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ABSTRACT

The study aims to examine empirically the impact of GDP per capita as well as the crime rate on carbon emission. Because
these variables are endogenously determined we use Panel VAR methodology. The study contributes to the literature by
examining the nexus among the carbon emission, the crime rate and the GDP per capita. For the purpose of the study, we use
data for 21 European countries over the period 1996-2014. Panel Granger causality tests indicate that there is a bi-directional
causality between GDP per capita and homicide. Panel granger causality tests also indicate that there is a unidirectional causality
from carbon emission to GDP, and from carbon emission to homicide rates. Moreover, according to forecast error variance
decomposition results carbon emission explains 40 % of the variance of the GDP per capita. GDP per capita explains 60% of the
variance of the GDP per capita. Additionally, a high portion of variances of homicide rate and carbon emission is explained by
changes in these variables. According to impulse response functions; homicide rate decreases and carbon emission does not
change if there is a one time, one standard deviation shock to GDP per capita. Impulse response function results indicate that
GDP per capita decreases and carbon emission does not change if there is a one time, one standard deviation shock to homicide
rates. Moreover, impulse response function results show that GDP per capita increases and homicide rate increases if there is a
one time, one standard deviation shock to carbon emission. These results imply that GDP per capita increase would impact crime
negatively along the development path through direct and indirect channels. Even though the findings showing that GDP per
capita does not affect carbon emission conflict with some of the studies in the literature, the positive impact of carbon emission
on the economic wellbeing can be explained by the view granted by the Pollution Haven Hypothesis.
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Kisi Bag1 Gayri Safi Yurti¢i Hasila ve Su¢ Oraninin Karbon
Salintmi Uzerine Etkisi

(074

Calisma, kisi bast Gayrisafi Yurtici Hasila, su¢ oraninin karbon salinimi tizerine etkisini incelemektedir. Calisma, su¢ ve kisi
bast Gayrisafi Yurtici Hasila’nin etkilestigi ve karbon salinimi tizerine dogrudan ve dolaylt olarak etkilerde bulundugu tizerine
teorik olarak kurgulanmustir. Bu ¢alisma ilgili literatiire, karbon salinimi, kisi bast Gayrisafi Yurtici Hastla ve cinayet oranlart
arasindaki iliskiyi inceleyerek ve bunu yapan ilk ¢aligma olmast nedeniyle katkida bulunmaktadir. Calisma, 1996-2014 periyodu icin
21 Avrupa Birligi tlkesi verisini kullanmaktadir. Degiskenler arasindaki etkilesimi ve igsel belirlenmeyi dikkate alan Panel VAR
ckonometri yontemi kullanilmistir. Panel Granger nedensellik sonuglart kisi bast Gayrisafi Yurtici Hasila ve cinayet oranlart
arasinda iki yonli nedensellik ve karbon salinimindan, kisi bagt Gayrisafi Yurtici Hasila’ya tek yonli nedenselligin oldugunu
gostermektedir. Varyans ayristirma sonuglarina goére karbon salinimi, kisi bagt Gayrisafi Yurtici serisindeki degisimin %040’lik
kismuini agiklamaktadir, kisi bast Gayrisafi Yurtigi Hasila ise kendinde olan degisimin %060’lik kismini aciklamaktadir. Bunlara
ilaveten, cinayet orani ve karbon saltnimi degiskenleri ise kendilerindeki degisimi en yliksek yiizdeyle actklamaktadirlar. Etki-tepki
analizi sonuglary; kisi basina Gayrisafi Yurtici Hasila’ya bir kerelik, bir standart hatalik sok gelmesi durumunda , cinayet oraninin
azaldigint , karbon saliiminin da ayni sokla karst karsiya oldugunda degismedigini géstermektedir. Etki tepki sonuglart;  cinayet
oranina bir kerelik, bir standart hatalik sok gelmesi durumunda kisi bast Gayrisafi Yurtici Hasilanin azaldigini , karbon saliniminin
ise aymt sokla karst karstya oldugunda degismedigini géstermektedir. Bunlara ilaveten, etki tepki analizi sonuglary; karbon
salintmina bir kerelik, bir standatt hatalik sok gelmesi durumunda kisi bast Gayri Safi Yurtici Hastlanin arttigint ve cinayet oraninin
da aymt sokla karst karsiya oldugunda artugini gostermektedir. Aragtirma bulgulars; kisi bast Gayri Safi Yurtici Hasilanin, cinayet
oranini ekonominin kalkinma patikast boyunca dolayli ve dolaysiz kanallar araciligtyla negatif etkiledigini géstermektedir. Her ne
kadar kisi bast Gayri Safi Yurtici Hasdlanin  karbon saliimini etkilemedigi ilgili literatiirdeki bazt calismalarla celisse de, karbon
saliniminin kisi bast Gayri Safi Yurtici Hastlayr arttirdigy Kirlilik Siginagt hipotezi gergevesinde ele alinabilir.

Anahtar Kelimeler: Karbon Salinimi, Kisi Bagt Gayrisafi Yurtici Hastla, Cinayet Orani, Cevresel Yikim, Panel VAR.

1. Introduction

Carbon dioxide (CO,) emissions from the burning of fossil fuels are the main cause of global warming
(IPCC 2014). The statistics about the carbon emission level show that the carbon emissions expanded by
the factor of three in the 2000s compared to the 1990s (de Vries and Ferrarini, 2017; 213-215). Economic
processes including production, consumption of goods and services or extraction of raw materials result
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in environmental degradation so that there should be certain control measures to prevent excessive usage
of fossil fuels.

As ctiminals/offenders would be discounting highly the future consumption levels (Dilulio, 1996; 6-
12) including the consumption of environmental goods, the regions with a high crime rate might face
severe environmental degradation. The environmental consequences of criminal activity might be
significant even they are not very apparent likewise its economic or moral consequences. Crime rate and
the level of economic activity at the local level are related since participating in crime increases with a
reduction in the opportunity cost of ctrime measured by the income loss if arrested. On the other hand,
crime activity would affect economic activity by affecting the level of investment in the region.

There are several empirical studies in the relevant literature implementing causal inference methods
showed that police forces negatively impact the crime rate (Lin, 2009; Chalfin and McCrary; 2018). On the
other hand, countries using police forces and other crime prevention system to deter ctime exhaust
important portion of the government budget affecting the public funding for environmental preservation.
Therefore, public funds directed to the high crime rate locations would affect indirectly the environmental
preservation in the country.

Because economic activity and living conditions are under permanent threat of criminal activities and
the quality of life is already low from many dimensions in locations with high crime rates, people, or firms
more likely to underinvest in green technologies leading to environmental degradation. Additionally,
residents would not be willing to invest in high pollution abatement costs as there would not be a social
convention on the clean environment in places with a high crime rate.

There are few studies in the literature on the nexus between crime and pollution. Skudder et al., (2017;
365-367), Pease (2009; 12-15) argue that the carbon cost of crime arises because the replacement of
damaged property requires reproduction. Moreover, offices of the criminal justice system (police, legal
defense, and probation, prison and jury services) would run overtime in the case of rising crime rate
resulting in high carbon emission (Skudder et al., 2017; 357)".

Becker (1968; 180-200) analyzes crime participation behavior by economic incentives as well as
disincentives imposed by ctiminal justice. According to Becket's (1968)'s approach, an individual would
commit a crime if the expected payoff from committing the crime is greater than its expected cost. It can
be argued that the expected benefit of committing property crime for the individual suffering from low
income would be high since the marginal utility of an additional dollar would be very high. Moreover, for
personal crimes such as homicide, the individual would become more likely to commit the crime if the
opportunity cost of committing a crime is low that would be relevant to arrest rate or the severity of
punishment. Moreover, the opportunity cost of crime increases with economic return markets provide in
exchange for its skills, or endowments.

There are several studies on the nexus between economic growth and carbon emission level. Since the
seminal work of Grossman and Krueger (1993; 1995) several empirical researches have been undertaken
to investigate the inverted-U shaped relation between economic growth and carbon emission called as
Environmental Kuznets Curve (EKC). Namely, these studies (Selden and Song, 1994; Bimonte et al.,
2001; Shahbaz et al., 2013) show that carbon emission increases with GDP per capita till certain threshold.
EKC implies that laws and regulations on environment is endogenous to the GDP per capita. In other
wotds, society would demand clean environment, which is normal good, as they obtain higher GDP per
capita. Therefore, the EKC implies that rigidity of environmental laws (such as water pollution control,
land pollution policy or solid waste disposal policy) is correlated with economic development (Panayotou,
2016; 140-148).

On the other hand, there are also studies in the relevant literature which show that the there is a
positive impact of economic growth on carbon emission while it is not concave as argued by EKC (Holtz-
Eakin and Selden, 1995; Azam, 2016). Moreover, there are also studies in the relevant literature showing

* Skudder et al., (2017) argue that the greenhouse gas emission cost of crimes differs across crime types. For example; personal
crimes including homicide, wounding and sexual offenses have low total carbon emission costs since few goods are there to be
replaced.
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that economic growth does not have any impact on the carbon emission (Agras and Chapman, 1999;
Richmond and Kaufmann, 20006).

Carbon emission might affect the GDP per capita in various ways. Carbon emission by affecting
water/air quality (Jacobson, 2008; 1-5) would negatively affect the market value of agricultural (final)
goods, or leads to a decrease in the quality of raw materials, agricultural inputs. Additionally, an increase in
carbon emission worsens people’s health conditions (Watson et al., 2005; 836-838) leading to a decline in
workers' productivity and a decrease in GDP per capita.

Carbon emission might affect crime in various ways. An increase in carbon emission would decrease
the quality of life, such as a reduction in water/air quality which would affect the opportunity cost of
committing a crime. Moreover, it can be argued that as individual decides every day on whether to
consume/produce less carbon emission-intensive goods and setvices, he basically decides about morality,
in the environmental sense, of his economic behavior which would not very irrelevant to likelihood to
undertake criminal activity such as the fraud or the property crime. Additionally, Kuo and Sullivian (2001;
345-350) argue that a clean environment affects positively the mood and attitudes contributing to the
societal interactions in the neighbor that would negatively impact domestic violence.

Moreover, GDP per capita might affect indirectly the crime rate through its impact on environmental
degradation. Since GDP per capita would decrease the environmental degradation as emphasized by the
EKC (Selden and Song, 1994; Bimonte et al., 2001; Shahbaz, 2013), it would decrease the opportunity
cost, and incentive to commit a crime. On the other hand, economic stagnation by increasing the crime
rate (Mehlum et al., 2005; 329-332) might lead to environmental degradation.

Additionally, an increase in GDP per capita would contribute to the public resources devoted for
human capital accumulation which would decrease the future crime rate due to an increase in the
opportunity cost of committing a crime (high wage rate) as well as an increase in awareness of social and
moral consequences of committing a crime. An increase in education also decreases the crime rate against
the environment as the individual becomes more integrated into social life and is provided more
opportunities to derive higher life quality complementing with clean environment. GDP per capita
increase would also provide more resources to be used for crime prevention such as an increase in police
forces, and an increase in wage level for police forces motivating high arrest rate and intensive monitoring
over crime areas. Moreover, technological capacity in crime prevention that contains the high technology
security systems monitoring crime intensive areas would advance with GDP per capita.

Endogenous determination of variables of environmental degradation, crime rate and GDP per capita
can also be emphasized through income inequality. Suppose that the economy for poor countries grows
where there are plenty of people living below the poverty line and the crime rate is high due to the low
opportunity cost of committing a crime. As the economy grows there would be people moving from
lower-income class to higher income class that would possibly decrease the crime rate. If markets do not
deliver economic returns equally among members of society, people might use the crime market to
complement their legal earnings or become alienated from society and commits a crime (Kelly, 2000; 535-
537). Therefore, if the income inequality persists along the development path, even the number of people
below the poverty line decreases, the environmental degradation, as well as the crime rate, might stay at a
certain level.

The environmental degradation particulatly due to production and consumption activities (at the
climbing side of the EKC) might result in certain irrevocable natural consequences such as soil erosion, ,
global warming or water pollution. For example, it is argued that the consequences of Hurricane Katrina
were magnified by the unwise coastal development and activities of oil and gas drilling (Brisman, 2007,
728-730). Therefore, environmental degradation might result in great loss in human and physical capital
and in natural resources in irrevocable ways that would generate a great loss in future GDP levels.

The study aims to examine empirically the impact of GDP per capita as well as the crime rate on
carbon emission. Because these variables interact and are endogenously determined we evaluate the direct
and indirect effects of these vatiables on the carbon emission by using Panel VAR methodology that deals
with endogeneity. The study uses data for 21 European countries for the period of 1996-2014.
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The paper is one of the few empirical studies exploring the nexus between carbon emission and crime
rate. Additionally, the paper contributes to the literature by being the first empirical investigation on the
nexus between environmental degradation, crime and economic outcome nexus. The paper is structured
as follows. The second section discusses data and methods which is followed by the section on the
empirical results. The conclusion section wraps up the findings of the paper.

2. Material and Methods

This study uses data for 21 European countries for the period of 1996-2014. The countries are;
Australia, Austria, Denmark, Crotia, Czech Republic, Finland, France, Greece, Germany, Hungary,
Ireland, Italy, Netherlands, Poland, Romania, Slovenia, Slovak Republic, Spain, Switzerland, Sweden,
United Kingdom. The sample period and the countries in Europe are selected according to data
availability. Table 1 illustrates the variables used and the sources for these variables.

Table 1. Variables and Source
Variable
Carbon Emission (in Logarithm) (CO2, Metric tons per capita)
GDP per capita (in Logarithm) (GDPPC, Constant §)
Intentional Homicides (in Logarithm) (per 100,000 people)

Source
World Development Indicators
World Development Indicators
World Development Indicators

Table 2 displays the descriptive statistics for the variables.

Table 2. Descriptive Statistics

Variable Observation Mean Std. Dev. Minimum Maximum

D.CO2* 378 -015 .054 -21 19

GDPPC 399 10.24 .654 8.47 11.2
HOMICIDE 399 24 44 2.3 1.58

Source: Author’s Own Calculation.

The following table illustrates the unit root tests for these variables. Because the empirical model is Panel
VAR, we check the stability of the system by checking whether these vatiables are stationary or not by unit root
tests. We used the Levin-Lin-Chu unit root test for the purpose.

Table 3. Unit Root Test Result

Variable Statistic P-value Order of Integration
CO2 -10.83 .006 1(1)
GDPPC -8.24 .000 1(0)
HOMICIDE -14.53 .000 1(0)

Source: Authot’s Own Calculation.

Unit root tests indicate that GDPPC, HOMICIDE variables are stationary at levels, whereas CO2 is
stationary at the first difference level. Therefore, we used GPDPPC and HOMICIDE at level and CO2 at
first difference to apply the Panel VAR model.

Table 4. Optimal Lag Selection Criteria*

LAG CD ] ] p-value MBIC MAIC MQIC
1 99 47.4 .008 -104.02 -6.56 -45.68
2 .99 36.1 .006 -64.85 12 -25.96
3 .99 26.1 .001 -23.7 8.7 -4.32
Source: Author’s Own Calculation.
Xie = Wi+ Z() Xiea + eie (1)
i=1,...21 ;t=1,...,19;

“D.CO2 represents the differenced form of CO2 variable.
“MBIC: Value of modified BIC; MAIC: Value of modified AIC; MQIC: Value of modified HQ; J: Value of Hansen’s |  statistics.
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x is dependent variable; X is a vector of (lagged) regressors; Z is the vector of coefficients including
own and cross-effects of the /th lag of the regressors (including the dependent variable). Because the
country-specific effects are correlated with an error term, and variables dynamically interrelated, as
discussed in the introduction section, estimating the model through OLS would lead to biased
coefficients. The model is transformed to remove the unobserved individual effects by forward
orthogonal deviation (Arellano and Bover, 1995; 30-32) and estimated with GMM method using lagged
obsetvations as instruments (Amorim and Alves de Silva, 2016; 4). The model results displayed in table 6.
The model estimations are performed at Stata by using the codes provided by Abrigo & Love (2016; 8-
28).

The optimal lag criteria which are displayed at table 4 indicate that optimal lag for the analysis is 1.
Table 5 shows the Panel Granger Causality test results.

3. Results

Granger causality test results displayed in Table 5 below indicate that carbon emission and the
homicide granger cause GDP per capita. Moreover, carbon emission and GDP per capita granger cause
homicide variable. However, neither GDP per capita nor homicide granger cause the carbon emission.
The ordering of the variables in the VAR model should be made according to the endogeneity of the
variables in the sense that the most exogenous of the variable is ordered before other variables. The
granger causality test results is used for the determination of the ordering of the variables.

Table 5. Panel VAR Granger Causality Test Results

Equation/Excluded | D.CO2 | GDPPC | HOMICIDE | ALL
D.CO2 209 694 746

(64T (405) (.689)

GDPPC 20475 3244 22422
(.000) (072) (.000)

HOMICIDE 7.926 42.866 57377
(.005) (.000) (.000)

Source: Author’s own calculation.
Note : The Chi-Square values are in the cells and the probability values are in the parenthesis. The bold characters represent
the presence of Granger causality from the excluded variable in the column to the equation variable in the row. The bold
characters show the presence of Granger causality.

Forecast error variance decomposition which is sensitive to the ordering of the variables is displayed
below at Table 6. The decomposition measures the forecast error variance of an endogenous variable that
can be attributed to orthogonalized shocks to itself or to another endogenous variable.

Table 6. Forecast Error Variance Decomposition

Impulse Variable
Response Variable Fore.cast D.CO2 HOMICIDE  GDPPC
Horizon
D.CO2 3 98 .015 .000129
7 .98 .016 .000269
10 .98 .016 .00039

HOMICIDE 3 .066 .90 .026
7 077 .85 .065
10 .09 .83 .08
GDPPC 3 31 .004 .68
7 .40 .0026 .60
10 41 .0021 .58

Source: Authot’s own calculation.

According to results displayed in Table 6 indicates that carbon emission has great explanation power
(40 %) in explaining the variance of the GDPPC whereas the greatest explanation power in explaining the
variance of GDPPC is itself. On the other hand, the greatest portion of variances of Homicide and
Carbon emission are explained by themselves.
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Table 7. Panel VAR Estimates

Coefficient Standard t-Value P-Value 95% Confidence
Errors Interval
D.CO2(t)
D.CO2(t-1) .38 15 .52 012 .085 -.68
GDPPC(t-1) .028 .062 0.46 .647 -.095 - .15
HOMICIDE(t-1) .026 .031 0.83 405 -.035 -.087
HOMICIDE (t)
D.CO2(t-1) 1.35 48 2.82 .005 41 -23
HOMICIDE(t-1) 168 .08 2.16 .031 .015 - .32
GDPPC(t-1) -1.29 .19 -6.55 .000 -1.67 - -90
GDPPC(t)

D.CO2 (t-1) 157 .035 4.52 .000 .09-.225
HOMICIDE(t-1) -012 .007 -1.8 .072 -.026 - .001
GDPPC(t-1) 9 .018 9.34 000 .86 - .94

Number of Observation 336
Number of Panels 21
Average Number of T 16
Final GMM Criterion Q(b) 182
Instruments 1(1/4) (D.CO2 HOMICIDE GDPPC)

Source: Authot’s own calculation
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Figure 1. Impulse Response Functions
Source: Authot’s own calculation

Impulse response functions suggest that response of homicide rate to a one time, one standard

deviation in GDP per capita is negative significant and the response of carbon emission to one standard
deviation in GDP per capita is not significant. This result suggests that GDP per capita does not impact
the carbon emission. The result also indicates that the homicide rate decreases with GDP per capita
confirming that increasing opportunity cost of crime rising with income that contributes to the decreasing

crime rate.
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The response of GDP per capita to a one-time, one standard deviation innovation in homicide rate is
negative significant and the response of carbon emission to one standard deviation in homicide rate is not
significant In other words, declining crime contributes GDP per capita while it does not impact carbon
emission. Additionally, the response of GDP per capita to a one time one standard deviation innovation
in carbon emission is positively significant and the response of homicide rate to one standard deviation in
carbon emission is positively significant. In another words, carbon emission increases crime and GDP per
capita.

The results indicate the statistically weak linkage from the environmental degradation to income loss
due to air pollution, a decrease in water quality or worsening health conditions and decreased productivity.
Contrarily, the result would suggest the positive impact of low cost carbon-intensive production on GDP
per capita.

It can be argued that if the number of pollutant firms is high because environmental laws/regulations
are not rigid there would be more attempt to produce carbon-intensive goods because the probability of
being caught would be small that would result in market expansion and higher GDP per capita level
particularly for countries suffering from chronic demand deficiencies. Additionally, according to Pollution
Haven Hypothesis (Cole, 2004; Levinson and Taylor, 2008), countries with high carbon emission would
be attracted to firms located in countries with a clean environment whose cost of production is high due
to pollution abatement costs. Therefore, pollution might bring economic growth before the long-run
implications of carbon emission hit economic resources. On the other hand, carbon emission increases
homicide would indicate that major role of environmental assets (air quality, green spaces, etc.) in
determining life quality, psycho-social conditions and motivation (mood) to participate in the crime.

Due to dynamic interdependency among variables, we can argue that economic policies increasing
GDP per capita would decrease crime while a decrease in crime would contribute to an increase in GDP
per capita. Moreover, policies targeting low carbon emission would negatively contribute to GDP per
capita and crime rate while a decrease in GDP per capita worsen economic welfare, a decrease in crime
would contribute to the economic welfare.

4. Conclusion

The study aims to examine empirically the impact of GDP per capita as well as the crime rate on
carbon emission. The Panel VAR methodology is used to account for the dynamic interdependency
among variables. The study contributes to the literature by examining the nexus between the carbon
emission, the crime rate and the GDP per capita. For the purpose of the study, we use data for 21
European countries over the period 1996-2014.

Because crime rate and GDP per capita are stationary at levels they enter into the model in the level
form, however, the carbon emission is not stationary at level, thus, it enters into the model in the first
difference form. Panel Granger causality test results indicate that carbon emission and the homicide rate
granger cause GDP per capita. Moreover, carbon emission and GDP per capita granger cause homicide
rates. However, neither GDP per capita nor homicide granger cause the carbon emission.

Moreover, according to forecast error variance decomposition results in carbon emission explain 40 %
of the variance of the GDP per capita explains 60 % of the variance of the GDP per capita. Moreover, the
greatest portion of variances of homicide rate and carbon emission is explained by themselves.

Impulse response functions suggest that response of homicide rate to a one time, one standard
deviation in GDP per capita is negative significant and the response of carbon emission to one standard
deviation in GDP per capita is not significant. This result suggests that GDP per capita does not impact
the carbon emission. The result also indicates that the homicide rate decreases with GDP per capita
confirming that increasing opportunity cost of crime rising with income contributes to the decreasing
crime rate.

The response of GDP per capita to a one-time, one standard deviation innovation in homicide rate is
negative significant and the response of carbon emission to one standard deviation in homicide rate is not
significant In other words, declining crime contributes GDP per capita while it does not impact carbon
emission. Additionally, the response of GDP per capita to a one time one standard deviation innovation
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in carbon emission is positively significant and the response of homicide rate to one standard deviation in
carbon emission is positively significant. In other word, carbon emission increases crime and GDP per
capita.

Public policies aiming to reduce carbon emission would affect GDP and homicide levels in different
directions. The model implies that if public policies punishing the carbon-intensive energy used in
production are put in action, both crime rate and the GDP per capita would decline. Decreasing homicide
rates would generate a positive effect on GDP whereas a decrease in GDP would induce a positive impact
on the homicide rate. In the absence of linkage from GDP per capita and homicide rate to carbon
emission, policies increasing GDP per capita would decrease homicide rate which would positively impact
GDP per capita along the development path.
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