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I. lNTRODlVJ.C_T!‘ONA

- A-Iéf§e part of the literature in the economics
of federal ism and decentralized government is focused
upon the efficiency implications of spillovers or ex;
ternal effects between jurisdictions. These externali-
ties take a number of different forms and the form of
the external effect has an important bear ing upon the
method of analysis and upon the policy implications.
Their existence depends upon the nature and extent of
the interdependence between jurisdictions.

The external effects with which the present
paper is concerned are direct spillovers of benefits
from public goods beyond the jurisdiction»?or which they
were produced. The analysis will be limited to the
benefit side, alfhough cost spillovers could be inte-~
grated into the models treated here without difficulty,
The focus of attention is upon public sector efficiency
in the context of decentralized government units and
any induced effects upon efficiency in the private |
sector are ignored. These “indirect” or induced effects
will be the subject of a Iaéer paper;

This paper will examine a variety of models in
which the affected governments modify their behaviour
in response to spillover benefits. Initially, govern-
ments will adjust to the "income effécts" of benefit

spill-<ins but it will be shown that intergovernmental
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rcompensation will generally be required in order to
achieve Pareto optimality. The tax-and-subsidy solutions
shown may be achieved by baﬁgaining between the affected
governments or by imposition from a higher level govern-
ment, The compensation solution presented will be inte-
grated into an independent adjustment reactive movement
to equilibrium, where the presence of both ”intra-
marginal” and marginal spillover benefits (i;e. Pareto
relevanf‘extgrna!ities) leads to marginalrand extra-
marginal compensation.~ Var ious methods of compensation
will be examined, including constant per unit taxes and
subsidies as well as compensation which is non-linearly
related to output.

The models to be dealt with below are based on a
two-region federation, where each region produces one
pubiiq good and a numeraire private good. The trans-
formation functions will be linear in most of the
analysis. The reaction models will be of the Cournot
type, following the seminal article by Williams [1966].
In Section || we shall follow Williams in examining the
case of "riééirous” spillover benefits. In Section I
the basic model will be extended to deal with “non-
riva!roqs” spillover benefits. Section |V dea;s with
the soqiai optimum in the rivalrous casebénd presents a

reactive approach to equilibrium where intergovernmental
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compensation is paid, In Section V a reaction model is
introduced for benefits that are nbn-rivalpous and
reciprocal., Section V| presents an analysis of various
compensation schemes that wiil-lead to various Pareto-
optimal equitibrium solutions. Section VII| concludes the

paper with a discussion of its leading points.

it. R!VAFROUS SPILLOVER BENEFITS N o
| _ :rlﬁ his pabéﬁ Will}émsﬂtigﬁﬁ] attempts to work out
the implications of the theory of public goods for a

' The mode! posits a set of

decentralized government.
focal governments which proddce "local” public goods

for which there are spillover effects. The spillover
effects radiate out from the producing région and it is
the spatial dimension of these goods that makes them
differentially accessible, As a simplifying assumption
each region produces one public good and this public good
is equally available to the residents of any one region
but is available in the least adulterated form in the
producing region. In spite of the spillover of benefits
it is assumed that éach local government chooses the
output level of its public good on the basis of the bene;
fits and costs to that region alone. In the first
Williams model [1966, pp. !9;22], it is assumed that

the j-th region makes available certain spillover benefits from its
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provision of the public good R in amount Rj but that it
makes no attempt to recover any of the costs from other
regions enjoying the externality benefit.

A major objective of the Wﬂﬁams;paperis-hapeﬁﬂn,the
Pigouvian assertion that these local governments will
tend to undersupplyrthe public goods that they provide,
Let Rﬁ be the socially optimal level of provision and
fet Rg be the level independently provided, then
Williams purports to show that Rj % R%.

In presenting his graphical m;del he posits two
communitfes, a and B, and assumes that the reciprocal
spiflovers are generated in fixed proportions. It is
assumed that marginal costs of producing R, and ﬁB
are constant and the same in all regions. Tﬁe residenf
population of each region remains unchanged'throughout
the anelysis.'2

There are two communities, a and B, and the pro-
duction possibiiity curve for a is given b;VSA' in
Figure |, Some fixed proportion of the benefit spills
over to the other region and this has the effect of
reducing the own consumption possibility curve to AA’,
The own consumption possibilities refer to the doméé;ic
évailability of units of the public good produced locally,
This means that in the absence of compensation for spill-

5ut benefits the effective opportunity cost line for
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domestic choice between private and public goods is AA’,
rather than SA’, Let us assume that in the absence ofi
spill-in beneféts the community o chooses consumption point
a, implying that the community is producing at v, The

spifll-out is av and the spill-out ratio is given by-ASIOS.

in the event that community B is producing some
positive amount of the public good then ¢ may expect some
Spiil:in from 8. [t is assumed that production possibili-
ties are identical in the two communities and that their
Spilléout ratios (ASIOS) are the same.3 We may expect
that different levels of production by B8 will have
the effect of shifting the consumption possibility line
for a , and that these shifts will be parallel., Assume,
as in Figure 2, that B is consuming at a’ and producing

at v/, This amount a’v’ becomes a spill-in for g

and ft has the eFFectAo% shifting o’s consumption
possibility curve from AA’ to BB’, ;nd A’B’ = a’v’,

The line passing through ; andvEAbecomesné;s coés;mption
reaction path for different levels of outp;t by B.

As RB expands, o’s consumption of public goods also
increases, but a;s consumption of its own output of these
goods falls, Th;s is shown by own consumption points
which move Ieffward along aA’ from a as total con-

~

sumption increases along ab. Corresponding to
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total o consumption of a, b and ¢ in Figure 2 are own

consumpt i on points a, b’ and ¢’. It ﬁi!l be useful next
to plot the points a, b: c, an& a,ib', ¢’ in R space, |
in terms of the two public”goods. & ~

Units of o and B public goods are measured on the
Y and X axes, respectively, of Figure 3, which replicates
Figure 2 of the Williams article. Point & corresponds
to point a of our Figure 2 and is associated with zero
production (and Spiikout)’of Rg. The curve a a is a’'s
consumption-reaction curve and poiﬁt € corresponds toy
point b in Figure 2, The abscissa for ¢ is equal to

”
a

v! of Figdre 2. The curve & Gq, ON the other haﬁd, is
a;s“prodéqtion reacfiqn curve and refers to points on
SA’ corresponding to a, b;, c’, etc. On the basis of
th; positive slope of abcqit %ollows that a ag will lie
befow & a . The implication of these two curves and
their respectfve positions is that o will reduce Ry, its
output of public goods, when RB is increased. The curvés
B Bc and B BQ are based on a similar derivation for
region B, On the basis of the construction and under-
Iyiné assumptions the curves & aq and 8 Bg are the
reaction curves whose consistency defineSfan equil ibrium
for the mode!., At the point Q the expectations of both

communities will be satisFiedﬂsimultaneous!y and the out-

puts 0Q, and 005 represent the equilibrium solution.
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Associated with this equili@rium are consumption levels
of OC, aqd 0Cg. As the diagram is constructed o will
derive more of its consumption benefits from B’s pro-

vision. than = from a’s own output.

Note that theﬂequilibrium at Q involves a reduc-
tion in output below that provided when the communities
ignore spill-ins. This model operates without any compen-
sation between the.two regions for spill-out. Each party
loses from the point of view of its spillout, but it
gains a spill-<in. No mechanism exists in thi s reaction
model to ensure that no party will suffer a net loss.

If the recapture of spill-out loss, through compensation
6r»trade, is an inevitable impossibility then fortuitous

spill-ins are clearly advantageous to the recipients, and

position Q is clearly superior to positions G and B.

|11, NON-RIVALROUS CONSUMPT |ON -

o lt_ﬁas-agsqmed abové‘that the spill-out detracts
from doméstic consumption possibilities and this assump;
tion of rivalrous consumption is responsible for shifting
consumpt i on possibil}ties from A’S to A’A in Figure 1.

If we now drop this assumption it is pd;éiblemto derive

é consumption reaction curve, analogous to abc in Figure
2, by showing how SA’ may be shifted out by parallél move -~

ment, But in this case the consumption reaction curve
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corresponding to abc will lie to the right of abc, Conse-
quently the corresponding g 0s-curve in Figure 3 will lie
above the one shown, By the same token éhe production re;
action curve will lije ébove & 0Q. Qualifications of the
same kind apply to B’s reaction curves, As a result the
new Q (call it Qr) af which the production reaction curves
meet will lie above and to the right of the old Q. Both
parties would produce more than they would if the sp}llover
were rivalrous,

In this non-rivalrous case the extent of the
rightward shift in the consumption possibility ine,
corresponding to the shift of AA’ to BB’ in Figure 2, will
depend upon the degree of substiéutioh'getweén Ry and RB'
If they are perfect substitutes, from the point of view of
region ¢, then o’s consumption line will shift out by the
amount Rg., If tﬁey are imperfect substitutes then the
r ightward shth of the consumption line will be
somewhat less than Rg., [f, for example, ¢ considers one _
unit of Rg to be equivalént to AS/OS units (in Figure 1) of
Rg then when Rg = a”v’ (in Figure 2) the shift in a’s possi-
bility line would be éiven Sy a’'v’ (= A’B’), This éeans
that the‘spill-in of a"v’ units‘o% B’'s éﬁSIic good is equiva+

lent to a’v’ of Ry,

However, in both the rivalrous and the non-rivalrous

cases the uncompensated reaction equilibria corresponding to

@ (in Figure 3) and @’ (not shown) are not optimal This is

due to the fact that these reaction equilibria lie on the
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consumption reaction paths of o and 8, where the summed
marginal rates of substitution within each region are equated
to the cost of the public good. Symbolically stated this may

be written :g MRS = P2 and EZ MRS = ?B .
. ReX = PR 4 Rex = PR
i in q i in B :

This violates the well known Samuelson optimality condition
which requires that

ZMRSR oX + Z MRSR X = PR’! and

i ina i inB
' B
_ Z'MRSRX+ 2 MRSR x = PR.
i inag i inp B
The subscripts and superscripts will be self-explanatory,
with X denoting the numeraire private good and Ez MRS% X

i in g
the sum of the marginal rates of substitution in o between

o’'s public good and the numeraire private good,

| In the next section we return to the rivalrous
case and sﬁow how optimality may be achieved through
inter;governmental compensation, in section V we deal
explicitly with the uncompensated Eeaction process for
spillovers from non-rivalrous public goods. Section VI
examines the essential difference between rivalrous and

non-rivalrous spillovers and develops compensation systems

that will enable optimality to be achieved,
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Iv. THE SOCIAL OPT IMUM_IN THE RiVALROUS CASE

Consider agaln the reaction*eqU|l|br1um Q@ in Figure
3 and note that the ftatonnements involved in achieving Q
take place along AA’-type price lines, Spill-ins shift the
price line parallelato itself but spill-outs (more correctly,
own Spi!l-outs) are disregarded. |In order to evaluate this
equilibrium from the standpoint of social efficiency we need
to establish some optimum Q {call it Q%) which may be used
as a benchmark. It should be recognizéd, however, that Q%
will be contingent upon the associated distribution of income.

The rivalrous spillover case in question is essen-
tially one in which Ry and Rg are private goods as between
communities, There is no sharing in consumption of the same
units and hence the problem is not strictly a public good
problem, As a result we may define the optimum @* in a quite
orthodox fashion., The institutional analogue to the theoret-
ical procedure to be employed in defining the benchmark is
that of creating property rights in the spillover benefits,
The problem is then a simple one in welfare maximization. In
the present context some procedure is required in order to
internalize the spillovers,

Williams [1966, p. 23] invokes some

[

’joint body” or
central government whose duty is to ensure that Compensation

is paid for benefit spill-outs, Interregional compensation

will be paid in public and in private goods but the important
requirement of the compensation arrangement is that net spill-
ins are settled in terms of the numeraire private good. Further~
more, attainment of an optimal solution requires that the
transfer of private goods be associated with a mechanism for
transforming private into public goods at will. Note that the

optimum that will be found is one based upon a given distribu-
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tion of income, As has been noted above, the opportunity cost
of pubiic goods in terms of private goods has been assumed
identical in both regions. Figure 3 in the Willigms paper
will become Figure 4 below,
These assumptions imply that g faces the opportunity
curve A’S while B faces A'BSB. These curves give the produc-

tion and consumption possibilities of the two regions and the

consumption choices-are shown by Z; and Z3. The preferred
consumption point for o, Z,, becomes the origin Og for B. The
Jointly preferred level of provision of the public good is

that given by 06* and this represents the total of oC% and
0gC*. These proQision levels, represented by Z, and 23, be-
come the Pareto optimal benchmarks which we were seeking. Note
that the equilibria are characterized by equalities of the form
‘MRS = Pg.

In this section we consider an attempt to achieve
optimality using a reaction model similar to that implicit in
~Figure 3, This reaction mode! is placed in the context of the
implicit federal system with the central government responsible
for effecting or enforcing inter-governmental compensation.

Each community has a set of contingency plans based upon

different levels of expected spill-in. These nlans provide

some Jevel of own provision, and hence of own spill-out, for
each level of spill-in (associated with specific levels of R).
These plans revolve around the prior selection of Zy and Zg as

the preferred consumption positions in the choice calculus of
the two regions. We may now turn to Figure 5 to illustrate
the derivation of an output reaction curve, If ¢ expects

no spill-in of benefits then it produces at qd
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and this makes available 0C§70F R and rdcz of private
goods from its own provisiéA. The remainéer of its re-
quirements of private goods (i.e. o Z ) is received as
comhensatioanor its export of rodp in the form of public
goods. The trade surplus of rgqy in public goods is re-
quited.by the payment of ”6Za in the numeraire good. |If
there is a Spilﬂén of SIZG then o will produce at q. |
Byuso\doing the consumption requirement (OCé) of the
public good will be satisfied by own producéfcn (OG') and
by‘spi}hén (GlC§). Private goods in the amount‘E!S|‘ere
paid to setflevéﬁe trade surplus in the public good. It
may similarly be shown that a will produce at q, when the
spill-in is S,Z . In general the level of Ry will vary
frow phat at“qo to'A' as the spill-in (given by %% . RB)
increases from zero éo ST A ‘ |

The reaction curve for o is shown in Figure 6
(as RaRai) along with the output reaction curve for 8,
der ived }h a prbcedure similar to that described for a
above. The intersection of these two lines at Q% then
becomes én equilibrium in the sense that it ié c&nsistent
with the objective of each party to achieve the preferred
outcomes at <, and ZB' At @% there will be spillover
Flows in both directions and an intergovernmental trang;

fer of private goods to the surplus region. The importart

characteristic of Q% is that the spili-in benefit is equal

-
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to the expected spil in and it is onlylwhen these are
equal that each party may achieve its welfare optimum.
But at no stage of the analysis is it possible for a
barty to suffer a loss in income. The compensation
scheme is crucial here since it ensures that each party
will always operate at some point on its opportunity tine
SA' or SBAé (in Figure 4). Only at Q% in Figure 6 will
boéh regio;é‘reaéh theivdrespective wélfaré optima at
Z, and ZB but even at non-equilibrium points they will
be\operating at the same level of real income, albeit at
lower levels of welfare. It is the compensation scheme
here that plays the cruciai role in facilitating the
optimizing reactive processﬁ'

The process of compensated reactions is to be
contrasted with the uncompensated reactions shown in
Figures 2 and 3. These reactions are based on the neglect
éf own spili-out. The income [ine therefore shifts out
parallel to AA’ (fér o) and the independent (uncompen-
sated) reactio; équi!iBrium is defined by the mutual
consiétency of expectations, At this equilibrium the
real income levels are likely to be quite different from
what they would be at a compensated equilibrium (e.g. at
some point along A’S for o). Consider Figure 7 and note
that real income é;:ba (whfch is potentfaiiy a point of

independent adjustment équi!ibrium) is less than that at
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Za' Hence, if q, and qg are the output levels under
indepéndept adjustment equilibrium it should not be
surprising if q+ g % q(Zy) + q(ZB) = q¥. |f a has a
lower income elasticity of aemand'Fér thé puﬁlic good
then B and if the uncompensated adjustment favours B
then the outcome q  + qB) q* is likely to result.
In other words a movement frém the non-optimal set of
6utputs g and ag to the Pareto optimal set associated
with Z, and ZB may result in a reduction in aggregate
provision of the public good. However the move will not

be a Pareto optimal move since one party (B in the example

given) will gain only at the expense of the other.

V. A _REACTION MODEL FOR BENEFITS THAT ARE COMPLETELY
NON-~ RfﬁALROUS AND‘RECIPROCAL

}n the present section we consider independent
andruncoﬁpensated ad justments between two regions when
each produces a public good which becomes equally avail;
able to both regions. The Samuelson efficiency conditions

require the following:

a) > MRS Xt ZMRSR x = MRTR x,
. i in o o i in B .
and
]
(2) ‘ PN MRS + ZMRSRBX MRTRBX-

i inoa , i in B,
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in what follows it will be shown that an independent
reaction model typically leads to an equilibrium where
Ra”+ RB fal!s below the optimal output level. In the
next section it will be shown that only by a coﬁpensated
ad justment mechanism is it possible to achieve a Pareto
optimal solution,

In Figure 8 we show the opportunity_loci for both
o and B as A’S and A’S’, respectively., It is assumed
that the cost of the public good, R, is identical in both
regions, in terms of the numeraire private good. |f B
chooses to produce at v’/ then this will shift A’S out to
BB’, where A’B’ is equai to vw/. This will shi%t a’s
éqéilibrium é655umption positi;n Fﬁom a to b but wiil
reduce 0’s own provision of R from Q,a’ to 0,b"”. By
finding &’s desired consumption of R a; its Spfﬂ-ih in-
creases wé get YCCa which enabies us to derive consump-
tion and production reaction curves for both regions,
which are shown in }Figure 9. The curves in this diagram
are labelled identicélly as in ?igure 3. Note that da,
and gﬁc, the consumption reaction curves for a and B,
represent consumption of Ry + Rg. For example, consider
point Gy on da, and note that OC, is equal to 0Q,, pro-
vided by a, and 0Qg, provided by B. As shown in the
diagram Q is the independent adjustment equilibrium and

it is easily seen that Q is stable.
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The question of stability in this model will be
dealt with very briefly. The reaction curves of Figure
9 have been linearized to éimpliFy this discussioﬁ. The
assumption that R, and RB are perfect substitutes has
been shown to imply that c,Q = QyQ. Let us write the
equétion for the output reaction curve &aQ as Rg =
& - bRB and the equation for the corresponding consump-
tion reaction curve as Rg = Rg + Rg = a + Rg(l-b). The
slope of the consumption reaction curve depends upon the
incomevconsumption line and the positive sign on this
slope reflects the non-inferiority of the public good.
If we assume that both private and public goods are non-
inferior%tben we obtain a restriction on the slope of
Gog. From a’s point of view Rg» 0 implies an outward
shift én itsﬂopportunity curve and hence an externally
generated increase in real income. The curve dog (with
s lope %;% ) is tantamount to an Engei curve and our non-
inferiority restrictions imply the fol!owing slope re-
strictiony 0 5_ (1-b) <1 .6 If we require the strict ine-
qual ity restriction on the élape of aa, then we get the
following associated restriction upon the slope of aog:
0(b<>i.7 By analogous reasoning non-inferiority re-~ -
stricts the slope of BQB to be greater than one. Insta-

bility in the present model can be ruled out as long as

EaQ cuts BQE from below. Hence our non-inferiority
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assumptions are sufficient to restrict equilibrium
positions such as Q to those which are stable.

Before leaving the ihdependent ad justment model
here it is important to point out that Q, whether it be
stable or unstable, is not a Pareto optimal position.

At @ eagh of a and B is in equilibrium in the’sense that
it is equating its MRS with the price of the pub!ic good.
But as long as MRS%+ MRSB)-PR then the level of pro-

vision of the public good will be sub-optimal.

Vi, COMPﬁNSATEDVADJUSTMENT WITH PUBLIC GOODS ‘

. As_in-fHe_§§Sé'oF"Eeﬁé?}t sﬁ?iloveré for rivai;
rous consumption goods it is impossible to achieve
optimality without compensation or trade. Participants
in an adjustment process involving externalities must
revise their choice calculus torincorporate the value of
benefits and costs passed on by others and those created
by their own activities., |In the Williams case descr ibed
above it was shown that a set of subsidies and taxes
could be employed for this purpose.

In what follows various compensation schemes
will be ﬁresented for the case of non-fivalrous spillovers
for public goods which are perfect substitutes. The
basic two region mode! will be retained, sub ject to the

appropriate modification. In the Williams mode! the
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region creating spillover benefits was vested with property
rights in the amourt of spill-out benefit. The assumption
of an identical production transformation rate between
private and public goods in the two regions vested the
mode! with an unambiguous numeraire.

In the case of non-rivalrous spilfover benefits
vestment:of property rights is more difficult to achieve,
Even more difficult is it to value the benefits (to an
external beneficiary) since the number of beneficiaries
may vary without detﬁacting from own consumption. Even
when it is assumed that tle price of the public good is
the same in both regions the problem remains, Assume
that there exists some joint welfare optimizing body
with the same duties as those possessed by the central
government invoked by Williams, Then this body would
have to know the MRS (of the publie good available by
Spiu;in, in terms 6F‘£hemprivate good) before assessing
compensation. One solution would be to require that 8
pay o one~half of the cost of its output and vice ver#a.
The adjustment process could then be defined in terms of
Figqre 10. The line A’S’ reflects the cost of producing
éB and the iﬁtroductiégﬂ;F a’s 50 per cent subsidy shifts
the price line from A’S’ to A’ TB We are assuming that
subsidy receipts are lnmprlncnple sﬁendable_on pr ivate

or public goods. |f B chooses to produce at v then both
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o and B will consume benefits in the amount VV” and will
contribute an equal amount to the cost. SinééJthe true
cost in terms of private goods is giyen by the slope of
"A’S? (or A’S) then the cost of VV¥ is V”M” and the cost
séa;eé Fobaa;end B will be A'M”?aﬁd A'V&,?reSpectively.
The opportunity set for o no; éecomes&O&TaMM" since B
has committed a to public good consumptién o% MM”  (=VV*)
and to foregone private good consumption of A'M": I £ ﬁ"
also represents a’s preferred position along A'Ta then
we have a Pareto ;ptimal solution which turns &ut as
well to be a Lindahl solution. A Lindahl solution is one
in which the ﬁarginal rate of substitution of the public
good for private goods is equal for each participant to his
tax price,

~In our example there is no reason to expect a
Lindahl solution. Assume that a’s preferred position is
at point U, By its choice of U region a will have dis—
placed B from its preferred position at V to a less
preferred position at N. In fact at U and N the summed
marginal rates of substitution will fall short of the
price of the public good. Pareto optimality will not in
general obtain and pressure will be forthcoming to alter
the tax financing arrangements. |f these tax arrange-
ments are inflexibie then some saiutiqn will be found at

V or U, or somewhere in between. At any rate it should
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be clear that the compensation arrangement shown here
will not in general be satisfacfory to both parties.
Enough has been said about this compensation scheme to
point out the problems. The main problem stems From the
difficulty in assigning pﬁoperty rights to public goods
and the consequent ambiguous optimization to which
arbitrary compensation schemes give rise,

Let us turn now to a more conventional tax and
subs§dy solution in the context of a bargaining process.
It will be convenient first to consider a process based
ﬁpon offers by one region to pay a uniform per unit sub-
sidy to the other. In Figure Il we reproduce the oppor-
tunity lines A’S and A’S’ of Figure 0. The curves AF
and AF’ are th; price ;6;sump£ion lines, or offer curées,
of o é;dEB, respectively. Let us assume that region B
offers to pay o a subsidy sé that o may provide the public
good for both regions. Consider A’F’, the offer curve
for B, and note that if we measureﬁﬁ;ward: from A’ (i.e.
we designate A’ as origin) then the ordinate repé;sénts
the amount of';rivate goods that 8 is willing to forego
for the corresponding quantity of public goods., For
example, at point D the amount DC measures the am;unt of
private goods thathB will sacriéfce for A’C in public
goods at an opportunity cost givgn by DC/R*C._

If the offer curve A’F’ is added vertically to
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A'F then the combined offer curve A’F” represents the
eééunt of private goods that the tﬁ;w;egions together
will sacrifice for a given provision of public goods.
The point K represents a position of join£ we | fare
maximization since K is the point at whickh the combined
marginal rates of sﬁbstitutionware equal to the oppor-
tunity cost of the public good, in terms of the numer-
aire private good. If B pays o a subsidy of (IOOSW/OQW
per cent of unit cost then o will provide OqR§ unﬁﬁs of
public goods, This»soiution is not only Pareto-optimal.
it is also a Lindah! solution since at L and D the tax
cost per unit is equal to the sum of the margfnal rates
of substitution in a and B, respectively. The cost of
producing OaRg is A’K’ and B carries‘L'K' of the cost,

Note that this is one possibiéﬁéélutionrthat has
the property that it is Pareto optimal. Each region is
better off than it would have been in independent equi-
librium. However, the joint solution at K is not the
only Pareté-optima! solution associated w}th the given
initial distribution of income. Its practical feasibility
is suspect because of the compieté specialization in the
public good that it produces. In a realistic situation
there are likely to be poiiticai reasons for existing
Jurisdictions te be Joathe to give up their powers. We

shall return to this line of reasoning.
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| Another practical problem that may be assoé¢iated
with & uniform subsidy is that demand for the public
good in the subsidized'region may be highly inelastic.
The subsidy cost may be very high. Perhaps the most
intractable case is that of the Giffen good and this
is illustratgd in Figure 1| by the offer curve A’UG
(with UG broken li;e). If the public good were a Giffen
Qoqd for o then the effect of B8’s subsidy would be to re-
duce the level of public good p;ovision by a.

An alternative to the use of a linear (i.e. uni-
form on all units of production) subsidy'systeﬁ is a
system using an increasing marg%nai subsidy rate. Such
an increasing subsidy could be constructed so as to
minimize the intra-marginal subsidy surplus and its pur-
pose would be to maximize the stimulative effect per
unit of subsidy, A cdntinuousiy increasing (and effi-
cient) marginal subsidy system would not only reduce the
cost of thé subsidy scheme to the donor but it would
minimize the possibly adverse income effects (in the
case of an inferior good). The above considerations will
be relevant to the argumént be {ow in spite of the fact
that the subsidy system treated is not a continuously
increasing non-linear subsidy.

Let us turn now to an independent ad justment

situation. Consider some equilibrium position that has
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been achieved by a non-compensated adjustment process
between o and ﬁ.  In Figure 12 the positions P and P’
have been reached By é process of action and reactio;
between o and B. It has aibeady been shown that posi-
tions such as these are non-optimal since the sum of
the marginal rates of substitution for each region is
équai to the cost of the public good. Hence the summed
marginal rates of substitution over botﬁ regions are
equal toron!y one half of the rate of product transfor-
mation and both regions would benefit from an increase
in the level of public goed provision.

Positions P and P’ are points from which a
trading process will enabie a preferred position to be
achieved by each region. In general, an efficient allo~
cation of resources will bé achieved if the region which
produces the public good most efficiently is compensated
for expanding its output. The resuft will be an exchange
of private for public goods; .

The precess of trading and exchange may take
place jn‘a>number of different ways. The bargaining
strength of the participants in trade Qill be of crucial
importance in determining the outcome. Bargaining in
terms of each extra unit of output may eﬁable the stronger

participant to extract all the censumer surplus from the

weaker., But it will be assumed here that bargaining
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takes place in terms of a uniform subsidy for each unit
produced beyond P. To illustrate this type of bargaining
consider the offer curves PP& and P'Pé, for a and B
respectively, shown in Figure 12, ﬁoint“A reflects the
offer of an amount MN o# private goods in gxchange.For
an expansion in public goods provision from OBQ' to QBR',
at the relative prices reflected by the slope o% P'AT. n
|f we now add B’s marginal offer curveF”APB to thaé of
o thgn we get tﬂe Joint marginal offer éurve‘PPB+a, For
example, at point C, which corresponds to point A (en-
P'PB) the joint offer curve is constructed by adding MN
(}n the direction of the Ry axis) to the ordinate of C so
that MN = CB. Clearliy, the new §oint equilibrium
appears at B, where the joint offer curve PPg. ., intersects
the opportuﬁity line PS, At-B region o is paying a price
indiéated by PCS” while B is Qperating at the price

given by P’AT,

”Note'that B is now a Pareto-optimal equilibrium

position since at A the Z MRSFlEX is equal to the slope
i inB

2 MRSék is equal to the slope

of P’AT while at C the
, i in o

-~ .

of PCS” and hence the slope of PBS is equal to the sum of
the»MRéRx for both regions. By”éUbsidizing region & region
B attains a higher level of we lfare while at the same time
improving the welfare position of a.

This kind of marginal compensation process l|eads
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to incomplete specialization in the public good even
when the transformation functions are linear. Incomplete
specialization may also be invoked by specifyiné a neo-
classiga! transformation function with decreasing returns.
The intergovernmental!l compénsation system that has been
éuperimposed upon an independent adjustment equilibrium
here is a constant per unit subsidy on "extra-marginal”
output. It has been shown above that, }n the context ;F
the preseﬁt model, a constant subsidy on all units pro-
duced may be used to achieve Pareto-optimality through
specialization in the public good.

The Pareto optimal solution achieved in Figure
12 will be a different one from that achieved byhthe
linear subsidy scheme shown in Figure Il. The final
distribution of real incﬁme wili differ between the two
situations because of the difference in intra~-marginal
surplus associated with each. It can be shown that the
marginal subsidy scheme achieveé Pareto optimality with
a smaller redistribution of real income, since the intra-
marginal surplus is smaller than it is for the constant
per unit subsidy scheme.

Another scheme which would achieve Pareto
optimality at an even lower transfer cost than that
associated with the marginal subsidy descr ibed abowe
will be briefly discussed, This is an itératiVe‘=schem§

by which the subsidizing regkon offers to pay xk(IOO) per
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cent of the cost of the public good (PR) to the other
region for an expansion of the other\feéion's output
beyond independent adjustment equilibrium o;tput by some
amount Q. These offers of ) (associated with Qk)
will be: raised until they eI|0|t a posutlve response
and until A Pp is equal to the i,MRS of the paying
government, _

If R’ is the independent adjustment equilibrium
output and R;a is the corresponding output of a then this
scheme inyol;es an offer of lkPRQz (where Q& is some
small increment beyond R’, and Pp is the constant real

cost per unit of R). Region o will accept the offer if:

ZMRSRX1 > (e, ,
- R - -

i ina

and will continue to accept such offers for every addi-
. a .
tional ) and Qk until
E: MRS, = (I-).)P, .
i in o RX . k““R

This kind of ' .iterative - scheme, as well as the constant
marginal subsidy scheme described above, has .the ad-
vantage that it lowers the income effect on intramarginal

units, This lowers the transfer cost and prevents the
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subsidy plan from being thwarted by the inferiority of the
subsidized good (to the producing region).

’ The intréduction of decreasing réturns andﬁbf im-
perfect éubétitution between the two public goods would
alter the nature of the solution and enhance the economic
case for incomplete specialization. This is likely to be
true as well when our model is modified to encompass
variable substitutability between the two public goods
in each of the two regions. At low levels of own pro-
vision the substi@utability between own and external
provision may be quite low. The question of complete
spcialization is likely to be‘asgociated with the question
of local autonomy. In constructing a model to deal with
external effects in the context of a federal system there
are important positive and normative reasons why Pareto-
optimal movements should focus around marginal adjustments
to a private equilibrium. [t makes more sense to talk in
terms of mutually satisfactéry marginal changes, rather
than in terms of structural changes. Recognition of
interdependence in terms of the possibility of joint con-
sumpt ion leads to expansion of public good provision.

The duopély approach to federalism is not really
necgssap&, although it was helpful in our graphical analysis.
It is possible to use the models described in this paper

to deal with the relations between a central, federal
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government and the member jurisdictions of the federation,
The federal‘government may be viewed as the responsible
agency for joint welfare maximization. Its role in interna-
lizing external effects between jurisdicﬁions would then
be performed by a system of subsidies.8 When these sub-
sidies are financed by an "imperfect” tax system, which
produces “distortions” in économic cﬁoices, then the onus
will be uﬁon the Fedeéal government to use jts subsidy
funds in the most efficient manner possible. This means
that it will have strong motivation to minimijze intra-
marginal surpluses and to employ the marginal subsidy
schemes out|ined above. In a forthcoming paper this
writer will provide Furthér cogency for such marginal
subsidy schemes, which have minimal redistributijve
effects.

When the federal government performs the role of
Paretian guardian angel it is acting as a cooperative
agency for the citizens of its member jurisdictions. It
will typically assume this role when the direct bargain-
ing costs of the optimizing adjustment process are rela-
tively high, and this situation will normally obtain when
thare are more than two jurisdictions. It is the absence
of direct recontracting between parties that facilitates
a subsidy (without corresponding taxation of beneficiary

9

regions) or unilateral solution.
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Vil. CONCLUS[ON;‘ 7 )

- Thé pﬁrpqse of this paper has been to show how
interggvérnmenta! transfers may be used to achieve Pareto
optimality. In the case of rivalrous spillover benefits
it is a simplé matter to establish property rights in the
Spillover._ Real income is capable of unamb iguous evalua-
tion in terms of a numeraire private good. A bargaining
mode| following that of Williams can be constructed to
illustrate the reactive process that leads to optimality,

_ The case of non-rivalrous spill-outs is more
difficulf. A model has been developed to deal with the
ease of non-rivalrous spillover where benefit spillout is
complete and where all public goods are perfect substi-
tutes for one another. [t has been shown that non-
compensated adjustments ﬁil! lead to a sub-optimal pro-
vision of public goods, as was found to be the case for
rivalrous spillovers, Starting from some independent
equilibrium, with sub-optimal provision achieved by an
uncompensated adjustment process, it was shown how the
introduction of explicit trade may lead to Pareto opti-
ma}ity. Whatever may be the mechanism for intergovern-~
mental compensation, whether it be a central government
vested with the authority and the information to tax and
subsidize, or simply a process of direct bargaining, the

compensating tlows are essential in achieving optimality,
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This is true when the externality is a partial spillover
of a rivalrous benefit and aiSkohen the spillover is non-
rivalrous and complete., The introduction of explicit
trade and compensation enéb!es an optimal solution to be
achieved by voluntary mutual agreement. -

A large part of the paper has been devoted to the
expioratioh of spillover effects in the context of a two
region public goods model. A theoretical treatment of
various marginal subsidy schemes was presented and these
schemes were. compared with optimizing uniform%subsidies.

It was shown that the latter type of subsidy was likely

fo be less effective in dealing with external effects

than marginal subsidies. The analysis was also general i zed
to deal with conditional gﬁants made by federal governments

to regional jurisdictions.




3.

4.

5.

- 43 -
FOOTNOTES

The problems to which Williams addresses his paper
arise in the context of what Musgrave (1969) refers
to as “rivalrous” spillover benefits, )

In another paper the present author presents a general
mode! where the size of the resident popuiation in
each region and the output of local public goods are
simultaneously determined. See Vardy (1971).

Note that this is not a necessary assuﬁptioﬁ of the
model but is adopted here so that the analysis of
Williams may be followed closely,

The assumption of identical transformation curves in
this model enables the compensation to take place in
terms of private goods whose prices are identical in
both regions., |f neo~classical production conditions
were assumed along with trade in private goods then
again the model would not lack a numeraire.

This is in fact the result that Williams reaches

(f966, P 3’)-

This states that an increase in the availability of

Rg will not lead to a reduction in a's consumption of
private goods and will fead to an increased consumption
of public goods no greater than the amount of the
spill-in,

The strict inequality rules out the possibility that
the income elasticity of demand may be zero, for public
or private goods,

I ¥ XiJ is the subsidy share paid to the j-th jurisdic-
tion for each Qﬂ expansion in its public good then in

equilibrium the marginal cost to the d=th jurisdiction
will be (I-xiJ) Pﬁ.r This analysis reflects a slightly

less nihilistic approach to the economics of federalism
than does the tone of the following comment by Anthony
Scott (1952):

If the satisfactions of the central community are
greater when the province spends its grants on (say)

. "higher education than when it endows separate schools,
and the order of the satisfactions of the province
runs in the opposite direction, we have a deadlock
we|fare situation analogous to two points on a con-
tract curve, about which very little of interest can
be said by economists, (Scott, 1952, p. 392).
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Buchanan and Stubblebine (1962) and Ralph Turvey (1963)
deal with small number (two participants) externality
problems where a bilateral (tax and subsidy) scheme is
required. A unilateral (tax or subsidy) approach would
be thwerted by renegotiation to a non-optimal solutien.
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