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Abstract: Problem statement: In this study we develop a comprehensive modaidlinng local taxes,
intergovernmental transfers and bureaucratic ctiongo characterize a fiscal equilibrium in order
explain the provision of local (public) expendituire developing nations. The main goal of the
research is to explain economic misgovernance asgailibrium phenomenon, which is therefore
expected to persist over time despite serious enanand social costsApproach: We develop an
interactive model of fiscal gaming to understandrexmic misgovernance in the context of game
theory. Resutls: It is constructively argued that the proposedadlisgame is beset with multiple
equilibria and the consequent indeterminacy. Thesibdity of unstable equilibria, or an absence of
pure-strategy equilibrium renders the system hidghdgile. We also demonstrate the possibility of
serious bifurcations of a stable fiscal equilibritimat loses stability with changes in values oévaht
parameters. We extend this model further to argue the chaotic behavior and complexities can
characterize the dynamics of decision-making is firesent contex€Conclusion: The emergence of
chaos can undermine the efficiency and predictghili the equilibrium of the proposed fiscal game,
which can in turn seriously impinge on the quatifyocal goods in developing nations. We argue that
an understanding of the fragility and complexitylo€al government system is essential for policy
makers for achieving a sustainable local governmgstem in developing nations.

Key words: Local expenditure, Li-York theorem, nash equililn, multiple equilibria, bifurcation
chaos, developing nations, local government systeéghly fragile, multiple equilibria,
developed countries

INTRODUCTION under-provision of local goods below the
(recommended) absolute minimum. The current work is
In developing countries, as in developed countriesan attempt towards this collective goal.
local governments typically respond toincentives an It is widely held that local governments in the
operate within constraints wherefrom the equilibriu developing world have little autonomy in raising
local expenditure is derived. It is a moot pointetiter revenues and little flexibility in determining Idceax
local expenditures in developing nations arerates (Bird, 1993). This lack of autonomy and febity
economically efficient and politically acceptableor is believed to have deleterious consequences #®r th
being efficient, local governments must be entaiste standard of livings of millions (Bir@t el., 1995; Bird
with significant role in raising revenues and adlttng ~ 1995). At the same time, it is well understood that
its expenditure and be given sufficient incentit@sct  unconditional grants and limited conditionality of
in a responsible and efficient way. There is manti transfers from central governments usually lead to
evidence that local governance has faced problems ifungibility of money, cannibalization of resourcasd
developing nations in recent years. As an exantpie, diversion of funds for non-local use and rampant
picture of urban local governance in India hasbedn  corruption (Bird and Wallich, 1992; Shah, 1991)u$h
pretty: the basic minimum of local goods was notthe fiscal outcome in developing nations is a potdu
offered to 300 m people while the shortfall, or gap  of institutional and behavioral peculiarities thaffer
the provision of local goods against the backdrbfhe  specific incentives and create relevant constrdioits
norm is also amazingly high (Gangopadhyay and Nathgentral governments and local governments. In what
2001a; 2001b). It is imperative that the professiffars  follows is a simple model that characterizes adfisc
explanation and understanding of this type of smrio equilibrium in the context of a set of institutidrend
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behavioral peculiarities that capture the typical ¢
features of the landscape of local governments in 4
developing nations (Fig. 1 and 2).

One of the main characteristics local governance i
developing nations is the little autonomy that loca
governments have in determining local taxes, as Rea
opposed to their counterparts from the developeddwo

Typically, in developing nations, central and stat Ric
governments transfer resources to local governments
for which local governments have little accountiil
Local governments have more accountability towards
tied grants-in-aid and also for resources theyerais
locally. This lack of accountability paves the wiy
corrupt behavior by local governments in developing
nations. The special institutional structures o€alo
governments in developing nations have been
inherited from the colonial rubrics of these nasidn
which national/state governments offer finances t
municipalities (local governments) for supplyingéd
goods and local infrastructure. Local governments T o(T)
traditionally levy low tax rates on local residemtsd
businesses. Given the current institutional miliee

v

T.* T,* T

0Fig. 1: Reaction functions of the layers

develop a simple game to establish that the inaatequ A
supply of local goods and infrastructures in urban g ™

areas of developing nations is an equilibrium E, -
phenomenon. E,

We argue that the source of problems with (urban)
local governance in developing nations is an irexirr
tax scheme that is propelled by the electoral reotif/
local governments. This study, hence, calls forth © T*
reforms of property taxes, implementation of proyper
rights and introduction Tiebout-type of competitive Fig. 2: The fixed point problem and multiple eqbek
forces in the provision of local goods in develapin
nations. We thereby highlight how incorrect desighs The model: A typical local government has two levels
transfers and a lack of true accountability canseau of accountability. The first level of accountabyilis to
serious dIStOV'ﬂOHS n the. provision and qualityldal _local taxpayers for the use of resources mobilizecth
goods in developing nations. We construct a model iihejr residents. The second level of accountabidityo
which local governments raise little resources llgca ihe central government for the appropriate use of
Local governments are more accountable to thesgansters. We posit that a typical local governmisnt
resources raised by local taxes (som’e kind of_tﬂnyiys more accountable to the local residents than to the
e_ffect). Most of the local governments' expendifiiaee central government. To make our model tractable, we
financed by central and state government transfers-ssume that local governments cannot divert ressurc

some of which are tied and some are untied. Loc hat it collects from local residents through lotates

governments are actuated by electoral motives while 7 ™. ~. . . :
higher level of governments-central and stateWh'le it is possible to divert intergovernmentalrsfers

governments - are more concerned with the welfare o©" Other purposes. Thus, the corruption in our efod
residents in determining their transfers to local€Ntails a simple diversion of unt!ed tran_sfers.s‘ﬁma
governments. On the basis of these ideas we O|ewe|0|owell-known feature_ of developing nations that has
simple game of local governance in developing matio Prompted perceptible ~observers to recommend
and characterize the Nash equilibria of the proposematching and tied grants to replace transfers (Bird
fiscal game. The plan of the study is the followimge €., 1995). The reality is that most transfers aig st
offer a simple model to explain the game and theuntied (Gangopadhyay and Nath, 2001a; 2001b).
relevant Nash equilibria and their stability prajes.  Another facet of local governance in developingaret
We then explain how chaotic regimes can charaeterizis little flexibility that local governments enjojn
fiscal reforms and then conclude. setting taxes. For modeling purpose, we assumehbat
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local taxes are set by the central government white  (d?EX/d8?)=2Y(T-Y)0,<0 (4b)
revenues are collected and utlized by local
governments. The second order condition is satisfied since Y>T.

In the above scenario the fiscal game unfoldén t The slope of the reaction function of the incumbent
following fashion: the central government setsldwal  local government is given by:
taxes to maximize its payoff/welfare given the

diversion of funds by the local government. Thealoc [dT/d6] c=[(Y-T)(a.Y-2a)-(c+aT(Y-T)/[Y(Y-T) ?] (4c)
government chooses the level of corruption (divarsi

of funds) to maximize its payoff/welfare given toeal Note that [dT/8] >0 if:
taxes and intergovernmental transfers. The redultan
Nash equilibrium entails the combination of taxesl a 7z=(Y-T)(a,Y-2a)-[c+ aT(Y-T)]>0 (4d)
diversion of funds that are self-confirming.
Define m=Y(a,Y-2a,-C) (5a)

Local government: The payoff function of an
incumbent local government is as follows: m,=(ay+a)Y-2a (5b)
ER=06(Y-T)-co (1) Thus T has two critical values*Tand T,* given by:
Where: To*=(mz-sqrt{m,*-4ma,)})/(2ay) (5¢)
a = Probability of re-election of the incumbent

local government T*= (ma+sart{m;’-4mya)})/(2a;) (5¢)
Y = Total funds available to the local government
T = Tax revenue collected by the local governmen{qT/dg], ;>0 if T<T;* or T>T* (5d)
(Y-T) = Untied fund that the local government can

divert , [dT/d6] <0 if T*<T<T* (5d")
0 = Proportion of untied funds that the local

government diverts _ Thus, one can draw the reaction function of the
c0 = Political cost, or non-pecuniary, COStS |ocal government as B in Diagram 1: the reaction

associated with diverting funds function has a positive slope til;T Thus, the reaction

) ) ) function of the local government displays strategic

Note that6 is the choice variable of the local complementarity for 0<T<F. The reaction function of
government. It is further postulated that an incamb e |ocal government assumes a negative slope,
can divert funds for personal use that is not thise gisplaying strategic substitutability, for"RT<T,*. For
locally. This is an extreme version of the celebdidly-  T5T,% the reaction function has a positive slope that
study effect. We also postulate that given by: reflects strategic complementarity. We now examine

the reaction function of thecentral government.

a=0; (1-60)Y -0, T (2)
Central government: We posit that the central
government intends to improve the welfare of ciize
The welfare of a typical citizen U(x) is assumecbt®
the following:

The probability of re-election of the incumbent
local government is positively related to the gl
fund, (1-8) VY, for local goods and negatively related to
the resources raised locally, T, while and o, >O.

Hence the expected payoff of the incumbent loca'U(x)—x(K-T) (6)
government is given as: -
ER= [ay (16) Y — 0, T] B(Y-T)-cO (3) Where:

x =Consumption of local goods
The first order condition to maximize®Ewith T =Tax burden of citizens and K is their incometsu
respect to the choice variableis gives the reaction that:
function of the local government:
x= (1-0)(Y-T) +T=Y-(Y-T)0 @)
0=1/2-[c+aT(Y-T)[/[2a,Y(Y-T)] (4a)
The central government has an opportunity cost of
The second order condition requires: A for each dollar of (Y-T) that it transfers to theeal
241



J. Math. & Stat., 7 (3): 239-248, 2011

government. For tractability, we setO without losing  Proof: The Nash equilibrium requires T afidbe the
any analytical bite. Thus the first order conditimm  mutual best responses. From the reaction functfon o

maximize (6) with respect to T, given Eq. 7, yietde  the central government we expres®as
reaction function of the central government:

0=1/[K+Y-2T] (9f)
T=[K6-(1-8)Y]/[26] (8a)
From the reaction function of the local government

The second order condition yields: we expres$:
(d°U/dT?)=-26<0 (8b)  B=(1/2)-[c+aT(Y-T)/[a.Y(Y-T)] (9F)

The slope of the reaction function of the central  From (9f) and (9F) we get rid of® to arrive at
government (dT/@)cc: (9b)-(9d). QED.
(dT/dB)ce=Y/(26%)>0 (8¢)  Lemma 2: The function@(T) is U-shaped. For T=0,

@o(T)=al(a;Y) and @T) declines as T increases till

We draw the reaction function of the centralT=T* At T*= (r1+2aY)/(4r) @T) reaches the
government as & in Diagram 1, which shows that for minimum. For T>T*, the functiom(T) is increasing in
the central government T and® are strategic T \we draw the functio®(T) in Diagram 2. Diagram 2
complements. shows the existence of 2 equilibria &d E. Note that

o ) ) E, is always unstable while, ks stable if¢'(T) | <1.
Nash equilibrium configurations. The Nash

equilibrium of the proposed game is given by the®®  p . pifferentiatingg(T) with respect to T yields the
of (T, 6) that simultaneously satisfy Eq. 4a and 8a.qgyt. QED.
From Eq. 8¢ we know that the slope of the reaction

function of the central government (qwge >0..From Note: OA is the 45° line, OB=¥/a,, E; and E are the
(5d) and (5d’) we know that the reaction functiditf®  two fixed points, E is always unstable.;Hs stable if
local government is non-monotonic, which may creat&gndition (10a) holds.

several cases of multiple equilibria. Gangopadhyay
(2007) for further analytical and technical foundat | emma 3: The stability of equilibrium Erequires that

We provide a qualitative exposition of the Nashthe equilibrium value of T, say=T must lie above a
equilibrium in Diagram 1: the Nash equilibria aieen  ¢ritical value:

by the points of intersection between Kkénd Rg in
the diagram. TES[r+2aY]/[4r ] (10a)

Lemma 1: The equilibrium of the proposed fiscal game The equilibrium Eis unstable if
is mathematically equivalent to the following fixed
point problem: TE<[r +2aY]/[4r )] (10b)

T=@(T) (9a) Proof: The condition for stability of Eis fp' (T) | <1.
Differentiating ¢(T) with respect to T and setting

Where @(T) is a continuous function of T and @(T)<1 vyields (10a). (10b) is obtained by reversing

given by: inequality (10a). QED.
Observation 1. There exists no pure-strategy Nash
— 2 2
ATM)=[2aY V[2aY]-r o1 T+2r T[22, Y] (9b)  equilibrium if the following condition is satisfied
wheres=2(c+a)+(K+Y)+Y(K+Y)+a;YK+a)Y?  (9¢)  o(T*)>T*=[r ;}/[4r,] (10¢)
ri=4(c+g)+(K+Y)+Y+2a,Y+a, YK+a,Y? (9d) There exists equilibria;fand & if
r=(1+2aY) (9e)  @(T*)<T*=[r 1])/[4r;] (10d)
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Proof: There exists no Nash equilibrium in pure “vote with their feet”. This interaction engendarsual
strategies if theq(T) lies completely above the 45 forces of equilibration that effectively guide alion of
degree line. This happens only when the minimunresources towards a Pareto-efficient outcome iflloc
point T*)>T*. When this inequality is reversed, the governments maximize their land values. Despit®ser
function¢(T) intersects the 45 degree line at#hd k. criticisms by Bewley (1981), the Tiebout hypothesis

We know B is always unstable while,Hs stable if remains a “challenging reference” for advancedonati
(10a) holds. QED. In developing nations the lack of mobility of remnds

causes market failure as the residents do not “witte
Observation 2: Note that even if Eis a stable their feet”. The Tiebout hypothesis has been lesaldle

equilibrium, changes in parameters can makio&e its In developing nations also due to an absence of
stability. As an example consider the equilibriurh T competition between local governments.
that satisfies (10d). fTis thus a stable equilibrium if The main result is three-fold: first, the proposed
TE>[r+20,Y)/[4r,]. Now, if aincreases, ceteris paribus fiscal game may not have a pure strategy Nash
and T changes to FF and if TE5<[r;+2aY]/[4r,], bot  equilibrium. Secondly, when such equilibrium exists
the equilibria £ and & become unstable. may not be unique. Finally, there may not existable
equilibrium. The message for a fiscal reform gamari
Fiscal equilibrium and lessons from local intrinsic instability driven by some kind of coondition
governance in developed nations: The decentralization failure. More importantly, the possibility of muite
theorem of Oates (1972) suggests that local govemtsn equilibria lifts the lid off the Pandora’s box: a
in advanced nations are effective in balancing themomentary departure from an equilibrium, or a minor
preferences and cost and, thereby, achieving a mix of perturbation in expectations, can have a lasting
local goods that efficiently satisfies the localn@®d. influence on the fiscal equilibrium. Also the
However, such an effective allocation may be blddkg  multiplicity of equilibrium causes the standard ipiem
interest group influence (Borgeal., 1995, Borge, 1993)  of indeterminacy. The multiplicity of equilibria rkes
that may lead to inefficiency in allocation even inthe political system extremely fragile that can dav
advanced nations. It is quite likely that conffigti  serious consequences for the local economy (Woddlan
interests can bIock_an efficient allocation of fiigoods  gpq Kemp, 2002). Consider Diagram 2. History
in developing nations (Woodland and Kemp, 2002jetermines whether the stable equilibrium Bets
Gangopadhyay, 2000 for the theoretical foundation)estaplished. If the initial value of T is containeithin
The median voter model posits that local goods arg, then the system steadily converges to@herwise,
supplied through a majority rule voting process. S e gystem fails to converge to any equilibriumconte.
res_ult_, the _supply response of a local gqvemmenﬁxpectations play a crucial role in determining the
coincides with the preferences of the median VOteEquiIibrium outcome. If all agents expect Eo be

(Rubinfeld, 1987; Bowen, 1943; Downs, 1957). Such aestablished, then,Eyets established. On the other hand,

notion is inconsistent with a local government that.f I blished. then th
rovides many local goods and is influenced by pfuve It all agents expect Ho get est_a_ IShed, ¢ en the system
P reaches the unstable equilibrium,. EMinor and

political parties (Borgeet al., 1995). In such a scenario .
different groups of voters struggle to enforce rthei momentary right-ward departure frorp-$ay, due to an

influences on local government (Craig and Inmargs19 'N¢rease in c.o.rruption-destab.ilizes the en';irg &spst
Renaud and van Winden, 1991). As a result, thedjzara Greater instability is expected if both these dbid E;
of direct democracy has severe limitations in érpig ~ 2nd B are unstable. A momentary departure from the
the supply responses by local governments even igquilibrium can trigger serious crisis as the sylstellls
advanced industrial nations. The median-voter moggl  (© réach a stable outcome. In this case the sysiem
have very limited applicability in developing natg besgft with un.stable_.equnlbna and _the consequent

In the context of advanced industrial nations theffagility and instability. Even making sufficient
(Tiebout, 1956) hypothesis provides the theoreticalesources available to the local government mayg thu
underpinning of efficient local expenditure. This fail to deliver “the good” since the system willilféo
hypothesis invokes the “invisible hand” principtesolve ~ reach a stable equilibrium. Even when the initial
the public goods problem as posed by Samuelsor#]195 equilibrium is stable, slight changes in parametens
The precise import of the hypothesis relies on theender the equilibrium unstable and thereby lend
competitive market fable: profit maximizing local fragility to the system. In the next we examine the
governments offering tax-local goods package cort@e i possibility of chaotic dynamics that can charaztethe
economic contact with utility-maximizing residenthio  equilibrium outcome of the proposed fiscal game.
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Dynamics of decision-making, fiscal equilibriumand  T=kB+W¥ (11b)
chaotic regimes. We now consider the question of

reaching the Nash equilibrium by economic actors  (11b) is a linear version of (8a). We derive the
when they make decisions in actual time. In thistegt  composite reaction function of the local government
chaos theory offers a new method in examining(hereafter, LG) as:

nonlinear dynamics, which we will apply in examigin

the dynamic properties of the fiscal equilibriumodtl R (t+1)= RLg(T(t+1))=R g(k6+¥) (11c)

of the applications of nonlinear dynamics in ecoitsm

centre on modeling growth and business cycles in  The composed reaction function of the LG is
macroeconomics (Grandmont, 1986). Early models ofjerived as:

chaos theory were developed by (Rand, 1978; Dada an

Montruchhio, 1986)in the context of oligopoly, but g(t+1)=f(6(t))=[1/2]-[c+A(P+kB(t)(Y-W-kB)t)]/

these models remained very esoteric in terms df the[a,y(v-w-ke(t))] (11d)
economic imports. Ours is an attempt to show how

chaos theory can be useful in understanding degisio Successive substitutions lead to:

making in public economics, especially in the cahte

o_f local governance in Qe_vgloplng nations. Chaos IB(t+1)=f(0(t)=[he-hyB(t)+hu(B(0) I/ [h-hB()]  (L11d)
viewed as a fully deterministic behavior patterattts

indistinguishable from a random process, or a [E®ce \yhere:

that is perturbed by substantial random elements

(Gangopadhyay, 2005). To put it baldly, the precise, _ SW)-coafY-W)+

contribution of chaos theory is to establish thatrea h=(1/2)aY (Y-)-c-a(Y-9)+¥ (122)

simple dynamic system can generate seemingly _

random, complex and chaotic patterns over timesjl’hu%l (1/2)aYkB(D)+ )ak(1+Y) (12b)

irregular and unpredictable time paths derive fromh K8, (12¢)
=

deterministic sources (Brock and Rattso, 1993). It

displays an extreme sensitivity to changes in the __

parametric values and is characterized by an tefini Eh?'"alY(Y'LP) (12d)
number of equilibria each approached by cycles of, _ ,
different periodicities in Woodford (1990). hi=aKy (12d?)

Simple approximation and complex dynamics. We Note that (11d) gives the time profile @f
follow the method developed by Benhabib and Day

(1980) to show how the dynamics of fiscal reforraa ¢ Step 2: The slope of the time profile 6fis:
give rise to chaos. In this part we start off witte

finding that the reaction function of the central do(t+1)/d8(t)=[H4]/[H 7] (13a)
government is given by (8a) while the local goveenin

responds as per Eqg. 4a. Where:

0=1/2-[c+aT(Y-T)[a:Y(Y-T)] (43)  H,=hohy+2hyhs8(1)-ha(2hu-hy) (8(1) (13b)

The reaction function of the central government is )
H2=(hs-h,8(1)) (13¢c)

T= [K6-(1-6)Y]/[26] (8a)

We know T is the choice variable of the central For the hill-shaped §(t+1))we just need:

government an@ is the choice variable of its rival, that

is, the local government. We know the slope of theh>he (13d)
reaction function of the central government is:
) Step 3: In this step we find oud* such that:
[dT/dB]cc=Y/(26) (11a)
de(t+1)/de(t)=F'(6(t))=0 (14a)

Step 1. We make a simplification by assuming the

central government (hereafter, CG) responds by a

simple linear feedback rule: Differentiating (11d) with respect &(t) yields:
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o*=a+b'"? (15b)
Where:

a=[hhg]/[h4(2hy-h;)] (15b’)
b**=[Sart {h’hs” +hu(2h-hy)}l/ [ha(2h-hy)]  (15b”)
Step 4: We now determin@c- such that:
f(6c-)=a+b'=p* (15c)

or, 8* = [ho-hu8(t)+h,(8()/[ha-haBO1(Y- W-kB(1)] (15d)

HenceM"{6.%= Min {[(h 1-h,6*) 6SQRT:

{(h1-h48*) %-4hy(he-hsB%)}/(2h 2)}=)}= 6° (15d")
Step 5: Define 8™ such that:
o™ =f(8")=f(6*=a+b"? (16a)

Observation 3: The condition for chaotic regime is
given by the Li-York theorem that requires:
f(6™< 8°<0’ <™ (16b)

Observation 4: The condition for Li-York's theorem is
satisfied if:

9'<o" (16c)

f(6™< 8¢ (16¢’)
Note that (16c) holds if:

M=hg+(hs-hy) (8°)% -8" (hy+hs)>0 (A1)

(16c’) holds if:

N=(ho-hs8)-(hy-h,8%)8™+(8™)*h,>0 (A2)

Observation 5: It can be shown that the sufficient
condition for (A1) to be true is:

6"<6’<g"™ (A9
Where:
eMin:[(hl+ h3)_SQRT{hl+ h3)2-4h)(h4- h2)}]/

[2(hu-hy)] (17a)

245

): 239-248, 2011

6"¥=[(hy+he) +SQRT{hy+he)*4hg(ha-hy) )/
[2(hs-hy)] (17b)
Observation 6: It can be established that the sufficient
condition for the inequality (A2) to hold we need:
[hy/h,]< 6°<[ho/hg] (17¢c)
Discussion of the results and some promises. The
purpose of these results is to make policy makeesa

of the complex nature of the local government syste
that has evolved in developing nations due to hisib
and social reasons. In our understanding, theafolke
policy maker is to master the relevant economitesys

to be able to adopt appropriate actions now thdt wi
lead to desirable outcomes, or will help avoid
undesirable outcomes, in the future. The policy enak
must be able to predict the outcome of currenvaiets
while the ability of so doing is predicated upon an
understanding of the relevant economic system. &hes
models should help the rational policy maker to
understand the difficult attributes of the local
government system in developing nations. What we
purport is three-fold: First and foremost, a srnohlinge

in the local government parameters can lead to majo
transformation of the system — this is what is knag
“chaos” if we confine our attention to mathematjaa
physical, systems. Political scientists use a pghras
“crisis instability” to describe this extreme sdivity of

the political system to minor perturbations
(Gangopadhyay, 2007; 2005; Saperstein, 1984).
Secondly, we show the possibility that the local
government system in a developing nation as modeled
can display remarkable stability in some circumstsn
driven by the values of relevant parameters. Fsocal
system the importance of this stability is well-
understood as in (Saperstein, 1984). We showed how
history, or expectations, can determine whethaahles
equilibrium, E, gets established. The local government
system can display complex behavior if the systeits f

to converge to any equilibrium outcome. In our mode
minor and momentary right-ward departure from E
destabilizes the entire system. Serious instaluifity also

be created by purely subjective factors. The switocm
stability to chaos can also be triggered by biftioca
properties of equilibrium £ The switch to chaos can be
triggered by the emergence of the chaotic regimes-
conditions for which are detailed in the paper..

From (Saperstein, 1984) we know that a chaotic
economic system is a mathematical representatica of
crisis-ridden and unstable economic system. Policy
makers therefore must take extreme caution in timgak
with the system. For policy making it is importaot
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predict the critical threshold beyond which thealoc grounded on the historical peculiarities of thealoc
government system becomes chaotic. For the policgovernance inherited from the colonial pasts of
maker it will be important to avoid conditions, or developing nations. We find that the proposed g&me
circumstances, that will throw the system intoisrend  beset with indeterminacy due to the multiplicity tbé
instability. Finally, the model clearly demarcateegion = Nash equilibrium. We noted that the equilibrium ¢en
of stability (0, E) vis-a-vis a region of instability Pareto ranked. The equilibrium with a high level of
(beyond E) in Diagram 2. Our argument is similar to the local taxes is shown to be always unstable. The
“edge of chaos theory”. Stacey (1991) adopted thequilibrium with a low level of local taxes is stalwnly
concept of “edge of chaos theory” for social sceento  if a condition is satisfied. If this condition doe®t
argue that sustainability of a social system iseagd by  hold, the fiscal game does not have a stable
the relevant decision-makers striving to remairnthet  equilibrium. It is also shown that the fiscal gamay
confluence of the predictable “order” (the interf@&l £ not have a pure-strategy Nash equilibrium. The lafck
in Diagram 2) and an unpredictable level of chaosa stable equilibrium and an absence of pure-siyateg
(beyond Ein Diagram 2). Chambers (199&nployed Nash equilibrium render the equilibrium of the fikc
this concept of edge of chaos to explain the sumtdity  game highly fragile. Even when the equilibrium is
of rural communities in developing nations. Oursais stable, we showed that the equilibrium can loskiléta
first attempt to provide a model that can be sgdito  and exhibit serious bifurcation properties with #ma
explain the sustainability of local governments inchanges in the values of relevant parameters. The
developing nations. bifurcation possibility adds further instability @n
fragility to local governments.
MATERIALSAND METHODS
DISCUSSION
Local governments must have reasonable
autonomy in determining local taxes and local goods e offered a detailed dynamic analysis to address
This is necessary for making local governmentshe attainability of one of the equilibria of thisdal
accountable. The art of local governance is a dic game. The analysis of the dynamics of decision-naki
balancing act: Autonomy and accountability willeall  in the fiscal milieu of developing nations estaléis the
a local government to vary local taxes to collecgér  possibility that the dynamical system is charazesti
revenues to finance higher levels of local servidébe  py significant nonlinearities and beset with chaoti
local government so chooses. This would allow theegimes. The development of chaotic behavior
local government to establish a linkage betweensignificantly undermines the dismissal of regiorfs o
revenues and expenditure. Local revenues ougheto Qnstability that can actually generate complex, yet

collected from local residents in proportion toqeved  geterministic, dynamics within bounds. By so doing
benefits of local residents from local servicesctSu e are able to highlight the importance of chaotic

decentralization leads to fiscal disequalizatiomielser  pehavior in the context of urban local governance i
zones will collect more revenues. In order to dftbés developing nations. Public finance and urban
disequalization, intergovernmental transfers — areconomists typically focus their attention on eqoim
designed to endow local governments with sufficientygdels with regions of local stability on the ingili
revenues to provide a “standard” level of localassumption that regions of instability are of dittl
expenditure. Sensible local governance is thug buil importance and more of a pathological case. Ours is
fiscal autonomy and accountability of local an attempt to demonstrate how nonlinearities and

governments along with appropriately designedchaotic regimes can play an important role in aaysi
transfers. Against this backdrop, we argue thaifect  |ocal government failure in developing nations.

designs of transfers; and a lack of true accoulitiabi Philosophically speaking, the proposed model also
and corrupt behavior can cause serious distortiott®  makes an important theoretical departure. The rigdi
provision of local goods in developing nations. has important bearings: it is typically assumedHe
deductive equilibrium approach to modern economic
RESULTS theory that the Nash equilibrium dispels all systém

prediction errors and the economic system settlemni
We developed a simple fiscal game involving localequilibrium characterized by self-confirming and
and central governments to characterize potentiainutual-best responses. This approach has a strong
(Nash) equilibrium outcomes in the provision ofdbc influence upon modern public finance and urban
goods. In the proposed model, the fiscal setting i®conomics. The deductive equilibrium analysis has
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significantly aided our collective understandingadal  Bird, R.M., 1995. Financing Local Services: Patsern

governance, especially in developed nations. Howeve  Problems and Possibilities. University of Toronto.
little attention has been given to the regions of  http://www.citiescentre.utoronto.ca/Assets/Cities+

instability, which may be of great significancelotal Centre+Digital+Assets/pdfs/publications/Major+R

governance in developing nations. We establishttieat eport+Series/MR31+Bird+1995+Financing+Local

postulated dynamics of fiscal decision-making can  4seryices.pdf

exhibit  chaotic  behavior:  Relevant playersgijyq RM. J.L. Litvack and M.G. Rao. 1995.

(governments  at  different Ievelsl) nfoy}/ fail to -lsee Intergovernmental Fiscal Relations and Poverty
systemﬁt.lct_errors_.tr?ov?rr_]rrt]ents a‘z’ﬁ al r:c:hma'k@cao Alleviation in Viet Nam. 1st Edn., World Bank,
run predictions with certainty even though theyia Washington, D.C.. pp: 48,

deterministic world. Time profiles, which start yer
close together, will separate exponentially. Thersgjth
of static Nash equilibrium gets terribly emasculate

Borge, L. and J. Rattso, 1993. Dynamic responses to
changing demand: a model of the reallocation
process in small and large municipalities in

CONCLUSION Norway. Applied Econ., 25: 589-598. DOI:
10.1080/00036849300000003

Borge, L., J. Rattso and R. Sorensen, 1995. Local

Policy implications are three-fold. First of all,is ) : ~
government service production: The politics of

necessary to stamp corruption out of the local ' g ’ A
governance. Secondly, it is imperative to revamgallo allocative sluggishness. Public Choice, 82: 135-157
tax systems so that residents pay a decent prica fo Dot 10'1007/5':010_47734 ) .

decent service and also ensure minimum resources [RPWen. H.R.,1943. The interpretation of voting fret
spent on these local goods. Finally, in consonavitie allocation of economic resources. Quar. J. Econ.,
the era of decentralization and deregulation, vggest 58: 27-48. DOI: 10.2307/1885754 )

that it may be necessary to introduce Tiebout type Brock, W.A., 1993. Pathways_ to r_andomness in tr_\e
competitive forces in providing local goods in arde economy: Emergent nonlinearity and chaos in
redress local government failure in developing orati economics and finance. Estudios Econ., 8: 3-55.

Local tax reforms and forces of competiton are  htP:/www.jstor.org/pss/40311322 ,) _
necessary to break the electoral equilibrium taaes ~Chambers, R., 1997. Whose Reality Counts?  Putting

little and provides little of local goods. the First Last. 2nd End., Intermediat Technology,
London. ISBN: 185339386X, pp: 297.
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