on x*, tax interventians will not be able to
improve overall consumer welfare.!® The ultimate palicy question is whether insurance firms can
maitor individual household consumption levels or whether it is easier for the government to contral
overall comsumption levels via taxes.!?

D. Incoaplete Markets

An econamy without a full set of Arrow-Debreu contingent commodity markets is one in which
many commodities are compesities in the same way that a draw from a labor pool of heterogencus
quality is a compasite. Whmchangesindmandd;angemarketpﬁcs,thcnamdthempmite
product will often change. “As a result, althaugh the notion of "quality” is no longer unambiguous,
smal] tax interventions will almost invariably exist which can improve an ariginal market allocation.
‘The initial allocation is not, therefore, a Pareto optimum, The recurrent discovery cf this kind of
inefficiency should not cmtl.nue to be a surprise.}®

A simple mode] of the phenomenon involved is me with two periods. Assume, that, in period
two,thcstatecfnann'cma‘ytaknmmedk value. Assume further that there is a single store of
value, dencted good zero, whose price in periad two depends m the state of npature which
materializes at that time” Let an n-dimensional vectcr s = (s, « « - 5;) denote the price of the

store-of value good in terms of the numeraire good in each of the period two

16. The criginal comperitive aquilibrium may still oot be Pareto effident, but commodity taxes will o help. For a complete
d:am:tgizaﬁm df the opimal tax pdicy see Amort and Stiglitz (1981).

17. A similar bur dightly more conplicated analysis can be applied to the adverse selection case presexed eatlier.

18. Among the mxst recent discoverers of this pheromenn are Loong and Zeckhauser (1981).

19. A more corvertional approach would be o fdlow Diamond (1967) and Stiglitz (1972), who asume that the irvestment
god yidds a random reum. I there are graunds for &m Iervertion in the mare restrictive model used here (in
which the “real” retun to the irvestmerx good is at zeo), then there are certainly grounds for goverrmnent
intervention in the more general mndd.
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states of nature. The value of this vector will depend upon market condi-
tions in period two which depend, among other things, on prices and the amount
of the good zero produced in period 1. If the store-of value good is the

ly item of capital, then a household's expected utility at the beginning of period 2 depends on its
holdings, x &, of this good at that time and the vecter of pricés, s. For each x§ and s, there is a
function V*(x {}; s) which describes the rmaximm expected utility of househdd 4 in pericd 2. For

cunaam,vhmnbewﬁnm;
he B — k h
Vixgss) = D ud(x 2% )b
k

where b; is the probability that state k materinlized. The vectar xfe‘; is the consumption which
maxirmizes the wtility of household b during period 2 in state k . It is selected to maximize u%, (x)

subject to the constraint that
P2 (x-w) = x5 +14

where 1%, here denotes the Jump sum income of housshdld & plus net sales of the mumeraire good in
state k in pexicd 2.

Looking forward from the begimning of period 1, we will assmncthatghmsd'xdd'stwopa'iod

expected utility is the sum of its expected wtilities in period 1 and pericd 2 separately. Formally:

uf(e1,x8: ) =alGcd) +v"G i) (20)
where x} dendescmsxmx;)ﬁmpa'iodl. Households shauld maximize this two period expected
wtility subject to the usual budget constraint. '

Now consider the impact of a small change in period 1 prices. It will lead to a readjustment in
pexriod 1 consumption whese effects will ot aut. In addition, it will lead to changes in tatal x
purchased and, by this means, to changes in the vectar 5. In equation (20), the vector s enters the
overal]l utility function directly as a kind of externality. Like the quality variable in the adverse
sclection example it describes the "camposition” d a ticket in a lottery. In this instance, the lottery
is a subsequent value lottery instead of a quality lottery. Thus, changes in the "prices” s are non-
pecuniary externalities rather than pecuniary externalities in the traditional sense.
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Applying equation (12) to this simple model & small change in taxes, dr, will have a net impact
d.!‘k
el [EFE '?«ﬁ'] 5 b
k |H

where ) is the marginal utility of income to household A in state k. Therefore, in general, taxes |
will exist which will improve overall welfare. Models which condude ctherwise (eg. Diamd
(1967)) typically impose conditions under which ds/dt = 0 or households are indifferent to the
pattern of prices which cccurs across states of nzture (i.e. 9v*/3s = 0). For example, Diamond
(1967) achieves this by having anly a single good so that 5, = 1 for all £ under all circumstances 2
The conditions invalved are very speaa] cnes,

E. Quene Ratloning

When infamation is imperfect and ssarch (transactions) are costly, the benefits and costs of
entering a market often depend an variables other than price. For instance, the return to a worker
entering the labor market dépends both an the length of time that be has to search for a job as well
as the wage he receives once he is employed. Ard the length of time that anindjvicmal‘has 1o
search depends on the search activities of cther individuals. |

Similarly, in product markets, first come first served queues often serve to balance supply and
demand. The length of the queve may again depend on the actions of cther firms and individials!

In both cases, there is an exterpality. The question is whether these externalities re=
I

sult in markets being pareto| efficient. We now show how these external-
|
ities can b analyzed using the framework of this paper.

4

20. Ciroumstances under which avd/ds =0 hawhxn:danﬁedby Snghtz (1982). He comsiders a situation in which the
store- cf-value good yidds a randam retum 7y, in state k . Then, if derend for the stare-df-value good is Cobb-Douglas,
its ol value is indiependers of the price o a:dmmmmhﬁmmﬂw;mmdamcesmsamd
fature.

21. Similar extemalities arice when firms st bear some of the hiring and waining cosrs of individuals, and individuat
g:t depend on the actions of other fimms.  Sull ather search extemnalities uhdnmybeaml}maimgan-
uk are thm: where the daracteristics (quality) of individuals zmiving at a firm are affected by the polides o




In this section, we investigate queve raticning a.9 one examplein this catogory. The reasans fa
looking at queues are three-fdd First, they have not been investigated as thoroughly es Search
equilibria.? Second, the structure of the models is quite general. And, third queue raticning
equilibrium usefully illustrate the set of circumstances in which competitive equilibria are Pareto
efficient in ways which mcst conventional search models do not.

Again, to facilitate the expesition, we will use a very simple modsl. Let there be a single good,
subscript 1, produced by a single factar, subscript 0. Assume that the factor, referred to as labor, is
inelastically supplied and is the numerzire, The "good™ is supplied in N separate markets indexad

i =1, N in each of which firms guarentee a different waiting tim=. Let,

g; ™ consumer price of the "good” inmarket i =1, *** N, ={(qn *** v}

pi = producer price in marketi =1, - N,

T; m average waiting time for consumers in market{ =1, <+ N,T =(Ty, *+++ Ty).

Each of the i markets are assumed to be competitive with both fimms and consumers taking prices as
given, and consumers taking waiting times as given.

Househaolds will be assumed to divids up their purchases among the several markets. Let,

zh w (x4, -+ x) = vector of purchases by household &
x =2x". .
H
Househald utility will be assumed to depend an x* and, slso, implicitly o the waiting time
associated with x 2. Let,

uh e Ak, w—pxB, L =T 2% = ity function of houschold &,
where
W w total supply of labar = labor incame,

2. An exception is Truman Belwely's unpublished paper, "Equilibrium Theory
with Transactions Costs."
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L = non-worked bours?
Firms produce the single good subject to thz constraint that they meet the specified waiting
times for their market segments. Let,

yfi = labor devoted to production of cutput by firm f =1, * +» F,
y{n = labar devoted to handling queue members,
)"61 = If (y{) & Labor requirement function of fim f prcdudngy{ units of cutput.

yho = 0/(T;, y{) = Function defining the service labor required by firm £ to supply an
mtputyfﬂdthawaitingﬁmﬂ';.

Assuming, for simplicity, that each firm participates in caly me markst, prafits for frm £ are,
7 =py{ @ oD + 0/ (T, 3.

Profits are maxiroized over a choice of output, y{, and the market / (characterized by {p;, T;}) in

wiich the firm chooses to participate.

An equilibrium set o prices equates supply and demerd iz each of the marksts (we ignore, as
always, existence problems). The extent to which this equilibrium involves "real” externalities
depends on the form of the queue service function, o/,

The simplest alternative is to assums that each firm makes available y{ vnits d cutput at the
begimning of each market periad. Customers Ene up to purchase a single standard unit size each.
Thus, letting the standard size be 1 wnit of yy, fim f can expect y{ customers, These must be

serviced in 2T tits d time which requires a service rate,

o = service rate for firm f =y{/2Ti.

This service rate of customers per unit time will determine the led d service lzbar. Let,

{
23. Waiting times T will be assumed to be rates per units consarmed which implies that there is a standard arder quartity,
Also since T represents “average” wziting times, we will assume that corsurrers are risk neutral with respect o variations
in waiting time around tis average.




of (yfo) = the service rate attained by y&, units of labar,
Then

o/, 1) = 7 ir21)).

A queue service function of this kind contains no z-variables and hence no ‘real” externalities.
Thus, the competitive allocation will be immune to Pareto improving tax interventions2* Queue
times an observable quality variables and by themselves do not lead to in-
efficient market allocations. Because firms can control their queue lengths

by controlling output there are no non-pecuniary externalities.

However, other models which are characterized by such externalities can easily te described.
Assume, for exarmple, that levels d cutput, y{, and prices are determined before the beginning d
each market pericd. Befare gang to a market, individuals know the price and the expected queue
length; cnly after they go to a market do they learn the queue length associated with each particular
frrm within the market AsSume that househdlds appear randomly throughcut the market pericd
andjdntheshomstqumwiﬁinthemarket belonging to a firm whose unsald cutput exceeds the
demand of customers already in line. Queue length for any particular vendor will depend o the
queues facing other vendors. As a result, service rates required to meet the standard expected
waiting time, T;, will depend on the queue lensths of other firms which depend, in turn, o their
service rates. In @ market equilibrium with repeated periods and actual service costs equalling
expected cost, the profit function of cne firm can be written,

{ ,
1'f =p;y{ T (Lf(y{) + Q'f(rh }"{, 3760)) 1

24,

¥

finm is it of course, really restricted to choxsing only those pricss and service levels (quens length) offered by other

Anunghmtassmnpuondmamlyssxs&mﬂmdmnamstanycthﬂ(p T) combinatin which would be

ﬁhasedbymdmdua!s (given the values f p ard T in cther markets) and such that, at the quantities demanded, the
makes 3 profit.

g




550 = vector of the service labor inputs of cther firms (eot including firm £).
In this formulation, there are dbviously "real” externalities and, using equation (12), the net sodal
impact of a tax, dt, is

R _sls o0l b

dt  FI7 avby ¥
Mareover, the appropriste direction of government pdicy can readily be determined by exanyining
the impact of taxes n the service burdens of firms2’

The range of pessible mods, including those in wiich consumers bear externality related
waiting ccsts, goes far beyond the simple variations dascribed here. This brief discussicn is pot in
any way interded to be definitive. What should be clear, however, is the value of the underlying
framewark for assessing rapidly the welfare implications of different queuing or search formulations.

III. Conclusion

This paper developed a general methoddogy within which a wide range of market mediated
externalities can be analyzed. In concluding, four aspects of our analysis should be stressed.

First, the reasons that pecuniary externalities can be ignared in Arrow-Debreu economies go far
beyod the condition that each individual has a negligible impact en prices. Second, competitive
market eccnamies with imperfect infarmhation (Whether this gives rise to adverse selection, signalling
andscre:rﬁng,ama'alhazarﬂ;mblm; and incompl=te markets will be characterized by what we
have identified as market-mediated externalities, of o kind which result in the market equilibrium
being pareto ineffient. On the cther hand, thers are sme drcurestances in which the presence of
queuss does not, in itself, imply that markets are insfident. Third, the pecumiary effects can be
identified and eliminated in many welfare calculations by the rigorons and repeated application of
the envelope thearem. Finally, doing this, and approacking many informational externalities (as

25. Tt shonld be pored thar this is the change in service com at comstant azpat not the cheervad change in service costs.
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well as erternalities arising ot o costly transactions, queues, ec)) like stendard non-pecurdary
externalities enables cme to identify both the appropriate direction of policy intervention and

cbservable measures of their successful application.




Appepdix 1

In order to investigate the pature of pecuriery extcrnalities in the traditional sense, the natural
starting point is to exarrine the impact of a small "balanced budget” shift in excess demand®® Let,
dFO e (d‘](.'ld-’% 1
where,

dsf = g - ds® = ghift in demand for the rmmeraire good,
ds® = (N —1) vector of shifts'in demand for the N —1 non-mumeraire goods.
Thshiﬂ,dfo,mybeasaibddtha:é\astﬁft'inﬂ:cdﬂnandd'asingle-hGBdﬁdatomyda
new househdd. An analogous shift with ds ) = —p -ds? could be defined and ascribed to a change
in behavior by the universe of fims. -

Assuming taxes are unchanged, the resulting change in market prices is,

dp =dg=J1 -dsu,

where,
dr; dy, . o . ~-

J = =~ 7 +J. k=2, -+ N = Jacobian” of the vector of non-mumeraire excess demands.
Pk [

We assume that the excesd demand functioes are differestiable and that J is non-singular at the
initial equilibeium.
The chenge in income necessary to maintain the utility level of househald 5 in the face of a

chenge in price dp = dq s,

26, Crly telanced diifrs make serse if we are corsidering changes in equilibrium allcatios. An unbalanced shift in
umisd-.::md d predude the exisence of 2 rew equilibrium.

27.Sinc=dn-dg.hhmhm.kmksmewm&ahmﬂis?mﬁm‘wﬂuumupmﬂqm
separarely.




A2

PSP )
% %EI dp Em{[dp dg )}’

Tbtc:alchangnmthegovunmmmplus(mmthsemoma:epmd)m,

dx h{az dzf drf
dR/dp =1t = - E[— ] [
dp % *\dp
At an initial tax leva of zero this becomes,
dz " ] dzf
-%: “Udn d"

As g function of the initial change in excess demand, the net change in the government surplus? is,

dR _dR dp _,.p_.p f
50 " dp dsg (n* -8%y -1, (A1)
where,
ey
h h
- VEh dz_
EE [dp dq]

This represents the net social impact of the initial change in pricc and, thus, the “pecuniary”

28. The expression in equation (A-1) below ignores the extemalitis generatsd by cha mmmmmatmulﬂmn
mpunaﬁngaﬂﬂ_inma)umsfus.m n&nememedmgsm?;ﬁmm
reghgitie. itisdnmavddhqim:mckd mfsmlamde:mhnav.tnchadd ymﬂrmatmal
ing the arce o the For rigar we ould assume that (1) corsumption ad
umummhuaand( hasehddy, are constrained o consume their
canpensating allcerertes of the nxneraire good.  Also we assume that the ariginal d5 shift affect o 2 <variatles.




A-3

externality® associated with criginal change in demand d3°,

It only remains to be shown 'that 4R /ds® does not vanish as the mumber of households becomes
v : =
large. To do this let, N

oy = fra::tim)cihmsdnkhdtypem =1, -+ M (is. 3, = number of househdds of
typem) | |

W = mmlgdﬁnmdtypel=1. -+ L per household (i.e. Bl = munber of fims of
' type :

Since 427 /dp and dz¥ /dg ocught not to be inflwmmesd by the number of households,

dz dz! P
- H +—|=H -
2w [dp dq] A -0,

The matrix 17 will not change with the mumber of househalds & . Similarly,

B =x - B,

-EE‘[ dp d_;}]'

and 5% should be invariant to changes in H .

effect differs from the tax effects of the body of the paper in that the dz/dp, dz/dg terms differ from the dz/dr
o the bady of the paper, However, in both cases, externalities will oo mutter when either, andE"murofa-
househdds and firms or when the 2% are not affected by chznges in market ou(atucassmfmms)
are m then a5 a rule (d:f/dp +dz//dg) and (dz‘fdp +dz%/dg) will be om-zera Thus
al}.themuinm uhchmanladm?mmgmanmmnmpmsdy—
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