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Abstract

We document cross-country di¤erences in informal activity, government policies and
institutions using a data set covering 118 countries. Five key facts emerge from this
data set. Better institutions are associated with lower in�ation, higher income tax
rates and less informal activity. Related to these, we also �nd that higher levels of
informal activity is associated with lower income tax rates and higher in�ation. We
develop a general equilibrium model where households optimally choose the extent of
informal activity and a benevolent government optimally chooses policies, both taking
as given the institutions of the economy. The model is able to account for most of
the cross-country di¤erences in policies and informal activity as well as other key facts
that emerge from the data. The performance of the model is signi�cantly reduced
for various subsets of countries, where some of the key assumptions that underlie our
model are violated.
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1 Introduction

There is considerable heterogeneity across countries regarding the sources of revenues of

the government, in particular the use of income taxes versus in�ation tax. To explain

this heterogeneity, we put forth a model that focuses on the e¤ect of institutions on the

optimal decisions of governments via their impact on the level of informal activity.1 We

demonstrate that our model is able to account for the cross-country heterogeneity in policies

both qualitatively and quantitatively.

To document the cross-country di¤erences in institutions, government policies and levels

of informal activity, we compile a comprehensive data set of 118 countries. Five key facts

emerge from this data set. Better institutions are associated with lower in�ation, higher

income tax rates and less informal activity. Related to these, we also �nd that higher levels

of informal activity is associated with lower income tax rates and higher in�ation.

In order to account for these facts, we use a general equilibriummodel that generates both

the government policies and the extent of informal activity endogenously, taking as given

the institutional structure of the country. Our maintained hypothesis is that all countries in

the world are populated by identical people and these people and benevolent governments

respond optimally to economic incentives stemming from, among other factors, the insti-

tutions of the country. Considering the large set of countries we have in our dataset, the

assumption of a benevolent and optimizing government choosing policies is clearly a stretch.

In many countries factors other than the ones considered in our model, such as political

considerations are certainly key in determining policies. We view this as a test of our theory.

We expect our theory to fail in such countries as much as to succeed in those where the

political considerations are of secondary importance.

There are three key components of our model. First, we explicitly model the private

sector�s informal activity choice. Facing a risk of a tax audit (and a punishment if found

evading taxes), and taking into account the government�s income tax and in�ation policies,

the agents in the economy optimally choose the level of informal activity.

Second, we consider institutions of the country as exogenous. In our model, these insti-

tutions will determine the implicit cost of evading taxes (through the tax audit). Acemoglu,

1By institutions we refer to the set of rules that determine how economic activity is conducted. In our
empirical analysis we use �rule of law� to measure institutions. For our purposes the terms �uno¢ cial�,
�informal�or �shadow�economy refer to the same phenomenon, which is any economic activity that is done
outside the reach of the government and therefore is not subject to taxation. A key characteristic of informal
activity is that it is typically cash-intensive.
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Johnson and Robinson (2005) argue that the institutions of a country should be thought

of as endogenously determined in a dynamic model, along with a number of economic and

political outcomes. However, as they and many others emphasize, institutions are very per-

sistent and thus evolve slowly � certainly much slower than the two government policies

we consider. As such, one can think of our model as embedded within one period of the

dynamic framework in Acemoglu, Johnson and Robinson (2005), during which institutions

are constant and therefore given.

Third, we consider a benevolent and optimizing government whose objective is to raise a

given amount of revenue in the least distorting way, in the tradition of Ramsey (1927). As

in many similar optimal policy problems, the government strikes a balance between in�ation

and taxation. The additional wrinkle in this model comes from the fact that these policies

also a¤ect the tax evasion incentives for the private sector �higher in�ation deters and higher

taxes encourage informal activity. Thus, the government may choose to use in�ation as a

tool to prevent informal activity and the loss of tax revenue associated with it, in addition

to the pure revenue motive in standard models.

To understand how the mechanism in our model works, consider two countries A and

B, which are identical in all aspects except that country B has �better� institutions. The

citizens of country B will choose to do less informal activity than those of country A because

the cost of tax evasion is higher. In turn, the government of country B will not need to use

in�ation as much to discourage informal activity since the high threat of punishment already

deters tax evasion. As a result, in order to raise the necessary revenues, the government of

country B needs to use higher income taxes.2 At the end, then, we �nd that country B

has less informal activity, lower in�ation and higher taxes which shows that our model can

qualitatively explain the �ve facts we obtained from the data.3

We then take our model to the data and conduct a cross-country exercise using the 118

countries in our sample, maintaining the assumption that abilities and desires of households

are identical across countries, while three variables will vary across countries: institutions,

labor productivity and government expenditures. Comparing model-generated policies and

private-sector behavior with those from our dataset, we conclude that our model is successful

in generating both the cross-country dispersion observed in the data and explaining the �ve

2Even though we describe the events as sequential, all decisions are of course simultaneous.
3Although very di¤erent in model and methodology, the �tax riot�equilibrium of Bassetto and Phelan

(2008) where households coordinate on underreporting their incomes, resemble the equilibrium in our model
when institutions are bad and informal activity is high.
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facts we document. Among the three exogenous variables we consider, institutions emerges

as the key variation that generates much of the observed dispersion in in�ation and informal

activity, while the level of government expenditures is primarily responsible for explaining

tax rates.

In order to test the validity of our assumptions, we also consider particular subsamples

of countries. We �nd that countries with poor institutions or low output as well as countries

that are classi�ed as �not free�show signi�cant discrepancies between the model-generated

outcomes and the data. In contrast, our model is successful in matching the data for the

remaining countries. This leads us to conclude that when our key assumption of the existence

of a benevolent and optimizing planner (and several others which we spell out in detail below)

are approximately correct, our model is able to explain a signi�cant portion of the cross-

country dispersion in government policies.

Our work is related to a number of di¤erent strands in the literature. There is a vast

empirical literature that focuses on the causes of informal activity. Johnson, Kaufmann and

Schleifer (1997), Johnson, Kaufmann and Zoido-Lobaton (1997) and Friedman et al. (2000)

provide empirical results suggesting that large informal markets are typically associated with

high tax burden and institutional factors such as regulation, poor enforcement of law and

corruption. These results are useful in establishing the link between institutions and informal

activity, which is one of the key facts we exploit, but are silent in the relationship between

informal activity and government policies both of which are endogenous.

There is also a very large literature on political-economy explanations of cross-country

di¤erences in government policies. One of the seminal papers, Alesina and Drazen (1991),

links the delay in stabilization policies to a war of attrition between di¤erent socioeconomic

groups in the country which may be a¤ected asymmetrically from the stabilization. Until

the appropriate policies are enacted, the economy continues in a volatile path which is

also typically associated with high in�ation. Their model implies, among other things, that

political polarization of a country would be associated with longer periods of instability, hence

higher likelihood of high in�ation. In a recent paper Alesina, Ardagna and Trebbi (2006)

test the implications of the mechanism in Alesina and Drazen (1991) and �nd that the delay

in stabilization is shorter when the ruling executive has more control over the legislative

body of the country or the executive has more institutional constraints. Albanesi (2007) also

provide a political-economy explanation for di¤erences in in�ation that relies on exogenous

di¤erences in labor productivity. In her model, the poor, those with lower labor productivity,
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hold more of their wealth as currency and thus are more vulnerable to in�ation. If a country

has a more unequal income distribution, the political bargaining process favors the rich and

equilibrium in�ation is higher. She shows that her model is able to account for a large fraction

of the positive correlation between in�ation and inequality. Explanations for cross-country

di¤erences in policies based on the con�ict between heterogenous segments of the society have

also been provided by Fernandez and Rodrik (1991), Cukierman, Edwards and Tabellini

(1992) and Laban and Sturzenegger (1994). Elgin (2009) also considers a real political

economy model to explain di¤erent tax policies across countries where political turnover

provides the exogenous variation. In his model di¤erences in political turnover a¤ects private

incentives for informal activity and in turn in�uences the tax policies implemented. As we

conjectured above, a priori we expect our model to fail for countries where the above-

mentioned political-economy considerations are most important. To the extent that it helps

explain the facts we document for some countries, we think our theory complements the

political-economy theories we outlined.

Our work is also linked to a small theoretical literature that considers the determinants

of informal activity. Nicolini (1998) is one of the �rst to show theoretically in the context

of a cash-good-credit-good model that tax evasion due to informal activity is a motive for

in�ation under optimal policy. He �nds, however, that this is not quantitatively su¢ cient to

explain the high in�ation in Peru. Yesin (2004, 2006) considers the optimal policy in the same

model when the government faces (exogenous) tax collection costs and �nds some success in

explaining di¤erent policies for a small set of countries. The extent of informal activity (the

set of goods that are formal versus informal) is assumed to be exogenously �xed in these

papers. Koreshkova (2006) also models the trade-o¤that an optimizing planner faces between

taxation (and evasion) and in�ation in a cash-in-advance model with costly credit. The size

of the informal sector in her model is directly linked to the assumed productivity di¤erences

across formal and informal production and as such can be considered exogenous. None of

the mentioned papers consider the e¤ect of institutions on government policies through its

impact on the incentives of the private sector. Ahiabu (2006) explores the trade-o¤ between

tax rates in the formal sector and audits (punishments) in the informal sector but does not

conduct an optimal policy exercise. Ihrig and Moe (2004) build a real model with an informal

labor market and investigate the e¤ects of (exogenous) tax rates and enforcement policies on

informal activity. Finally, Kuehn (2007) considers the mechanisms behind informal activity

in high-income countries, building a model where agents of di¤erent abilities choose whether
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or not they want to become workers, managers of a �rm in the formal sector or managers of a

�rm in the informal sector. The trade-o¤between the latter two exists due to the probability

of getting caught and being punished. While she considers the e¤ect of institutions on

informal activity, government policies are considered to be exogenous and using a real model

she only considers taxes as policy.

In terms of modelling strategy, we focus on two properties of informal activity: tax

evasion and cash intensiveness. To capture these features, we use a search-based monetary

model combining elements from recent advances in the �eld such as Lagos andWright (2005),

Rocheteau and Wright (2005) and Aruoba and Chugh (2010).4

Our work is also related to a large literature on the macroeconomic e¤ects of institutions.

Hall and Jones (1999), one of the seminal papers in this literature, show that di¤erences in

output per worker across countries can be largely explained by di¤erences in social infrastruc-

ture which include government policies and institutions.

The paper is organized as follows. In Section 2, we provide a detailed description of the

data used in our cross-country exercise and the facts that emerge. In Section 3, we present

our model, show the equilibrium for given policies and the Ramsey equilibrium where policies

are also endogenous. In Section 4 we present our quantitative results. Section 5 concludes.

The appendix provides more details on the data and the derivations.

2 Data and Facts

In this section we document the cross-country di¤erences in government policies and establish

the facts we seek to explain using the model we develop in subsequent sections. To that end,

we put together a data set that covers 118 countries. The data set includes measures of

institutions, informal activity, government policies and economic indicators for 1996-2004

or a subset as dictated by data restrictions. Looking ahead to our model, since our model

does not have any short-run �uctuations, we want to focus on a point in time and we take

averages over this short interval to prevent any idiosyncratic events or business cycles to

a¤ect our results. In addition to a main measure for measuring institutions and size of the

informal sector we use some alternative measures. These measures are typically survey-based

measures that are available for smaller sets of countries. Details about the data, including list

4In this class of models, a medium of exchange is �essential� for trade in decentralized exchange. In
our model the decentralized market is narrowly de�ned as the informal sector but these papers take a more
general view of the decentralized market.
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of countries and detailed sources as well as some alternative measures we used, are available

in the Appendix.

2.1 Data Sources

Our main measure of institutions is Rule of Law as reported in the World Bank Governance

Matters IV, from Kaufmann, Kraay and Mastruzzi (2005) and we also consider some alter-

natives.5 All of these measures are very highly correlated among themselves (as the �rst row

of panel (a) of Table 1 shows) and our conclusions are unchanged using any of the alternative

measures.

There are a number of alternative estimates of the size of the informal sector that di¤er in

terms of their methodology.6 Since the size of the informal sector is latent by its nature, all

of these methods use some observed data along with some identifying assumptions to provide

an estimate. For example, the currency demand approach starts with the assumption that

transactions in the informal sector uses cash and any �excess�money holdings over and above

what a standard money demand regression indicates can be considered to be a sign of informal

activity. The physical input method starts with the premise that any production, formal or

informal, should use some inputs such as electricity, and as such one should be able to infer

the size of the informal sector by comparing the GDP imputed using these inputs and the

measured GDP. Schneider (2004) uses the DYMIMIC (dynamic multiple indicators multiple

causes) method where some structural equations provide causal relationships between two

sets of variables and the size of the informal sector: those identi�ed as causes of informal

activity and those identi�ed as being a¤ected by informal activity. For example, these

equations assume that burden of taxation and burden of regulation are among the causes,

while various monetary and labor market variables are among those a¤ected by informal

activity. Since the DYMIMIC method provides only a relative measures across countries,

Schneider (2004) combines his relative measures with absolute measures from the currency

demand approach for some selected countries to compute absolute measures for all countries.

In addition to this quantitative measure, we use some qualitative measures as alternative

measures.7 All of these measures are highly correlated among themselves (as the �rst row

5The alternative institutions measures are Irregular Payments from World Economic Forum Competi-
tiveness Report and Property Rights and Freedom from Corruption from the Heritage Foundation�s Index
of Economic Freedom.

6Schneider (2004) provides a summary of some of the major methods along with a detailed bibliography.
7The alternative measure of the size of the informal sector are Unreported Pro�ts and Wages Informal
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of panel (b) of Table 1 shows).

Turning to government policies, taxes require some care. Looking ahead to our model,

there will be no distinction between tax rates and tax revenues as fraction of national out-

put. However, in general, computing tax rates that are conformable with assumptions in

macroeconomic models is a di¢ cult task. For example, in models, the labor income tax

creates a wedge between the real wage of a worker and his marginal product. According

to this de�nition, in addition to the taxes that the worker pays, social security taxes that

an employer pays should also be included in a measure of labor income tax, even though

it does not a¤ect the workers take-home pay. Mendoza, Razin and Tesar (1994) measure

consumption, labor and capital income taxes using detailed government revenue accounts

for the OECD countries. We use two recent studies that extend their methodology to more

countries and/or extend the sample. In particular Carey and Tchilinguirian (2000) provide

updated measures for the OECD countries and IMF World Economic Outlook (2003) pro-

vide measures for a small set of non-OECD countries. Combining these two sources we get

only 34 countries.8 In order to test our model with a larger set of countries, we also consider

tax revenues as a fraction of GDP as an alternative measure.9

We obtain a number of macroeconomic indicators from the IMF�s International Financial

Statistics database, Penn World Tables (PWT 6.2) and World Bank�s World Development

Indicators. These include in�ation, output relative to the United States and output per

worker relative to the United States and government spending as a fraction of GDP which

captures the size of the government. We restrict our sample to countries with less than 20%

average in�ation over the period 1998-2004.10

One issue that needs to be addressed is whether or not o¢ cial estimates of GDP include

any activity that we would label informal. While certain details could di¤er from country to

country, all illegal activities (e.g. drug sales) and most household production activities are

excluded from o¢ cial measures.11 In our empirical analysis, we make the assumption that

the macroeconomic data that we observe re�ect only formal activity and do not include any

information, either as explicit measurements or as adjustments, about the informal sector.

Sector and Tax Evasion from the World Economic Forum Competitiveness Report.
8As is common practice, we combine the labor income taxes (�h) and consumption taxes (� c) to create

a measure of total taxes (�) using the formula (1� �) =
�
1� �h

�
= (1 + � c).

9The correlation between these two measures for the common countries is 0:52:
10This eliminates 9 countries for which we otherwise have data for. Our empirical and model-based

qualitative results are unchanged.
11Bureau of Economic Analysis (2001) explain the treatment of hidden and informal activities in U.S.

national accounts.
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Alternatively, we could make the assumption that statistical agencies fully re�ect the level

of informal activity in their national account estimates. The resulting ratio of informal to

formal activity from this assumption is a simple transformation of the one we use and their

correlation is over 0:95: As such all of our quantitative results will be virtually unchanged.

In the absence of precise information about how the statistical agency of each country in our

sample treat informal activity, we need to make an assumption and while inconsequential,

we make the assumption stated above.

2.2 Facts

We focus on �ve facts regarding informal activity, government policies and institutions that is

obtained using the data as described above. In passing we also demonstrate the cross-country

distribution of taxes and in�ation rates. One of the primary objectives of this paper is to

explain why these government policies di¤er across countries. Table 1 shows all correlations

mentioned below and Figure 1 shows scatter plots of the benchmark measures.

Fact 1: Institutions and in�ation are negatively correlated.

The relationship between rule of law, our main measure of institutions and in�ation

has a correlation coe¢ cient of �0:43. Alternative measures for institutions yield correla-
tions between �0:41 and �0:57: The top left panel of Figure 1 shows a scatter plot of this
relationship.

Fact 2: Institutions and taxes are positively correlated.

Both tax rates and tax revenues as a percentage of GDP are positively correlated with

institutions, with correlation coe¢ cients of 0:57 and 0:48, respectively. When we use alter-

native measures of institutions, the correlation coe¢ cients are between 0:40 and 0:61.

Fact 3: Institutions and the size of the informal sector are negatively corre-

lated.

There is a strong negative relationship between institutions and the size of the informal

sector with a correlation coe¢ cient of �0:72: Looking at alternative measures for both, we
�nd correlation coe¢ cients between �0:58 and �0:83:
Fact 4: In�ation and the size of the informal sector are positively correlated.

In�ation and the size of the informal sector are mildly positively correlated, with a cor-

relation coe¢ cient of 0:28. We compute the same correlation using the alternative measures

for the size of the informal sector and the correlations are between 0:54 and 0:60:

Fact 5: Tax rates and the size of the informal sector are negatively correlated.
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Both tax rates and tax revenues are negatively correlated with the size of the informal

sector. The correlations are �0:50 and �0:34; respectively and the alternative measures of
informal activity yield correlations ranging from �0:20 to �0:51:

2.3 Discussion

The correlations we documented above naturally cannot be interpreted as implying causation

without a structural model. In what follows, we describe a model where the relationships

in Facts 1, 2 and 3 are causal relationships where di¤erences in government policies and

size of the informal sector are in part driven by exogenous variation in institutions across

countries. In this model (labor) productivity and the size of the government will also be

exogenous. In order to explore the plausibility of this exercise, in Tables 2 and 3 we report

results from some simple regressions where we investigate the determinants of in�ation, taxes

and size of the informal sector. In Table 2, we explain variations in in�ation and our two tax

measures using the three exogenous variables we listed above. Results show that rule of law

is an important determinant of government policies, even in the presence of the other two

exogenous variables. For taxes this is especially important as one could argue the relationship

captured in the top right panel of Figure 1 and Fact 2 is simply due to countries with better

institutions having larger governments. While the latter statement is correct, columns (4)

and (6) show that even after controlling for level of government expenditures, institutions

are still important for understanding cross-country di¤erences in taxes.

Table 3 uses the size of the informal sector as the dependent variable. Two important

conclusions emerge. First, columns (7), (9) and (11) interpret Facts 4 and 5 as causal

relationships, as a number of previous papers have assumed. That is, exogenous government

policies cause di¤erences in informal activity. However comparing these columns to columns

(8), (10) and (12) reveals that any relationship between these variables are simply due to

variations in institutions. In other words, once we control for the countries� institutions,

neither the level of in�ation nor taxes are important in explaining informal sector activity.

We view this as supporting our main hypothesis that the main exogenous variation across

countries is their institutions and thus the positive relationship reported in Fact 4 is simply

due to exogenous changes in institutions a¤ecting in�ation and size of the informal sector in

the same direction. Similarly, the negative relationship reported in Fact 5 is due to exogenous

changes in institutions a¤ecting taxes and size of the informal sector in the opposite direction.

Second, among the three exogenous variables we consider, institutions is the only one that
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help explain the size of the informal sector as column (13) shows. Finally, even though in our

model we consider institutions as exogenous, as explained in the Introduction, there are good

reasons to assume otherwise. To show that the possible endogeneity between institutions

and size of the informal sector does not a¤ect or drive our results, in column (14) we use

Rule of Law as instrumented by Distance from the Equator.12 While the explanatory power

is reduced relative to previous columns, Rule of Law is still highly signi�cant.

To reiterate our objective, we describe a model of a country where households and the

government choose their actions optimally, taking as given the institutions of the country,

along with its labor productivity and the size of the government. In particular the households

choose, among other things, how much informal activity to do, taking as given government�s

choices of policies and the three exogenous variables. Understanding their impact on the

household�s incentives, the government chooses its policies. Our goal is to explain the cross

country correlations we presented in Facts 1, 2 and 3 as causal relationships where the

exogenous variation comes from the three exogenous variables as well as the cross-country

dispersion in government policies and informal activity.

3 Model

The model is based on the structure in Rocheteau and Wright (2005), who in turn build on

the setup in Lagos and Wright (2005). Time is discrete and continues forever. As it is not

central to the question at hand in this paper, we abstract from any aggregate uncertainty.

The economy is a closed one with no interaction with the rest of the world.13 The economy is

populated by in�nitely-lived households with measure � + 1; where � > 1: In every period,

a formal market meets, followed by an informal market. In the formal market (FM) all

households have identical desires and abilities, they supply labor to a neoclassical �rm, pay

labor income taxes to the government denoted by � , consume and adjust their portfolio of

assets. In this market labor and goods markets are frictionless and everyone acts as price-

takers. Transactions can be completed without a need for a medium of exchange. This

assumption, that money is not necessary for consuming in the FM, means in�ation does not

have a direct impact on FM consumption and it will be key in understanding some of our

12The �rst stage of this regression has an R2 of 0:36:
13This assumption is critical in two aspects. First, it rules out government revenues from foreign trade,

external borrowing or foreign aid. Second, it rules out �dollarization�where if the in�ation rate becomes
too high agents in the economy can start using an alternative currency.
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quantitative results below.

In the informal market (IM), measure 1 of households would like to purchase goods and

measure � of households are able to produce goods. We label these households as buyers

and sellers, respectively. The buyers and sellers are randomly matched in the IM where

it is possible for some households to be unmatched. Once a buyer-seller pair successfully

matches, they bargain over the terms of trade and the buyer pays d units of money for q units

of the good. This transaction occurs outside the purview of the government and therefore

the proceeds are not taxed. We assume that buyers in this market are anonymous and

therefore contracts are not enforceable. As a result the sellers demand a quid pro quo and

the buyers bring money into the IM to pay for their purchases. After the IM is complete, the

buyers consume the goods they purchased in the two markets where we assume the goods

are Edgeworth substitutes.

The buyers participate in the IM at no cost. The sellers, on the other hand, face possible

audits from the government. Speci�cally, with probability �; the seller will be audited and

if found evading taxes the government imposes a utility cost of P. This scheme resembles
the one used in Bassetto and Phelan (2008) and is a �wasteful�punishment in that no one

gains from it.14 The sellers choose whether or not they want to enter the IM understanding

the audit structure. In equilibrium, due to free entry, the marginal seller will be indi¤erent

between entering and not entering, taking into account the ex-ante cost of entering, which is

�P and the actions of other sellers which determine the probability of him �nding a buyer.

We denote � � �P and in what follows, we formulate sellers problem with � denoting the

(certain) cost of entering the IM for a particular period. The measure of sellers that pay this

cost and enter the IM is denoted by n where n 2 (0;�) :15 We interpret � as the di¢ culty of
evading or avoiding taxes, or quite generally as the rule of law, which is our preferred measure

of institutions. The two components of �; probability of a tax audit and the punishment for

evading taxes, can easily be linked to the institutions of the country.

The government�s objective is to �nance a constant amount of government expenditures,

denoted by G, using revenues from income taxes in the FM, seigniorage and a one-period

nominal bond. The government conducts all its activities in the FM and its budget constraint

14One can consider a number of alternative ways of punishment. One way would be to impose a cost in
terms of goods, instead of utility as we do here. In this case, however, the government can in principle use
the proceeds to pay for its expenditures. This would raise the possibility to use audits to raise revenue which
we choose to avoid.

15As a technical point, in our quantitative work, we pick a � where n < � always holds. The determination
of n depends on a free-entry condition for which this restriction is key.
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is given by

Mt+1 +Bt+1 + � tptwtHt =Mt +Rt�1Bt + ptG (1)

whereM and B denote the money and bond stocks of the government, � is the labor income

tax rate, w is the wage rate, H is the aggregate labor supply, p is the price level and Rt is

the nominal return of the bond issued in period t: We assume that bonds are book entries

with no tangible proof that can be carried in to the IM. This assumption guarantees that

money is the only possible asset that can be used as a medium of exchange in the IM.

In principle there are three sets of variables related to the government that one can con-

sider endogenizing: taxation and monetary policy, expenditures and tax audits. In this paper

we choose to endogenize only the policies. In principle one can make G a choice variable of
the government (or a planner) and let it depend on the (remaining) two exogenous variables:

productivity and institutions. A simple regression shows that the latter two variables have

relatively low explanatory power for the former. As such while it is a worthwhile idea, the

exogenous variation in our model would not provide a good explanation of cross-country vari-

ation in government expenditures. Turning to � (or � and/or P) as an endogenous variable,
it is not straightforward to model the exogenous variation that would cause � to di¤er across

countries without, perhaps, using a political-economy model, bringing in di¤erent exogenous

variables. As a result, while we believe that there is a causal link between institutions and

expected punishment from tax audits, we do not model it explicitly.

Since all buyers participate in the IM, the number of successful matches are given by the

matching function � (n) with 0 � � (n) � min fn; 1g : Accordingly, the probability that a
buyer can �nd a seller is given by �b � � (n) and the probability that a seller can �nd a buyer
is given by �s � � (n) =n where �b and �s are taken as given by the agents. Households

have utility function u (q; x) where x denotes the quantity of FM consumption. We make

standard assumptions on the utility function uq; ux > 0 and uqq; uxx < 0 and as mentioned

above we assume uqx < 0; which makes q and x Edgeworth substitutes.16 The sellers operate

a constant-returns-to-scale (CRS) production function in the IM given by q = Se where

e denotes the sellers e¤ort in the IM and S is labor productivity which is common across

markets. In the FM, a neoclassical �rm operates the same CRS production function Y = SH

where H is the labor they hire in a competitive market and pays pre-tax real wages w = S:

16The latter is necessary for technical reasons. As Aruoba and Wright (2003) show for the model in Lagos
and Wright (2005), which immediately applies to the model here as well, without such an assumption a
dichotomy would prevail where the IM and FM variables do not interact. From a more substantive point of
view, this assumption makes it clear that the goods sold in the two markets are similar goods.
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Households have linear disutility in the FM and IM markets.17 Given the linear disutility in

e; we can express the utility cost of production for a seller in the IM as c (q) = q=S.

In what follows, we �rst describe the optimization problems of the buyers and the sellers

in the two markets and arrive at the equilibrium which takes government policies � and R

as given. We then turn to the Ramsey problem in order to endogenize the decisions of the

government.

3.1 Formal Market

We use superscripts for variables to denote the type of the agent it belongs to, where B,

P and N denote buyers and participating sellers and non-participating sellers, respectively.

Using WB (:) to denote the value of entering the FM and V B (:) the value of entering the

IM, a buyer that enters the FM faces the problem

WB( ~mt;~bt) = max
xBt ;h

B
t ;m

B
t ;b

B
t+1

�
�AhBt + V B(mB

t ; x
B
t ; b

B
t+1)
	

(2)

subject to

Ptx
B
t = PtS (1� � t)hBt + ~mt �mB

t +Rt�1
~bt � bBt+1 (3)

mB
t � 0 (4)

where he chooses purchases of the FM good, his labor supply and his money and bond

holdings. He experiences a disutility AhBt where A > 0 is a parameter. He then continues

to the next IM with his purchases and his money holdings. The �rst order conditions of this

problem are given by

A

S (1� � t)
= V Bx (m

B
t ; x

B
t ; b

B
t+1) (5)

��t + V Bm (mB
t ; b

B
t+1) � 0, = 0 if mB

t > 0 (6)

�t = V Bb (m
B
t ; x

B
t ; b

B
t+1) (7)

17The assumption that the utility function in the FM features some linearity, in our case in the disutility
of labor, is key for tractability of our model. This issue is discussed in detail in Lagos and Wright (2005).
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where �t denotes the shadow value of money or simply the multiplier on (3) and is given by

�t =
A

Pt (1� � t)S
(8)

We also observe that the value function is linear in its arguments with slopes given by

WB
m ( ~mt;~bt) = �t (9)

WB
b ( ~mt;~bt) = �tRt�1 (10)

As Lagos and Wright (2005) argue in detail, (6) show that the money demand of buyers

does not depend on their money holdings as they entered the present FM, ~mt; and if V Bm (:)

is strictly monotonic, then it can be uniquely determined. This is simply a result of the

linearity of the disutility of labor.

The problem of a seller who enters the FM with ~mt units of money is

W S( ~mt;~bt) = max

8><>:
max

xPt ;h
P
t ;m

P
t ;b

P
t+1

u(0; xPt )� AhPt + V S(mP
t ; b

P
t+1)� �;

max
xNt ;h

N
t ;m

N
t ;b

N
t+1

u(0; xNt )� AhNt + �W S(mN
t ; b

N
t+1)

9>=>; (11)

where they choose between participating in the following IM and continuing to the FM next

period and both problems are subject to

Ptx
i
t = PtS (1� � t)hit + ~mt �mi

t +Rt�1
~bt � bit+1 (12)

mi
t � 0 (13)

for i = P;N: As discussed above � is our measure of institutions in this model and represents

the expected punishment for evading taxes. Note that the value function for the sellers is

also linear in its arguments with the slopes given by (9) and (10).

The �rst order conditions for a seller who chooses to participate are

ux
�
0; xPt

�
=

A

S (1� � t)
(14)

��t + V Pm (mP
t ) � 0, = 0 if mP

t > 0 (15)

�t = V Bb (m
P
t ; b

P
t+1) (16)
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where �t is as de�ned in (8) and a non-participant seller�s �rst order conditions are

ux
�
0; xNt

�
=

A

S (1� � t)
(17)

��t + ��t+1 � 0, = 0 if mN
t > 0 (18)

�t = ��t+1Rt (19)

where we used (9) and (10).

We assume that there is free entry to the IM by sellers (after paying the cost �) and this

implies the free-entry condition

u(0; xPt )� AhPt + V S(mP
t ; b

P
t+1)� � = u(0; xNt )� AhNt + �W S(mN

t ; b
N
t+1) (20)

We need to obtain expressions for the IM value functions and envelope conditions to

characterize the optimal choices for households, which we turn to next.

3.2 Informal Market

The value function for a buyer entering the IM is given by

V B(mB
t ; x

B
t ; b

B
t+1) = �b

�
u(qBt ; x

B
t ) + �W

B(mB
t � dBt ; bBt+1)

�
+(1� �b)

�
u
�
0; xBt

�
+ �WB(mB

t ; b
B
t+1)
�

= �b
�
u(qBt ; x

B
t )� u

�
0; xBt

�
� �dBt �t+1

�
(21)

+u
�
0; xBt

�
+ �WB(mB

t ; b
B
t+1)

where
�
qBt ; d

B
t

�
denotes the terms of trade the buyer faces and we used the linearity of the

FM value function from (9). The �rst term shows that in the event the buyer is able to

match with a seller, he purchases qBt units of the IM good, enjoys the utility of consuming

this good together with the goods he bought in the FM and exits the market with dBt less

money. The second term shows that if he cannot meet a seller he simply consumes his FM

goods and proceeds to the next FM.

Similarly, the value function for a participating seller entering the IM is

V S(mP
t ; b

P
t+1) = �s

�
�c(qSt ; S) + �W S

�
mS
t + d

S
t ; b

P
t+1

��
+ (1� �s) �W S

�
mS
t ; b

P
t+1

�
= �s

�
�c(qSt ; S) + �dSt �t+1

�
+ �W s

�
mS
t ; b

P
t+1

�
(22)
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where
�
qSt ; d

S
t

�
denote the terms of trade the seller faces and linearity of the FM value

function simpli�es the expression. The �rst term shows the payo¤ to the seller when he

meets a buyer, in which case he incurs a utility cost but acquires more money to spend in

the next FM and the second term shows that if he is not able to meet a buyer, he moves on

to the next FM.

The terms of trade in the IM are determined via proportional bargaining where the buyer

receives � of the surplus and the seller receives 1 � � of it. This bargaining protocol has a
number of virtues over, say generalized Nash bargaining which are described in detail in

Aruoba, Rocheteau and Waller (2007).18 The outcome of the bargaining will be d = mB
t ;

that is the buyer spends all his money and that qt solves

u(qt; x
B
t )� u

�
0; xBt

�
� �mB

t �t+1
�c(qt; S) + �mB

t �t+1
=

�

1� � (23)

where the numerator on the left hand side is the surplus of the buyer as shown in (21) and

the denominator is the surplus of the seller from (22). This expression simpli�es to

�mB
t �t+1 = g

�
q; xBt ; S

�
(24)

where g (:) is a combination of some primitive utility functions

g
�
qt; x

B
t ; S

�
� �c(qt; S) + (1� �)

�
u(qt; x

B
t )� u

�
0; xBt

��
(25)

With the IM problem laid out, we are now ready to derive the relevant envelope condi-

tions. For the buyers we get

V Bx (m
B
t ; x

b
t ; b

B
t+1) = �bux(q

B
t ; x

B
t ) + (1� �b)ux

�
0; xBt

�
(26)

V Bm (m
B
t ; x

b
t ; b

B
t+1) = �b

�
��t+1

uq(q
B
t ; x

B
t )

gq (qt; xBt ; S)
� ��t+1

�
+ ��t+1 (27)

V Bb (m
B
t ; x

b
t ; b

B
t+1) = �WB

b (m
B
t ; bt+1) = ��t+1Rt (28)

18The key advantage of using proportional bargaining over Nash bargaining is that the former has strong
monotonicity as one of its properties, which means the payo¤ of the buyer strictly increases as he brings
more money in to the FM. In our Ramsey problem, as Aruoba and Chugh (2010) show in a related problem,
with � su¢ ciently away from unity, optimal policy becomes the Friedman rule since the Ramsey planner tries
to �x the ine¢ ciency caused by the non-monotonicity of the Nash solution. In contrast, with proportional
bargaining, the Friedman rule is never optimal for any �: Given that our quantitative exercises feature
positive interest rates, using proportional bargaining is a better alternative.
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where in the last expression we used (10).19 For participating sellers we get

V Sm(m
P
t ; b

P
t+1) = ��t+1 (29)

V Sb (m
P
t ; b

P
t+1) = �W S

b (m
P
t ; b

P
t+1) = ��t+1Rt (30)

3.3 Household Optimality

Putting together everything we obtained so far, we can summarize our results with the

following proposition.

Proposition 1 Optimality for the households entails the following:

a. Participating or nonparticipating sellers will choose not to hold any money and buyers

will hold money, i.e. mB
t > m

P
t = m

N
t = 0: We denote the money holdings of buyers

with mt:

� b. All households will hold the same quantity of bonds, which we denote by bt:

c. Participating and non-participating sellers choose the same level of consumption

in the FM which we denote by xSt :

d. Given the heterogeneity in the experiences of households in the previous IM, there

will be 4 types of households in a given FM: matched/unmatched buyers and

matched/unmatched sellers. These households will have di¤erent levels of money

holdings as they enter the FM and this will be re�ected in their labor supply.

e. Free-entry condition is given by

�s
�
�c(qt) + g

�
qt; x

B
t ; S

��
= � (31)

where qt follows from the bargaining problem.

Proof. See Appendix B.1.

19Note that in (27) the period t IM terms are multiplied by �t+1 because sellers cannot use the money
they acquire in this IM until the FM in t + 1 and the outside option of buyers (relevant in the bargaining
problem) is using the money in the t+ 1 FM. The bargaining outcome re�ects these.
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3.4 Equilibrium

Combining everything obtained so far, usingMt and Bt to denote aggregate money and bond

holdings and de�ning �t+1 � pt+1=pt and Mt � Mt=pt and Bt � Bt+1=pt, we can de�ne a

monetary equilibrium.

Proposition 2 Given Rt � 1 and � t; a monetary equilibrium is a list of sequences�
xBt ; x

S
t ; Ht;Bt;Mt; nt; qt; �t

	
that satisfy

ux(0; x
S
t ) =

A

S (1� � t)
(32)

� (nt)ux(qt; x
B
t ) + [1� � (nt)]ux

�
0; xBt

�
=

A

S (1� � t)
(33)

ux(0; x
S
t ) =

�Rt
�t+1

ux(0; x
S
t+1) (34)

1 =
�

�t+1

�
� (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�
+ 1

�
(35)

A�Mt

S (1� � t)�t+1
= g

�
qt; x

B
t ; S

�
(36)

� (nt)
�
�c(qt) + g

�
qt; x

B
t ; S

��
= �nt (37)

Mt + Bt + � tSHt =
Mt�1 +Rt�1Bt�1

�t
+ G (38)

SHt = x
B
t + �x

S
t + G (39)

Proof. See the Appendix.

3.5 Ramsey Problem

Having de�ned the equilibrium, which takes the policies of the government (R; �) as given,

we now turn to endogenizing these policies. We do so using the basic idea in Ramsey�s (1927)

original work, as further developed by Lucas and Stokey (1983) and Chari, Christiano and

Kehoe (1991). The treatment of this problem is similar to that in Aruoba and Chugh (2010).

We consider the problem of a benevolent planner, the Ramsey planner, who seeks to pick

the least distorting policies (R; �) in order to �nance the given government expenditures

G: We assume that the Ramsey planner is able to commit to these policies. Mechanically,
the Ramsey problem then is to �nd policies that maximize social welfare in the resulting

equilibrium. The proposition below summarizes the Ramsey problem which is stated in
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Lucas and Stokey�s (1983) primal form.

Proposition 3 The Ramsey planner�s problem is to choose allocations
�
xBt ; x

S
t ; qt; nt; Ht

	
given by the objective function

1X
t=0

�t
�
� (nt)

�
u
�
qt; x

B
t

�
� c (qt; S)

�
� nt�+ [1� � (nt)]u

�
0; xBt

�
+ �u

�
0; xSt

�
� AHt

	
(40)

maximized subject to the Present-Value Implementability Constraint (PVIC)

1X
t=0

�t
�
ux(0; x

S
t )
�
xBt + �x

S
t

�
� AHt + � (nt) g

�
qt; x

B
t ; S

� � uq(qt; x
B
t )

gq (qt; xBt ; S)
� 1
��

= A0 (multiplier �)

(41)

where A0 � ux(0; xS0 ) [R�1B�1=�0 +M�1=�0] ; the resource constraint (RC)

SHt = x
B
t + �x

S
t + G (multiplier �) (42)

uniform-tax condition (UT)

� (nt)ux(qt; x
B
t ) + [1� � (nt)]ux

�
0; xBt

�
= ux

�
0; xSt

�
(multiplier �) (43)

the free-entry condition (FE)

� (nt)
�
�c(qt; S) + g

�
qt; x

B
t ; S

��
= �nt (multiplier �) (44)

and the zero-lower-bound condition (ZLB) to ensure the existence of monetary equilibrium

in the form of

� (nt)
�
uq(qt; x

B
t )� gq

�
qt; x

B
t ; S

��
� 0 (multiplier �) (45)

given B�1 andM�1:

This problem yields allocations
�
xBt ; x

S
t ; qt; nt; Ht

	
that are associated with the optimal

policies which in turn can be obtained using

� t = 1� A

Sux(0; xSt )
(46)

Rt = � (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�
+ 1 (47)
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Proof. See Appendix B.3

The PVIC is a compact way of summarizing the equilibrium conditions that the Ramsey

planner is subject to. Typically, the PVIC and the RC fully summarize the said conditions

but in this problem we need three more conditions. First, as is standard in any monetary

version of the problem, we need to make sure that the interest rate implied by the choices

of the Ramsey planner is non-negative, which is necessary for the existence of monetary

equilibrium. This leads to the ZLB constraint. Second, the choice of the Ramsey planner

as to the number of participating buyers should be consistent with the free-entry condition,

which is guaranteed by FE. Finally, the Ramsey planner is forced to impose a uniform income

tax on the buyers and sellers, and due to the di¤erences in marginal utility of consumption

created by the non-separability of the utility function, this necessitates imposing UT. This

assumption is natural since the government cannot monitor trades in the IM and therefore

cannot condition taxes on the trade status in the IM.

In solving this problem, we assume that R�1B�1 +M�1 = 0; which means that the

government does not have any net liabilities at time �1: This directly implies A0 = 0 in the
PVIC. I what follows we use the following shorthands

uM � u
�
q; xB

�
; uU � u

�
0; xB

�
; uS � u

�
0; xS

�
(48)

drop all arguments of remaining functions and after solving the Ramsey problem we impose

steady state.

Proposition 4 The solution to the Ramsey problem that characterizes the optimal alloca-

tions and policies
�
q; xS; xB; n;H; �; �; �; �; � ; R

�
is given by

� (n)uMx + [1� � (n)]uNx + �uSx + �� (n)
"
gx

 
uMq
gq
� 1
!
+
g

g2q

�
uMqxgq � uMq gqx

�#
(49)

�(1 + �)A
S

+ �
�
� (n)uMxx + [1� � (n)]uUxx

	
+ �� (n) gx + �� (n)

�
uMqx � gqx

�
= 0

(1 + �)

�
uSx �

A

S

�
+ uSxx

�
�xS � �

�

�
= 0 (50)

(1 + �)uMq � (1 + �) cq + (� � �) gq + �
g

g2q

�
uMqqgq � uMq gqq

�
+ �uMxq + �

�
uMqq � gqq

�
= 0 (51)

uM�uU�(1 + �) c+g
"
�

 
uMq
gq
� 1
!
+ �

#
+�
�
uMx � uUx

�
+�
�
uMq � gq

�
�� (1 + �)

�0 (n)
= 0 (52)
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uSx
�
xB + �xS

�
� AH + � (n) g

 
uMq
gq
� 1
!
= 0 (53)

SH = xB + �xS + G (54)

� (n)uMx + [1� � (n)]uUx = uSx (55)

� (n) (g � c)� �n = 0 (56)

�� (n)
�
uMq � gq

�
= 0 (57)

along with (46) and (47).

Proof. See Appendix B.4.

4 Quantitative Exercises

We now turn to exploring the success of our model in matching the �ve facts we identi�ed

in Section 2. We do this numerically, calibrating the model to the U.S. economy, since the

model does not yield unambiguous analytical results and we impose some discipline using

appropriate calibration targets. To reiterate, we have three sources of exogenous variation

across countries: their institutions (�), labor productivity (S) and government spending (G).
After calibrating the model, our main goal will be to compare the implied policies and extent

of informal activity from the data with their model counterparts where the countries will be

identical except for these three sources of exogenous variation.

4.1 Functional Forms and Calibration

We assume that buyers and sellers in the IM are matched via the urn-ball matching function

given by

� (n) = n

�
1� exp

�
� 1
n

��
(58)

This matching function, which has the standard constant returns to scale property, is used

in labor-search models. It is obtained from the microfoundations where each buyer �applies�

to a seller with equal probability and the probability of a given seller not �nding a match is

exp (�1=n).20 We assume that households have constant-relative-risk-aversion utility over a

20Rogerson, Shimer and Wright (2005), page 974 provides more details.

22



composite good Q

U (q; x) =

8<:
Q (q; x)1��

1� � if � 6= 1

log [Q (q; x)] if � = 1
(59)

where the composite good Q is given by the constant-elasticity-of-substitution function

Q (q; x) =

8><>:
f
 [(q + b)" � b"] + x"g1=" if " 6= 0�

q + b

b

�

x if " = 0

(60)

In this speci�cation b > 0 is a small number to make sure U (0; x) is well-de�ned, 
 determines

the relative weights of IM and FM goods and " determines the elasticity of substitution.21

Note that in order to preserve Edgeworth-substitutes property of the utility function, we

need " > 1 � �: 22 Also note that with " = 0 and � = 1 we get U (q;X) = 
 log (q + b) �

 log b+ log (X) which is as closely we can nest the original setup in Rocheteau and Wright

(2005). Finally, we assume total government spending, which we denoted by G above, is a
�xed fraction of total FM output

G = GY (61)

where G is a parameter.

The underlying assumption in our numerical exercise is that every country in the world

is populated by people with identical preferences. Assuming otherwise would imply that

at least a part of the cross-country di¤erences in informal activity and policies are due to

di¤erent preferences. We pick the United States as our benchmark country for calibration.

We set � = 0:956 based on the real return for Aaa-rated corporate bonds in the U.S . We

�x � = 0:5 (egalitarian bargaining where the surplus of the match in the IM is split equally

between buyers and sellers), " = 0:5; � = 1 and b = 0:0001: We use � = 4; which is large

enough that in all our experiments n < � is satis�ed.

This leaves �ve objects to be calibrated: the three exogenous variables � institutions

(�US), labor productivity (SUS) and share of government spending in GDP (GUS) �and two

parameters A and 
; which we jointly calibrate. The size of the informal sector relative to the

formal sector is a key variable we compute for the calibration and veri�cation of the model.

21When b = 0; the threat points of the buyers may become unde�ned when, for example, " = 0: For the
relevant part of the domain, when q > 0; this utility function is virtually identical to the standard one where
b = 0:

22To see this, note that uq = 
Q1�"��q"�1 and uqx = (1� "� �) 
q"�1Q1�2"��x"�1 which is negative if
1� "� � < 0:
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This measure, which we denote by R, is computed the same way the measure in Schneider
(2004) is computed but, naturally, our measure embodies the structure of our model. It is

de�ned as

R � � (n)M
Y

(62)

where � (n) is the measure of matches in the IM,M is the real quantity of money spent in

each of these trades and Y is the output in the FM.

We use the following calibration targets

Y = 1; H = 0:3 (63)

G = 0:21 (64)

R = 0:086 (65)

� = 2:35% (66)

where (63) are normalizations that pin down the level of labor productivity SUS and the

parameter A and (64) imposes the observation from the U.S. data that government spending

was 21% of GDP in the calibration period. (65) imposes the size of the informal sector

as Schneider (2004) measures for the U.S. and (66) uses the measured in�ation rate for

the U.S. in our sample. The latter two targets help determine the utility parameter 


and the level of institutions for the U.S., �US:23 As a result, the parameters (A; 
) are

calibrated as (15:98; 0:31) and the exogenous variables for the U.S. are
�
�US; SUS; GUS

�
=

(0:38; 3:33; 0:21) : To put the value of �US in perspective, the expected punishment of tax

evasion is equivalent to the utility cost of losing about 40% of money balances. This is of

course quite high in order to achieve the low value of R for the U.S.

4.2 Main Results

We now turn to the main cross-country exercise where we vary the three exogenous variables

across countries, keeping the parameters at the values calibrated for the U.S. To that end, we

use the mapping summarized in (49)-(57) where the exogenous variables (�; S;G) are mapped

in to the endogenous variables
�
q; n; xS; xB; H;R; � ;multipliers

�
along with the de�nition of

23Note that the income tax rate � is not targeted in this calibration and comes out to be 19:7%: This
number is smaller than the one for average tax rate in our data, 27%; but fairly close to the ratio of tax
revenues to GDP, 20:5%: Given that � can be interpreted as both measures in our model, we �nd this aspect
of the calibration satisfactory.
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R in (62).

In order to �rst qualitatively show that our model is able to capture the key facts we

document, we trace the e¤ects of changing �; holding everything else constant, in essence

taking a partial derivative. This is important because our main hypothesis is that the facts

we summarized in Section 2 are caused by changes in institutions. The results are reported

in Figure 2. As the rule of law increases, the sellers �nd it less pro�table to enter the IM and

the measure of participating sellers (not shown) declines. Since expected consumption in the

IM for a buyer falls, his consumption in the FM increases, increasing measured output (not

shown). As buyers are moving away from IM consumption, the government reduces in�ation

since there is no need to �tax�money holdings as much as before and in order to make up

for the lost revenue, it increases FM income taxes. The three panels in this �gure show that

this model is able to account for Facts 1, 2 and 3 by exogenous variations in institutions since

in�ation goes down, taxes go up and informal activity goes down as institutions improve.

Moreover, since in�ation and informal activity react in the same direction to a change in

institutions, and taxes and informal activity react in opposite directions, Facts 4 and 5 can

also be qualitatively accounted for.

Next we conduct a cross-country calibration exercise where we vary institutions and other

exogenous variables across countries and investigate whether (a) our model can generate

similar quantitative outcomes for government policies and size of the informal sector to

those observed in the data and (b) our model can deliver similar correlations when we focus

on the �ve facts summarized in Section 2. We need to set the values for three exogenous

variables for each country: rule of law (�i); share of government expenditures in output (Gi)

and labor productivity (Si) where the i superscript denotes a country-speci�c value.

The measure of output per worker relative to the U.S. (RLP i) from Penn World Tables

provide a way to set Si using

Si = SUS �RLP i (67)

We have direct measures of Gi from our dataset. Finally, since the Rule of Law measure we

use from Governance Matters is in an arbitrary scale, we use a simple linear transformation

to convert its values into �i:24

For each of the 118 countries in our sample, we solve for the Ramsey equilibrium using

24The exact details of this transformation is inconsequential for our results. We use �i =�
ROLi + 2

�
(�US=3:72) where ROLi is Rule of Law. This transformation creates a �i variable in the range

[0:05; 0:42] which contains the value for the U.S. and includes su¢ cient variation.
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the common parameters and calibrated exogenous country-speci�c variables. Figure 3 plots

four key variables obtained from the model versus their data counterparts: in�ation, taxes,

the size of the informal sector and measured (formal) output. As we explained before, our

model does not distinguish between income tax rate and tax revenues of the government

as a fraction of GDP and we report results for both measures. Each panel is set up such

that clusters below (above) the 45 degree line indicate that our model produces smaller

(larger) numbers than those in the data. Focusing �rst on the correlations, we see that

with the possible exception of in�ation, which shows a correlation of 0:36, our model is

able to generate similar cross-country variations in these four variables as in the data, given

the limited exogenous variation we had in our quantitative exercise.25 Even though the

income tax rates was not targeted neither in our U.S. calibration nor in the cross-country

exercise, we see that our model delivers remarkably similar numbers to those in the data,

albeit slightly smaller.26 We also report the fraction of the cross-country dispersion in each

variable (calculated as the coe¢ cient of variation) explained by our model. Our model can

explain half of the cross-country variation in in�ation and it generates a slightly larger cross-

country variation in taxes than in the data. About two thirds of the variation in informal

activity and virtually all of the variation in output can be explained by our model. Overall,

we conclude that our quantitative exercise is successful in capturing the essence of the cross-

country di¤erences in these variables. Comparing levels, however, we see that our model

generates on average too much in�ation, to little income taxes (relative to tax rates) and too

small informal sectors, relative to the data. We turn to the possible reason behind this result

in Section 4.3 but we do not think our models failure to match levels is a major obstacle to

our main goal of explaining cross-country variations in policies and informal activity.

The main test of our hypothesis that cross-country di¤erences in institutions can explain

di¤erences in policies and extent of informal activity observed in the data is provided in

Table 4. The table has three panels. The �rst two panels show the correlations and the

explained variation for the �ve key variables as reported in Figure 3. The last panel show

the correlations underlying our �ve facts as computed from the model-generated data. For

25Our measure of informal activity is also strongly correlated with all of the three alternatives in the data
(not reported) and with a correlation coe¢ cient of 0:76, it is even more strongly correlated with the World
Economic Forum measure of informal activity.

26Since we have only 34 countries with tax data, all the subsequent results using tax rates will have a
signi�cantly smaller subsample relative to other results. To remedy that we also report results using tax
revenues. However, even though our model does not distinguish between the two, the measure of tax rates
is more appropriate to use for our analysis.
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Facts 2 and 5, which are related to taxes, we report two sets of numbers; (a) refers to those

computed using tax rates and (b) refers to those computed using tax revenues. We report

results for �ve assumptions regarding exogenous variable as we now explain. First, our

benchmark results with all three exogenous variables changing across countries show that

the model-generated data replicates the correlations we reported in Section 2. That is, in

addition to generating a large fraction of the cross-country variation in policies and informal

activity, as we discussed above, our model can also generate the �ve key facts related to

these variables. We should note that for Fact 1, the model delivers a somewhat stronger

relationship than what is in the data, possibly indicating that there are other reasons (other

than the three exogenous variables we consider) why in�ation rates di¤er across countries.27

Second, we show the results from the cross-country exercise, where the level of institutions

is kept �xed at its U.S. value, while the other two exogenous variable vary across countries.

Focusing on the correlation in panel (a) we see that the model fails in generating in�ation and

informal activity in line with the actual data, while taxes and output are equally good as the

benchmark results. As a result of the former �nding, panel (c) shows that the model cannot

match Facts 1 and 4 which now show opposite signs of the benchmark results. Third, we

shut down all exogenous variation except for institutions to evaluate the quantitative success

of considering only institutions, analogous to the qualitative exercise we conducted in Figure

2. We �nd that the model with only institutions is able to generate similar variations in

in�ation and size of the informal sector, somewhat less for taxes and fails completely for

output. The correlations in panel (c) get the signs of the correlations right, failing to match

the magnitudes completely. Fourth, to investigate the e¤ect of labor productivity, we set

the labor productivity of all countries equal to the value for the U.S. The model is equally

successful in matching the data in all aspects as with all three exogenous variables with the

clear exception of output. Finally, we turn o¤ both labor productivity and institutions to

investigate the contribution of government spending. The model fails to generate in�ation

and output and to some degree the extent of informal activity in line with the data while

delivering almost identical taxes to the full model. Accordingly, it shows wrong signs for

Facts 1 and 4.

To sum up, we conclude that exogenous variations in institutions is key for understanding

both the cross-country variations in government policies, especially in�ation, and size of the

27This is also evident in Table 2 where the R2 of the simple regression in column (2) that explains in�ation
using the three exogenous variables is only 0:20:
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informal activity as well as the �ve facts we documented in Section 2, while variations in

labor productivity is, perhaps not surprisingly, key for cross-country variations in output.

The size of the government also plays a key role in understanding cross-country variations

in taxes.

4.3 Discussion and Variations

Having established our main result, we now turn to exploring the performance of the model

in two aspects. First, we consider various subsamples of the 118 countries we used in the

exercise above. Next we consider a version of the model where policies are exogenously given

and assess the relative success of the model in matching Facts 3, 4 and 5. Naturally by

construction, this version of the model is silent in the cross-country dispersion of policies as

well as Facts 1 and 2.

Table 5 reports results for various subsamples of countries with all three exogenous vari-

ables changing across countries.28 First, we consider only the countries whose institutions

(as measured by Rule of Law) is in the lowest quintile. The model-generated size of the

informal sector is essentially uncorrelated with that in the data and the correlation for in�a-

tion is weak. As a result, the model is unable to match Facts 2, 4 and 5. Next we consider

countries whose outputs are less than 20% of that of the U.S., which is fairly large sample of

66 countries. The correlation of actual and model-based in�ation is about half and that of

the size of the informal sector is less than a third of the full sample of countries. There are

only four countries in this set of countries for which we have tax data and the model fails

to match their tax rates. The correlations in panel (c) are either much weaker than their

counterparts in the full sample or, as in the case of Fact 4, has the wrong sign. The failure of

our model for low-institutions countries can be explained by increased di¢ culty in enforcing

tax laws and the fact that tax evasion is too �cheap�, much more so than implied by our

model. Similarly, for low output countries, our implicit assumption of having perfect credit

markets in the FM may be violated and this may create a divergence between our model and

the data. In contrast, when we focus on the set of countries whose institutions are in the

second or higher quintiles and their outputs are at least 20% of that of the U.S., a sample of

49 countries, the results are fairly similar, if not stronger for some statistics, to those in the

full sample. These results show that our model, along with all the assumptions we made, fail

28In this table we recompute all the data-based correlations for each fact as we change samples since for
some subsamples the signs of the correlations and/or their strengths change.
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for the poor and/or low-institution countries and its successes in the full sample are mainly

driven by the remaining countries.

In Table 6 we slice countries along the �freedom�margin. We use the ratings by Freedom

House for the year 2003 who identify �Free�and �Not Free�countries. Restricting our sample

to the former group, we see that the results are virtually identical to those we obtained in

the full sample. When we focus on the latter group instead, the �t between the data and

the signi�cantly weaken, and the sign of the correlation for Fact 4 is reversed. It is also

interesting to note that the Facts 2 and Fact 5 are no longer valid in this set of countries

and as such the fact that the model delivers signs similar to the ones stated in these facts

become counterfactual. Intuitively, this failure of our model is a clear indication that the

assumption of a benevolent optimizing government choosing policies is not appropriate for

these countries.

All in all, we �nd that our model is the most successful for countries that have su¢ ciently

good institutions, are not very poor and are not governed by repressive or authoritarian

governments (as inferred by the �not free� ranking in the Freedom House rankings). We

consider it a success that our model is able to generate results in line with the data for

these countries while it generates one or more counterfactual results for countries outside

this group, for which many other considerations, including the political-economy ones we

summarized in the Introduction, may be much more important.

As an alternative and as a number of papers cited in the Introduction also do, we consider

the version of our model where policies are exogenously given. Note that by doing that we

can no longer talk about the sources of variation in government policies. For this exercise,

we use the mapping summarized in (32)-(39) where the exogenous variables (� ; �; �; S;G)

are mapped in to the endogenous variables
�
q; n; xS; xB; H;B;M; R

�
and R follows from

(62). An analysis analogous to that in Figure 2 (not shown) reveal that the each of the �ve

exogenous variables have di¤erent e¤ects on the size of the informal sector. For example, as

in�ation goes up or as institutions get better (or the expected punishment for tax evasion

increases), informal activity becomes less attractive, reducing R. On the other hand an
increase in taxes induce more people to go to the informal sector, increasing R. At this
point one may be lead to think that this model cannot match Facts 4 and 5 since higher

in�ation (taxes) leads to less (more) informal activity. However the simple correlations that

we used in deriving the facts in Section 2 do not control for any exogenous variation. As

such, in order assess the success of the model with exogenous policies, we conduct a similar
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cross-country exercise to the one we conducted for the full model where we vary all �ve of

the exogenous variables simultaneously across countries. Since we need tax data to do this

exercise, in order to have larger sample, we consider the countries that have tax revenue

data.29 Repeating this exercise with the smaller set of 34 countries that have tax rate data

yields similar results. Table 7 reports the results of this exercise. To re-emphasize, since

policies are exogenous, we only report results for the size of the informal sector and output

and Facts 3, 4 and 5. We should also note that our full model with endogenous policies is

successful in matching the observed policies for this set of countries as Table 7 also shows.

All in all, the size of the informal sector that this version of the model delivers is very close to

the one delivered by the version where policies are endogenous. This version is also successful

in matching Facts 3, 4 and 5, perhaps more successful for Fact 5. This leads us to conclude

that for the purposes of investigating the e¤ect of policies on the informal sector using a

model with exogenous policies may su¢ ce. Nevertheless, we think it is of great interest to

explain why governments choose di¤erent policies in the �rst place and the exercise in the

previous section is very valuable to that end.

Before we conclude let us turn to why our model fails to match the levels of government

policies and extent of informal activity, all of which are related. They are the immediate

result of our assumption that in�ation has no direct impact on FM activity, or more speci�-

cally our assumption that transactions in the FM do not require a medium of exchange. This

is not a good approximation and formal sector purchases also use money to some (varying)

extent in many countries. This assumption will be especially critical in countries where

many consumers are hand-to-mouth consumers with no ability to save or without access to

credit and most transactions, even in the FM, are cash-based. If one were to model this,

FM consumption would also fall as in�ation increases, adding to the cost of in�ation. In our

model, then, the Ramsey planner does not realize the cost of in�ation on welfare through the

FM and as a result chooses a level of in�ation that is higher than in the data. Since in�ation

is too high (relative to data), informal activity is discouraged too much in the model. This

also means the income tax rate is too low since su¢ cient revenue is raised through seignior-

age. In the context of our model, we can �x this problem by, for example, splitting the FM

into two parts: one where money is essential, just as it is in the IM, and one where it is

not. We believe doing so, and using a measure of velocity of money in our calibrations for

29Of the 97 countries, we were not able to �nd a solution for 7 of them. The results reported in Table 7
are calculated using the remaining 90 countries.
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each country, would bring the levels of these three key variables closer to those in the data

without a¤ecting the cross-country variations and correlations and as such we don�t pursue

this here.

5 Conclusion

We present �ve key facts using a data set of 118 countries regarding informal activity, govern-

ment policies and institutions. In addition to documenting that there is signi�cant variation

across countries in these dimensions, we identify �ve regularities. Good institutions are as-

sociated with lower in�ation, higher taxes and smaller informal sectors. As a result, lower

taxes and higher in�ation are associated with larger informal sectors. We interpret the �rst

set of facts causal relationships and provide a model that delivers such relationships. The

key assumption in our model is the existence of a benevolent and optimizing government,

choosing tax and in�ation rates, taking as given the institutions of the country and taking

into account its impact on private sector�s choices of informality. The model is also success-

ful quantitatively: it explains about half of the cross-country variation in taxes, virtually all

of the variation in taxes and about two thirds of the variation in informal activity. It also

delivers the �ve facts listed above. As a test of our model and assumptions, we then focus on

some subsets of countries where one or more of our key assumptions are likely to be violated.

We �nd that for each of these subsets, the model fails to explain some aspects of the data.

For the remaining countries, are results are still valid and even stronger in some cases.

Our goal in this paper was to explain the cross-country variation in informal activity and

policies at a point in time. An equally interesting exercise would be to consider a dynamic

framework where these variables, as well as institutions vary over time. Our model also

abstracted from capital accumulation and we assumed simple (identical) linear production

functions in the two sectors. A stylized fact (at least a common modeling choice among re-

lated papers) is the di¤erence in productivity and/or factor intensities of formal and informal

sectors. Extending our model to capture this fact would also be an interesting extension.
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Appendix

A Data

Our dataset consists of 118 countries. A list of these countries along with the values for

the �ve key variables used in the analysis are provided on Table 7. Below are detailed

information for each of the variables used in this paper.30

Macroeconomic Variables

� Output : Output relative to the U.S. from PWT (Y). Averaged over 1998-2004.

� Output per worker : Real GDP per worker from PWT (RGDPWOK). Used as

relative to the U.S. Averaged over 1998-2004.

� In�ation : Annual change in CPI. From IFS (XZF). Restricted to countries with less

than 20% annual in�ation. Averaged over 1998-2004.

� Government Spending : Government Expenses (as share of GDP) from WDI. For

19 countries this series is unavailable and government�s share of real GDP per capita

from PWT (KG) is used instead. Averaged over 1998-2004.

� Tax Rate : Available for 34 countries. (See Table 7) Calculated as
�
� c + �h

�
= (1 + � c)

where � c and �h are consumption and labor-income taxes, respectively. For Chile, Costa

Rica, Mexico, Peru, Philippines, South Africa, Sri Lanka, Thailand and Tunisia, tax

rate data comes from IMFWorld Economic Outlook (2003) covering unspeci�ed periods

(possibly as large as 1990-2002) for each country. For the remaining 25 countries, tax

rate data come from Carey and Tchilinguirian (2000), averaged over 1991-1997.

� Tax Revenue : Tax Revenues (as percentage of GDP) from WDI. Available for 97

countries. (See Table 7) Averaged over 1998-2004.

Informal Activity

� Size of Informal Sector (Main measure): As a fraction of formal (measured) GDP.
From Schneider (2004). Averaged over 1999-2003.

30The acronyms used are: PWT (Penn World Tables version 6.2), IFS (International Financial Statistics),
WDI (World Development Indicators), WEF (World Economic Forum Global Competitiveness Report, 2001-
2002). Expressions in parantheses following data sources are the data mnemonics from the original source,
where available. In the case of missing data for a given country, averaging is done over the available sample.
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� Unreported Pro�ts and Wages : From WEF. Available for 65 countries. Answer

to question 6.13 : �What amount of pro�ts and wages does a company in your industry

typically �keep of the books�? (1=less than 5%, 2=5-10%, 3=11-20%, 4=21-30%,...,

9=71-80%, 10=more than 80%)�

� Informal Sector : From WEF. Available for 65 countries. Answer to question 6.14:

�What percentage of businesses in your country would you guess are uno¢ cial or not

registered? (1=less than 5%, 2=6-10%, 3=11-20%, 4=21-30%,..., 8=61-70%,9=more

than 70%)�

� Tax Evasion : From WEF. Available for 65 countries. Answer to question 6.11: �Tax
evasion of your country is (1=rampant, 7=minimal)�.

Institutions

� Rule of Law (Main measure): From World Bank Governance Matters IV. Calculated
from 24 primary sources, that include a total of 74 di¤erent concepts. Sample con-

cepts: losses and costs of crime, enforceability of government contracts, kidnapping

of foreigners, organized crime, quality of police, money laundaring, property rights,

independence of judiciary, fairness of the court system. Averaged over 1996-2004.

� Irregular Payments : From WEF. Available for 65 countries. Average of answers

to questions 7.01 through 7.05 which ask: �How commonly do �rms in your industry

give irregular extra payments or bribes connected with import and export permits /

when getting connected to public utilities / connected with annual tax payments / con-

nected with public contracts, investment projects / connected with loan applications?

(1=common, 7=never)�

� Property Rights : From WEF. Available for 65 countries. Answer to question

6.02: �Financial assets and wealth are (1=poorly delineated and not protected by

law, 7=clearly delineated and protected by law).�

� Freedom From Corruption : From Heritage Foundation Index of Economic Free-

dom 2008. Available for 112 countries. The score for this component is derived primar-

ily from Transparency International�s Corruption Perceptions Index, which measures

the level of corruption in 180 countries.
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Freedom : From Freedom House, Freedom in the World 2003. Available for 117 coun-

tries. Ranks countries according to subcategories: electoral process, political pluralism and

participation, functioning of government, freedom of expression and belief, associational and

organizational rights, rule of law, personal autonomy and individual rights and groups them

in categories: free, partly free and not free.

B Proofs of Propositions and Details of the Model

B.1 Proof of Proposition 1

Combining (5)-(7) with (26)-(28) we get the following optimality conditions for buyers

A

S (1� � t)
= �bux(q

B
t ; x

B
t ) + (1� �b)ux

�
0; xBt

�
(68)

�t � ��t+1

�
�b

�
uq(q

B
t ; x

B
t )

gq (qBt ; x
B
t ; S)

� 1
�
+ 1

�
; = 0 if mb

t > 0 (69)

�t = ��t+1Rt (70)

Combining (14)-(16) with (29)-(30) we get the following optimality conditions for partici-

pating sellers

ux
�
0; xPt

�
=

A

S (1� � t)
(71)

�t � ��t+1, = 0 if m
P
t > 0 (72)

�t = ��t+1Rt (73)

Finally (17)-(19) are the optimality conditions for nonparticipating sellers, which are re-

peated below

ux
�
0; xNt

�
=

A

S (1� � t)
(74)

�t � ��t+1, = 0 if m
N
t > 0 (75)

�t = ��t+1Rt (76)

37



In all these equations we use the de�nition

�t �
A

Pt (1� � t)S
(77)

which is the shadow value of money in period t:

Proof of (a): In (69) the sign of the term in the square brackets, which is the return

on holding money in the period t IM, depends implicitly on mb
t : Given both (69) and (70),

the buyers choose a level of mb
t > 0 such that this term exactly equals Rt; which can be

guaranteed as long as Rt is not too large. Intuitively, since there is no uncertainty, the

return on holding money and bonds need to be identical. If, however, Rt is large and no

value of mb
t can deliver the same return, the buyer will choose m

b
t = 0: Comparing (69), (72)

and (75), we can conclude that if mb
t > 0 then m

P
t = m

N
t = 0 since money cannot provide

the same return to the sellers (participating or non-participating) as the bond.

Proof of (b): Since (70), (73) and (76) are identical, all three types of agents choose

the same level of bond holdings.

Proof of (c): Since (71) and (74) are identical, xPt = x
N
t .

Proof of (d): Given the structure of the environment and the properties of equilibrium

we found so far, there are four types of agents at the start of period t; that di¤er according

to how much money they enter period t with and how much money they exit the FM in

period t.

The table below summarizes the properties and actions of these four types of agents.

The MB agents are buyers who were matched in period t� 1: Looking ahead to equilibrium,
this means they will have no money at the begining of period t and will exit the FM with

mB
t = mt = Mt units of money.31 The last column shows the measure of these agents. The

UB agents are similar except they have kept their money from period t� 1 since they could
not �nd a match. The MS agents are sellers who participated and found a match in the

previous IM. They acquire mB
t�1 = Mt�1 units of money from the buyer they met and as

soon as they can, in the period t FM, they spend it. Finaly, the US agents either chose

not to participate in the period t� 1 IM, or they participated and were not matched. It is
important to note that the choices of participation of MS and US agents in period t does

31Strictly speaking, we need to use dMt and d
S
t in the discussion that follows. For clarity we impose the

equilibrium outcome that dMt = dSt =Mt:
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not a¤ect any of this.

Type Matched in t� 1 Type in t ~mt mt Measure

MB Yes B 0 Mt � (nt�1)

UB No B Mt�1 Mt [1� � (nt�1)]
MS Yes P or N Mt�1 0 � (nt�1)

US No P or N 0 0 [�� � (nt�1)]

Denoting hit, i = MB; UB; MS or US the labor supply choices of each type, their FM

budget constraints can be written as

xBt = 
t + S (1� � t)hMB
t +

�
0�Mt

pt

�
xBt = 
t + S (1� � t)hUBt +

�
Mt�1 �Mt

pt

�
xSt = 
t + S (1� � t)hMS

t +
Mt�1

pt
xSt = 
t + S (1� � t)hUSt

where we use 
t � (Rt�1Bt �Bt+1) =pt: Solving each of these equations for h yields

hit =

8>>>>>>>>>><>>>>>>>>>>:

1

S (1� � t)

�
xBt � 
t +

Mt

pt

�
i =MB

1

S (1� � t)

�
xBt � 
t +

Mt �Mt�1

pt

�
i = UB

1

S (1� � t)

�
xSt � 
t �

Mt�1

pt

�
i =MS

1

S (1� � t)
�
xSt � 
t

�
i = US

This shows the well-known result of the Lagos-Wright model where the agents�choices are

heterogenous in the variable which enters utility linearly.

Proof of (e): Turning to the free-entry condition, the expression in (20) simpli�es to

�AhPt + V S(0; bt+1)� � = �AhNt + �W S(0; bt+1)

since mP
t = m

N
t = 0, b

P
t = b

N
t = bt and x

P
t = x

N
t from (a)-(c) above. From (d), we see that
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hPt = h
N
t : Moreover, from (22) we get

V S (0; bt+1) = �s
�
�c(qSt ; S) + �dSt �t+1

�
+ �W s (0; bt+1)

Finally, equilibrium implies dSt = m
B
t =Mt: Combining these results, the free-entry condition

simpli�es to

�s
�
�c(qSt ; S) + �Mt�t+1

�
= �

Using the result in (24), we obtain the expression in the main text.

B.2 Details of De�nition 2

Most of the equilibrium conditions directly follow from the discussion above. In particular,

(32) follows from (71) and (74); (33) follows from (68); (34) follows from the de�nition of �t
in (77) along with (32) and (70), (73) and (76); (35) follows from (69) with equality since we

are characterizing a monetary equilibrium; (36) follows from the de�nition of �t in (77) along

with the outcome of the bargaining problem (24); (37) follows from the free-entry condition

(31) and (38) follows from the budget constraint of the government (1). In order to obtain

the resource constraint in (39) we need to de�ne the aggregate labor supply Ht by summing

up the expressions of hit for each type i = MB; UB; MS and US using their appropriate

weights. We obtain

Ht = � (nt�1)h
MB
t + [1� � (nt�1)]hUBt + � (nt�1)h

MS
t + [�� � (nt�1)]hUSt (78)

=
1

S (1� � t)

�
xBt + �x

S
t +

Bt+1 �Rt�1Bt
pt

+
Mt �Mt�1

pt

�
which can also be viewed as the aggregate budget constraint of the households. Combining

this with the government�s budget constraint, we get (39).
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B.3 Proof of Proposition 3

Social welfare function in a period can be de�ned as the sum of the utility functions for the

four type of agents as they enter the period.

Ut = � (nt)
�
u
�
qt; x

B
t

�
� AhMB

t

�
+ [1� � (nt)]

�
u
�
0; xBt

�
� AhUBt

�
+� (nt)

�
�c (qt; S) + u

�
0; xSt

�
� AhMS

t

�
+ [�� � (nt)]

�
u
�
0; xSt

�
� AhUSt

�
� nt�

= � (nt)
�
u
�
qt; x

B
t

�
� c (qt; S)

�
+ [1� � (nt)]u

�
0; xBt

�
+ �u

�
0; xSt

�
� AHt � nt�

where in the second line we used the de�nition of H in (78).

Before we turn to the derivation of the PVIC, it is useful to derive the expressions for

the interest rate and real money balances. Combining (34) and (35) we get and expression

for the nominal interest rate

Rt = � (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�
+ 1 (79)

Also, combining (35), (36) and (79), we get

Mt =
Rtg

�
qt; x

B
t ; S

�
ux(0; xSt )

=
Rtg

�
qt; x

B
t ; S

�
S (1� �)

A
(80)

which de�nes the money demand equation.

In order to construct the PVIC we take the budget constraint of each of the four types

of agents and sum over time, discounting by the multiplier of the budget constraint for the

period. We then aggregate these expressions using the measures we obtained above. Since

the multipliers for all four types are identical, this amounts to starting with the aggregate

budget constraint of households which we derived in Appendix B.2, multiplying with the

multiplier A=ptS (1� � t) in every period and summing over time. Doing this yields

1X
t=0

�t
�

A

S (1� � t)
Xt � AHt +

A

S (1� � t)
Bt �

A

S (1� � t)
Rt�1Bt�1
�t

+
A

S (1� � t)
Mt �

A

S (1� � t)
Mt�1

�t

�
= 0

where we de�ned Xt � xBt + �xSt .
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Using (32), we can write

1X
t=0

�t
�
ux(0; x

S
t )Xt � AHt

�
+

1X
t=0

�tux(0; x
S
t )Bt +

1X
t=0

�tux(0; x
S
t )Mt (81)

=

1X
t=0

�tux(0; x
S
t )
Mt�1

�t
+

1X
t=0

�tux(0; x
S
t )
Rt�1Bt�1
�t

Substitute into the second summation on the left-hand-side in (81) the equilibrium con-

dition (34) to yield

1X
t=0

�tux(0; x
S
t )Bt =

1X
t=0

�t+1Rtux(0; x
S
t+1)

Bt
�t+1

and this will cancel with the second term on the right-hand-side to yield

1X
t=0

�tux(0; x
S
t )
Rt�1Bt�1
�t

�
1X
t=0

�t+1ux(0; x
S
t+1)

RtBt
�t+1

= ux(0; x
S
0 )
R�1B�1
�0

on the right hand side.

Next, substitute into the third summation on the left-hand-side in (81) the equilibrium

condition (34) to yield

1X
t=0

�tux(0; x
S
t )Mt =

1X
t=0

�t+1
Rtux(0; x

S
t+1)Mt

�t+1

and using (79) we get

1X
t=0

�t+1
ux(0; x

S
t+1)Mt

�t+1

�
� (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�
+ 1

�
(82)

=

1X
t=0

�t+1
ux(0; x

S
t+1)Mt

�t+1
� (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�
+

1X
t=0

�t+1
ux(0; x

S
t+1)Mt

�t+1

Now, the second term in (82) cancels with the �rst term on the right-hand-side of (81) to
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yield

1X
t=0

�tux(0; x
S
t )
Mt�1

�t
�

1X
t=0

�t+1
ux(0; x

S
t+1)Mt

�t+1

= ux(0; x
S
0 )
M�1

�0

on the right-hand-side. Using (32) and (36) on the �rst term in (82) we get

1X
t=0

�t
�ux(0; x

S
t+1)Mt

�t+1
� (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�

=

1X
t=0

�tg
�
qt; x

B
t ; S

�
� (nt)

�
uq(qt; x

B
t )

gq (qt; xBt ; S)
� 1
�

on the left-hand-side.

To summarize we simpli�ed (81) to

1X
t=0

�t
�
ux(0; x

S
t )Xt � AHt + � (nt) g

�
qt; x

B
t ; S

� � uq(qt; x
B
t )

gq (qt; xBt ; S)
� 1
��

(83)

= ux(0; x
S
0 )

�
R�1B�1 +M�1

�0

�
using equilibrium conditions (32), (34), (35) and (36). This leaves equilibrium conditions

(33), (37), (38) and (39). Out of these, (38) is redundant since we used the households�

budget constraint to derive the PVIC. The rest of the remaining equations will have to be

additional constraints on the Ramsey planner.

Given the allocations that are found from this problem, Rt will follow from (79) and the

tax rate will follow from inverting (32).

B.4 Proof of Proposition 4

To solve the problem de�ned in Proposition 3, we do a few modi�cations. First, as Aruoba

and Chugh (2010) shows for a similar problem, the Ramsey planner in this model does not

have any intertemporal margins to manipulate. In any case we are just interested in the

long-run outcome. and we drop all time subscripts. To ease notation, we use the shorthands

de�ned in (48) and drop all arguments of remaining functions. We also realize that the FOC
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of this problem with respect to Ht simply yields

�A� �A+ S� = 0 (84)

which can be solved for

� =
(1 + �)A

S
(85)

and we use this directly in all the equations below.

(49) follows from the FOC with respect to xB

� (n)uMx + [1� � (n)]uUx + �
(
uSx + � (n)

"
gx

 
uMq
gq
� 1
!
+
g

g2q

�
uMqxgq � uMq gqx

�#)
(86)

�(1 + �)A
S

+ �
�
� (n)uMxx + [1� � (n)]uUxx

	
+ �� (n) gx + �� (n)

�
uMqx � gqx

�
= 0

(50) follows from the FOC with respect to xS

�uSx + ��
�
uSxxx

S + uSx
�
� �(1 + �)A

S
� �uSxx = 0 (87)

(51) follows from the FOC with respect to q

� (n)
�
uMq � cq

�
+ �� (n)

"
gq

 
uMq
gq
� 1
!
+
g

g2q

�
uMqqgq � uMq gqq

�#
+ �� (n)uMxq (88)

+�� (n) (gq � cq) + �� (n)
�
uMqq � gqq

�
= 0

and (52) follows from the FOC with respect to n

�0 (n)
�
uM � c

�
� �� �0 (n)uU + ��0 (n) g

 
uMq
gq
� 1
!
+ ��0 (n)

�
uMx � uUx

�
(89)

+� [�0 (n) (g � c)� �] + ��0 (n)
�
uMq � gq

�
= 0

(53) is the PVIC with steady state imposed and (54) is the resource constraint. Finally,

(55) and (56) are the UT and FE conditions, which are equality constraints and (57) is the

complementary slackness condition that arises from the ZLB.
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Figure 1: Five Key Facts
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Figure 2: Optimal Policies and Informal Activity
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Figure 3: Cross Country Exercise - Key Variables, Data vs. Model
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Table 1: Simple Correlations between Institutions, Government Policy

and the Size of the Informal Sector

(a) Facts 1, 2 and 3

Correlations of ...

Rule of

Law

(GM)

Irregular

Payments

(WEF)

Property

Rights

(WEF)

Freedom from

Corruption

(HF)

... with Rule of Law - 0.87 0.86 0.94

Fact 1

... with Inflation -0.43 -0.57 -0.57 -0.41

Fact 2

... with Total Tax Rate 0.57 0.47 0.44 0.50

... with Tax Revenue 0.48 0.61 0.40 0.48

Fact 3

... with Size (Schneider) -0.72 -0.58 -0.65 -0.65

... with Size (WEF) -0.83 -0.72 -0.71 -0.75

... with Unrep. Wages Profits -0.75 -0.77 -0.70 -0.77

... with Tax Evasion -0.82 -0.77 -0.76 -0.81

(b) Facts 4 and 5

Correlations of ...

Size

(Schneider)

Size

(WEF)

Unreported

Wages / Profits
Tax Evasion

... with Size (Schneider) - 0.78 0.66 0.63

Fact 4

... with Inflation 0.28 0.59 0.54 0.60

Fact 5

... with Total Tax Rate -0.50 -0.51 -0.41 -0.20

... with Tax Revenue -0.34 -0.50 -0.51 -0.35

Note: The numbers in boldface correspond to the “headline” correlations used in Figure 1.
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Table 2: Determinants of Government Policies

Dependent Variable : Inflation

(1) (2)

Constant 5.93 (*) 4.10 (*)

Rule of Law - -1.82 (*)

Productivity -0.07 (*) -0.01

Government Exp. 0.04 0.02

R2 0.17 0.20

N 118 118

Dependent Variable : Tax Rate

(3) (4)

Constant 5.50 (*) 8.10 (*)

Rule of Law - 6.15 (*)

Productivity 0.09 -0.07

Government Exp. 0.90 (*) 0.88 (*)

R2 0.71 0.75

N 34 34

Dependent Variable : Tax Revenue

(5) (6)

Constant 5.10 (*) 8.10 (*)

Rule of Law - 2.93 (*)

Productivity -0.00 -0.08

Government Exp. 0.45 (*) 0.41 (*)

R2 0.44 0.48

N 97 97
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Table 3: Determinants of Size of Informal Sector

Dependent Variable : Size of Informal Sector

(7) (8) (9) (10)

Constant 29.08 (*) 35.36 (*) 43.92 (*) 39.72 (*)

Inflation 0.92 (*) -0.11 - -

Tax Rate - - -0.54 (*) -0.00

Rule of Law - -10.43 (*) - -13.80 (*)

R2 0.08 0.52 0.25 0.77

N 118 118 34 34

Dependent Variable : Size of Informal Sector

(11) (12) (13) (14)

Constant 44.85 (*) 34.75 (*) 39.36 (*) 38.71 (*)

Inflation - - -0.31 0.44

Tax Revenue -0.74 (*) 0.01 -0.02 -0.41

Rule of Law - -10.18 (*) -7.73 (*) -

Rule of Law (inst) - - - -7.92 (*)

Productivity - - -0.11 -

Government Exp. - - 0.03 -

R2 0.12 0.52 0.53 0.25

N 97 97 97 97

Notes: Rule of Law (inst) is Rule of Law instrumented by distance from the equator. The first

stage has an R2 of 0.36.
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Table 4: Main Results

Data Benchmark Constant κ Only κ Constant S Only G

Correlation of Model-Based Measures and Data

Inflation - 0.36 -0.11 0.43 0.37 -0.09

Tax Rate - 0.84 0.82 0.56 0.84 0.82

Tax Revenue - 0.67 0.65 0.48 0.67 0.65

R - 0.64 0.23 0.72 0.65 0.33

Output - 0.97 0.97 0.61 0.45 0.42

Fraction of Cross-Country Dispersion Explained by Model

Inflation - 0.50 1.41 0.60 0.50 1.24

Tax Rate - 1.10 1.04 0.13 1.10 1.04

Tax Revenue - 1.11 0.96 0.13 1.12 0.97

R - 0.66 0.26 0.46 0.67 0.28

Output - 0.98 0.97 0.00 0.01 0.01

Facts - Data and Model-Implied

Fact 1 -0.43 -0.60 0.51 -1.00 -0.62 0.47

Fact 2a 0.57 0.46 0.39 1.00 0.46 0.39

Fact 2b 0.48 0.66 0.60 1.00 0.67 0.60

Fact 3 -0.72 -0.89 -0.35 -1.00 -0.90 -0.47

Fact 4 0.28 0.19 -0.95 1.00 0.22 -1.00

Fact 5a -0.50 -0.80 -1.00 -1.00 -0.80 -1.00

Fact 5b -0.34 -0.88 -0.97 -1.00 -0.88 -1.00

Notes: The table reports various statistics from different versions of the model where one or more

of the exogenous variables κ, S and G are allowed to vary across countries. R denotes the ratio

of informal activity to formal activity. For Facts 2 and 5, (a) refers to the statistics computed

using tax rates and (b) refers to the statistics computed using tax revenues. Throughout the table,

results with tax rates uses 34 countries, results with tax revenues uses 97 countries and all others

use all 118 countries, with the exception of the version with constant κ for which no solution could

be obtained for 2 countries and the version with only G for which no solution can be obtained for

3 countries. 51



Table 5: Results for Subsamples of Countries

Benchmark Low Institutions Low Output Other Countries

(118) (19) (66) (49)

Correlation of Model-Based Measures and Data

Inflation 0.36 0.16 0.20 0.46

Tax Rate 0.84 - 0.09 0.79

Tax Revenue 0.67 0.36 0.66 0.58

R 0.64 0.07 0.18 0.63

Output 0.97 0.98 0.96 0.92

Fraction of Cross-Country Dispersion Explained by Model

Inflation 0.50 0.34 0.38 0.68

Tax Rate 1.10 - 1.44 1.13

Tax Revenue 1.11 1.43 0.99 0.83

R 0.66 0.46 0.52 0.50

Output 0.98 1.00 1.06 0.98

Facts - Data and Model-Implied

Data / Model Data / Model Data / Model Data / Model

Fact 1 -0.43 / -0.60 -0.36 / -0.26 -0.18 / -0.35 -0.54 / -0.67

Fact 2a 0.57 / 0.46 - / - 1.00 / 0.16 0.36 / 0.23

Fact 2b 0.48 / 0.66 0.33 / 0.06 0.43 / 0.44 0.32 / 0.26

Fact 3 -0.72 / -0.89 -0.27 / -0.15 -0.27 / -0.64 -0.77 / -0.82

Fact 4 0.28 / 0.19 -0.30 / -0.91 -0.04 / -0.50 0.43 / 0.13

Fact 5a -0.50 / -0.80 - / - -0.16 / -0.60 -0.17 / -0.74

Fact 5b -0.34 / -0.88 -0.29 / -0.98 -0.16 / -0.90 -0.20 / -0.72

Notes: The table reports various statistics from different subsets of countries. The number in

parentheses in the top row report the number of countries in the particular sample. ‘Low institu-

tions’ refers to countries with Rule of Law in the lowest quintile and ’low output’ refers to countries

that have less than 20% of the output of the U.S. ‘Other countries’ are those that satisfy neither

of the criteria. ‘-’ indicate subsamples where no tax rate data was available for the countries.
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Table 6: Results for Subsamples of Countries

Benchmark Free Not Free

(118) (58) (27)

Correlation of Model-Based Measures and Data

Inflation 0.36 0.32 0.24

Tax Rate 0.84 0.83 -

Tax Revenue 0.67 0.69 0.37

R 0.64 0.75 0.47

Output 0.97 0.99 0.95

Fraction of Cross-Country Dispersion Explained by Model

Inflation 0.50 0.45 0.16

Tax Rate 1.10 1.12 -

Tax Revenue 1.11 1.08 0.79

R 0.66 0.58 0.45

Output 0.98 0.98 1.32

Facts - Data and Model-Implied

Data / Model Data / Model Data / Model

Fact 1 -0.43 / -0.60 -0.43 / -0.60 -0.37 / -0.57

Fact 2a 0.57 / 0.46 0.54 / 0.43 - / -

Fact 2b 0.48 / 0.66 0.38 / 0.49 -0.01 / 0.65

Fact 3 -0.72 / -0.89 -0.81 / -0.88 -0.60 / -0.78

Fact 4 0.28 / 0.19 0.21 / 0.15 0.43 / -0.07

Fact 5a -0.50 / -0.80 -0.46 / -0.79 - / -

Fact 5b -0.34 / -0.88 -0.36 / -0.83 0.21 / -0.91

Notes: The table reports various statistics from different subsets of countries. The number in

parentheses in the top row report the number of countries in the particular sample. ‘Free’ refers

to countries with Freedom House ratings between 1.0 and 2.5 (inclusive) and ’Not Free ’ refers to

countries with ratings 5.5 and above. ‘-’ indicate subsamples where no tax rate data was available

for the countries.
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Table 7: Endogenous vs. Exogenous Policies

Data Endogenous Policies Exogenous Policies

Correlation of Model-Based Measures and Data

Inflation - 0.36 -

Taxes - 0.65 -

R - 0.66 0.68

Output - 0.98 0.95

Fraction of Cross-Country Dispersion Explained by Model

Inflation - 0.45 -

Taxes - 1.11 -

R - 0.66 0.76

Output - 0.98 1.06

Facts - Data and Model-Implied

Fact 1 -0.42 -0.60 -

Fact 2 0.49 0.66 -

Fact 3 -0.70 -0.93 -0.93

Fact 4 0.21 0.26 0.15

Fact 5 -0.34 -0.89 -0.40

Notes: The table reports various statistics using only the 90 countries, using the version of the

model where policies are endogenous (benchmark) and exogenous. These countries are those we

have tax revenue data for except for 7 of them for which the system for the exogenous-policy version

did not yield a solution.
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Table 8: Countries and Key Variables

Tax Tax
Country Rule of Law Inflation Rate Revenue Size

1 Albania -0.86 4.96 - 16.02 34.43
2 Algeria -0.74 2.82 - 30.43 34.90
3 Argentina -0.29 5.93 - 12.18 27.13
4 Armenia -0.48 3.49 - 14.00 47.73
5 Australia 1.90 2.76 30.83 22.82 13.97
6 Austria 1.95 1.67 51.50 20.46 10.43
7 Azerbaijan -0.87 0.83 - 12.71 61.00
8 Bangladesh -0.74 5.27 - 7.87 36.60
9 Belgium 1.46 1.77 49.20 26.63 21.73
10 Benin -0.40 2.73 - - 48.20
11 Bhutan 0.01 4.85 - 8.49 30.53
12 Bolivia -0.52 3.53 - 13.72 67.83
13 Botswana 0.68 7.68 - - 33.97
14 Brazil -0.19 7.39 - 11.34 41.00
15 Bulgaria -0.07 7.61 - 18.53 37.43
16 Burkina Faso -0.52 1.78 - 11.74 42.43
17 Burundi -1.18 9.53 - 13.97 37.73
18 Cambodia -0.84 3.68 - 8.02 51.27
19 Cameroon -1.04 2.05 - 11.17 33.80
20 Canada 1.87 2.12 36.96 14.72 15.67
21 Central African Rep -1.00 1.16 - 6.03 45.27
22 Chad -0.94 1.51 - - 47.10
23 Chile 1.25 3.17 29.85 16.65 20.33
24 China -0.32 0.39 - 7.42 14.37
25 Hong Kong 1.50 -1.79 - - 16.97
26 Colombia -0.71 9.45 - 13.40 41.27
27 Congo -1.21 2.45 - 8.70 49.13
28 Costa Rica 0.73 10.69 22.57 12.76 27.00
29 Cte D’Ivoire -0.94 2.87 - 15.34 44.23
30 Croatia 0.06 3.47 - 25.62 34.33
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Table 8: Countries and Key Variables

Tax Tax
Country Rule of Law Inflation Rate Revenue Size

31 Czech Republic 0.65 3.73 - 15.76 19.60
32 Denmark 1.94 2.18 54.49 30.69 17.73
33 Dominican Rep -0.30 16.01 - 15.05 33.20
34 Egypt 0.10 4.35 - 14.74 36.00
35 El Salvador -0.34 2.50 - 10.95 47.23
36 Estonia 0.74 4.18 - 16.37 39.23
37 Ethiopia -0.51 3.66 - 10.67 41.27
38 Fiji -0.41 2.97 - 23.44 34.33
39 Finland 2.03 1.59 54.77 23.31 17.83
40 France 1.39 1.52 49.32 22.92 14.90
41 Georgia -0.84 6.79 - 7.82 67.63
42 Germany 1.79 1.29 44.65 11.32 16.37
43 Ghana -0.11 19.89 - 19.32 42.73
44 Greece 0.73 3.42 36.17 23.43 28.47
45 Guatemala -0.82 6.62 - 10.06 51.93
46 Haiti -1.48 17.02 - - 57.03
47 Honduras -0.71 9.94 - - 50.67
48 Hungary 0.83 8.56 51.95 21.48 25.67
49 India 0.10 5.37 - 8.91 24.30
50 Indonesia -0.93 16.97 - 13.24 21.37
51 Iran -0.58 15.61 - 6.92 19.40
52 Ireland 1.74 3.55 39.01 24.85 15.63
53 Israel 0.96 2.69 - 29.84 22.87
54 Italy 0.88 2.33 45.09 22.92 26.60
55 Jamaica -0.29 8.68 - 25.34 37.70
56 Japan 1.57 -0.33 28.77 - 11.03
57 Jordan 0.45 1.85 - 18.66 20.50
58 Kazakhstan -0.87 8.02 - 10.58 44.17
59 Kenya -0.99 7.37 - 16.64 35.13
60 Korea 0.74 3.50 20.43 15.13 28.13
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Table 8: Countries and Key Variables

Tax Tax
Country Rule of Law Inflation Rate Revenue Size

61 Kuwait 0.94 1.43 - 1.00 20.80
62 Kyrgyzstan -0.85 11.76 - 12.66 40.43
63 Latvia 0.31 3.32 - 14.57 40.63
64 Lesotho -0.07 8.10 - - 32.33
65 Lithuania 0.37 1.21 - 16.09 31.43
66 Macedonia -0.38 2.22 - - 35.17
67 Madagascar -0.56 9.09 - - 40.53
68 Malaysia 0.60 2.18 - 16.75 31.63
69 Maldives -0.40 0.33 - 14.28 31.23
70 Mali -0.52 1.13 - - 43.63
71 Mauritania -0.50 5.64 - - 37.10
72 Mexico -0.33 8.95 22.31 10.86 31.70
73 Moldova -0.46 16.79 - 14.94 47.27
74 Mongolia 0.19 7.01 - 22.30 19.47
75 Morocco 0.22 1.63 - 22.42 37.13
76 Mozambique -0.71 9.85 - - 41.33
77 Namibia 0.71 5.65 - 29.15 32.47
78 Nepal -0.46 5.06 - 9.08 39.63
79 Netherlands 1.89 2.50 50.29 22.13 12.90
80 New Zealand 1.98 1.87 36.73 29.84 12.57
81 Nicaragua -0.76 7.62 - 14.17 46.77
82 Niger -0.81 1.49 - - 42.77
83 Nigeria -1.28 12.05 - - 58.63
84 Norway 2.02 2.13 49.17 27.69 18.83
85 Oman 1.08 -0.04 - 7.01 19.37
86 Pakistan -0.71 4.50 - 11.13 37.80
87 Panama -0.03 0.73 - 10.32 64.83
88 Papua N Guinea -0.62 11.72 - 21.51 37.33
89 Paraguay -0.96 9.09 - - 29.33
90 Peru -0.54 3.22 19.16 12.74 60.37
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Table 8: Countries and Key Variables

Tax Tax
Country Rule of Law Inflation Rate Revenue Size

91 Philippines -0.43 5.48 19.89 13.58 44.50
92 Poland 0.57 5.83 52.34 16.27 28.23
93 Portugal 1.22 3.06 35.85 21.18 22.37
94 Rwanda -0.97 4.68 - - 41.30
95 Saudi Arabia 0.53 -0.40 - - 19.07
96 Senegal -0.26 1.21 - 16.82 46.47
97 Sierra Leone -0.99 12.77 - 9.95 42.80
98 Singapore 1.97 0.56 - 14.20 13.40
99 Slovakia 0.32 8.00 - 16.52 19.47
100 Slovenia 0.94 6.86 - 21.29 28.27
101 Solomon Islands -1.17 8.84 - - 34.40
102 South Africa 0.23 5.64 33.77 24.53 29.00
103 Spain 1.24 2.90 38.79 14.37 22.40
104 Sri Lanka -0.02 8.26 22.08 14.24 45.90
105 Sweden 1.91 1.14 56.61 20.59 18.87
106 Switzerland 2.13 0.78 35.61 10.33 9.13
107 Syria -0.34 0.68 - 16.57 20.43
108 Tanzania -0.38 5.19 - - 59.30
109 Thailand 0.25 2.40 24.18 15.69 53.37
110 Togo -0.86 1.32 - 14.39 38.23
111 Tunisia 0.35 2.83 34.06 21.13 39.13
112 Uganda -0.56 3.18 - 11.14 44.37
113 Ukraine -0.79 12.63 - 13.20 53.50
114 U.K. 1.86 2.46 32.42 28.11 12.47
115 U.S.A. 1.72 2.35 27.05 10.84 8.60
116 Uruguay 0.54 9.73 - 17.89 51.47
117 Vietnam -0.64 3.42 - - 16.80
118 Yemen -0.98 9.03 - 11.22 28.30

Average 0.10 5.06 37.45 16.14 33.76
Minimum -1.48 -1.79 19.16 1.00 8.60
Maximum 2.13 19.89 56.61 30.69 67.83
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