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ABSTRACT

SIMULATING THE TURKISH ECONOMY UNDER INFORMALITY

OZTURK, Ozgen
M.Sc., Department of Economics
Supervisor: Assist. Prof. Dr. Pinar Derin-Giire

July 2014, 75 Pages

The existence of a large shadow economy is one of the most important problems of
developing countries, since informality mitigates tax revenues of governments,
causes inefficiency in the economy and disrupts the welfare of the society. The aim
of this study is to analyze the effects of the existence of a large informal sector on
the macroeconomic variables and welfare of Turkey. The constructed model for this
purpose is a two sector overlapping generations (OLG) model. As far as | know, this
is the first study in which the model incorporates endogenous labor supply,
population growth, bequest motive, Pay-As-You-Go (PAYG) pension system and
informality in a 55-period OLG environment for Turkey. Simulation results indicate
that, besides the costs to the government, the existence of a large shadow economy
is also detrimental to the households and firms of the informal economy and disrupts

the welfare of the whole society in Turkey.

Keywords: Computable Dynamic General Equilibrium Analysis, Overlapping
Generations Models, Informality, Welfare, Simulation
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KAYIT DISILIK VARLIGINDA TURKIYE EKONOMISI
SIMULASYONU

OZTURK, Ozgen
Yiiksek Lisans, Tktisat Bolimii

Tez Yoneticisi: Yrd. Dog. Dr. Pinar Derin-Giire

Temmuz 2014, 75 Sayfa

Biiyiik bir kayit dis1 ekonominin varligi, gelismekte olan tlkelerin karsilastigi en
o6nemli problemlerden biridir. Ciinkii kayit dis1 ekonomi, devletin vergi gelirlerini
azaltir, ekonomide verimsizlige sebep olur ve ayrica toplumun refah diizeyine de
ciddi zararlar verir. Bu c¢alismanin amaci, kayit dist ekonominin Tirkiye
makroekonomik degiskenleri ve toplum refahi {izerindeki etkilerini analiz etmektir.
Bu amagla iki sektorlii ardisik nesiller modeli olusturulmustur. Bildigimiz kadartyla
bu calisma, 55 donemlik ardisik nesiller modeli kullanilarak, endojen is giicii arzi,
niifus biiylimesi, kayit disilik ve miras motivasyonlarim igeren Tirkiye ilizerine
yapilan ilk ¢aligmadir. Simiilasyon sonuglari, kayit disi ekonominin, devlete olan
maliyetinin yani sira, kayit dis1 olarak varligini siirdiiren hanehalklarina ve firmalara

da zararli oldugunu, ayrica toplum refahina da zarar verdigini géstermistir.

Anahtar Kelimeler: Hesaplanabilir Dinamik Genel Denge Analizi, Ardisik Nesiller
Modeli, Kayitdigilik, Refah, Simiilasyon
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CHAPTER 1

INTRODUCTION

Informality is a serious problem for developing countries. It is due to the fact that
the presence of the informal sector spoils income distribution, causes significant
distortions in the statistics of the economy, disrupts welfare and decreases tax
revenues of the governments which may decrease the effectiveness of the taxation
system. Following De Soto (1989), which is widely accepted among many other
definitions, informal sector is defined as the economic activities which do not

comply with the regulations and taxes of the government.

In this study, to investigate informality phenomenon, we construct a dynamic life
cycle model. The aim of this thesis is to calculate various macroeconomic variables
of Turkey under different payroll tax rates and different sizes of the informal sector.
As a contribution, this is the first model which is applied to Turkey and incorporates
realistic extensions for the conditions of Turkey, such as, endogenous labor supply,
population growth, Pay as You Go pension system, bequest motive and informality

in a 55-period Overlapping Generations Model.

In fact, informality is not only developing countries’ problem, but also developed
countries’ problem (so far, developed countries have achieved keeping informality
at manageable proportions). Although, the concept of informality remains as a
problem for both developing and developed countries, many points are still in the

dark. For instance, even the term itself have not been settled yet, many terms are put



forward by researchers such as shadow, hidden, underground, informal and invisible

economy. Throughout the thesis, all of these terms may be used interchangeably.

Informality can form not only in illegal, but also in legal activities. Generally, all
illegal activities are counted in informal sector. For instance, drug dealing, gambling,
smuggling etc. In the legal activities, tax evasion is the way to be informal, which
means that tax payer completely escapes from paying tax. For example, employing,

but not documenting the workers is a form of tax evasion.

Moreover, the reason for why the firms and households consent with these legal
restrictions and unsafe conditions is put forward by Loayza (1996) and lhrig and
Moe (2004). The researchers indicate that the reason for emerging of shadow
economy is the imposed high tax rates and tight regulations of the government while
lacking ability to enforce these policies. As can be deduced, the governments have
the most crucial position in the phenomenon of informality. The government has
three roles: regulation of the system, collecting the taxes and more importantly,
inspection. All of these three roles have to be fulfilled in order to have a healthy
taxation system. Loayza (1996) states that corruption of the officials, in other words,
receiving any type of profit from the illegality makes informality attractive and

consequently, the shadow economy grows.

In the literature, the studies that discuss shadow economy utilize various
macroeconomic models. In our study, as the basis, the milestone study of Auerbach
and Kotlikoff (1987) is chosen. The researchers create a dynamic, life-cycle model,
which consists of 55-period living agents simultaneously. In the model,
representative agents are perfectly foresighted which means that the individuals

choose the optimal solution set in with perfectly accurate expectations of future.

In addition to the model of Auerbach and Kotlikoff (1987), our model has been
extended by bequest motive. Since, the households in Turkey have strong bequest
motive it is crucial for a realistic model of Turkey. Bequest motive arises when one
cohort’s preferences include not only her welfare but also her children’s welfare. We
utilized the approach of Blinder (1973), in which bequest motive is modeled as “joy

of giving”. In other words, the individual gets utility from leaving bequest. In our



model, the formulation is based on Altig, Auerbach, Kotlikoff, Smetters and Walliser
(2001).

Besides the bequest motive, we incorporate informality into our model. For the
informal sector modelling, Schmidt-Hebbel (1997) forms the basis. The author
construct a two sector model which consists of a formal and an informal sector. Then,
he utilize this model to compare the two public pension system; Pay as You Go
(PAYG) and fully funded (FF) system. Finally the author carries out a social welfare
analysis. In our study we incorporate informality into our model by imposing the
share of the informal sector to the official GDP exogenously. For this purpose, an
estimated value of the size of informality in Turkey is utilized, thus, we impose the
value from Elgin and Oztunali (2012). The authors estimated the proportion of the
informal sector in Turkey as 27.68 % of the GDP for 2009.

To sum up, in our study, we construct a 55-period OLG model, with endogenous
labor supply, constant population growth, a public pension system (PAYG), bequest
motive and informal sector. This model is constructed purposefully to investigate the
macroeconomic variables of Turkey under different payroll tax rates and different
size of informal sector. Moreover, a welfare analysis is also conducted. The model
used is based on the study of Auerbach and Kotlikoff (1987), while the extensions
as population growth and bequest motive is based on Altig et al. (2001) and
informality is based on Schmidt-Hebbel (1997). Our contribution in this thesis is to
include all of the extensions i.e. endogenous labor supply, population growth, PAYG
pension system, bequest motive and informality in a 55-period OLG model and apply
it to Turkey for the first time.

The outline of this study is as follows. In the next chapter, the related literature is
briefly reviewed. Chapter 3 discusses informality, since the major extension of this
study is the existence of the informal sector. Following the discussion of informality,
Chapter 4 elaborately describes the model employed in this study. Under the
framework of Chapter 4, the following chapter, Chapter 5 presents all of the analysis
which are carried out by simulations. In the final chapter (Chapter 6), the results of

the simulations, along with the comments, are briefly presented and as the chapter’s



name suggests, all the points of the study are concluded together. As a last remark,

some possible routes for future studies are discussed.



CHAPTER 2

LITERATURE REVIEW

The literature about the analysis of various fiscal policies using overlapping
generations model (OLG) is usually based on the study of Diamond (1965), which
is accepted as the ancestor of the OLG models with Samuelson (1958). Samuelson
(1958) and Diamond (1965) introduce a model in which individuals live for two
periods. An individual who is born at t has a two period lifetime in which at time t
individual is “young” and at time t+1 individual is “old”, meanwhile a new
individual born and enters to the model at time t+1 as “young”. So, as the name of
the model suggests, generations overlap in each period. These overlapped
generations’ problem is to choose the amount of consumption in each period and
saving for the next period in order to maximize their lifetime utility. With the

emerging of the OLG model, a completely new area is unfolded for researches.

After Samuelson (1958) and Diamond (1965), the foremost contribution is made by
Auerbach and Kotlikoff (1987) who create a dynamic, life-cycle model, which
consists of 55-period living agents simultaneously. In fact, the model has a
representative perfectly foresighted agent which means that the individuals (and the
firm) choose the optimal solution set in accordance with perfectly accurate
expectations of future variables. In an irrefutable manner, this model becomes a point
of bearings and has been used by many researchers especially who studies fiscal

policies such as social security and tax systems.



Following the first milestone of Auerbach and Kotlikoff (1987), many studies, which
include models that have multiple period living agents, propound by researchers such
as Laitner (1990), Imrohoroglu, Imrohoroglu and Joines (1995) and Ferreira (2005).
These studies have similar characteristics such that they incorporate a model, which
is very similar to the model of Auerbach and Kotlikoff (1987). However,
Imrohoroglu et al. (1995) include uncertain lifespan to their model and investigate
the optimal replacement rate and the welfare benefits of the social security system.
Ferreira (2005) enriches his model by including endogenous labor supply and a
deficit-running government. The purpose of the study is to determine the optimal
social security tax rate in which the social security system has a balanced budget.
Moreover, the author investigates how the Pay-as-You-Go (PAYG) system affects

the welfare gains (in terms of the PAYG tax rates)

Above models are all well structured, but they lack the bequest motive. It may not
be so important for the studies in a developed country, however it is crucial for our
model, in order to have a more realistic model for the conditions of Turkey.
Therefore we incorporate bequest motive in our model. Bequest motive arises when
one cohort’s preferences include not only her welfare but also her successor’s
welfare. In other words, parents not only take care of themselves, but also their
children. So, they leave some of their asset stock to the children after death. This
approach is based on the idea of Blinder (1973), in which bequest motive is
formulated as “joy of giving”. Namely, the individual simply gets utility from
leaving inheritance as she gets from consumption and leisure. While Altig,
Auerbach, Kotlikoff, Smetters and Walliser (2001), incorporate the bequest motive
as in Blinder (1973), some other researchers carry out different approach like two-
sided altruism ((Fuster, Imrohoroglu and Imrohoroglu, 2003) and (Fuster et al.
2007)). In this setup, similar to the one sided altruism individuals care about the well-
being of the children, but this model differs in the way that children also care about
the wellbeing of their parents, but only in case when the parents have longer life than
expected. Yet, another approach for the two-sided altruism is conducted by Laitner
(1992). In the model, parents and children pool their total income and then share it
according to their importance in the family. Particularly speaking for Turkey, two-

sided altruism may be a good model especially for past decades when the children



and parents live altogether, but in more recent times, as the traditions change and
children move to a different house when they get married (or when they get job),
bequest motive would be more likely as one-sided altruism. Also it is much harder
to model the two-sided altruism. Therefore for simplicity purposes we will only use

one-sided altruism in our model.

Besides the bequest motive, another significant extension for Turkey (also for other
developing countries) is the existence of a large informal sector?. In this point, it is
necessary to state that the terms, informal sector, shadow economy, underground
economy are used interchangeably throughout the study and all of these terms refer
to the same concept, informality. In the literature, there is no strict definition for
informality; nevertheless, De Soto (1989) defines informal sector as the economic
activities which do not obey the government’s taxes and regulations. Informality is
an important problem for both developing and developed countries, since the
existence of underground economy mitigates tax revenues of governments, causes
inefficiency in the economy and disrupts the welfare of the society. Moreover, since
developed countries achieve to keep the size of the shadow economy in manageable
levels, they have relatively smaller informal sectors in accordance with developing
countries. Thus, informality is much more urgent problem for developing countries.
Again, the concept of informality, along with the own literature review are discussed

in the informality chapter (Chapter 3).

In the literature, the studies that discuss shadow economy impose informality into
their models by utilizing two methods. They either give the proportion of the
informal sector exogenously, or calculate it in the model endogenously. However, in
order to give the proportion exogenously, an estimated value of the proportion should
be used. In our model, the proportion of informal sector in Turkey is imposed to the

system exogenously.

For Turkey, many studies are conducted to estimate the size of the underground

economy?. Kasnakoglu (1993) is the first study regarding the estimation of the

1 The concept of informality is discussed elobarately in Chapter 3.
2 Various methods to estimate the size of the informality is briefly overviewed in Chapter 3.
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informal sector size. In the study, the author estimates the size of informal sector as
a percentage of the gross domestic product by using Currency Ratio and Currency
Demand approach. For each approach, the size of the underground economy is
estimated to be 5.9% and 7.5%, respectively. Furthermore, Ogiing and Yilmaz
(2000) employ GDP, Currency Ratio and Currency Demand approach. Interestingly,
in the GDP approach the size comes out as -1.2%, this is due to the fact that the gap
between calculated GDP’s may originate from measurement or statistical errors. In
the latter approaches, the researchers estimate 16.1% in Currency Demand and
15.1% in Currency Ratio approach. Kok and Sape¢i (2006), use Tax Auditing
approach and get the result as high as 43.9% which is mainly argued to be a result
of the sample’s biasedness. Schneider and Savasan (2007) employ Dynamic
Multiple Indicator Multiple Cause (DYMIMIC) approach and got the result 33.8%,
while Schneider (2013) gets 29.2 % by Multiple Indicator Multiple Cause (MIMIC)
approach.

Furthermore, Elgin and Oztunal, (2012) estimate the size of the underground
economy as 27.7% by employing a new approach.® In their new approach, the
authors form a general equilibrium model which uses a two period dynamic model
that consists of two sectors: formal and informal. The researchers solve the model
for the steady state values and calibrate the model’s parameters for 161 countries for
the years 1950-2009 by using the observable data in order to match the
characteristics of each examined country. Then, finally the size of the informal

economy is backed out from the model which is an unobservable parameter.

In our study, we impose the value from Elgin and Oztunali (2012) for the proportion
of the informal sector which is 27.7 % for the year 2009 to characterize the model
for Turkey. The reason for the use of Elgin and Oztunali (2012) is that among other
studies, the researchers construct a new model which is based on some
microeconomic foundations such as using two sector model (which is quite similar
to our model) and also unlike the other studies, does not give any credit to ad-hoc

econometric assumptions.

% In Chapter 3, the approach of Elgin and Oztunali (2012) is explained in more detail.
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Not only as the estimation of the size, but also as modelling, informality concept is
investigated in Turkey. Saracoglu (2008) constructs a three sector Ramsey model,
which consists of formal, informal and agricultural sectors. The author investigate
the effects of formal and agricultural sectors on the informal sector. Moreover, the
study shows that as the capital accumulates and the economy moves towards the
steady state, the proportion of informality in GDP decreases. Besides, the author also
points out that reductions on tax on employment mitigates the size of the informal
employment.

Although not with the perspective of informality, but OLG models have also been
used for Turkey in a number of studies to investigate the impacts of fiscal policies
such as public pension and tax reforms. Voyvoda and Yeldan (2005), create a 30-
period OLG model with exogenous labor supply and open capital markets in order
to examine the effects of the social security reform and IMF-led austerity program.
In the study, the authors investigate the effects of IMF-led austerity program on a
macroeconomic scope and also the sensitivity of the program when exposed to
growth shocks. Like Voyvoda and Yeldan (2005), Deger (2011) also develops a 30-
period OLG model which is enriched by the inclusion of different public pension
systems and a bequest motive. The purpose of the study is to show the effects of the
newly introduced social security system reform in Turkey. The study shows that the
reform can mitigate deficits only in the long run, but conversely; in the short run it
increases the deficits of the social security system. Ileri and Derin-Giire (2014)
construct a 55-period OLG model, which incorporates intragenerational
heterogeneity to investigate the impacts of tax reforms on the Turkish Tax System.
The agents differ by their income levels*. The authors analyze the macroeconomic
effects of an exogenous shock when introduced to the labor income tax, consumption

tax and capital income tax.

In our study, we construct a 55-period OLG model, with endogenous labor supply,
constant population growth, bequest motive and informality environment to
investigate the effect of different payroll tax rates on the economy. The model used

is based on the study of Auerbach and Kotlikoff (1987), while the extensions as

4 There are high income, middle income and low-income individuals.

9



population growth and bequest motive is based on Altig et al. (2001) and informality
is based on Schmidt-Hebbel (1997). In his study, Schmidt-Hebbel (1997) compare
the two public pension systems; PAYG and fully funded system, by enriching the 2-
period OLG model with the initiation of the informal sector to the economy. Then
the author compares several PAYG tax rates and observes social welfare. Our
contribution in this thesis is to move one step forward by including all of the
extensions i.e. endogenous labor supply, population growth, bequest motive and
informality to a 55-period OLG model and apply it to Turkey for the first time.

10



CHAPTER 3

INFORMALITY

This chapter’s aim is to shed light on the concept of informality and give brief
definitions about the estimation methods of the size of informality in the literature.
In either way, studies involving informality which are usually based on developing
countries take significant place in the literature. The reason for this is that the
existence of a large shadow economy is one of the most significant characteristics of
developing countries. In fact, informality is not only developing countries’ problem,
but it is also developed countries’ problem, since informality mitigates tax revenues
of governments, causes inefficiency in the economy, and disrupts the welfare of the
society. However, compared to developing countries, developed countries can keep

informality at reasonable levels®.

3.1 Definition of Informality

In the literature, there is no strict definition for informality; in fact the term itself has
not been settled yet. The researchers use shadow, underground, informal and
invisible economy terms interchangeably. In this study, too, the terms, informal
sector, shadow economy, underground economy are used interchangeably to refer
the same concept, “informality”. Nevertheless, there are some definitions that are

widely accepted. For instance, following De Soto (1989), informal sector is defined

5 Elgin and Oztunali (2012) construct a panel data for the size of informality across 161
countries for the years 1950-2009 and find that the size of informality is much larger in
developing countries.

11



as the economic activities which do not pursue the government’s taxes and
regulations. However, there are other definitions which did not gain recognition as
wide as De Soto’s (1989). For example, Schneider (1986) defines underground
economy as the economic activities calculated in the GDP, but not fully documented
by the governmental officials. Also, Hart (2008) defines it as the economic activities

which are outside the boundaries of the bureaucracy of the public and private sector.

Table 3-1: Size of Informality of Some Countries as Percentages to the Official GDP

Country Proportion Country Proportion
Bolivia 63,34 Argentina 22,64
Zimbabwe 62,75 Spain 22,01
Haiti 57,05 Belgium 21,08
Nigeria 49,64 Israel 20,68
Cote d'lvore 46,93 Chile 18,50
Congo Dem. Rep. 46,56 Norway 17,81
Tajikhstan 40,97 Iran 16,95
Russian Fed. 40,25 Denmark 16,70
Rwanda 37,97 Germany 15,23
Ghana 37,42 Canada 15,08
Brazil 36,42 France 14,63
Ethiopia 34,26 Hong Kong 14,55
Colombia 32,84 Australia 13,23
Egypt 32,36 Singapore 12,13
Venezuela 30,90 United Kingdom 12,02
Turkey 28,63 New Zealand 11,85
Mexico 28,49 China 11,53
Italy 26,65 Japan 10,26
Poland 25,50 United States 8,32
South Africa Rep. 24.87 Switzerland 8,08

(Source: Elgin and Oztunali, 2012)

3.2 The Structure of Informality

Informality can take place in both legal and illegal activities in a very broad

perspective. In fact, as mentioned in the first section, one of the reasons of this
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unsettlement in the definition of the underground sector is that the boundaries of the
sector are not clear. Roughly speaking, all illegal activities such as drug dealing,
gambling, smuggling, prostitution, fraud, and bribery can be included to the
underground economy. Moreover, legal activities in the informal sector are relatively
clear; there are only two ways to enter the shadow economy: tax evasion and tax
avoidance. Tax evasion means that one completely escapes from paying tax. For
instance, any type of unreported income is a tax evasion. As it is indicated in the
definition of De Soto (1989), all of the examples given above (legal or illegal) is a

demonstration of not complying with government’s regulations and taxes.

3.3 The Rationality of Being Informal

Evading the taxes and regulations are not only detrimental to the government, but
also to the very people in the underground economy. First of all, any firm or anyone
who carries out their work in the shadow economy accepts the risk of being caught
and having the required penalties fulfilled. More importantly, due to the illegal
status, both firms and households (which operate in the informal sector) suffer from
lacking any governmental protection. For instance, since they are no longer
contributing to the pension system, households do not take any retirement benefits.
Also, the firms no longer have the right to enter the safe garden of laws, so the firms
are deprived of accessing fully to capital and labor markets. Thus, informal sector
firms are fully exposed to the outside shocks and they are not capable of optimizing
their profits (Loayza, 1996).

Under these circumstances why are the firms and households willing to give up their
governmental rights and consent with the unsafe environment of informal sector?
How does the shadow economy arise? Following De Soto (1989)’s definition,
Loayza (1996) and lhrig and Moe (2004) answer the question that underground
economies emerge when the government imposes high tax rates and tight regulations
while lacking ability to enforce these policies. However, the answers may not be as
straightforward as the researchers put forward. Because, the correlation between the
size of informality and the high tax rates and tight regulations may be bidirectional.
Namely, the reason for the imposing high tax rates and tight regulations might also
be the tax evasion itself. In other words, it is like chicken and egg story, imposing

high tax rates and tight regulations may be both the reason and result of the existence
13



of the shadow economy. They also point out that any increment in the size of the
informal sector will mitigate the growth rate of the economy. Ihrig and Moe (2004)
also indicate that reducing the tax rates or relaxing regulations are not a solution on
their own; in fact, these policies must be reinforced with intensified enforcement. To

do so, governments may increase penalties for any illegality in taxing.

Now, we come to another crucial point: the government. The government has three
roles in this framework. First one is the regulation, such that the government enforces
regulations, penalties and the related laws. Secondly, the government is also
responsible for the inspection of these regulations and enforcements. The last role of
the government is collecting taxes. It can be seen that government officials are the
key point of this system. If those officials are corrupted in a way and profit from the
situation® they will make the informal sector attractive. Consequently, under these
circumstances, existence of the informal sector benefits the corrupted officials and
the constituents of the underground sector, not the society.

Another question that comes to mind when studying the misty environment of the
informal economy is the determination of wages in each sector. Since there are two
separate sectors and one of them does not comply with any regulation, this question
is not easy one to answer. However, Schmidt-Hebbel (1997) and Cuff, Marceau,
Mongrain and Roberts (2011) suggest that net of the formal wages and informal
wages have to be equal in the steady state under the assumption that households can
choose to work in the formal sector or in the informal sector. This makes sense since
in the informal sector, firms are exposed to the many factors, which formal sector
firms do not confront. Furthermore, they do not have the chance to fully optimize,
so they have to pay the exact amount of net wage of formal sector (in that case no
one would possibly want to work in the informal sector given that they have the

opportunity to work in the formal sector).

3.4 Approaches for the Estimation of the Size of Informality

Estimating the size of the shadow economy is an important research question for the

researchers who study informality. Roughly speaking, in the literature there exist

® Taking bribe, misuse of political influence etc.
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three approaches to determine the size of the informal sector: direct approaches,
indirect approaches and model approaches. Moreover, in the last section, apart from
these three approaches, a new approach by Elgin and Oztunali (2012) which employs

general equilibrium methodology is overviewed.

3.4.1 Direct Approach

Direct approach, as its name suggests, means that researchers confront directly with
the components of shadow economy by using microeconomics methods such as
survey or by directly auditing them. Major advantage of this approach is that this
method can give information not only the size but also the structure of the
underground economy (unlike the other approaches). In the direct approach, there

are two methods: survey method and tax auditing method.

3.4.1.1 Survey Method

This method consists of using surveys at the micro level which has advantage of
collecting the information from the first hand about the motivation of individuals
why they escape to the underground economy (Schneider and Buehn, 2013). Major
deficiency of survey method is the success of method heavily depends on the
accuracy and honesty of the answers of the individuals who participate the survey.
But, the researchers who used this method utilized some methods to overcome this
problem, such as the respondents are accomodated to the progress of the survey step

by step.
3.4.1.2 Tax Auditing Method

In the tax auditing approach, the size of the informal sector can be estimated by using
the sample data of discrepancy between the declared income of taxpayers and the
investigated amount by the tax audits. In this method, the problem is that the audited
sample may not denote all the characteristics of the population and the sample itself
may be a biased one. In case of the audits in Turkey, nearly 3% of the income earners
have been investigated. So, we can say that this method works for only the fraction
which is audited (Ogiing and Y1lmaz, 2000). Besides, it is assumed that 3% of the
population is audited randomly but it might not be random especially in a developing

country setting.
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3.4.2 Indirect Approach

The second approach to measure the size of the economy is the indirect approach,
which is also called as macro approach. As the “macro” phrase suggests, in this
approach researchers use macroeconomic data to evaluate the size of the
underground economy. The biggest advantage of this approach is, the weakest point
of direct approach, honesty of the agents. People usually try to cover up their
informal activities, hence the information they give would be flawed. But, in this
approach, researchers are not dealing with individuals; instead they look to the
“whole” economy, to determine the size of the economy. But, on the other hand,
there is an important inadequateness of this method, as the approach can give
information about the “size” of the informal economy, not the “structure” of

informality.

Indirect approach can be divided into four different sub-categories: accounting
statistics, employment statistics, monetary statistics and physical output i.e.

electrical consumption.

3.4.2.1 Accounting statistics

Firstly, in accounting statistics the informal sector is evaluated by the discrepancy
between the two different processes of GDP calculation: expenditure method and
production method (Schneider and Buehn, 2013). This method is based on the notion
that the informal sector can avoid production based taxes but not consumption based
taxes. One shortcoming of this method is that the observed difference between the
two macroeconomic data used in this method, may be estimated by using wrong

techniques or by simply the measurement errors.

3.4.2.2 Monetary statistics

Monetary statistics method is based on the idea that shadow economy uses cash as a
medium of transaction to avoid documentation. The two foremost methods which
can be categorized under the monetary statistics are the currency ratio approach and
the currency demand approach. In the currency ratio approach, it is assumed that

unless there is informality, currency ratio has to remain constant over time. However,
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there are many shortcomings in this approach, such as currency ratio needs not to be
constant whether there is informality, or not. Also, Giles (1999) indicates that this
method focuses on only one signal of the shadow economy, “demand for currency”.

Moreover the medium of exchange may not be the cash only.

Currency demand approach which is propounded by Cagan (1958) and extended by
Tanzi (1983) based on the idea that there is a relation between the demand for cash
and the tax burden. This approach consists of two separate regressions. In the first
regression, weighted mean tax rate (T:), the ratio of total wage to income (S/Yy)
interest rate (r;) and GDP per capita (Y/Py) are independent variables while the ratio
of currency to the money supply (Cu) is the dependent variable. Second regression
is quite similar to the first one, but this time explanatory variables are the ratio of
total wage to income, interest rate and GDP per capita (notice that weighted mean
tax rate is missing), however explained variable remains same as the ratio of

currency to the money supply.

Briefly, this approach is based on the idea that regressing the same certain
independent variables, with and without weighted mean tax rate on the same
dependent variable. Hence, the procedure is:

1

i. Run the equation (3.1) and obtain the fitted values In(Cu‘)
In(Cu)=p+BI(1+T) +S,In(S/Y),+ 8 In(r)+B,In(Y/P), +u (3.1)
ii. Then run this equation (3.2) and obtain the fitted values In(Cu‘)
In(Cu )= +BIn(S/Y) + A In(r)+BIn(Y/P) +u, (3.2)
iii.  The gap between these two fitted values (i.e. In(Cu‘)1 - In(Cu‘)z) of

dependent variables gives us currency circulation rate of informal
sector.
iv. Multiply the value found in (iii) with velocity of money to calculate the

size of the underground economy.

3.4.2.3 Employment statistics

Employment statistics method is based on the assumption that the level of official

labor force participation is constant and so any decline in this participation level must
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be due to the growing informal sector. This method’s flaw is the ignorance of the

fact that an individual can work in both formal and informal sectors.

3.4.2.4 Physical output statistics

The last method in the indirect approach is the “physical output” method. This
method is based on the idea that electrical consumption is the best proxy for total
production activity, namely formal plus informal sectors (Kaliberda and Kauffman,
1996). The biggest inadequateness of this method is, production in the underground

economy may not need electricity, which leads to an underestimation problem.

3.4.3 Model Approach

The last approach to measure the size of the economy is the model approach. This
approach is introduced by Frey and Weck (1983). The main idea behind this
approach is that, shadow economy (due to the hidden status) is not an observable
variable like any other variable. Thus, to measure the size of the shadow economy,
some mathematical models should be constructed in which the causes and the

indicators are employed as the inputs.

Thus, as the name suggests, Multiple Indicator Multiple Cause Models (MIMIC) are
developed since then. MIMIC has two separate parts’. First part consists of obtaining
the indicators. Here, notice that indicator refers to the observable indicators which
are related to the shadow economy. In the second part, the causal relationships
between these indicators are determined by running a structural model. The main
criticism to this approach is that the model depends on too many econometric

assumptions (Elgin and Oztunali, 2012).

3.4.4 A New Approach

Elgin and Oztunali, (2012) introduced a new approach to estimate the size of the
shadow economy. In this new approach, the researchers construct a two period,

dynamic, general equilibrium model. The model consists of two sectors: formal and

" In the literature there is also another approach as DYMIMIC, which is nothing but the
dynamic version MIMIC approach. Hence, there is no significant between these two
methods.
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informal. In the study, the researchers solve the model for the steady state and
characterize the model by calibrating the model’s parameters using the observable
data of the examined country to match each country’s characteristics. Then, in the
last step, the size of the informal economy, which is not observable at all, is backed
out from the model. Elgin and Oztunali (2012) repeats this procedure for 161
countries and for the years 1950-2009. Hence, it can be concluded that the observable

data has to vary year to year and country by country.

In our study, to calibrate the model for Turkey, we utilize the results of Elgin and
Oztunali (2012) as the proportion of the informal sector which is 27.68 % in the year
2009. The reason is that unlike the other approaches, the model in Elgin and Oztunali
(2012) is based on some microeconomic foundations such as using two sector model
(which is quite similar to our model) and also does not give any credit to ad-hoc

econometric assumptions.
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CHAPTER 4

THE MODEL

The model in this study is based on Auerbach and Kotlikoff (1987) which is a
dynamic 55-period life cycle simulation model. Our model consists of households,
firms and government. The economy is closed, households are assumed to be
homogenous while the firms are heterogeneous in accordance with their formality
status. Furthermore, it is assumed that formal sector firms are capital intensive, while
the informal sector firms are labor intensive. Moreover, government has a separate
social security system. The workers in the formal sector are included in the public
pension system, they pay taxes and get retirement benefits in return, but in the
informal sector, since they are excluded from the pension system, the workers do not
pay any taxes and get no benefits. For the whole economy, there are non-linear
systems of equations which connect all the actors: households, formal and informal
firms and government. All of the equations are solved simultaneously to find the

solution set.

4.1 Demographic Structure

The household sector consists of 55 cohorts which overlap at any given period. In
the model, one period accounts for one year, henceforth we can conclude an agent
enters the economy at first period (age 21 in real life) and since lifetime uncertainty
is not included in the model, all agents die at the end of 55 periods (age 75 in real
life). Furthermore, there is no intragenerational heterogeneity, so individuals at the
same age are identical. Thus, a single representative agent’s behavior mimics the

aggregate behavior of the generation that she belongs to. Moreover, there is no
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complexity in the family structure, such as gender difference, children etc.
Population grows at rate n = 1.37% which is imposed to the model exogenously®.

That is to say, each generation is (1+n) times larger than the previous one.
4.2 Households Behavior
4.2.1 Preferences

Each agent is assumed to have personal preferences that can be represented by a
utility function which includes consumption (c), leisure (I) and bequest (b). In
accordance with the utility function, each household maximizes her lifetime utility
by choosing perfectly foresighted lifetime paths of consumption and leisure, and also
the amount of the bequest that she leaves at the last period of her life. Utility function

is time separable and has the constant elasticity of substitution (CES) form as below:

U= |13 (s s) ct(l_fl’jmlt[l'i] =) F(1ro)™ (,u)(bH54)[ | s

1t
4

where y, p, 6, o and u are taste parameters that characterize the preferences of the
individuals and t stands for the period. The parameter p is the elasticity of
substitution between ¢t and l;, namely the responsiveness of the ratio | to ¢ to the
wage rate. The parameter a shows the intensity of household preferences for leisure.
That is as « increases, household takes more utility from leisure. ¢ is the pure rate of
the time preference. The higher the d, the more eagerness to spend today and the less
motive to save. y is intertemporal elasticity of substitution of consumption in

consecutive years. The parameter u is the weighting coefficient of bequest motive.®

8 The value of the population growth rate is taken from the Turkish Statistical Institute
(TurkStat).

® Bequest motive is modeled as the simpler version of Blinder (1973). In the study, bequest

motive is formulated as “joy of giving”. Namely, the individual simply gets utility from
leaving inheritance to the successor as she gets from consumption and leisure.
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The higher the g the more utility household gets utility from leaving bequest to the

Ssuccessor.

As a final remark, since the households are homogenous, utility function does not

differ between the workers of formal and informal sector.

4.2.2 Budget Constraints

Households choose how much to work, how much to consume and how much to
leave to the successor (after death) as bequest in each period. However, given that
households have the ability of perfect foresight, each year “decisions” must be
consistent with all future years. Namely, the households optimize their utility each
year but it must also be consistent with the previous year’s choices. So, we can
conclude that entire path of consumption, leisure and the amount of bequest are
determined at the first period from a single optimization, when there is no

accumulated capital.

Furthermore, households save the excess amount which comes from income less
consumption®®. Due to the assumption of closed economy, households loan these
savings as capital to the formal and informal firms and receive payment from this
rental at a level which equals to interest rate, r. We can formulate this loaning

procedures as:
a =k (4.4)

From now on, throughout the study, a: (asset stock) and k; (capital holdings) can be

used interchangeably.

4.2.2.1 Formal Sector

In the existence of taxation and a social security system, the sequence which

constructs the lifetime budget constraint of a formal sector worker is:

10 Here, income concept consists of capital income, labor income and received inheritance
from the predecessor.
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ay=(L+r(-7))(@ +179))+w Q-7,)L-1)-Q+7)c — &b +dpen  (4.5)

. fo. . .
where f superscript denotes the formal sector. @, is the capital holdings of the
. . f.
household, I is the return on savings before tax, W, is the wage of the formal
£ . . . . f.
sector, {; is the inheritance that is received from predecessors, bt is the bequest

that is left to the successors and lastly PEN, is the retirement benefit at year t. Also,

Tk, Tc and Ty denotes capital income tax, consumption tax and payroll tax,
respectively.

Moreover, for simplicity we assumed that households work for 55 periods, in other
words if they want, they can continue to work, even after their retirement. So,
consequently after 40 periods households receive both wage income and retirement
benefits.

In case of bequests and inheritances, it is assumed that the bequests can be left only
in the last period and the inheritances can be received only in the first period.
Moreover, for the sake of simplicity, the transfer of bequests and inheritances are
carried out through a fictional intermediary institution which collects all of the
bequest left from the individuals who are at their final period of their life and equally
distribute the total amount as the inheritances to the young people who are at the first

period of their life.

Therefore, we have calibrated the coefficients of Equation (4.3) with respect to;

t

Ofort=1,2,....54
1 fort=55

B lfor t=1
0 fort=2.3,....55

t

B 0fort=1,2,...,40
|1 fort=41,...55 (4.4)
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where (i, 71, and ¢ denotes the coefficients of bequest, inheritance and retirement

benefits, respectively.

4.2.2.2 Informal Sector

Budget constraint of the households of the informal sector is slightly different than
those in the formal sector. The households in the informal sector still choose how
much to work, how much to consume and how much to leave to the successor (after
death) as bequest in each period, but now since they are excluded from the social
security system, they no longer pay the payroll tax or receive the retirement benefits.
Thus, the sequence which forms the lifetime budget constraint of informal sector

worker is:

3, =(1+r1-7)) @& +79) +W (@) -A+7)e - @7

where i superscript denotes informality. All other parameters refer to the same

concept as in the formal sector budget constraint.

4.2.3 Choice of Consumption, Leisure and Bequest

Households choose their lifetime consumption, leisure and bequest in accordance
with some constraints. Firstly, lifetime expenditures must be equal to lifetime
earnings. Since the budget constraints of formal sector and informal sectors workers
are different, this equality also differs for households. The equilibrium condition for

formal sector workers are given below:

lifetime expenditures = lifetime earnings (4.8)

where

f T f 1
lifetime expenditures = b + G (L+7.) — (49

(1+r(1-7)) " F(1+r(-7))

T T wi(1— _
lifetime earnings =g, + > Pen, =+ W (1-1)(t Ttﬁ) (4.8)
t=41 (l+ I (1—Tk )) t=1 (l+ I, (1—Tk ))
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For informal sector workers, lifetime expenditures are the same as in the formal
sector, but lifetime earnings differ, due to their payroll tax evasion. The lifetime

earning formula for informal sector workers are as below:

oI w(1=1
lifetime earnings =g, + > (1+ rt ((1 - )))tl
t=1 t _Tk

(4.11)
Furthermore, since leisure is denoted as a unit of time, there are also some
restrictions on the leisure term. To begin with, leisure values are normalized so
cannot exceed one. Also, we must impose the restriction of non-negativity, since it
is impossible to have a negative leisure time. These constraints on leisure can be

expressed as,

0<I, <1 forallt (4.12)

Last constraint on households’ lifetime is that all agents enter the economy without
initial asset and have no remaining asset after one period of death. One may wonder
about inheritances and bequests. In that case, an agent receives the bequest in the
first period and leaves the bequest at the last period as another source of income. So,

we can impose the restriction below:

8, =25, =0 (4.13)

Also, it is assumed that the households cannot leave negative bequest to their

children, therefore the following restriction is imposed:
a; 20 (4.14)

4.2.3.1 Optimization Problem of Formal Sector’s Household

Now, we are ready to present the optimization problem of the households subject to
all constraints mentioned above. Since the budget constraints differ between the
formal sector workers and informal sector workers, for each type of household there

are two different budget constraints which means that we have two separate
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optimization problems. The households which work in the formal sector have the

optimization problem as follows:

55

o U =g Sweay (6 )|
v

(4.15)

1-=
/4

+ Ll {(1+ 5)”™ (ﬂ)(bt154)[17]:|

subject to

atf+1 = (1+ I’t(l—Tk))(atf "'77tgtf)"'wtf (:I-_Tw)(l_ltf ) _(1+Tc)ctf _é,tbtf +¢t pent

0<I <1

a, >0 fort=1....T (4.16)

Maximization of the utility function (Equation 4.13) subject to the constraints
(Equation 4.14) gives the Euler equations which governs the behavior of the

households who work in the formal sector.

1+(r@-z))Y (v
Ctil=(—+(t( Tk))j {Vt—?jctf (4.17)

1+0 V,

t

where
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(04
v P 1+7,
Ve _
v, ) {(p—y)} (4.18)
1+( \Ntf (1_TW)} P) \ (1-p)
ap———=
1+7,

In the steady state, wages do not change over time. So, we can write the equality:
f_
Wp =W, (4.19)

Thus, Equation (4.15) becomes:

(4.20)

t+1

f [1+('}(1_7k))]y of

T 146

The next Euler equation which connects leisure and consumption decision is:

f _ P
N =(M] ¢ (4.21)

o

The third element in the utility function is bequest, so the Euler which connects

consumption and bequest is shown below:
AR RPN = e
b :[—) [(ctf )( 75} +(al )( pjj (c )[pj (4.22)

In addition, although it is not necessary to solve the whole non-linear equation

system, we can give another Euler equation which links leisure through time:

|tf+l:[1+(rt(1_7k))] (Vt_%lJ_ [Wtfﬂ(l_rw)]_ |tf (4.23)

1+6 \ w' (1-7,)

t

Again, using Equation (4.17), at the steady state, Equation (4.21) shrinks to:
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= 4.24
1+0 (4.24)

t+1 T

I [1+(rt(1_rk))jylf

4.2.3.2 Optimization Problem of Informal Sector’s Household

The households which work in the informal sector have a different optimization
problem, since they have no social security contribution or no retirement benefits.

Hence, the utility maximization of informal sector’s worker is characterized as

follows:
55 1 1 [ _J]l;j
ey Ui =1_L1 §(1+ 5) " ((Ct' )(l_/’j +(al| )(%j}[p]
’ (4.25)

+ Ll {(1+ 5)” (ﬂ)(bti+54)[l_7] }
1-%
v

subject to

8,y =(1+n0-7)) @ +7,8) +W(1-1) - A+7,)6 - ¢l

o<l <1
a1i :atise =0
a >0 fort=1..T (4.26)

Maximization of the utility function (Equation 4.23) subject to the constraints

(Equation 4.24) gives the following Euler set for the workers of informal sector.™

111t can be noticed that the Euler equation set of informal sector is similar, but differs in
terms of taxation and benefits.
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(14 (r@-z)) Y (V) .
Gl = L)) | C (4.27)
1+6 v,
where
(1-p) o)
i 1=p) \[ (:-p) |
v 1+7,
= — (4.28)
YA (p=7)
! i \P)\(-p)
w; Ll
1+| ap
( 1+ TCJ

At the steady state, wages do not change through time in the informal sector, too. So,

we can write the equality:

tl — N (4.29)

Thus, Equation (4.25) shrinks to:

o (1+(n@-7))Y
C‘“:((lthk)j o (4.30)

The Euler equation of leisure and consumption decision:

Ii — ﬂtl ’ i
{ G (4.31)

a

Also, the Euler equation for bequest is:

b = (ij_y ((C; )H] +(a )H] ][Zﬁ

p (c )(;j (4.32)

The Euler equation of leisure is:
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C (L@ )Y (V) (W)
I, = ) T

Again, due to the Equation (4.27), Equation (4.31) shrinks to:

y _[1+(n(1—rk))]7,i

= o5 t (4.34)

4.3 Firms Behavior

The model has two production sectors: formal and informal. Each sector consists of
one representative firm which employs capital and labor in a competitive
environment. In both sectors, capital and labor are assumed to be homogenous.
However, each representative firm differentiates in the way that formal sector firm
is capital intensive and informal sector firm is labor intensive. Prices are set to be

numeraire, since the commodities of each sector are identical.

In the existence of constant population growth, government debt (D), capital (K) and
labor (L) are aggregated by summing individual assets (a;)** and individual supply
of labor (1-l;), respectively. Capital and labor at time t is shown in the below

equations:
55 )
K, = ( @+n)yPal ] -D, (4.35)
L= 2@+ -1 (4.36)

where s denotes the age of the individual and j denotes the sector, i.e. formal as (1)

and informal as (2).

12 Due to Equation (4.2), individidual asset stock (a:) and capital holdings (k;) are assumed to
be referring to same concept.
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Total output of the economy equals to summation of formal and informal sector’s
production and the production function is in the constant elasticity of substitution
(CES) form:

s
Yo= 2 Al Ky T (1mg )L, T (4.37)

where Yt is the national income at time t, A is a scaling constant which is assumed to

be constant overtime, so it can be concluded that in the model there is no

technological progress. The parameter & denotes the intensity of the use of capital in

the production process. o is the elasticity of substitution in production which means

the responsiveness of the ratio K/L to the ratio w/r.

4.3.1 The Investment Decision

In our model, we assumed that the cost of capital is imposed to the both formal and
informal firms and then firms adjust the marginal product of capital to the interest

rate, r.

Given these assumptions and conditions; the interest rate can be calculated by simply
taking the first order derivative of the Equation (4.35) with respect to K. In order to
carry out this procedure, we have to plug below equalities into the respective

positions in Equation (4.35).

K=K,

K =K, (1-6)

L =L

L-L(1-0) o



where 6 denotes the proportion of the formal sector to the total output®.

I, = Ade, (Kﬁ)[f} {gf (Kte)[l‘?lf] +(1-¢, )(Lﬂ)[laf]][] +

-1 1

A(L-6)s (K, (1—9))@ {gi (K, (1—9))[1‘0.] +(1-4)(L (1—9))[1‘5.]} "

4.3.2 The Demand for Labor

Analyzing the labor market conditions are a bit tricky since there are two
optimization procedures simultaneously. The model incorporates the assumption
that formal sector can maximize its profit without any restriction, due to the fact that
formal firm can adjust the amount of labor costlessly. So, these circumstances give
us the standard formula of the wage rates of the formal sector as:

.
op-1

1

wj_A(1—gf){gf(Kt0)[lafj+(1—gf)(L[.9)[lfi]}[ (w)[;fl] (4.40)

In the informal sector, profit maximization cannot be achieved perfectly. Since,
informality means evasion from government, the firms in the shadow economy do
not have the ability to set the wage rates. Instead, as proposed by Schmidt-Hebbel
(1997) and Cuff, Marceau, Mongrain and Roberts (2011) the informal sector firms
are forced to pay the wages which must satisfy below equality:

13 Here, 0 coefficient requires more explanation. As mentioned before, we impose the
propotion of the informal sector exogenously. Elgin and Oztunali (2012) states that the
proportion of informality to the GDP is 27.68 %. So, @ is calculated as below:

% ~0.2768 = 0 =0.7832

Moreover, throughout the study, all the proportions of informality is converted and imposed
to the model in the same way.
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where RR is the replacement rate. Replacement rate can be defined as the percentage
of a worker's average lifetime income that is paid out by social security after

retirement4.

The right hand side in the Equation (4.39) gives the net wage that a formal sector
worker receives throughout her lifetime. It is actually the gross wage of the formal
sector worker less the present value of the net income from the PAYG system
(present value of the total contribution to the system less total benefits received).
Furthermore, left hand side of the Equation (4.39) gives the lifetime wage of the
informal sector worker. Consequently, lifetime wage of the informal sector worker

equals the net of the lifetime wage of the formal sector worker.

Since there is no skill heterogeneity between the households, labor who works in the
informal sector have the same capacity of the labor formal sectors. Thus, unless
informal sector pays below the amount in the Equation (4.39), probably no one will
want to work in the informal sector given that the labor flow between the sectors is

allowed.

4.4 Government Behavior

The government in the model, finances its own spending by collecting taxes. Here,
note that informal sector evades taxes, so total revenue of the government comes out
less than what it should be. Also, for the sake of this model’s simplicity, it is assumed
that there is no indirect effect of the government spending on household’s and firms’
behavior. Thus, government expenditures are unproductive and are not generating

any utility to the households.

14 Replacement rate concept is elaborately expressed by its formulations in section 4.3.
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Moreover, the model includes a separate social security system which has its own
budget constraint. Apart from the government’s spending and revenues, the social

security system has to balance its budget in each period.

4.4.1. Taxation

Taxation affects households by lowering their disposable income or changing the
relative price of goods and leisure. This situation is, of course, distorting the analysis
of the economy and needs to be taken care of carefully. Specifically for our model,
a remarkable thing to remember is that formal sector contributes to the tax system in
all channels, while informal sector evades income taxes (yet contributes in other
channels).

Government collects taxes in three different ways. Firstly, labor income tax (7, ), in

which government suffers most, due to the informal sector’s evasion. Next one is

consumption tax (7.) in which both sectors pay their taxes. It is because,
consumption taxes are collected from the purchased goods, namely informal sector
does not have any way to evade the consumption tax. Last one is capital income tax
(7, ) that is both formal and informal sectors are contributing (informal sector do not

have the chance to evade capital income tax, since it is collected through the interest

rate).'

4.4.2. The Government’s Budget Constraint

At each period, the government collects taxes (TR¢) and issues debt (Dt+1) to finance
the government purchases (Gt) and the interest rate payments of the previous
period’s debts (Dy). Given this framework, Equation (4.40) and (4.41) characterizes

the budget of the government:

15 In this study, we model the economy as informal sector evades only from the payroll tax.
The economy can be modelled that informal sector evades also from the capital income tax.
Furthermore, more complicated models can be constructed; and even formal sector avoids
some parts of the capital income tax. But, in that case the model will be too complicated for
simulation.
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D, +TR =G +(1+r)D, (4.42)
TR =75 (K, +K)+7,(C'+C )+, W L) (4.43)

In the Equation (4.41), C:is the aggregate consumption and aggregated in the same

way of aggregating capital (K) and labor (L), such that:

55
C.=> > @+n)vc), (4.44)

j=fi s=1

In addition, it is assumed in the model that in the steady state debt stock is constant

which brings us to another constraint:

D, =D forallt (4.45)

Combining Equations (4.40), (4.41), (4.42) and (4.43), we now have the final version
of the government budget constraint:

Gt = TRt - rtDt (4.46)

Note that, in the model, the government spending affects total revenues (namely, the
tax rates) on a one-to-one basis. So, we can conclude that any reduction (or increase)
in the government spending affects households directly by lower (or higher) tax

rates.

4.4.3. The Social Security System

In our model, the social security system follows the structure of the PAYG system,
which is the social security system in Turkey. Every year, the PAYG system collects
contributions through the payroll tax of formal sector workers and simultaneously,
pays out the retirement benefits. The social security system does not save (hence,

does not accumulate any capital) and does not have any debt.

As mentioned, only the formal sector workers enter to the social security system and

only they get retirement benefits. The formal sector workers start to receive these

benefits at period 41 (age 61 in real life) and continues to receive until period 55 (age
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75 in real life), in other words until the death of individual. Moreover, for simplicity,
we assumed that households work through lifetime (for 55 periods), in other words

they continue to work, even after their retirement.

In the social security system, every individual gets retirement benefits related to their

average wages'®. Average wage of a worker is calculated in the model as:

AIME, = ZW( | aovs) (4.47)

s=1

where AIME; stands for average wage of the individual through the lifetime. The
retirement benefits, which are received by individuals, are linked to AIME; through

the indicated equation:
pen, = (AIME,)(RR) (4.48)

where RR stands for the replacement ratio which is imposed by the government. As
we mentioned before, the social security system has its own budget constraint which
has to be balanced every year. In other words, social security system finances the
retirement benefits from the taxes which is levied on labor income (payroll tax). In

the existence of population growth, this can be shown as:

WZ ( t- 40+s) Z pen._,. _ Dtsoc (4.49)

= (@+n)y - i (+n)y

In the equation sets of (4.45), (4.46) and (4.47), all variables are solved

simultaneously, except tax rate on labor income (7,,) and the replacement rate RR

which are imposed by government as part of their fiscal policy.

16 In Turkey, retirement benefits are calculated in accordance with the lifetime monthly
earnings. However, Social Security Institution calculates the benefits using different
weightings (i.e. first 3600 days of the career are weighted differently, the following 5400
days are weighted differently and the remaining days of the career are weighted differently).
Since these weightings are close to each other, in the model, for the sake of simplicity, we
assume that all of the wages can be treated as equal, hence the arithmetic average of the
wages are utilized in the calculations.
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As a last remark, by means of the Equation (4.39), government’s fiscal policy affects

not only formal sector’s wage rates but also informal sector’s wage rates.

4.5 Equilibrium under Perfect Foresight

In the dynamic models, the concept of equilibrium involves that households, firms
and government behave consistently with current values, as well as future values.
Our model is no exception, so that given the interest rate, wage rate, tax rates and
replacement rate, households maximize their lifetime utility by choosing optimal
paths of consumption and leisure and the proper amount of bequest. In the aspect of
firms, both formal and informal sector maximizes its profits. Given the capital
markets and labor markets clearing condition, government balances its budget and
lastly, given all of the above conditions, the social security system balances its
budget each year.

More formally, we can define the competitive equilibrium conditions as follows:

Given the government’s social security policy {RR} , tax rates of all kind

{Ts,t} and the proportion of formal sector to the national income {9} , the

equilibrium for our model consists of sequence of consumption choice {Cs,t}f :
{c,.} leisure choice 1, } , {I,.}.,saving {k,} . {k} , retirement benefits
{pen,}, bequests (b, ,} , {b,,} . factor prices {w,,} , {w,}, {%} and the
production plans {y, .} ., {Y,,} such that

i. Given wage rates {w

s,t

b {Wsyt}i, interest rate {I,} households
maximize their lifetime utility by choosing consumption path
{eo ), {co), leisure path {1} {1} . bequest {b, } , {b,} .

and asset stock sequence {k,} {kst} :

s,tf L)

i, Given factor prices {w,,} , {w} , {r.}, formal and informal
sector firms maximize their profits.
iii. Government budget is balanced at every period.

iv. Given { pent} social security system’s budget is balanced at every

period.
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V. All markets clear.

Vi. The behaviors in both individual and aggregate level is consistent.
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CHAPTER 5

SIMULATION AND FINDINGS

A dynamic, life cycle model that is elaborately described in Chapter 4 is employed
for the simulations in this chapter. All of the simulations are carried out in the
MATLAB environment. Moreover, “fsolve” function from the MATLAB library is

utilized to solve the systems of non-linear equations.

5.1 Solution Methodology

Given that the related constraints and the parameterization, steady state is
characterized as two different forms: the initial and final steady state. Here, initial
steady state means the long run equilibrium of the economy before the shock in fiscal
policy is introduced, while final steady state refers to the long run equilibrium of the

economy after the policy implication.

As discussed in chapter 4, the households and the firms (both formal and informal)
are perfectly foresighted before and after an exogenous shock. However, they do not
anticipate the change in fiscal policy. If they could do anticipate the shock, they will
optimize their lifetime utility by taking the shock into account. In other words, the
analysis will be meaningless, since households and firms optimize themselves
including the information of policy change. In that case, we do not have the chance

to observe the effects of the fiscal policy change.

Both in the initial and final steady state; the solution set for all unknown variables

are found by simultaneously solving the systems of non-linear equations which are
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formed in the framework of the consistent behavior all the elements in the economy;

the households, the formal and informal firms and the government.

5.1.1 Initial Steady State

Since our model is dynamic, the solution for the initial steady state entails that
households, firms and government behave consistently over time. It is true that
households and firms make their decisions every year, however, since the households
and firms are assumed to be perfectly foresighted, each years’ choices have to be
consistent with previous and future years. Namely, the households optimize their
utility and firms maximize their profit each year, but these choices have to be
consistent not only with the previous years’ but also the future years’ choices. So, it
can be concluded that the entire paths of consumption, leisure, capital holdings,
pensions and the amount of bequest are solved at the first period from a single

optimization set, when there is no accumulated capital.

The solutions are obtained by employing an iterative technique called Gauss-Seidel
method. The schema that denotes this iterative technique, the model and the solutions
are presented in Figure 5.1. The algorithm starts with the initial guesses, which have
to be chosen reasonably?’. These initial guesses belong to the some endogenous
variables, moreover only for the first iteration the software accept these guesses as
exogenous and run all the system once. After running the system once, the guesses
are updated and these new guesses enter to the system instead of initial guesses.
System runs again once more and updates the guesses. This procedure continues
until the newly obtained guesses become equal to the former guesses. When this
equality ensured, the algorithm breaks and the true solution set is found. To meet

the convergence criteria, in a single run, approximately 5000 iteration is needed.

17 The major disadvantage of the “fsolve” function is that function algorithm is very
dependent to the initial values. In our model, if the initial guesses are not chosen in a plausible
distance to the steady state values, the algorithm may not calculate to the steady state before
reaching the maximum number of iteration.
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Figure 5.1: The Model

5.1.2 Final Steady State

The solution methodology for the final steady state is exactly the same with the
solution of the initial steady state. However, in order to investigate the impacts of
the shock to the economy, final steady state has to be calculated with exact terms

and parameters of initial steady state except only the exogenous shock. In the
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simulation, our experiment is as follows: for a given size of informality, we calculate
some macroeconomic indicators of the economy under different levels of payroll
taxes. Namely, for each level of payroll tax, we calculate another steady state.
Likewise, for a given payroll tax rate, same macroeconomic indicators are calculated
under different sizes of informal sector. Moreover, a welfare analysis is conducted

for both simulations.

5.2 Model Parameterization and Calibration

Parameter values for the model are chosen to fulfil the consistency throughout the
simulation and to match the certain fiscal indicators of Turkish economy which

belong to year 2013,

For the sake of the model integrity, nearly all of the parameters are taken from
Schmidt-Hebbel (1997). Due to the fact that calibration of Schmidt-Hebbel (1997)
is based on the characteristic of a developing country, we can assume that the
parameters fit quite well for Turkey. Moreover, the production parameters are chosen
purposefully to satisfy that formal sector is capital intensive, while the informal
sector is labor intensive. A few of the parameters (which are preference parameters)
are chosen to match the some certain indicators of the Turkish economy for the year

2013. Table 5.1 presents the whole parameterization of the model.

Moreover, real macroeconomic variables of Turkey, population growth (1.37 % per
year) value is taken from Turkish Statistical Institute (TurkStat). Replacement rate
(RR) is taken from OECD, Pensions at a Glance 2013 as 64.5 %. The ratio of
government spending to the GDP is taken from the World Bank database. Table 5.1

also presents the fiscal variables which are imposed to the system exogenously.

One final remark for the parameterization is the time unit of the model. In order to
construct a realistic framework, following Auerbach and Kotlikoff (1987), it is

calibrated as one period denotes one year.

18 Except the size of informality, all fiscal indicators of Turkey belong to 2013. The reason

for this inconsistency is that the most recent estimate of Elgin and Oztunali (2012) is for the
year 2009.
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Table 5-1: Parameterization

Symbol Definition Value
Preferences
a Utility weight on leisure 1.25
o Rate of time preference rate 0.01
4 Intertemporal elasticity of substitution 0.25
U Utility weight placed on bequest 0.02
0 Elasticity of substitution between leisure and consumption 1.20
Demographics
n Population Growth Rate 0.0137
T Lifetime Horizon 55
Technology
A Technology Parameter 1
or Elasticity of substitution in production (Formal Sector) 0.87
o Elasticity of substitution in production (Informal Sector) 1.34
& Intensity of use of capital in production (Formal Sector) 0.5
& Intensity of use of capital in production (Informal Sector) 0.3
6 Proportion of the size of the formal sector to the total output 0.783
Fiscal Variables
RR Replacement rate 0.645
Tw Payroll tax rate 0.20
7. Consumption tax rate 0.18
Tk Capital income tax rate 0.10
0 The ratio of the government spending to the GDP 0.15
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5.3 Findings
5.3.1 Behavior of the Households

Since the households are homogenous, we expect them to behave in a same manner.
It may seem like that they are facing different budget constraints which may lead
them to behave differently. However, with the Equation (4.39) we force the
households to have same lifetime income. Besides, we assume that households are
perfectly foresighted, so combining these circumstances, both informal and formal
households know that they will face the same lifetime budget constraint. So, all of
the behaviors (i.e. asset stock choices, consumption choices and leisure choices)

come out as same.

5.3.1.1 Asset Stock Decisions

As mentioned, asset stock decisions of formal and informal sector which can be seen
from the Figure 5.2 and Figure 5.3, respectively, show that formal and informal
sector workers behave exactly in a same manner. Individuals begin to accumulate
capital as soon as they receive wage and continues to accumulate until they reach
their maximum wealth around 60 years old. After that point, the accumulated wealth
is melting gradually until the death.

An interesting point which can be seen from the Figure 5.2 and Figure 5.3, the graph
of the capital holdings of the individuals are kinked at period 1 (age 21 in real life)
and period 55 (age 75 in real life). The reason for this kinked curve is the existence
of the bequest motive. At the beginning, the individuals receive the inherited amount
from their parents and at the end of their life they leave bequest to their children. The
gap between the levels of the received inheritance and the bequest left is due to the
fact that population growth. Namely, every individual has to leave more than she

receives.
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5.3.1.2 Consumption Decisions

Again, we expect from both formal and informal sector households consume exactly
the same amount. In fact, as can be seen from the Figure 5.4 and Figure 5.5 which
are belong to consumption choices of the formal and informal sector households
there is no interesting point to emphasize in the graphs of consumption. Consumption
is at the lowest level at the beginning of the life and increases throughout the lifespan
as the accumulated wealth grows. Then, the consumption reaches its maximum level

at the very last period.
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Figure 5.4: Consumption Choices of the Formal Sector Households
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Figure 5.5: Consumption Choices of the Informal Sector Households

5.3.1.3 Labor Supply Decisions

The graph of the labor supply decisions of formal and informal sector workers are
depicted in Figure 5.6 and Figure 5.7, respectively. Here, notice the assumption that
formal workers can work even after the retirement. Thus, as can be seen from the
graphs, both households supply labor until death. Moreover, the level of supply is at
lifetime maximum at the beginning of the life and decrease gradually as the wealth
accumulated. The reason for that at the early years of life, cost of leisure is too much
and also individual needs to accumulate wealth. Furthermore, as years pass, the
individual can afford leisure more and as the end of the life approach, labor supply

is getting close to zero and at the very last period, reaches to zero level.
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5.3.2 Analysis on the Certain Macroeconomic Variables

In this section, steady state solutions of the whole model are calculated by simulation
in order to investigate the various macroeconomic variables under different
circumstances. The results of the simulation consist of capital stock, labor and
consumption as aggregated, and also GDP, wages of both sectors, PAYG revenue,

interest rate and welfare of the society.

Through the simulation, the answers are sought to these questions: How do the
payroll tax rates affect the economy? How does the size of informality affect the
economy? Also, may be the most important question: what are consequences of these

payroll tax rates and the size of informality on the society welfare?

The simulation results which are obtained from the complete model compare the

steady state equilibrium of the same economy under different circumstances.

5.3.2.1 Impacts of Various Payroll Tax Rates on Certain Macroeconomic
Variables

The simulation results which are exhibited in Table 5.1 represents the steady state
values of various macroeconomic variables under the adoption of many payroll tax
rate levels®. Starting with the discussion of consumption, since an increase in the
payroll tax rates mitigates disposable income of an individual, a reduction in the
demand is an expected reaction. Thus, as can be seen from the consumption line of

the Table 5.1, as the payroll tax rate increases, the level of consumption decreases.

Moreover, decrease in the disposable income also decrease the saving. This
reduction in the level of saving causes less capital supply and eventually it can be
deducted that increase in the tax rate leads to a decrease in the aggregate capital
stock. We mentioned that the decrease in consumption causes reduction in aggregate
demand, so GDP will fall as a consequence. As GDP falls, production falls and as a
result; production factors have to drop. As can be seen from the Table 5.1, labor

supply also falls along with the capital stock (with very small decrements). Interest

19 The reason for choosing the range 5 % - 35 % is that after 35 % tax rate, the model gives
absurd results.
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rate also decreases as payroll tax increases. Another point is that increment in the
payroll tax rates, also increases the gap between the formal wages and informal
wages, since they are connected each other through the Equation (4.39). Namely, the
increase in the tax rate, decreases the received net wage of the formal sector worker
which leads to a reduction in the wages of the informal sector worker. Final remark
of the increasing payroll tax rates is that, (as expected) increases the PAYG revenue

of the government.

However, what is the cost of this increment in the total PAYG revenue? When these
changes in the macroeconomic variables examined as a percentage, the scene
becomes clearer. First of all, if the tax rates are increased from 5% to 35%, PAYG
revenue of the government increases from 0.2980 to 0.5175. In other words, if the
tax rates increased by 30%, PAY G revenues increase by 73%. But at what expense?
After the increment of the tax rates the level of GDP decreases from 2.9829 to 1.2573
(i.e. reduces by 57%). Moreover, the capital stock decreases from 16.3093 to 7.6071,
namely a reduction by 53%. Also, net wages of both formal and informal sector
workers fall substantially. Consequently, it is true that the PAYG revenue of the
government increases by 73%, but this increase, comes with reductions at crucial
macroeconomic variables, GDP decreases by almost 60%, capital stock falls by 53%,
and wages also fall. It does not seem a logical policy to increase the payroll tax rates,

as this policy causes more harm then it cures.

5.3.2.2 Impacts of the Size of Informality on Certain Macroeconomic
Variables

In Table 5.2, “what if” scenario is demonstrated®®. Behaviors of some important
macroeconomic variables are calculated under the different proportions of
informality which varies between 10% and 50%. All parameters and fiscal variables
remain same from the previous analysis in the section 3.2.1. Payroll tax rate is

chosen as 10% to extend the analysis range.

20 In the simulation, some important macroeconomic variables are calculated to investigate
the conditions if Turkey had different informality sizes.
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Table 5-2: Impacts of Various Payroll Tax Rates on Certain Macroeconomic Variables

Payroll Tax Rate

5% 10% 15% 20% 25% 30% 35%
Consumption 1,8135 1,6968 1,5818 1,4686 1,3572 1,2413 1,1273
GDP (Formal) 2,9829 2,6533 2,3576 2,0912 1,8515 1,5398 1,2573
Capital 16,3093 14,6565 13,1681 11,8214 10,5975 9,0330 7,6071
Labor 1,4439 1,4249 1,3938 1,3783 1,3563 1,3269 1,3027
Interest Rate 0,0529 0,0523 0,0517 0,0510 0,0503 0,0497 0,0490
Formal Sector Wage 1,7766 1,7914 1,8075 1,8251 1,8444 1,8598 1,8767
Informal Sector Wage 1,6889 1,6145 1,5400 1,4652 1,3900 1,3156 1,2409
PAYG Revenue 0,2980 0,3209 0,3638 0,4060 0,4412 0,4703 0,5175




For the sake of clarity, total output row in the graph denotes the summation of formal
sector output and informal sector output, while GDP denotes the formal output. As
can be expected, as the proportion of informality grows, GDP falls, however the

crucial point here is that not only GDP, but also the total output declines.

Consistently with the assumption that formal sector is capital intensive and the
informal sector is labor intensive; as the proportion of informality increases, the ratio
of the capital to labor (K / L) decreases, since the economy is becoming more and

more labor intensive. Interest rates are also lower, if the informal sector is bigger.

Maybe the most crucial result of this analysis is that the higher the ratio of
informality, the lower PAYG revenue of the government. When we combine the two
simulation results of the sections 3.2.1 and 3.2.2, it can be seen that the low levels of
the PAYG revenue is mainly originated from the existence of the large informal
sector. A fiscal policy which increases the payroll tax rates is not a solution at all.
The government has to mitigate the size of the informal sector, hence smaller

informal sector means higher PAYG revenues even at the lower tax rates.

5.3.3 Welfare Analysis

Besides the macroeconomic variables which are simulated in section 5.3.2.1 and
5.3.2.2, a welfare analysis is carried out to evaluate the impact of the various payroll

tax rates and size of the informal sector on the welfare of the whole society.

Following Altig et al. (2001), total utility of the society, which consists of the sums
of the felicity of the 55 cohorts, is calculated. Here, an important thing to remember
is, since each cohort at time t, has different populations (due to the population

growth); all of these felicities have to be weighted with the population growth rate.
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Table 5-3: Impacts of the Size of Informality on Certain Macroeconomic Variables

Proportion of Informal Sector

10% 20% 30% 40% 50%
Consumption 1,7303 1,7118 1,6921 1,6711 1,6485
Total Output 3,7071 3,6856 3,6638 3,6419 3,6159
GDP 3,3364 2,9485 2,5647 2,1851 1,8099
Capital 14,7828 14,7297 14,6708 14,6072 14,5395
Labor 1,2309 1,2552 1,2811 1,3087 1,3385
Capital - Labor Ratio (K/L) 12,0097 11,7349 11,4517 11,1616 10,8625
Interest Rate 0,0525 0,0524 0,0523 0,0521 0,052
Formal Sector Wage 1,8144 1,8017 1,7881 1,7735 1,7578
Informal Sector Wage 1,6353 1,6239 1,6116 1,5985 1,5844
PAYG Revenue 0,6011 0,5508 0,5129 0,4593 0,3976




Finally, all these total utilities are compared in order to observe the impacts of
different circumstances (i.e. different payroll tax rates and different sizes of
informality). The formula which is employed during the calculation of the society

welfare is given below:

U, =il 2 [i(lwr“-“ g o) oy (u)(blim)[l”jﬂ G1)

1_1 j=fil s=1
e

where

w = Csj,t[ ﬂj_i_a'j[ ;] 17% (5.2)

Recall that in the section 3.2.1, it is examined that the impacts of the different payroll
tax rates on the some important macroeconomic variables. Here is the results of the

welfare analysis of the simulation at 3.2.1%:

Table 5-4: Welfare Analysis under Different Payroll Tax Rates

Payroll
Tax |Welfare
Rate
5% 1.1669

10% | 1.1109
15% | 1.0552
20% | 1.0000
25% | 0.9420
30% | 0.9019
35% | 0.8608

21 Notice that the level of welfare at the rate 20% is 1.0000. It is due to the fact that the welfare
levels are indexed and since the payroll tax rate of Turkey is 20%, at that rate welfare is
indexed to 1.0000.
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As expected, as tax rate increases welfare of the society declines. This is due to the
obvious reasons such that higher tax rates means lower disposable income. Lower
disposable income leads to lower consumption, saving, bequest of which all the

criteria lowers the total utility of the society.

The examination of the impacts of the different sizes of informality on the society

welfare is given below:

Table 5-5: Welfare Analysis under Different Size of Informality

Proportion
of
Informal
Sector

Welfare

10% 1.0173
20% 1.0088
30% 1.0000
40% 0.9905
50% 0.9803

As can be seen from the Table 5.5, the higher ratio of informality results in the lower

society welfare.

5.4 Resulting Comments

When we consider the findings of the simulation which take place in the section
5.3.2.1,5.3.2.2 and 5.3.3, it can be concluded that increasing the tax rates with the
purpose of boosting the revenues makes the situation worse. We have shown that in
the section 5.3.2.1, as payroll tax rate increases, some important macroeconomic
indicators, such as GDP, capital stock and wages decrease substantially. Moreover,
the simulation at the section 5.3.2.2 show that as informal sector grows, same

macroeconomic indicators are declining. Besides, in the section 5.3.3 the welfare
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analysis of the two simulations indicate that both increasing payroll tax rates and

growing informal sector results in a decline in social welfare.

Under the given circumstances, the optimal policy for the government may be to
look for solutions to mitigate the size of informality. If the government achieve this
goal, the results will be substantially better, such as higher GDP, lower tax rates and
more importantly higher social welfare.
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CHAPTER 6

CONCLUSION

Informality is a very serious problem for especially developing countries. Through
the declining tax revenues of the government, this problem affects the economy in a
negative way through many channels. Therefore, many developing countries
struggle to decrease the size of the informal sector to manageable levels. In case of
Turkey, with approximately 30 % informal sector size (to the official GDP),
decreasing the size of informality should be one the most urgent agenda of Turkish
government.

In this study, we attempt to analyze the impacts of increasing payroll tax rates in the
existence of the shadow economy. For this purpose, basic 55 period OLG model of
Auerbach and Kotlikoff (1987) has been enriched to demonstrate the basic
characteristics of Turkish households, firms and the government. In the model, the
presence of the informal sector alters the behavior of both firms and households. In
the shadow economy, firms take wage levels as given (through the Equation 4.39)

and households evade payroll taxes, but, in return, receive no retirement benefit.

The simulation results showed that the damage of informality is vast. As, the table
5.3 shows that almost all important macroeconomic variables take serious harm. For
instance, greater size of informal sector means, lower consumption, capital stock,
labor supply, wages of formal and informal sector and GDP substantial amounts.
Moreover, as informal sector grows, the total revenue of the PAY G system decreases
substantially.
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The expected reaction of the Turkish government for decreasing PAYG revenues
might be to increase the payroll tax rates. However, simulation results also show that
increasing the tax rates might not be the best policy to apply. As payroll tax rate
increases, many important macroeconomic indicators, such as GDP, capital stock
and wage levels of both sectors decrease. In the long run, the situation might get
worse, since eventually, PAYG revenues will fall as a result of these decrements in

the GDP, capital stock and wage levels.

Moreover, welfare analysis is conducted to measure the two phenomenon: increasing
payroll tax rates and growing of informal sector. Not surprisingly, the simulation
results indicate both increasing payroll tax rates and growing informal sector results

in declining society welfare.

Thus, what the government has to do is, strive with informality and looking for
solutions to mitigate the size of the underground economy. If the government carries
out structural reforms and become successful, then this decrease in the magnitude of
the shadow economy, will return as higher GDP, higher PAYG revenues even with

lower tax rates and more importantly higher society welfare.

This study can be improved in many ways by sophisticating informality modeling.
First of all, size of the informal sector could be endogenous in order to observe the
impacts of tax policies. By this way, we could have the chance to observe the

transitions from formal to informal sector or vice versa.

Moreover, in this study we compare only the steady state equilibriums, we do not
have the chance to observe the immediate effects of the policies. In order to carry

out short run analysis, transition path of the economy has to be simulated.

Also, in our model agents are homogenous, however agents can be differentiated in
accordance with their education level, skill level etc. Moreover, in our model, firms
are strictly divided into two subcategories as formal and informal. But more
complicated models, which include the partial tax evasion of formal sector, can be
constructed. Illegal activities, too, can be included in the model, as they are the

bigger portion of the informal sector.
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Furthermore, as mentioned in the informality chapter, informal sector employs
money in transactions. The other medium of transactions is almost negligible. Thus,
in an environment like informal sector where money is the only transaction method,

the model could include money.

As a final remark, pension reforms (i.e. privatizing the social security system) or
some tax reforms are left for future studies, as this thesis is the first step of more

sophisticated models.
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APPENDIX A

TURKISH SUMMARY

Kayitdis1 ekonomi, geligsmis ve gelismekte olan tilkeler igin en ciddi problemlerden
biridir. Kayitdisi ekonominin varhigi, gelir dagilimini dengesizlestirmekte, toplum
refahini azaltmakta ve ayrica devletin vergi gelirlerini azalttigindan dolay1 vergi
sisteminin islerligine de onemli Gl¢iilerde zararlar vermektedir. De Soto (1989)
kayitdist ekonomiyi, devletin koydugu diizenlemelere ve vergilere tabi olmayan

ekonomik aktiviteler grubu olarak tanimlamaktadir.

Bu calismada, kayitdisiligr arastirmak ve analiz etmek i¢in dinamik bir yagsam
dongiisli modeli olusturulmustur. Literatiire katki olarak bu model, elli bes zaman
dilimli ardisik nesiller modeli (overlapping generations model) temelinde, igsel
emek arzi, niifus biiyiimesi, sosyal giivenlik sistemi, miras gilidiisii ve kayitdisi

ekonominin varlig: gibi Tiirkiye sartlart i¢in gercekgi eklentiler igeren ilk modeldir.

Bununla birlikte, literatiirde 6nemli bir yer teskil etmesine ragmen, kayitdisi
ekonomi terimi bile heniiz tam anlamiyla oturmamustir. Kayitdisiligi ifade edebilmek
i¢in gblge ekonomi, yeralti ekonomisi, sakli ekonomi veya gortinmez ekonomi gibi

terimler birgok arastirmaci tarafindan birbiri yerine kullanilagelmistir.

Tim yasadist aktiviteler (uyusturucu ticareti, kacakgilik, kumar vb.) kayitdisi

ekonomi ¢atis1 altina alinabilir. Bu aktiviteler kayitdist ekonominin biyiik bir

yiizdesini olusturmakla beraber kayitdisilik yasal birtakim aktiviteleri de

icermektedir. Yasal bir ig yliriiten ama bu iste kacak is¢i calistirarak sigorta

primlerini 6demeyen bir igverenin bu yolla vergi kagirmasit buna bir Ornektir.

Gorildugi gibi, vergi kacakciligl ya da diger tim yasadis1 faaliyetler, De Soto
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(1989)’un tanimladigi gibi devletin koydugu yasalara ve diizenlemelere karsi

gelmenin bir 6rnegidir.

Vergi kacake¢iligi yapmak ve tiim bu yasal diizenlemelere karsi gelmek devlete
zararli oldugu gibi, kayitdisi ekonomiyi olusturan unsurlarin kendisine de zararlidir.
Ornegin, kayitdis1 calisan bir firma ya da bir isci, her zaman igin devlet tarafindan
yakalanma ve gerekli cezalara carptirilma riskiyle karst karsiyadir. Daha da
onemlisi, yasadisi statiilerinden dolayr hem kayitdist firmalar hem de hanehalklar
devletin sagladigi higbir yasal ayricaliktan yararlanma hakkina sahip degillerdir.
Hanehalklar1 sosyal giivenlik sistemine tabi olmadiklari ve gereken primleri
o0demedikleri i¢in, gelecekte de herhangi bir emeklilik hakkindan faydalanamazlar.
Ayrica firmalar yasal diizenlemelere dahil olmadiklarindan dolayi, sermaye ve is
giicli piyasalarina tam erigim saglayamazlar. Bu nedenle kayitdisi ¢aligan firmalar,
dissal soklara karsi savunmasizdilar ve karlarini tam anlamiyla maksimize etme

yeteneginden de yoksundurlar (Loayza, 1996).

Peki, bu sartlar altinda neden firmalar ve hanehalklar1 tiim bu devlet glivencesinden
ve haklarindan vazge¢ip, kayitdisi sektoriin giivensiz ortamina razi olmaktadir?
Loayza (1996) ve Ihrig ve Moe (2004) kayitdisi ekonominin, devletin siki
diizenlemeler ve yiiksek vergi oranlar1 koymasi ve bununla birlikte bu diizenlemeleri
yiriitme giiciinden yoksun olmasi sonucu ortaya ¢iktigini ifade etmektedir. Bununla
birlikte, cevap bu kadar basit olmayabilir. Ciinkii kayitdis1 ekonominin biiytikligi
ve devletin siki diizenlemelerle birlikte yiiksek vergi oranlar1 uygulamasi arasindaki
iligki ¢ift yonlii olabilir. Yani, devletin yliksek vergi oranlari uygulamasi kayitdisi
ekonominin biiyiimesine yol agabilecegi gibi, ayni1 sekilde kayitdigi ekonominin
varlig1 da devletin yiiksek vergi oranlar1 uygulamasina neden olabilir. Thrig ve Moe
(2004) diizenlemeleri gevsetmenin veya vergi oranlarini diislirmenin tek basina
yeterli olmayacagini, asil ¢6ziimiin devletin bu politikalart yiiriitme giiclinii

artirmaktan gegtigini savunmaktadirlar.

Beklenildigi gibi kayitdisi ekonomi konusunda en Kkritik pozisyonda devlet
bulunmaktadir. Devletin bu baglamda ii¢ dnemli gorevi vardir. Birinci gorevi,
devletin tiim gerekli yasalar1 ¢ikarmasi, vergi oranlarini belirlemesi gibi diizenleme
odakli gorevlerden olusurken, ikinci gérev uygulanan bu vergilerin toplanmasi ve
sonuncu gorev ise tiim bu diizenlemelerin denetlenmesinden olugmaktadir.
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Dolayisiyla mali sistemden sorumlu devlet memurlar1 sistemin en Onemli
pargalaridir ve bu memurlar bir sekilde yolsuzluga bulastiysa ve bu durumdan

kendilerine ¢ikar sagliyorlarsa, kayitdisihigin ¢ekiciligi de gitgide artmaktadir.

Kayitdisiligin belirsiz sartlarini incelerken akla gelen bir baska soru ise iicret
seviyelerinin belirlenmesidir. Iki ayr1 sektor (kayith ve kayitdist) oldugu ve bir
tanesinin yasal diizenlemelere tabi olmadig1 ger¢egi gdz 6niine alindiginda Schmidt-
Hebbel (1997) ve Cuff vd. (2011) hem kayitli hem de kayitdisi sektorde ticretlerin

uzun vadede birbirlerine esit olmas1 gerektigini ifade etmektedirler.

Bununla birlikte, bu ¢alismada kayitdisiligi modelleyebilmek i¢cin Samuelson (1958)
ve Diamond (1965)’in temelini attig1 ardisik nesiller modeli kullanilmistir. Modelde,
tiim bireyler iki zaman dilimlik yasam uzunluguna sahiptir ve t aninda dogan bir
birey, t aninda geng ve t+1 aninda ise yasl nesli olusturur. t+1 aninda dogan ise, o
zaman diliminde gen¢ nesli olusturur ve t+1 diliminde yasl olan nesille birlikte
yasar. Dolayisiyla, ardisik nesiller modeli, adindan da anlasilacag: {izere ardisik iki

neslin ayn1 zaman diliminde yasamas: fikri iizerine kurulmustur.

Ardisik nesiller modeline en biiyiik katki Auerbach ve Kotlikoff (1987) ile
yapilmigtir. Bu c¢alismada, ardigik olarak sadece iki nesil degil, elli bes nesil
yasamaktadir. Bizim ¢alismamizdaki model de Auerbach ve Kotlikoff (1987)’ ye

dayanmaktadir.

Bununla birlikte Tirkiye i¢in gergekei bir model kurulabilmesi igin dahil edilmesi
gereken en Onemli eklentilerden biri de miras giidiistidiir. Ciinkii Tiirkiye’de miras
giidiisii oldukga yiiksektir ve modele dahil edilmedigi takdirde hesaplanan sermaye
stoku degerinin beklenenden daha diisiik ¢ikmasina, tiikketimin ise beklenenden daha
yiiksek ¢ikmasina neden olmaktadir. Miras giidiisii, ebeveynlerin sadece kendi
refahlarma degil ayn1 zamanda g¢ocuklarinin refahina da onem vermesi olarak
aciklanabilir. Bu c¢aligmada miras giidiisii Blinder (1973) temel alinarak
modellenmistir. Herhangi bir birey, aynen tiiketim ve bos zamandan aldig1 gibi miras
birakmaktan da fayda saglamaktadir. Bununla birlikte, modelde miras birakma tek
yonlii olarak kabul edilmistir, ama ¢ift tarafli olarak da modellenebilir. Ornegin,
Laitner (1992) calismasinda ebeveynler ve c¢ocuklar tiim gelirlerini bir havuzda

toplayip, ailedeki 6nem derecelerine uygun olarak paylasmaktadir. Tiirkiye 6zelinde,
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son yirmi-otuz yilda aile sistemi kokten degisim gegirmis ve bunun sonucunda
¢ekirdek aileler Tiirk toplum yapisina hakim olmustur. Dolayisiyla modelimizde tek

yonlii miras sistemini kabul etmek, Tiirkiye sartlarina daha uygun olmaktadir.

Literatiirde kayitdisi ekonomiyi arastiran calismalar, kayitdisihigr iki farkli yolla
modellemektedirler. Kayitdisi ekonominin, gayri safi yurti¢i hasilaya (GSYH) orani,
ya modele digsal olarak empoze edilir ya da model i¢inde i¢sel olarak hesaplanir.
Bununla birlikte, birinci yontemde degerleme metotlarindan elde edilen sonuglar

kullanilmalidir.

Tirkiye’de, kayitdisi ekonomi oranmni tahmin edebilmek i¢in birgok c¢aligma
yiiritilmistir. Kasnakoglu (1993) kayitdist ekonominin oranini tahmin eden ilk
caligmadir. Nakit Oran1 ve Nakit Talebi metotlar1 kullanarak yaptigi degerlemelerde
kayitdigilik orani sirasiyla 5.9% ve 7.5% olarak tahmin edilmistir. Bununla birlikte,
Kok ve Sapegi (2006) Vergi Denetim Metodunu kullanarak, kayitdisi ekonomi
oranini 43.9% olarak tahmin etmistir. Schneider (2013) ise 29.2% olarak yaptig1
tahminde Coklu Gosterge Coklu Neden (MIMIC) yaklagimini kullanmistir.

Bu tahminlerin disinda, modelimizde kayitdigi oran1 empoze edilirken, Elgin ve
Oztunal1 (2012) calismasinin sonuglart kullanilmistir. Arastirmacilar, yukaridaki
bahsedilen metotlarin disinda yeni bir genel denge yaklagimi olusturup, buna gore
tahminler yapmaktadirlar. Bu metot, Tirkiye’deki kayitdisiligin oranin1 27.7%

olarak tahmin etmistir.

Tiirkiye’de kayitdisilik sadece ekonometrik degil, ayn1 zamanda genel denge modeli
kullanan ¢aligmalara da konu olmustur. Saracoglu (2008) kayitli, kayitdist ve tarim
sektorii olmak tizere ii¢ sektorlii bir model olusturmus ve bu modeli kullanarak
sermaye biriktikce kayitdisi ekonomi oraninin azaldigini ortaya koymustur. Bununla
birlikte aragtirmaci, vergilerin azaltilmasiin da kayitdisi ekonominin kii¢iilmesinde

etkili olacagini1 gostermistir.

Kayitdisi ekonomiyi konu almasalar da ardisik nesiller modeli Tirkiye’de bazi
calismalarda kullanilmistir. Voyvoda ve Yeldan (2005) otuz donemli, agik sermeye
piyasa eklentili ardisik nesiller modeli olusturarak, biiyiime soklar1 altinda IMF
programinin hassasiyetini incelemiglerdir. Deger (2011) ise otuz dénemlik ardisik

nesiller modeli kullanarak yeni sosyal giivenlik reformunun Tirk ekonomisi
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lizerindeki etkilerini incelemistir. Ileri ve Derin-Giire (2014) ise elli bes donemli
ardigik nesiller modeli kullanarak, Tirkiye Vergi Sistemi baglaminda vergi

reformlarinin olasi etkilerini incelemislerdir.

Calismamizda, igsel is giicli arzi, sabit biiyiime orani, miras giidiisii, sosyal giivenlik
sistemi ve kayitdisi ekonomi eklentileri dahil edilerek elli bes donemli ardisik
nesiller modeli olusturulmustur. Bu ¢alisma, bahsedilen tiim eklentilerin ayn1 anda

dahil edildigi ve Tiirkiye ekonomisine iligskin verilerin kullanildig ilk ¢aligmadir.

Olusturulan modelde hanehalklari, firmalar, devlet ve devletin i¢inde bagimsiz bir
kurum olarak sosyal giivenlik kurumu bulunmaktadir. Ekonomi kapali, hanehalklar
homojen, firmalar ise kayitlh ya da kayitdist olmalarina gore heterojendir.
Hanehalklar1 kayith firmalarda galistyorlarsa sosyal gilivelik sistemine dahil olmakta
ve bunun sonucunda gelir vergisi ddeyip, karsiliginda emekli olduklarinda emekli
aylig1 almaktadirlar. Bununla beraber, eger is¢i kayitdisi bir firmada ¢alisiyorsa ne

gelir vergisi 6demekte ne de karsiliginda emekli maas1 alabilmektedir.

Hanehalklar elli bes y1l boyunca yasamakta ve t zamaninda ayn1 anda elli bes nesil
bulunmaktadir. Bununla birlikte, birinci zaman dilimi gergek hayatta yirmi bir yasa
denk gelmekte ve ayni sekilde elli besinci zaman dilimi de gergek hayattaki yetmis
besinci yasa denk gelmektedir. Ayrica hanehalklari temsilidir; yani tek bir hane halki
ekonominin tamamindaki hanehalklarinin davranigini temsil edebilir. Niifus ise sabit

bir oranda (1.37%) biiylimektedir.

Her bir hanehalkinin tercihleri tiiketim, bos zaman ve miras igeren bir fayda
fonksiyonuyla modellenmistir. Bu fayda fonksiyonu sabit ikame esnekligi (constant
elasticity of substitution - CES) formunda olup, bir hanehalkinin yasam boyu
faydasini temsil eder. Bununla birlikte, hanehalklar1 homojen kabul edildigi i¢in
kayith ya da kayitdisi sektorde calisan tiim hanehalklar1 ayni1 fayda fonksiyonuna
sahiptir.

Hanehalklar tiiketim sonrasi gelirden artakalan miktar1 tasarruf ederler ve ayrica,
ekonomi kapali ekonomi olarak modellendiginden, yaptiklari tasarrufu kayitli ya da
kayitdig1 tiim firmalara sermaye olarak kiralar ve bunun sonucunda faiz oranina esit

bir gelir elde ederler.
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Kayitl sektorde galisan hanehalklari, ¢alistiklar siire boyunca vergilerini 6deyerek
sosyal giivenlik sistemine katkida bulunurlar ve buna karsilik hayatlarinin son 15
yilinda (40. periyottan sonra) emekli maasi almaktadirlar. Ayrica modeli basit
tutmak adina, emeklilik zorunlu yapilmamustir. Yani, kayitl sektorde ¢alisan bir isgi,
eger isterse, emekli olduktan sonra da ¢aligmaya devam edebilir. Bu durumda hem

ticret geliri hem de emeklilik maas1 elde etmektedirler.

Bununla birlikte kayitdisi sektdrde ¢alisan hanehalklari, herhangi bir sosyal giivenlik
sistemine dahil olmadiklar1 icin, sisteme herhangi bir katkida bulunmazlar ve
dolayisiyla sermaye stoklari, tiim vaktini bogs zamana ayirmaya izin verecek kadar

artmadigi takdirde emekli de olamazlar.

Miras ise sO0yle modellenmistir: her bir nesil, bir dnceki nesil tarafindan birakilan
miktar1 hayatinin sadece ilk periyodunda alabilir ve bununla birlikte bir sonraki nesle
birakacaglr mirast ise hayatlarinin sadece son yilinda birakabilir. Yani, miras
modelde sadece ilk periyot ve son periyot biitge kisitina dahil edilmektedir. Bununla
birlikte, miraslarin nesiller arasi transferi hayali bir aract kurum tarafindan
yapilmaktadir. Bu aract kurum, hayatlarinin son periyodundaki bireylerden miraslari

toplar ve hayatlarinin ilk periyodundaki nesle esit olarak paylastirir.

Hanehalklari, ister kayitdigi ister kayitli ¢aligsin, ayni optimizasyon siirecinden
gecerler. Her ikisi de kendilerine ait fayda fonksiyonlarini, bahsedilen biitce
kisitlarina gére maksimize edip, hayat boyu tliketimlerini, bos zamanlarim ve

birakacaklar1 mirasi segerler.

Olusturulan modelde iki tip firma vardir: kayith ve kayitdisi. Her sektor tek bir firma
tarafindan temsil edilmektedir. Yani, kayith sektorde ¢alisan bir firmanin tiim kayith
sektoriin davraniglarini, ayni sekilde kayitdisi sektdrde ¢alisan bir firmanin da tiim
kayitdist sektoriin davraniglarini yansittigi kabul edilmistir. Bu firmalar {iretimlerini
rekabetci piyasada, sermaye ve is giicli kullanarak yapmaktadirlar. Hem sermaye
hem de is giicli homojen kabul edilmistir. Ayrica, kayith sektdr sermaye yogun,
kayitdis1 sektor ise is giicli yogun olarak modellenmistir. Her iki sektor de ayni mali

iirettigi icin fiyat bire normalize edilmistir.

Ekonominin toplam c¢iktisi, kayitli ve kayitdisi ekonominin ¢iktilar1 toplanarak

hesaplanir. Uretim fonksiyonu ise sabit ikame esnekligi formunda olusturulmustur.
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Modelde sermayenin fiyati, hem kayithh hem de kayitdigi sektdre digsal olarak
verilmektedir. Digsal olarak alinan bu fiyat ise faiz oranina esittir. Bununla birlikte
bu faiz orani igsel olarak (yapilan varsayimlar altinda) toplam iiretim fonksiyonun,
sermaye miktarina (K) gore birinci dereceden tiirevi alinarak (yani toplam iiretim

sermaye miktarina gore optimize edilerek) hesaplanabilir.

Isgiicii piyasalar1 analizi ise farkli sektorler icin farklr sartlar teskil ettigi icin biraz
daha farklidir. Modelde kayitli sektor firmalari, hi¢bir sinirlamaya maruz kalmadan,
dogrudan karlarin1 maksimize edebilmektedir. Boylece kayitli sektor firmasi, iscilere
Odeyecegi lcretin miktarini, kayith sektore ait iiretim fonksiyonunun is giicii
miktaria (L) gore birinci derece tiirevini alarak (yani iiretimini is giicli arzina gore

optimize ederek) hesaplayabilir.

Kayitdisi sektor i¢in durum biraz daha karmagiktir. Kayitdisi sektoriin isgiicii
piyasalarina erisimi kisith oldugu i¢in, karin1 tam anlamiyla maksimize
edememektedir. Bunun yerine Schmidt-Hebbel (1997)’in 6nerdigi gibi kayitdisi
firmalar, 6deyecegi iicretleri belirli sartlar altinda digsal olarak belirlemektedirler.
Bu sartlar ise sunlardir: hanehalklar1 kayith ya da kayitdisi sektérde caligmakta
farksiz olduklart i¢in yasam boyu biitce kisitlarinin bugiinkii degerlerinin de esit
olmasi gerekmektedir. Yani, kayith sektérde c¢alisan bir is¢inin yasam boyu
gelirlerinden, sosyal giivenlik sistemine 6deyecegi katkiy1 ¢ikarip, alacagi toplam
emekli maasini ekledigimizde, kayitdis1 sektorde galisan isginin yasam boyu gelirini

elde etmis oluruz.

Hanehalklar yetenek acisindan farkli olmadigindan ve her iki sektdrde de
calisabilme olanagina sahip oldugundan, kayitdisi firmalar yukarida bahsettigimiz
esitlikten daha az bir ticret 6dedikleri takdirde higbir hanehalki kayitdis1 sektorde

calismak istemeyecektir.

Modelde devlet, kendi harcamalarini vergi toplama yoluyla finanse etmektedir.
Burada dikkat edilmesi gereken husus ise kayitdis1 firmalar vergi 6demedikleri igin,
devletin toplam vergi gelirleri olmasi gerekenden daha diisiik ¢cikmaktadir. Bununla
birlikte, modeli basit tutabilmek adina, devlet harcamalarinin firmalar ya da

hanehalklar iizerinde herhangi bir dolayli etkisinin olmadig1 varsayilmistir. Yani,
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devlet harcamalar1 {retken degildir ve hanehalklarina herhangi bir fayda

saglamamaktadir.

Bununla birlikte modelimiz, bagimsiz bir sosyal giivenlik sistemi i¢ermektedir.
Devletin gelirlerinden ve harcamalarindan bagimsiz olarak sosyal giivenlik sistemi

de her y1l kendi biit¢esini dengelemektedir.

Vergilendirme ise hanchalkinin harcanabilir gelirini disiirdiigli ve ayrica bos
zamanlarin ya da mallarin fiyatlarii degistirdigi i¢in hanehalklarini iki farkli kanalla
etkilemektedir. Kurulan modelde, kayith firmalar tiim vergilerini eksiksiz ddedigi

halde, kayitdisi firmalar gelir vergisini kagirmaktadirlar.

Ekonomide ¢ tip vergi oldugu varsayilmistir: gelir vergisi, tilketim vergisi ve
sermaye gelir vergisi. Kayitdisi sektor firmalar1 bu tiginden sadece gelir vergisini
kagirabilmektedir. Ciinkii tiiketim vergisi tiiketilen mal {izerinden dogrudan Kesilir
ve kacirmak imkansizdir, sermaye gelir vergisi ise faiz iizerinden kesildigi i¢in

kayitdisi firma bu vergi tiirlinii de kagiramaz.

Bununla birlikte devlet, her bir donemde biit¢esini dengelemektedir; bir sonraki
doneme biraktigi bor¢ ve bu donemki vergilerin toplami, bu donemki devlet
harcamalar1 ve bir 6nceki donemden aktarilan borcun (faiziyle birlikte) toplamina

esit olmak zorundadir.

Bahsedildigi gibi model, kendi ayr1 denk biitcesi olan bir sosyal giivenlik sistemi
barmdirmaktadir. Sosyal giivenlik sistemi her yil kayitli isgilerden topladig
vergileri, o yilin emeklilerine dagitmak {izere kurulan bir sistemi temel almaktadir
(Pay-as-You-Go). Bu model Tiirkiye’de de halihazirda kullanilan sosyal giivenlik
sistemidir. Bununla birlikte modelde, sosyal giivenlik sistemi tasarruf etmeyecek ya

da borglanmayacak sekilde modellenmistir.

Yukarida da bahsedildigi gibi sosyal giivenlik sistemine sadece kayith isgiler dahil
olmakta ve dolayisiyla sadece onlar emekli aylig1 almaktadir. Kayith sektor iscileri
bu emekli ayliklarmi 41. periyotta almaya baslar (ger¢ek hayatta 61 yas) ve 55.
periyodun (gercek hayatta 75 yas) sonuna kadar almaya devam eder. Bununla
birlikte, emeklilik zorunlu degildir ve hanehalklar istedikleri takdirde emekli

olduktan sonra da galisabilir.
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Dinamik modellerde genel denge konsepti, hanehalklarinin, firmalarin ve devletin
sadece bugiinkii degerlerle degil, ayn1 zamanda gelecek degerlerle de tutarli
davranislar sergilemelerini gerektirmektedir. Dolayisiyla faiz orani, iicretler, vergi
oranlar1 ve emeklilik baglanma orani (replacement rate) verildigi takdirde,
hanehalklar1 faydalarini maksimize eden tiiketim ve bos zaman patikalart ile
birakacaklar1 miras miktarini secerler. Firmalar ise sermayenin ve is giiciiniin
marjinal verimlerini faktor fiyatlarina esitleyerek karlarini maksimize ederler.
Sermaye ve is giicli piyasalarinin denge saglayici kosullar1 saglandiginda, devlet
kendi biitcesini her yil dengeler. Son olarak, tiim bu sartlar altinda sosyal giivenlik

sistemi de kendi biitgesini her y1l dengelemektedir.

Bahsettigimiz dinamik model, tiim siire¢ boyunca MATLAB ortaminda simiile
edilmistir. Bununla birlikte, modeldeki lineer olmayan denklem setleri MATLAB
kiitiiphanesindeki “fsolve” fonksiyonu yardimiyla ¢ozilmistiir. Gerekli kisitlar ve
parametreler verildiginde kararli durum iki sekilde karakterize edilmektedir:
baslangi¢ kararli durumu ve son kararlt durum. Baslangi¢ kararli durumu, mali
politikadaki sok verilmeden onceki ekonominin uzun vade dengesidir. Son kararli
durum ise mali politika soku uygulandiktan sonraki ekonominin uzun vade

dengesidir.

Tiim hanehalklarinin ve firmalarin tam 6ngorii sahibi olduklar varsayilmistir. Fakat
mali politikadaki degisiklik, hanehalklar1 ve firmalar tarafindan beklenen bir
degisiklik degildir. Sonu¢ olarak tam ©ngorii sahibi olan hanehalklari, mali
politikadaki degisiklik 6ncesi durumda var olan sartlara gore davraniglarina karar
verirler. Ancak mali politikadaki degisiklik sonrasi da yenilenen sartlara gore

davraniglarini yeniden diizenlemek durumundadirlar.

Tam 6ngorii kavramini agacak olursak, bahsedildigi gibi tiim hanehalklari, firmalar
ve devlet, zaman boyunca tutarli davranmaktadir. Yani, hanehalklar1 ve firmalar her
yil yeniden se¢im yapmalarina ragmen, her yila 6zgii secimler, dnceki yillarin ve
tim gelecek yillarin segimleriyle tutarli olmak zorundadir. Sonug¢ olarak biitiin
tilketim, bos zaman, sermaye birikimi, emekli ayliklar1 ve miras miktar1 aslinda ilk
yildaki optimizasyonla belirlenir ve geri kalan yillardaki tiim optimizasyonlar, ilk

yildaki optimizasyonun bir saglamasidir.
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Denklem ¢oziimleri Gauss-Seidel yineleme metodu kullanilarak elde edilmistir.
Algoritma, bazi degiskenler i¢in digsal olarak segilen bir baglangi¢ tahminiyle baslar.
Bu tahmin asil ¢éziime yakin olmalidir, ¢iinkii kullandigimiz “fsolve” fonksiyonu,
asil ¢oziime uzak tahmin verildiginde c¢alismamaktadir. Tiim sistem, bu verilen
baglangi¢ tahminlerini alir ve bir kereligine algoritmayi ¢aligtirir. Algoritma bir kere
calistiktan sonra artik elimizde baslangicta digsal olarak verilen degiskenlerin, igsel
olarak elde edilen giincellenmis tahminleri bulunur. Daha sonra Gauss-Seidel
yineleme metoduna gore, bu giincellenmis tahminler sisteme yeniden verilir ve bir
sonraki giincellenmis tahminler elde edilir. Bu siireg, iki ardisik giincellenmis tahmin
birbirine ¢ok yakin (farkin 0.00001°’den daha kiiciik olmasi) ¢ikana kadar devam
eder. Boylece sistemin verdigi son giincellenmis tahminler, ekonominin kararl
durum degerlerini ifade eder. Bu yakinsama kriterine ulagabilmek i¢in tiim sistem

yaklasik 5000 defa yinelenmektedir.

Baglangi¢c ve son kararli durum ¢6ziim metotlar1 tamamiyla ayni olmakla birlikte,
sadece verilen digsal mali politika soku agisindan farklilik géstermektedir. Bununla
birlikte, sadece mali politika sokuna ait etkiyi gorebilmek icin, tiim parametreler ve
kisitlar hem baglangic hem de son kararli durum i¢in aymi segilmelidir.
Simiilasyonumuzda, sabit bir kayitdisi ekonomi bilyiikliigii altinda farkli gelir
vergilerinin etkileri incelenmistir. Ikincil olarak sabit bir gelir vergisi oran1 altinda
farkli kayitdist ekonomi biiyiikliiklerinin ekonomiye etkileri gozlenmistir. Bununla

birlikte, her iki durum i¢in de ayr1 ayr1 refah analizleri yapilmistir.

Modelde kullanilan parametre degerleri secilirken iki kritere dikkat edilmistir:
tutarlilik ve Tiirk ekonomisinin 2013 yil1 mali degerlerine uyumluluk. Modelsel
biitiinliigii koruyabilmek igin, parametrelerin ¢ogu Schmidt-Hebbel (1997)’den
alimmustir. Bu c¢alismanin Kalibrasyonu belirli bir iilke i¢in degil, herhangi bir
gelismekte olan iilkeye gore yapildigi icin, aymi degerlerin Tiirkiye’ye de
uygulanmasi uygun goériilmiistiir. Bununla birlikte tiretim parametreleri segilirken,
kayitl sektdriin sermaye yogun, kayitdisi sektoriin ise is giicli yogun olmasina dikkat
edilmistir. Birka¢ fayda fonksiyonu parametresi ise modelde ¢ikan mali degerlerin,

Tiirkiye’nin 2013 yili mali degerlerine uygun olacak sekilde dissal olarak seg¢ilmistir.

Bununla birlikte niifusun biiyiime oram Tiirkiye Istatistik Kurumu’ndan almmustir;
1.37 %. Emeklilik baglanma orani, 64.5%, OECD’den alinmistir (OECD, Pension at
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a Glance, 2013). Devlet harcamalarinin GSYH’ya orami ise Diinya Bankas1 veri
tabanindan elde edilmistir. Son olarak modelin zaman birimi, Auerbach ve Kotlikoff

(1987) ile uyumlu olarak, bir periyot bir yila denk gelecek sekilde kalibre edilmistir.

Simiilasyonlar boyunca su sorulara cevap aranmustir: Gelir vergisi ekonomiyi nasil
etkilemektedir? Kayitdisi ekonominin biiylikliigiiniin ekonomiye etkileri nelerdir?
Belki de en 6nemlisi; gelir vergilerinin ve kayitdisiligin toplum refahi tizerinde nasil
bir etkisi vardir? Bu sorulara cevaplar, bazi 6nemli makroekonomik degiskenler
hesaplanarak verilmistir. Bu degiskenler faiz orani, {icret seviyeleri, sermaye stoku,
i giicli arzi, toplam tiiketim, sosyal giivenlik sisteminin geliri ve toplum refahindan
olugmaktadir. Tiim modelin ayni parametrizasyonla, farkli sartlarda (farkli gelir
vergileri ve farkli kayitdisilik orani) ¢oziimiiyle elde edilen simiilasyon sonuglari,

uzun vade dengelerini karsilastirmali olarak vermektedir.

Simiilasyon sonuglari, kayitdisiligin ekonomiye verdigi zararimin g¢ok biiyiik
oldugunu gostermektedir. Sabit gelir vergisi altinda, kayitdisilik oran1 basamak
basamak artirildiginda goriilmiistiir ki, kayitdisi sektor biiyiidiikge neredeyse tiim
onemli makroekonomik degiskenler kotiilesmektedir. Yani, daha biiyiik kayitdist
ekonomi demek daha diisiik tiikketim, daha diisiik sermaye stoku, daha disiik is giicti
arzi, daha diisiik iicret seviyeleri ve daha diisik GSYH demektir. Bununla birlikte,
gelir vergisi orani sabit tutulmasina ragmen, kayitdigilik arttikga toplam vergi

gelirleri de ciddi dl¢iilerde azalmaktadir.

Bununla birlikte sabit bir kayitdisilik orani altinda, farkli gelir vergisi oranlarinin
ekonomiye etkileri incelendiginde, azalan vergi gelirlerini artirmak i¢in devletin
vergi oranlarini artirmasinin daha da kotii sonuglara yol actigini gdstermektedir.
Gelir vergisini %5°ten %35’e ¢ikardigimizda, devletin gelir vergisinden elde ettigi
toplam gelirin %73 arttig1 gériilmiistiir. Ama bu artis, GSYH’da 57%’lik, sermaye
stokunda ise 53%’liik bir azalisa neden olmaktadir. Ayrica, hem kayith hem de

kayitdist sektoriin vergi sonrasi net ticret seviyeleri de diismektedir.

Refah analizleri ise hem kayitdisilik biiyiidiigiinde hem de gelir vergisi oranlar
artirlldiginda toplum refahinin zarar gordiigiinii géstermektedir. Sonug olarak, devlet
toplum refahin1 diisiirmeden toplam vergi gelirlerini artirmak igin, vergi oranlarini

artirmanin ¢6ziim olmadigini gérmeli, bunun yerine kayitdisi ekonomiyi azaltmanin
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yollarin1 aramalidir. Bu amagla devlet gerekli yapisal reformlar1 yapmasi ve kayitdist
ekonomiyi kii¢liltmeyi basarmasi, GSYH, sermaye stoku ve fiicret diizeylerinde
belirgin bir artisi beraberinde getirmektedir. Daha da onemlisi daha diisiik vergi
oranlart ile daha yiiksek vergi gelirleri elde edilecek, dolayisiyla toplum refahi da

artacaktir.

Bu calisma, kayitdist ekonomiyi daha karmasik bir sekilde modelleyerek
gelistirebilir. Ornegin, kayitdis: ekonominin biiyiikliigii digsal olarak verilmek yerine
model icerisinde igsel olarak hesaplanabilir ve bu sayede vergi geliri artirlldiginda
kayith sektdrden kayitdist sektore gecisler gdzlemlenebilir. Hanehalklar1 yetenek
seviyesi ya da aldig1 egitim acisindan farklilagtirilabilir ve hanehalklariin her iki
sektorde de calisabilme varsayimi gevsetilebilir. Bu sayede ekonomi daha gergekgi
modellenebilir. Bununla birlikte, kayitdisi sektdorde neredeyse tiim ekonomik
transferler sadece para kullanarak yapildigi i¢cin modele para da dahil edilebilir. Son
olarak, bahsedilen genisletmelerle beraber bu model farkli sosyal giivenlik sistemleri
ve vergi reformu gibi mali politikalarin etkilerini goérebilmek icin rahatlikla

uygulanabilir.
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APPENDIX B

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstittisu

Sosyal Bilimler Enstitiisii X

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstittisi

YAZARIN

Soyadi : OZTURK

Adi : OZGEN

Boliimii : IKTISAT

TEZIN ADI (ingilizce) : Simulating The Turkish Economy Under

Informality

TEZIN TURU : Yiiksek Lisans X Doktora

. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi aliabilir.

. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir (1) yil silireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIiM TARIHI:

75




