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Chapter 1

Introduction
This dissertation covers a range of topics in public economics related to developing countries: The first two chapters address the optimal provision of productive public goods in
two different settings. The term “productive public goods” refers to all sorts of public
spendings which enhance the aggregate productivity of the economy such as investment
in R&D, infrastructure, education and health. In contrast, unproductive public goods include expenditures on redistribution, social security and recreation. Chapter 2 examines
the impact of trade liberalization on the optimal provision of productive public good and
highlights the role of inequality in this regard. Chapter 3 explores how natural resource
revenue can shape people preference toward productive versus distributive public goods
and under which condition they prefer one to another. The last chapter models how the
optimal environmental tax policy is characterized in a developing country with credit
market imperfections and an inefficient tax system. The remainder of the introduction
provides a brief review of each chapter.
Chapter 2 investigates the effect of trade openness on the provision of productive
public good and shows that inequality plays an important role in this regard. The theoretical model suggests that the provision of productive public good has differentiated
effects in closed and open economies. In a closed economy, it decreases the price of
the manufacturing commodity, whereas in a small open economy, it increases the firms’
profits. Consequently, opening up the economy shifts the benefits of productive public spending from the consumers to the firms owners. If the manufacturing income is
more equally distributed, the median voter earns a sufficiently high share of the firms’
profit and thus opening up the economy increases the provision of productive public
good. In this circumstance, the manufacturing export also increases via the increase in
productivity of the firms.
The huge popularity of distributive policies in many oil abundant countries coincided
with the rise in oil and gas prices that started in 2004. Following the sharp recent price
3
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decrease, however, this popularity has become fragile. Using a theoretical model, Chapter 3 studies the optimal composition of public spending and demonstrates that, for
sufficiently low amount of resource revenue, voters prefer investing all revenue in productive public good. On the other hand, if resource revenue is sufficiently high, voters opt
for more distributive policies as the amount of resource revenue increases. Furthermore,
the initial productivity of the resource abundant economy plays an important role in determining the composition of public spending preferred by the individuals. If the initial
level of productivity in a country is too low or too high, people may prefer distributive
policies even for a low amount of resource revenue. Yet there is an important difference. Resource revenue eradicates the individuals’ incentive to work in countries with
low initial productivity, while in highly productive countries, individuals always prefer
to work.
Chapter 4 analyzes taxation of emissions and energy in the presence of two markets frictions that are common in developing countries. First, credit markets are less
developed in terms of their depth and borrowing conditions for individual borrowers.
Second, limited state capacity restricts the operation of the tax system. We show that
the second-best tax on emissions reflects, first, marginal damages (similar to the Pigouvian principle), and second, the cost of administering taxes. Credit market frictions
hinder adoption of clean technologies and increase emissions; through the Pigouvian
principle this requires a higher emission tax. At the same time, credit market frictions
may make adoption of clean technologies less responsive to emission taxes, which lowers
the second-best emission tax. To model credit market imperfections, the paper considers
two distinct types of distortions, namely limited market access and limited individual
borrowing capacity. It turns out that the second-best tax policy responds dissimilarly to
these distortions.

4

Chapter 2

Inequality, Public Good Provision
and the Composition of Trade
2.1. Introduction
The influence of international trade on aggregate productivity has been studied in the literature from different angles. Some papers focus on the firm-level decisions and abstract
from the impact of trade on productivity-enhancing public spending. Based on these
theories, trade increases productivity either by reallocating production factors to more
productive firms (e.g. Melitz, 2003; Melitz and Ottaviano, 2008) or by inducing firms
to upgrade technology and engage in innovation and R&D investments (e.g.

Bustos,

2011; Costantini and Melitz, 2007; Lileeva and Trefler, 2010). A rather independent and
mostly empirical literature has been evolved on the size and composition of public spending which addresses the influence of trade on the provision of productive public good.
This literature provides two seemingly opponent explanations, the “compensation” and
“efficiency” hypotheses, with different prediction regarding the influence of trade openness on productive spending. While the former is in favor of more public spending to
compensate for the external risk of trade, the latter predicts lower spending with a shift
towards more productive activities which increases aggregate productivity. Non of the
two hypotheses are totally supported by these studies. Whether trade liberalization
enhances productive public spending, hence, remains vague in the empirical literature.
This paper provides a theoretical model to investigate the influence of trade on aggregate
productivity through the channel of productive public good provision. With a majoritarian voting system, the paper underlines the crucial role of inequality, a factor which
is rarely considered in the related empirical work, as a key determinant of productive
public spending and hence TFP.
To investigate the effects of trade on aggregate productivity, I consider a set of con5

Chapter 2: Inequality, Public Good Provision and the Composition of Trade

sumers consuming agricultural and manufacturing goods. They provide labor and are
also the firms’ owners. There are thus two sources of income, the wage and a heterogeneous share of the firms’ profit. Productive public good, which directly affect the
productivity of the manufacturing sector, can be financed by imposing tax on either
wage or total income. In a closed economy, provision of productive public good decreases the price of the manufacturing commodity and increases the consumer surplus
whereas in a small open economy, it increases the firms’ profit. Accordingly, productive
public spending mainly benefits the consumers in a closed economy and the firms’ owners
in an open economy. The desired level of tax-financed productive public spending from
the perspective of an individual with a given stake of firms hence differs in a closed and
an open economy.
Based on the median voter theorem, the model introduces the degree of inequality
as a major determinant of productive public spending and hence TFP under trade liberalization. By eliminating trade barriers, provision of productive public good leads to a
rise in the firms’ profits instead of a fall in the price of the manufacturing good. Consequently, its benefits shift from the consumers to the firms’ owners. The more the revenue
of the manufacturing sector is equally distributed, the wealthier the median voter is in
terms of profit and therefore, the higher the increase in equilibrium productive public
spending is under trade liberalization. To put it briefly, if the median voter rule applies,
inequality is good for productive public spending in a closed economy and bad in an
open economy. A first glance at the data seems to support these results, as will be
discussed in Section 2.2. Furthermore, the model predicts that inequality also plays a
role in determining trade patterns through its effect on productive public spending. In
a society where the manufacturing income is more evenly distributed, the productivity
of the manufacturing sector is higher due to more provision of productive public good.
This makes a comparative advantage relative to the agricultural sector and causes a rise
in the manufacturing export and consequently in the agricultural import.
This paper contributes to three strands of literature. First, it relates to the international trade literature on trade and aggregate productivity. Empirical micro-level studies
mainly support a positive effect of trade liberalization on productivity (e.g. Alcalá and
Ciccone, 2004; Aw, Roberts, and Winston, 2007; Baldwin and Gu, 2003; Lileeva and Trefler, 2010). In most of these empirical research and related theoretical models, the role of
6
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inequality is poorly discussed. More recent studies however, explore the effect of credit
constraints –which can be seen as a consequence of inequality– on trade in developing
countries. In this regard, Foellmi and Oechslin (2012) explain that under asset inequality
and credit market frictions trade liberalization may have a negative effect on productivity. Foellmi, Legge, and Tiemann (2015) explain that heterogeneous wealth endowment
and access to funds may undermine the effect of trade on the firm’s R&D effort. Caselli
(2012) and Caselli (2013) also support the idea that impact of trade on economic growth
is negatively influenced by wealth inequality prior to opening and suggest that access to
credit may be a possible explanation for this finding. Rather than inequality in access
to credit which influence the firm level decisions, this paper, however, explore the impact of inequality in asset ownership on the optimal provision of productivity-enhancing
public good. As it suggest, productive public spending and hence TFP rises under trade
liberalization only if the degree of inequality is sufficiently small.
Second, this paper relates to the literature on inequality and patterns of trade. To
the extent I am aware of, the literature mostly focuses on the demand side, with nonhomothetic preferences, when it comes to the effect of inequality on trade composition. In
this regard, Fajgelbaum, Grossman, and Helpman (2011) explore the influence of income
distribution on the export of high-quality vs low-quality goods. Foellmi, Hepenstrick,
and Zweimüller (2010) investigate the effect of inequality on the firms’ separating strategies between the rich and the poor consumers within and outside the country. Dalgin,
Trindade, and Mitra (2008) and Mitra and Trindade (2005) also show that imports of
luxuries (necessities) increases (decreases) with the importing country inequality. Considering the manufacturing goods as luxuries and the agricultural goods as necessities,
this prediction is consistent with my model. Unlike the mentioned papers, however, I
focus on the supply side and the comparative advantage of the manufacturing producers
to explore the influence of inequality on trade composition.
Finally, the paper also adds to the literature on the size and composition of public
spending. Garrett (2001) draws a distinction between different government policies regarding trade openness. As he explains, under the ”efficiency” hypothesis governments
decrease their activism and invest only in market friendly activities, while the ”compensation” hypothesis argues that trade openness may increase the governments’ incentives
to compensate the losers from globalization which leads to more distributive policies
7
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(e.g. Rodrik, 1998). Based on the above division, Gemmell, Kneller, and Sanz (2008)
reviewed the related papers and discussed the effect of globalization on the size and
also on the structure of public expenditures. They point out that under the efficiency
hypothesis, provision of productive public good such as education, R&D, training and
infrastructure may also increase. Many of the empirical papers, support the positive
effect of globalization on the productivity enhancing public good, specifically health and
education, (e.g, Avelino, Brown, and Hunter (2005), Alesina and Wacziarg (1998) and
(Kaufman and Segura-Ubiergo, 2001)) while some others represent insignificant effect on
the composition of government expenditure, (e.g., Dreher, Sturm, and Ursprung (2008)).
Therefore, which hypothesis has the dominant explanatory power and how productive
public spending is influenced by trade remains vague in the literature. This paper claims
that inequality may be able to explain this unambiguous effect of trade on productive
public expenditure. The introduced model suggests that, if the median voter theorem
holds, productivity enhancing public spending increases under trade liberalization only
if the level of inequality is sufficiently small. A group of studies support the negative
effect of inequality on productive public good provision, specifically growth enhancing
educational policy (e.g., Galor, Moav, and Vollrath (2009) and Falkinger and Grossmann
(2005)). These papers concentrate on the effect of initial inequality in land ownership
to be able to explain the current differences in growth rates between different countries.
This paper, on the other hand, analyzes the impact of inequality in the firm ownership or
equivalently the capital distribution since it is the major cause of inequality in developed
and also most developing countries in today’s world.

The rest of the paper is organized as follows; Section 2.2 briefly provides motivating evidence which emphasize the importance of inequality. Section 2.3 introduces the
assumptions on which the model is based. Section 2.4 derives the optimal level of productive public good as a function of inequality in closed and open economies, compares the
optimal decisions and explore the circumstances under which opening up the economy
increases the productive public spending. Section 2.5 drives the condition under which
the manufacturing export is positive and Section 2.6 briefly discusses an extension of the
model by relaxing a main simplifying assumption. Conclusions are drawn in the final
section.
8
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2.2. Motivating evidence
As explained above, the model introduced in this paper suggests a differentiated relationship between inequality and productive public spending in closed and open economies.
It also underlines the role of inequality to determine the share of manufacturing export.
This section briefly explains that the above predictions are supported by the data. Indeed, it highlights the two empirical patterns for which the model provides one possible

10
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Figure 2.1: Inequality and productive public spending in countries with different levels of openness
Figure 2.1 shows the simple relationship between the provision of productive public
good as a percentage of GDP and the Gini coefficient of income distribution. The downward sloping fitted line details the relationship in countries with an openness index above
the median. Low inequality is associated with a high level of productive public spending
in relatively open economies. As inequality increases, the estimated level of public good
in open economies decreases. In relatively closed economies, however, inequality and
productive public good are positively correlated, which is shown by the upward sloping
fitted line. The empirical evidence provided in this section do not represent any causal
9
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relationship, of course. It, however, reveal that inequality and productive public good
are not similarly correlated in closed and open economies. With an intend to explain
the trend observed in Figure 2.1, this paper explores the role of inequality in provision
of public good. As the model predicts, inequality has differentiated effect in closed an
open economies. Productive public spending raises the firms’ profit in open economies
and the consumer surplus in closed economies. A median voter who earns a higher share
of the firms’ profit, due to lower inequality, thus opt for more public spending when the
economy is open to trade.
The model also predicts the negative effect of inequality on the manufacturing export.
Productivity of the manufacturing sector is influenced by the level of productive public
good. In an open economy with low degree of inequality, more provision of public good
increases the productivity of the manufacturing sector which hence leads to a rise in
the manufacturing export. Figure 2.2, present a simple correlation between the share of
the manufacturing export in total merchandise export and the Gini index (the average
in years 1995 to 2013). As before, only the countries with polity index above zero are
included in the graph. The correlation is consistent with the prediction of the model
introduced in the paper. However, two noteworthy points should be kept in mind.
First, as before, this section represent a simple correlation between inequality and the
manufacturing export and not a causal relationship. Second, the model introduced in
this paper is not the only explanation for Figure 2.2. As explained in the introduction,
a group of other papers also predict a negative effect of inequality on the manufacturing
export by focusing on the demand side (e.g. Dalgin et al., 2008; Mitra and Trindade,
2005).
The rest of this section briefly provides an empirical strategy to check the consistency
of the evidence with the predictions of the model.
2.2.1. Empirical Strategy
The empirical strategy proceeds in two steps. First, I explore the relationship between
inequality and the provision of public good. Second, I examine the relationship between
inequality and the manufacturing export. In the first step, the following fixed-effect
regression model is estimated.
yit = α0 +α1 Inequalityit +α2 Opennessit +α3 Inequalityit ∗Opennessit +βXit +ui +ut +ϵit (2.1)

10
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Figure 2.2: Inequality and productive public spending in countries with different levels of openness

The dependent variable, yit , is the provision of productive public good –education,
health and defense– in year t and country i. On the right hand side, Xit is a vector of
control variables which are commonly used in the empirical studies regarding the effect of
trade on government size and expenditure (e.g. Kaufman and Segura-Ubiergo (2001)).
It includes per capita income, population, the share of old population, inflation, the
government revenue as a percentage of GDP and the real exchange rate. Furthermore,
in the theoretical model, the wage is equal to the exogenous agricultural productivity
if production in both sectors is positive. Consequently, the model predicts a negative
effect of agricultural productivity and thus wage on productive public spending. I also
control for the share of agricultural land in total land to capture the effect of agricultural
endowment as a measure of exogenous agricultural productivity. The country and year
fixed effects, ui and ut , are also included in the equation. The aim of this regression is to
examine whether inequality has a different relationship with productive public spending
in closed and open economies. Consequently, the coefficient of interest is α3 which, based
on the model, I expect to be negative and significant. A negative α3 means that the effect
of openness on the provision of public good is more positive if inequality is lower. It also
means that inequality is more harmful for providing public good in more open economies.
One main concern is that inequality can itself be influenced by the level and compo11
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sition of public spending. Indeed, by using the above regression, we can not rule out the
possibility of reverse causality. The estimated parameter is consequently interpreted as
a simple correlation and not a causal relationship. Though, it is noteworthy that it takes
time for public spending, such as education and health, to decrease inequality. Inequality, however, as our model predicts, directly affects the median voter and her decision on
the provision of productive public goods. In other words, inequality is mostly expected
to be influenced by lagged education and health spending, not the spending in the same
year.

In the second step, I test whether the data support the negative relationship between
inequality and manufacturing export that is suggested by the model. The model predicts
that a more equal distribution of the manufacturing income increases the productivity
and hence exports in the manufacturing sector. To see the effect of inequality on export
composition, I apply a fixed-effect regression.
zit = α0 + α1 pro.pubit + α2 Inequalityit + α3 Inequalityit ∗ Opennessit
+ α4 Opennessit + βXit + ui + ut + ϵit

(2.2)

where the dependent variable, zit , is the percentage of manufacturing in total merchandise export in year t and country i. The variable pro.pubit is the productive public
spending – education, health and defense –, Ineq is inequality, and open is openness in
year t and country i. The vector of control variables, Xit , includes per capita income,
growth, inflation, exchange rate, the ratio of average effective tariff rate applied for manufacturing to that of primary products, the share of agricultural land in total land area,
the share of old and the share of urban in total population. I control for growth since
manufacturing export may be higher in countries with higher growth rates due to higher
levels of productivity. The share of old and urban population may also affect the share of
employment in the manufacturing sector and hence the manufacturing export. Inflation
and exchange rate are included in the set of control variables to capture the effect of international prices predicted in the model. I also control for the share of agricultural land
in total land area to capture the effect of agricultural endowment, since countries with
higher agricultural endowment have an intrinsic advantage in agricultural production.
Finally, I control for the ratio of average effective tariff rate applied for manufacturing
12
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to that of primary products as an index for trade barriers in manufacturing compared
to other sectors. The model predicts a positive and significant coefficient for productive
public spending, α1 . Hence, I first run the regression, restricting α2 = 0 and α3 = 0 ,
to see the relationship between productive public spending and manufacturing export.
Then I restrict α1 = 0 and estimate α2 and α3 . The model suggests that, in a small
open economy, inequality decreases productive public spending and hence manufacturing
export. Therefore, I expect α1 to be positive and α3 to be negative and significant.
2.2.2. Data
I use an unbalanced panel of 69 countries from 1995 to 2012. This panel includes all the
countries and the years for which the required data is available. Summary statistics for
all the variables appear in Table 2.1.
Table 2.1: Summary statistics

health expenditure(% GDP)
education expenditure(% GDP)
defense expenditure(% GDP)
agricultural land(% total land area)
lnGDPpc(current US$ per capita)
gini
exchange rate
old population(% total population)
population
urban population(% total population)
openness
government revenue(% GDP)
GDP deflator(inflation)
polity
(ln)productive public spending
(current US$ per capita)
manufacturing export(% merchandise export)

count
465
465
465
465
465
465
349
465
465
465
465
408
465
456
465

mean
5.023406
4.872817
1.753634
44.26282
9.125058
35.85013
100.7977
12.5594
3.13e+07
68.43925
-4.053871
30.90181
5.381914
8.785088
6.936682

sd
2.010532
1.388981
.9356557
19.03374
1.299467
10.49066
11.65474
4.878609
6.57e+07
14.87365
3.559945
9.870431
7.979377
1.687015
1.517686

min
.85344
1.55
.16
3.31
5.517292
20
62.3
2.56
231860
15.04
-26.72
10.15
-23.85
1
2.856943

max
10.27049
9.11
9.16
85.46
11.46363
69.17
139.65
20.81
1.13e+09
97.46
0
90.46
93.52
10
9.567588

462

62.82647

23.79653

5.26

97.5

Productive Public Spending.– The dependent variable in the first regression equation
is the productive public spending, i.e. any form of public spending which help the production sector and raises aggregate productivity. In this section, education, health and
defense are used as the dependent variables. These are the public expenditures classified
in Kneller, Bleaney, and Gemmell (1999) as productive spending. In his classification,
which is based on the IMF functional classification, general public services and transport
and communication are also considered as productive expenditure. The data, however,
13
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is not available for them in the world bank dataset and using the IMF dataset reduces
the number of observations to less than a half. Public education and military (defense)
expenditures are provided by the World Bank as a percentage of GDP. Total health expenditure and the share of public health expenditure in total is also available in the World
Bank datasets. I use these variables to derive public health expenditure as a percentage
of GDP. Then I compute the overall expenditures on education, health and defense as
the productive public spending as a percentage of GDP. Using the GDP per capita, I
compute the value of productive public spending per capita in current US$. I investigate
the effect of inequality on both, the logarithmic form of this value ((ln) productive public
spending) and productive public spending as a percentage of GDP (productive public
spending). Note that IMF also provides annual data for the government expenses by
function. However, using the IMF datasets, the number of observations in the regression
equations decreases from 408 to less than 200.
Inequality.– The model explores the effect of inequality in the distribution of manufacturing income. However, to the extent that I am aware of, there is no dataset regarding
inequality based on different sources of income available for all the countries. Hence, as
an inequality measurement, I use the Gini coefficient by the World Bank and update it
by the (Eurostat, 2014) dataset . While interpreting the results, I implicitly assume that
the Gini coefficient shows inequality in the distribution of the manufacturing income. In
other words, as in the model, I assume that the unequal distribution of the agricultural
income is not an important source of inequality.
Openness.– The average tariff rate is commonly used in many papers as an index
to measure the degree of openness, (e.g. Edwards, 1998; Rodrı́guez and Rodrik, 2000).
Unlike the trade ratio, the other common openness index, it is mainly influenced by
rules and regulations rather than the characteristics of the economy such as exchange
rate and the country size. Furthermore, in the second regression where the dependent
variable is export, the average tariff rate seems a better index relative to the other
one which itself includes export. The weighted mean applied tariff is provided by the
World Bank. It is defined as ”the average of effectively applied rates weighted by the
product import shares corresponding to each partner country.” Specific rates are also
converted to their ad-valorem equivalent rates and included in the index where possible.
As a result, we can say that it reflects import barriers to a good extent. Assuming
14
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balanced trade, export and import move together. Thus, it can also be a good measure
for trade barriers. (Looi Kee, Nicita, and Olarreaga, 2009) also provide a clearly defined
trade restrictiveness index based on trade theory. As explained by the World Bank, The
overall trade restrictiveness index, first developed in Looi Kee et al. (2009), ”is a more
sophisticated way to calculate the weighted average tariff of a given country, with the
weights reflect the composition of import volume and import demand elasticities of each
imported product.” However, to the best of my knowledge, it is only available for 2009.
Therefore, I use minus weighted mean tariff as an openness index. In the whole dataset,
the range of this variable goes from −254.58 to 0 with mean −7.6 and median −5.09.
However, observations included in the regressions range from −26.72 to 0 since including
other variables drops out a large number of observations.
Manufacturing Export.– As the dependent variable in the second regression equation,
I use the percentage of manufactures in total merchandise export, manufacturing export. This variable is also provided by the World Bank Group and explained to include
”commodities in SITC sections 5 (chemicals), 6 (basic manufactures), 7 (machinery and
transport equipment), and 8 (miscellaneous manufactured goods), excluding division 68
(non-ferrous metals).”
Control Variables.– The vector of control variables includes annual GDP growth rate
(growth), log GDP per capita (lnGDPpc), government revenue as a percentage of GDP
(government revenue), inflation measured by the annual growth rate of the GDP implicit
deflator (GDP deflator(inflation)), real effective exchange rate (exchange rate), total
population (population), the share of old (old population) and urban (urban population)
in total population and the share of agricultural land in total land area (agricultural
land). These variables are all available in the World Bank datasets. Moreover, in the
second regression equation, I control for an extra variable (manufacturing export barrier).
This variable is the ratio of the weighted mean applied tariff of the manufactured to that
of primary products. I use it as an index of the trade barriers in the manufacturing
sector compare to the other sectors.
2.2.3. Results
The first four columns of Table 2.2 reports the estimated parameters from the first
regression equation. In columns (1), (2), (3) and (5), the dependent variable is the log15

Chapter 2: Inequality, Public Good Provision and the Composition of Trade
Table 2.2: Inequality and productive public spending under trade liberalization
Fixed effect regression
(ln) productive public spending

gini
openness
gini*openness

(1)
-0.0130∗
(-1.83)
0.139∗∗∗
(4.10)
-0.00274∗∗∗
(-4.08)

(2)
-0.00794∗∗
(-2.58)
0.111∗∗∗
(6.74)
-0.00196∗∗∗
(-5.96)
-0.00265
(-1.35)
3.65e-09
(1.32)
0.00173
(0.15)
0.00123
(1.13)
1.095∗∗∗
(36.62)
0.00483∗∗∗
(3.57)

8.284∗∗∗
(26.22)
480

-2.962∗∗∗
(-7.90)
408

agricultural land
population
old population
GDP deflator (inflation)
lnGDPpc
government revenue
exchange rate
cons

N
t statistics in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

(3)
-0.0131∗∗∗
(-3.39)
0.189∗∗∗
(7.88)
-0.00329∗∗∗
(-6.71)
-0.000155
(-0.07)
1.12e-08∗
(1.87)
0.0221
(1.63)
0.000897
(0.68)
1.179∗∗∗
(17.29)
0.00356∗∗
(2.56)
-0.0000224
(-0.02)
-3.881∗∗∗
(-6.01)
311

Pooled regression
productive public

(ln) productive

spending
(4)
-0.0808∗∗
(-2.52)
0.961∗∗∗
(5.58)
-0.0177∗∗∗
(-5.17)
-0.0154
(-0.75)
2.46e-08
(0.86)
-0.0257
(-0.21)
0.0127
(1.12)
0.591∗
(1.90)
0.0454∗∗∗
(3.22)

public spending
(5)
-0.00852∗∗∗
(-3.68)
0.0659∗∗∗
(4.35)
-0.00154∗∗∗
(-4.63)
0.00134∗∗∗
(2.98)
-1.84e-10
(-1.39)
0.00840∗∗∗
(2.67)
0.00142
(0.88)
1.077∗∗∗
(91.78)
0.00842∗∗∗
(6.12)

8.455∗∗
(2.16)
408

-2.995∗∗∗
(-19.70)
408

arithmic form of productive public spending in current U.S.$.1 In column (4) however,
the dependent variable is the productive public spending as a percentage of GDP. In
column (5), I drop out the country and year fixed effects and run a simple OLS regression. As shown in the table, the estimated coefficient of gini*openness, the interaction
of inequality and openness, is significant and negative in all cases. This result is consistent with the prediction of the theoretical model. Inequality decreases the productive
public spending in more open economies. In the first column, I drop out all the control
variables. As the model predicts, the estimated coefficients of gini*openness remains
negative and significant. In addition, consistent with the theoretical model, the effect of
inequality differs for open and closed economies. The estimated coefficient of gini and
gini*openness in column 2 are −0.00794 and −0.00196 respectively. Based on these estimated coefficients, inequality is associated with an increase in productive public spending
1

The coefficients of interest remain significant with the same sign if the values are considered in constant
2005 U.S.$ instead.
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if the average weighted tariff is greater than 4.051, if the economy is relatively closed,
and a decrease otherwise. In other words, one standard deviation increases in gini index
is associated with 5.5 percent standard deviation decrease in logged productive public
spending for completely open economies with no tariff. However, it is associated with
30.7 percent increase for relatively closed economies with weighted average tariff rate
equal to 26.72. Note that the estimation approach explores correlation but not causality.
Therefore, the real effect of inequality can be upward or downward biased due to possible
reverse causality. Nevertheless, the significant negative coefficient of the interaction of
inequality and openness shows that the sign of correlation between inequality and productive public spending is different in open and closed economies, which is in line with
our expectation. The model suggests that higher international prices may increase the
provision of productive public good. In column (3), besides the inflation, I also add the
real effective exchange rate to the regression equation to control for the effect of international prices. Although the number of observations decreases, the estimated coefficient
of gini*openness remains significant.
In Table 2.3, I use different areas of public spending –education, health and defense
as a percentage of GDP– as the dependent variable in equation 1. The included control
variables are as in column (2) of Table 2.2. Except for the defense expenditure in a
pooled regression, coulmn 6, the coefficient of interest, gini*openness, is negative as we
expect. However it is not significant in the first two columns. These results show that the
theoretical model’s prediction fits better to the total productive public spending compare
to the different functions of it. This may happen due to unobserved shocks that affect
each area of public spending within a period in a country. For example, the prevalence
of a contagious disease in a period of time may increase the share of health and therefore
decrease the share of education in total government expenditure.
Table 2.4 reports the estimated coefficients from the second regression equation. The
dependent variable is the percentage of manufactures in total merchandise export. In
columns (1) to (3), I investigate the relationship between productive public spending and
the share of manufactures in total merchandise export. The productive public spending
is considered in logarithmic form and the value is measured in current U.S.$ per capita
in columns (1) and (2). In column (3) it is considered as a percentage of GPD. In all
cases, the estimated coefficient of the productive public spending is positive and signif17
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Table 2.3: Inequality and different forms of productive public spending
Fixed effect regression
education
health
expenditure expenditure
(1)
(2)
gini
-0.00659
-0.0332∗∗
(-0.49)
(-2.33)
openness
0.0454
0.0310
(0.62)
(0.52)
gini*openness
-0.00119
-0.00167
(-0.82)
(-1.48)
N
421
564
t statistics in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Pooled regression

defense
expenditure
(3)
-0.0249∗∗
(-2.12)
0.274∗∗∗
(5.71)
-0.00375∗∗∗
(-4.05)
569

education
expenditure
(4)
-0.0695∗∗∗
(-5.10)
0.298∗∗∗
(3.47)
-0.00635∗∗∗
(-3.32)
421

health
expenditure
(5)
-0.0442∗∗∗
(-4.10)
0.163∗∗
(2.45)
-0.00373∗∗∗
(-2.64)
564

defense
expenditure
(6)
0.0352∗∗∗
(4.25)
-0.0888∗
(-1.71)
0.00184∗
(1.69)
569

icant. These results are consistent with the prediction of the theoretical model. The
model suggests that productive public spending increases the aggregate productivity of
the manufacturing sector and hence raises the manufacturing export. Moreover, in small
open economies, the model predicts a negative effect of inequality on manufacturing export. Inequality decreases the provision of productive public good. A fall in the level of
productive public spending decreases the productivity of the firms and hence manufacturing exports. In line with our expectations, the estimated coefficient of the interaction
of inequality and openness, columns (4) and (5), is negative and significant. Based on the
estimated coefficients in column (4), −0.0335 for the interaction of inequality and openness and −0.582 for inequality, we can say that lower levels of inequality are associated
with a higher share of manufacturing export if the average tariff rate is less than 17.37.
Accordingly, as predicted by the theoretical model, a more equal distribution of income
increases the share of manufacturing exports in a small open economy. In columns (2)
and (5) I also control for the real effective exchange rate to capture the effect of the international prices predicted by the model. Although the number of observations decreases,
the coefficient of interest remains significant.
Consistent with the evidence, this paper underlines the crucial role of inequality to
determine productive public spending and provides an explanation for the discussed patterns. The provision of productive public good raises the firms’ profit and consumer
surplus in a small open economy and a closed economy, respectively. Accordingly, as
the median voter becomes poorer, as inequality rises, her desired level of tax-financed
productive spending increases in a closed economy and decreases in a similar open econ18
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Table 2.4: Inequality and manufacturing export

(1)
(ln) productive public spending 8.059∗∗∗
(2.70)
productive public spending
gini
gini*openness
openness

-0.102
(-0.51)
-0.398
(-1.53)
0.0988
(1.05)
0.285
(0.42)
-0.0771
(-0.72)
-8.292∗∗
(-2.27)
-0.546
(-1.36)

urban population
growth
old population
agricultural land
lnGDPpc
manufacturing export barrier
exchange rate

102.5∗∗∗
(3.27)
461

cons
N

manufacturing export
(2)
(3)
(4)
8.478∗∗∗
(2.97)
0.519∗
(1.75)
-0.582∗∗∗
(-3.38)
-0.0335∗
(-1.92)
-0.153 -0.0266
1.609∗
(-0.69) (-0.13)
(1.87)
-0.413∗ -0.381
-0.330
(-1.69) (-1.46)
(-1.26)
∗
0.181
0.0903
0.0648
(1.66)
(0.95)
(0.69)
0.0898
0.322
0.269
(0.13)
(0.47)
(0.39)
-0.141 -0.0872 -0.0999
(-1.46) (-0.81)
(-0.94)
-3.558
0.227
0.860
(-0.80)
(0.14)
(0.56)
0.787
-0.607
-0.390
(1.41)
(-1.51)
(-0.91)
-0.0109
(-0.20)
72.62∗∗ 73.44∗∗ 91.86∗∗∗
(2.25)
(2.49)
(3.08)
346
461
461

(5)

-0.401∗∗
(-2.19)
-0.0655∗∗∗
(-3.07)
3.292∗∗∗
(3.08)
-0.195
(-0.77)
0.220∗
(1.93)
0.226
(0.34)
-0.130
(-1.34)
6.179∗∗
(2.06)
0.488
(0.89)
-0.0157
(-0.29)
44.10
(1.43)
346

t statistics in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

omy. Less productive spending hence reduces TFP and undermines the ability of the
manufacturing sector to export.

2.3. Assumptions
2.3.1. Preferences and policy variables
Consider an economy in which there are only two goods, a manufacturing good and
an agricultural good. The goods are being produced in a competitive market. The
19

Chapter 2: Inequality, Public Good Provision and the Composition of Trade

agricultural producers do not make any profit while the manufacturing firms, as will
be explained later, earn positive profit in equilibrium. The economy is populated by a
continuum one of individuals, indexed by i. Preferences are given by
ui = β ln yi + ln xi

(2.3)

where yi and xi are, respectively, the quantity of the manufacturing and agricultural
good consumed by individual i. The parameter β > 1 gives the weight of the manufacturing good in the utility function. The individuals have two sources of income. First,
each individual provides one unit of labor and earns wage w which is endogenously determined. Second, the individuals are the owners of the firms and earn a fraction θiπ of
the firms’ profits as the manufacturing income.2 Moreover, I assume that the individuals pay a proportional income tax that is only imposed on their wage, τ w, and is fully
used to provide productive public good. Imposing tax on only the wage and not the
manufacturing income, is a simplifying assumption that enables us to derive explicitly
the optimal decisions. In section 5.2 however, by simulating the model, I show that
the general results of the paper remain unchanged if the tax is imposed on the whole
income instead.3 The price of the agricultural good is normalized to one. Therefore the
individual’s budget constraint can be written as
pyi + xi = (1 − τ )w + θiπ π M

(2.4)

where p is the price of the manufacturing good in terms of the agricultural good. The
parameter θiπ is indeed the only source of heterogeneity among the individuals. As explained in Section 2.2, inequality and productive public spending are diversely correlated
in closed and open economies. Considering heterogeneity in θiπ allows us to see the effects
of public good provision on the individuals with various firm ownership and explore the
influence of inequality. Perfect equality in the economy happens when θiπ = 1 for each

2

In fact, I assume that they earn a fraction θi of the total manufacturing profit per person. Under this
circumstance, θiπ can be smaller or greater than one. perfect equality happens in the economy when,
for every individual i, θiπ = 1. Note that since the number of individuals is normalized to one the
total profit per person is the same as the total profit.
3
Increase in the provision of productive public good under trade liberalization for low levels of inequality
is even stronger in this case.

20

Assumptions
individual i. Rather than wage inequality, I focus on the distribution of firm ownership.4
That is because asset inequality is widely increasing and becoming more pronounced
than other sources of inequality in today’s world.5 Maximizing the individual’s utility function subject to the budget constraint leads to the following individual demand
functions:
yi =

β [ (1 − τ )w + θiπ π M ]
1+β
p

(2.5)

xi =

1
[(1 − τ )w + θiπ π M ]
1+β

(2.6)

Since the number of individuals in the economy is normalized to one, the aggregate
demand functions can be written as
∫

∫

1

d

y =

(2.7)

0

β((1 − τ )w + θiπ π M )
β((1 − τ )w + π M )
di =
p(1 + β)
p(1 + β)

∫

1

((1 − τ )w + θiπ π M )
((1 − τ )w + π M )
di =
1+β
1+β

(2.8)

1

yi di =
0

∫
d

x =

1

xi di =
0

0

I assume that the tax rate is determined in a majority voting system. As a result,
based on the median voter theorem, the equilibrium tax rate is the one preferred by the
median voter. Although it may seem an extreme assumption, it neatly captures the fact
that public spending is determined by the individuals preferences.6 I further assume
that the full tax revenue is used to finance the productive public good. The provision of
productive public good is a concave function of the tax revenue. Indeed, we assume that
the production function of productive public good uses the numeraire good as the only

4

In our simple framework, wage is determined in the agricultural sector and is not affected by the
amount of productive public good. Wage inequality does not influence productive public spending
under this circumstance. One can think of a small open economy in which the wage is determined in
the manufacturing sector, as in section 2.4.2. Consider the case in which the individuals are exogenous
in terms of their ability. Instead of the distribution of the firm ownership, we now face the distribution
of ability. As section 2.4.2 explains, the wage and the manufacturing profit are hence both increasing
in productive spending (and proportional to G1−α ) and inequality in either of them has a similar
harmful effect on provision of productive public good.
5
The richest 20% of Americans hold over 85% of the financial assets in the economy. The data also
show an increae in the share of stock ownership by the richest 1% and 5% from 2001 to 2007 ( see
Wolff (2010)).
6
The majority voting system is expected to represent the policies implemented in the democratic regimes,
and to a lower extent the countries with election even though they may not be perfect democracy.
The graphs in Section 2.2 include only the countries with certain level of democracy, polity index
above zero, for which the median voter theorem seems to apply. A wide range of trade restrictions
can be seen in these countries.
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input and hence the agricultural good (i.e. the numeraire) is also an intermediate good.
1

(τ w) γ = G

(2.9)

where γ > 1. Therefore, the initial units of tax revenue increases the provision of
productivity-enhancing public good by a larger amount. Productive public spending
includes any forms of public spending which enhances the firms’ productivity such as
R&D investment, infrastructure, education, health and defense.7 Throughout the paper
it is assumed that these spendings only rise the productivity of the manufacturing sector.
This assumption simply highlights the stronger importance of human capital and R&D
investment in the manufacturing sector relative to the agricultural sector.8
Rather than the amount of public good provided in the economy, trade liberalization
may also be subject to the individuals’ decision. The policy makers, however, do not
have full control over trade liberalization and it depends on the decision of trade partners
and international institutions such as WTO. Throughout the paper we take the state of
openness as given and focus on the optimal provision of public good. The results of the
paper investigate the condition under which joining the international market raises the
productivity of the manufacturing sector and its competitiveness.

2.3.2. The agricultural sector
The agricultural good is being produced in a competitive market with a linear technology
that uses labor as the only input factor.
xj = zlj

(2.10)

where z is the productivity of the agricultural sector which is exogenous and lj is the
labor used by firm j to produce xj . The price of the agricultural good is normalized to
7

Using the IMF functional classification, (Kneller et al., 1999) classify general public services, education, health, housing, defense, transport and communication as the productive public expenditures.
Social security and welfare expenditures and expenditures on recreation are classified as unproductive
expenditures.
8
In this regard, Pereira and Andraz (2003) empirically test the importance of public spending in privatesector performance. The influence is unbalanced across industries and the manufacturing sector is the
biggest beneficiary.
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one. Thus, the profit can be written as follows.
πjA = zlj − wlj
Based on the above profit function, three cases may happen.





(xj , lj ) = (0, 0),
if z < w



(0, 0) < (xj , lj ) < (∞, ∞), if z = w





(xj , lj ) = (∞, ∞),
if z > w

(2.11)

Due to labor scarcity, the third case can not be observed in the equilibrium. Moreover,
there is always a positive demand for the agricultural good. As a result, the first case is
also impossible for a closed economy in equilibrium since the supply of the agricultural
good can not be zero while the demand is positive. However, in an open economy, positive
demand and zero supply is possible due to the agricultural import. In this circumstance,
when there is no international labor mobility, all the individuals supply their labors in
the manufacturing sector. The equilibrium wage equalizes demand and supply of the
labor within the manufacturing sector while labor supply is equal to one. Consequently,
the domestic supply of the agricultural good is zero. From now on, I focus on the second
case and assume that we have production in both sectors, weq = z. The agricultural
profit is thus zero. In section 2.4.2, I also explore the circumstances under which weq > z
and thus, the demand for the agricultural good is provided via the agricultural import.
The main results of the paper, specifically more productive public spending in open
economies with lower inequality, still holds if weq > z.
2.3.3. The manufacturing sector
There is a continuum one of the homogeneous firms in the industry that produce the
manufacturing good.9 Firms are price takers and have access to a technology that uses
9

We have a fixed number of firms, which is normalized to one, with positive profit in the economy. There
can be different explanations behind this assumption. First, this can happen due to entry barriers
caused by high administrative costs. Entry costs prevent the new firms to enter the market. Second,
it can be a result of heterogeneous productivity levels. As an example, consider the case when the
entrepreneurs differ in their productivity level and there is a fixed cost associated with entering the
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labor as an input factor. Moreover, unlike the agricultural sector, firms’ productivity is
now affected by the level of productive public good.10
yj = α−1 AG1−α ljα

(2.12)

where 0 < α < 1 and G is the level of productivity enhancing public spending. Based
on the above production function, the firm’s output is an increasing concave function
with respect to the level of productive public good available in the economy. The firm
maximization problem can be written as
A
max{p ljα G1−α − wlj }.
lj
α
By solving the firm maximization problem we have:

lj = (

1
pA 1−α
) G
w

(2.13)

Substituting the optimal labor force into the production and the profit functions leads
to the optimal level of the production and profit respectively (see the proof in Appendix
2.A.1).
1
α
G p 1−α
( ) A 1−α
α w

(2.14)

1
1−α
1 α
G(pA) 1−α ( ) 1−α
α
w

(2.15)

yj =
πj =

Since the number of the firms in the economy is normalized to one, the aggregate supply
function can be written as follows:
∫
s

y =

1

yj dj =
0

α
1
G p 1−α
( ) A 1−α
α w

(2.16)

manufacturing sector. The entrepreneurs with sufficiently high productivity enter the manufacturing
sector and earn a positive profit, except the marginal firm for which the manufacturing profit is equal
to zero. The rest of the entrepreneurs, who are not able to earn a positive manufacturing profit, will
be active in the agricultural sector. Our model is indeed a simplified version of this approach when
only two productivity levels are possible, A and z. All the entrepreneurs who were able to earn a
positive profit, productivity A, have already entered the manufacturing sector and earn a positive
profit due to the decreasing return to scale production function while the rest, with productivity z,
are active in the agricultural sector. Note that, under this circumstance, I assume that the fixed cost
is so low that even for very low levels of public good, entrepreneurs with productivity A prefer to
enter the market. Otherwise, all the entrepreneurs will be active as agricultural firms and there is no
manufacturing sector in the economy.
10
See Barro (1990) as an example that includes government spending in production function with a
similar approach.
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2.4. Analysis
I now investigate the optimal level of public good in the economy from different agents’
perspective. First, I derive the equilibrium tax rate, and hence the productive public
investment, in a closed economy, where the market price is determined endogenously. I
then move on to an open economy where the price equals to the exogenous world market
price. Note that throughout the paper, except in Section 2.4.2, it is assumed that the
wage is determined in the agricultural sector, weq = z. Moreover, in each section, I first
analyze the behavior of price and profit as a function of productive spending, G, and
tax, τ , separately. I then assume that the tax revenue is fully used to provide public
good by imposing equation 2.9, and derive the indirect utility function and the optimal
tax decision.
Throughout the model I assume that the possible cases are either absolute autarky or
unrestricted free trade and I relate these results to the observations with different levels
of openness. Indeed, I implicitly assume that the results of the paper can be extended to
explain the difference between relatively closed and open economies. In relatively closed
economies, tariff restriction undermines the level of competitiveness and the domestic
firms have more control over the price level. The provision of productive public good
hence increases the efficiency of the firms and reduces the price as in our model.
2.4.1. Closed economy
The equilibrium market price of the manufacturing good can be derived by equating
supply and demand (see Appendix 2.A.2).
peq =

( αβ((1 − τ )z + π) )1−α −1 α
A z
G(1 + β)

(2.17)

As the above equation shows, the equilibrium price is decreasing in G since the firms
operate more efficiently if the level of public good is higher. By substituting the equilibrium price into the profit function we can find the firms’ profit in the equilibrium (see
Appendix 2.A.2). Note that the firms take the level of public good and tax rate as given.
From their perspective, these policy variables are independent and each of them has a
separate influence on the level of profit, i.e. τ and G are independent in this step. I
later assume that the central planner has a balanced budget in equilibrium and the tax
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revenue is totally used to provide public good.
πM =

β(1 − α)
(1 − τ )z
1 + αβ

(2.18)

Lemma 2.1. Holding τ constant in a closed economy, the equilibrium price, peq , is
decreasing in the level of public good, G, while the equilibrium profit, π, is unaffected.

The increase in G raises the productivity of the manufacturing sector and hence, the
firms operate more efficiently. However, due to Cobb-Douglas preferences and production, the increase in the efficiency of the firms only lowers the equilibrium price while
the profit is unaffected.

11

Based on the equilibrium price derived above, I now proceed to find the equilibrium
(τ, G). In order to do so, I need to find the indirect utility function. The equilibrium
level of consumptions can be written as follows (see the proof in Appendix 2.A.2):
yi =

( β )α G 1−α 1 α ((1 − τ )z + θiπ π M )
( ) A( )
1+β
α
z ((1 − τ )z + π M )1−α
xi =

((1 − τ )z + θiπ π M )
1+β

By substituting π M from equation 2.18 into the above equations, we have
( 1 )
G
β(1 − α)
yi = A(β(1 − τ ))α ( )1−α
(1 + αβ)1−α [1 + θiπ
]
α
1+β
1 + αβ
xi =

(1 − τ )z
β(1 − α)
[1 + θiπ
]
1+β
1 + αβ

(2.19)

(2.20)

The indirect utility function can be derived by substituting equations 2.19 and 2.20 into
equation 2.3. I now assume that the whole tax income is used to provide public good
and hence substitute G from equation 2.9.
vi = F 1 +
11

β(1 − α)
β
(1 − α) ln τ + (1 + αβ) ln(1 − τ ) + (1 + β) ln(1 + θiπ
)
γ
1 + αβ

(2.21)

Due to log-log preferences assumption, the profit is totally independent of public spending. With
other forms of utility functions such as quasilinear, however, the profit is also influenced by the level
of public spending. Under this circumstance, although the results are not exactly the same as the
model introduced in this paper, the similar patterns between inequality and public good provision are
expected to hold. For detailed discussion see section 2.6.2.
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where F1 = αβ ln β − (1 + β) ln(1 + β) − β(1 − α) ln α + β(1 − α) ln(1 + αβ) + β ln A +
(1 +

β(1−α)
) ln z.
γ

Equation 2.21 shows that the indirect utility function is increasing

in A. Higher A is associated with higher productivity and hence lower price in the
manufacturing sector which increases the utility of the consumers. Not surprisingly,
a rise in θiπ and z also increases the indirect utility via increasing disposable income.
However, the effect of τ and therefore G is ambiguous. On the one hand, a higher level
of tax is used to provide more public good which decreases the price and enables the
consumers to consume more. But on the other hand, it decreases disposable income and
therefore reduces consumption.
Maximizing the indirect utility function shows that, in this closed economy, individuals with different share from the firms’ profit prefer the same tax rate. Furthermore,
the optimal tax rate is decreasing in γ and α, where

1
γ

captures the elasticity of public

spending with respect to tax revenue and (1 − α) is the output elasticity of public good.
Proposition 2.1. Form the agent i’s perspective, the optimal tax level , and hence the
optimal provision of productive public good, in the closed economy is independent of θiπ
and decreasing in γ and α.
τ opt =

Gopt =

(

β(1 − α)
γ(1 + αβ) + β(1 − α)
) γ1
zβ(1 − α)
γ(1 + αβ) + β(1 − α)

Proof. Appendix 2.B.1

Q.E.D.

The intuition behind the reduction of τ and therefore G by raises in γ and α is quite
clear. If γ is higher, the provision of public good is more costly. Moreover, higher α
means lower impact of public good on production and thus less effective public good.
Hence, under both conditions, the optimal provision would be lower. The independence
of the optimal decision from θiπ , however, is due to the the fact that the proportional
income tax is levied only on the wage. Based on this assumption, the manufacturing
income, π in equation (16), indirectly decreases by the ratio (1 − τ ). As a result, the
whole income –left hand side of equation (2)– decreases by the same ratio (1 − τ ).
Since disposable income and the price decreases similarly for all the individuals, the
equilibrium (τ, G) would be the same irrespective of θiπ . If instead, the proportional
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income tax is imposed on total income, as tax rises, the manufacturing income decreases
with a higher ratio relative to the agricultural income. Consequently, disposable income
decreases more for the individuals with higher share of the firm’s profit. By simulating
the model in MATLAB, Section 2.6 shows that in this circumstance, the equilibrium tax
rate decreases with θiπ .
Using θiπ and the median voter theorem, it is now possible to explore the role of
inequality in provision of productive public good. If the manufacturing income is more
evenly distributed among the individuals, the median voter is richer in terms of the firms
profit and has a high θiπ . She consequently, opt for a lower tax rate and less public
spending if the tax is imposed on total income. Accordingly, inequality in a closed
economy has either no impact, when only the wage income is taxed, or is expected
to increase the provision of productive public good, when tax is levied on total income.
This result is consistent with the slightly positive association of inequality and productive
spending observed in Figure 2.1.

2.4.2. Open economy
This section explores the optimal provision of productive public good in a small open
economy. As before, two types of goods, the agricultural and the manufacturing, are
being produced in the world market. The price of the former is normalized to one and
the relative price of the manufacturing good, determined in the world market, is shown
by pf . The small open economy takes the prices as given. As explained in section
2.3.2, it is now possible that the positive demand for the agricultural commodity is fully
provided via import. The wage, unlike the closed economy, may thus be determined in
the manufacturing sector. Throughout the paper, I assume that the productivity of the
agricultural sector is sufficiently high that it remains active when the economy opens up
to trade. The equilibrium wage is then pinned down by the productivity of this sector.
The associated results will be derived in Section 2.4.2. The condition under which this
assumption holds will be provided in Section 2.4.2 which further investigates The optimal
provision of public good and the role of inequality when the wage is determined in the
manufacturing sector. Regardless of in which sector the wage is determined, inequality
is expected to reduce productive spending in a small open economy.
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The small open economy with high agricultural productivity
This section assumes that both sectors are active in the economy and the wage is hence
determined in the agricultural sector, weq = z. The results derived in the rest of the
paper, except Section 2.4.2, is based on the analysis of this section. The firm’s profit in
the manufacturing sector and the domestic demand can thus be written as in equations
2.15 and 2.5, respectively, where p is substituted by pf .
1
1−α
1 α
)G(pf A) 1−α ( ) 1−α
α
z

(2.22)

β [ (1 − τ )z + θiπ π M ]
(1 + β)
pf

(2.23)

πM = (

yi =

As we can see above, unlike the profit in the closed economy, equation 2.18, the firms’
profit in the open economy is an increasing function of G and does not depend on τ .
Note that, as in Lemma 2.1, in this step, G and τ are independent and we have not yet
imposed the assumption that the tax revenue is fully used to provide public good.
Lemma 2.2. Holding τ constant, the equilibrium profit in a small open economy is
increasing in the level of public good, G.
As explained before, productive public spending increases the productivity and thus
the efficiency of the firms. Firms are able to produce more while the price is determined in
the world market and is unaffected by the domestic supply. The firms’ profit consequently
increases as they become more productive.
By substituting π M into the equations 2.23 and 2.6, we have
1

α

)G(pf A) 1−α ( z1 ) 1−α ]
β [ (1 − τ )z + θiπ ( 1−α
α
yi =
1+β
pf
xi =

1
1−α
1 [
1 α ]
(1 − τ )z + θiπ (
)G(pf A) 1−α ( ) 1−α
1+β
α
z

The above equations show the equilibrium levels of the manufacturing and the agricultural goods consumption. By combining these two equations with the individuals’ utility
function, we can drive the indirect utility function in this small open economy (see the
proof in Appendix 2.A.3). I now impose the assumption that the tax revenue is fully
used to provide public good and thus substitute G from equation 2.9.
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vi = F2 + (1 + β) ln[(1 − τ )z + θiπ (

1
1
1−α
1 α
)(τ z) γ (pf A) 1−α ( ) 1−α ]
α
z

(2.24)

where F2 = β ln β − (1 + β) ln(1 + β) − β ln pf . Not surprisingly, the indirect utility
function is increasing in θiπ . However, as is the case in the closed economy, the effect
of public good on the indirect utility is ambiguous. On the one hand, providing public
good increases the profit and therefore the manufacturing income. On the other hand,
however, the taxes imposed to provide public good decreases the net wage. It can be
shown that the optimal tax level from the individual i’s perspective, is increasing in θiπ .
As a result, provision of public good is more interesting for those who earn a higher
income in the manufacturing sector.
Proposition 2.2. From the agent i’s perspective, the optimal tax level, and hence the
optimal provision of productive public good, in the open economy is increasing in θiπ and
pf and decreasing in z.
γ
[
1
1 − α ] γ−1
1 α+γ−1
( ) (1−α)(γ−1)
)
τ opt = θiπ (pf A) 1−α (
γα
z
1
[
α
1
1 − α ] γ−1
1
( ) (1−α)(γ−1)
Gopt = θiπ (pf A) 1−α (
)
γα
z

Proof. Appendix 2.B.2

Q.E.D.

The optimal tax and hence the amount of public good are increasing in the world
market price, pf . This is the case, because, as equation 2.22 shows, productive public
investment is more profitable when pf is higher. In other words, provision of public
good increases the firms’ supply which is more revenue enhancing if the firms face a
higher international price. The preferred tax rate is also increasing in θiπ . Accordingly,
those with higher share of the firms’ profit are more interested in providing public good.
This happens since the firm’s profit is increasing in G while the relative price of the
manufacturing good is unaffected. Furthermore, the equilibrium tax rate is decreasing
in z. To get the intuition, note that a rise in the tax rate affects the indirect utility
through two channels. One is the negative effect due to a decrease in the disposable
income. The other is the positive effect due to an increase in the firms’ profit. A
higher z, consequently a higher wage, intensifies the negative effect of increasing τ on
the individuals’ utility and hence decreases the equilibrium tax rat.
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We can now use θiπ and the median voter theorem to explain the role of inequality.
Higher inequality is associated with a poorer median voter. The provision of public good
which increases the firms’ profit is less desirable if the median voter is poor and earn
a low amount of profit, low θiπ . Unlike the closed economy, inequality is now harmful
and reduces the provision of public good in a small open economy. This prediction
is consistent with the negative correlation between inequality and productive spending
observed in Figure 2.1.

A small open economy with a low agricultural productivity

As discussed in section 2.3.2, the first case of equation 2.11 is possible in an open economy
where z, the exogenous productivity of the manufacturing sector, is sufficiently small. In
this circumstance, obtaining a non-negative profit in the agricultural sector is impossible
and the agricultural production is zero. The positive demand for the agricultural good
is thus provided via import. Subsequently, all the individuals supply their labors in the
manufacturing sector. The equilibrium wage equalizes the manufacturing demand for
labor, equation 2.13, with total labor supply in the economy, which is equal to one.
ld = ls
(

1
pf A 1−α
) G=1
w

w = pf AG1−α

(2.25)

Using equation 2.15, the firms’ profit can be written as follows.
π eq =

1−α f
p AG1−α
α

(2.26)

Moreover, the level of public good in the economy, G, is a function of tax revenue and
hence wage. Using equations 2.9 and 2.25 together, we can drive public good provision
as a function of tax rate and exogenous variables.
1

G = (τ pf A) γ+α−1
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Based on the new equations for w and π, demand for the agricultural and manufacturing
goods is derived.
yi =

xi =

)pf AG1−α ]
β [ (1 − τ )pf AG1−α + θiπ ( 1−α
α
1+β
pf
]
1 [
1−α f
(1 − τ )pf AG1−α + θiπ (
)p AG1−α
1+β
α

Substituting G from equation 2.27 into the above equations and combining them with
equation 2.3 leads to the following indirect utility function.
vi = F3 +

(1 + β)(1 − α)
1−α
ln τ + (1 + β) ln (1 − τ + θiπ
)
γ+α−1
α

(2.28)

By maximizing the indirect utility function with respect to τ we can now derive the
optimal tax choice of individual i.
Proposition 2.3. From the agent i’s perspective, the optimal tax level, and hence the
optimal provision of public good, in an open economy with w > z, is increasing in θiπ and
decreasing in α.
τ opt =
Gopt =

1−α
1−α
(1 + θiπ
)
γ
α

1
( pf A(1 − α)
1 − α ) γ+α−1
(1 + θiπ
)
γ
α

As in Proposition 2.2, the equilibrium tax rate and hence public good provision is
increasing in θiπ . However, the tax is no more increasing in pf . The intuition is that a rise
in price affects the profit and wage with a same ratio. Accordingly, the cost and benefit
of income ratio tax, decrease in disposable income due to a decrease in the net wage and
increase in disposable income due to an increase in profit, are affected similarly and hence
the optimal tax remains unchanged. The above proposition and proposition 2.2 show
that in an open economy, individuals with higher manufacturing income prefer more
public spending. Accordingly, if the median voter rule applies, lower inequality leads to
more provision of productive public good. This result holds irrespective of agricultural
productivity level, z.
To find the condition under which we drop to the first case of equation 2.11, note that
if z ≤ w|lm =1 , production in the agricultural sector is zero and the wage is determined in
the manufacturing sector. The threshold, w|lm =1 , is the equilibrium wage when all the
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labors are employed in the manufacturing sector. It can be derived as a function of τ
and exogenous variables by substituting equation 2.27 in equation 2.25.
1−α

γ

w|lm =1 = τ γ+α−1 (pf A) γ+α−1
Using the equilibrium tax rate from Proposition 2.2, I derive a threshold, z ∗ , such that
for z > z ∗ the first case of equation 2.11 holds and weq = z. However, for z ≤ z ∗ , there
is no employment and hence no production in the agricultural sector and the wage is
determined in the manufacturing sector.
Proposition 2.4. The production in both sectors is positive and weq = z, if z > z ∗ ,
where
z∗ =

1−α
( θiπ (1 − α) ) γ+α−1
γ
(pf A) γ+α−1 .
γα

Consequently, the optimal tax rate, from the agent i’s perspective, is as in Proposition
2.2.
Note that if the median voter theorem applies, the provision of public good is determined by the median voter. In the above proposition, θiπ is consequently the median
voter’s share of the firms’ profit. The threshold is increasing in θiπ , pf and A. The
intuition is that labor demand in the manufacturing sector increases as pf or A raises.
Moreover, a richer median voter, with a higher θiπ , opts for more provision of productive
public good. Firms’ productivity rises and enhances labor demand in the manufacturing sector. Consequently, the wage under full employment in the manufacturing sector
increases. To be able to remain active, the agricultural sector should offer a higher wage
which means that it should be more productive. In fact, the economy becomes a net
agricultural importer if the manufacturing productivity is high enough so that the wage
determined under full employment in the manufacturing sector cannot be paid by the
agricultural sector.
2.4.3. Closed and open economy comparison
One important issue is to understand whether trade liberalization increases the provision
of public good. In a small open economy with price taker firms, public good provision
increases the firms’ profit while the price of the manufacturing good is determined in
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the international market. However, in a similar closed economy, the provision of public
good reduces the price of the manufacturing good and has no effect on the firms’ profit.
It can be shown that there is a threshold price, p∗ such that for the international prices
higher than this threshold, the provision of public good in the open economy is higher
than the closed economy.
Proposition 2.5. The provision of public good under trade liberalization increases if
pf > p∗ and decreases otherwise. The threshold p∗ is decreasing in θiπ and A and increasing in z.
γ
τ open
pf (γ−1)(1−α)
=
(
)
τ closed
p∗

and

1
Gopen
pf (γ−1)(1−α)
=
(
)
Gclosed
p∗

α+γ−1

)
)1−α
z γ ( γα
1(
θiπ
∗
p =
(γ−1)(1−α)
A (1 − α) 1−α
γ [ γ (1 + αβ) + (1 − α)]
γ
β

Proof. Appendix 2.B.3

Q.E.D.

The threshold is decreasing in θiπ where the individual i is the median voter. The
intuition is that if the individual i earns a higher share of the firms’ profit, her disposable
income increases more with the provision of public good under trade liberalization and
hence productive public spending is more desirable for her. Accordingly, for the lower
international price of the manufacturing good, the level of public good in the open
economy is still higher than the closed economy. Higher A has also a similar effect since
it intensifies the positive effect of public good provision on the firms’ profit and thus
disposable income. Moreover, as explained in Proposition 2.2, productive public spending
in the open economy decreases with z. Consequently, for higher z, the international price
should also be higher to motivate public spending.
An interesting consequence of the above proposition is that we can relate the provision
of public good under trade liberalization to the level of inequality. Based on the median
voter theorem, the optimal decision is the one which is preferred by the median voter.
Assuming that the manufacturing income is the main source of inequality, a richer median
voter, a more equally distributed manufacturing income, leads to a higher τ and hence
a higher G as the optimal choice in the open relative to the closed economy.
Corollary 2.1. Provision of public good in an open relative to a similar closed economy
is decreasing in the degree of inequality.
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2.5. Export and Import relationship with the provision of
public good
Provision of public good increases the firms’ profit and encourages the firms’ owners
to produce more. Under these circumstances, the excess supply of the manufacturing
good will be exported to the foreign market. Exporting the manufacturing good would
be compensated with importing the agricultural good. In this section I discuss the
condition under which the export of the manufacturing good is positive and explore the
composition of trade through the channel of public good provision.
In each sector, the excess supply with respect to the domestic demand can be defined
as the level of export.
EX y = y s − y d
EX x = z(1 − lm ) − τ w − xd
where lm is the labor used in the manufacturing sector and is determined by the manufacturing firms. The rest of the individuals, (1 − lm ), supply their labors in the agricultural
sector and hence z(1 − lm ) is the supply of the agricultural good. The agricultural demand is the summation of the households’ consumption, xd , and the tax collected by the
government, τ w. As assumed before, I focus on the second case of equation 2.11 where
weq = z and hence, in what follows, w is substituted with z.
Lemma 2.3. The export of the manufacturing good is an increasing function of τ and
therefore G.
EX y =

f
]
1 p A
1 1 + αβ
z[
β
γ(
1−α
(τ
z)
)
−
(1
−
τ
)
(1 + β) pf
z
αβ

Proof. Appendix 2.B.4

Q.E.D.

Lemma 2.4. The export of the agricultural good is a decreasing function of τ and therefore G.

f
[
1 p A
1 1 + αβ ]
β
γ
EX =
z (1 − τ ) − (τ z) (
) 1−α
(1 + β)
z
αβ
x

Proof. Appendix 2.B.5

Q.E.D.

The intuition behind Lemmas 2.3. and 2.4 is that productivity of the manufacturing
sector increases as the provision of public good increases. This makes a comparative
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advantage for the manufacturing sector compared to the agricultural sector and hence
raises the manufacturing export, equivalently the agricultural import.
By substituting τ from Proposition 2.2 into the above equations we can find a threshold price such that for the international prices above the threshold, the manufacturing
good is exported to the international market.
Proposition 2.6. The export (Import) of the manufacturing (agricultural) good is positive if pf > p∗∗ and negative if pf < p∗∗ .
EX y =

∗∗

p

1[
=
A

γ
β z pf (1−α)(γ−1)
[(
)
− 1]
1 + β pf p∗∗

γα
( 1−α
)

θiπ

1−α
γ

1−α
γ

z

α+γ−1
γ

]

[ 1+αβ
] (1−α)(γ−1)
γ
( αβ ) + θiπ ( 1−α
)
αγ

where p∗∗ is decreasing in θiπ and A and increasing in z.
Proof. Appendix 2.B.6

Q.E.D.

If the individual i, earns a higher share of the firms’ profit, θiπ , her disposable income
increases more with the provision of public good. Thus, she prefers higher level of public
spending which leads to more production in the manufacturing sector. In these circumstances, the threshold price decreases since for each pf the supply of the manufacturing
good is higher. The threshold price also decreases with A since the production process
is more efficient for higher A which increases the supply of the manufacturing good.
We can now relate the trade patterns to inequality. Based on the above proposition,
the manufacturing export (agricultural import) is decreasing in threshold p∗∗ , and consequently increasing in θiπ . If the median voter theorem applies, as inequality increases the
median voter earns a lower amount of firms’ profit, smaller θiπ . She then finds productive
public spending less appealing. Lower provision of the public good reduces the productivity of the manufacturing sector and its competitiveness in the international market.
The manufacturing export hence decreases.
Corollary 2.2. The export of manufacturing goods (the import of agricultural goods) is
decreasing in the degree of inequality.
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2.6. Extensions
In this section I demonstrate that relaxing some simplifying assumptions of the paper
leads to a similar influence of inequality on productive public spending. Under trade
liberalization, individuals with the highest share from the firms’ profit benefit the most
from the provision of productive public good. Furthermore, when analyzing the results
of the paper, it was implicitly assumed that more provision of public good raises the
aggregate productivity. This section demonstrates that this is a valid assumption.
2.6.1. Income ratio tax imposition on the total income (Simulation results)
So far, I assumed that the proportional income tax is only imposed on the wage. If
instead, it is imposed on total income, the influence of inequality is even stronger. The
individual’s budget constraint can be written as follows.
pyi + xi = (1 − τ )(w + θiπ π M )

(2.29)

Under this assumption, the equilibrium (τ, G) can not be derived explicitly. In this
section, I show the simulation results for the relationship between the equilibrium tax
rate and inequality, θπ , in the closed and open economies.
Closed economy
By equating the supply and the demand for the manufacturing product, we can drive its
equilibrium price in a closed economy.
peq =

[ αβ(1 − τ )(w + π) ]1−α α −1
w A
(1 + β)G

(2.30)

Substituting the equilibrium price into the equation 2.3 leads to the equilibrium profit
of the firms.
π eq =

β(1 − α)(1 − τ )
w
1 + αβ + βτ − αβτ

(2.31)

Equations 2.30 and 2.31 show that Lemma 2.1 still holds. The equilibrium price is decreasing in G while the profit is unaffected. The focal difference between this section and
section 2.4.1 is that the disposable income is now more decreasing in tax which reduces
the demand for the manufacturing commodity and lowers the firms’ profit. Furthermore,
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besides the indirect influence of tax on profit via the decrease in disposable income, the
manufacturing income is now directly reduced by tax. Relative to the previous case when
tax was only imposed on wage, the firms’ owners hence find the tax-financed public good
less appealing. To find the equilibrium tax rate I maximize the indirect utility function.

vi = F4 +(1+βα) ln(1−τ )+
− (αβ +

(
)
β(1 − α)
ln(τ )+(1+β) ln 1+β+(β−αβ−βτ +αβτ )(θiπ −1)
γ

β(1 − α)
+ 1) ln(1 + αβ + βτ − αβτ )
γ
(2.32)

where F3 = f (α, β, γ, A, M ). Figure 2.3 shows that, for the given set of parameters,
the equilibrium tax rate in a closed economy, τc , is decreasing in the individual’s share
from the firms’ profit, θiπ . This happens because a rise in τc and hence G, on the
one hand, increases the efficiency of the firms and decreases the equilibrium price of the
manufacturing good, which increases the consumers surplus. On the other hand, a higher
τc , in addition to a direct decrease in the manufacturing income, indirectly declines it
via the decrease in the disposable income of the consumers. As a result, a raise in τc
is more harmful for the individuals with higher share from the firms’ profit. This leads
to a decreasing τc with respect to θiπ . When the median voter theorem applies, more
inequality in firm ownership, associated with a poorer median voter, leads to higher tax
rate and more provision of public good.

Open economy
In an open economy the equilibrium price is determined in the international market.
Therefore, the profit is the same as equation 2.22 and Lemma 2.2 holds. The indirect
utility function, however, changes since the individuals budget constraint is different.
(
1
1−α
1 α )
vi = F4 + (1 + β) ln(1 − τ ) + (1 + β) ln w + θiπ (
)G(pf A) 1−α ( ) 1−α
α
w

(2.33)

where F4 = f (β, pf ). Figure 2.4 shows, as in Section 2.4.2, the equilibrium tax rate in
an open economy is increasing in θiπ .12 The intuition is straightforward. The profit of
12

Note that, the utility value and its slope goes to negative infinity as the tax rate approaches 1.
i
Moreover, the limit of ∂v
∂τ goes to positive infinity when τ approaches zero from the right. The utility
2
function is continuous in τ ϵ[0, 1] and it can be shown that for natural numbers of γ ≥ 2, ∂∂τv2i is
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Figure 2.3: The optimal tax as a function of θπ in a closed economy. α = 0.3, β = 2, γ = 3, pf A = 100
and M = 10000.

the manufacturing sector increases as the level of productive public spending increases.
However, the manufacturing price is unaffected since it is determined in the international
market. Accordingly, the imposition of tax and hence the provision of public good is
more desirable for the individuals with a higher share from the firm’s profit. Lower
inequality in firms ownership, and a richer median voter in terms of the firms’ profit, is
then associated with more provision of public goods in a small open economy.
As discussed above, a more equally distributed manufacturing income, higher θπ
of the median voter, increases the amount of productive public spending in an open
economy while decreases it in a closed economy. Consequently, as in section 2.4.3, the
equilibrium tax rate in an open relative to a similar closed economy, is increasing in
θπ . If inequality is sufficiently small, if θπ of the median voter is sufficiently high, the
provision of productive public good is higher in the small open compared to the closed
economy (Figure 2.5).

negative. These conditions imply that equation 2 has a unique maximum in [0, 1].
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Figure 2.4: The optimal tax as a function of θπ in an open economy. α = 0.3, β = 2, γ = 3, pf A = 100
and M = 10000.

Figure 2.5: The difference of the productive public good provision in the open and the closed economy
with respect to θπ . α = 0.3, β = 2, γ = 3, pf A = 100 and M = 10000.
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Extensions
2.6.2. The quasilinear utility function
This section explores how sensitive are the results to the choice of the individuals utility
function. It further investigates the optimal policy when there is only one firm with
monopolistic power. Consider a quasilinear instead of a log-log utility function.
ui =

βσ σ−1
y σ + xi
σ−1 i

(2.34)

where σ > 1. The individual demand functions are as follows.
β
yi = ( ) σ
p

(2.35)

xi = (1 − τ )w + θiπ π M − β σ p(1−σ)

(2.36)

The demand for the manufacturing commodity is hence independent of the individuals
income and only depends on the price level.

Closed economy
The equilibrium price of the manufacturing commodity can be derived by equating demand and supply functions.
α

−1

1−α

peq = (β σ z 1−α A 1−α αG−1 ) σ(1−α)+α

(2.37)

Substituting the equilibrium price into the equation 2.3 leads to the equilibrium profit
of the firms.
σ

π = (1 − α)α−κ z −κ 1−α Aκ 1−α Gκ β σ(1−α)+α
α

where κ =

(1−α)(σ−1)
σ(1−α)+α

1

(2.38)

< 1. As before, the equilibrium price is decreasing in G. Unlike the

results derived in section 2.4.1, however, the profit is now increasing in G. Maximizing
the indirect utility function leads to the optimal tax rate which is increasing in θiπ .
γ

opt
τclosed
∝ (θiπ ) γ−κ

(2.39)

Unlike Lemma 2.1, the optimal tax is now increasing in the individual i’s firm ownership.
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Open economy
The price of the manufacturing commodity is now exogenously determined in the international market. The profit is hence similar to equation 2.22.
πM = (

1
1−α
1 α
)G(pf A) 1−α ( ) 1−α
α
z

The optimal tax policy can be derived by maximizing the indirect utility function and
it is increasing in θiπ .
γ

opt
τopen
∝ (θiπ ) γ−1

Keeping in mind that κ < 1, and consequently

(2.40)
γ
γ−1

>

γ
,
γ−κ

It is now possible to

compare the results in closed and open economies. Although the provision of public
good increases the manufacturing profit in both open and closed economies, its influence
is stronger in an open economy. Indeed, in a closed economy, provision of productive
public good lowers the price of the manufacturing commodity and raises the firms’ profit.
Its benefit is hence divided between the firms’ owners and the consumers. In an open
economy, however, only the manufacturing profit and hence the firms’ owners gain from
public good provision. The optimal tax rate is hence more strongly influenced in an
open economy. If the median voter chooses the optimal tax rate, inequality reduces the
optimal provision of public good in closed and open economies. This influence, however,
is more pronounced in an open relative to a closed economy. Opening up the trade hence
increases the provision of public good if inequality is sufficiently low.

Quasilinear utility function and monopoly in the manufacturing sector
Consider the case when there is only one firm with monopolistic power in the manufacturing sector. If the economy is open the price is exogenously determined and the firm
compete in the international market. The analysis is hence the same as before. The monopolistic power, however, is present when the economy is closed. The firm maximizes
the profit subject to the demand function and determines the price level.
α−1

σ(1−α)+α ) > peq
(peq
competition
monopoly ∝ G
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(2.41)

Extensions

As expected, the price is less than the competitive price but is still decreasing in the
provision of public good. The firms’ profit is also increasing in G.
eq
πmonpoly
∝ Gκ<1

(2.42)

Although the profit is increasing in public good, it increases less sharply relative to the
open economy. Indeed, as in competition, providing public good reduces the price and
increases the profit. It hence benefit the consumers and the firms’ owners at the same
time. In an open economy however, productive public good can only increase the firms’
profit and is desirable for the firms’ owners. Consequently, although the optimal tax rate
is increasing in the individual i’s firm ownership in both closed and open economy, the
influence of θiπ is less pronounced in a closed economy.
γ

opt
τmonopoly
∝ (θiπ ) γ−α

(2.43)

Relative to the open economy, the profit is less influenced by the individual’s share from
the firms’ profit. Consequently, trade raises the provision of public good if the median
voter, is rich in terms of profit, i.e. inequality is sufficiently low.
2.6.3. The aggregate productivity
This section explores the influence of public good on aggregate productivity. The economy has two sectors, agricultural and manufacturing, while providing public good can
only rise the productivity of the manufacturing sector. The economy is endowed with
one unit of labor which is the only production factor. The real GDP, i.e. the total supply
of agricultural and manufacturing good, hence mirrors the aggregate productivity of the
economy.
GDP =
=

xs + py s
P

(2.44)

z(1 − lm ) + pα−1 AG1−α (lm )α
P
=

z+

α
1
1−α
Gz 1−α (pA) 1−α
α

P

β

where P = Bp 1+β is the price index and B is a function of β.
In a small open economy, the price is exogenously determined in the international
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market. The above equation is hence increasing in G. An increase in aggregate productivity raises the manufacturing demand for labor and consequently reduces the agricultural
production. The increase in manufacturing production is however more that the decrease
in agricultural production so that the real GDP rises as G goes up.
To derive the real GDP in a closed economy, p is substituted, using equation 2.17,
into the above equation.
β(1−α)

GDP closed = H

β(1−α)

(1 + β)τ γ(1+β) − β(1 − α)τ γ(1+β) +1
(1 − τ )

β(1−α)
1+β

(2.45)

where H is a function of exogenous parameters. Tax reduces the disposable income.
This, in turn, lowers the demand for the manufacturing and agricultural commodities
which may reduce GDP. Providing public good, however, reduces the price and raises
the productivity of the manufacturing sector. This leads to an increases in GDP. Appendix 2.B.7 shows that the total influence of τ , and thus G, on real GDP is always
positive. Consequently, the aggregate productivity is increasing in productive public
good regardless of the state of openness.
2.6.4. Public good production function
Throughout the paper the manufacturing price is derived by equating the supply function and the aggregate demand function of the individuals. This implicitly assumes that
to provide public good no manufacturing commodity is used. This section briefly explain
the results under an alternative assumption. Production of public good is a concave function of tax revenue. The tax is imposed on individuals income which then reduces their
demand for agricultural and manufacturing commodities. We assume, in this section,
that the manufacturing and agricultural commodities, both are used to produce public
good with the same ratio as is demanded by the individuals. That is the fractions
and

1
(1+β)

β
(1+β)

of the tax revenue are respectively in terms of the manufacturing and agricul-

tural commodities. Under this alternative assumption, the relation between inequality
and public good in an open economy remains unchanged (although G is less increasing
in pf ). In a closed economy, however, the equilibrium price is different which alters the
results. The equilibrium price can be derived by equating the supply function and the
new aggregate demand (i.e. the individuals’ demand and the manufacturing commodity
44

Conclusion

used in provision of public good).

ys = yd
α
1
G p 1−α
β((1 − τ )w + π)
βτ w
( ) A 1−α =
+
α w
p(1 + β)
p(1 + β)

peq =

[ αβ(w + π) ]1−α −1 α
A w
(1 + β)G
π eq =

β(1 − α)
(1 + α)β

Under the new assumption, the manufacturing price in a closed economy is decreasing
in public good provision while the firms’ profit is unaffected. Maximizing the indirect
utility leads to the following result.
opt
τclosed
∝ θiπ

(2.46)

Contrary to the result of the simple framework, where only the agricultural commodity
is used to produce public good, the optimal tax is now increasing in θiπ . However, the
influence of inequality is less pronounced relative to the open economy and trade is
expected to raise provision of public good if inequality is sufficiently low. Public good
reduces the price in a closed economy while increases the profit in a similar open economy.
Trade hence shifts the benefit of productive public good from the consumers to the firms’
owners. This result is in line with the prediction of the simple framework.

2.7. Conclusion
This paper explores the effect of trade liberalization on aggregate productivity by highlighting the role of income inequality. Unlike most of the studies in this respect, which
focus on the firms’ behavior, I investigate the effect of trade openness on the provision of
productive public good. I consider an economy with a set of homogeneous competitive
firms where the productivity of the manufacturing sector is an increasing function of
productive public good, financed by a proportional income tax on wage. In a closed
economy, productive public spending is more desirable for the consumers since it de45
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creases the price of the manufacturing good. In a small open economy, where the price
is determined in the international market, however, productive public spending is more
interesting for the firms’ owners. The median voter theorem implies that a more equal
distribution of the manufacturing income, and as a result, higher share of the firms’
profit for the median voter, increases productive public spending in an open economy
while may decrease it in a closed economy.
The key implication of this model is that inequality-reducing policy is an essential
prerequisite to trade liberalization. In fact, opening up an economy with a democratic
regime increases productivity enhancing expenditures only if the level of inequality is
sufficiently small so that the median voter is highly benefited from the rise in the manufacturing income. This may explain why some empirical research support the negative
effect of trade openness on productive public spending while some others not. Consequently, the efficiency of the manufacturing sector and hence manufacturing export is
higher in an economy with more equally distributed income. Under trade liberalization,
an economy with high inequality becomes a net importer of manufacturing commodities
with a low equilibrium wage level.
The main results of the model become stronger if the simplifying assumption of the
paper is relaxed. Imposing a tax on total income instead of wage income alone, makes
the manufacturing income more decreasing in tax and strengthens the effect of inequality on productive public spending under trade liberalization. Moreover, a fundamental
assumption in the paper is that the median voter theorem applies. If instead, only one
group of the individuals, the rich elite, decides about the provision of public good, the
effect of inequality is quite different. In this circumstance, the higher is the inequality,
the richer is the elite and thus the more is the provision of public good in a small open
economy.
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Appendix
2.A. Mathematical appendix
2.A.1. Firms’ decision
By substituting the optimal decision into the production function, equation (10), we
have
yj =

1
A 1−α [ pA 1−α
G
( ) G]α
α
w

=
=

α
AG pA 1−α
( )
α w

α
1
G p 1−α
( ) (A) 1−α
α w

We also can drive the profit function by substituting the optimal investment decision
into the profit function.
[ pA 1 ]α
A
pA 1
πj = p G1−α ( ) 1−α G − w( ) 1−α G
α
w
w
=

1
1
1
1 α
1 α
(pA) 1−α ( ) 1−α G − (pA) 1−α ( ) 1−α G
α
w
w

=(

1
1
1 α
− 1)(pA) 1−α ( ) 1−α G
α
w

1
1 α 1−α
= G(pA) 1−α ( ) 1−α (
)
w
α

2.A.2. Closed economy
In order to drive the equilibrium price for the manufacturing good we equate supply and
demand.
ys = yd
1
α
β((1 − τ )w + π)
G p 1−α
( ) A 1−α =
α w
p(1 + β)
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α

p

1
1−α

=

αβ((1 − τ )w + π)w 1−α
1

(1 + β)GA 1−α
peq =

[ αβ((1 − τ )w + π) ]1−α −1 α
A w
(1 + β)G

By substituting the equilibrium price in equation (13), The equilibrium profit can be
written as below.

π M = G(

[ αβ((1 − τ )w + π) ]1−α −1 α
1
1 α 1−α
A w A) 1−α ( ) 1−α (
)
(1 + β)G
w
α
=G

[ αβ((1 − τ )w + π) ] 1 − α
(
)
(1 + β)G
α

=
→

(1 − α)β((1 − τ )w + π)
(1 + β)

(1 + β)π = (1 − α)β((1 − τ )w + π)

(1 + β − β + αβ)π = β(1 − α)(1 − τ )w
π=

β(1 − α)(1 − τ )w
1 + αβ

By substituting the equilibrium price in equation (3) we have
yi =

β((1 − τ )w + θiπ π M )
p(1 + β)

β((1 − τ )w + θπ π M )
= [ αβ((1−τ )w+πM ) ]1−α i
A−1 wα (1 + β)
(1+β)G
=

( β )α G 1−α A((1 − τ )w + θiπ π M )
( )
1+β
α
wα ((1 − τ )w + π M )1−α

We substitute π from equation (16) in yi and xi .
( β )α G 1−α A((1 − τ )w + θiπ π)
( )
yi =
1+β
α
wα ((1 − τ )w + π)1−α
β(1−α)(1−τ )w
)
( β )α G 1−α A((1 − τ )w + θiπ
1+αβ
=
( )
)w 1−α
1+β
α
)
wα ((1 − τ )w + β(1−α)(1−τ
1+αβ

( β )α G 1−α A((1 − τ )w + θiπ
1+αβ
=
( )
(1+β)(1−τ
)w
1+β
α
wα (
)1−α

β(1−α)(1−τ )w

1+αβ
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Mathematical appendix

=

( 1 )
β αA
G
1
β(1 − α)
( )1−α
(1 + αβ)1−α ( )α [(1 − τ )w + θiπ (1 − τ )w
]
1−α
((1 − τ )w)
α
1+β
w
1 + αβ
( 1 )
G
β(1 − α)
= A(β(1 − τ ))α ( )1−α
(1 + αβ)1−α [1 + θiπ
]
α
1+β
1 + αβ

Similarly for xi we have
xi =
=

((1 − τ )w + θiπ π)
1+β

1
β(1 − α)
((1 − τ )w + θiπ (1 − τ )w
)
1+β
1 + αβ
=

(1 − τ )w
β(1 − α)
[1 + θiπ
]
1+β
1 + αβ

We combine equation (1) with the above equations to drive the indirect utility function.
ui = β ln yi + ln xi
( 1 )
(
β(1 − α) )
G
(1 + αβ)1−α [1 + θiπ
]
= β ln A(β(1 − τ ))α ( )1−α
α
1+β
1 + αβ
+ ln

( (1 − τ )w
β(1 − α) )
[1 + θiπ
]
1+β
1 + αβ

= βα ln β+β ln A+βα ln(1−τ )+β(1−α) ln G−β(1−α) ln α−β ln(1+β)+β(1−α) ln(1+αβ)
+β ln[1 + θiπ

β(1 − α)
β(1 − α)
] + ln[1 + θiπ
] − ln(1 + β) + ln(1 − τ ) + ln w
1 + αβ
1 + αβ

= −(1 + β) ln(1 + β) + αβ ln β − β(1 − α) ln α + β(1 − α) ln(1 + αβ)
1

+β ln A + β(1 − α) ln(τ w) γ + ln w + (1 + αβ) ln(1 − τ ) + (1 + β) ln[1 + θiπ
= F1 +

β(1 − α)
]
1 + αβ

β(1 − α)
β
(1 − α) ln τ + (1 + αβ) ln(1 − τ ) + (1 + β) ln[1 + θiπ
]
γ
1 + αβ
1

where G is substituted with (τ w) γ and F1 = αβ ln β − (1 + β) ln(1 + β) − β(1 − α) ln α +
β(1 − α) ln(1 + αβ) + β ln A + (1 +

β(1−α)
) ln w.
γ

2.A.3. Open economy
Substituting the equilibrium level of consumptions in the open economy into in the
individuals’ utility function leads to following result.
[
]
1
α
β((1 − τ )w + θiπ G(pf A) 1−α ( w1 ) 1−α ( 1−α
)
)
α
vi = β ln
f
p (1 + β)
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[
]
1
α
((1 − τ )w + θiπ G(pf A) 1−α ( w1 ) 1−α ( 1−α
)
)
α
+ ln
1+β
[
1
1 α 1−α ]
) ) − β ln pf − β ln(1 + β)
= β ln β + β ln((1 − τ )w + θiπ G(pf A) 1−α ( ) 1−α (
w
α
[
1
1 α 1−α ]
+ ln((1 − τ )w + θiπ G(pf A) 1−α ( ) 1−α (
) ) − ln(1 + β)
w
α
[
1
1
1 α 1−α ]
= F2 + (1 + β) ln((1 − τ )w + θiπ (wτ ) γ (pf A) 1−α ( ) 1−α (
) )
w
α
1

where G is substituted with (τ w) γ and F2 = β ln β − (1 + β) ln(1 + β) − β ln pf .

2.B. The proofs of Lemmas and Propositions
2.B.1. Proposition 2.1
∂vi
β(1 − α) 1 + αβ
=
−
∂τ
γτ
1−τ
∂ 2 vi
β(1 − α)
1 + αβ
=−
−
<0
2
2
∂τ
γτ
(1 − τ )2
In order to find the optimal tax rate we should solve

∂vi
∂τ

= 0.

∂vi
=0
∂τ
β(1 − α)(1 − τ )
− (1 + αβ)τ = 0
γ
τ=

β(1 − α)
γ(1 + αβ) + β(1 − α)

2.B.2. Proposition 2.2
−w + θiπ w γ (pf A) 1−α ( w1 ) 1−α ( 1−α
) γ1 τ γ −1
∂vi
α
= (1 + β)
]
[
1
α
1
∂τ
(1 − τ )w + θπ (wτ ) γ (pf A) 1−α ( 1 ) 1−α ( 1−α )
1

1

i

1

α

w

α

∂ 2 vi
=
∂τ 2
=

1−γ 1
τ
γ γ

1
−2
γ

1

1

α

θiπ w γ (pf A) 1−α ( w1 ) 1−α ( 1−α
)Denominator − N umerator2
α
<0
[
]
1
1
α
2
((1 − τ )w + θiπ (wτ ) γ (pf A) 1−α ( w1 ) 1−α ( 1−α
)
)
α
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In order to find the optimal tax rate we should solve

∂vi
∂τ

= 0.

∂vi
=0
∂τ
1
1
1 α 1 − α 1 γ1 −1
) τ
−w + θiπ w γ (pf A) 1−α ( ) 1−α (
=0
w
α γ

τ

1−γ
γ

=

w
1
γ

θiπ w (pf A)

1
1−α

α

) γ1
( w1 ) 1−α ( 1−α
α

γ
[
1−α−γ
1
1 − α ] γ−1
τ = θiπ (pf A) 1−α (
w (1−α)(γ−1)
)
γα

2.B.3. Proposition 2.5
The provision of public good in the open economy is higher than the closed economy if
τ open > τ closed or

τ open
τ closed

> 1.
τ open
>1
τ closed
γ
[ π f
] γ−1
1−α−γ
1
(1−α)(γ−1)
z
θi (p A) 1−α ( 1−α
)
γα
β(1−α)
γ(1+αβ)+β(1−α)

>1

1−α−γ

(pf A)

γ
(1−α)(γ−1)

>

β(1−α)
z (1−α)(1−γ) γ(1+αβ)+β(1−α)
γ

(θiπ 1−α
) γ−1
γα
α+γ−1

)
z γ ( γα
)1−α
1(
θiπ
f
p >
(γ−1)(1−α)
A (1 − α) 1−α
γ [ γ (1 + αβ) + (1 − α)]
γ
β

γ
τ open
pf (γ−1)(1−α)
=
(
)
closed
∗
τ
p

∗

where p =

1
A

(

z

)

α+γ−1
γ
( γα
)1−α
θπ
i

(γ−1)(1−α)
1−α
γ
γ
(1−α) γ [ β
(1+αβ)+(1−α)]

2.B.4. Lemma 2.3
EX y = y s − y d
=
=

α
1
G pf 1−α
β((1 − τ )w + π)
( ) A 1−α −
α w
pf (1 + β)

α
1
1 ]
G pf 1−α
β [
w
G pf α
( ) A 1−α −
(1 − τ ) f + (1 − α) ( ) 1−α A 1−α
α w
1+β
p
α w

=

1 [
α
β(1 − α) ] β(1 − τ )w
G pf 1−α
( ) A 1−α 1 −
−
α w
1+β
(1 + β)pf
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=

f
]
1 p A
1 1 + αβ
β
w[
γ(
(τ
w)
) 1−α
− (1 − τ )
f
(1 + β) p
w
αβ
1

where G is substituted with (τ w) γ .
2.B.5. Lemma 2.4
EX x = z(1 − lm ) − τ w − xd
The equilibrium wage is equal to the productivity in the agricultural sector, z can be
substituted with w. Labor demand in the manufacturing sector, lm , is given in equation
(11).
EX x = w(1 − (

1
pf A 1−α
(1 − τ )w + π
) G) − τ w −
w
1+β

1
1 α
(1 − τ )w
= w − ( ) 1−α (pf A) 1−α G − τ w −
−
w
1+β

= (1 − τ )w

=

1
α
1−α
G(pf A) 1−α ( w1 ) 1−α
α

1+β

1
β
1 α [ 1 + αβ ]
− G(pf A) 1−α ( ) 1−α
1+β
w
α(1 + β)

f
[
1 p A
1 1 + αβ ]
β
w (1 − τ ) − (τ w) γ (
) 1−α
(1 + β)
w
αβ
1

where G is substituted with (τ w) γ .
2.B.6. Proposition 2.6
EX y > 0 if
1

(τ w) γ (

pf A 1 1 + αβ
) 1−α
− (1 − τ ) > 0
w
αβ
1

(τ w) γ (

1 1 + αβ
pf A 1−α
)
+τ >1
w
αβ

By substituting τ from Proposition 3.4. we have
γ
1
[ π f
1−α−γ
α
1
1
1
pf A 1 1 + αβ [ π f
1 − α ] γ−1
1 − α ] γ−1
θi (p A) 1−α (
)
( ) (1−α)(γ−1) (
) 1−α
+ θi (p A) 1−α (
)
w (1−α)(γ−1) > 1
γα
w
w
αβ
γα

γ ]
[ (1 − α) 1 1 + αβ
[ 1 − α ] γ−1
γ
1−α−γ
(pf A) (1−α)(γ−1) w (1−α)(γ−1) (θiπ
) γ−1 (
) + θiπ (
)
>1
γα
αβ
γα
γ

1−α−γ

(pf A) (1−α)(γ−1) w (1−α)(γ−1) (θiπ

1 [ 1 + αβ
1−α ]
(1 − α) γ−1
)
) + θiπ (
) >1
(
γα
αβ
γα
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The manufacturing export can hence be written as follows.
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]
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γ
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] (1−α)(γ−1)
γ
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)
αγ

Calculating p∗∗ such that for pf > p∗∗ , the agricultural good is imported, EX x < 0,
leads to the same p∗∗ .

2.B.7. Aggregate productivity
z+
xs + py s
GDP =
=
P

−α
1
(1−α)
Gz (1−α) (pA) 1−α
α

P

By substituting p from equation 2.17 and the price index and by rearranging the terms
GDP can be written as follows.
β(1−α)

β(1−α)

GDP

closed

=H

(1 + β)τ γ(1+β) − β(1 − α)τ γ(1+β) +1
(1 − τ )

β(1−α)
1+β

where H is a function of exogenous parameters.
∂GDP closed
=
∂τ
[
]
β(1−α)
β(1 − α) β(1−α)
−1
− (1+β) −1
2
γ(1+β)
H
(1 − τ )
1 + β − τ (1 + β + β(1 − α)) + τ (γ + β + βα(γ − 1))
τ
γ(1 + β)
|
{z
}
|
{z
}
E

>0

In order to see whether G raises GDP, it is enough to determine the sign of the term
in the bracket, call it E. This term is a convex degree 2 polynomial function. It has a
global minimum in τ min =

β(1−α)+(1+β)
2(γ+β+βα(γ−1)

and is always positive if its minimum value is
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larger than zero. By substituting τ min we have
E

min

(4γ − 1) + 2αβ(2γ − 1) + 4βγ + β 2 α(4γ − α)
=
>0
4(γ + β + βα(γ − 1))

Note that E min is positive since γ > 1 and α < 1. It implies that E is positive for all
values of τ and the aggregate GDP is always increasing in τ and G.
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Resource Windfalls and the
Victory of Distributive against
Productive Policies
3.1. Introduction
Over the past decade, while the oil price was rising unrelentingly, many rulers in oil and
gas rich countries, e.g. Mahmud Ahmadinejad, Hugo Chavez and Evo Morales, gained
popularity and came to, or stayed in, office by over-emphasizing promises for populist
distributive policies. Following the recent decrease in oil price, however, such policies
have lost their huge support and a tendency is increasing toward productive policies.
In Iran, Rouhani, the candidate with promises to revive production units, gained power
after Ahmadinejad. In Venezuela also, Maduro, the successor and follower of Chavez, is
now faced with a series of protests blaming his anti-market distributive policies for the
severe economic crisis the country is faced with. In fact, individuals seem to become
adherents of productive policies as resource revenue decreases.
The simultaneity of resource windfalls and distributive policies, also labeled as “petropopulism”, is mainly addressed in the economic literature from the perspective of the
behavior of rent-seeking politicians who use resource revenues to secure political support
(e.g. Matsen, Natvik, and Torvik, 2016; Parenti, 2005). This literature concludes that
the distributive policies in resource-rich countries are the outcome of political competition with populist candidates, and to hold on to their power, all politicians choose some
distributive elements in their policies. This paper puts forward an alternative explanation for this phenomenon. Even without rent seeking behavior of politicians, individuals
would prefer transfer policies because of the trade-off between labor and leisure. In addition, unlike the bulk of the papers in the literature, this paper distinguishes between
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productivity enhancing public goods and direct transfer as two forms of public spending.
Where resource revenue is high and labor productivity is low, the gain an individual
would get by direct transfer of resource revenue can be higher than investing the revenue in productivity enhancing public goods for increasing wages. Consistent with the
experience of many oil and gas abundant countries, distributive policies are preferred
by the voters when resource revenue is sufficiently high. Low resource revenue, on the
other hand, encourages the individuals to ask for more productive policies. The model
also shows that the initial level of public goods in the economy is a major determinant
of the individuals’ choice between distributive and productive policies in response to
fluctuations in resource revenue.
I consider a single commodity economy with identical individuals endowed with one
unit of time, which can be devoted to either leisure or labor. The economy earns an
exogenous resource revenue that can be distributed as a lump-sum transfer – distributive
policy – or be spent for providing productive public goods to increase labor productivity
– productive policy. Government transfers and wages are considered as the two sources
of individuals’ income and wage rate increases with productive public goods provided in
the economy. The paper then investigates the optimal composition of public spending,
transfer versus productive public goods, from the perspective of individuals whose choice
determines the winner policy in an election.
At the time of low resource revenues, implementing distributive policies provides
small amount of transfers. Wages are hence the main sources of income and wage-rising
productive policies are preferred by the individuals. As the exogenous revenue rises,
distributive policies become more desirable since a larger transfer and consequently a
higher level of consumption can be provided. With a concave utility function in both
leisure and consumption, the individuals then prefer to work less and enjoy more leisure.
In line with the results of this paper, the recent rise in voices blaming populist distributive
policies in oil and gas abundant countries, such as Iran and Venezuela is coincided with a
sharp decrease in resource revenues of these countries. The same policies, however, had
a huge support while these countries were experiencing a giant increase in their revenue
due to high oil and gas prices. More detailed discussion of the evidence is provided in
section 3.2.
More importantly, the initial amount of productive public goods, which is provided
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before earning the resource revenue, plays a crucial role in determining the composition
of public spending. This, in fact, alters the initial productivity and consequently the
wage level in the economy. With sufficiently small initial wage rates, due to the very
low opportunity cost of leisure, individuals are more likely to prefer not to work and
consume the exogenous revenue in terms of transfers. As the initial wage rises, due to the
substitution effect, working becomes more desirable which then enhances the willingness
to impose wage-rising productive policies. With a very high initial wage rate, the income
effect of a rise in wage becomes dominant which increases the tendency to consume
leisure. The individuals then opt for distributive policies. Hence, at both a very high and
a very low initial productivity the choice of individuals is spending the resource revenue
as transfer instead of productive public goods. However, transfer in an economy with low
initial wage rate, may harm the production units by reducing the tendency to work while
with high initial productive pubic good provision and hence a high wage rate, individuals
always prefer to work. In this regard, one can point out the difference between Norway
and other resource abundant countries. Despite implementing distributive policies more
than other resource abundant countries, Norway is known as a country with a welldeveloped production sector. This difference, as my model explains, may be due to the
high level of productive public spending and hence high labor productivity in Norway
prior to the oil windfall, which persuades the individuals to work regardless of the level
of the oil income and distributive policies.
This paper relates to the literature that explores the influence of resource abundance
on the size and composition of public spending. The related papers mostly focus on
only the level of public spending not its composition. How resource abundance alters the
provision of productive public goods and unproductive transfer, which act as alternative
forms of public spending, is rarely discussed. Furthermore, this part of literature explore
the optimal allocation of resource revenue throughout time and do not intend to explain
the behavior of myopic individuals. To preserve the standard of living, as Hartwick rule
suggests (Hartwick (1977)), the resource rent should be totally invested in productive
assets and transferring this revenue to the current generation is not optimal. With a focus
on the permanent income hypothesis some papers also distinguish between direct transfer
and productive public spending as the possible policy options (e.g. Arezki, Dupuy, and
Gelb, 2012; Collier, Van Der Ploeg, Spence, and Venables, 2010; Van der Ploeg and
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Venables, 2011). Among them, the paper most related to this paper is (Arezki et al.,
2012) who explain that resource windfall decreases investment in public capital and
increases redistribution through transfers. Their results are based on the assumption
that public investment incurs an adjustment cost, which is increasing in resource revenue
while transfers do not impose any cost on the government. By endogenizing labor supply,
I show that the same result holds even in absence of such costs. Furthermore, rather than
investigating the efficient management of revenues throughout time as in the mentioned
literature, the aim of this paper is to explain the influence of revenue fluctuations on
the victory of distributive vs productive slogans. Instead of infinitely lived agents with a
desire to smooth consumption, I hence focus on the desired policy from the perspective
of a myopic individual who only cares about one period, the period in which the winner
party is in power. This approach enables me to explain the simultaneous victory of policy
makers with similar promises in oil and gas abundant countries, e.g. Iran, Venezuela and
Bolivia.
A well-developed part of literature also approaches the influence of resource abundance on the amount of public spending in a political economy framework with rentseeker rulers. Caselli and Cunningham (2009), identify a number of channels through
which resource rent change the ruler’s incentive to invest in public goods. On the one
hand, a shorter time-horizon of staying in office, as in Oechslin (2010) and Caselli (2006),
and a tendency to weaken the rivals and reduce the possibility of coup d’etat motivate
the leader to decrease public spending. On the other hand, the leader may increase public spending to raise citizens’ happiness and ensure his stay in power (e.g. Matsen et al.,
2016; Robinson, Torvik, and Verdier, 2006; Smith, 2005, 2008). In most of these papers,
the rent-seeker ruler tries to maximize the possibility and the gain of staying in power.
The rent seized by the governor is the gain and the possibility of being elected increases
with any form of public spending that can benefit the whole population, as in Matsen
et al. (2016) and Smith (2008). Consequently, the changes in the composition of public
spending is mostly neglected and there is no difference between productivity-enhancing
and distributive public spending. This paper, however, points to the differences between
productive and distributive public spending and explores how the revenue fluctuations alter the individuals’ tendency toward any of these policies. In line with the above papers,
Deacon (2011) explains that resource revenue is a blessing when no political effects inter58
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vene. This paper, however, discusses that even in absence of political intervention and
rent seeking behavior of the ruler, when the ruler’s preferences totally mirror those of the
individuals, resource revenue does not necessarily lead to more productivity-enhancing
activities and may undermine the economic performance of the country.
The literature also highlights the role of initial economic and institutional conditions
of the resource abundant country to determine how resource revenue fluctuations influence the economic performance. Examples are the role of initial quality of institutions,
as in Mehlum, Moene, and Torvik (2006) and Boschini, Pettersson, and Roine (2007),
and financial market imperfections and specialization in the non-tradable sector, as in
Hausmann and Rigobon (2003). The paper adds to this part of literature by analyzing
the role of initial productivity of the economy on productive public spending and aggregate productivity. Oechslin (2010) explains that with lower human or physical capital
and higher cost of technology adoption the role for growth-promoting public spending
becomes less prominent. Arezki et al. (2012) point out that high total factor productivity
in the non-resource sector always leads to more investment in public capital, which favors
growth. My paper, however, suggests that the same result as in Arezki et al. (2012) holds
only if the initial productivity of the economy is low relative to the amount of exogenous
revenue. For a country with a relatively high initial productivity, the increase in the
initial productivity of the economy increases the possibility of dedicating the exogenous
revenue to distributive rather than productive policies. This result is consistent with the
rise of the right-wing populist Progress Party in Norway, which is known as an economy
with high initial productivity.
This paper shows how the choice of myopic individuals in resource-rich countries
can result in petro-populism, and it does not aim at studying the consequence of such
policies in the long run. Indeed, the choice of people for low investment on productive
public goods during resource windfalls can negatively affect long-term growth for various
reasons. For instance, neglect of human capital is stated in the literature as a reason
of poor economic performance in resource rich countries. People can rely on resource
revenue as a wealth and therefore under-invest in their human capital. As Birdsall,
Pinckney, and Sabot (2000) explains, “the government becomes Santa Claus, dispensing
its largesse on the people, who in consequence demand more and more.” Gylfason (2001)
shows that public expenditure on education, expected years of schooling for girls, and
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gross secondary-school enrollment, decrease as the share of natural capital in national
wealth increases. Moreover, since distributive policies do not turn to long-living capital,
they can hardly continue during resource falls making the economy vulnerable to negative
revenue shocks. For this reason, after the recent decline in the oil price, countries like
Iran and Venezuela have faced severe stagflation.
The rest of the paper is organized as follows. Section 3.2, by exploring the case of
four resource rich countries, provides motivating evidences for the model. Section 3.3,
describes the assumptions on which the model is based. Section 3.4, sets up a basic
model and section 3.5 extends the model to investigate the role of initial productivity.
Finally, I conclude in section 3.6.

3.2. Motivation
Can fluctuations in exogenous government revenues, such as crude oil and gas exports,
explain the elected party’s policies? This section discusses four examples of oil and gas
abundant countries, Iran, Venezuela, Bolivia and Russia. The resource rich countries are
mostly autocratic regimes with lifetime rulers. The four mentioned countries, however,
experienced various elections to choose the policy makers in a recent period of resource
revenue fluctuations. This enables us to analyze the influence of revenue fluctuations
on the individuals’ choice. Ahmadinejad in Iran, Chavez in Venezuela and Morales in
Bolivia are indeed the most famous examples of policy makers with pure distributive
policies who were elected in times of high resource revenue. The evidence suggests that
high oil and gas revenue in these economies are associated with votes for more distributive
rather than productive policies. This result is more evident in Iran, since the country
experienced two presidential elections right after the oil price hike in 2004 and the sharp
decrease in oil revenue due to sanctions in 2013 (Figure 3.1)
3.2.1. Iran
The presidential election of Iran in 2005, which coincided with a boom in oil revenue
of the country, was one of the most diversified elections in terms of the variety of candidates representing different economic and political viewpoints. The political experts,
however, were surprised by the outcome. While the past president Akbar Hashemiraf60
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Figure 3.1: The data for oil and gas revenue is provided via the world bank dataset. Numbers after
the oil sanctions in 2012 are estimated.

sanjani won 21.0% of the votes in the first round, the two seemingly unlikely to be elected
candidates, Mahmoud Ahmadinejad and Mehdi Karroubi, won 19.5% and 17.3% respectively.13 Being at two opposite political positions, Ahmadinejad and Karroubi had one
economic slogan in common. Karroubi committed to pay monthly 50,000 Tomans (50
US dollars) to each Iranian and Ahmadinejad promised to “bring the oil profit to the
dining table of every single family”.14 In the second round of the election, competing
with Hashemirafsanjani, Ahmadinejad restressed that “people should feel the effect of oil
revenue fluctuations, the rise in oil prices, on their living conditions”15 and finally won
the election.
Starting from his first presidential term, Ahmadinejad provided free land and cheap
credit to a housing project, known as Mehr, targeting low-income families. The project
is believed to be responsible for approximately 40% of the country’s high inflation rate in
the next years.16 He also started a series of provincial trips, in which people could send
13

Prior to the election, the polls hardly predicted these two candidates to go to the second round. For
more details see (in Persian) (Darabi, 2005).
14
Deutsche Welle, Zarbakhch (2013)
15
Tabnak news agency, 14 Nov. 2007: http://www.tabnak.ir/fa/news/1615
16
Abbas Akhoundi, the Minister of Transportation and housing of Iran after Ahmadinejad’s government
stated “according to the Central Bank reports, 40% of the current monetary base of Iran is due to
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letters to the president mainly requesting credit, loan and job. Just in the first round
of the trips the government received more than two million letters and dedicated 250
billion Tomans (approximately 250 million dollars) to answer the letters.17 A fund mostly
supported by the government was also constructed to give loans with very small or zero
interest rate for marriage, within-household jobs, and activities in rural areas. These
are some examples of the distributive policies of the government, which accompanied
with vast interventions in the economy. Eventually, Ahmadinejad left the office with a
negative growth rate and a very high inflation rate.
With the large decrease in the oil revenue due to international sanctions, in June
2013, Iranians voted for Hassan Rouhani with an opposite economic ideology. One of
Rouhani’s most important promises was to overcome the country’s serious economic
issues. He admitted in his televised interviews before the election that “with proper
planning, production units can be activated and jobs can be created.”18 He promised
that his government “will make plans not only to solve the economic problems, but also
to help people become so well- off that everybody would have a job and they would not
need monthly handouts from the government.”19 Moreover, he promised to move in a
direction that people are capable of paying taxes instead of waiting for government’s
aid. In contrast to Ahmadinejad, in his election campaign, Rouhani mostly focused on
stabilizing the economic regulations and helping the production units to overcome the
negative growth rate and high inflation. In sum, the increase in Iran’s oil revenue was
associated with the victory of Ahmadinejad with his distributive and socialist slogans
while the victory of Rouhani with the promises for productive policies coincided with
low oil revenues due to sanctions.
3.2.2. Venezuela
In Venezuela, Hugo Chavez, the well-known socialist president, was elected in 1998.
However, most of his famous populist social welfare plans, known as Bolivarian missions,
took place during his second presidential term with the help of high oil revenue. Furthermore, although he won the presidential election in 1998 and 2000, following the oil
Mehr housing project and it accounts for 40% of the current 44% inflation in the country”. (ISNA
news agency, 26 Aug. 2013) http://www.isna.ir/fa/news/92060402166/
17
Jahannews, 9 Jan. 2010: http://www.jahannews.com/vdcfjjdc.w6dc0agiiw.html
18
Iran Review, 29 May 2013: http://www.iranreview.org/content/Documents/Iran-s-11th-Presidential
-Election-No-12-Viewpoints-of-Hassan-Rouhani.htm
19
Ditto footnote 5
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price rise, his popularity increased vastly and the number of votes for him rose from
3.7 to 7.3 million in 2006 presidential election. The aim of the Bolivarian missions was
claimed to be providing food, housing and education for the poor families. Many of
them entailed cash handouts or highly subsidized commodities. However, these socialist
distributive policies were claimed to hurt Venezuela’s productive capabilities. The state
presence in the economy has increased through nationalizing industries, vast price controls and increasing minimum wages. Chavez raised his control over the oil industry and
increased the taxes on the oil sector to gain a greater amount of oil revenue. Regarding
price controls which led to food shortages, Chavez said: “we are not asking them [the
firms] to lose money, just that they make money in a rational way that they don’t rob
the people”(Neuman, 2012). These policies made Venezuela to be listed 180 among 185
economies on the World Bank list of “ease of doing business” and 174th freest economy in
the 2013 “economic freedom” index (Kane, Holmes, and O’Grady, 2013). After Chavez’s
death in 2013, Nicolas Maduro, appointed in 2012 as the vice president of Venezuela, was
elected as the new president with the promise of continuing the majority of economic
policies of Hugo Chavez. Following the decline in crude oil prices in late 2014, however,
the protests, had been started after the murder of former Miss Venezuela in January
2014, were renewed. The protesters complained about the high inflation, corruption and
shortages, which was a main result of price controls by the government. During a televised program on December 2014, Maduro attempted to reassure the individuals that
low oil prices would not affect the government’s social plans. He said “If we had to cut
anything back on our budget, we would cut extravagances, we would cut our own salaries
as high officials, but we will never cut one Bolivar of the money that goes to education,
food, housing, the missions of our nation”, Ordonez (2014). However, these promises
could not calm down the protesters. The oppositions were blaming his economic plans
rather than the oil price downfall.20 In fact, the very same distributive policies that
brought popularity for Chavez party were now blamed by the protesters. The opposition could finally win the supermajority of seats in 2015 parliamentary election after 16
years. In sum, although the majority of the Venezuelans supported the social economic
perspective of Hugo Chavez in more than a decade, this support seems to become more
fragile as the oil prices goes down.
20

See Brianna (2015)
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3.2.3. Russia
As the oil and gas prices were increasing, a series of re-nationalization process also took
place in Russia’s oil and gas industry. The stabilization fund of the Russian federation
was established in 2004 to protect the Russian economy from the negative effects of
raw material price volatility. In 2008, while the oil price crossed 90$ per barrel, more
than twice as high as the oil price in 2004, the stabilization fund split into the reserve
fund and the national welfare fund. The main aim of the national welfare fund was to
support the national pension system. On February 2012, less than a month before the
presidential election, Komsomolskaya Pravda published the article “Developing Fairness:
The Social Welfare State” by Veladimir Putin.21 In the article, Putin promised to take
the maternity capital program, implemented in 2006 to stimulate birth rate, one step
further and pay monthly 7000 Rubles (230 US dollar) to families with a third child until
the child reaches 3 years old. He also promised to increase the students’ scholarship
and to dedicate lands- free of charge- to social housing. Moreover, he assured that he is
against raising the retirement age. According to the Sberbank Center for Macroeconomic
Research, Putin’s promised social plans will cost 5 trillion rubles by 2018, whereas the
Ministry of Finance gave a more modest estimate of nearly one trillion rubles.22 Putin
is blamed for implementing populist social policies at the expense of long-term growth.
However, coinciding with the diminishing oil prices and international sanctions, he called
on lawmakers “not to act from positions of populism and refrain from decisions that
might undermine the basics of the economy”.23 Despite the high revenues from oil and
gas industries, the Russian economy still suffers from inefficiency and has a low labor
productivity compared to other industrialized economies.
3.2.4. Bolivia
As his counterparts, Evo Morales, the president of Bolivia, also started nationalizing
the natural gas industry to gain the control over a larger amount of its revenues. For
the first time, he participated in the 2002 Bolivian general election where he could only
win 20.9 percent of the votes and hence did not reach office. However, following the oil
price hike of 2004 and while natural gas production of Bolivia was twice as high as its
21

Komsomolskaya Pravda, 13 Feb. 2012: http://www.kp.ru/daily/3759/2807793/
See Ivlev (2012)
23
TASS Russia news agency, 22 dec. 2014: http://tass.ru/en/economy/768534
22
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production in 2002, he received the absolute majority of the votes in the 2006 general
election and became president of Bolivia. With the help of high resource revenue, he then
started his distributive and socialist policies. The prices of electricity, fuel and food were
controlled. His government’s program was providing cash transfers to poor families with
young children, low-income citizens over 60 and uninsured mothers. He also increased
minimum wages by 50% and reduced the pension age from 65 to 60 and then 58 (Farthing and Kohl, 2014). However, bad property rights, government presence in economic
activities and the threat of government expropriation constrained the production sector
improvement in Bolivia (Kane et al., 2013). Evo Morales was then reelected in October
2014 with more than 60% of the votes.

Iran, Venezuela, Bolivia and Russia are examples of countries promising and implementing a series of distributive policies with the sharp increase in oil and gas prices.
These policies led to insufficient investment in productivity enhancing activities and consequently sacrificed evolution of the industries. In 2012, however, while the rest of the oil
exporting countries were still enjoying the high exogenous revenue, Iran’s oil revenue had
decreased largely because of international sanctions. At the same time, in the 2013 Iran’s
presidential election, people voted for a candidate who was continuously underlining the
importance of stability and productive policies to increase the growth rate whereas, in
Russia Putin, in Bolivia Morales, and in Venezuela Maduro with the same distributive
policies as Chavez, were reelected. As the oil and gas prices go down, however, Maduro’s
public support decreases and more and more oppositions criticize his economic policies.
Putin is starting to emphasize the importance of economic efficiency and preventing populism. In fact, despite what one may expect, the evidence suggests that with a lower
amount of resource revenue the individuals prefer to invest more in productive activities
instead of devoting a larger share to distributive policies. The majority of Bolivians,
however, seem to be still satisfied with the economic policies of Morales. This can be
due to very low initial productivity of Bolivia. As the model introduced in this paper
shows, with a very low initial productivity, investing in productivity enhancing activities
is not desirable even for a very small amount of resource revenue.
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3.3. Basic Setting
The economy is populated by a continuum one of identical individuals. Each person
divides one unit of time into work, l, and leisure, 1 − l, and supplies work hours to earn
a wage w. Individuals spend their income to buy a single consumption good, its price
is normalized to one. Consumption of good x and leisure enter the utility function of
individual as
u = β ln x + ln(1 − l)

(3.1)

where β is the weight of commodity x in the utility function. In addition to earing wage
w, individuals receive a lump-sum transfer T ≥ 0 and have the following budget and
time constraints
x = wl + T

(3.2)

0≤l≤1

(3.3)

The aggregate demand function of consumption good and aggregate supply function of
labor is derived by maximizing the utility function subject to the budget constraint (3.2)
as
xd =

β
(w + T )
1+β

(3.4)

βw − T
(1 + β)w

(3.5)

ls =

To derive the indirect utility function in the next section I also take into account the
time constraint (3.3).24
To model the production side, I assume there is a unit mass of competitive firms
that use labor as the only input factor to produce the consumption good. The firm
uses a linear technology in which the productivity is a concave function of the level of
productive public goods in the economy, G. Productive public goods include all different
24

An alternative assumption for modeling the effect of resource revenue on productivity is that the
economy has two sectors, non-tradable and tradable. Each individual is endowed with one unit of
labor that can be divided between production in non-tradable and tradable sectors. All results of the
model are valid while the model is interpreted in a different manner. Leisure and consumption in this
case are equivalent to the non-tradable and tradable commodities respectively. The main advantage
of this interpretation is from the empirical point of view, because the data is more clearly available
for non-tradable sector employment compared to leisure and hence testing the model becomes easier.
However, this approach is only valid if productivity in the non-tradable sector is not affected, or at
least less affected compared to the tradable sector, by the level of productive public investment in the
economy. Hence, I do not choose that setting in this paper.

66

Basic Setting

forms of public spending, e.g. education, infrastructure and R&D investments, that
increase labor productivity. The factor A, on the other hand, determines the state’s
capacity to support market-enhancing institutions.
1

y = AG γ l

(3.6)

where γ > 1. Hence, provision of public goods are subject to diminishing returns and
the marginal productivity is decreasing in G. The firms’ profit can thus be written as
follows.
1

π = AG γ l − wl

(3.7)

As a consequence of the linear technology and labor scarcity, the equilibrium wage is
equal to the productivity of the labor.
1

weq = AG γ

(3.8)

At the aggregate level, the economy earns the exogenous revenue R from exporting
natural resources and may instead import the consumption good. The resource revenue
can be distributed as a lump-sum transfer, T , which is the same for all individuals.
Alternatively, it may be used to provide public goods, G, to increase productivity.25
R=T +G

(3.9)

With the aim of maximizing their own utility, the individuals decide through the political
system how much to invest in productivity enhancing public goods and how much to
receive as a lump-sum transfer conditional on the exogenous revenue.
I assume that individuals are identical and their choice is fully represented by the political system. This assumption is equivalent to considering heterogeneity in individuals’
wage based on their ability ai , which is distributed according to a probability density
function, such that wi = (A + ai )G1/γ . Then in a country in which the individuals vote
to choose the policy makers, the median voter’s welfare maximization determines how
much to invest in productivity enhancing public goods and how much to receive as a
25

For simplicity, here I ignore the possibility of taxation to finance public expenditure. In section 3.5, I
implicitly add a tax revenue to the model by assuming that there is an initial stock of public goods
in the economy based on the state’s fiscal capacity.
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lump-sum transfer conditional on the exogenous revenue. This assumption, however,
complicates the model without giving more insight.

3.4. The Model With No Initial Productive Public Goods
To make the model tractable, I first assume that the initial level of public goods in the
economy is zero. The firms’ productivity would hence be zero if the individuals prefer
not to invest in public goods. I then extend the model in the next section and discuss the
results if this assumption is relaxed. This extension is quite important for the following
reasons. First, it makes the model more realistic. Second, and more importantly, it
provides the opportunity to discuss the effect of initial conditions of the economy on
the optimal allocation of exogenous revenue, such as oil and gas, from the individuals’
perspective.
The equilibrium consumption of commodity x and leisure can be derived by substituting equation (3.8) and (3.9) into equations (3.4) and (3.5).
xeq =

1
β
(AG γ + R − G)
1+β

(3.10)

1
R−G
(1 +
1 )
1+β
AG γ

(3.11)

1 − leq =

These two equations indicate that a higher transfer T = R − G increases both consumption and leisure. On the contrary, more productive public goods encourage working and
increase only consumption and not the leisure of the individuals. In this case, if working does not pay off enough, it is possible that individuals dedicate all of their time to
leisure, i.e. li = 0 in the time constraint (3.3). The following Lemma formally shows the
existence of a threshold for productive public goods expenditure above which working is
desirable.

Lemma 3.1. For each R there is a threshold G̃(R) < R such that

l



> 0,
eq

= 0,

if

G > G̃(R)

if

G ≤ G̃(R)
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and G̃(R) is increasing in R.
Proof. Appendix 3.A.1

Q.E.D.

For low levels of productive public goods G, the wage is so low that the individuals
prefer not to work at all and just consume the lump-sum transfer and enjoy leisure.
In addition, the threshold G̃(R) is increasing in R, which means that higher exogenous
revenue increases the lump-sum transfer and accordingly individuals can consume more
without working. Therefore, the minimum productive public goods for creating a wage
that persuades the individuals to work, which is G̃(R), must be higher.
Using Lemma 3.1, we can derive the indirect utility function by substituting equations
(3.10) and (3.11) into equation (3.1).

v(G, R) =



F + (1 + β) ln(AG γ1 + R − G) − ln AG γ1 , if G > G̃(R)

β ln(R − G),

(3.12)

if G ≤ G̃(R)

where F = β ln β − (1 + β) ln(1 + β). For G ≤ G̃(R) the individuals consume T = R − G
and do not work. Accordingly, the only source of income is the government transfer, T ,
and the indirect utility function is decreasing in G. For G > G̃(R), higher public goods
expenditure, G, increases the wage, but the net effect of raising G is ambiguous. On
the one hand, it increases the disposable income and thus consumption. On the other
hand, it increases the cost of leisure and decreases indirect utility. Since deriving the
explicit solution of the optimal G is not feasible, in what follows, I analyze the behavior
of indirect utility as a function of G.
Figure 3.1 illustrates v as a function of G for different levels of R. The dashed and
solid lines correspond to G ≤ G̃(R) and G > G̃(R), respectively. In appendix 3.A.2, I
show that as resource revenue increases, the indirect utility function moves upward and
becomes flatter. The reason for the upward shift is that with more revenue, a higher
welfare level can be reached. Moreover, the curves become flatter because for given
public spending G, more resource revenue means higher consumption levels and, through
diminishing marginal utility, lower welfare effects of more public spending. Figure 3.1
also shows that the indirect utility is always decreasing for very small and very large
levels of G. When G is substantially below R, individuals have no incentive to work
since the wage is too low. In this case, spending more on G is a waste of revenue and
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thus the indirect utility slopes down. For very large levels of G the indirect utility
is decreasing because of the diminishing returns of public good investment. Between
these two decreasing parts, the indirect utility can be increasing when labor supply is
positive and the preference for leisure is low (β is high). This can happen because initial
investments in G have high return and as long as the productivity gain outweighs the
cost, stemming from giving up transfers and increasing labor supply, welfare goes up.
It can be seen from Figure 3.1 that for sufficiently large levels of R, the indirect
utility is always decreasing in public spending G. In this circumstance, the economy is
so rich that demand for leisure is so high that it does not pay to work. Consequently,
the individuals prefer not to invest in productive public goods and consume the whole
resource revenue as a lump-sum transfer (G = 0). Mathematically, we can show that
there exists a cut-off level R̄ as a function of A, β, and γ, such that if resource revenue
exceeds R̄, the indirect utility is decreasing in productive public goods for all values of
G. This means that above this level transfer is always the desired policy choice.
Lemma 3.2.
∀G ∈ [0, R] :

if

R > R̄,

then

∂v
(G, R) < 0,
∂G

) 1
γ (
γ−1 γ(1 + β) − 1 1−γ (γ − 1).
where R̄ = ( βA
)
γ
Proof. Appendix 3.A.2

Q.E.D.

If the resource revenue is greater than R̄, the indirect utility function is strictly
decreasing and the individuals prefer to invest nothing in productive public goods. In
other words, if the exogenous revenue is sufficiently high, dedicating it to transfer provides
the possibility of very high levels of consumption such that individuals prefer not to work
and enjoy the leisure. Consequently, the wage and productivity are not important for
them and they prefer to invest nothing in G. However, if the exogenous revenue is low,
consuming the whole revenue may still not satisfy the individuals. They may thus prefer
to work and invest in G to increase the wage level. Furthermore, the threshold, R̄, is
increasing in A. The intuition is that for higher A investment in G is more efficient and
leads to higher wage level which enables the individuals to consume more. Consequently,
the minimum level of resource revenue above which they prefer not to work and only
receive the lump-sum transfer becomes higher.
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Figure 3.1: The indirect utility as a function of public good expenditure for different
levels of resource revenue. The dashed lines before the dots show the indirect utility
function for G < G̃(R). For R > R̄, the FOC does not have a real solution and the
function is always decreasing. For R < R̄, there is a maximum and a minimum for the
indirect utility function. For details of calculations see Appendix 3.A.2.
The following proposition gives the formal expression for the optimal investment in
productive public goods.
γ

∗

Proposition 3.1. Let R =

(βA) γ−1
γ 1+β
(1+β) γ−1 β

γ

βA
and R̂ = ( γ(1+β)
) γ−1 . Then, the effect of

resource revenue, R, on the optimal productive public spending, Gopt , is characterized as
follows:
1

• If γ > (1 + β) β , for R < R̂, Gopt = R. For R > R̂, Gopt gradually decreases with
R, and for a sufficiently high level of R between R∗ and R̄, it drops to zero.
1

• If γ < (1 + β) β , for R < R∗ , Gopt = R. For R > R∗ , Gopt = 0.
Proof. Appendix 3.A.3

Q.E.D.

Figure 3.2 illustrates the result of Proposition 3.1 under the two conditions. In
both cases, for low levels of revenue, optimal investment in public goods is increasing
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Figure 3.2: The optimal investment in public goods and the share of transfer as functions
1
1
of exogenous revenue if (a) γ > (1 + β) β . (b) γ < (1 + β) β

in resource revenue, and for high levels of revenue, full transfer is the desired policy for
individuals. In fact, when resource revenue, R, is small, consuming the whole amount
of it as a lump-sum transfer is not high enough to satisfy individuals and they prefer
to work to get higher income. Since the wage is increasing with diminishing return in
productive public spending, G, for low levels of R, the marginal increase in wage is large
and investing the full resource revenue in G increases the wage sharply. Hence, for small
enough resource revenue, individuals prefer to use the whole amount of it for productive
public goods. On the other hand, if the resource revenue, R, is large enough and can
thus cover a high level of consumption, individuals prefer not to work and consume the
whole revenue while enjoying leisure. Consequently, the optimal policy for them would be
distributing the whole revenue as a lump-sum transfer. In both cases of Proposition 3.1,
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there is a discontinuity in Gopt as a function of R. The reason is that, the individuals
compare the gain of investing in public goods to the gain of full transfer. As R goes
up, the utility of full transfer approaches the maximum utility that can be achieved by
investing in G (see Figure 3.1). For sufficiently high resource revenue, the gain of full
transfer exceeds the maximum utility of investment and the optimal productive pubic
goods spending jumps to zero.
The two cases of Proposition 3.1 differ based on the parameters γ and β. Recall
that γ > 1 determines the degree of diminishing return of productive public goods and a
lower γ increases the effectiveness of productive public goods spending, G, in increasing
labor productivity and the wage level. In other words, with a higher γ, as the return of
productive public goods reduces, spending on G becomes more costly and it decreases
the price of leisure. Therefore, the decreasing part of the left Figure 3.2a appears when
the diminishing marginal return of investing in public goods weighs in. Figure 3.3a
illustrates the optimal policy for two separate values of γ while other parameters are
constant. From (3.6), the diminishing return is higher for γ = 3 than γ = 2. Thus, we
see that the optimal public good spending slopes down and jumps to zero for lower levels
of resource revenue when γ = 3. In contrast, when γ = 2, the diminishing return is
relatively small and the optimal productive public goods spending is steadily increasing
until the resource revenue goes above R∗ and full transfer becomes optimal.
The second parameter, β > 0, is the relative weight of consumption to leisure in the
utility function. For a small β, leisure is relatively more important for individuals and
they tend to work less. Figure 3.3b demonstrates the optimal policy for two different
values of β while keeping other parameters constant. We observe that with higher β
the optimal public good spending slopes down at higher level of resource revenue and
the slope of the decreasing part becomes less steep. This reflects that more weight for
consumption in the utility encourages individuals to work more to obtain more wage
income rather than only receiving transfer and enjoying leisure.
All of the thresholds introduced above for the resource revenue, R̄, R∗ and R̂, are
increasing in A with the power γ/(γ − 1). Therefore, the possibility of investing the
exogenous revenue, R, in productive public goods increases if the aggregate productivity
of the economy, A, is higher. With a high A, investment in productive public goods is
more effective in increasing the labor productivity and wage. Consequently, it leads to
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more consumption and becomes more effective to increase the indirect utility. In these
circumstances, a lump-sum transfer is only preferred if R is high enough to cover the
high consumption that can be achieved via increasing the labor productivity. Therefore,
if A increases, all of the thresholds shift to the right and the range of resource revenue
in which investing in G is optimal lengthens.

Using the above results, we can explain the evidences discussed in section 3.2 to some
extent. However, the outcome of elections are affected by various factors and economic
issue is only one of them. As shown in Figure 3.2, with a decrease in resource revenue,
instead of receiving a higher share of revenue in terms of transfer, individuals prefer to
invest more in productive public goods. In line with this result of the model, the victory
of a candidate with promises to implement productive policies in Iran was concurred
with a sharp decrease in resource revenue due to sanctions, while the 2004 oil price hike
was followed by the victory of Ahmadinejad with socialist distributive policies.

3.5. The Extended Model With Positive Initial Productivity

In this section, I relax the assumption of no initial public goods in the economy. The
aim of this part is to show that the initial condition of the economy plays an important
role in specifying the behavior of the individuals with respect to an exogenous revenue
such as oil export. Indeed, what matters is the amount of resource revenue relative to
the initial productivity of the economy. From now on, I assume that the initial level of
public goods in the economy, G0 , is positive and exogenous. G0 can be interpreted as
a parameter showing the state capacity at the time that the resource revenue is earned.
In fact, compared to A which reflects the state’s legal capacity, G0 reflects the state’s
fiscal capacity that is inherited from the past (Besley and Persson, 2009). As before, G
is the amount of resource revenue invested in productive public goods. The productivity
1

1/γ

of the firms, and consequently the equilibrium wage, is A(G0 + G) γ . I denote AG0

as the initial productivity in the economy. The equilibrium wage level is hence always
greater than zero even if the individuals prefer to invest nothing in public goods. The
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equilibrium consumption and leisure can be written similar to (3.10) and (3.11).
)
1
β (
γ
x =
A(G0 + G) + R − G
1+β
eq

1 ( A(G0 + G) γ + R − G )
=
1
1+β
A(G0 + G) γ

(3.13)

1

1−l

eq

(3.14)

Given the time constraint (3.3), leisure cannot be greater than one unit of time. As in
the previous section, a threshold G̃′ can be derived – I use the superscript ′ to distinguish
the new parameters from the parameters introduced in the previous section – such that
the equilibrium working hours would be positive, leq ≥ 0, if G ≥ G̃′ and zero otherwise.
Lemma 3.3. The minimum productive public goods spending above which individuals
have an incentive to work, G̃′ , is a function of R and G0 such that

G̃′ (R, G0 )




> 0,


≤ 0,

1/γ

if
if

AG0
1
<
R
β
1/γ
AG0
1
≥
R
β

Proof. Appendix 3.A.5
(

(3.15)

Q.E.D.

The Lemma 3.3 shows that if G0 is sufficiently high relative to R, such that G0 ≥
)γ
R/βA , even when investment in productive public goods, G, is zero, it is higher than

G̃′ (R, G0 ) < 0 and thus individuals always prefer to work. In this circumstance, the
wage income provides high consumption whereas the resource revenue is relatively low.
The individuals hence opt to work even if there is no new investment in G and the
whole R is distributed as a lump-sum transfer. Consequently, the economy produces the
consumption good irrespective of how much resource revenue is invested in productive
public goods. However, in an economy where the initial productivity is relatively low,
1/γ

AG0 /R < 1/β, the individuals may prefer not to work for low levels of investment
in public goods. Under this circumstance, there is no production in the economy. The
following corollary summarizes this result.
Corollary 3.1. In an economy with exogenous resource revenue:
1/γ

• If the initial productivity of the economy is high relative to the revenue, AG0 /R >
1/β, the individuals always prefer to work, regardless of the level of new investment
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in public goods.
1/γ

• If the initial productivity is relatively low, AG0 /R < 1/β, the individuals may
prefer to supply no labor for low levels of new investment in public goods.
In order to find the optimal policy with initial public goods G0 in the economy, I
proceed as in the previous section. Similar to (3.12), the indirect utility function can be
found by substituting (3.13) and (3.14) in (3.1) as

v(G, R, G0 ) =


1
1

F + (1 + β) ln(A(G0 + G) γ + R − G) − ln A(G0 + G) γ ,

if G > G̃′ (R, G0 )


β ln(R − G),

if G ≤ G̃′ (R, G0 )
(3.16)

where F = β ln β − (1 + β) ln(1 + β). As before, the optimal investment can be derived
by maximizing the indirect utility function subject to R = T + G. The indirect utility
with respect to G has the same pattern as in Figure 3.1. The local maximum cannot be
derived explicitly and I use thresholds to investigate whether it is the global maximum
or not. Here, we can obtain R̄′ and R̂′ , similar to Lemma 3.2 and 3.7, by subtracting
G0 from R̄ and R̂. However, since the form of the indirect utility function in G = 0 has
been changed, the threshold above which no investment is preferred to fully investing R
in G is now different than R∗ .
Lemma 3.4.
∀G ∈ [0, R] :

if

R > R̄′ ,


≥ 0,

∂v
(R, R, G0 )

∂G


< 0,

then

∂v
(G, R, G0 ) < 0
∂G

if

R ≤ R̂′

if

′

R > R̂

(3.17)

(3.18)

where R̄′ = R̄ − G0 and R̂′ = R̂ − G0 . The formulas for R̄ and R̂ are the same as
Lemmas 3.2 and 3.7.
Proof. Appendix 3.A.6

Q.E.D.

Based on this Lemma, for sufficiently high resource revenue R > R̄′ , the indirect
utility function is always decreasing in G and zero investment in productive public goods
is preferred by individuals. Under this circumstance, according to Corollary 3.1, if G0 >
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(R/βA)γ , individuals supply labor even though they opt for receiving the whole resource
revenue as lump-sum transfer. Moreover, as G0 increases, the initial wage in the economy
and consequently the initial cost of leisure increases. In this case, even for low levels of
R, receiving the whole revenue as lump-sum transfer is preferred to investing in public
goods. Hence, the threshold, R̄′ is decreasing in G0 . If R < R̄′ , however, the indirect
utility function may have a local maximum which cannot be derived explicitly and for
exploring the behavior of the function, I use the turning points that full investment
(G = R) is preferred to full transfer (G = 0), and when the slope of full investment
changes its sign.
Lemma 3.5. Let R∗∗ (G0 ) be the maximum revenue below which investing whole resource
revenue in public goods is preferred to full transfer. Specifically,

v(R, R, G0 )



≥ v(0, R, G0 )

if

R ≤ R∗∗ (G0 )


< v(0, R, G0 )

if

R > R∗∗ (G0 )

(3.19)

Then, for G0 < (R/βA)γ , R∗∗ (G0 ) is increasing. For larger levels of G0 it becomes
decreasing and finally becomes zero at G0 ≥ R̂.
Proof. Appendix 3.A.7

Q.E.D.

Unlike R̄′ and R̂′ which are both decreasing in initial public goods, G0 , the turning
point R∗∗ (G0 ) is increasing for relatively small G0 and decreasing for relatively large
G0 . This outcome can be explained by Corollary 3.1. When the initial public goods
is relatively low, G0 < (R/βA)γ , in case of full transfer the individuals do not work.
In this case, a slight increase in initial public goods provides a higher level of wage.
Consequently, consuming the whole revenue as a lump-sum transfer is preferred to no
investment only if the revenue is so high that it can persuade the individuals to stop
working. In comparison, for a relatively high level of initial public goods, the individuals
always opt to work even with no investment in public goods. Therefore, the marginal
cost of leisure is higher for them and an increase in G0 motivates them to receive the
resource revenue as transfer rather than investment in productive public goods.
Figure 3.1 illustrates the implications of Lemmas 3.4 and 3.5 for the optimal investment of productive public goods as a function of resource revenue for different levels
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of G0 . First, we see that as G0 increases the curves of the optimal investment move
downwards (The top curve with circle markers corresponds to G0 = 0). The reason for
this downward shift is that G0 and G are perfect substitutes and when the economy
is enriched by initial productive public goods, G0 , the optimal new investment, G, is
smaller compared to when there is no initial productive public goods. Second, as G0
increases, the increasing part of the graph for Gopt , which corresponds to full investment,
shortens. This results from the fact that with more initial public goods, less resource
revenue is needed for new investment and thus R̂, the maximum revenue that full investment is optimal, declines. Third, we observe that for relatively small G0 , as the Lemma
3.5 implies, R∗∗ is increasing and thus the point that the optimal investment jumps to
zero increases. The intuition behind this is that when G0 slightly increases from zero,
since full transfer is accompanied with no working, the revenue should be high enough
to discourage individuals from getting wage income. Therefore, for a wider range of R,
investing in the productive public good is the choice and a full transfer is not optimal.
1/γ

Fourth, we observe that the third effect exists for AG0 /R < 1/β and for a larger initial
productivity, the optimal investment becomes zero at a smaller revenue. In fact, this
is the point that the initial productivity is so high that the income effect of working
dominates its substitution effect. As leisure weighs in, the optimal policy becomes full
transfer at a lower resource revenue.
Proposition 3.2. When the economy possesses an initial level of productive public goods,
G0 , the optimal investment of resource revenue in productive public goods, Gopt , is characterized as follows:
• If G0 < (R/βA)γ or (R/βA)γ < G0 < min[R̂,

(

βA
γ(γ(1+β)−1)

γ
) γ−1

], then the optimal

policy is the same as Proposition 3.1, if R̂, R∗ , and R̄, are respectively substituted
with R̂′ , R∗∗ , and R̄′ (Figure 3.2).
• If max[(R/βA)γ ,

(

βA
γ(γ(1+β)−1)

γ
) γ−1

] < G0 < R̂, for R < R̂′ , Gopt = R, for R > R̂′ ,

Gopt gradually decreases with R and approaches zero for a sufficiently high level of
resource revenue (Figure 3.2).
• If G0 > R̂, Gopt = 0.
Proof. Appendix 3.A.8

Q.E.D.
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This proposition states that when the initial level of public goods is relatively small,
the qualitative results are the same as the model with no initial public goods. For larger
1/γ

levels of initial productivity, however, the results can change. If AG0 /R > 1/β, unlike
section 3.4, the individuals work even if they opt for no investment in public goods. In this
case, the resource revenue is low relative to the initial wage level. Therefore, the wage
income, compared to the exogenous revenue, can provide a high level of consumption
that satisfies the individuals to work regardless of the amount of revenue invested in
public goods. In addition, for relatively high initial public goods, as resource revenue
increases, the optimal investment may gradually decrease and approach zero without
jumping (compare Figure 3.2a with 3.2). In fact, as the initial public goods increases,
the local minimum of the indirect utility shifts to the left and it is possible that it
becomes negative (see Figure 3.A.3). Therefore, if indirect utility has a local maximum,
it is also the global maximum. The intuition behind this result is that when G0 is
relatively high, the new investment is subject to a lower marginal return and thus the
slope of the decreasing part of Gopt becomes more negative (similar to higher γ in Figure
3.3a). For high enough G0 , the optimal investment is always zero irrespective of the size
of resource revenue. This corresponds to economies with initial public goods provision
so high that the income effect of a higher wage dominates the substitution effect. In
this circumstance, by investing in public goods, the disutility of working increases more
than the utility of consumption since the utility function is concave in both leisure and
consumption. The individuals hence prefer not to increase the workload and instead
fully consume the revenue as a lump-sum transfer.
The following proposition characterizes the optimal policy and working hours for
1/γ

economies with low and high initial productivity AG0

for different levels of resource

revenue.
Proposition 3.3. Let RJ be the revenue at which the optimal investment in productive
public goods drops to zero when G0 = 0 (see Figure 3.1). Then, the optimal spending in
productive public goods, Gopt , and working hours, lopt , have the following relationships
with initial productivity:
1/γ

• If initial productivity is relatively low such that
– if R < RJ , ∀G0 : Gopt > 0 and lopt > 0,
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– if RJ < R < R̄, for low enough G0 , Gopt = 0 and lopt = 0, but for high enough
G0 , Gopt > 0 and lopt > 0,
– if R > R̄, ∀G0 : Gopt = 0 and lopt = 0.
1/γ

• If initial productivity is relatively high such that

AG0
R

>

1
β

– Gopt is decreasing in G0 ,
– if R < R̄, lopt can be first decreasing in G0 , but for high enough G0 it becomes
increasing,
– if R > R̄, lopt is strictly increasing in G0 .
Proof. Appendix 3.A.9

Q.E.D.

Figure 3.3 illustrates the results of this proposition. The horizontal axis is the relative
size of initial productivity to the size of resource revenue in logarithmic form and the
vertical axis shows the optimal share of transfer and the optimal supply of labor by individuals which are both between zero and one. Figure 3.3a shows the outcome variables
when R < R̂′ . This level of revenue corresponds to the increasing part of Figure 3.1 and
is so small that with low initial productivity it is always optimal to invest all of it in
public goods. For relatively high initial productivity, however, the share of transfer gradually increases to the point that individuals are not motivated to work and are willing to
spend all resource revenue as transfer. In addition, if R < R̂′ , the individuals work for
1/γ

all levels of G0 . Whether for AG0 /R > 1/β labor supply is decreasing or increasing in
G0 depends on the share of the transfer in revenue. When the relative size of the initial
productivity is near 1/β, as the transfer goes up labor supply declines. For large enough
initial productivity that the resource revenue is fully transferred, a rise in G0 increases
the wage with no change in transfer. Therefore, the labor supply becomes increasing for
large enough G0 .
Figure 3.3b shows the choice of individuals when R̂′ < R < RJ , where RJ is the level
of revenue that with no initial productivity, Gopt drops to zero (see Figure 3.2). The
only difference of case (b) with case (a) is that the resource revenue is at the decreasing
part of the optimal investment curve in Figure 3.2. Thus, for relatively low initial
productivity, instead of full investment, at the optimum, a positive share of resource
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revenue is dedicated to transfer. For relatively high initial productivity, the optimal
choice is the same as Figure 3.3a.
The third case that RJ < R < R̄ is illustrated in Figure 3.3c. For relatively high
1/γ

initial productivity this case is similar to (a) and (b). However, for AG0 /R < 1/β,
if G0 is gradually decreases, for sufficiently low levels of initial productivity, we jump
directly from a positive investment in G to no investment. The intuition is because no
investment in public goods is equivalent to not working when initial productivity is low.
1/γ

In fact, with low AG0 , the consumption obtained from wage income is so low that,
distributing the whole R as a lump-sum transfer persuades the individuals not to work
at all. Consequently, nothing would be invested in public goods to increase the labor
productivity. The last case in Figure 3.3 is when R is so big that full transfer is the
optimal policy for all levels of initial productivity. In this case, according to Corollary
3.1, for relatively low initial productivity individuals do not work, but for relatively high
initial productivity, labor supply becomes an increasing function of G0 .
Based on case (c) of Figure 3.3, we can provide an explanation for the difference between Bolivia and three other countries that were discussed as the motivating evidences.
In Iran people voted for a candidate with promises for productive policies as the resource
revenue has been decreased due to sanctions. Similarly, in Venezuela protesters started
to blame the economic policies of Maduro and in Russia Putin urged the lawmakers to
refuse populist policies as the decrease in oil prices were observed in late 2014. However,
no considerable objection has been raised to populist social policies of Morales. Considering the low productivity of the Bolivian economy compared to others gives an image
consistent with Figure 3.2c.26 Due to low initial productivity of the economy, even for
very low levels of resource revenue, adopting distributive policies is still desirable for people. Whereas for three other countries with higher initial productivity, a fall in resource
revenues has led to a demand for productive rather than distributive policies.
Another important issue regarding the results of this section is that the resource
revenue can be considered as a “curse” if the initial productivity of the economy is low:
For high amount of resource revenue, the individuals may have no incentive to work if
initial productivity is low. However, for sufficiently high levels of productive public goods
26

Labor productivity per person employed in 2013 EKS$ are reported to be 42882 for Iran, 37410
for Russia, 29088 for Venezuela and 10786 for Bolivia. http://www.conference-board.org/data/
economydatabase/index.cfm?id=27762

81

Chapter 3: Resource Windfalls and the Victory of Distributive Policies

in the economy, the production is always positive and the individuals prefer to work.
This result may explain the difference between Norway and other resource abundant
countries with elections. In 2005, public social protection as a percentage of GDP was
13.86 for Norway while it was around 7 for Russia and Iran and less than 5 for Bolivia
and Venezuela.27 Moreover, total natural resource rent, in year 2005, was 20.5 percent
of GDP for Norway whereas it was between 40 to 50 percent of GDP for others. Despite
the high amount of public social protection in Norway, which is more than 60 percent of
the value of its resource revenue and is much more than the other mentioned countries,
resource revenue is not known to harm the production sector in Norway as much as other
countries. This can be a result of high productivity of labor in Norway, which prevents
the individuals to stop working.
The extended model explores the joint effect of initial economic conditions and resource revenue fluctuations. As discussed above, it enables us to explain the different
behavior of the mentioned countries in response to resource revenue fluctuations. We
can also explain the case of Bolivia by using the results of section 3.4. With a lower A,
productive investment is less effective in increasing the wage and is hence less desirable.
However, the case of Norway is contrary to what the basic model suggests and can only
be explained by the results of the extended model.

3.6. Conclusion
High resource revenue, e.g. due to a high oil price in oil-abundant countries, is often followed by socialist distributive slogans in election campaigns and the implementation of
such kind of policies by the elected leaders. This paper demonstrates that in a framework
with a democratic regime, where the leader’s preferences fully mirror those of the myopic individuals, distributive policies would be implemented when the resource revenue is
sufficiently high. Productive policies, however, are preferred in times of low resource revenue. Moreover, the paper underlines the role of initial productivity. If resource revenue
is high relative to the initial productivity of the economy, distributive policies may hurt
the production units because individuals prefer to rely on transfers and hence work less.
As the initial productivity increases, the possibility of implementing productive policies
27

Achieved from Government finance statistics provided by IMF eLibrary
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goes up. Finally, for quite high productivity levels, resource revenue may increase the
desire to receive transfers but do not severely harm the production units.
The findings of the paper are in line with the evidence in some oil and gas rich
countries such as Iran, Venezuela, Russia and Bolivia, as discussed in Section 3.2. In
addition, the model can explain the difference between Bolivia and three other countries.
As oil and gas prices decrease, protests against distributive slogans and an intention
to implement productivity-enhancing policies is taking place in Iran, Venezuela and
Russia but not yet in Bolivia. The reason may lie in the very low productivity of this
country compared to three others. As the paper suggests, with a low initial productivity,
the possibility of preferring distributive policies is higher and productive spending only
becomes desirable for very low levels of resource revenue.
The model of this paper is static and only explores the choice between productive
and distributive policies by myopic individuals at election time. One question for future
research is exploring the sources of inefficiencies that the populist distributive policies
can cause in a resource-dependent economy with low productivity. The main difference
between distributive and productive policies is that the former provides a short-term
income, but the latter is invested on last-living public goods that can benefit future
generations. For myopic individuals, the discount rate of income of future generations
is high and their preference is not optimal from a social planner’s view that maximizes
the inter-generational well-being. In addition, investing the resource revenue in long
lasting public goods makes the economy less vulnerable to negative revenue shocks than
distributive policies. In both Iran and Venezuela, following to the fall in oil income,
the economy suffered from severe stagflation. The reason was that, on the one hand,
the governments used seigniorage to continue distributive policies causing hyperinflation,
and on the other hand, the private firms were not productive enough to provide enough
jobs.
As a policy implication, the paper adds another reason to the well-known reasons
for establishing a reserve fund (see Davis, Ossowski, Daniel, and Barnett (2003) as an
example). If the individuals can decide about the whole amount of resource revenue, a
high revenue may be harmful for the production sector. In this circumstance, a fraction of
resource revenue should be kept in reserve funds and the amount on which the individuals
can decide should be kept so low that investing in productivity-enhancing goods is always
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preferred.
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Figure 3.3: The optimal investment in public goods and the share of transfer as functions
of exogenous revenue with (a) changing γ. (b) changing β.
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Figure 3.1: Optimal investment as a function of resource revenue for different levels of
initial productivity, G0 . The curve with circle marker represents G0 = 0 and the point
that Gopt jumps to zero in this curve is denoted by RJ . As G0 increases, the curves move
downward. As Lemma 3.5 shows, for relatively small initial productivity G0 < (R/βA)γ ,
R∗∗ and thus the revenue level at which Gopt drops to zero increases. For relatively
high initial productivity, R∗∗ becomes decreasing and the jumping point decreases. At
sufficiently high G0 , Gopt = 0 for all levels of resource revenue.
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Figure 3.3: Optimal share of transfer and optimal supply of labor as functions of relative
initial productivity for different levels of resource revenue, R. T /R = 1 − Gopt /R is
the optimal share of transfer in total resource revenue. l is the optimal level of labor
supply by individuals. R̂′ is given in Lemma 3.4. RJ represents the revenue level that
Gopt (R, G0 = 0) jumps to zero (see Figure 3.1). R̄ is defined in Lemma 3.2.
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3.A. Mathematical appendix
3.A.1. Proof of Lemma 3.1
Substituting (3.11) into (3.9) to eliminate T, we find leq ≥ 0 if
1

βAG γ + G − R ≥ 0
1

βAG γ + G − R is increasing in G ≥ 0. Its value in G = 0 is −R and goes to infinity
as G goes to infinity. Consequently, it has only one root in G > 0 which I call G̃(R).
In order to show that G̃(R) is increasing in R, I use the implicit function theorem for
1

βAG γ + G − R = 0
∂G
1
=
1−γ
∂R
βA( γ1 )G γ + 1
Based on the above equation,

∂ G̃
∂R

is positive for all G ≥ 0 and G̃ is hence increasing in

1
γ

R. Moreover, βAG + G − R|G=R > 0 which means G̃(R) < R.
3.A.2. Analyzing the behavior of indirect utility as a function of public
goods expenditure
In order to find the optimal investment in G, first, I need to solve

∂v
∂G

= 0 to derive the

interior solutions. Then I should investigate whether the local maximum, if any, is also
a global maximum. However, by solving

∂v
∂G

= 0, G cannot be derived explicitly.

[
]
(
)
1
1
∂v
γ − γ(1 + β) − 1 G − R
=
βAG
if
1
∂G
γG(AG γ + R − G)

G ≥ G̃(R)

(3.20)

In what follows I explore the behavior of the indirect utility as a function of G and
investigate the effect of R on the optimal productive investment, G. Based on equation
(13), three cases may happen. Note that v in G ≥ G̃(R) is only defined if G < G∗ (R)
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where G∗ (R) > R is the positive root of the denominator of

∂v
.
∂G

Lemma 3.6. Assume that G > G̃(R). Solving the indirect utility function to find the
critical points leads to the following results.
•

∂v
∂G

< 0 if R > R̄

•

∂v
∂G

= 0 has one root and

•

∂v
∂G

= 0 has two roots, a local minimum of v and a local maximum of v, if R < R̄

∂v
∂G

≤ 0 if R = R̄

) 1
γ (
γ−1 γ(1 + β) − 1 1−γ (γ − 1).
where R̄ = ( βA
)
γ
Proof. The denominator of

∂v
∂G

has two roots, G = 0 and G∗ (R) > R which is the root

1

of AG γ + R − G. For G < G∗ (R) the denominator of

∂v
∂G

is positive and the sign of

∂v
∂G

is thus determined by the sign of the numerator.
1
∂v
> 0 if βAG γ − (γ(1 + β) − 1)G − R > 0
∂G
1

The value of βAG γ − (γ(1 + β) − 1)G − R is −R if G = 0 and goes to minus infinity as G
γ
(
) γ−1
βA
goes to infinity. Moreover, it has only one maximum in G = γ(γ(1+β)−1)
. Therefore,
the above equation can have positive values for some values of G only if its maximum
γ
(
) γ−1
βA
value is positive, if its value in G = γ(γ(1+β)−1)
is positive. Under this circumstance,
the above function should cross the horizontal line in two points. Accordingly,
two roots. The sign of

∂v
∂G

∂v
∂G

has

changes from negative to positive in the smaller root and

from positive to negative in the larger root. Consequently, the first root is a local
minimum and the second one is a local maximum. To put it briefly,

∂v
∂G

has two roots,

a local minimum and a local maximum, if the maximum value of the above function,
1

βAG γ − (γ(1 + β) − 1)G − R, is positive.
(
βA

=

γ
1
) γ−1
(
) γ−1
βA
βA
− (γ(1 + β) − 1)
−R>0
γ(γ(1 + β) − 1)
γ(γ(1 + β) − 1)

(

]
γ [
) γ−1
βA
γ(γ(1 + β) − 1) − (γ(1 + β) − 1) − R > 0
γ(γ(1 + β) − 1)
]
γ [
) γ−1
(
βA
(γ − 1)(γ(1 + β) − 1) − R > 0
=
γ(γ(1 + β) − 1)
=

γ
( βA ) γ−1
1
(γ(1 + β) − 1) 1−γ (γ − 1) − R > 0
γ
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1

Figure 3.A.1: f = βAG γ − (γ(1 + β) − 1)G − R
R < R̄ =

γ
( βA ) γ−1
1
(γ(1 + β) − 1) 1−γ (γ − 1)
γ

For R > R̄ the numerator is negative and hence

∂v
∂G

is negative for all G > 0.

Q.E.D.

Based on the above lemma, the indirect utility function can be drawn as in Figure
3.1. As R increases the indirect utility function becomes flatter and its maximizing G
decreases.
3.A.3. Proof of Proposition 3.1
Lemma 3.2 analyzes the behavior of indirect utility for sufficiently high resource revenue.
If, however, R ≤ R̄, as shown in the appendix 3.A.2, the indirect utility function becomes
increasing in the middle and has a local maximum. However, the spending level G to
make the local maximum is not necessarily the optimal choice because it may provide
less welfare than full transfer. To find whether the local maximum is also the global
maximum, the value of the indirect utility function at the local maximum should be
compared with its value at G = 0. However, since the local maximum cannot be derived
explicitly, I proceed by first comparing the indirect utility when all resource revenue
is invested in productive public goods (G = R) with when it is fully transferred to
individuals (G = 0), and then explore whether the local maximum is also global or not.
For this reason, I introduce two parameters, R∗ and R̂, where the former is the turning
point revenue below which full investment is preferred to full transfer, and the latter
gives the critical revenue to change the sign of the slope of indirect utility function at
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G = R.
Lemma 3.7.

v(R, R)



≥ v(0, R), if

< v(0, R),


≥ 0,

∂v
(R, R)

∂G
< 0,

R ≤ R∗

if

R>R

if
if

γ

where

∗

(βA) γ−1

R∗ =

γ

(1 + β) γ−1

R ≤ R̂

where

R > R̂

R̂ = (

1+β
β

γ
βA
) γ−1
γ(1 + β)

Proof. Appendix 3.A.10

(3.21)

(3.22)

Q.E.D.

Equation (3.21) gives the maximum resource revenue, R∗ , that investing the whole
revenue in public goods is preferred to using it only as transfer. Equation (3.22) gives
the cutoff value for the marginal utility when all resource revenue is invested in public
goods such that when R ≤ R̂ the marginal utility is positive and when R > R̂ the
marginal utility is negative. This Lemma also shows that the two parameters R∗ and R̂
are independent of R and only depend on the economy characteristics reflected in A, β,
and γ.
Let Gm be the level of productive public goods corresponding to the local maximum
of the indirect utility function. Then, if the resource revenue exceeds R̂, the optimal
investment in public goods is less than the whole revenue (Gm < R). This Lemma also
shows that the two parameters R∗ and R̂ are independent of R and only depend on
the economy characteristics reflected in A, β, and γ. By comparing R∗ and R̂, one can
simply show that γ > (1 + β)1/β ⇔ R∗ > R̂ and vice versa (see Appendix 3.A.10). In
the following, I explain how these parameters help finding the global maximum.
1

Based on Lemma 3.7, two cases may happen. In the first case, γ > (1 + β) β and
as a result R∗ > R̂. Figure 3.A.2a illustrates the indirect utility when R̂ < R∗ – or
γ > (1 + β)1/β – for three different levels of resource revenue. R1 is smaller than R̂ and
R∗ , R2 lies between the two, and R3 is greater than both R̂ and R∗ . As the Lemma
3.7 suggests, for R1 , full investment in public goods is preferred to full transfer of the
revenue. Moreover, the slope at G = R is positive meaning underinvestment than the
optimal in productive public goods, therefore the optimal policy is Gopt = R1 . Thus, if
the exogenous revenue is so low, as R1 in Figure 3.A.2a, that R < R̂ < R∗ < R̄, investing
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the whole exogenous revenue in G is preferred to no investment, as (3.21) shows, and the
marginal utility is positive when everything is invested in public goods, as (3.22) shows.
Consequently, the individuals prefer to invest the whole revenue in public goods.
In the second revenue level, R2 , since R2 < R∗ , still full investment is preferred to
full transfer. However, the slope of the indirect utility is negative – because R̂ < R2 –
suggesting investing all revenue in public goods is overinvestment and higher than the
optimal level (Gopt = Gm < R2 ). Therefore at the optimum, Gm , that maximizes the
indirect utility is dedicated to productive public goods and R2 − Gm is transferred to
individuals. Hence, if R̂ < R < R∗ < R̄, investing the whole revenue is preferred to
no investment while the marginal utility of investing everything is negative, as R2 in
Figure 3.A.2a. The individuals prefer to invest Gm (R) < R while Gm (R) is where the
utility function has its maximum value, the larger root of

∂v
∂G

= 0. Moreover, Gm (R) is

decreasing and concave in R which means that the optimal investment in G is higher if
R is lower (see Appendix 3.A.4).
The third level of revenue in Figure 3.A.2a, R3 , represents to a high resource revenue
that full transfer is chosen. If R̂ < R∗ < R3 < R̄, investing nothing in G is preferred
to investing the whole revenue. The marginal utility is also negative when everything is
invested in public goods. Therefore, the individuals prefer to invest Gm (R) if v(Gm (R)) >
v(0). As R increases, v(Gm (R)) decreases so that for some R > R∗ , v(Gm (R)) drops
below v(0) and individuals, hence, prefer to invest nothing in G. Finally, as explained
in Proposition 3.2, for R̂ < R∗ < R̄ < R investing in public goods is not profitable and
Gopt = 0. Consequently, the optimal investment in public goods and the share of transfer
in total revenue as functions of R are as shown in Figure 3.2a.
1

In the second case, γ < (1 + β) β and hence R∗ < R̂. In this circumstance, If the
exogenous revenue is so low that R < R∗ < R̂ < R̄, investing everything is preferred
to no investment and the marginal utility is positive if the whole exogenous revenue is
invested in public goods, as R1 in Figure 3.A.2b. Therefore, the individuals prefer to
invest the whole R in G. However, for R∗ < R < R̂ < R̄ investing the whole revenue is
not preferred to no investment while the marginal utility is positive when everything is
invested in G, as R2 in Figure 3.A.2b. The individuals hence prefer to invest nothing in
G and the optimal investment remains zero as R increases. The optimal investment in
public goods for γ < (1 + β) is shown in Figure 3.2b.
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3.A.4. Showing Gm is decreasing and concave in R
∂v
∂G

Gm is the larger root of

= 0, if any, and it is a function of R.

1
∂v
= 0 if βAG γ − (γ(1 + β) − 1)G − R = 0
∂G

Taking derivative w.r.t R from both sides of the above equation, we have
[ βA m 1−γ
] dGm
(G ) γ − (γ(1 + β) − 1)
=1
γ
dR
dGm
1
=[
]
1−γ
βA
dR
(Gm ) γ − (γ(1 + β) − 1)
γ
1

As was discussed in Proof of Lemma 3.6, βAG γ − (γ(1 + β) − 1)G − R has one maximum
γ
γ
(
) γ−1
(
) γ−1
βA
βA
in γ(γ(1+β)−1)
and is thus decreasing, has a negative slope, for G > γ(γ(1+β)−1)
.
larger root of

∂v
∂G

1

dGm
dR

is exactly the slope of βAG γ − (γ(1 + β) − 1)G − R. Since the
γ
(
) γ−1
βA
= 0 is greater than γ(γ(1+β)−1)
, as explained in Proof of Lemma

The denominator of

3.6, the denominator of

dGm
dR

is negative in Gm and hence,

dGm
dR

< 0. Consequently, Gm

is decreasing in R.
In order to show that Gm is also concave in R, take the second derivative w.r.t R
1

from both sides of βAG γ − (γ(1 + β) − 1)G − R.
( dGm )2 [ βA m 1−γ
] d2 Gm
βA(1 − γ) m 1−2γ
γ
γ
−
(γ(1
+
β)
−
1)
(G
)
+
(G
)
=0
γ2
dγ
γ
dR2
1−2γ (
m )2
βA(γ−1)
(Gm ) γ dG
d2 Gm
γ2
dγ
=[
]
1−γ
βA
dR2
m ) γ − (γ(1 + β) − 1)
(G
γ

The numerator of the above fraction is positive for Gm > 0 since γ > 1 and the denominator is negative, as explained above. Consequently,

d 2 Gm
dR2

< 0 and Gm is concave in

R.
3.A.5. Proof of Lemma 3.3
Using equation (3.14), leq can be written as follows.
1

l

eq

1

1 A(G0 + G) γ + T
βA(G0 + G) γ − T
(
=1−
)=
1
1
1+β
A(G0 + G) γ
(1 + β)A(G0 + G) γ
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Substituting T = R − G,
1

l

eq

=

βA(G0 + G) γ − R + G
1

(1 + β)A(G0 + G) γ

Consequently, leq is positive if the numerator is greater than zero.
1

βA(G0 + G) γ − R + G > 0
The above expression, the numerator, is increasing in G and has only one root. As a
1

result, if its value in G = 0, βAG0γ − R, is positive, it would be positive for all positive
values of G and hence has a negative root. On the other hand, if βAG0 − R is negative,
the above expression becomes zero for some G > 0 and hence has a positive root.
G̃′ < 0 if
and
G̃′ > 0 if

(

(

1

βAG0γ − R > 0

1

βAG0γ − R < 0

→

G0 > (

R γ)
)
βA

→

G0 < (

R γ)
)
βA

3.A.6. Proof of Lemma 3.4
In order to find the optimal investment in G, the indirect utility function should be
maximized with respect to the total budget constraint of the economy, R = T + G.
As in Section 3.4, the optimal investment in public goods cannot be derived explicitly.
However, we are able to find some thresholds to describe the behavior of Gopt as a function
of R. The FOC yields
(
)
1
βA(G0 + G) γ − γ(1 + β) − 1 G − γ(1 + β)G0 − R
∂v
=
1
∂G
γ(G0 + G)(A(G0 + G) γ + R − G)

(3.23)

Note that v is defined if G < G∗2 (R) where G∗2 (R) > R is the positive root of the
denominator of
∂v
∂G

∂v
∂G

because inside ln(.) must be positive. Therefore, the denominator of

is positive for all 0 ≤ G ≤ R. Consequently, the indirect utility function is increasing

in G if the numerator of

∂v
∂G

is positive and decreasing otherwise.

(
)
1
numerator = βA(G0 + G) γ − γ(1 + β) − 1 G − γ(1 + β)G0 − R
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The value of the numerator in G = −G0 is −G0 − R and is negative. Moreover, its
value goes to minus infinity as G goes to infinity. The shape of the expression in the
numerator is very similar to Figure 3.A.1 with the graph starting at G = −G0 instead
of G = 0 and it has a local maximum in G > −G0 (see proof of Lemma 3.7 in Appendix
3.A.10). If its value in the local maximum is negative, it has no root in G > −G0 and
is always negative. Consequently,

∂v
∂G

is negative in G > −G0 and hence in G > 0.

Therefore, v is decreasing in G > 0. On the other hand, if the value of the numerator
in its local maximum is positive, it has two roots in G > −G0 . Before the first root
the expression in the numerator and hence

∂v
∂G

is negative and becomes positive when it

passes the root. Consequently, the first root is a local minimum of v. In the second root,
the value of

∂v
∂G

is positive first and becomes negative. Hence, the second root is a local

maximum of v. This local maximum is greater than −G0 but not necessarily greater
than 0. Therefore, v may have one positive local maximum in this case.
The local maximum of the numerator, Glmax can be derived as follows.
1
∂numerator
βA
=
(G0 + G) γ −1 − γ(1 + β) + 1 = 0
∂G
γ

Glmax =

( γ(γ(1 + β) − 1) γ
) 1−γ − G0
βA

The value of the numerator in its local maximum can thus be written as
(
numeratormax = βA

((
)
γ
1
βA
βA
) γ−1 − (γ(1 + β) − 1)
) γ−1 − G0
γ(γ(1 + β) − 1)
γ(γ(1 + β) − 1)
−γ(1 + β)G0 − R

The value of numeratormax is positive if
R < βA

(

((
)
γ
1
βA
βA
) γ−1 −(γ(1+β)−1)
) γ−1 −G0 −γ(1+β)G0
γ(γ(1 + β) − 1)
γ(γ(1 + β) − 1)

⇒

) 1
γ (
γ
γ
1
R < (βA) γ−1 γ(γ(1+β)−1) 1−γ −(βA) γ−1 (γ(1+β)−1) 1−γ γ 1−γ +(γ(1+β)−1)G0 −γ(1+β)G0
⇒

R < R̄′ =

From Lemma 3.2, R̄ =

γ
( βA ) γ−1

γ

γ
( βA ) γ−1
1
(γ(1 + β) − 1) 1−γ (γ − 1) − G0
γ
1

(γ(1 + β) − 1) 1−γ (γ − 1). Consequently, R̄′ = R̄ − G0 .

To find R̂′ , I use a similar procedure. As showed above,
96

∂v
∂G

is positive if it has a

Mathematical appendix

positive numerator.
(
)
1
numerator|G=R = βA(G0 + R) γ − γ(1 + β) − 1 R − γ(1 + β)G0 − R
[
]
1−γ
1
= βA(G0 + R) γ − γ(1 + β)(G0 + R) = (G0 + R) βA(G0 + R) γ − γ(1 + β)
[
]
1−γ
Since G0 + R is positive, the above expression is positive if βA(G0 + R) γ − γ(1 + β)
is greater than zero.
βA(G0 +R)

1−γ
γ

−γ(1+β) > 0

⇔

R < R̂′ =

⇔
From lemma 3.7, R̂ =

(

βA
γ(1+β)

βA(G0 +R)

γ
) γ−1

(

1−γ
γ

> γ(1+β)

⇔

G0 +R <

γ
( γ(1 + β) ) 1−γ
βA

γ
βA ) γ−1
− G0
γ(1 + β)

and hence R̂′ = R̂ − G0 .

3.A.7. Proof of Lemma 3.5
First assume G0 < (R/βA)γ . From (3.16), for G = 0 and G = R, v(G) becomes
v(G = 0) = β ln R
1

1

1

v(G = R) = F + (1 + β) ln(A(G0 + R) γ ) − ln A(G0 + R) γ = F + β ln(A(G0 + R) γ )
Then we have v(G = R) > v(G = 0) if
1

F + β ln(A(G0 + R) γ ) > β ln R
(
1 )β
β β A(G0 + R) γ
>0
ln
(1 + β 1+β Rβ )

⇔
⇔

⇔

1

F + β ln(A(G0 + R) γ ) − β ln R > 0

(
1 )β
β β A(G0 + R) γ
>1
(1 + β)1+β Rβ
1

βA(G0 + R) γ − (1 + β)

(1+β)
β

⇔

1

⇔

βA(G0 +R) γ > (1+β)

(1+β)
β

R>0

Call the last expression E. The function E is concave and has one maximum that can
be derived as follows.
(1+β)
1−γ
1
∂E
= βA (G0 + R) γ − (1 + β) β = 0
∂R
γ
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(G0 + R)

1−γ
γ

γ(1 + β)
=
βA

[ γ(1 + β)
R=
βA

(1+β)
β

γ
] 1−γ

(1+β)
β

− G0

1−2γ
∂ 2E
1−γ
γ
=
βA
(G
+
R)
<0
0
∂ 2R
γ2
1

Moreover, E(R = 0) = βAG0γ > 0 and E|R→∞ → −∞. Consequently, E has one positive
root, call it R1∗∗ , before which E is positive and hence v(G = R) > v(G = 0). The first
inequality is proved if R1∗∗ is increasing in G0 . To show that, note that R1∗∗ is the root of
E and we have
1

E(R1∗∗ ) = βA(G0 + R1∗∗ ) γ − (1 + β)

(1+β)
β

R1∗∗ = 0

By taking partial derivative w.r.t. G0 from both sides we have
(1+β) ∂R∗∗
1−γ [
1
∂R1∗∗ ]
1
βA (G0 + R1∗∗ ) γ 1 +
− (1 + β) β
=0
γ
∂G0
∂G0

And hence
∂R1∗∗
=
∂G0

−βA γ1 (G0 + R1∗∗ )
βA
(G0
γ

+ R1∗∗ )

1−γ
γ

1−γ
γ

− (1 + β)

(1+β)
β

Since R1∗∗ is the

∂E
∗∗ .
|
∂R R=R1

The denominator of the above expression is the same as

root of E and E take positive values before R1∗∗ and negative after that, E is decreasing
in R = R1∗∗ and hence
denominator of

∂R1∗∗
∂G0

∂E
∗∗
|
∂R R=R1

is negative. Consequently, the numerator and the

are both negative and hence R1∗∗ is increasing in G0 .

Now assume G0 > (R/βA)γ . With this relatively high levels of productive public
good in the economy, G̃2 (R, G0 ) is negative. Therefore, for all the values of G, labor
supply is positive and the utility function can be written as follows.
1

1

v = F + (1 + β) ln(A(G0 + G) γ + T ) − ln A(G0 + G) γ

(3.24)

Then, we can compare indirect utility function as
1

1

v(G = 0) = F + (1 + β) ln(A(G0 ) γ + R) − ln A(G0 ) γ
1

1

1

v(G = R) = F + (1 + β) ln(A(G0 + R) γ ) − ln A(G0 + R) γ = F + β ln(A(G0 + R) γ )
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Consequently, we have v(G = R) > v(G = 0) if
1

1

1

β ln(A(G0 + R) γ ) > (1 + β) ln(A(G0 ) γ + R) − ln A(G0 ) γ
(

1
1 )β
A(G0 + R) γ AG0γ
>0
ln (
1
)1+β
γ
AG0 + R

(
⇔

1
1
(
(
)1+β
1 )β
A(G0 + R) γ AG0γ > AG0γ + R

⇔

⇔

1+β
1 β
( 1 R )1+β
(G0 β + RG0β ) γ > G0γ +
A

⇔

1
1 )β
A(G0 + R) γ AG0γ
>1
1
)1+β
(
γ
AG0 + R

⇔
⇔

(

1
( 1 R )1+β
G0γ > G0γ +
A
1
1
(
R ) 1+β
γ
β
+ RG0β ) > G0γ +
A
1

(G0 + R) γ

1+β

(G0 β

)β

1+β
1
( 1 R ) 1+β
γ
β
(G0 β + RG0β ) − G0γ +
>0
A

⇔

For simplicity, I call the last expression D. Then, we have
1
1 + β 1 ( γ1 R ) 1+β
∂D
γ−1
β
= G0β −
γ G0 +
∂R
β
A
A

∂2D
1 + β γ ((1 + β)γ − β) ( γ1 R ) 1+β
γ−2
β
=
−
G0 +
<0
2
∂ R
β A
β
A
Thus, D is concave in R. On the other hand, in R = 0, the D becomes zero, D(R = 0) =
0, and it goes to minus infinity as R goes to infinity. This means D becomes positive for
some R > 0 if and only if ∂D/∂R > 0 at R = 0, otherwise it is strictly decreasing in
R > 0 and never becomes positive.
∂D
(R = 0) > 0
∂R
⇔

γ

⇔

1 + β 1+ β1 − γ1
>0
G0 − γ
G
βA 0
1
β

1 + β γ−1
G γ <1
βA 0

⇔

γ−1

G0 γ <

βA
γ(1 + β)

1
β

(

1 + β 1− γ1 )
1−γ
>0
G
βA 0

⇔

G0

⇔

G0 <

(

βA ) γ−1
= R̂
γ(1 + β)
γ

Therefore, for G0 > R̂, R∗∗ has no positive answer and the optimal policy is full transfer
(G = 0).

For G0 < R̂, D has a positive root which I call it R2∗∗ :
1+β
1
( 1 R∗∗ ) 1+β γ
(G0 β + R2∗∗ G0β ) − G0γ + 2 β = 0
A
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Using the same procedure as above, I can find the partial derivative of R2∗∗ w.r.t. G0 .
1
β

1
−1
γ

1
β−1

(

)γ 1+β
−1
β
G0 + R/A

(1 + β)G0 + RG0 − (1 + β)G0
∂R2∗∗
=
1
1+ β1 − γ1
∂G0
−βG0β + γ 1+β
G
0
A

1
γ

As shown above for E the denominator of D is −β ∂D
(R2∗∗ ) is positive. Thus, the sign
∂R
of the derivative is determined by the sign of the numerator. By inserting (3.25) in the
numerator we have
( 1
) (
)( 1
)
( 1+β
1
1
1
1)
−1
−1
numerator∗ G0γ +R/A = (1+β)G0β +RG0β
G0γ +R/A −(1+β)G0γ
G0 β +RG0β

=

1)
R β1 −1 (
G0
(1 + β)G0 + R − βAG0γ
A

Therefore, to see whether R2∗∗ is increasing or decreasing in R, it is enough to determine
1

1

the sign of (1 + β)G0 + R − βAG0γ . Note that the function y = (1 + β)G0 − βAG0γ has a
maximum at G0 = R̂ and before that it is always increasing and positive. Thus, is G0 is
1

large enough such that G0γ >

R+(1+β)G0
,
βA

R2∗∗ is decreasing in G0 until it approaches zero

at G0 = R̂.
In summary, for relatively low initial productivity G0 < (R/βA)γ , R∗∗ is increasing
in G0 and then it becomes decreasing and finally reaches zero.
3.A.8. Proof of Proposition 3.2
When G0 < (R/βA) with a same reasoning as in the proof of Proposition 3.1, we can show
that similar results as Figure 3.2. If R̂′ < R∗∗ , Gopt is first increasing, then decreasing
and finally drops to zero for R∗∗ < R < R̄′ . If R∗∗ < R̂′ the optimal policy is first
increasing and for R > R∗∗ drops to zero. The proof is long but straight-forward by
substituting R̂, R∗ , and R̄ with R̂′ , R∗∗ , and R̄′ .
When G0 < (R/βA), the indirect utility function may be increasing at G = 0, and in
the following, I analyze it in details. The possible forms of the indirect utility function
are shown in Figure 3.A.3. The following lemma discusses the conditions under which
different forms of v may happen.
(
)γ
Lemma 3.8. For relatively high levels of initial productivity, G0 > R/βA , the following cases may happen for the indirect utility function.
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• If G0 >

(

βA
γ(γ(1+β)−1)

γ
) γ−1

, the indirect utility function is either decreasing in G or

has one local maximum which is also the global maximum, Figure 3.A.3a.
• If G0 <

(

βA
γ(γ(1+β)−1)

γ
) γ−1

, the indirect utility function is either decreasing in G, has

one local maximum, or a local maximum and a local minimum, Figure 3.A.3b.
Proof. Appendix 3.A.11

Q.E.D.

The important difference between the two cases discussed in the above lemma is that
in the first case, the local maximum is certainly a global maximum. Moreover, the opti(
) γ
mal investment in G does not jump to zero. In fact, if G0 > (βA)/(γ(γ(1 + β) − 1)) γ−1 ,
as R increases the local maximum decreases and the indirect utility function becomes
flatter. Consequently, as long as R < R̂′ and the marginal utility of investing everything
in G is positive, the optimal decision that maximizes the utility of the individuals is to
invest R fully in public goods. As R drops above the threshold R̂′ , the marginal utility of fully investment in G becomes negative. The individuals hence prefer to invest
Gm (R) < R that maximizes the indirect utility function. This optimal investment is then
decreasing in R and gradually approaches zero as R increases, Figure 3.2. Moreover, it
(
) γ
can be shown that if at the same time G0 > βA/(γ(1 + β)) γ−1 holds, R̂′ < 0 and the
indirect utility function is decreasing regardless of the value of R and G. As a result, the
individuals opt to fully consume the resource revenue as a lump-sum transfer, G = 0.
(
) γ
However, if G0 < (βA)/(γ(γ(1+β)−1)) γ−1 , the value of the indirect utility function
in the local maximum should be compared with its value in G = 0 to check whether the
local maximum is also a global maximum. With the same approach as in Section 3.4,
the behavior of G as a function of R can then be demonstrated using the thresholds R̂′
and R∗∗ . If R < R̂′ < R∗∗ , fully investing the revenue in public goods is preferred by
the individuals since the marginal utility of investing the whole revenue in G is positive
and investing everything is preferred to no investment. For R̂′ < R < R∗∗ , investing
everything is preferred to no investment and the marginal utility of G = R is negative.
The optimal investment is thus Gm (R) < R which is the local maximum. As R increases,
v(Gm ) drops below v(0) and the optimal investment hence drops from Gm (R) > 0 to
zero. Under these circumstances, the optimal investment in public goods, with respect
to R, behaves as in Figure 3.2a. Likewise, if R < R∗∗ < R̂′ , the individuals opt for fully
investing R in G. However, as R crosses R∗∗ , investing everything is not preferred while
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the marginal utility of G = R is still positive. The optimal investment in public goods is
thus equal to zero for any R greater than R∗ , Figure 3.2b. The important issue is that
(
) γ
the thresholds R∗∗ and R̂′ are positive only if G0 < βA/(γ(1 + β)) γ−1 = R̂ holds. In
(
) γ
other words, if G0 > βA/(γ(1 + β)) γ−1 , any positive R is greater than both thresholds.
Consequently, regardless of the value of R, the individuals prefer to invest nothing in G
and fully consume R as a lump-sum transfer (see the second part of Appendix 3.A.7).

3.A.9. Proof of Proposition 3.3
1/γ

G0
1
<
. According to Proposition 3.2, Gopt has a same pattern as
R
βA
Figure 3.2. Note that the resource revenue at which Gopt jumps to zero is always greater
First assume

or equal to R∗∗ . Since for

1/γ

G0
R

<

1
,
βA

R∗∗ is increasing, it means that as G0 goes up, Gopt

jumps at higher revenue to zero (see Figure 3.1). If the revenue level that Gopt drops to
zero when G0 = 0 is denoted as RJ , then for R < RJ , we have positive Gopt (even when
G0 = 0) and individuals provide labor. However, when RJ < R < R̄, for G0 close to
zero, it is not optimal to invest in productive public goods and thus Gopt = 0. In this
case the initial productivity is not enough to persuade the individuals to work and thus
labor supply is zero too (see equation (3.14) and (3.16)). When, however, RJ < R < R̄
and G0 is closer to (R/βA)γ , the jumping to zero happens after R and Gopt becomes
positive and individuals prefer to work. For R > R̄, as shown before, no investment and
no labor are optimal.
1/γ
1
G
Now assume 0 >
. Lemmas 3.4, 3.5 and Figure 3.1 show that as G0 rises,
R
βA
R̂, R∗∗ , and R̄ all decline and Gopt curves move downwards. In other words, G0 is
decreasing in G0 . In this case, the impact of G0 on labor supply is reflected in (3.14): on
the one hand, G0 has a direct positive effect on wage and working hours. On the other
hand, it reduces the optimal investment of resource revenue on productive public goods.
When R < R̄, for lower levels of G0 , Gopt is positive but decreasing in G0 . The decreasing
effect can dominate the direct positive effect of G0 on wage making labor decreasing, but
gradually, the direct positive effect of G0 weigh in and the graph becomes increasing. If
R > R̄, no new investment in public goods is optimal and thus only the positive and
direct effect of G0 on wage and labor exist making the graph strictly increasing. As G0
becomes larger, lopt approaches 1 −

1
1+β

(see equation (3.14)).
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3.A.10. Proof of Lemma 3.7

Using equation (3.12), the value of the utility function in G = 0 is β ln(R) and its value
in G = R can be written as follows.
1

β β (AR γ )β
)
v(R, R) = β ln β − (1 + β) ln(1 + β) + (1 + β) ln AR − ln AR = ln(
(1 + β)(1+β)
1
γ

1
γ

1
γ β

β

β (AR )
β
Consequently, v(R, R) > v(0, R) if ln( (1+β)
(1+β) ) > ln(R ).
1

1

β β (AR γ )β
ln(
) − ln(Rβ ) > 0
(1 + β)(1+β)

⇔

1

β β (AR γ )β
>1
(1 + β)(1+β) Rβ

β β (AR γ )β
ln(
)>0⇔
(1 + β)(1+β) Rβ

β(γ−1)
β β Aβ
γ
>
R
(1 + β)(1+β)

⇔

γ

(βA) γ−1

∗

⇔

R<R ⇔

γ

(1 + β) γ−1

1+β
β

∂v
is the
To prove the second part, as shown in the proof of Lemma 3.6, the sign of ∂G
1
∂v(R,
R)
same as the sign of its numerator, βAG γ − (γ(1 + β) − 1)G − R. Therefore,
>0
∂G
if
1

βAR γ − (γ(1 + β) − 1)R − R > 0
1

⇔

βAR γ > γ(1 + β)R

(

⇔ R < R̂ ⇔

1

⇔

βAR γ − γ(1 + β)R > 0

γ−1
βA
>R γ
γ(1 + β)

γ
βA ) γ−1
γ(1 + β)

For comparing R∗ and R̂, we can write R∗ > R̂ if
(
R

∗

R̂

>1

⇔

γ

(βA) γ−1

)

(

γ 1+β
(1+β) γ−1 β

(

βA
γ(1+β)

>1
γ
) γ−1
⇔

⇔
(

) γ
γ(1 + β) γ−1

(1 + β)

γ 1+β
γ−1 β

γ
) γ−1

γ
1

>1

(1 + β) β
1

Since γ > 1, the above inequality holds if γ > (1 + β) β .
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⇔

γ
( γ(1 + β) ) γ−1

(1 + β)

1+β
β

>1
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3.A.11. Proof of Lemma 3.8
R γ
Note that for G0 > ( βA
) individuals work even if G = 0 and v can be derived using

equation (3.16). Recall the numerator of

∂v
.
∂G

(
)
1
numerator = βA(G0 + G) γ − γ(1 + β) − 1 G − γ(1 + β)G0 − R
we have
1−γ
∂numerator
βA
=
(G + G0 ) γ − (γ(1 + β) − 1)
∂G
γ

The above expression is decreasing in G. As a result, if

∂numerator
|G=0
∂G

is negative, it is also

negative in G > 0. Consequently, the numerator is decreasing and has either one positive
root, if its value in G = 0 is positive or no root otherwise. Equivalently, v has either
one local, which is also the global, maximum or is decreasing, Figure 3.A.3a. However, if
∂numerator
|G=0
∂G

is positive, it remains positive for small G and becomes negative for large

G. Therefore, the numerator in G > 0 is first increasing and then becomes decreasing.
Hence, it has no root if its maximum value is negative, one root if its maximum value is
zero, and its value in G = 0 is positive and two roots if its maximum value is positive
but its value in G = 0 is negative. Equivalently, v in G is decreasing, has a local, which
is also the global, maximum or has one local minimum and a local maximum, Figure
3.A.3b.
∂numerator
|G=0 > 0
∂G

⇔

βA 1−γ
G γ − (γ(1 + β) − 1) > 0
γ 0

1−γ
βA
(G0 ) γ > (γ(1 + β) − 1) > 0
γ

⇔

G0 >

[

⇔

(G0 )

1−γ
γ

>

γ
] γ−1
βA
γ(γ(1 + β) − 1)
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v(G; R)
v(0; R3 )

0

v(0; R2 )

R goes up

! v(G; R3 )

Gopt = 0

Gopt = R1

Gopt = Gm

0
! v(G; R2 )
! v(G; R1 )

v(0; R1 )

0

ln(R1 ) ln(R2 ) ln(R3 )

ln(G)

(a) R1 < R̂ < R2 < R∗ < R3

v(G; R)
v(0; R3 )

0
! v(G; R3 )

v(0; R2 )

0

0

Gopt = 0

Gopt = 0

v(G; R1 ) A

ln(R1 )

ln(R2 )ln(R3 )

R goes up

v(0; R1 )

Gopt = R1

! v(G; R2 )

ln(G)

(b) R1 < R∗ < R2 < R̂ < R3
Figure 3.A.2: The indirect utility as a function of G for different levels of R. (a) R∗ > R̂
or γ > (1 + β)1/β . (b) R∗ < R̂ or γ < (1 + β)1/β .
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v(G, R)

local minimum
↑

↓

local maximum
↑

v becomes .atter as R goes up

ln(G)

ln(G)
(a) G0 >

(

βA
γ(γ(1+β)−1)

γ
) γ−1

(b) G0 <

Figure 3.A.3: The indirect utility function when G0 >
γ
(
) γ−1
βA
.
γ(γ(1+β)−1)

106

(

(

βA
γ(γ(1+β)−1)

βA
γ(γ(1+β)−1)

γ
) γ−1

γ
) γ−1

and when G0 <

Chapter 4

The Optimal Tax on Polluting
Energy under Credit Market
Imperfections28
4.1. Introduction
The environmental regulations are still lax in many developing countries despite the high
level of pollution. Some countries are even still providing fuel subsidies and efforts to
reduce the subsidies are followed by huge protests, e.g. India and Indonesia. The wellknown environmental Kuznets curve points to an inverted U-shaped relation between
pollution and economic development. As income grows above a threshold, the environmental regulations become more stringent and reduce emissions (Dasgupta, Laplante,
Wang, and Wheeler, 2002). The EKC can be considered as the traditional explanation
for the weak environmental regulatory policies in developing countries. The more recent
focus of the field, however, is on the role of institutions rather than economic development
(e.g. Greenstone and Jack, 2015; Perrings, 2014). Developing countries struggle with implementing effective policies due to the presence of multiple financial, institutional and
political constraints (e.g. Blackman and Harrington, 2000).29 These challenges may then
enforce them to deviate from the first-best policies and implement environmental regulations that are less stringent than the first-best. This paper contributes to the literature
by analyzing the explicit responses of the second-best tax policy to the two widespread
28
29

This chapter is coauthored with Sjak Smulders.
Dasgupta, Mody, Roy, and Wheeler (2001), as an example, find a positive correlation between the
environmental performance and securing property rights. Esty and Porter (2001) also find a significant
positive relationship between the environmental regulatory regime and the economic and legal context
indices, such as protection of property rights and rule of law. Both of these studies, construct indices
to rank countries based on their environmental policies and performances. In both ranking, the
well-developed countries, such as Finland, Germany and Netherlands, earn a very high score while
less-developed economies, Bhutan and Ethiopia in the former and Paraguay and Ecuador in the latter,
appear at the bottom of the list.
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institutional restrictions in developing countries, namely, the inefficiency of the tax system and credit market imperfections. As distortions in credit markets raise the amount
of emissions, the Pigouvian rule suggests a higher tax to be imposed on the polluting
energy. Due to the inefficiency of the tax system, though, the welfare enhancing policy
may not follow the first-best Pigouvian rule and requires a lower tax rate instead.
We develop a two-period partial equilibrium model with a continuum of heterogeneous
price taking firms. In the first period, all firms have access to a single technology to
produce the only commodity available in the economy. The technology emits pollution
proportional to energy inputs. In the second period, a new technology becomes available
that uses emission-free energy as the only input. Its adoption, however, is costly for
the firms. In the beginning of the second period, an ad-valorem tax is announced to
be imposed on the polluting energy to internalize the pollution externalities and also to
encourage the firms to adopt the clean technology. The firms then decide whether to
pay the fixed cost and adopt the clean technology in the second period based on their
productivity level and the announced tax rate.
The economy deals with two forms of institutional restrictions. First, the tax system
does not operate efficiently and collection of tax is far from being costless. The operating
costs of taxation such as administrative and compliance costs may reduce the tax revenue.
Corruption, common to developing countries, may further decrease the amount that can
be redistributed among the individuals. We assume that these costs are proportional to
the tax revenue. Second, the distortions in credit market may undermine the ability of the
firms to pay the fixed cost and implement the clean technology. To explore the influence
of credit market imperfections, we introduce two sources of distortions in our model,
namely limited credit accessibility and restrictive collateral constraint. We assume that
firms are exogenously assigned to two groups that differ in their access to credit. A
group of firms, e.g. politically powerful or formal firms, can borrow unlimitedly in the
credit market. The second group of the firms, on the other hand, has limited access to
credit and can only borrow up to a threshold determined by their initial wealth level,
i.e. the profit they have earned in the first period. Distortions in the credit market rise
as, first, the share of the firms with limited access rises and/or, second, the tightness of
their credit constraint increases.
In the presence of either forms of distortions in the credit market, emissions rise and
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the first-best Pigouvian rule implies a higher tax rate. When the tax system operates
inefficiently, however, the welfare-enhancing policy deviates from the first-best Pigouvian
rate. Under this circumstance, in addition to the pollution damage which is the Pigouvian
component of the tax policy, the effectiveness of the tax to control emissions also plays a
role. With a highly effective tax, individuals are more willing to bear the costs associated
with the process of collecting tax and impose a greater tax rate. The effectiveness of
the tax and consequently the amount of deviation from the Pigouvian rule depends on
the level and the type of distortions in the credit market. A more restrictive collateral
constraint enhances the responsiveness of pollution to the tax rate by increasing the
number of polluting firms. This effect works in the same direction as the Pigouvian
component and implies a higher tax on the polluting energy. A more limited access to
credit, on the other hand, may undermine the effectiveness of the tax in inducing the
firms to adopt the clean technology. This, in turn, reduces the responsiveness of pollution
to the tax rate and, unlike the Pigouvian rule, suggests a lower tax to be imposed on the
polluting energy. Whether this effect dominates the Pigouvian component depends on
the inefficiency of the tax system. In an economy with a highly inefficient tax system,
the second-best tax rate may be lower as credit becomes less accessible.
The reason behind including two distinct sources of distortions in the credit market,
as explained above, is their dissimilar influence on the optimal tax policy. Besides, they
capture different aspects of credit market imperfections. The limited credit accessibility
accounts for any forms of misallocation which cause a disproportionate access to credit
for the firms and can not be explained by their differences in size or productivity. These
forms of misallocation may be caused by a variety of exogenous parameters such as
having political connections as in Mian and Khwaja (2005) and Li, Meng, Wang, and
Zhou (2008), distance to the nearest bank branch (e.g. Degryse and Ongena, 2005; Mian,
2006), or even the owners gender addressed in a newly developing empirical literature
(e.g. Asiedu, Kalonda-Kanyama, Ndikumana, and Nti-Addae, 2013; Muravyev, Talavera,
and Schäfer, 2009; Presbitero, Rabellotti, and Piras, 2014). The tightness of collateral
constraint, however, is mainly driven by the lenders incomplete information and lack of
contract enforcement and influence the firms based on their productivity level. This is
very similar to the common approach used by many papers in the related literature as
in Banerjee and Moll (2010) and Banerjee and Duflo (2010). In a developing economy,
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firms’ ability to invest may be limited due to the presence of both types of distortions at
the same time. Although the latter approach is more commonly used in the literature,
the prediction of the former is more consistent with the evidences and can explain the
stricter environmental regulations observed in well-developed economies.
There are a few recent papers that specifically explore the impact of financial and
credit constraints on the state of the environment and environmental regulations. Credit
market imperfections hinder financing the clean technology and as Narita (2010) demonstrates, it may create a trap where transition to the new technology is not possible. (Andersen, 2013) explains that credit constraint leads to over-investment in tangible assets
which can be used as collateral. The amount of pollution hence increases since emission
reduction technologies development is a consequence of investment in intangible assets
such as human capital and R&D. Earnhart and Lizal (2006) and Gray and Deily (1996),
empirically test the hypotheses that are based on the fact that liquidity constraint may
limit emission-decreasing investment. Using a theoretical model, Earnhart and Segerson
(2012) also show that, in the presence of liquidity or bankruptcy constraints, more enforcement, a higher detection rate or a larger fine, does not necessarily increase the firms’
optimal abatement. Indeed, the financial status of the firms determines their response
to a tighter enforcement policy. The mentioned papers, all points to the influence of
financial constraint on the ability of firms to invest in emission-decreasing technologies.
Though, none of them, investigate the explicit responses of the optimal policy to these
constraints as in our paper. Van den Bijgaart and Smulders (2016) indicate that the
optimal response to a temporary shock that negatively affects access to credit is to reduce the emission tax, which in turn alleviates the firm’s credit constraint. We analyze
the influence of credit market imperfection when it is a structural characteristic of the
economy rather than a temporary shock. The Pigouvian rule then implies a higher tax
on the polluting input in less-developed countries. We further introduce the costs associated with the process of collecting tax as another source of inefficiency which may lead
the optimal tax to deviate from the first-best rate.
The literature also inquires the best policy instrument to control pollution emissions
in the presence of various forms of costs, such as administrative and compliance costs (e.g.
Kampas and White, 2004; Smulders and Vollebergh, 2001, 2015; Weersink and Herath,
1999). As Cremer and Gahvari (2002) suggest, in the presence of monitoring and en110
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forcement costs, the Pigouvian rule is modified to take account of these costs. Smulders
and Vollebergh (2001) and Polinsky and Shavell (1982) investigate how the optimal tax
rate may deviate from the first-best policy when collecting tax is accompanied with a
positive administrative cost. Polinsky and Shavell (1982) explain that variable administrative cost, decreases the desired tax rate below the marginal damage of pollution if
tax is less effective to reduce polluting activities and increase it otherwise. Kampas and
Horan (2015) also argue that, under the same circumstances, the optimal tax may be
lower, greater or even equal to the marginal damage of pollution. We relate to this part
of literature by investigating the joint effect of operating cost of taxation and distortions
in the credit market on the optimal tax imposed on the polluting energy. As our model
suggests, whether we deviate positively or negatively from the first-best Pigouvian rate
depends on the tax elasticity of pollution, or in other words, the effectiveness of tax to
reduce pollution (similar to Polinsky and Shavell (1982)). More importantly, the amount
and the direction of deviation are determined by the form and the level of credit market
imperfection.
This paper also relates to the literature which investigates the transition from the
polluting to a clean technology (e.g. Acemoglu, Aghion, Bursztyn, and Hemous, 2012;
Acemoglu, Akcigit, Hanley, Kerr, et al., 2016; Aghion, Dechezleprêtre, Hémous, Martin,
and Van Reenen, 2016). Most of the related papers explore R&D and the innovation
of a new technology besides its adoption process. In this paper, however, we focus
on the adoption process and assume that the clean technology becomes exogenously
available in the second period. We believe that this is a reasonable assumption for a
developing economy. A developing country, as the South in the North-South trade model
of Di Maria and Smulders (2004), can be seen as an imitator. Indeed, it simply adopts
the new technology that is invented in the developed world. Furthermore, the market
incentive instruments as fuel price and carbon tax, are addressed to be the key element
in the transition to the new technology (for a survey see Popp, Newell, and Jaffe (2010)).
Although R&D subsidies can stimulate the research on clean technology innovation,
without a proper policy to make firms internalize the environmental externalities there
is no incentive to adopt the newly-invented technologies, Popp (2006). As we explain in
this paper, distortions in the credit market, however, may undermine the effectiveness
of the mentioned policies in providing an incentive for the clean technology adoption. In
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a distorted credit market, an ad-valorem tax imposed on the polluting energy can only
reduce the amount of emissions produced by the polluting firms and does not boost clean
technology adoption.
The rest of the paper is organized as follows. Section 4.2 provides the assumptions on
which the model is based. Section 4.3, first, derives the aggregate profits and emissions
in an economy that deals with credit market imperfections. Second, it investigates how
different types of distortions in credit market may alter the pollution responsiveness
to tax rate. Finally, it derives the joint influence of tax system inefficiency and credit
market imperfection on the optimal tax policy. Section 4.4 concludes.

4.2. Assumptions
We consider a two period partial equilibrium model with a continuum one of heterogeneous price taking firms. Firms differ in their productivity and access to credit. The
aim of the paper is to investigate the joint effect of credit market imperfection and
the efficiency of tax system on the optimal tax policy to control the polluting energy
consumption.
4.2.1. Production technology
Commodity x can be produced using two different technologies, a clean technology, c,
which uses the clean energy and a polluting technology, d, which uses the polluting
energy.

xi = αi fj (ej ),

fj′ (ej ) > 0 and fj′′ (ej ) < 0.

(4.1)

where fj , fj′ and fj′′ are continuous and differentiable. The parameter αi is the productivity of firm i and is distributed in [0, ᾱ] with a density function g(αi ). The amount
of energy used specifically by technology jϵ{c, d} is denoted by ej . Production increases
with energy consumption, fj′ (ej ) > 0, and the initial units of energy are more effective
to increase the firm’s production, fj′′ (ej ) < 0. The polluting technology uses the polluting energy and produces one unit of pollution for each unit of ed consumed. The clean
technology uses the emission-free energy, ec . Firms bear a fixed cost F , i.e. the adoption
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cost, when producing with the clean technology.
4.2.2. Timing
In the first period, only the polluting technology is available. All the firms start with this
technology and earn πdi1 . In the second period, the clean technology becomes available
and firms can choose between the two available technologies. In the beginning of the
second period, an ad-valorem energy tax, τ , is announced to be imposed on the polluting
energy to internalize the pollution externalities and more importantly, to encourage the
firms to adopt the clean technology. Consequently, firms make their decision whether
to bear the fixed cost and implement the clean technology based on the announced tax
rate.
The firm’s profit can be written as follows.
πdi1 = αi fd (edi1 ) − qd edi1 ,

(4.2)

πdi2 = αi fd (edi2 ) − (1 + τ )qd edi2 ,

(4.3)

πci2 = αi fc (eci2 ) − qc eci2 − F.

(4.4)

where πjit is the firm i’s profit in period t while implementing technology j. The price
of commodity x is normalized to one and qc and qd are the prices of the clean and the
polluting energy respectively. Firms determine their energy consumption and production
level by maximizing their profit in each period.
Lemma 4.1. For the second period, the following conditions hold in equilibrium:
qd
∂edi
=
< 0,
′′
∂τ
αi fd (edi2 )

∂πdi
= −qd edi < 0,
∂τ
f ′ (edi )
∂edi
= − d ′′
> 0,
∂αi
αi fd (edi )
∂πdi
= fd (eeq
di ) > 0,
∂αi
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∂πci
= 0,
∂τ

(4.5)

(4.6)

∂eci
f ′ (eci )
> 0,
= − c ′′
∂αi
αi fc (eci )

(4.7)

∂πci
= fc (eeq
ci ) > 0.
∂αi

(4.8)
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Proof. See Appendix 4.A.1.

Q.E.D.

Not surprisingly, a tax on the polluting energy decreases energy consumption by the
polluting firms and hence reduces their profit. Firms with higher productivity produce
more and earn a higher profit. They also consume more energy and hence pollute more
under the polluting technology.
4.2.3. Access to credit
As explained above, in order to implement the clean technology, firms have to pay the
fixed cost, F . To pay this cost, they can borrow F in the beginning of the second period
which then will be paid back at the end of the period with no interest. Firms have
heterogeneous access to credit and this heterogeneity comes from two different sources.
First, they are exogenously assigned to two groups; group 1, share s of the firms, with
unlimited access to credit, and group 2, share 1 − s, with limited access to credit. The
productivity distribution is the same among these two groups. The parameter s, hence
determines the accessibility of credit in the economy and is higher in a well-developed
credit market. Second, firms in group 2, with limited access to credit, can borrow up to
a threshold, γπdi1 . This threshold is endogenously determined by the profit they have
earned in the first period and hence their productivity. The parameter γ determines the
looseness of their constraint and is hence associated with less distortion in the credit
market. With γ = 1, they can only invest the profit they have earned in the first
period while with γ → ∞, they have unlimited access to credit. Indeed, we model two
distinct sources of distortions in the credit market. The accessibility of credit can be
a consequence of exogenous parameters such as political connection, formality or even
gender and location as explained in the introduction section. The looseness of collateral
constraint, on the other hand, is very close to the common approach used in many papers
and is due to insufficient contract enforcement and legal rights. A lower s and a lower
γ are respectively associated with more firms with limited access to credit and a more
restrictive limitation. Both, therefore, lead to more distortions in credit market.30
30

Instead of having a group of firms with unlimited access to credit, one can equivalently assume that
group 1 and 2, both, face a limitation in access to credit. However, the parameter γ is not the same
for them. Indeed, firms in group 1, with γ1 > γ2 can more easily find a creditor who is willing to
lend them money. Our model is a simplifying version of this approach. As will be shown later firms
are credit constrained only if γ is sufficiently small. Indeed, we assume that γ1 is sufficiently large so
that credit market imperfection does not play any role for the firms in group 1.
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4.3. The optimal tax on polluting energy
In this section, we deal with two possible institutional restrictions in developing countries, namely, credit market imperfection and the inefficiency of tax system. The section
proceeds as follows. First, we determine the characteristics of the firms that can implement the clean technology. Using these characteristics, we calculate the aggregate
profit and pollution emissions and investigate how they are affected by the tax imposed
on the polluting energy. Second, we explore how different types of credit market imperfections alter the amount of pollution and its responsiveness to tax. Finally, we derive
the second-best optimal tax that maximizes the social welfare function and analyze how
the inefficiency of tax system leads the optimal tax to deviate from the first best Pigouvian rate. We then investigate the joint effect of credit market imperfection and the
inefficiency of taxation on the optimal tax rate and its deviation from the first best
policy.

4.3.1. Aggregate profits and emissions
To be able to derive the aggregate profits and pollution emissions functions, we first need
to determine the conditions under which the firms can implement the clean technology.
In the first period, there is no clean technology available. Firm i implements the polluting
technology and gains profit πdi1 at the end of the period. In the second period, however,
the clean technology becomes available. While the tax rate on the polluting energy in
the second period, τ , is revealed, firms prefer to implement the technology under which
they can earn a higher profit. Consequently, the necessary condition to use the clean
technology in the second period is that the equilibrium profit earned using the clean
technology is higher then the equilibrium profit earned using the polluting technology
when the tax rate τ is imposed, πci2 > πdi2 . The characteristics of πci2 and πdi2 are
provided in Lemma 4.1. In fact, firms with πci2 < πdi2 do not have any incentive to shift
to clean technology and are hence “incentive constrained”. In what follows, we assume
that there is at least one firm that can earn a higher profit and is hence willing to adopt
the clean technology. Without this assumption, there is no incentive, even for the most
productive firms, to bear the fixed cost and implement the new technology. In fact,
although the clean technology is available, it is too costly and can not be implemented.
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To ensure that the assumption is fulfilled, we assume that each unit of energy is able to
produce the same amount of final good under both technologies and the marginal cost
under the clean technology is lower than the polluting technology. Consequently, we can
simply substitute fc and fd with f .31
Lemma 4.2. For a given tax τ , any firm i gains from adopting the clean technology if
and only if its productivity is sufficiently high, αi > α̃(τ, F, qc ).
πci2 > πdi2
∂ α̃
< 0,
∂τ

if f

αi > α̃(τ, F, qc ),

∂ α̃
>0
∂F

Proof. See Appendix 4.A.2.

and

∂ α̃
> 0.
∂qc
Q.E.D.

With a higher tax on the polluting energy or a lower price of clean energy, the
marginal cost of production in the polluting relative to the clean sector increases and
more firms opt for implementing the clean technology. Moreover, a higher fixed cost of
adopting the clean technology reduces the clean firms’ profit and thus the number of
firms which are willing to shift to the clean technology. From now on, we write α̃ and
omit the other arguments for brevity.
Although adopting the clean technology is profitable for sufficiently productive firms,
not all the firms with high productivity, αi > α̃, are able to implement the clean technology due to the credit market imperfections. For firms in group 1, share s of the firms,
with unlimited access to credit market, having a higher profit in the clean technology
is both a necessary and a sufficient condition. All firms in group 1, with αi > α̃, can
simply borrow, if necessary, in the beginning of the second period to pay the fixed cost
of shifting to the clean technology and pay back at the end of the second period with
zero interest. However, for firms in group 2, share (1 − s) of the firms, having πci2 > πdi2
is only a necessary but not a sufficient condition. These firms have limited access to
credit and can borrow in the credit market up to a threshold, γπdi2 , which is determined
by their initial wealth level, or indeed the profit they have earned in the first period.
31

The assumptions are made to make sure that πc crosses πd2 so that firms with sufficiently high
productivity can adopt the clean technology (See Figure 4.1). Note that the results of the paper
eq
remain unchanged if this assumption is relaxed as long as fc (eeq
c ) is higher than fd (ed ). In fact, the
only thing that we need is to make sure that firms can produce more using the clean technology so
that at least for some firms, due to higher amount of production under the clean compared to the
polluting technology, it is profitable to shift.
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Consequently they shift to the clean technology if, besides earning a higher profit in the
clean sector, they are also able to pay the fixed cost. (see Figure 4.1).

Figure 4.1: The firms’ profit as a function of αi

Lemma 4.3. Any firm i in group 2, with limited access to credit, can pay the fixed
cost of adopting the clean technology if and only if its productivity is sufficiently high,
αi > α̂(F, γ).
F ≤ γπdi1
∂ α̂
>0
∂F

if f
and

Proof. See Appendix 4.A.3.

αi ≥ α̂(F, γ),
∂ α̂
< 0.
∂γ
Q.E.D.

The profit earned in period 1, πd1 , is the firms’ initial wealth level in the beginning
of the second period and γ ≥ 1 shows the looseness of the collateral constraint in the
economy.32 With γ = 1, firms can only invest their initial wealth level. However, while
γ approaches infinity, firms can borrow unlimitedly. Although the firms in group 2 with
αi < α̂ may be willing to adopt the clean technology, they are unable to pay its fixed
32

We can derive γ similar to the approach used in the online appendix of Banerjee and Duflo (2010)
. A firm with initial wealth level w0 = πd1 borrow f − πd1 at a gross rate of R. By incurring a
certain cost ηf , the borrower can avoid to pay back the money. Therefor, the repayment obligation is
R
1
R(f − πd1 ) ≤ ηf which leads to f max ≤ R−η
πd1 . Here we assume R = 1 and therefor γ = 1−η
is a same
constant value for all the firms. Indeed, we assume that other forms of credit market imperfections are
absent and the lending rate is equal to the deposit rate. Higher η is associated with better contract
enforcement which provides a safer environment for lending and borrowing. A higher η leads to a
higher γ. Consequently, a country with a high γ has a well developed credit market.
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cost. In other words, they are “credit constrained” while they may not be “incentive
constrained”.
As explained above, α̃ is the productivity threshold beyond which firms have an
incentive to adopt the clean technology. This threshold is sufficient to determine whether
the firms in group 1, with access to credit market, implement the clean technology. For
the firms in group 2, with limited access to credit, however, the threshold α̂ is also
important. Firms with productivity lower than this threshold are credit constrained.
Since we are interested to investigate the influence of distortions in the credit market
on the optimal tax policy, from now on, we focus on the case where credit market
imperfection plays a role. In other words, we restrict the analysis to the case in which,
in equilibrium, α̃(τ, F, qc ) < α̂(F, γ).33 The assumption is made to make sure that there
are a number of incentive unconstrained firms in group 2 that are unable to implement
the clean technology due to being credit constrained. This is the relevant case if qd is
sufficiently high relative to qc and/or γ is sufficiently small (see Appendix 4.A.9). Under
these circumstances, the marginal cost of production in the polluting sector is high
relative to the clean sector and hence even firms with low productivity have an incentive
to adopt the clean technology. Moreover, due to the higher price of the polluting energy,
firms earn a lower profit in the first period and thus start the second period with a lower
initial wealth. A lower γ is also associated with a tighter constraint to obtain credit.
Consequently, the productivity threshold beyond which firms are incentive constrained,
α̃(τ ), drops below the threshold of being credit constrained, α̂.
The above thresholds can now be used to determine the clean and the polluting
firms and consequently to derive profits and emissions in each group. We can then
calculate the aggregate profit and pollution by aggregating over groups. When in group
1, firm i prefers to use the clean technology if αi > α̃ and the polluting technology
otherwise. Under our assumption α̂ > α̃, when in group 2, firm i prefers to adopt the
clean technology if it has a productivity higher than α̂. As explained in Section 4.2, each
unit of the polluting energy consumed, ed , produces one unit of pollution. Clean energy,
on the other hand, is assumed to be emission-free. Pollution is thus only produced by
33

As we explained above, throughout the paper we assume that α̃ < α̂ evaluated at the optimal tax.
Without this assumption, all the firms with an incentive to adopt the clean technology are also able
to pay the fixed cost and hence credit market imperfection does not play any role. See Appendix
4.A.9 for detailed discussion regarding the cases where the above assumption is not satisfied.
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the firms that use the polluting technology, in particular, firms with productivity lower
than α̃ in group 1 and lower than α̂ in group 2. Aggregate pollution in period 2, denoted
by P , can thus be written as:

P = sP group1 + (1 − s)P group2 ,

∫
P

group1

(4.9)

α̃

=

edi g(αi )dαi ,

(4.10)

edi g(αi )dαi .

(4.11)

0

∫
P

group2

=

α̂

0

The ad-valorem tax imposed on the polluting energy affects the amount of pollution
emissions through two channels, which follow from the following derivative.
[
∂P
= s
∂τ
First, since

∫

∂ed
∂τ

α̃
0

∂ed
g(αi )dαi + (1 − s)
∂τ

∫
0

α̂

]
dα̃
∂ed
g(αi )dα + sed (α̃)g(α̃)
<0
∂τ
dτ

(4.12)

< 0 (see lemma 4.1), the first bracketed expression of the above equation

shows that the tax decreases energy consumption by the infra-marginal polluting firms,
which are the firms that remain active in the polluting sector despite the increase in
the tax rate. We call it the “infra-marginal effect” of tax. This effect is active among
both groups of firms, group 1 with share s and group 2 with share (1 − s). Second,
since

∂ α̃
∂τ

< 0 (see Lemma 4.2), the last term of the above equation shows that for firms

in group 1 with share s, the tax increases the number of clean firms by lowering the
productivity threshold beyond which firms are willing to adopt the clean technology.
Indeed, it induces the marginal firms, firms with αi = α̃, to shift to the clean technology.
Throughout the paper, this effect is called the “marginal effect” of tax.
Aggregate profits, denoted by Π, can be calculated using a similar approach. For the
firms in group 1, α̃ determines whether to implement the clean technology, while the
firms in group 2 make their decision based on α̂.

Π = sπ group1 + (1 − s)π group2 ,
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∫
π

group1

∫

α̃

=
0

∫
π

group2

ᾱ

πdi g(αi )dαi +

=

πci g(αi )dαi ,

(4.14)

πci g(αi )dαi .

(4.15)

α̃

∫

α̂

ᾱ

πdi g(αi )dαi +
0

α̂

Imposing an ad-valorem tax on polluting energy increases the marginal cost of production in the polluting sector. Consequently, on the one hand it reduces the polluting
firms’ profits and on the other hand, it lowers the productivity threshold beyond which
the firms are willing to implement the clean technology. The following equation demonstrates how changes in the tax rate influence aggregate profits.

[ ∫
−qd s

∫

α̃

ed g(αi )dαi + (1 − s)

0

0

∂Π
=
∂τ
α̂

(4.16)

]
[
]
dα̃
ed g(αi )dα − s πc (α̃) − πd (α̃) g(α̃)
dτ

= −qd P ≤ 0
The term in the first bracket is associated with the increase in the marginal cost of
production in the polluting sector which hence reduces the firms’ profits. The second
term represents the changes in the aggregate profit due to the shift in productivity
threshold α̃. This term is zero since the marginal firms with αi = α̃ earn the same
amount of profit under both technologies. Note that, the multiplier s in the second term
represents the fact that only the firms in group 1, with unlimited access to credit, are
affected by this threshold shift. The rest of the firms are credit constrained and their
decision to implement the clean technology is based on the productivity threshold α̂.
The aggregate profit decreases as the tax imposed on the polluting energy increases.
4.3.2. The influence of credit market imperfections on pollution and its
responsiveness to tax
We now explore how the amount of emissions and the effectiveness of the tax to reduce
these emissions are influenced by different types of credit market imperfection. These
terms will be later used to analyze how distortions in the credit market alters the optimal
tax policy.
Regardless of the type of distortions in the credit market, the number of polluting
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firms and emissions rise as credit market imperfections increase. From now on, we
introduce parameter ζ, which can be either s or γ. The equations with parameter ζ
are those that hold similarly for both s and γ. A higher ζ is hence associated with a
more developed credit market, i.e. more credit accessibility or a less restrictive collateral
constraint.
Lemma 4.4. For a given tax rate, the amount of emissions is lower in an economy with
a more developed credit market (i.e. P is decreasing in ζ).
∂P
<0
∂ζ
Proof. See Appendix 4.A.4.

Q.E.D.

Recall that we assumed α̂ > α̃ to make sure that credit market imperfection is severe
and we have credit constrained firms in the economy. Under this assumption, aggregate
emissions, P , are decreasing in s and γ. With a lower s, a larger group of firms are forced
to use the polluting technology even though it may not be profitable for them. A lower
γ is also associated with a more restrictive constraint. Consequently, more firms with an
incentive to adopt the clean technology are unable to pay the fixed cost and implement
the clean technology. The amount of pollution emissions hence rises.
As will be discussed later, the responsiveness of pollution to tax is also a key determinant of the optimal policy. We now proceed to determine how the effectiveness of
tax responds to changes in different types of credit market imperfections. Indeed, we
are interested in the sign of

∂2P
.
∂τ ∂ζ

With

∂2P
∂τ ∂ζ

> 0, as the credit market becomes more

developed, P is less decreasing in tax. That is, the responsiveness of emissions to the tax
imposed on the polluting energy decreases and the tax becomes less effective to reduce
pollution.
Lemma 4.5. Different types of distortions in the credit market have a differentiated
effect on the emissions responsiveness to tax. A less restrictive collateral constraint,
higher γ, undermines the effectiveness of tax to reduce emissions. A higher accessibility
of credit, larger s, however, may undermine or strengthen the tax effectiveness. The
following expressions are the mathematical representation of these results.
∂ 2P
>0
∂τ ∂γ

and
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Proof. See Appendix 4.A.5.

Q.E.D.

To get the intuition behind the above Lemma, we need to first discuss the influence
of the tax on different groups of firms. Recall that the tax on polluting energy reduces
emissions through two channels. First, it decreases the amount of the polluting energy
consumption by the infra-marginal firms, the firms that remain active in the polluting
sector despite the increase in the tax rate. Second, it increases the number of clean firms
by lowering the productivity threshold below which firms are incentive constrained, α̃.
Due to a focal difference between the two groups of firms, the effectiveness of the tax
through the above channels is not the same for them. Group 1 with unlimited access to
credit, share s of the firms, implement the clean technology if it raises their profit. For
this group of the firms, the incentive constraint productivity threshold, α̃, determines
the number of the polluting firms. Group 2 with limited access to credit, share (1 − s)
of the firms, on the other hand, implement the new technology only if they are able to
pay the adoption cost. The number of the polluting firms in the second group is hence
determined by the credit constraint productivity threshold, α̂.
The marginal effect of the tax to reduce pollution is only present among the first
group of firms, with unlimited access to credit. For the rest of the firms, with limited
access to credit, providing more incentive to adopt the clean technology is not enough
since they are credit constrained. The infra-marginal effect, on the other hand, is able
to reduce pollution by influencing the polluting firms in both groups. The crucial point
is that, as the number of polluting firms rises, more firms are influenced through this
channel and the infra-marginal effect of tax is more pronounced. For an α̃ very close to α̂,
the number of polluting firms is approximately the same and the infra-marginal channel
is equally effective in both groups. In this circumstance, there is not much difference
between group 1 and 2 in terms of the number of polluting firms. Although the firms
in group 2 lack access to credit and cannot implement the clean technology, the firms in
group 1 also lack sufficient incentive to adopt the new technology. This is the relevant
case when the price of clean energy is sufficiently high so that α̃ approaches α̂. On the
other hand, as qc and consequently α̃ decreases, the number of polluting firms in group
1, with unlimited access to credit, goes down and the infra-marginal channel becomes
less effective in group 1. To summarize the above explanations, the marginal effect of tax
to reduce pollution only influences the firms in group 1 while the infra-marginal effect
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becomes stronger in group 2 relative to group 1 as qc and consequently α̃ decreases.
Keeping the above explanations in mind, we can now give the intuition behind the
influence of s and γ on the emissions responsiveness to tax.
Access to credit (s)

Let us first fix γ and investigate the influence of s on the

tax effectiveness to reduce emissions, which is represented by the following expression.
∂ 2P
=−
∂τ ∂s

∫

α̂

α̃

dα̃
∂ed
g(αi )dα + ed (α̃)g(α̃)
∂τ
dτ
|{z}
|{z}
<0

(4.17)

<0

An increase in credit accessibility, s, strengthens the marginal effect of the tax to reduce
pollution but undermines the infra-marginal effect. The first term of equation (4.17)
represents the influence of s on the effectiveness of tax to reduce energy consumption by
the infra-marginal polluting firms. A fall in s increases the number of polluting firms
and enhances the effectiveness of the tax through the infra-marginal channel. This effect,
as we explained above, is more pronounced if α̃ << α̂. The second term of equation
(4.17) represents the influence of s on the marginal effect of tax to reduce pollution.
As s becomes smaller, fewer firms have unlimited access to credit and the tax is less
effective in inducing the marginal firms to implement the clean technology by decreasing
the incentive constraint productivity threshold, α̃.
With a sufficiently high qc , as is shown in Lemma 4.2, α̃ increases and approaches α̂.
Consequently, the infra-marginal channel becomes equally effective for both groups of the
firms, with and without unlimited access to credit. The influence of credit accessibility,
s, on the effectiveness of the tax to reduce energy consumption by the infra-marginal
polluting firms is hence negligible. Under this circumstance, the influence of s through
the marginal channel is dominant and the effectiveness of the tax increases with s. The
sign of

∂2P
∂τ ∂s

is determined by the second term and is negative. On the other hand, if

qc is very low, α̃ << α̂ and only firms with very low productivity are willing to remain
active in the polluting sector. The amount of pollution produced by the marginal firms
is consequently very low and the effect of s through the second channel is negligible.
However, the effect of s through the infra-marginal channel is quite strong. Access to
credit, s, hence, undermines the effectiveness of the tax to reduce energy consumption
by the infra-marginal firms. The sign of

∂2P
∂τ ∂s

is consequently determined by the first

term of equation 4.17 and is positive. To come to the point, a larger share of the firms
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with unlimited access to credit, higher s, strengthens the effectiveness of tax in pollution
reduction if qc is high and undermines it otherwise.
Proposition 4.1. A rise in access to credit, i.e. a higher s, increases the effectiveness
of the tax to control emissions if qc is sufficiently high and decreases it otherwise.
Looseness of collateral constraint (γ)

We now explore the influence of changes

in γ on the the effectiveness of the tax for a given s. Contrary to credit accessibility,
s, the influence of collateral constraint looseness, γ, does not depend on qc . The term
∂2P
∂τ ∂γ

is always positive suggesting that the tax is more effective to reduce emissions in

countries with tighter credit constraints.
∂ 2P
∂ed
∂ α̂
>0
=s
|(αi =α̂) g(α̂)
∂τ ∂γ
∂γ
|∂τ {z }
|{z}
<0

(4.18)

<0

There is a crucial difference between the credit accessibility and the looseness of collateral constraint. Unlike the changes in access to credit, changes in the tightness of
credit constraint can only influence the infra-marginal effect of the tax to reduce pollution. A higher γ, reduces the number of polluting firms by lowering α̂ and undermines
the effectiveness of tax to reduce the polluting energy consumption by the infra-marginal
firms. The marginal effect of tax, however, is not influenced by changes in γ. This is the
case since γ alters the tightness of constraint for the firms with limited access to credit.
For this group of firms, tax alone, is not sufficient to persuade the firms to implement
the clean technology and the marginal effect of tax is totally absent. Consequently, the
tax becomes less effective to control emissions as the collateral constraint becomes less
restrictive.
Proposition 4.2. A less restrictive collateral constraint, a higher γ, reduces the effectiveness of the tax to control emissions.
4.3.3. Maximizing social welfare
Note that we only use the first period in order to endogenously derive the initial wealth
level of the firms. In fact, the first period represents the time period in which only the
polluting technology was available and no tax was yet imposed on pollution. To derive
the optimal tax level in the second period, we maximize the social welfare function
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which is affected by the aggregate profit and the amount of emissions in the economy.
The central planner redistributes the tax revenue, τ qd P , at the end of the second period.
Collecting tax, however, is far from being costless and distributing the whole revenue is
not always a realistic assumption. The tax revenue may be affected by the operating
costs of tax system, including administrative and compliance costs. The revenue which
can be redistributed is consequently reduced by fraction δ in the process of collecting tax
where δ captures the inefficiency of tax system. The central planner thus maximizes the
following social welfare function to determine the optimal tax on the polluting energy in
the second period.34
W = Π − φP 2 + (1 − δ)τ qd P,

(4.19)

where φ is the weight of emissions in the social welfare function. Moreover, the pollution
damage is convex which implies that at higher amounts of emissions, welfare is more
sensitive to a unit change in emissions. We now proceed by investigating the optimal
tax policy. We, first, investigate how the inefficiency of the tax system, i.e. the presence
of administrative and compliance costs, leads the optimal tax rate to deviate from the
first-best Pigouvian rate. Second, we explore how this deviation is influenced by different
types of distortions in the credit market.

The role of tax system inefficiency
The optimal tax policy can be derived by maximizing the social welfare function, equation (4.19). It is not possible to derive the interior solution explicitly by solving ∂W/∂τ .
However, based on the behavior of the welfare function, first, we investigate the conditions under which an interior solution exists. Second, we explore how the optimal tax
policy is influenced by the presence of administrative and compliance costs in the process
of collecting tax.
Lemma 4.6. The social welfare function
• is decreasing in τ if φ < φ̄(δ),
• has a local maximum, τ ∗ , if φ > φ̄(δ).
34

Note that even if tax was imposed in both periods, to derive the optimal tax in the second period the
central planner would solve the same maximization problem as here.
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The parameter φ̄(δ) approaches zero when the operating cost of tax system is very
low, δ → 0.
Proof. See Appendix 4.A.6.

Q.E.D.

As τ goes to infinity, the price of the polluting energy tends to infinity. Therefore,
increasing the tax level further has not a considerable effect on social welfare since
production in the polluting sector, and consequently emissions and the firms’ profit, is
already close to zero. The marginal effect of the tax on social welfare is hence very low.
Moreover, in the presence of administrative and compliance costs, imposing a slightly
positive tax increases the social welfare if the weight of pollution cost in the social welfare
function is sufficiently high. The tax on the polluting energy, on the one hand, decreases
emissions and increases social welfare. On the other hand, it lowers the firms’ profit in
the polluting sector and the aggregate profits which reduces social welfare. As a result, a
positive tax is only preferred if the weight of pollution cost in the social welfare function
is high enough and a lower pollution level is more important than a higher aggregate
profit, if φ > φ̄. However, as δ approaches zero, although a positive tax decreases the
aggregate profit, the whole tax revenue is redistributed among the individuals which then
compensates the decrease in the aggregate profit. Accordingly, a positive tax is preferred
even if the weight of pollution cost in social welfare function is very low.
Proposition 4.3. In the presence of administrative and compliance costs, an ad-valorem
positive tax is preferred to be imposed on the polluting energy consumption if and only if
pollution cost has a sufficiently high weight in the social welfare function.

τ opt =



τ ∗ > 0 if φ > φ̄(δ),

0

if φ ≤ φ̄(δ).

As explained above, for a sufficiently high weight of pollution cost in the social welfare
function, φ > φ̄, the optimal policy is to impose a positive tax on the polluting energy,
τ ∗ . Otherwise, the optimal policy is not to impose any tax. The intuition is clear. A
positive tax on polluting energy consumption decreases the firms’ profit in the polluting
sector. Consequently, it is preferred only if the marginal decrease in social welfare due to
lower aggregate profit is less than the marginal increase in social welfare due to a lower
pollution level.
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We now investigate how the optimal tax policy deviates from the standard first-best
Pigouvian tax rate in the presence of administrative and compliance costs. The Pigouvian
rule implies a tax which is equal to the marginal damage of pollution. However, when the
process of collecting tax is not fully efficient and the tax revenue is not fully redistributed
among the individuals, deviating from the Pigouvian rule may become welfare enhancing.
The optimal tax on the polluting energy solves the following equation.
τ=

2φP
qd (1 + δ( ϵ1P − 1))

(4.20)

where ϵP = − Pτ ∂P
is the tax elasticity of pollution. Equation (4.20) is the interior
∂τ
solution of the social welfare maximization problem (see Appendix 4.A.6). When the
process of collecting tax is totally efficient and does not involve costly activities, i.e.
when δ = 0, the optimal tax is equal to the marginal damage of pollution, τ qd = 2φP ,
as is suggested by the Pigouvian rule. For a positive δ, however, the tax elasticity of
pollution also plays a role in determining the optimal tax policy. The optimal tax is
larger than the marginal damage of pollution if the tax elasticity of pollution when the
Pigouvian tax is imposed, ϵpig
P , is larger than unity and is lower otherwise.
Proposition 4.4. In the presence of administrative and compliance costs, the optimal
tax is higher than the first-best Pigouvian tax rate if the tax elasticity of pollution in
Pigouvian rate, ϵpig
P , is larger than unity and is lower otherwise.
Proof. See Appendix 4.A.7.

Q.E.D.

The above proposition highlights the importance of pollution elasticity with respect
to tax. The crucial point is that the operating costs of taxation, i.e. administrative and
compliance costs, are proportional to the tax revenue. Collecting tax involves a higher
cost as the tax revenue rises and to derive the optimal tax, minimizing its associated costs
is also considered. When the amount of pollution is sufficiently elastic with respect to the
tax rate, ϵpig
P > 1, deviating positively from the first-best Pigouvian rate reduces the tax
revenue and thus the operating costs of taxation. It is hence desirable to impose a higher
tax relative to the Pigouvian rate. With a sufficiently inelastic pollution, ϵpig
P < 1, on the
other hand, the operating costs decrease as we deviate negatively from the Pigouvian
rate and it is hence preferred to impose a lower tax.
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The role of credit market imperfection
Note that in our model, the administrative and compliance costs are the main source of
deviating from the first-best Pigouvian rule. Consider again equation (4.20). If δ = 0,
regardless of the level of credit market imperfections, the tax rate is always equal to
the marginal damage of pollution as the Pigouvian rule suggests. Indeed, distortions
in the credit market, alter the amount of emissions and therefore the Pigouvian tax
rate.35 Although credit market imperfections, on their own, do not lead to a deviation
from the Pigouvian rule, they influence the tax elasticity of pollution and hence the
amount of deviation in the presence of administrative and compliance costs. In other
words, distortions in the credit market affect the optimal tax policy by, first, altering the
marginal damage of pollution and hence the Pigouvian component of the tax rate and,
second, influencing the amount of deviation from the first-best Pigouvian rule due to the
inefficiency of tax system. Based on these explanations, we now proceed by investigating
the behavior of φ̄ and τ ∗ , the determinants of the optimal tax policy, with respect to
changes in ζ, i.e. different forms of distortions in the credit market.
Lemma 4.7. The welfare maximizing tax rate, τ ∗ , can be both increasing or decreasing
in ζ.
∂τ ∗
>0
∂ζ

τ ( ∂P
)2
∂τ
P2

∂P
(1 − δ)
∂ζ
| {z }

if f

The Pigouvian component

>

∂ 2P
δ
∂τ ∂ζ
| {z }
Tax effectiveness component

Proof. See Appendix 4.A.8.36

Q.E.D.

Lemma 4.8. In an economy with administrative and compliance costs, δ > 0, the threshold φ̄, is increasing in ζ,
in ζ,

∂2P
∂τ ∂ζ

∂ φ̄
∂ζ

> 0, if the effectiveness of tax to reduce pollution is decreasing

> 0. (A higher φ̄ increases the willingness to impose a positive tax on the

polluting energy.)
∂2P

∂ φ̄
∂τ ∂ζ
= δqd ∂P 2
∂ζ
2( ∂τ )
35

This is the case since credit market imperfection in our model is an ex-ante determinant of the polluting
firms ability to invest in new technology. We do not intend to see the effect of tax on the firms’ later
access to credit.
36
To be able to prove the results of this part we need to impose two assumptions which hold for the
common forms of production and distribution functions and is discussed in detail in Appendix 4.A.8.
We further assume f ′′′ > 0, which holds for most of the functions with the characteristics explained
in equation 4.1.
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Proof. see Appendix 4.A.8.

Q.E.D.

Lemma 4.7 implies that two components play a role in determining the responses of
the optimal tax to distortions in the credit market. These are, first, the marginal damage
of pollution as is suggested by the Pigouvian rule and, second, the effectiveness of the tax
rate to reduce emissions which determines the amount of deviation from the Pigouvian
rate. In absence of administrative and compliance costs, δ = 0, the responses of the
optimal tax, the first-best Pigouvian rate, to changes in credit market distortions is solely
determined by the first component. Consider a higher level of ζ, i.e. a more developed
credit market. Aggregate pollution and damage are lower, as is explained in Lemma 4.4,
and the Pigouvian rule dictates a lower tax rate. With a positive δ, however, the sign
of

∂2P
∂τ ∂ζ

may determine the behavior of the optimal tax rate. This term captures how

distortions in the credit market alter the tax effectiveness to reduce pollution. Moreover,
Lemma 4.8 implies that as the credit market becomes more developed due to higher ζ,
the possibility of imposing a positive tax increases,
to reduce pollution,

∂2P
∂τ ∂ζ

∂ φ̄
∂ζ

< 0, if the tax is more effective

< 0.

To get the intuition, let us first assume that the tax system operates efficiently,
δ → 0, so that the tax revenue is largely redistributed among the individuals. Although
imposing a positive tax on the polluting energy decreases the social welfare due to lower
aggregate profit, this decrease is in fact partly compensated when the tax revenue is
redistributed. The amount of emissions decreases as access to credit rises and/or the
collateral constraint becomes less restrictive. Consequently, the marginal damage of
pollution decreases and the optimal tax is lower. Indeed, with low administrative and
compliance costs, the Pigouvian component of the tax rate determines the responses
of the optimal tax policy to changes in the level of credit market imperfections. The
results, however, become more complicated as the inefficiency of the tax system rises so
that a large fraction of tax revenue is consumed in the process of collecting tax due to
the presence of administrative and compliance costs. There is a focal difference between
the two cases with a very low and a very high δ. With a very high administrative and
compliance costs, the tax revenue is mostly used in the process of collecting tax and is
only slightly distributed among the individuals. Under this circumstance, imposing tax
on the polluting energy is associated with a larger loss in aggregate welfare. As a result,
the effectiveness of tax to reduce pollution plays a major role to determine the optimal
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tax policy. With a more effective tax to reduce pollution, the individuals are more willing
to bear the costs that are associated with the operation of the tax system and impose a
greater tax. That is indeed in line with what we said about the tax elasticity of pollution.
A more effective tax leads to a higher elasticity of pollution which then makes it more
possible to deviate positively from the Pigouvian rule.
The results derived in Section 4.3.2 provide the responses of emissions and tax effectiveness to changes in different types of credit market imperfections. As explained
above, these are the two determinants of the optimal tax behavior. Using these results,
we can now explain the influence of different types of distortions in the credit market on
the optimal tax policy.
Access to credit (s)

A rise in credit accessibility raises the number of clean

firms and reduces emissions, Lemma 4.4. Accordingly, the Pigouvian rule suggests a
lower tax to be imposed on dirty energy as s rises. With an inefficient tax system,
δ > 0, however, the effectiveness of tax also plays a role. Proposition 4.1 implies that
the influence of access to credit on the effectiveness of tax to reduce emissions depends
of the marginal cost of production in the clean technology, qc . If qc is sufficiently small,
access to credit reduces the responsiveness of pollution to tax. The tax is less effective
and individuals are hence less willing to bear the loss associated with the process of
collecting tax. Accordingly, the Pigouvian and the tax effectiveness components, both
work in the same direction and implies a lower tax to be imposed on the polluting
energy as s rises. With a sufficiently high qc , on the other hand, the effectiveness of
the tax to control pollution increases as access to credit rises and the individuals opt
for a higher tax on the polluting energy. Under this circumstance, the Pigouvian and
the tax effectiveness components work in opposite directions. As the inefficiency of the
tax system rises and a larger fraction of tax revenue is devoted to administrative and
compliance costs, the tax effectiveness plays a stronger role and more possibly dominates
the Pigouvian component. A higher s may then lead to a greater tax on the polluting
energy.
We are able to prove mathematically that, when δ is zero, the optimal tax on the
polluting energy is higher for countries with less credit accessibility. That is, distortions
in the credit market increase the first-best Pigouvian rate. We are also able to show that
when the whole tax revenue is consumed in the process of collecting tax, δ = 1, as the
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number of firms with unlimited access to credit, s, reduces, the optimal tax decreases if
qc is sufficiently high and increases otherwise. We use numerical simulation to determine
the behavior of the optimal tax as a function of s for 0 < δ < 1. As shown in Figures
4.2a and 4.2b, the numerical results confirm that, as explained above, the influence of s
on the optimal tax policy is affected by the level of qc .
The results are summarized in the following proposition.
Proposition 4.5.

• If the inefficiency of the tax system is so low that a large fraction

of tax revenues is redistributed among the individuals, the Pigouvian component of
the tax determines the effect of credit accessibility. Due to higher marginal damage
of pollution, a higher tax is always preferred to be imposed on the polluting energy
as access to credit, s, decreases.
• If the inefficiency of the tax system is so high that only little of the tax revenue is
redistributed among the individuals, deviation from the Pigouvian rule and hence
the effectiveness of tax is the major determinant of the optimal tax policy.
– For a sufficiently low price of the clean energy, the effectiveness of tax to reduce
pollution rises and a higher tax is preferred to be imposed on the polluting
energy when access to credit, s, decreases.
– For a sufficiently high price of the clean energy, the effectiveness of the tax to
reduce pollution decreases and a lower tax is preferred to be imposed on the
polluting energy when access to credit, s, decreases.
Proposition 4.5 has one important implication. Contrary to what the Pigouvian rule
suggests, in a second-best world with high administrative and compliance costs, countries
with less developed credit market in the form of lower credit accessibility may prefer to
impose a lower tax on polluting energy. With a high cost of clean energy, qc , there
is little incentive to adopt the clean technology and the number of polluting firms is
high even in countries with a well-developed credit market. The focal point is that,
under this circumstance, a tax on the polluting energy is more effective in countries with
well-developed credit market. It can reduce pollution by, first, decreasing the amount of
energy consumption in the polluting sector and, second, encouraging more firms to adopt
the clean technology and increasing the number of clean firms. As the number of firms
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with limited access to credit rises, however, the second channel becomes less effective.
Firms are credit constrained and they cannot respond to the adoption incentives of a
high tax. Imposing a lower tax, hence, becomes more desirable as the effectiveness of
the tax to control emissions declines.
Looseness of collateral constraint (γ)

Similar to what we have done for credit

accessibility, we investigate how the collateral constraint restrictiveness affects the two
determining components of the optimal tax policy. With a less restrictive collateral
constraint, i.e a higher level of γ, more firms are able to pay the adoption cost and
implement the clean technology. The amount of emissions is hence lower and as is
suggested by the Pigouvian component, a lower tax is preferred to be imposed on the
polluting energy. Contrary to Proposition 4.1, however, Proposition 4.2 explains that,
regardless of the price of the clean energy, less credit market imperfection, provoked by
a higher γ, always decreases the effectiveness of tax to reduce emissions. As a result, the
Pigouvian and the tax effectiveness components are always active in the same direction
and suggest a lower tax on the polluting energy as the collateral constraint becomes less
restrictive. The results are summarized in the following proposition.
Proposition 4.6.

• If the inefficiency of the tax system is so low that a large fraction

of tax revenue is redistributed among the individuals, the Pigouvian component
of the tax determines the effect of collateral constraint restrictiveness. Due to
higher marginal damage of pollution, a higher tax is preferred to be imposed on the
polluting energy as the credit constraint becomes tighter, that is as γ decreases.
• If the inefficiency of the tax system is so high that only little of the tax revenue is
redistributed among the individuals, deviation from the Pigouvian rule and hence
the effectiveness of the tax is the major determinant of the optimal tax policy.
The tax is always more effective to reduce pollution in countries with tighter credit
constraints, i.e. with a lower γ, and a higher tax rate is preferred.
The results provided in Section 4.3.3 suggest different responses of the optimal tax
on the polluting energy to changes in credit market imperfections. If distortions in the
credit market are due to the exogenous determinant of access to credit, such as political
power, gender or location, which separate firms regardless of their productivity level, the
optimal tax on the polluting energy can be preferred to be lower or higher based on the
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operating cost of taxation and the marginal cost of implementing the clean technology.
However, if distortions in the credit market come from the tightness of constraint for firms
with limited access to credit, due to lack of information and low contract enforcement,
the tax on the polluting energy is always preferred to be higher in countries with more
credit market imperfection. Although the latter approach is more commonly used to
model distortions in credit market, its prediction, in our framework, is less consistent,
relative to the first approach, with what we expect based on the evidence. For lessdeveloped countries, the latter approach suggests a higher tax rate to be imposed on the
polluting energy, while with the former approach, high administrative and compliance
costs combined with a high price of the clean energy leads to a lower tax rate. It
has been documented that more developed countries perform better in controlling the
environmental quality. Esty and Porter (2001) construct an environmental regulatory
regime index. Finland and Sweden score the highest while less-developed countries as
Guatemala, Ecuador and Paraguay are at the bottom of the list. The financial resources
provided to the private sector in Finland and Sweden in 2002 was more than 50 and
90 percent of GDP respectively while it was less than 25 for the three countries at the
bottom of the list.37

4.4. Conclusion
This paper explores taxation of the polluting energy in an economy that deals with
two specific types of institutional barriers, namely, credit market imperfections and the
inefficiency of the tax system. The inefficiency of the tax system can be a result of
administrative and compliance costs which reduce the tax revenue. In the presence
of such costs, the optimal tax policy deviates from the first-best Pigouvian rule. The
amount and the direction of the deviation is then determined by the credit market
imperfections which influence the effectiveness of the tax to reduce pollution. With a
highly responsive pollution to the tax rate, individuals are more willing to bear the costs
of collecting tax and impose a higher tax on the polluting energy.
37

The data regarding the domestic credit to private sector is obtained from the global financial development dataset provided by Čihák, Demirguc-Kunt, Feyen, and Levine (2012). I report the numbers
in 2002 since Esty and Porter (2001) use the 2001-2002 annual Survey of business and government
leaders to construct the environmental regulatory regime index.
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The crucial result of the paper is that various types of distortions in the credit market has a differentiated effect on the responsiveness of pollution with respect to the tax
and hence the optimal tax policy. A tighter collateral constraint enhances the effectiveness of the tax to reduce emissions and increases the second-best tax rate. Less credit
accessibility, fewer firms with unlimited access to credit, however, may undermine the
effectiveness of the tax if the marginal cost of the clean technology is sufficiently high.
This, in turn, may imply a lower tax to be imposed on the polluting energy. The latter
type of distortion can hence explain the lax environmental regulations observed in the
developing countries. An inefficient tax system combined with limited credit accessibility,
may reduce the willingness to tax the polluting input.
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(a) qc is sufficiently high, qc = 0.37, that α̃ approaches α̂.
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(b) qc is sufficiently low, qc = 0.25 that α̃ << α̂.

Figure 4.2: The optimal tax on the polluting energy as a function of (1 − s). To derive the graph in

MATLAB, I assumed that α has an exponential distribution, g(αi ) = λe−λαi and λ = 0.7. I further
assumed that f (e) = eβ where β = 31 .
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4.A. Mathematical Appendix
4.A.1. Lemma 4.1: Equilibrium Initial Conditions
The polluting firm maximizes its profit to determine the polluting energy consumption.
max[πdi = αi f (edi ) − (1 + τ )qd edi ]
ed

→ αi f ′ (edi ) = (1 + τ )qd
To see how edi changes with τ , take the derivative w.r.t. τ from both sides of the above
equation.
αi f ′′ (edi )

∂edi
= qd
∂τ

∂edi
qd
=
<0
∂τ
αi f ′′ (edi )
The polluting firm’s profit in equilibrium is derived by substituting eequilibrium
on the
d
profit function.
eq
πdi = αi f (eeq
di ) − (1 + τ )qd edi

∂eeq
∂eeq
∂πdi
di
di
= αi f ′ (eeq
)
−
(1
+
τ
)q
− qd eeq
d
di
di
∂τ
∂τ
∂τ
The summation of the first two terms is zero in equilibrium.
∂πdi
= −qd edi < 0,
∂τ
The clean firm’s profit is independent of τ since eequilibrium
is independent of τ .
ci
∂πci
=0
∂τ
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In equilibrium changes in ed and ec w.r.t αi can be derived as follows.
αi f ′ (edi ) = (1 + τ )qd
f ′ (edi ) + αi f ′′ (edi )
→

∂edi
=0
∂αi

f ′ (edi )
∂edi
=−
>0
∂αi
αi f ′′ (edi )
αi f ′ (eci ) = qc

f ′ (eci ) + αi f ′′ (eci )
→

∂eci
=0
∂αi

∂eci
f ′ (eci )
=−
>0
∂αi
αi f ′′ (eci )

For the profit function we have
eq
πdi = αi f (eeq
di ) − (1 + τ )qd edi
eq
∂eeq
∂πdi
eq
′ eq ∂edi
= f (edi ) + αi f (edi )
− (1 + τ )qd di
∂αi
∂αi
∂αi

The summation of the second and the third terms is zero in equilibrium and hence

∂πdi
= f (eeq
di ) > 0
∂αi
And with the same approach we can derive

∂πci
.
∂αi

∂πci
= f (eeq
ci ) > 0
∂αi
4.A.2. Lemma 4.2: Characteristics of α̃
In equilibrium we have
αi f ′ (edi ) = (1 + τ )qd

and αi f ′ (eci ) = qc

qc < (1 + τ )qd → f ′ (eci ) < f ′ (edi ) |{z}
→ eci > edi |{z}
→ f (ec ) > f (ed )
f ′′ < 0
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f (ec ) > f (ed ) if

qc < (1 + τ )qd

As we explained before, πji is increasing in αi .
∂πdi
= f (eeq
di ) > 0 and
∂αi

∂πci
= f (eeq
ci ) > 0
∂αi

Moreover, eji and hence f (eji ) are also increasing in αi . Consequently, πji is an increasing
convex function in αi and

∂πdi
∂αi

is always less than

∂πci
∂αi

since we have shown that f (ec ) >

f (ed ). Note that, for edi = eci = 0, πci = −F and is smaller than πdi = 0. These
characteristics, implies that πci = πdi has only one root in αi . We call this root α̃. For
αi < α̃, πdi > πci and for αi > α̃, πdi < πci (See Figure 4.1).
To see how α̃ changes with respect to τ , we take derivative from both sides of equation
πci (α̃) = πdi (α̃).
d
d
[πci (α̃)] =
[πdi (α̃)]
dτ
dτ
(

∂πci
∂πci
∂ α̃
∂πdi
∂πdi
∂ α̃
|αi =α̃ ) + (
|αi =α̃ )
=(
|αi =α̃ ) + (
|αi =α̃ )
∂τ
∂αi
∂τ
∂τ
∂αi
∂τ
→

di
ci
( ∂π
|
) − ( ∂π
|
)
∂ α̃
∂τ αi =α̃
∂τ αi =α̃
= ∂π
di
∂τ
( ∂αcii |αi =α̃ ) − ( ∂π
|
)
∂αi αi =α̃

∂ α̃
−qd ed (α̃) − 0
=
∂τ
f (ec (α̃)) − f (ed (α̃))
∂ α̃
−qd ed (α̃)
=
< 0 since f (ec ) > f (ed )
∂τ
f (ec (α̃)) − f (ed (α̃))
To see how α̃ changes with respect to F , we take derivative from both sides of equation
πci (α̃) = πdi (α̃).
d
d
[πci (α̃)] =
[πdi (α̃)]
dF
dF
(

∂πci
∂πci
∂ α̃
∂πdi
∂πdi
∂ α̃
|αi =α̃ ) + (
|αi =α̃ )
=(
|αi =α̃ ) + (
|αi =α̃ )
∂F
∂αi
∂F
∂F
∂αi
∂F
di
ci
( ∂π
|
) − ( ∂π
|
)
∂ α̃
∂F αi =α̃
∂F αi =α̃
→
= ∂πci
∂π
di
∂F
( ∂αi |αi =α̃ ) − ( ∂αi |αi =α̃ )

0 − (−1)
∂ α̃
=
∂F
f (ec (α̃)) − f (ed (α̃))
∂ α̃
1
=
> 0 since f (ec ) > f (ed )
∂τ
f (ec (α̃)) − f (ed (α̃))
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To see how α̃ changes with respect to qc , we take derivative from both sides of equation
πci (α̃) = πdi (α̃).
d
d
[πci (α̃)] =
[πdi (α̃)]
dqc
dqc
(

∂πci
∂πci
∂ α̃
∂πdi
∂πdi
∂ α̃
|αi =α̃ ) + (
|αi =α̃ )
=(
|αi =α̃ ) + (
|αi =α̃ )
∂qc
∂αi
∂qc
∂qc
∂αi
∂qc
→

ci
di
|
) − ( ∂π
|
)
( ∂π
∂ α̃
∂q αi =α̃
∂qc αi =α̃
= ∂πcic
di
∂qc
( ∂αi |αi =α̃ ) − ( ∂π
|
)
∂αi αi =α̃

The first term of the numerator in above equation is zero and the second term can be
derived as follows.
∂
eq
[πci = αi f (eeq
ci ) − qc eci − F ]
∂qc
∂πci
∂eci
∂eci
= αi f ′ (eeq
− qc
− eci
ci )
∂qc
∂qc
∂qc
The summation of the first two terms is zero and
∂πci
= −eci
∂qc
Consequently, we have

∂ α̃
0 − (−ec (α̃))
=
∂qc
f (ec (α̃)) − f (ed (α̃))

∂ α̃
ec (α̃)
=
> 0 since f (ec ) > f (ed )
∂τ
f (ec (α̃)) − f (ed (α̃))
4.A.3. Lemma 4.3: Characteristics of α̂
As we explained in Appendix 4.A.2, πdi is increasing and convex in αi . Consequently,
γπdi1 = F has only one root in αi , which we call α̂, and as F increases this root becomes
larger. To see how α̂ changes with respect to F , we can also take derivative from both
sides of equation F = γπdi1 (α̂).
d
d
[F ] =
[γπdi1 (α̂)]
dF
dF
1 = γ(

∂πdi1
∂πdi1
∂ α̂
|αi =α̂ ) + γ(
|αi =α̂ )
∂F
∂αi
∂F
∂π

1 − γ( ∂Fdi1 |αi =α̂ )
∂ α̂
=
∂π
∂F
γ( ∂αdii1 |αi =α̂ )
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∂ α̂
1−0
=
>0
∂F
γf (ed1 (α̂))
Similarly for γ we have
d
d
[F ] =
[γπdi1 (α̂)]
dγ
dγ
0 = πdi1 (α̂) + γ(

∂πdi1
∂πdi1
∂ α̂
|αi =α̂ ) + γ(
|αi =α̂ )
∂γ
∂αi
∂γ
∂π

−πdi1 (α̂) − γ( ∂γdi1 |αi =α̂ )
∂ α̂
=
∂π
∂γ
γ( di1 |αi =α̂ )
∂αi

∂ α̂
−πdi1 (α̂) − 0
=
<0
∂γ
γf (ed1 (α̂))
4.A.4. Proof of Lemma 4.4
For s:
∫
P = sP

group1

+ (1 − s)P

group2

∫

α̃

edi g(αi )dαi + (1 − s)

=s
0

α̂

edi g(αi )dαi
0

∫ α̃
∫ α̂
∂P
=
edi g(αi )dαi −
edi g(αi )dαi
∂s
0
0
∫ α̂
=−
edi g(αi )dαi < 0 since α̃ < α̂
α̃

And for γ:

∫

∫

α̃

edi g(αi )dαi + (1 − s)

P =s
0

α̂

edi g(αi )dαi
0

∂ α̂
∂P
= (1 − s)ed (α̂)g(α̂)
<0
∂γ
∂γ
4.A.5. Proof of lemma 4.5
The term

∂2P
∂τ ∂s

can be derived by taking derivative with respect to s from both sides of

equation 4.12 for a given tax rate.
∂ 2P
=
∂τ ∂s

∫

∫ α̂
∂ed
∂ed
dα̃
g(αi )dαi −
g(αi )dα + ed (α̃)g(α̃)
∂τ
∂τ
dτ
0
0
∫ α̂
∂ed
dα̃
=−
g(αi )dα + ed (α̃)g(α̃)
∂τ
dτ
α̃ |{z}
|{z}
α̃

<0

<0

141

(4.21)

Chapter 4: The Optimal Tax on Polluting Energy under Credit Market Imperfections

The sign of

∂2P
∂τ ∂s

hence depends on whether the first term in the above equation dominates

the second term and can be both positive or negative.
∂2P
,
∂τ ∂γ

Similarly, to derive
∂ ([
∂2P
=
s
∂τ ∂γ
∂γ

∫
0

α̃

for a given tax rate, we have

∂ed
g(αi )dαi + (1 − s)
∂τ
= (1 − s)

∫

α̂
0

]
∂ed
dα̃ )
g(αi )dα + sed (α̃)g(α̃)
∂τ
dτ

∂ed
∂ α̂
|αi =(α̂) g(α̂)
>0
∂γ
|∂τ {z }
|{z}
<0

<0

4.A.6. Proof of Lemma 4.6
W = Π − φP 2 + (1 − δ)τ qd P
∂W
∂Π
∂P
∂P
=
− 2φP
+ (1 − δ)[qd P + τ qd
]
∂τ
∂τ
∂τ
∂τ
Using equation 4.16, we have
∂W
∂P
∂P
= −qd P − 2φP
+ (1 − δ)[qd P + τ qd
]
∂τ
∂τ
∂τ
= −δqd P − 2φP
= −δqd P −
If there exist an interior solution,

∂P
∂P
+ (1 − δ)τ qd
∂τ
∂τ

∂P
[2φP − (1 − δ)τ qd ]
∂τ

∂W
∂τ

= 0 should hold there.

∂W
=0
∂τ
−δqd P −

∂P
[2φP − (1 − δ)τ qd ] = 0
∂τ

qd [−δP + (1 − δ)τ

∂P
∂P
]=
2φP
∂τ
∂τ

P
τ
τ qd [−δ ∂P
+ (1 − δ)] = 2φP
∂τ

τ=

2φP
qd (1 + δ( ϵ1P − 1))

τ
where ϵP = − ∂P
is the tax elasticity of pollution.
∂τ P
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Using

∂W
∂τ

= 0, the following conditions hold for the interior solution that we use

them later in some parts of the proofs.
2φP − (1 − δ)τ qd = −

[2φ

δqd P
∂P
∂τ

>0

(4.22)

∂P
(1 − δ)τ qd ∂P
+ δqd ] =
<0
∂τ
P
∂τ

(4.23)

There is no interior solution and W is decreasing for all values of τ if

∂W
∂τ

< 0.

∂W
< 0 for all τ
∂τ
−δqd P −

∂P
[2φP − (1 − δ)τ qd ] < 0 for all τ
∂τ

Note that − ∂P
> 0 and hence
∂τ
δqd P
∂P
∂τ

φ<

+ [2φP − (1 − δ)τ qd ] < 0 for all τ
( qd τ
)
P
[(1 − δ) + δ(− ∂P )] = φ̄(τ ) > 0
2P
τ ∂τ

As we showed above, W is always decreasing in τ if φ < φ̄(τ ) for all values of τ . We
show that the function φ̄(τ ) is increasing in τ and hence φ < φ̄(τ ) holds for all τ if and
only if it holds for τ = 0. We simply call φ̄(τ = 0) as φ̄ and the first item of Lemma 4.6
is proved.
φ̄(τ ) =

qd τ
P
[(1 − δ) + δ(− ∂P )]
2P
τ ∂τ

= (1 − δ)

−qd
qd τ
+ δ( ∂P )
2P
2( ∂τ )

The function φ̄(τ ) is the summation of two increasing functions in τ and it is hence
increasing in τ . As we show in Appendix 4.A.8,

∂2P
∂τ 2

> 0 and hence

∂P
∂τ

rises as τ rises.

The second term of above equation, δ( 2(−q∂Pd ) ) is hence increasing in τ . The first term of
∂τ

the above equation is also increasing in τ .
2qd P − 2 ∂P
τ qd
∂
qd τ
∂τ
((1 − δ)
) = (1 − δ)
>0
2
∂τ
2P
4P
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Moreover, φ̄ approaches zero when δ tends to zero.

φ̄ →



 qd τ |(τ →0) → 0 if δ → 0
2P



−qd
|
2( ∂P
) (τ →0)
∂τ

if δ → 1

If φ > φ̄(τ = 0), for small values of τ , the welfare function is increasing in τ . It then
becomes decreasing in τ for sufficiently high levels of τ that φ̄(τ ) jumps above φ. The
social welfare function has hence a critical point which is a local maximum in τ .
∂W
∂P
= −δqd P −
[2φP − (1 − δ)τ qd ]
∂τ
∂τ
∂2W
∂P
∂ 2P
∂P
∂P
=
−δq
−
[2φP − (1 − δ)τ qd ] −
[2φ
− (1 − δ)qd ]
d
2
2
∂τ
∂τ
∂τ
∂τ
∂τ
=−

∂P
∂ 2P
∂P
∂P
[2φP − (1 − δ)τ qd ] −
[2φ
+ δqd ] +(1 − δ)qd
<0
2
{z
} |{z}
∂τ |
∂τ | ∂τ{z
∂τ
}
|{z}
|{z}
> 0 using equation 4.22
>0

<0 <0

using equation 4.23

Consequently, if there exist an interior solution,

∂2W
∂τ 2

<0

< 0 holds on this point and hence

it is a local maximum.
Using MATLAB, Figure 4.A.1, shows the behavior of welfare function when f (e) = eβ
and αi has a uniform distribution. The parameter φ̃ shows whether the welfare in τ = 0
is higher or lower than τ → ∞.

4.A.7. Proof of Proposition 4.4
The interior solution of the welfare function solves
∂W
=0
∂τ
−δqd P −

∂P
[2φP − (1 − δ)τ qd ] = 0
∂τ

This can be written as
−δqd P (1 +

τ ∂P
∂P
)−
(2φP − τ qd ) = 0
P ∂τ
∂τ

−δqd P (1 − ϵP ) −

∂P
(2φP − τ qd ) = 0
∂τ
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W (τ )

− − − → ϕ̄ < ϕ < ϕ̃

→ ϕ > ϕ̃ > ϕ̄

The social welfare decreases as ϕ goes up

→ ϕ < ϕ̄ < ϕ̃

W (τ → ∞)

τ

Figure 4.A.1: The social welfare as a function of τ

Assume that the Pigouvian tax rate is imposed. The second term of the above equation is hence zero and the sign of

∂W
∂τ

is determined by the first term. If the tax elasticity

of pollution, when the Pigouvian tax is imposed, ϵpig
P , is larger than unity, the first term
and hence the above equation is positive in Pigouvian tax rate. Consequently, the social
welfare function is increasing in τ , which then implies that the first-best Pigouvian tax is
before the local maximum of the welfare function. In other words, it is optimal to deviate
positively from the Pigouvian tax rate. Similarly, it is preferred to deviate negatively
and impose a lower tax relative to the Pigouvian tax rate if ϵpig
P < 1.

4.A.8. Proof of Lemma 4.7
As we explained in Appendix 4.A.6, in the interior solution of W we have
∂W
=0
∂τ
145

Chapter 4: The Optimal Tax on Polluting Energy under Credit Market Imperfections

−δqd P −

∂P
[2φP − (1 − δ)τ qd ] = 0.
∂τ

By taking derivative w.r.t. ζ from both sides of above equation we can derive
−δqd

∂τ
.
∂ζ

∂2P
∂P
∂P
∂P
dτ −
dτ [2φP − (1 − δ)τ qd ] −
[2φ
− (1 − δ)qd ]dτ
2
∂τ
∂τ
∂τ
∂τ

−δqd

∂P
∂ 2P
∂P
∂P
dζ −
dζ[2φP − (1 − δ)τ qd ] −
[2φ
dζ] = 0
∂ζ
∂τ ∂ζ
∂τ
∂ζ
2

∂ P
+ ∂τ
[2φP − (1 − δ)τ qd ] + ∂P
[2φ ∂P
]
+δqd ∂P
dτ
∂ζ
∂ζ
∂τ
∂ζ
=
2
dζ
−δqd ∂P
− ∂∂τP2 [2φP − (1 − δ)τ qd ] − ∂P
[2φ ∂P
− (1 − δ)qd ]
∂τ
∂τ
∂τ

Substituting the terms in the bracket from equations 4.22 and 4.23 we have

=

+δqd ∂P
+
∂ζ
−
−δqd ∂P
∂τ

∂2P
[− δq∂Pd P ]
∂τ ∂ζ
∂τ

∂2P
[− δq∂Pd P ]
∂τ 2
∂τ

−

+

∂P
[2φ ∂P
]
∂τ
∂ζ

∂P (1−δ)τ qd ∂P
[ P
∂τ
∂τ

− qd ]
2

qd
The denominator of the above equation is den = (1−δ)qd ∂P
− ∂∂τP2 [− δq∂Pd P ]−[ ∂P
]2 [ (1−δ)τ
].
∂τ
∂τ
P
∂τ

We later show that

∂2P
∂τ 2

> 0 under the assumptions that hold for the common forms of

production and distribution functions. Taking this into account and δ < 1 and
we can see that the den is always less than zero and the sign of

dτ
dζ

by the numerator.
num = δqd

∂P
∂ 2P
δqd P
∂P
∂P
+
[− ∂P ] +
[2φ
]
∂ζ
∂τ ∂ζ
∂τ
∂ζ
∂τ

∂P
∂P
∂2P
δqd P
=
[δqd + 2φ
]+
[− ∂P ]
∂ζ
∂τ
∂τ ∂ζ
∂τ
Again, by substituting equation 4.23 in the bracket, we have
num =

∂ 2P
δqd P
∂P (1 − δ)τ qd ∂P
[
]+
[− ∂P ]
∂ζ
P
∂τ
∂τ ∂ζ
∂τ

= (1 − δ)

=

qd P
∂P
∂τ

|{z}

τ qd ∂P ∂P
qd P ∂ 2 P
− δ ∂P
P ∂ζ ∂τ
∂τ ∂ζ
∂τ

[(1 − δ)

)2 ∂P
τ ( ∂P
∂2P
∂τ
−
δ
]
P 2 ∂ζ
∂τ ∂ζ

<0
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Consequently, we can conclude that the sign of

dτ
dζ

is positive if [(1−δ)

τ ( ∂P
)2 ∂P
∂τ
P2
∂ζ

2

∂ P
−δ ∂τ
]>
∂ζ

0 and is negative otherwise. In fact, when δ approaches one the sign is determined by
2

∂ P
the term − ∂τ
and it is determined by the term
∂ζ

∂P
∂ζ

when δ approaches zero. Below,

you can also see what happens when δ is either zero or one.
• First, assume that δ → 0: The local maximum of W is where 2φP = τ qd .
2φP = τ qd
2φ[

∂P ∂τ
∂P
∂τ
+
] = qd
∂τ ∂ζ
∂ζ
∂ζ
∂P

2φ ∂ζ
∂τ
≥ 0 since
=
∂ζ
qd − 2φ ∂P
∂τ

∂P
<0
∂τ

• Second, assume that δ → 1: As we explained before, the local maximum of W is
where qd + 2φ ∂P
= 0.
∂τ

∂P
qd
|τ eq = −
∂τ
2φ
∂ ∂P
qd
∂
(
|τ eq ) =
(− )
∂ζ ∂τ
∂ζ 2φ
∂2P
∂ 2 P ∂τ
+
=0
∂τ ∂ζ
∂τ 2 ∂ζ
∂2P

∂τ
∂τ ∂ζ
= − ∂2P
∂ζ
∂τ 2
Now we show that
∂2P
∂τ ∂s

∂2P
∂τ 2

is always positive and hence the sign of

∂τ
∂s

is determined by

.

The sign of

∂2P
∂τ 2

∫ α̃
∫ α̂
]
∂ed
∂ed
∂ α̃
∂P agg [
= s
g(αi )dαi + (1 − s)
g(αi )dαi + sed (α̃)g(α̃)
∂τ
∂τ
∂τ
∂τ
0
0
∫
∫
]
[ α̃ ∂ 2 ed
[ α̂ ∂ 2 ed
∂ 2 P agg
∂ed
∂ α̃ ]
=
s
g(α
)dα
+
|
g(α̃)
+
(1
−
s)
g(α
)dα
i
i
i
i
(α
=
α̃)
i
∂τ 2
∂τ 2
∂τ
∂τ
∂τ 2
0
0
[ ∂ed
∂ed ∂ α̃
∂ α̃
∂ α̃ ∂ α̃
∂ 2 α̃ ]
+s (
|(αi =α̃) +
)g(α̃)
+ ed (α̃)g ′ (α̃)
+ ed (α̃)g(α̃) 2
∂τ
∂ α̃ ∂τ
∂τ
∂τ ∂τ
∂τ
Assuming that f ′′′ (ed ) > 0, we can show that
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we have:
f ′ (ed ) =
f ′′ (ed )
f ′′ (ed )

(1 + τ )qd
αi

∂ed
qd
=
∂τ
αi

∂ed
∂ 2 ed
+ f ′′′ (ed )
=0
2
∂τ
∂τ

d
f ′′′ (ed ) ∂e
∂ 2 ed
∂τ
= − ′′
>0
∂τ 2
f (ed )

Moreover, although we are not able to show that

∂ 2 α̃
∂τ 2

> 0 holds in general, it is valid for

the common forms of production function with the characteristics explained in equation
4.1 as f = ln(e), f = eβ , f =

e
.
1+e

Moreover, a very restrictive assumption,

f (ed (α̃))] > 0, can be made to assure that

∂ 2 α̃
∂τ 2

∂
[f (ec (α̃))−
∂τ

> 0 is valid in general. However, as I

mentioned, this assumption is very restrictive and for various forms of function which do
˜ ))) − f (ed (α(τ
˜ )))] > 0, ∂ 2 α̃2 > 0 may still hold. All the terms in
not satisfy ∂ [f (ec (α(τ
∂τ

∂ 2 P agg
∂τ 2

∂τ

is positive except the term ed (α̃)g

Consequently, we can conclude that
if

g ′ (ã(τ ))
g(ã(τ ))

′

(α̃) ∂∂τα̃ ∂∂τα̃

∂ 2 P agg
∂τ 2

which can be both positive or negative.

is positive if g ′ (ã(τ )) is not too negative or

> A, where A is a negative value determined by the other parameters of the

model. This assumption is always satisfied if g ′ (ã(τ )) > 0. Even if g ′ (ã(τ )) is not positive,
as in exponential distribution, it can be shown that the above assumption holds with a
high probability, (at least 96 % when f = eβ ).

Proof of Lemma 4.8

As we showed in Appendix 4.A.6,
φ̄ = φ̄(τ = 0) = −δ(
∂2P

qd
)
2( ∂P
)
∂τ

∂ φ̄
∂τ ∂ζ
= δqd ∂P 2
∂ζ
2( ∂τ )
Consequently,

∂ φ̄
∂ζ

is positive if

∂2P
∂τ ∂ζ

> 0.
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4.A.9. Assumption α̃ < α̂

Consider the case where α̃(τ = 0) < α̂. Since the threshold α̃, as Lemma 4.2 explains, is
decreasing in τ , α̃ < α̂ is a valid assumption for all values of τ and the results of paper
holds. However, if α̃(τ = 0) > α̂ we can not be sure whether credit market imperfection
plays any role or not. In this circumstance, there is a τ ∗∗ > 0 above which α̃ < α̂ holds.
For the case where α̃(τ = 0) > α̂, let’s first assume that the credit market distortions
does not play any role and the firms make their decision solely based on α̃. If the optimal
tax calculated using this approach, call it τα̃opt , is smaller than τ ∗∗ , the initial assumption
that credit market distortions does not play any role was a valid assumption. However, if
τα̃opt > τ ∗∗ , the initial assumption was not a valid one and we need to calculate the optimal
tax by considering the fact that, for firms in group 2, α̂ determines whether to implement
the clean technology or not. Call the optimal tax calculated using this approach τα̂opt . If
τα̂opt > τ ∗∗ credit market imperfection plays a significant role in determining the optimal
tax on the polluting energy and the results of our paper hence hold. On the other hand,
if τα̂opt < τ ∗∗ , none of the above approach leads to the correct result and the decision
is to set a tax equal to τ ∗∗ (See Figure 4.A.2). Based on these explanations, we can
conclude that the distortions in credit market are more possible to influence the optimal
tax policy if τ ∗∗ is lower. We now investigate the determinants of τ ∗∗ .
The threshold τ ∗∗ can be derived by equating α̃ and α̂. In other words, both of the
following equations should hold in τ = τ ∗∗ .
πci2 (α̃(τ ∗∗ )) = πdi2 (α̃(τ ∗∗ ))
F = γπdi1 (α̂)
By substituting πjit from equations 4.2 to 4.4 and α̃(τ ∗∗ ) = α̂, we can rewrite the above
equations into one that can be solved for τ ∗∗ .
[αi fd (edi2 ) − (1 + τ ∗∗ )qd edi2 ] + γ[αi fd (edi1 ) − qd edi1 ] = αi fc (eci2 ) − qc eci2
By taking derivative w.r.t. γ, qc and qd from both sides of the above equation, we can
see how τ ∗∗ changes w.r.t. these variables.
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Figure 4.A.2: The Social welfare as a function of τ .

For γ we have:
[αi fd′ (edi2 )

∂edi2 ∂τ ∗∗
∂τ ∗∗
∂edi2 ∂τ ∗∗
− (1 + τ ∗∗ )qd
− qd edi2
] + [αi fd (edi1 ) − qd edi1 ]
∂τ ∂γ
∂τ ∂γ
∂γ
= αi fc′ (eci2 )

∂eci2 ∂τ ∗∗
∂eci2 ∂τ ∗∗
−
q
c
∂τ ∗∗ ∂γ
∂τ ∗∗ ∂γ

∂edi2 ∂τ ∗∗
∂τ ∗∗
[αi fd′ (edi2 ) − (1 + τ ∗∗ )qd ] −qd edi2
+ [αi fd (edi1 ) − qd edi1 ]
{z
}
|
{z
}
∂τ ∂γ |
∂γ
= πdi1 > 0

= 0 due to firm’s profit maximization

=

∂eci2 ∂τ ∗∗
∂τ ∗∗ ∂γ

[αi f ′ (eci ) − qc ]
| c {z2
}
= 0 due to firm’s profit maximization

∂τ ∗∗
πdi1
=
>0
∂γ
qd edi2
For qc we have:
[αi fd′ (edi2 )

∂edi2 ∂τ ∗∗
∂edi2 ∂τ ∗∗
∂τ ∗∗
∂eci2
∂eci2
−(1+τ ∗∗ )qd
−qd edi2
]+0 = αi fc′ (eci2 )
−qc
−eci2
∂τ ∂qc
∂τ ∂qc
∂qc
∂qc
∂qc

∂edi2 ∂τ ∗∗
∂τ ∗∗
∂eci2
[αi fd′ (edi2 ) − (1 + τ ∗∗ )qd ] −qd edi2
=
{z
}
∂τ ∂qc |
∂qc
∂qc
= 0 due to firm’s profit maximization

[αi fc′ (eci2 ) − qc ]
|
{z
}
= 0 due to firm’s profit maximization
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∂τ ∗∗
eci2
=
>0
∂qc
qd edi2
For qd we have:
∂τ ∗∗
∂edi2 ∂τ ∗∗ ∂edi2
∂edi2 ∂τ ∗∗ ∂edi2
∗∗
∗∗
αi f d(edi2 )[
+
] − (1 + τ )qd [
+
] − (1 + τ )edi2 − qd edi2
∂τ ∂qd
∂qd
∂τ ∂qd
∂qd
∂qd
′

+γαi f ′ d(edi1 )[

∂edi1
∂edi1
] − γqd [
] − γedi1 = 0
∂qd
∂qd

∂edi2 ∂τ ∗∗ ∂edi2
∂τ ∗∗
[αi f ′ d(edi2 ) − (1 + τ ∗∗ )qd ][
+
] − (1 + τ ∗∗ )edi2 − qd edi2
|
{z
} ∂τ ∂qd
∂qd
∂qd
= 0 (firm’s maximization profit)

+γ

∂edi1
[αi f ′ d(edi1 ) − qd ] [
] − γedi1 = 0
|
{z
} ∂qd
= 0 (firm’s maximization profit)

∂τ ∗∗
−(1 + τ ∗∗ )edi2 − γedi1
=
<0
∂qd
qd edi2
A lower γ, a higher qd and a lower qc is hence associated with a lower τ ∗∗ . Consequently,
it is more possible that the optimal tax is affected by distortions in credit market under
these circumstances.
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