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Abstract
Purpose — The purpose of this paper is to evaluate the impact of corruption on the environmental quality in
Tunisia. Indeed, the post-revolution period is characterized by a remarkable increase in the rates of corruption.

Design/methodology/approach — The direct and indirect effects of control corruption on economic
growth and CO, emissions in Tunisia have been examined using the autoregressive distributed lag (ARDL)
cointegration framework among corruption, growth and CO, emissions.

Findings — Results substantiate a positive and significant relationship between control of corruption and
economic growth, a negative and significant relationship between control of corruption and environmental
quality (CO,) and a negative and significant relationship between control of corruption and energy
consumption. The findings suggest that while the control of corruption contributes to economic growth, its
positive effect could be transposed indirectly via its impacts on environmental quality.

Originality/value — A strategy against corruption will reduce CO, emissions; however, its positive effect
on economic growth indirectly contributes to reverse this relationship.

Keywords Energy consumption, ARDL, Corruption, Tunisia, Carbon dioxide (CO5)
Paper type Research paper

1. Introduction

In recent years, an interesting research has shown significant economic implications of
corruption. On the basis of cross-national data, corruption has affected a large variety of
economic variables (Wei, 2000; Fisman and Svensson, 2000; Lambsdorff, 1999; Mauro, 1995;
Guetat, 2006). The negative effect of corruption on prosperity has been examined by several
papers (Mauro, 1995; Hall and Jones, 1999, and Kaufmann et al, 1999). In addition,
theoretical analyses and case studies have suggested that corruption is an important source
of environmental degradation by reducing the stringency of environmental regulations
(Fredriksson et al., 2004; Damania et al., 2003; Lopez and Mitra, 2000) or the effectiveness
with which environmental regulation is enforced (Hafner, 1998; Lippe, 1999), especially for
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PRR developing countries (Desai, 1998). However, the quantitative assessments of the
21 environmental effects of corruption are very rare, which increase the uncertainty regarding
the magnitude and significance of any such impact (Welsch, 2004). According to Grossman
and Krueger (1995), there is a threshold effect of corruption on environment. In fact,
corruption may lead to lower pollution at some income levels and to higher pollution at
others.
82 The aim of this paper is to provide an examination of the corruption—environment link. It
will quantify two distinct mechanisms through which corruption will influence pollution.
The first mechanism of connection is the direct impact of corruption on environmental
regulation and enforcement (Welsch, 2004). The second one is “indirect” through economic
growth. This is possible due to a link between economic growth and pollution described by
many studies. This literature shows the possibility of an inverted-U shaped relationship
between per capital income and pollution, commonly known as an environmental Kuznets
curve (EKC). However, at a certain level of economic maturity, this relationship[1] gets
reversed. By influencing the per capital income, corruption will therefore indirectly affect
pollution. The contribution of this paper is therefore to quantify both the direct and indirect
effects of corruption on environment in Tunisia. No previous study has attempted to analyze
how the level of corruption can affect environment in Tunisia.

Corruption is a global problem which reacts with force affecting all countries of the world
and all sectors of activities. In particular, African countries are mostly characterized by
weak institutions and poor governance (World Bank, 2010). Indeed, statistics on the
Corruption Perceptions Index (CPI) indicate that more than two-thirds of African countries
had a perception index below 3 in 2011, which implies that corruption is perceived as
endemic (Transparency International index 2012). The publications of CPI between 2004
and 2011 show that an average of four to five African countries are among the ten countries
perceived as most corrupted in the world. For Tunisia, the CPI rank declined rapidly to the
79th place in 2014, while it was 59th place in 2010. Also, according to a study by Global
Financial Integrity (2011) cited in a recent report by the World Bank, corruption costs
Tunisia more than 2 per cent of its GDP - its total cost is estimated at $1.2bn per year
(or $110/capital) during the period 2000-2008. Based on a perception study in 2011, the
Tunisian corporate governance central has sought to establish a barometer for measuring
and monitoring the level of corruption. This work is conducted through a questionnaire of a
sample of 250 citizens with the survey themes: the perception of corruption by sector, the
degree of acceptability of behavior corruption, the different attitudes to corrupt practices,
the assessment of government action to fight against corruption and measure the risk of
corruption. Findings from this study indicate that Tunisia should face the problem of
corruption because it is considered as the second problem after unemployment.

The very high level of corruption in Africa, particularly in Tunisia, coincides with poor
performance in sustainable development. According to the Environmental Performance
Index (EPI) 2010 (EPI, 2018), Tunisia is ranked in 74th out of the 163 countries of the world
and 5th in Africa, with a score of 60.6 out of 100. Thus, corruption affects environmental
regulations by introducing a bias, not only in the adoption process but also in the
implementation process and the application of these regulations (Welsch, 2004). In a country
marked by high levels of corruption, polluters or the extractors of natural resources can
escape environmental regulations by offering bribes to the administrative authorities
responsible for environmental regulation, (Wilson and Damania, 2005; Fredriksson et al.,
2004; Lopez and Mitra, 2000).

Also, corruption affects the environmental quality through the informal sector (Biswas
et al, 2011). Indeed, strengthening the informal sector increases pollution levels and leads to
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environmental degradation (Blackman, 2000; Blackman and Bannister, 1998; Biller, 1994). Effect of
The strict environmental regulations may encourage firms to migrate more toward the corruption
informal economy for maximizing their profit (Baksi and Bose, 2010; Chaudhuri and

Mukhopadhyay, 2006). These findings are consistent with the current Tunisian economic

situation. Indeed, according to the IMF, the share of the informal economy at the GDP level

is about 34 per cent in Tunisia. Also, the World Bank estimates that more than 50 per cent of

the Tunisian labor force is used in the informal sector which represents 38 per cent of the 83
GDP (Directorate General of the Treasury, 2018). We can conclude that the share of the
increasingly growing informal sector is one of the main factors of environmental
degradation.

The remainder of the paper is organized as follows; Section 2 examines the previous
largely theoretical literature about the relationship between corruption, economic growth
and environment degradation; while Section 3 outlines the methodology and data using an
empirical model. Section 4 analyzes the findings, and Section 5 provides conclusions and
policy implications.

2. Corruption, growth and environment: a literature review

Corruption continues to be a serious concern across the globe (Goel and Nelson,
2010). Corruption is defined by Transparency International, which produces one of the
most commonly used corruption indexes; as the abuse of uninterested power for private
gain. It is also defined as an act in which public authorities use their power to obtain
personal benefits by circumventing the rules of the game (Jain, 2001). Corruption is the
misuse of public office for private gains (Bardhan, 1997), and its economy-wide effects
are shown by Swaleheen (2011); Treisman (2000) and Damania ef al. (2003). Stiglitz
(2002) affirms that the “government is supposed to act in the interest of citizens, not to
use its enormous power to benefit its leaders or special interests at the expense of the
general public”.

Reducing corruption and its effects requires an understanding of its causes (Dong et al.,
2012). Thus, economic literature addresses the determinants of corruption (Ades and Di
Tella, 1997, 1999; Del Monte and Papagni, 2007; Shleifer and Vishny, 1993). Treisman (2000)
argues that the level of corruption depends on the balance between the costs associated with
being corrupt and the benefit from it. The economic variables related to corruption
determinants and its effects on economic growth are also analyzed (Guetat, 2006; Mauro,
1995, 1998). Wu ef al (2010) find that in low-income countries, corruption acts as an
economic disincentive because it distorts the effect of public expenditure on economic
growth. Salinas-Jiménez and Salinas-Jiménez (2007), analyzing corruption, productivity and
economic growth in 22 OECD countries during the 1980-2000 period, show that corruption
negatively influences the growth performance of advanced economies.

Fisman and Svensson (2000) develop a theory of environmental policy, taking into
account corruption and political instability. According to them, corruption has a negative
effect on the strictness of environmental regulations, but this effect fades away as political
instability increases. The effects of corruption on the environment are shown by Wilson and
Damania (2005), Damania et al. (2003), Desai (1998) and Cole (2007). Political instability may
allow the lobby groups to bribe the government on the aspects of regulations or distort the
regulations related to pollution control measures that may favor them. But, the government
may not maintain its power sufficiently to implement the desirable regulations. Corruption
affecting environmental issues is more frequent in developing countries with higher political
instability and weaker institutions (Lopez and Mitra, 2000).
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PRR According to Costantini and Monni (2008), the environmental quality is positively
21 affected by the institutions’ quality. Cole and Fredriksson (2009) conclude that countries
with weak environmental institutions will attract an intensive pollution industry. Bernauer
and Koubi (2009) show an empirical evidence of an independent positive effect of the
democracy level on air quality.
Damania et al. (2003) point out that in developing countries corruption is the main factor
84 affecting environmental degradation. Arrow ef al. (1995) argue that in poor countries,
material welfare is more important than environmental degradation. Desai (1998) finds
empirical evidence for the effect of corruption on environmental degradation by examining
ten developing countries.

Barbier et al. (2005) highlight that in Asia, South America and Africa, deforestation is a
result of government’s support to large-scale plantations, timber harvesting and cash crops.
These policies are also responsible for the depletion of natural resources and loss of
biodiversity.

Fredriksson ef al. (2004) study the effect of corruption on energy policy. They reveal that
the effect of corruption on the energy policy is identical to that on environmental policy.
They prove that more corruption means less stringent pro-environment policies. Damania
et al. (2003) investigate the interaction between corruption, trade and environmental policy.
They conclude that more corruption leads to less environmental regulations, whereas more
trade policy liberalization leads to more environmental regulations. According to
Fredriksson (1999), open trade increases the incentives to put pressure on government’s
decisions on environmental policy. According to Welsch (2004) corruption affects pollution
directly and indirectly.

3. Analytical framework and methodology

3.1 Analytical framework

The study is based on the conceptual framework of endogenous growth theory and the
environmental Kuznets curve (EKC). The consideration of this double theoretical anchor can
simultaneously identify the direct and indirect effects of corruption on the environmental
quality. Corruption has a direct effect on the environmental quality by weakening
environmental regulations and an indirect effect through economic growth channel (Welsch,
2004; Lopez and Mitra, 2000). Our study uses the methodology used by Cole (2007). To
identify the different theoretical effects of corruption on the environment, we use the
following functional forms:

GDP; :f(ECt, COZ[, CC;, ii’li);) (1)
coz = 7(GDP.. GDP?, CC, ) @
EC, = £(GDP;, C02,, CC;, POP) )

GDP is the gross domestic product per capital. It is used as a proxy for economic
growth. CO2 is emissions of carbon dioxide per capita and used as a proxy for
environmental quality. CC is the level of the control corruption; the variables that define
corruption are extracted from the World Bank “responsible use his position a public
service to its own benefit.” The CC index is a standardized continuous quantitative
measure (centered and reduced variable), which varied between —2.5 (high level of
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corruption) and 2.5 (minimum level of corruption). The control of corruption captures Effect of
perceptions of the extent to which public power is exercised for private gain, including corruption
both petty and grand forms of corruption, as well as “capture” of the state by elites and
private interests. INV is investment ratio to GDP, EC is the energy use per capital and
POP is the total population.

The annual data cover the period between 1984 and 2012. These data are collected from
the WDI (2013) for GDP, energy consumption (EC), CO2 emissions (CO2), population (POP) 85
and investment (INV). The level of the control corruption (CC) variable is extracted from
WGL

3.2 Methodology

Most studies of causal relationships for a time series emphasize vector autoregression (VAR)
modeling to highlight the relationships between the variables studied. Also, the study of the
existence of cointegration relation between these variables is based on the usual tests,
namely, the Johansen test. However, the implementation of this method requires that the
series be integrated in the same order. However, in most macroeconomic series, this
condition is not verified (Nelson and Plosser, 1982). In response to this shortcoming, Pesaran
et al. (2001) defined the autoregressive distributed lag (ARDL) approach, taking into account
the shortcomings of the VAR model.

3.2.1 Unit root test. The previous hypothesis of the analysis of the model ARDL states
that the variables may be either (I1) or (I0). To avoid erroneous results, we conducted unit
root tests to verify that the series are not integrated of order two or more. To do this, our
study has used three unit root tests. In addition to, the traditional Phillips—Perron (PP)
and augmented Dickey—Fuller (ADF) tests, we have used the unit root test procedure
developed by Zivot and Andrews (1992) who allow taking into account the breaks in the
deterministic terms to test the stationarity of the variables. The main advantage of
the Zivot—Andrews test is that the timing of the structural break is endogenously
determined.

3.2.2. Bounds tests. To assess the impact of corruption on energy consumption and
environmental quality in Tunisia, we rely on the ARDL model developed by Pesaran and
Shin (1999). This model has been extended by Pesaran et al. (2001). The use of this model is
justified by the fact that it takes into account both short- and long-term relationships of the
tested variables. Also, the ARDL model allows estimating variables of different levels of
integration [I(1) and I(0)]. According to Pesaran et al. (2001), the cointegration test is based on
F-statistic. The Fisher statistic assumed that the coefficients in level variables are all equal
to zero and under the alternative hypothesis that none of the null coefficients, which means
no cointegration between the variables, are studied. Thus, to study the total effect of
corruption on energy consumption and environmental quality, we use the representations
ARDL of the equations (1), (2) and (3):

AGDP; = ay + a1 GDP;_1 + aoECi_1 + a3CO2;_1 + ayCCi_1

m n b
+asINV;_ + ZB 1wAGDP;_; + ZB % AEC ; + ZB 5ACO2;
pry =0 =0
q !
+> BiACC_i+ > B5AINV,; + & )
=0 i=0

Downl oaded from http://ftp. nowublishers.com prr/article-pdf/2/1/81/2120216/ prr-11-2016-0008. pdf by guest on 22 June 2026



PRR

91 ACO2; = ay + 1CO2 1 + asGDPy_1 + asGDP? 1 + ayCCyy + Y B1,ACO2;

=0

n b q
+ Y ByAGDP,_i+ > ByAGDP} i+ +> ByACC ;i + &
i=0 i=0 i=0

86 ©)

AECt = ap + ocht,] + agGDP¢,1 + ClgCOZf,] + a4CC¢,1 + asPOPt,] + ZBliAECFi
=0

n b q l
+ Y BuAGDP_i+ Y ByACO2_ i+ Y B4ACC_; + > B5APOP,_; + &

=0 =0 =0 =0

©)

In the equations, A denotes the first difference operator; aq represents the constant, and
g represents the error term. The coefficients of 81 to B85 illustrate the short-run dynamics in
each function. Those associated with the «; parameter, with 1 # 0, represent the long-run
dynamics of the respective models.

The bounds test is based on the Fisher test: the null hypothesis (H0) warrants the absence
of cointegration among the variables against alternative hypothesis (1) which proved the
existence of cointegration among variables: HO: aq = as = a3 = ay = a5 = 0 versus H;: ap #
as # ag # ay # as # 0. Pesaran suggest two sets of critical values for a given significance
level. Assuming that all variables included in the ARDL model are integrated of order zero 1
(0), the first level is then calculated. The second level is calculated assuming that the
variables are integrated of order one I(1). In case the computed F-statistics are above the
higher critical bounds, the null hypothesis of no co-integration is rejected whether the series
is 1(0) or 1(1), so co-integration is verified. In the opposite case where the computed F-statistic
falls below the lower critical value, the null hypothesis cannot be rejected, indicating no
co-integration. Finally, if the computed test statistics lie between the bounds, no conclusion
can be made without calculating the integration order of the regressors.

3.2.3 Identifying the impact of corruption on pollution. The total effect of corruption on
economic growth, environmental quality and energy consumption consists of two effects: a
direct effect which reflects the degree of government regulation and an indirect effect
through economic growth. These effects can be expressed as follows:

oY 9Y LOE  9Y L OEC

9 T 9E e T OEC dec @
dE  OE OE . 0Y
- = ok T
dcc occ + oY Occ ®)
OEC  OEC . OE  OEC . 0Y
_ A A S
dcc T OE o T OV o ®

Where E, CC, EC and Y denote per capital pollution emissions, control of corruption, energy
consumption and per capital income, respectively.
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Referring to equation (1), it should be noted that the inclusion of energy consumption and
CO2 emissions terms implies that 6 Y/8 E'is a function of the level of per capital emissions
and 8 Y/8 EC is a function of the level of per capital energy use. In equation (2), it should be
noted that the inclusion of quadratic income terms implies that § £/6 Y is a function of the
level of PIB per capital income. Finally, in equation (3), it should be noted that the energy
consumption is based on the variables according to GDP by capital and CO2 emissions.
Therefore, they are the indirect effects as a whole.

4. Results and discussion

In this paper, we have used ADF, PP and Zivot—Andrews methods to investigate whether
corruption, energy consumption, carbon emissions and economic growth in Tunisia are
stationary from 1984 to 2012. The results of unit root tests are presented in Table L

We have chosen the critical value level to be at 5 per cent. The results of ADF and PP in
Table (I) indicate that all #-values of level analysis are more than the critical value at 5
per cent significance, which accepts null hypothesis and indicates the existence of a unit root
value. However, all #-values of the first difference analysis are less than the critical value at 5
per cent significance level, which rejects null hypothesis and indicates the absence of the
unit root value. The Zivot and Andrews (1992) test suggest that GDP, CO2, EC, GDP2, INV
and DC variables are non-stationary in levels. The f-values of the level analysis are more
than the critical value at 5 per cent significance, which accepts null hypothesis and indicates
the existence of the unit root value. However, in the first difference analysis, all t-values are
less than the critical value at the 5 per cent significance level, which rejects null hypothesis
and indicates the absence of the unit root value. For the (POP) variable, the f-values are
above the critical threshold value of 5 per cent which indicates the absence of the unit root
value in Level I(0).

The Zivot and Andrews (1992) test provides mixed results for the integration order.
Therefore, bounds tests are used to analyze the long-term relationship between corruption,
energy consumption, economic growth and environmental quality. The bounds test for level
relationships is presented in Table II.

The results of the bounds test in Table (II) indicate that the value of the F-statistic is more
than the upper-bounds critical value at 5 per cent in the three studied models. Therefore, we
can conclude the existence of long-run relationships between growth and other variables, the

ADF test PP test Zivot—Andrews

Variables Inlevel  Firstdifference Inlevel  First difference In level First difference
GDP 0.8970 —5.240 0.974[1] —5.256[2] —3.8270(1989) —7.8580 (1992)
CO2 —0.103[1] —7.9490 —0.202(1] —7910[1] —3.437[2]1(1996) —8.5470 (1990)
EC —0.209[1] —9.4040 —0.281[8] —8.721[2] —4.289[2](2005)  —13.000 (1991)
GDP2 1.0180 —5.120 1.089[1] —5.136[2] —3.5290 (1989) —7.6840 (1992)
Inv —1.5560 —6.6070 —1.435[2] —6.727[2] —4.3060 (2001)  —7.0170 (2006)
POP —1.004{2] —2.798[3] —1.004{3] —2.321[2] —6.758[2] (2002)

CcC —2.0550 —4.920 —2.0550 —4.939[4] —2.9050 (2001)  —4.5740 (1999)

Notes: SC is used to choose the number of optimal delays for the ADF tests, whereas “Bandwidth” is used
for PP tests. The critical values related to ADF and PP tests were provided by MacKinnon (1996). The
bracketed figures represent the delay levels based on the information criterion of Schwarz. Figures between
square brackets represent Newey—West bandwidth’s automatic selection using the Bartlett kernel. Note
that only the constant is included in tests. [.] Numbers of lag lengths. Numbers in brackets are the break
year

Effect of
corruption

87

Table 1.
Unit root tests
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PRR long-run relationships between CO2 emissions and other variables and the long-run
21 relationships between energy consumption and other variables. The obtained results from
’ the bounds test are confirmed by the error correction model in each equation. The ECM(—1)
terms is negatively significant at the 5 per cent level. The null hypothesis of no cointegration

is rejected.

After confirming the existence of a long-run relationship between the variables of the three
88 models, we proceed in a second step to estimate the long- and short-run effects between

endogenous and exogenous variables in Tunisia. The long-run results are present in Table I11.
The results of Table III allow us to identify the nature of the relationship between our
variables. Thus, according to the results of the equation of the growth, we note that the
consumption of energy positively and significantly affects the economic growth: any
increase in a point of GDP is accompanied by an increase in the amounts of energy used by
1.6 points. The results show a strong positive correlation between the growth level and the
energy consumption in Tunisia. In fact, Tunisia is one of the developing countries where
any increase in the level of GDP causes the consumption of additional quantities of energy.
Thus, the adoption of a conservation energy policy in the region must take into account the
risks of a negative impact in the short and long term. Also, the coefficient associated with
CO2 is significantly negative in the long term: the increase in income levels is accompanied
by a reduction in the quantities of pollutants. This result confirms that Tunisia will reach, in
the long term, the threshold level of income which will allow it to reverse the relationship
between GDP and emissions of CO2. In fact this result can be justified by the strategies
pursued by the Tunisian Republic for the fight against climate change. Tunisia has
implemented several programs since the creation of the National Sanitation Board, which

ecm(—1)
Dependent variable Lag selection coef t-value  F-statistic  Decision
F(GDP\EC, CO2, CC, INV) 2,3,33,3) —1.1651 —4.7975 4643464  co integration
F(CO2\GDP, GDP2, CC) 0,32,2) —1.1381 —59995  4.123260  co integration
FEC\GDP, CO2,CC, POP) (332,33 —3.3148 —7.8990 8145328  co integration
Lower-bound critical value at 5% Upper-bound critical value at 5%

k=3 2.79 3.67

Table II. =4 256 349

The bounds test for
level relationships Notes: Lower- and upper-bound critical values are taken from Pesaran et al. (2001); Table CI(ii) Case I

F(GDP\EC, CO2, CC, INV) F(CO2\GDP, GDP2, CC) FECGDP, CO2, CC, POP)

Variables Coefficient t-statistic Coefficient t-statistic Coefficient I-statistic

GDP - - —0.44273 —11.0385%** 0.52889 15.4558***

GDP2 - - 0.065880 13.3839%#*

EC 1.6105 11.7594%%% - -

CO2 —0.45552 —2.5385%* - - 0.17589 3.4089%*

CcC 0.19641 6.4465%#* —0.080834 —1.8625* —0.075288 —6.15807%#*
Table III INV 0.49948 4.15947#% - -

N . POP - — — - —0.049184 —9.3281%#%
Estimated longrun ¢ 24016 —3.0504%+ - - 2.3204 9.3525%+
coefficients using the
ARDL approach Notes: *** ** and *denote statistical significance at the 1%, 5% and 10% levels, respectively
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enabled it to reach a connection rate to the public sewerage network of 88.7 per cent. Effect of
Management of household waste And assimilated, through the establishment of a network of 10 corruption
controlled landfills and 48 transfer operations in operation, and 10 other controlled landfills and

60 transfer centers under way, increasing the rate of household waste management In controlled

landfills from 45per cent in 2007 to 93 per cent in 2011.

The results equations (1) prove that the coefficient associated with the variable control of
corruption is positive and significant. Thus, any increase in the level of control of corruption 89
stimulates economic growth. An improvement in the level of control of the corruption by a
point increases the level of GDP by 0.196 point. We can conclude that corruption negatively
affects the growth and improvement in the control level of corruption fact reduces this
negative effect. This is explained by the fact that corruption reduces the investment, affects
the public expenditure and reduces growth. Our results are consistent with the empirical
literature (Delgado et al., 2014, Acemoglu et al., 2003; Mauro, 1995) .

In equation (2), we have proved, as in the first finding, that the environmental Kuznets
curve is well justified in its quadratic form and it takes the form of a reverse U. In fact, the
coefficient associated with the variable GDP is negatively significant, whereas the
coefficient associated with the GDP2 is positive and significant. Indeed, the long-run
elasticity of CO2 emissions with respect to income is y = 0,1317 GDP-0,4427.

In the second finding, the results indicate a significant negative relationship between the
control of corruption and the quantities of COZ2 in the atmosphere. Any increase in the level
of control of corruption by a point reduces the quantities of CO2 by 0.0808 point. This is
explained by the fact that the increase in the level of control of corruption, expressed by a
regulatory policy and imposition of the tax laws, obliges the polluters to reduce their
emissions and meet the standards of the country. In other words, corruption has the effect of
weakening the environmental regulations by introducing a bias, not only in the adoption
process but also in the process of implementation or implementation of these regulations
(Wilson and Damania, 2005; Fredriksson et al, 2004). In the case of Tunisia, the sectors,
structures or services (the security services, the customs) are considered to be the most
affected by corruption.

From the results of equations (3), we note that the coefficient associated with the variable
GDP is significantly positive. Any development in the level of GDP by a point increases the
quantities of energy used for the loan by 0.529 point. In effect, the Tunisian economy is in its
transitional phase where the increase in GDP encourages firms to use more luxury goods
(air conditioning, electric heating, cars). Besides, the number of vehicles in Tunisia was
estimated to reach 1.8 million by 2015, with an increase of 70,000 cars per year [the technical
agency of Land Transport (ATTT)].

The variable control of corruption admits a negative and significant coefficient in 1
per cent. Any increase in the level of control of corruption by a point reduces the quantities
of energy used by 0.075 point. This is explained by the growing illegal demand for gasoline
coming from Libya. The informal sector is the third problem from which Tunisian
companies complain. While it is 38 per cent in the region of the European Bank for
Reconstruction and Development, London, and 40.2 per cent in the south and east of the
Mediterranean, the rate of businesses which are in competition with the informal sector is
45.2 per cent in Tunisia. The magnitude of this phenomenon is far from decreasing with
time; quite the contrary, it is increasing as the share of the informal economy in the GDP
increased from 30 per cent in 2010 to 38 per cent in 2013.

The regression for the underlying ARDL equation fits very well, and the two models
[equations (1) and (2)] are significant at the 1 per cent level. In fact, as shown in Table IV,
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PRR none of the estimated models have serial correlation, heteroscedasticity, non-normality, gold
21 functional form.
In addition to the diagnostic tests, the stability tests of co-integrated parameters (CUSUM
and CUSUMQ) confirm a stable long-run equilibrium. These tests for parameter of stability
based on the residuals recursive regression have been developed by Pesaran and Shin (1999).
In a final step, we determine the total effect of corruption on the quality of the
90 environment. Referring to equations (7), (8) and (9), the calculations of our results are
presented in Table V.

The results indicate that the control of corruption admits a direct positive effect on growth.
The improvement of the regulatory system stimulates the growth in a direct way. However,
our results indicate a total negative effect. The indirect effects through the consumption of
energy and the quality of the environment dominate the direct effect. This finding is
explained by the more or less important weight in the informal sector in Tunisia. In effect, a
loan of 40 per cent of GDP is of the provenance of the informal sector. As well, any increase in
the regulatory system is going to disrupt the share of GDP from the informal sector. Also, the
dominance of indirect effects can be evidence for the hypothesis of the Le Havre pollution.
The majority of investors install their project in developing countries, Tunisia is an example,
as these countries are characterized by a tax system more or less fragile, enabling them to
issue additional quantities of pollutant without anyone going against it.

The results also indicate that the control of corruption admits a direct negative effect on
the quality of the environment. Any increase in the level of control is a decrease in the
quantities of CO2 emitted in the atmosphere and all the increase in the level of corruption is
an increase in the quantities of the pollutant. In other words, corruption affects directly the
quality of the environment in Tunisia. In addition, the indirect effect of the control of
corruption on the rates of emission of CO2 per head is positive. An increase in the level of
control of corruption by 1 per cent leads to an increase in the rate of emissions of CO2 per
head of 0.11355 per cent via the economic growth. Indeed, improving the level of real GDP/
Head, Control of Corruption contributes to the increase of the rate of CO2 emissions per
head. The indirect effect of the control of corruption is therefore greater than the absolute
value of the direct effect. Therefore, the net effect of the control of corruption on the quality
of the environment is positive in Tunisia. An increase in the level of control of corruption of
1 per cent increases emissions of CO2 by 0.0327 per cent. Corruption will affect the quality of
the environment in Tunisia, more via the evolution of real GDP/head than by the weakening
of environmental regulations. This result is explained by the non-political stability of the
country; any increase in the control and environmental regulation encourages the polluters

F(GDP\EC, CO2, CC,INV)  F(CO2\GDP, GDP2,CC)  FEC\GDP, CO2, CC, POP)

Tests LM Version LM Version LM Version
Serial correlation® 1.5181[0.218] 0.62585[0.429] 9.4127[0.002]
Heteroscedasticity” 0.46259[0.496] 2.1269[0.145] 8.6145[0.003]
Normality® 0.42701[0.808] 0.16184[0.922] 1.2189[0.544]
Functional form? 0.49616[0.481] 0.0086605 [0.926] 0.39642[0.529]
CUSUM Stable Stable Stable
CUSUMQ Stable Stable Stable
Tgble IY' Notes: “The Breusch-Godfrey LM test statistic for no serial correlation; "the White test statistic for
Diagnostic test homoscedasticity; “the Jarque—Bera statistic for normality; %the Ramsey Reset test statistic for regression
results specification error
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PRR to migrate more toward the informal economy (Baksi and Bose, 2010). This result shows

21 quite simply that the relative effect of growth on the quality of the environment is higher. As
well, as Perkings (2003) indicates, the depth and the main gap should take care of the
environmental experience acquired from developed countries through the transfer of
technology “own”.

92 5. Conclusion and policy implications

The empirical analysis of the relationship between corruption, growth and environment has
not been studied in the case of Tunisia. The results obtained by the study of this relationship
allow us to define the economic and environmental policy which is appropriate for the
improvement of human well-being. In this study, we have analyzed empirically
the long-term relationship between corruption, economic growth and the quality of the
environment. The justification of this research is that the economic growth and the quality
of the environment are likely to be affected by the level of control of corruption.

The results of this study show the existence of a long-term relationship between
economic growth, corruption, consumption of energy and quality of environment. The test
statistics of bounds and the signs associated with the ECM confirm this finding. To
complement the results of the analysis of cointegration, we analyze the long-term
relationship between the variables through the ARDL model. The results prove that
corruption negatively affects the economic growth in the long term. The degradation in the
control of corruption by 1 per cent reduces the economic growth by 0.196 per cent. This
result seems to be in conformity with the economic theory (Popova and Podolyakina, 2014).
Besides, corruption has a direct positive effect on emissions of CO2 and the consumption of
energy. Any degradation in the environmental regulation encourages the polluters to issue
in advantage of additional quantities of pollutant and to extract quantities of more and more
enormous natural resources.

Aside from these direct effects, corruption has also been estimated to have indirect effects
on the growth and the quality of the environment. The results show that the indirect effect of
corruption (control of corruption) on economic growth is positive (negative). The increase in
the level of control of corruption (decrease of corruption) reduces the level of GDP through
the reduction of the informal sector. The results show that the indirect effect of corruption
environmental on emissions of COZ2 is negative. The improvement in the level of control of
corruption increases the quantities of pollutant via the channel growth. In effect, the
improvement in the control of corruption increases the level of GDP which itself increases
emissions of CO2. The relationship between growth and emissions is increasing.

The conclusion drawn from the sum of the two effects is that corruption has a total
positive effect on economic growth and a total negative impact on the quality of the
environment. This result seems to justify the economic theory (Cole, 2007) which
paradoxically encourages the State to take into account important policy implications that
can be presented as: the Tunisian authorities must implement a policy to reduce the share of
the informal sector. To lower the levels of informal employment, an important involvement
policy should take into consideration methods to make work in the formal sector more
attractive (Abid and Ben Salha, 2013). The public authorities need to simplify administrative
procedures, such as the registration of businesses. The State must set off regulatory
instructions to preserve the quality of the environment. These instructions can be in the
form of standards of emissions: use of solar heaters and the fixassions of quottat of
emissions for the industry; technical standard: installing filters for the most polluting plants.
Thus, the Tunisian Fund Anti-Pollution (FODEP 1995) provides grants to companies that
seek to reduce or eliminate pollution.
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1. For more details see Cropper and Griffiths (1994), Grossman and Krueger (1995), Hettige and al. Corruption
(1992), Martinez-Zarzoso and Bengochea-Morancho (2004), Selden and Song (1995). Recently, the
EKC has been approved by others namely Lean and Smyth (2010); Ozturk and Acaravci (2010);
Pao and Tsai (2010); Pao and al. (2011); Wang (2012), Song and al. (2008), Jalil and
Mahmoud (2009), Shiyi (2009), Alam and al. (2012), Fodha and Zaghdoud. (2010).
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