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As a significant determining supply factor for economic growth, the
quantity and the quality of natural resources have been widely investigated
in the economic literature. The magnitude of environmental degradation
due to economic growth has also been explored and assessed to an
admirable extent. This paper aims to show how economic growth causes
environmental deterioration, while the environmental resources function
in turn as a supply factor. This mutual two-way relationship of economic
growth and environmental degradation is analyzed using a simultaneousequations model, where economic growth is measured by regional income,
and environmental deterioration by deforestation.

1. Bu çalışma 10-12 Mayıs 2018 tarihinde
Marmara Üniversitesi ev sahipliğinde
düzenlenen 18. Ulusal Bölge Bilimi ve Bölge
Planlama Kongresi’nde sunulmuştur.

* Department of City and Regional Planning,
Faculty of Architecture, Dokuz Eylul
University, İzmir, TURKEY.
** Adam Mickiewicz University, Poznan,
POLAND.
*** JADS, ’s-Hertogenbosch, THE
NETHERLANDS.

Since the 1980’s, deforestation has been seen as a major global
environmental problem due to its effect on climate change and biodiversity
(Barbier, 2001). Deforestation, an indisputable measure of deterioration of
the environment, covers a wide range of meanings (Choumert et al. 2013).
According to The Food and Agriculture Organization of the United Nation
(FAO, 2001), deforestation is “the conversion of forest to other land use or
the long-term reduction of the tree canopy cover below the minimum 10
percent threshold”. The Marrakech Accords to the Kyoto Protocol under
United Nations Framework Convention on Climate Change (UNFCCC,
2001) describes deforestation concisely as “the direct human-induced
conversion of forested land to non-forested land” with an emphasis on
the human-effect. Despite the global concern on forest area loss, which is
about 129 million hectares from 1990 to 2015 (FAO, 2015), the number and
scope of the quantitative studies focusing on the drivers and outcomes of
deforestation has remained limited (FAO, 2016). In this study, based on
UNFCCC’s description, deforestation is defined as the annual change from
a forest to a non-forest state to analyze the mutual relationship between
regional income and deforestation in Turkey, which possess 22.3 million
hectares of forest, nearly 30% of its total land area by the year 2015 (The

ZEYNEP ELBURZ et al.

METU JFA Advance Online

2

Ministry of Forestry and Water Affairs, 2015). Taking into account that
Turkish economy has grown approximately 3.4% annually, while it has
lost approximately 50,000 hectares forest land per year between the years
2004 and 2014, it is essential to examine this mutual link in an emerging
economy.
The remaining part of the paper is organized as follows. Section 2 consists
of a literature review of deforestation and economic growth concepts.
Then section 3 introduces an overview of the methodology and data, while
Section 4 presents the results of the analyses. Finally, Section 5 concludes
the research with a discussion and suggestions for policy makers.
LITERATURE REVIEW
The Environmental Kuznets Curve (EKC) hypothesis has been the
prevailing approach in studies on the relationship between income
and deforestation (Scrieciu, 2007). The EKC hypothesis suggests that
this relationship follows an inverted U-shaped form. That is to say,
environmental degradation is inevitable during the first stage of the
development, but environmental restoration begins as income continues
to increase (Bhattarai and Hamming, 2001). This approach has captured
a significant amount of attention after the 1990’s, mostly due to the
availability of global pollutant data from the Global Environmental
Monitoring System (Dinda, 2004). Following Panayotou’s (1993) pioneering
paper, many researchers have tested the relations of EKC for deforestation
(Table 1).

Table 1. EKC studies for deforestation.

The results of studies on EKC hypothesis for deforestation are
controversial. Bhattarai and Hamming (2001) find a significant evidence
of the validity the EKC hypothesis in African, Asian and Latin American
countries. Cropper and Griffiths (1994) employ data from 1961 to 1991 from
64 countries, and conclude in favor of the EKC hypothesis. Further, Basu
and Nayak (2011) and Zhang et al. (2006) reach similar results for India and
China. Whereas, Koop and Tole (2001) report contradictory findings using
data from 48 developing countries for the years between 1961 and 1992.
Considering the variety and diversity of the country characteristics, they
state that the results are not surprising (Barbier, 2001; Koop and Tole, 1999).
To have a better understanding on the EKC for deforestation, Choumert et

Year

Author(S)

Geographic coverage

Time period

Findings

1994

Cropper and Griffiths

64 countries

1961-1991

EKC exists in Latin America and Africa

2001

Bhattarai and Hamming

66 countries

1972-1991

EKC exists in Latin America and Africa

2001

Koop and Tole

48 countries

1961-1992

Depends on income level

2001

Barbier

Tropical countries

1961-1994

Depends on regions

2002

Ehrhardt-Martinez et al.

74 countries

1980-1995

EKC exists

2003

Foster and Rosenzweig

250 Indian villages

1971-1999

EKC exists in closed economies

2003

Meyer et al.

117 countries

1990-2000

EKC does not exist

2004

Barbier

Latin American countries

1961-1994

Depends on model specification

2006

Zhang et al.

China

1990-2001

EKC exists

2007

Culas

14 tropical countries

1972-1994

EKC exists in Latin America

2011

Basu and Nayak

India

1994-2006

EKC exists
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al. (2013) analyze 547 estimations from 69 studies, published between 1992
and 2012, using meta-analysis, and conclude that the findings of recent
studies are not in line with the EKC hypothesis. It is noteworthy to state
that Stern et al. (1996) and Stern (2004) underline the econometric problems
of the EKC studies, which are based on an assumption of uni-directional
causality from growth to environmental quality. Single-equation
estimations with OLS generate biased and inconsistent results (Stern et
al, 1996,) when the fact that the economy and its environment are jointly
determined is ignored (Perrings, 2002).
Although the factors affecting deforestation vary by place and difficult
to generalize (Murali and Hedge, 1997), Angelsen and Kaimowitz (1999)
introduce an approach to investigate the determinants of deforestation
based on main sources, immediate causes, and underlying causes by
reviewing 140 papers on economic models on deforestation. According
to Angelsen and Kaimowitz (1999) and Geist and Lambin (2001), the
main sources of deforestation are the agents’ actions such as agricultural
expansion, wood extraction and infrastructure extensions. However, these
main causes are often influenced by macroeconomic and demographic
factors, such as income growth, population growth and population density,
and these factors are considered as the underlying causes of deforestation
(Angelsen and Kaimowitz, 1999).
The findings of the studies on underlying causes of deforestation are also
inconclusive and heterogeneous. For the case of income growth, Kant and
Redantz (1997) find a positive relationship between income growth and
deforestation in their maximum-likelihood estimation model using data
from 35 African, 13 Asian, and 17 Latin-American countries. However,
Damette and Delacote (2012) analyze 59 developing countries using a
quantile regression model with a 23-year panel dataset, and conclude that
growth is negatively related to deforestation.
Empirical results from multi-country regressions suggest that deforestation
and population are positively correlated. Bhattarai and Hamming (2001)
examine 66 countries between the years 1972 and 1991 with variables on
population growth and rural population density. According to the fixed
effects models results, estimated by weighted least square, population
growth coefficient is negative and significant for Latin American and
African countries, while it is positive and significant for Asian countries.
In the case of rural population density, the results are vice-verse. It is
concluded that even though the impact of deforestation varies over
countries, the population structure is the key determinant. Deacon (1994)
uses ordinary least squares (OLS) regression to estimate the sources of
deforestation using a cross section data from 120 countries, and concludes
that population growth has a significant effect on deforestation. Finally,
Cropper and Griffiths (1994) state that the rural population density has a
significant and positive effect on deforestation only in African countries,
while in Latin-American and Asian countries this effect is insignificant.
Clearly, the previous studies are of little help for understanding the
mutual characteristics of the relationship between economic growth and
deforestation. The aim of this research is to provide new insights into this
relationship by introducing a simultaneous equations model to test this
two-way relationship empirically in an emerging economy. Lastly, we use
an up-to-date deforestation data available from the University of Maryland
to characterize forest extent, instead of consistent and well-known, but
reported to be unsatisfactory and insufficient data from FAO (Scrieciu,
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2007; Angelsen and Kaimowitz, 1999; Lopez and Galinato, 2005; Barbier,
2001). To an authors’ knowledge, this is a very first attempt to test this
mutual relationship empirically with a new and more reliable deforestation
data.
DATA AND METHODOLOGY
Following Angelsen and Kaimowitz (1999)’s well-accepted approach, we
investigate the underlying (indirect) causes of deforestation along with
regional economic development with a simultaneous equations model.
We use data from 26 NUTS 2 regions in Turkey between the years 2004
and 2014. Descriptions of the variables used in the analysis and their
descriptive statistics are summarized in Table 2 and Table 3.
In our model, economic growth, or an increased standard of living for the
clear majority of citizens (Friedman, 2006), is measured with regional Gross
Domestic Product (GDP) per capita. In line with the UNFCCC’s (2001)
definition, deforestation is defined as a change from a forest to a nonforest state. As Kaimowitz and Angelsen (1998) note satellite images can
well be used to measure forest cover loss. We use up-to-date deforestation
data available from the University of Maryland. The data was initially
introduced by Hansen et al. (2013), which provide annually updated highresolution global maps of the 21st century forest cover change. The dataset
is freely available, and it is based on the results from time-series analyses of
Landsat images at a spatial resolution of 30 meters. This data is processed
using a Geographical Information System (GIS) to obtain forest loss at the
NUTS 2 level in Turkey. As proposed by Moody (1974), we use industrial
electricity consumption per capita as a proxy for private capital stock. We
also employ a percentage of university graduates in the total population of
the region to represent a human capital variable in the production function
which is seen as one of the main contributors of income growth since the
inspiring work of Romer (1990). In the light of the critics about employing
population as a dependent variable to estimate deforestation, we adopt
rural population density with a 1 year lag to reduce the simultaneity
issues. Lastly, we employ a growth variable to examine not only the levels
of income and population, but also the changes of these variables in the
model.
Table 2. Definitions of the variables.

Variable
Y
YL

DL

5-year lagged deforestation

2009-2014

YG
PG
K
L

Annual GDP per capita growth
Annual rural population growth
Industrial electricity consumption
Employment

2005-2014
2008-2012
2004-2014
2004-2014

Data Source
Turkstat
Turkstat
Hansen et al.
(2013)
Hansen et al.
(2013)
Turkstat
Turkstat
Turkstat
Turkstat

H

University graduates divided by total population

2004-2014

Turkstat

number of people

PD

1-year lagged rural population divided by regional
arable land (ha)

2007-2012

Turkstat

ratio

D

Description
GDP per capita
5-year lagged GDP per capita
Deforestated area (km2) divided by total surface area
(km2)

Year Coverage
2004-2014
2009-2014
2004-2014

Unit
per capita
per capita
km2
km2
%
%
per capita
number of people
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Table 3. Descriptive statistics for the
variables.

N
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Mean

Standard
Deviation

Min

5

Max

Y (GDP per capita)

286

9.276

0.520

8.027

10.596

K (private capital)

286

-0.370

1.074

-3.503

1.512

L (employment)

286

13.456

0.605

12.117

15.444

H (human capital)

286

-0.776

0.707

-2.656

1.782

D (deforestation)

286

-3.797

2.018

-8.132

-0.127

YG (GDP growth)

260

0.845

1.307

-2.576

3.253

PD (rural density)

176

-0.103

0.924

-3.447

2.968

PG (rural pop. growth)

170

-0.776

0.707

-2.656

1.782

YL (lagged GDP)

156

9.000

0.436

8.027

10.007

DL (lagged deforestation)

156

-3.736

1.991

-7.912

-0.127

Focusing only on macroeconomic underlying causes and adoption, a twostep procedure with instrumental variables is highly useful, since mixing
these levels in a single model can lead to misspecification in the regression
(Deininger and Minten 1996; Kant and Redantz 1997). Following Carlino
and Mills (1987) we employ a simultaneous equations model to assess
the mutual relationship between deforestation and economic growth.
In this two-step regression model, there are two dependent variables,
deforestation and GDP per capita, which are treated as endogenous, while
all other explanatory variables are treated as exogenous to the system.
Firstly, we use an augmented Cobb-Douglas production function
to estimate the effect of deforestation, as a proxy for environmental
degradation, on regional output along with the other independent
variables. As stated in Savage et al. (1974), environment can be viewed as a
function of production in an expanded eco-economic production function
along with the traditional ones. Following Lopez (1994), we employ
the environment as a function of production and we add 5-year lagged
deforestation, private capital, labor and human capital as inputs to the
model.
The expanded production function model that we use can be expressed as
(1):
where Y, K, L, H, DL, and i denote the GDP per capita, private capital,
employment, human capital, lagged deforestation, and time respectively.
The second step of the analysis is the measurement of the causes of
deforestation with cross sectional regression. We use 5-year lagged GDP
per capita, GDP per capita growth, rural population density, and rural
population growth variables to estimate their effects on deforestation at the
regional level. The model can be express as (2):
where D, YL, YG, PD, PG, and i indicate deforestation, lagged GDP per
capita, GDP per capita growth, rural population density, rural population
growth, and time respectively.
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Considering the availability of better and reliable data on deforestation
and other explanatory variables, it is a good fit to investigate deforestation
at a regional scale instead of using global regression models (Kaimowitz
and Angelsen, 1998). However, choosing regional scale for the analysis
may cause endogeneity problems, due to the underlying causes of
deforestation such as rural population and income level (Reis and Guzman,
1994). Ignoring the endogeneity problem and estimating the models
with Ordinary Least Squares (OLS) may lead biased and inconsistent
results (Angrist and Imbens, 1995). The endogeneity problem can be
solved by two-stage least squares (2SLS) estimation, which is the second
in popularity for estimating linear regressions in applied economics (for
more information, see Wooldridge, 2015). As Studenmund (2001) states, in
the estimation of simultaneous equations systems, two-stage least squares
model is more preferable than OLS, because it has less expected bias.
Therefore, we estimate the structural equations (1) and (2) using a twostage least squares (2SLS) regression, where we employ lagged variables to
overcome the causality problems between the dependent and independent
variables.
EMPIRICAL RESULTS
The results of the 2SLS simultaneous equation estimations for deforestation
and GDP per capita are presented in Table 4. According to the first model,
lagged deforestation, private capital, employment and human capital
variables appear to positively affect GDP per capita with a high level of
significance, as expected. In addition to this effect, column 2 displays
the same significant and positive but stronger effect of lagged GDP per
capita on the deforestation variable. The estimation results are in line
with previous studies including Panayotou (1993), Kant and Redantz

Lag_Deforestation
Lag_GDP
Capital
Employment
Human Capital

0.088***
(0.021)
0.296***
(0.034)
0.144***
(0.025)

GDP Growth

-

Rural Pop. Growth

-

Rural Density

-

Constant

Table 4. Results of 2SLS estimation. Note:
Standard errors are in parentheses. * p<0,10,
** p<0,05, *** p<0,01

GDP
(1)
0.035***
(0.012)

R2
Time effects
Observation
F-statistic

5.490***
(0.474)
0.812
Yes
144
64.45

Deforestation
(2)
3.493***
(0.283)
-0.070
(0.336)
-0.018
(0.055)
1.096***
(0.119)
-34.348***
(2.342)
0.645
Yes
144
27.07

THE MUTUAL RELATIONSHIP BETWEEN REGIONAL INCOME
AND DEFORESTATION: A STUDY ON TURKEY

METU JFA Advance Online

7

(1997), Bhattarai and Hamming (2001), Barbier (2001), and Damante and
Delacote (2012). The results from Model 2 show that not only the lagged
GDP per capita, but also the rural density affects deforestation positively.
The findings indicate that 1-unit increase in rural population density
causes deforestation to grow with 1.096 units, which is consistent with the
findings in Basu and Nayak (2011) and Uusivuori et al (2002). Whereas,
income growth and rural population growth have no significant effect on
deforestation (Table 4).
Economic factors in Model 1 explain 81.2% of the variation in regional
income growth along with the deforestation variable, while in Model
2, determinants of deforestation explain 64.5% of the variation in
deforestation. These values are plausible, since the variables that added one
to the models are not the main sources of deforestation, but rather y-the
macroeconomic underlying causes of deforestation. Previous studies for
example Deacon (1994) and Cropper and Griffiths (1994) have also reached
similar R2 values, examining only population and income variables from
different countries.
CONCLUSION
Environmental and economic instability concerns appear to have
many complex dimensions. In this paper, we have assessed the mutual
relationship between regional income and environmental degradation in
Turkish NUTS 2 regions by using a simultaneous equations model. The
two-stage least squares estimation results provide prominent evidence
on the positive effects of deforestation and regional income for Turkish
regions. This statistically significant mutual relationship can also be
seen for rural population density; however, it disappears when rural
population growth and income growth factors are examined in the same
model. The findings of simultaneous-equations models boost the concerns
about environmental degradation, since it increases as income increases.
Although the initial studies (Beckerman, 1992; Panayotou, 1993) suggest
that fostering economic growth is one of the best ways to obtain decent
environment at the early stages of the development, it is wrong to rely
on only economic growth for environmental problems (Neumayer,
1998). Indeed, environmental and economic goals need to be pursued
simultaneously in a mutually-reinforcing way, which is the key strategy
to green growth policies (OECD 2010; 2011). In emerging economies, like
Turkey, it is crucial to implement the green growth policies to prevent
environmental deterioration and promote economic growth at the same
time.
This study depicts clearly how regional development affects deforestation
and vice versa quantitatively. The next step is to examine this phenomenon
in a geographical perspective to assess the effects of location.
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BÖLGESEL GELİR VE ORMANSIZLAŞMA ARASINDAKİ
KARŞILIKLI İLİŞKİ: TÜRKİYE ÜZERİNE BİR ÇALIŞMA
Bu çalışma, büyüme ve çevre arasındaki iki taraflı ilişkiyi ele almaktadır.
Çalışmanın amacı, bölgesel ekonomik büyümenin çevresel bozulmaya
(ormansızlaşma) nasıl etki ettiğini ve aynı zamanda çevresel kaynakların
ekonomik kalkınma için bir arz faktörü olarak işlevini göstermektir. Bu iki
yönlü ilişkinin istatistiksel olarak test edilmesi için eşzamanlı denklemler
modeli geliştirilmeli ve uygulanmalıdır. Bu ampirik uygulamada,
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ekonomik büyüme bölgesel gelir, çevresel bozulma ise ormansızlaşma
ile ölçülmekte ve Türkiye’de 26 İBBS 2 bölgesinin 2004 ve 2014 yılları
arasındaki verileri kullanılmaktadır. İki aşamalı en küçük kareler (2SLS)
regresyon analizi sonuçları, ormansızlaşma ile bölgesel gelir arasında
karşılıklı bir ilişki olduğuna dair güçlü kanıtlar ortaya koyarken, gecikmiş
ormansızlaşmanın gelir artışının istatistiksel olarak önemli ve olumlu bir
belirleyicisi olduğu gözlemlenmiştir.

THE MUTUAL RELATIONSHIP BETWEEN REGIONAL INCOME AND
DEFORESTATION: A STUDY ON TURKEY (1)
This paper addresses the bilateral relationship between growth and
environment. It aims to show how regional economic growth causes
environmental deterioration, while the environmental resources function
in turn as a supply factor for economic development. A simultaneousequations model is developed and applied to test this two-way relationship
statistically, where economic growth is measured by regional income, and
environmental deterioration by deforestation. Using data from 26 NUTS 2
regions in Turkey between the years 2004 and 2014, the results of the twostage least squares (2SLS) regression analysis reveal strong evidence on
the presence of a mutual relationship between deforestation and regional
income, while lagged deforestation is a statistically significant positive
determinant of income growth, and vice versa.
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