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Abstract

We study the volatility of growth rates and find that it differs systematically
across countries. Our empirical investigation reveals that there is a high
correlation between disparity in political regimes across countries and dif-
ferences in volatility. This is not the case for some of the commonly cited
reasons like initial income, inequality or instability of regimes. We find that
less democratic countries are more volatile. To explain this observation we
use a dynamic model in which democracy is parameterized by the fraction of
people who benefit from being in power. The government in this model max-
imizes the utility of the group in power using a redistributive tax scheme -
setting uniform income taxes but transferring lump sum amounts and provid-
ing goods and services to the favored group only. When there is a bakl sh

in this economy, the marginal utility of consumption of agents in power is
high. When the transfer is divided among a few, gains from increasesttra
fer outweigh distortionary costs of higher tax. Thus, the optimal tax policy
in non-democratic countries, in contrast to that in democratic countries, is
such that tax rates are high when there is a bad shock and low when there is
a good shock (we refer to this as procyclical tax policy). Further, vesvsh
that procyclical tax rates will lead to higher volatility of growth rates than
under alternative tax policies. Thus, our model is successful in expdainin
why tax policies are pro-cyclical in some countries, a commonly observed
phenomenon, in addition to providing reasons for differences in volatility of
growth rates across countries. The model’s predictions are borng dat#

in a number of other dimensions also.
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1 Introduction

There exist great differences in volatility of growth rasegoss countries. The
growth rates in the country with most volatile growth rates more than seven
times more volatile than in the country with least volatil@wth rates for the
period between 1961 and 1996. Why do some countries systaitagxperience
more volatile growth rates than others?

In this paper we seek an answer to this question through a redrapsive
study of the volatility of growth rates across countrieghbEempirically and using
a stochastic dynamic general equilibrium model, and findttie political struc-
ture of a country is the main determinant of the volatilitygvbwth rates in the
country. Empirical analysis show that the relationshipsgen the volatility of
growth rates and political regimes is robust. We then dgvalonodel in which
the political regime of a country influences the choice ofdigmlicy, which in
turn determines the volatility of growth rates in the coyntr

How are democracies different from non-democracies? lview the degree
of democracy in a country is determined by the fraction ofgbpulation who are
a part of the political decision making. This is also the grathose interests are
served by the government in power. In a perfect democrady iedovidual has a
say in the political process and no particular group’s edeis served over others.
More autocratic countries are thus “democracies for a fé\s.a result there are
countries with varying degree of democracies, betweerepedemocracy and
absolute autocracy, and not just two groups - democraticaamakcratic. In our
model the democracy score of a country is given by the meadtine population
who share the benefits of power. Thus, the degree of demoixraeyameterized

in our model and the optimal outcomes in the model are a fancif that param-



eter. Clearly, in reality countries cannot be divided in tvadgp groups, rather the
degree of democracy varies across countries. Thus our wanodéling regime
types allows us to compare our findings with data.

In our model we assume that there is no difference betweamesgn the
way they can collect revenues from the citizéns This means that no govern-
ment can extract resources selectively from some group. &Mever assume
that government can selectively transfer resources tavwsréd group. The gov-
ernment can design government programs or provide pubbdgdike military
and other security forces, educational institutions, theedre system, government
employment, compensation package for government empastes, to benefit a
particular section of the people. In the model we assumetkigabbjective of
the government is to maximize the utility of that section lod population who
are a part of the ruling group by redistributing, using arfamn income tax but
transferring to the favored group only. The transfer cam tako forms - either
the government can provide pure income transfers or thergment can provide
goods and services that enter the utility functions of thestituents.

Another assumption that needs mention is that governmerst aubalanced
budget in our model. This might seem extreme, but in pragmesrnments do
face borrowing constraints. If countries were able to berbot the limit on bor-
rowing was low, our results will be not much different. Intfaften the borrowing
limit depends on the current situation in the country - it mrendifficult to secure
a loan in bad times, when the country is in greater need foasa, Ithan in good

times. If such a borrowing limit were in operation, it wouldgsibly strengthen

INote, that we abstract from conflicts and concentrate ortiigery policy differences across

countries with differing degrees of democracies.



our results. However, for now we abstract from this and setbrrowing limit
for all countries at zero.

So, why do non-democratic countries experience more \@lgtowth rates
in this model? This is because the optimal fiscal policy dsffidepending on the
polity of the country, which in turn results in difference wolatility of growth
rates. Thus, institutional differences affect volatilityough fiscal policy in our
model. To understand how the political regime determindittwal policy in this
model, let us first consider an economy with low democraey, (@ country closer
to autocracy). The objective of the government is to maxentie utility of only
a sub-set of the population, so the government can incredie of that ruling
group in any period by setting a high income tax rate on evexyand transferring
the funds thus received to the members. On the other hand,ithe distortionary
cost of any income tax. The government sets the tax such thia¢ anargin the
benefit from the tax is equal to the cost. When the country ibyhd bad shock,
output is low and the marginal utility of consumption of bgtfivate and publicly
provided goods is high for consumers belonging to the groygmver?. Thus the
total benefit from additional transfer is high, further scéese the transfer gets
divided between a few in non-democracies. The governmeistsdbts a high tax
rate when output is low. In the good times, on the other haradgmal utility of
consumption is lower and the cost of distortion offsets #edfits of redistribution
at a lower level of tax compared to that set in the bad timesusTtax policy in

any non-democratic country will be such that tax rates valhiigher in bad times

2Note that marginal utility of all agents in the economy wil bigh in this case, but since the
government is only concerned with the welfare of a fractibthe population, it is their marginal

utility that matters.



than in good times. We refer to such a tax policy as procyidaapolicy 3.

In the democratic country the beneficiaries of the governragesse is nu-
merous. As a result the amount of per capita transfer amasusiall, and the
benefit from high income tax rates is not big enough even indethds. Thus
tax rates will not be as procylical as that in a more non-deataccountry. As a
result, in our model, more non-democratic countries folfmacyclical tax poli-
cies compared to democratic ones.

It is numerically challenging to solve for a general modebwehthere are both
direct income transfers and government provided goodsenvitss in the model
with heterogenous agents and multiplicative as well ast@ddshock. We plan
to solve that in future versions of this paper. In this paperselve two different
cases, one with multiplicative shocks and the other withtagdshocks.

In a model with multiplicative shock, we solve for the optirtex policy in the
dynamic model where labor is supplied inelastically andnetiere are no direct
transfers but the government provides goods and servicteettavored group.
We get tax rates to be procyclical in highly non-democratigrdries as expected.
In contrast, again as expected, the tax rates are counlieetyo countries which
are perfectly democratic.

This prediction of our model is supported by observationghin literature.
There is a growing literature which points out the apparerdnaaly in fiscal
policies followed by low income countries, particularlyoe in Latin America

(see for example, Gavin and Perotti (1997), Riascos and \2@®3), Kaminsky

3In the literature there is some confusion about referringuich a policy as either procyclical
or countercyclical. In keeping with the view that any poltbgat amplifies volatility is procyclical,

we will call such a tax policy as procyclical tax policy.



et. al. (2004)). Such policies are in contrast to what is nkeskin developed
economies and to what standard theories of optimal tax gre@ur model pro-
vides a solution to this puzzle.

The procyclicality of tax rates in non-democratic courgmeuld lead to higher
volatility in such economies. If tax rates are high in pesiad low output, then
it deters investment when a bad shock is anticipated. Thisgrmmakes the tax
rate higher and further drop in investment. This mechanisplifies the drop in
output and hence increases volatility.

Our model indeed predicts that non-democratic countrii$eimore volatile
than democratic ones. However, the volatility differengeserated is smaller
than what is observed in data. This could be due to absendeect transfers or
inelastic labor supply. To check if direct transfers have effect on the volatility
we simulate an economy with direct transfers. We solve ferciimpetitive equi-
librium with exogenous taxes and find that even small pracglity of tax rates
lead to huge increase in volatility of growth rates.

In the case of an economy with additive shocks, we show tleabgitimal tax
policy will be procyclical. In such an economy differenceviolatility between
highly democratic countries and highly non-democraticrtoas is substantial.
This suggests that difference in volatility of growth raitebkely to be high in the
more general dynamic model when we have transfers, laguréechoice in the
model and both multiplicative and additive shocks.

Thus our paper not only illustrates how policy differencesoas countries

41t is important to remember though that the results are frasimaulation exercise and not a
calibration of the model. We chose the parameters accotdingr belief of what is reasonable.

Itis to be seen if the volatility differences are large whemaalibrate our model.



is the reason for the observed differences in the volailftgrowth rates across
countries, but also predicts that the nature of fiscal psdiwvill be very different in
countries that are democratic from those that are not deatioca fact supported
by data.

The rest of the paper is organized as follows. In the nexi@eete empir-
ically analyze the relationship between volatility andigol Immediately next,
we develop a general model. In sections 4, 5 and 6 we solveusdases of the
general model. In section 7, we relate our paper to existtegature. The last

section concludes.

2 Volatility and Political Structure: An Empirical
Analysis

In this section we empirically establish the relationshgivieen the volatility of
growth rates and the polity of a country. We measure the Nibfadf growth rates
as the standard deviation of annual growth rates. We thaesegolatility of
growth rates on political regime types.

For data on the political regime type in a country we use tHeypdata from
the Polity IV project: “Political Regime Characteristics andnsitions, 1800-
2002". In this data the notion of democracy is that a counény be considered

democratic if
e political participation is fully competitive
e executive recruitment is elective
e constraints on chief executive are substantial
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Using this concept, a “democracy” and an “autocracy” scerassigned to
each country. Though, in assigning these two scores the sanept is used,
categories used in constructing the scores are differettéawo. In fact the two
scales do not share any categories in common.

Thepolity data is the difference between democracy and autocracgstar
a given country. Each country is assigned a polity score @ale ®f -10 (strongly
autocratic) to +10 (strongly democratic) for each year. Asemasure of political
regime in a country we take the average of polity scores far ¢obuntry for the
relevant period.

For the period of 1962-1996, the average polity scores vaey the whole
range of -8.51 to +10 for 84 countries in the sample. Cote d'évis the country
with the lowest polity score and there are 17 countries wiplolgy score of +10.
The mean polity score in the sample is 0.83.

To find if there is any relationship between the volatilitygodwth rate and the
polity, we regress volatility of growth rates against poktores. As reported in

table (1), we find that there is a significant negative refeiop between the two.

Table 1: Regression of Volatility against Polity

\olatility = « Gx Polity
0.079 -0.053
(16.223) (-6.840)
Source: PWT 6.1 and Polity IV project.

To check the robustness of the result we run the regressiarebr the same

variables for different time periods, take various sub-sl@sof countries and also



take a different data for political characteristics of tloeiatry?. In all regressions
the relationship is negative and significant. Thus, votgtdf growth rate is ro-
bustly related to how democratic the country is - less deatarrcountries are
more volatile.

We also check for the robustness of the relationship betwleerwo vari-
ables by adding other control variables as independerdhas in the regression.
In the regression for the period between 1962 and 1996 witbt afsLevine-
Renelt (1992) controls - average investment as a fractiorDi?,@verage popula-
tion growth rate, initial human capifadnd log of initial GDP per capita - the only
variable that is significant is polity.

In the literature some suggested reasons of volatilityedgiices across coun-
tries are initial GDP per capita, inequality or stabilityrefjimes. We use various
regressions to understand the importance of polity vissdhese variables.

For data on initial income we take GDP per capita in 1961 andhfequality
we use average gini index over the periodFor stability of regimes, we use data
on regime changes from Polity IV dataset and calculate thekdlity of regimes

in a country for a given time-period. We estimate that by @lalitng the average

5. The alternative data is from the Gastil Scales, which giv@ $even point indices, one for
“Political Freedom” and another for “Civil Rights” for eaclountry for each year (from 1972-73
to 2001-2002). In these scales, 1 denotes the best perfoewdrile 7 is the worst. We take mean

of these indices for each year and take the average of thatlevgears.
SFor initial human capital, we use two different sets of datad(run two regressions): the

average schooling years in the total population over agen2bd year 1960 and total gross en-
roliment ratio for secondary education in 1960. This datadm Barro-Lee data set available at

http://www.nuff.ox.ac.uk/Economics/Growth/barleenht
"The inequality data is from UNU/WIDER-UNDP World Income Ingdjity Database, Version

1.0, 12 September 2000.



of the longevity of each regime. In the next few regressiorsuge a sample of
countries for which data was available for all these vaaapgrowth rates and
polity for the period between 1962 to 1996. There were 51 socimtries.

Using these data, first we regress volatility of growth raigainst log of initial
income, inequality and durability of regimes individualig three separate regres-
sions). We find that the coefficient on each of these variabkesignificant. Next,
in each of the three regressions we also add polity as a depewuariable. Now,
none of the coefficients on the above mentioned variablesigndficant, but the
coefficient on polity is always significant. The result is game if we add dif-
ferent combination of these variables with polity as indefent variables. The
results are reported in table (2).

One thing that needs to be pointed out is that the initialime@nd polity are
quite highly correlated in the sample. The correlation toeht between them
is 0.738. This raises the possibility that there is multinehrity in regressions
featuring both polity and initial income. However, multilboearity implies that it
is less likely that the coefficient on both initial income grality are found to be
significant. The fact that the coefficient on polity is stijsificant means there is
strong correlation between polity and volatility.

To be doubly sure that polity and not the other variables ighahportant in
understanding why volatilities differs across countries, devise the following

procedure:

e We regress volatility on variable X, where X is either log witial income,

or, inequality, or, durability of regimes, and find the regits.

¢ In the second stage we regress the residuals on polity.



Table 2: Regression of Volatility against Polity and Otherighles

Independent

Variables: Q) (2) 3) 4) (5) (6) @) (8)
Intercept 0.070 | 0.131 | 0.011 | 0.053 | 0.080 | 0.054 | 0.069 | 0.054
(12.885)| (5.874) | (0.835)| (10.205)| (3.269) | (4.061) | (12.731)| (1.825)

Polity -0.042 -0.039 | -0.039 | -0.046 | -0.043
(-5.754) (-3.562) | (-5.183)| (-4.798) | (-3.366)
Log of -0.011 -0.002 -0.0005
Initial Income (-4.060) (-0.448) (-0.128)
Gini Index 0.001 0.0003 0.0004
(2.404) (1.270) (1.411)
Durability -0.001 0.0001 | 0.0002
of Regimes (-2.690) (0.572) | (0.863)

Source: PWT 6.1, Polity IV project, World Bank.

We find that the coefficient on polity, in the second stagewags significant.

We then reverse the sequence of regressions.

e We regress volatility on polity and find the residuals.

¢ Inthe second stage we regress the residuals on variableetgvhis either

log of initial income, or, inequality, or, durability of reges.

Now, none of the coefficients on any variable X in the secoadests signifi-

cant.

Thus, it is apparent that there is a very robust relationbleipveen volatil-

ity of growth rates and polity and not so between volatilitydeother variables
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considered. This establishes a clear link between pdlitezames and volatility
of growth rates. In the next section we build a theoreticatleido explore how

polity affects volatility.

3 A general model of Polity and Volatility

To understand how the political regime of a country can imfagethe economic
performance of that country we build a model in which the eitd democracy
in the country is parameterized. So the outcomes of the mwitidde a function
of that parameter, which will allow us to compare acrossmegiypes.

Here we provide a description of the most general versiohefrtodel that we
will consider in this paper. Later in the paper we will compoptimal solutions

and equilibria for some special cases of this general model.

3.1 TheEnvironment

We consider an infinite horizon economy with uncertainty.e Htate at time-
period t is given bys, and s’ is the history through time-period t. We assume
that s; follows a finite state markov chain with a unique ergodicribsttion. We
denote the probability of staté occurring in period by 7(s').

There is a measure one of population. The population is edVidto two
groups, A and B. There is a measwef population in group A andl — ) in
group B. Group A is in power, the government maximizes thatytif agents in
group A only. An innovative feature of this model is paramigiag democracy -
here) is also the measure of democracy in the country. Highmeans a greater

fraction of the population is part of the decision makinggass and are repre-
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sented in the government. A perfect democracy is that inkvlach individual’'s
welfare is part of a government decision. That happens whisnl, then each
individual’s utility is a part of the maximization problerng government solves.

The government’s decision involves choosing the incomerddes for each
period and how much to transfer through direct income terssind by providing
goods and services. We assume that the government cangdaxaates across
individuals, so each consumer in this economy pays incorestat the same rate.
However, the transfers, both direct income transfers atdigy provided goods
and services, are directed towards agents in group A onlys i§hthe process
through which the government redistributes income in tiisnemy. Also, the
government does not have the ability to save or borrow,there are no govern-
ment bonds. Each period the revenue obtained through eaxatfully spent on
transfers to group A members and on provision of governmeodlg and services.

Agents in each group take taxs’) , direct income transfers(s’) and gov-
ernment expenditure on publicly provided goods and sesvif@’) as given and
choose consumptiati(s') (i = A, B), laborl’(s') and capitak’(s') to maximizes
their own utility.

Group A’sProblem

Agents in group A by virtue of being part of the ruling group deect income
transfers and also publicly provided goods and services the government. The
goods and services that the government provides is not apguirée good, it is
assumed to be a rival good. This good enters the utility oftimsumers unlike the
income transfer, which appears in the budget constraitteotonsumers. Thus, if

G(s') is the total amount the government spends on providing gandservices

12



to its citizens, each agentin group A ggl%t—) of it 8. We assume the utility of the
consumers are additive in privately procured goods andigulmrovided goods

and services. They maximize their lifetime expected wtiliy choosing their own

consumption, labor supply and capitfd (s*), 14(s'), k4 (s")},

B gy 277 {“@A(St%l%t» @] @

{eA(st)

Subject to the budget constraint,

cH(s) +EAs) < 17w + (R T ()

+(1 = EA(sH) + %St)

DefineR(s") = [1 — 7(s")]r(s") + 1 — 4, then the budget constraint becomes:

T(s")

A(s!) + (1) < (1= 7(s) (A + RO +

Group B’sProblem

The difference in group B’s problem from that of group As isitlyroup B
agents do not receive any direct income transfers or pylgicvided goods and
services. The income tax, however, is levied on the wholeujadion and so
group B agents still have to pay the income tax. They also miaei their lifetime

expected utility by choosing their own consumption, labopy and capital,

{eP(s"),15(s"), K5 (s")}

max Y G'7(s'u(c?(s"), 1°(s")) 4)

t,st

8We assume a linear technology for producing governmentgo8d the government expen-

diture on these goods and services is also the amount ofdhahodity produced.
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Subject to,
cP(s") + kP (s") < [1 = 7(sN]w(s)P(s") + R(s)k" (') (5)

Firm’s Problem:
Firms produce the private consumption good in a compet#nxgronment, so

returns on capital and labor equals their marginal prodadtsis economy.

T(St) = FK(K(St_l)aL(St)7St) (6)

w(s') = FL(K(s""), L(s"), s¢) (7)

Notice, thats; enters the production function explicitly, but there is & a
sumption whether the shock is multiplicative or otherwise.

Government budget constraint:

The government runs a balanced budget each period. Thegdame of all
agents at the same rate and use revenues to provide publis @oal services

G(s') and transfefl'(s') to group A members. Their budget constraint is given

by,

T(s") + G(s") = 7(s")w(s") L(s") + r(s") K (s"")] (8)
Feasibility
The feasibility equation that must be satisfied in the econsngiven by,

C(s") + K(s') + G(s") = F(K(s"1), L(s"),s,) + (1 = 0)K(s"")  (9)

14



Where,

A (s 4+ (1= NB(sh) = C(s) (10)
MNAGH 4+ (1= NIB(sY) = L(s) (11)
MEA(s)) + (1= NEB(s") = K(s) (12)

Competitive Equilibrium

The definition of the competitive equilibrium is standaret us define,
o 1(s') = [r(s"), T(s"), G(s")]: government policy a¢’; n:policy for all s'.

o x(st) = [cA(s!),cB(s),14(sh), 1B(sh), kA (st), kB (s!)]: an allocation at’;

x: an allocation for alk.
o (w,r) = [w(s"),r(s")]: a price system.

A competitive equilibrium is a policyn, an allocationr and a price system

(w, r) such that given the policy and the price system:

¢ the allocation maximizes agent As utility, 1, subject t@ thequence of

budget constraints 3.

¢ the allocation maximizes agent B’s utility 4 subject to thguence of bud-

get constraints 5.
e price system satisfies 6 and 7 and
¢ the government’s budget constraint 8 is satisfied.

Notice, as in representative agent problems, the fedsilidinstraint 9 is not
part of the definition even though this is a heterogeneoustggeblem. Stan-

dard assumptions on utility functions ensure the budgestcamts are satisfied
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with equality in an equilibrium, and those together with gwernment budget

constraint implies the feasibility condition.

3.2 Optimal Policy Choice

In this model the tax and transfer policies are chosen emangdy by the govern-
ment. As stated earlier the objective of the government md&imize the utility
of agents in group A only.

However, in choosing its optimal fiscal policy the governt@uist take into
account the equilibrium behavior of all agents. The equitim can be fully char-
acterized by the first-order conditions derived from th&tytmaximization prob-
lem of the agents A an B, and from the firm’s problem. These #xjisim condi-
tions are the implementability constraints the governnfigee in maximizing the
utilities of agents in group A. Thus, the government’s pplatoice problem is
given by,
max Z Brr(sh) [U(CA(St), 14(s") + U(G(St))

A

t,st

subject to the government budget constraint,

T(s') + G(s') = 7(s")w(s")L(s") +r(s) K (s, (13)

and the implementability constraints,
Ag ot Ag t ¢ tNTA( Lt AL t—1 T(s")
A+ EM(s) = [1 = 7(sH)]w(s)P(s") + R(sHE (") + ——, (14)

> B Z t+1‘8 t+1)R(8t+l), (15)

sttl|st

16



with equality whenevek*(s') > 0,

with equality whenever (s') > 0,

cP(s') + kP (s") = [1 = 7(sHw(s")7(s") + R(s")k" (s

> B Z t+1‘$ t+1>R(8t+1)7

5t+1 ‘St

with equality whenevek? (st) > 0,

with equality whenevet® (s') > 0,

r(s') = Fr(K(s'™1), L(s"), 5,),

and,
w(s') = Fr(K(s"1), L(s"), 5¢).

Bl

(16)

(17)

(18)

(19)

(20)

(21)

The implementability constraints guarantee that what@aticies the gov-

ernment chooses, the implied prices and allocations argistent with the best

response of private agents to that policy choice.

Notice, that this is a Ramsey-type problem with heterogermments. Het-

erogeneity makes it rather difficult to solve numericallytivo ways. First, it

increases the state space. Notice, that we do not have gogetrbonds in our

model. As a result, the Chari, et.al. (1994) approach of sglthe Ramsey prob-

lem cannot be used here. In the alternative approach, stiegigleg Marcet and

17



Marimon (1998), the problem we face is that of a huge stateespdich makes it
unwieldy. The second problem that heterogeneity createsisiow interiority of
the solution is no longer guaranteed. In a representatieetggoblem conditions
on utility function and production function makes the omirnonsumption, labor
supply and investment strictly positive. However, now ewgtth the same set of
assumptions on the utility and production functions, aldptimal allocations are
not necessarily interior. The boundary condition on thktyfunction makes the
consumption of each type of agent strictly positive, but eawer individual labor
supply or investment or both of any one type of agent can bewehout violat-
ing any assumption. This substantially adds to the comiuica of numerically
solving this problem.

As a result, though we plan to solve this general version enntbar future,
for now we will simplify our model somewhat by assuming tredidr is supplied
inelastically and that the government redistributes by pnbviding public goods
and services to group A agents, i.e., there is no direct iectransfers to the

favored group.

4 TheMode Without Leisureor Direct IncomeTrans-

fers

In this section we solve for the optimal policies and allawad in the model with
the assumptions, that(s') = 1 andi?(s!) = 1, so thatL(s!) = 1 andT'(s!) = 0

for all st. We assume the following utility function for agents of typge

G(st) 1—v
A

u(c(sh), Gty = b(

1—v 1—v

18



where ¢4 (st), %“”t) are the individual consumptions of private and government

goods and services correspondingly of an agent in group dban 0 is the
preference weight on the government goods and services.

The utility function of agent B is similar, except that ageirt this group do
not have any access to government provided goods and sgrg@et does not

enter their utility function.

CB(St)l—V
1—v

u(c”(s")) =

The production function is Cobb-Douglas with stochastidpiaivity term:
Y(s') = 0(s) K (s 1)L (s")

For our computation we assume that there two possible stagzch period,
high (H) or low (L)and the productivity factdi(s;) is assumed to follow a sym-
metric markov process over two statéd! andé”. Given the current state, the
probability of remaining in the same state next period given.

The assumption thdf'(s") is zero in each period also changes the govern-
ment’s budget constraint. The government’s budget canstan now be written

as,

Now we can describe the problems solved by the agents of pp#is and the
government.
Agents of both typesi(= A, B) take factor prices and government policies as

given and solve their respective problems. Agents of grogple the following
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problem:

A(s")! (G(St)>1_y

ct(st) v b

m E t +b 22
CA(st)%(st) 0 ;ﬁ{ 1_2 ¥ (22)

subject to constraints:

)+ kA(s" < (w(s") +r(sHEA () (1 = 7(s%)e) + (1= 0K (s"") (23)

The problem which the group B agents solve is quite simibezept that their
utility function does not includé&(s'). Since,G(s') is not a part of the individ-
ual’s choice problem, the euler conditions that result ftbefirst order conditions

of both agents in group A and B are same. They are ferd, B,

('(s))™ = BEA(C (™)L =0 +r(s™ (1 = 7(s" )]} (24)

with equality whenevek?(s') > 0.

Notice that both group A and group B agents face similar budgestraints.
Thus, if each agent started with the same initial capital, k*, = kZ,, then
given the additively separable utility function that we argng, both types of
agents will always make the same consumption and investdemisions, i.e.,
kA(s') = kB(s') for all t ands’. Thus, when we write the government’s problem,
it essentially reduces to that in a representative agenemod

Thus, in writing the government’s problem we can drop the=ssgripts on all
variables. However, it is important to remember that onlgrdg in group A get

to consume the government provided goods and services.
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t 1—v
) (%)
E t _ 2
ot By Z)\ﬁ o=} [k (25)
NG =

subject to constraints:

(e(s) ™ = BEA(c(s" ) [l =0+ r(s"HA = (")}, (26)

o(s") + k(s") = (w(s") +r(sHk(s" )L = 7(s) + (1 = k(s 1), (27)

G(s') = 7(s") (w(s") +r(s) K (s")).

Next we describe our computation strategy for this problem.

4.1 Simulation of the model without leisure or direct income

transfers

To solve this problem we actually numerically compute themal policy func-
tions in a T period model. We solve the T period model backwegdursively
starting from T. We continue till the value function convesg Using the optimal
policy functions so obtained we simulate the model for sigffity many periods.
In our computations we use the following set of parameters:
v b P a 02 9F  p )
05 04 09 034 105 1 0.95 0.08
One point that we should stress is that we are not calibratimgnodel -

choose some reasonable value for each parameter and thémasgrarameter

21



Table 3: Correlation between Output and Tax Rates
A Correlation Coefficient

0.2 -0.5523
1 0.8445

values to simulate our model. We choose parameter valuetiynfi@sn the real
business cycle literature.

We simulate the model for various values oto compare across different
regimes. We report results for two very differextwalues -A = 0.2, a highly
non-democratic country, and,= 1, a perfectly democratic country. The results
we get are quite interesting and in line with what our inantsuggested. Before
we go into the details of other results, let us first look atdbeelation between
optimal tax rates and output in the two regimes, reportedbiet(3).

What we find is that the tax rate is negatively correlated withdutput when
A = 0.2. Thisimplies that tax rates are high when output is low acd versa. On
the other hand, wheh = 1, the tax rate and the output are positively correlated.
Thus, our model predicts that tax rates will be procyclioatdon-democracies and
countercyclical in democracies. This outcome is suppdrtedata.

The importance of this result lies in the fact that it helpsad/e a puzzle in
the literature. In the data, the observation that some ciasribllow procyclical
fiscal policy has perplexed many since this is contrary topiteglictions of the
standard Ramsey problem with homogenous agents. Such pblaxge is also
in contrast to what is observed in developed countries. Wewehe standard
Ramsey problem fails to take into account the differencehéngovernment’s

objective dictated by political regimes across countmwdsch our model does.
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Table 4: Simulation Results

Statistic Capital Output Investment Cons. Gov.Cons. OptiraalHate Growth rate
A=0.2
Mean 2531 1.407 0.202 0.785 0.420 0.298 0.000
Std.Dev. 0.080 0.046 0.016 0.024 0.012 0.003 1.201
A=1
Mean 3.677  1.597 0.294 1.140 0.163 0.102 0.000
Std.Dev. 0.101 0.051 0.019 0.030 0.007 0.001 1.198

The predictions of the model in other fronts are also borrebguacts. We

observe in table (4), output will be lower in non-democratntries than in

democratic one. As we have already seen in the data thel GID® per capita

is highly correlated with polity, providing support for ghoutcome in our model.

Thus, the cause of poverty in some countries can be trachkd fmolitical structure

in those countries.

Along with output, investment and consumption are also lowaon-demaocratic

countries according to the results. Government consumpatial tax rates are,

however, higher in non-democratic countries in this model.

In terms of predictions about the volatility of growth ratee find that the

model rightly predicts that volatility will be higher in th@on-democratic coun-

tries than democratic countries. However, the differenoslatility generated by

the model is much smaller than that observed in the data. cthikl be due to

the absence of labor-leisure choice in this version of thdehdl'he lack of much
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movement of volatility of growth rate with could also be because we do not have
direct income transferg)(s). It is possible that if there were direct transfers to
agents in group A, which enters as a term in the budget confstiavestment will
be more responsive to changes in tax rates. This could paitgmhake volatility
differences between various regimes more significant.

Adding labor-leisure choice and direct income transfetssubstantially add
to the computing complications. While we plan to do that infitere versions
of this paper, for now we will compute the competitive eduilim with exoge-
nous taxes in the next section to verify if these featureggda higher volatility

differences.

5 Competitive Equilibrium in a Model with Labor-
Leasure Choice and Direct Income Transfers

We now introduce labor-leisure choice in the model. Furthexw we assume
that the government redistributes using lump sum incomesteas only, that is
the government does not provide any goods or services togiea As before
income tax is universal but only agents in group A receivedfars. The govern-
ment is still assumed to run a balanced budget each periqdh&government’s

budget constraint is now given by,
T(s") = 7(s")[w(s")L(s") +r(s")K(s") (28)

We assume certain taxs’) policy as given and compute the competitive equi-
librium with exogenous taxes. All agents take the tax andsier as given and

solve their maximization problem. In the problem of agenth# utility function
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now does not include any government provided goods andcssvilhe budget
constraint now includes transfers and is given by equatiohh&re is no change
in the problem of an agent in group B. One important differefnoe the case
considered in the last section though is that now the prolokmnot be reduced to
a single agent problem at any stage. Consumption and investieeisions will
be different for agents in group A and B.

In computing the equilibrium for this model we approximéie policy func-
tions using Chebyshev polynomials and use weighted reside#thod to solve
for the equilibrium. We take functional forms and parametdues from Chari,
Christiano and Kehoe (1992) and all the parameter valuespéxare the same
as in the last section.

We use the following utility function/(c,1) = 1[c('=7)(1 — {)?]” and pro-
duction function,F(K (st1), L(st), 5;) = 0(s;) K (s™1)*L(s*)1=*) in our com-
putations. As earlier there are two possible states, high? (H #7) and low (L,
6 = 6), with p being the probability of having the same stateext period as it
IS NOw.

The parameter values are given by,

v v v o o ot p )
05 0.75 095 034 105 1 0.95 0.08

The tax policy is exogenously given in the computation o$ taguilibrium.
The tax policy is current state dependent. We denote;bthe income tax rates
when current productivity is higho{’) and byr;, the income tax rates when cur-
rent productivity is low §7).

We are interested to find out if the volatility of growth raieshe economy

depends on the tax regime of the country. More specificallywart to find out
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if the volatility depends on whether the tax rates are prdicycounter-cyclic or

acyclic. To that end we compare volatility for three diffietéax policies:
e State independent taxesg; = 7, = 0.1
e Counter-cyclical taxesy = 0.11 andr;, = 0.09

e Pro-cyclical taxesy = 0.09 andr;, = 0.11.

For each tax policy we simulate the economy for eactalue taken from
a grid between 0 and 1, and calculate the volatility. In fig{irewe plot the
volatilities for different tax regimes against We find that volatility is highest for

the pro-cyclical tax policy and the least for the countechoal tax policy.

Figure 1: Volatility for different tax regimes

Standard deviation of GDP growth rates against polity
T T
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6 A Mode with Endowment Shocksand No Capital

So far, in the versions of the model that we have computed,ave Assumed that
the uncertainty is through a multiplicative shock in thedarction function. Will
the results be any different if the shock is additive in n@®uin this section we
use a model in which there is an additive endowment shockgerdbd to explore
that possibility.

We consider a simple version of the general model. We asshatehere
is no capital in the economy and the government does not gy goods or
services, though it transfers income directly to agentsaug A. Each consumer
chooses how much labor to supply each period. All agentsveabor income,
which is taxed at the same rate across all agents. They alsmgendowment
shock each period, which adds to their post-tax income. Eoeglity, we have
assumed the shock to be unform across the population. Ii@udgents in group
A only receive an income transfer from the government.

So, agents in group A solve the following utility maximizatiproblem,
maxu(cA, 1— ZA)

subject to

T
CAS’LUZA(l—T)—i-E—FX

wherees is an endowment shock to each agent.

Similarly agent in group B solves,
max u(cg, 1 —Ilp)

subject to

cg <wlg(l—71)+¢

27



The production function is linear in laboy: = wl.

The government is as usual restricted to run a balanced badgeuses la-
bor income taxes to make a transfer to agents A. Its objedit@ maximize the
utility of agents in group A subject to the government budgetstraint and im-

plementability constraints. It solves the following prei,
mTaxu(cA, 1—1y)
subject to the budget constraint
T =71w(Aa+ (1= N)ip)
and implementability constraints

T
CA:wlA(l—T)+€+—

A
cg=wlg(l—7)+¢
A
Uy
Lo (1l =
e 2wl = 7)
with equality whenever* > 0,
B
U

with equality whenevet® > 0.

We solve this problem and simulate the economy. In the sitounlave as-
sumed that for both types of agents the utility function is G@muglas:u(c, 1 —
[) = c7(1—1)7, withy = 0.75. Given this choice of utility function it is easy to
show that with a homogeneous utility function the optimaliall be the function
of £. As aresult we normalize = 1. The endowment shock is assumed to be

i.i.d. and is drawn from a normal distributios; ~ N(u,c?) wherey > 0. To
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find out how the volatility of growth rates of GDP (GBPwL + ¢) varies withA

in this model, we follow the steps outlined below:

percentage points

e For each\ in a grid over(0, 1] we simulate the economy for 40 periods.

e We repeat the simulation for 100 times.

e The volatility of growth rate is calculated for each simidatand the aver-

O
5.5

»
wn

I

35

25
0

age is plotted againstin figure (2).

std. of gdp growth rate as a function of A

Figure 2: Plot of Volatility against PolityX)
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In the graph it is evident that the volatility of growth rascreases asin-
creases. Thus, volatility and polity are negatively redatethis model, consistent
with the data.

The model predicts that tax rates will be highly procyclicaton-democracies.
The tax rates in this model are procyclical in economiesetlts perfect democ-
racies also, but the procyclicality is weaker wheis close to 1. Also, the model
predicts that tax rates will be higher on an average in nonedeacies than in
democracies.

Thus, we find that even with additive shocks the model’s temis are more

or less the same.

7 RedationtotheLiterature

In the literature, researchers have showered a lot of ateah studying particular
cases of economic collapses or growth “take-offs”, but aifeesomparison have
done a systematic examination of volatility differenceas countries. The few
who have studied this issue empirically have attribute® iptare chance (East-
erly, et. al.(1993)), initial income or poverty (AcemogladaZilibotti (1997),
Kraay and Ventura (2000)), or, inequality (Rodrik (1998)ur@mpirical analysis
shows that polity dominates all these suggested causedatflit differences.
Rodrik (1999) links volatility of growth rates to politicabgimes, but suggests
that conflicts in non-democratic regime is the reason batwestability of growth
rates in such countries. We, however, find in our analysib@iata that there is
more to political regimes than just conflicts (or lack of it).

On the theoretical front, Acemoglu and Zilibotti (1997) d®ps a model in
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which countries which are initially poor fail to diversifysk as there are certain
fixed costs in operating any sector. As a result poor coumbréave more volatile
growth. In Kraay and Ventura (2000) low income countriescgdize in a dif-
ferent kind of industry form those in high income countriediich leads to the
variation in volatility of growth rates.

There is another strand of literature which stresses theypgthbility in democ-
racies. Dixit et. al. (2000) show that repeated interactioetween political par-
ties, who are in and out of power with positive probability]l\wead to stability
in democratic countries. Rodrik (1999) points out differer@chanisms through
which conflict is avoided in democratic societies (inclglihe one mentioned
above). The lack of such mechanisms in non-democratic desnwill lead to
repression by autocratic rulers and conflict and hence greatatility. However,
none of these papers have a model that encompasses vamgimese In that
sense, our paper is unique - it provides a framework in whattty comparisons

can be made across countries with varying degree of dempocrac

8 Conclusion

In this paper we set out in a quest to find out why are growtlsrateome coun-
tries more volatile than others. This exploration havedaelinteresting results.
In analyzing the data we find that volatility of growth ratee eelated to the po-
litical structure of a country - we find that volatility is neively related to the
polity of a country. We show that the relationship is robost variety of controls,
choice of dataset and period of analysis. We further finditheggressions where

we have polity and either initial income, a measure of inéiyar durability of
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regimes (or all together) as dependent variables with Mioyabf growth rates as
independent variable, only the coefficient on polity is gigant. We get similar
results using two stages least square regressions.

To understand how polity might affect growth rates, we deped dynamic
general equilibrium in which democracy is parameterizedthe model democ-
racy is measured as the measure of population who gets kpengfits from the
government. The government taxes the entire populatiotrbnsfers resources
to a selected group only. The transfer can take two forms Ismmpincome trans-
fer or as provision of goods and services. Government’satibgeis to maximize
the utility of the favored group through this redistributtio

The innovative way of modeling democracy allows us to cormman results
from the model with the data as polity takes continuous \&hetween perfect
democracy and perfect autocracy. We solve our model foaicecases and find
it rightly predicts that volatility increases across caieg as we go from more
democratic to countries to less democratic countries.

The channel through which the political regime effects glovates is the
fiscal policy. The model suggests that tax policy in a non-oenacy will be such
that tax rates will be high when output is low and low when atiig high, or
procyclical. In more democratic countries such an effectilbdoe mild or tax
rates could be even countercyclical. The procyclicalityeof rates in low polity
countries amplifies the volatility of growth rates in sucluotries.

The result that about procyclicality of tax rates help tovech puzzle. In
the data it has been observed that some poor countries fallsmwcyclical fiscal
policy in contrast to what prescribed by standard theonespiimal tax and also

as opposed to the policy followed by developed countries.@adel sheds light
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into this problem.

Our model does well in some other dimensions as well. We fingutlevels,
capital stock, investment and private consumption levedd@ver in low polity
countries compared to more democratic countries, factsebout by the data.

These results are from various sub-cases of the more genedd| we plan
to solve. Solving the most general model, with both kindsrahsfers, labor-
leisure choice, capital accumulation and both multiplieatind additive shocks
is computationally challenging. There are numerous difiesiand at present we
are making progress in overcoming them, but work is not ceteplWe hope to
present the results from that model in the future versiorth®paper, which we

think will strengthen our results.
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