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Abstract: In 2015, Turkey submitted its Intended Nationally Determined Contribution (INDC) to the
United Nations Framework on Climate Change Convention (UNFCCC) before the Paris Conference of
the Parties (COP 21), expressing its intention to decrease emissions level at a rate of 21% from business
as usual. This emissions reduction target is important as it is the first one for Turkey. However, Turkey
faces unemployment problems and needs to sustain its growth. In this study, an Environmentally
Extended Social Accounting Matrix (SAM), based on 2012 Input–Output data, was created, emissions
reduction potentials of the National Climate Change Action Plan (NCCAP) together with the INDC
were calculated, and alternative policies to reduce emissions to the target level and to boost the
economy were proposed separately. The study finds that both the preparation and implementation
of the previous national documents are problematic, and that Turkey was not meticulous about
implementation of the climate mitigation policies in the previous national documents. The study
also finds that reaching the emissions target with the INDC policies seems impossible and more
conceivable policies are needed, and recommends that the INDC target and document itself should
be revised substantially.

Keywords: environmentally extended SAM; multiplier analysis; NCCAP; INDC; climate change
mitigation; Turkey

1. Introduction

The year 2015 was a milestone in climate change actions, as 196 Parties came together, 147 Parties
submitted 119 Intended Nationally Determined Contributions (INDCs) (28 EU member countries
submitted one aggregate INDC) which covered 86% of global emissions [1,2]. The Paris Agreement also
was signed with the objective to keep the global temperature below 1.5 or 2 ◦C above pre-industrial
levels, recognizing that this would significantly reduce the risks and impacts of climate change [3].
INDCs were adopted as the national plans solely addressing climate change mitigation after 2020
and were submitted prior to the Paris Conference of the Parties (COP 21). Each party will continue to
prepare, communicate and submit its Nationally Determined Contribution (NDC) at the end of every
five-year period as the Paris Agreement requires [3]. The agreement is binding as monitoring and
reporting by technical experts is required but flexible as each Party can establish its targets and modes
of implementation [4]. Furthermore, both Annex 1 and non-Annex 1 countries have to prepare the
NDCs and are eligible for stock taking of emissions and expert reviews as required in the agreement [3].
Although the INDCs vary in structure and content, and are insufficient to reverse the upward trend
of global emissions by 2025 or 2030 and to keep the global temperature below the so-called 2 ◦C

Sustainability 2018, 10, 1722; doi:10.3390/su10061722 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-8291-0010
https://orcid.org/0000-0001-8555-4632
http://www.mdpi.com/2071-1050/10/6/1722?type=check_update&version=1
http://dx.doi.org/10.3390/su10061722
http://www.mdpi.com/journal/sustainability


Sustainability 2018, 10, 1722 2 of 27

limit; the agreement indicates a significant increase in the number of countries taking climate actions,
including developing countries. The agreement also promises hope for broad adoption with flexibility
in determining commitments and with the requirement of regular reporting and external monitoring,
even though it does not include any enforcement mechanism. In contrast to the Kyoto period, the
INDCs created a growing awareness among developing countries about the need to take an active role
in mitigation.

Turkey submitted its INDC to the UNFCCC in 2015, before the COP 21, with an emissions
reduction target of a level of emissions 21% lower than the business as usual scenario by 2030 [5]. Since
1990, greenhouse gas emissions in Turkey increased by 122% to 475.1 Mt CO2 eq. in 2015 [6]. The
highest portion of total greenhouse gas emissions, 71.56%, originated from the energy sector; 12.78%
originated from industrial processes, 12.08% from agriculture, and 3.56% from waste [6]. Absorption
by land increased from 30.3 Mt CO2 eq. in 1990 to 64 Mt CO2 eq. in 2015, an increase of 111.92% [6]. As
seen from Figure 1, the rise in greenhouse gas emissions per capita is steeper than population increase,
indicating a tendency towards carbon-intensive activities. For the year 2014, Turkey (4.49 metric tons
per capita) still has the lowest values in per capita greenhouse gas emissions among all OECD countries
(9.53 metric tons per capita) and the EU (6.38 metric tons per capita) [7]. Despite this relatively low
level compared to the OECD average and EU, its trend in emissions per capita is a cause for concern.

Sustainability 2018, 10, x FOR PEER REVIEW    2 of 27 

°C  limit;  the agreement  indicates a significant  increase  in  the number of countries  taking climate 

actions, including developing countries. The agreement also promises hope for broad adoption with 

flexibility in determining commitments and with the requirement of regular reporting and external 

monitoring, even though it does not include any enforcement mechanism. In contrast to the Kyoto 

period, the INDCs created a growing awareness among developing countries about the need to take 

an active role in mitigation.   

Turkey  submitted  its  INDC  to  the UNFCCC  in  2015, before  the COP  21, with  an  emissions 

reduction target of a level of emissions 21% lower than the business as usual scenario by 2030 [5]. 

Since 1990, greenhouse gas emissions in Turkey increased by 122% to 475.1 Mt CO2 eq. in 2015 [6]. 

The highest portion of  total greenhouse gas emissions, 71.56%, originated from  the energy sector; 

12.78% originated  from  industrial processes, 12.08%  from  agriculture, and  3.56%  from waste  [6]. 

Absorption by land increased from 30.3 Mt CO2 eq. in 1990 to 64 Mt CO2 eq. in 2015, an increase of 

111.92% [6]. As seen from Figure 1, the rise in greenhouse gas emissions per capita is steeper than 

population  increase,  indicating a  tendency  towards carbon‐intensive activities. For  the year 2014, 

Turkey (4.49 metric tons per capita) still has the lowest values in per capita greenhouse gas emissions 

among all OECD countries (9.53 metric tons per capita) and the EU (6.38 metric tons per capita) [7]. 

Despite this relatively low level compared to the OECD average and EU, its trend in emissions per 

capita is a cause for concern. 

 

Figure  1. Greenhouse Gas Emissions per Capita  and Population between  1990  and  2014  (Source: 

Authors’ compilations from World Bank [7,8]). 

However, climate change is not the only issue that Turkey faces. Currently, Turkey’s economy 

faces  important  risks. Challenges  include  long  standing unemployment and  sustaining  economic 

growth in the face of domestic threats and regional uncertainties. The Turkish economy experienced 

periods of high growth  in  the  last decade made possible by  strong domestic demand but overly 

funded by debt‐creating capital inflows. Turkey’s current account position has severely deteriorated 

since the early 2000s. Due to high import dependency in production, high global risk as well as weak 

and unstable  liquidity  conditions,  the current account deficit has been a great  cause  for concern. 

According to Kara and Sarıkaya [9], the 2011 policies of the Central Bank of Turkey which aimed to 

remove  financial  excesses  and  avoid  significant  exchange  rate  deterioration  helped  remove  the 

cyclical part of the deficit, but the remaining sizeable part requires structural reforms which would 

bring about significant sacrifices in economic growth in the short term. Many consider high current 

account deficits to be a key economic weakness in the Turkish economy.   

Moreover, Turkey has become increasingly more volatile politically and socially over the last 

decade. Widespread street protests took place against the government in the summer of 2013, known 

2

2.5

3

3.5

4

4.5

5

40

50

60

70

80

90

100

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

C
O
2
em

is
si
o
n
s 
(m

et
ri
c 
to
n
s 
p
er
 c
ap
it
a)

P
o
p
u
la
ti
o
n
, t
o
ta
l (
m
ill
io
n
)

Population, total (million) CO2 emissions (metric tons per capita)

Figure 1. Greenhouse Gas Emissions per Capita and Population between 1990 and 2014 (Source:
Authors’ compilations from World Bank [7,8]).

However, climate change is not the only issue that Turkey faces. Currently, Turkey’s economy
faces important risks. Challenges include long standing unemployment and sustaining economic
growth in the face of domestic threats and regional uncertainties. The Turkish economy experienced
periods of high growth in the last decade made possible by strong domestic demand but overly funded
by debt-creating capital inflows. Turkey’s current account position has severely deteriorated since
the early 2000s. Due to high import dependency in production, high global risk as well as weak and
unstable liquidity conditions, the current account deficit has been a great cause for concern. According
to Kara and Sarıkaya [9], the 2011 policies of the Central Bank of Turkey which aimed to remove
financial excesses and avoid significant exchange rate deterioration helped remove the cyclical part
of the deficit, but the remaining sizeable part requires structural reforms which would bring about
significant sacrifices in economic growth in the short term. Many consider high current account deficits
to be a key economic weakness in the Turkish economy.
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Moreover, Turkey has become increasingly more volatile politically and socially over the last
decade. Widespread street protests took place against the government in the summer of 2013, known
as Gezi Park Protests [10]. In June 2015, a controversial election took place and the following year
Turkey witnessed its most severe terrorist attacks ever, with several bomb attacks the following
year [11]. The Syrian civil war caused mass migration, placing an additional important social burden
on Turkey [12,13]. After the failed coup attempt in July 2016, a state of emergency was declared which
has yet to be lifted, adding to the uncertainty surrounding the Turkish economy.

To achieve strong and sustainable growth, domestic savings should increase, domestic demand
to GDP ratio should decrease, and exports should be considerably strengthened. This can be seen by
comparing 2000–2016 period averages of gross domestic savings (% of GDP) (TR: 23.36, others: 25.83),
final consumption expenditure (% of GDP) (TR: 76.64, others: 74.16), and exports of goods and services
(% of GDP) (TR: 22.50, others: 26.21) ratios of Turkey and the 16 countries above of Turkey in GDP
ranking [8,14].

The unemployment rate has also increased in the post–2000 period. According to the
“Employment Outlook 2017” report of the OECD [15], unemployment in Turkey exhibited an upward
trend from 2012 to a peak of 11.7% in February 2017 and is expected to remain at 10% until the end of
2018, in sharp contrast with the OECD average (5.9% in 2017).

Given the expanding international dimension of climate change mitigation, environmental
concerns have become a fertile ground for scholarly debate. Studying a combination of economic
and emissions mitigating policies is a common practice in this line of debate. After Parties signed the
Paris Agreement, many scientists conducted studies on vagueness and comparability of INDCs,
Pauw et al. [16], Seo [17], Winkler et al. [18]; the gap between the global target and national
contributions, Benveniste et al. [19], Höhne et al. [20]; and supplies and uses of financial resources
under the UNFCCC, Ghezloun et al. [21], Zhang and Pan [22]. There were studies assessing the INDCs
and evaluating implications of the policies set forth therein on a single country, Djurovic et al. [23],
Chunark et al. [24], Siagian et al. [25], Oshiro et al. [26], Wu et al. [27], Rasiah et al. [28], Busby and
Shidore [29]; and on multiple countries, Lee et al. [30], Liu et al. [31]. As the INDCs are considered the
first emissions reduction pledges for many developing countries and due to the slightly more binding
structure of the Paris Agreement compared with the Kyoto Protocol, INDCs of developing countries
have many aspects to study. As a developing country and in regard to the concerns mentioned
above, this study aims to analyze the INDC document of Turkey. This study addresses the following
previously unanswered questions: What is the emissions mitigation potential of the INDC? What
are the emissions mitigation potentials of the previous national documents, i.e., the National Climate
Change Action Plan (NCCAP) developed by the Ministry Environment and Urbanization [32]? To
what extent were these policies put into practice? Are alternatives to the INDC policies needed? Which
policies will be more effective in reaching the INDC target? Can the target be achieved by policies
that boost the economy? To answer these questions, an Environmentally Extended Social Accounting
Matrix (SAM) was prepared from the 2012 input-output table of Turkey, and an analysis of policies
drawn from the goals of the previous national climate change documents and policies generated by
the authors was conducted using Multiplier Analysis method.

The remainder of this paper is structured as follows. The second section gives information about
previous studies in the climate change mitigation field. The third section presents data sources and
construction steps, and the structure of multiplier analysis method. In the fourth section, policy shocks
are described and results of the simulations are reported. The last section discusses the results of
the study.

2. Literature Review

Researchers have assessed the impacts of climate policy by various analytical methods. Modelling
options can be grouped into three [33]: Integrated Assessment Models (IAMs), top-down and
bottom-up models, and Multi-Criteria Analysis. IAMs consider both the economic and biophysical
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systems and their interactions, such as how increased GHGs in the atmosphere affect temperature,
and how temperature change causes quantifiable economic losses. Top-down and bottom-up models
are two approaches in Cost-Benefit Analysis (CBA). Top-down models evaluate the system based
on aggregate economic variables, whereas bottom-up models consider technological options or
project-specific climate change mitigation policies. Multi-Criteria Analysis (MCA) is applied when it is
difficult to reduce all objectives to a single metric, and due to nature of the analysis, the researcher does
not have to determine how outcomes are traded-off. A significant number of climate policy assessments
have been conducted with the help of climate policy models; Stern Report employed the PAGE
model [34], US Environmental Protection Agency (EPA) suggested policies using the EMPAX–CGE
model [35], Hu et al. [36] compared global warming policies by using the DICE model, and Toshiyuki
and Goto [37] examined the legal validity of US Clean Air Act by using Data Envelopment Analysis
(DEA) model.

More recent studies concentrate on the INDCs and the Paris Agreement. Qi and Weng [38],
analyzed the impacts of a linked emissions trading system (ETS) for Annex 1 countries to achieve the
INDC emissions reduction target. Running a multi-regional CGE model, they concluded that a linked
ETS would have different impacts on output, energy consumption and GDP of the participating
country depending on whether it is a permit exporter or importer but would slightly increase the
economic aggregate of the participating countries. Gu and Wang [39], employed a climate-economy
integrated assessment model to investigate the possibility of achieving the global INDC target with
the existing R&D investment rates. They concluded that even if most of the countries achieved their
INDC targets by 2030, the 2 ◦C target would be difficult to achieve without higher R&D investment
rates. They suggested that if transfer of advanced low-carbon technologies to developing countries
increased and if a policy mix including different mitigation measures in addition to R&D development
was implemented, temperature increase could remain below 2 ◦C. Dong, et al. [40] predicted the
possibility of achieving emissions reduction targets of the ten most emitting countries by analyzing
CO2 emissions, primary energy consumption, and share of renewable energy data between 1991 and
2015. They used trend extrapolation and back propagation (BP) neural network methods to overcome
the weakness of Multiple Linear Regression (MLR) and the assumptions of Environmental Kuznets
Curve (EKC). The study concluded that China, India and Russia would achieve their targets, but USA,
Japan, Germany and South Korea would not; the remaining countries, namely, Saudi Arabia, Iran and
Indonesia would be a matter of debate in the future as they had not committed to any targets.

A limited number of studies have also employed climate policy models with different aims in
Turkey. One of the earliest studies in the field, Telli, Voyvoda and Yeldan [41], intended to study the
economic impacts of various possible mitigation policies because of accession negotiations with the
EU which set an ambitious target to reduce its greenhouse gas emissions 20% below the level of 1990
by 2020, in compliance with the Kyoto Protocol. With this motivation, they developed a CGE model,
projected for the 2006–2020 period, and concluded that possible emissions mitigation targets could
worsen the existing state of employment and create a need to finance mitigation investments. They
proposed a policy reducing existing tax rates and applying carbon and energy taxes. In another study,
Akin-Olcum and Yeldan [42] analyzed several emissions trading system (ETS) regimes for Turkey
under the EU 20–20–20 emissions target and its revised version, 30%. The authors built a multi-regional,
multi-sectoral applied general equilibrium model, and found that Turkey would have economic gains
from linking with the EU ETS under the 20% cap, but it would suffer critical output loss under the 30%
cutback. Bouzaher, Sahin and Yeldan [43] built a 12-sector, dynamic CGE model which included CO2

and Particulate Matter (PM10) emissions, solid waste and waste water discharges. The authors aimed
to identify viable policies for the 2010–2030 period to realize green growth in Turkey. They proposed
a policy that consisted of taxing emissions from PM10 and CO2, taxing solid waste and waste water
discharge, and spending the revenue for creating green jobs as well as R&D induced innovation.

Acar and Yeldan [44] assessed the impact of current coal subsidies on macro indicators and CO2

emissions by running a multi–region CGE model between 2015 and 2030. They found that elimination
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of subsidies for coal results in a slight reduction in GDP, but a substantial decrease in CO2 emissions.
The study was written at the time of Turkey’s INDC submission, but it was not conducted in the
INDC context. The authors referred to the emissions reduction target of the INDC document as they
compared the official business as usual (BAU) projections with their own BAU projections. They
found the official projections too high and not in line with the recent Turkish historical pathway.
Kolsuz and Yeldan [45] implemented an applied general equilibrium model with the aim of increasing
employment, abatement of environmental pollution, and reaching a higher rate of disposable income.
They concluded that a policy introducing environmental taxes on pollutants, creating an institutional
mechanism to earmark these tax revenues for green employment, and halving the existing labor taxes
within a more flexible labor market could expand labor employment by 9.2%, expand GDP by 1.6%,
and reduce total CO2 eq. emissions by 19.7% by 2030 in comparison to the business as usual path.

Two studies were conducted on Turkey’s INDC document, one of them was made before
submission of the INDC and one after. The report entitled “Low carbon Development Pathways
and Priorities for Turkey” was prepared in partnership with WWF—Turkey and Istanbul Policy Center
(IPC) [46]. A CGE model was developed to determine a low carbon development pathway up to 2030.
The report was prepared before the Paris Conference, and even before the submission of Turkey’s
INDC. The authors created three scenarios: official plans scenario which used growth rates of official
economic program, business as usual scenario based on more realistic growth rates, and 2 ◦C pathway
scenario which included mitigation policies. A policy introducing a carbon tax whose proceeds will
be used to fund investments in renewable energy and assuming autonomous energy efficiency gains
was proposed. However, as the proposed policy would realize only two thirds of the total emissions
reduction needed to meet the 2 ◦C target as calculated by the authors by using Climate Change
Reference Calculator (CERC), additional policies from other studies were also proposed, without
being simulated by the CGE model. The study also explored the case of late implementation and
concurred with studies from other parts of the world: late action can cause devastating impacts and
economic damage.

Turkish Industry and Business Association (TUSIAD) released a report entitled “Addressing
Climate Change from An Economic Policy Perspective” after the INDC was submitted [47]. The
report aimed to address the policy options for Turkey considering the relevant practices worldwide
in the post–2020 period. A dynamic CGE model was formulated to measure potential economic
effects of applying a tax to reduce emissions in Turkey under two scenarios created by the authors:
A reference scenario including an energy tax for achieving the 21% reduction target and an alternative
scenario including the energy tax accompanied by a reduction in other taxes, such as the tax on
employment. The reference scenario reduced emissions by 21% but caused an 8.7% decline in national
income; and the alternative scenario reduced emissions by 15.5% but caused a 3.7% decline in national
income. Unfortunately, it was impossible to conduct another analysis for the Emissions Trading
System (ETS) due to lack of detailed carbon emissions data at the sectoral level and unsuitability of the
theoretical basis for this kind of modelling. The study concluded by suggesting a comprehensive policy
package consisting not only of implementing the ETS and/or neutral taxation but also of adopting
new measures and technologies to increase energy efficiency, subsidies and practices to spread the use
of renewables, and tax advantages for low-carbon products. The authors claimed that such a package
would increase employment and provide incentives for investing in alternative technologies for the
transition towards a low-carbon economy.

Unlike the aforementioned studies, this study constructs an Environmentally Extended SAM of
Turkey for the year 2012 and examines emissions mitigation potentials of two national documents,
the NCCAP and the INDC. It interprets the tenacity of Turkey in implementing climate policies by
comparing the emissions mitigation potential of the NCCAP for 2015 to existing emissions inventory in
2015. It interprets the INDC policies and proposes alternative policies to reach the emissions mitigation
target in the INDC. Additionally, the study proposes output, GDP and employment increasing policies
based on multipliers and states whether these policies can reduce emissions or not.
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3. Data and Method: Environmentally Extended SAM, Multiplier Analysis and Multipliers

In order to assess the potential and the efficiency of mitigation goals, Turkish data was organized
in the form of an Environmentally Extended SAM. Sectors were determined to correspond to the sectors
in the National Inventory Reports (NIRs) and the sectors in the national climate documents [5,6,32].
A SAM was constructed with data from different national economic statistics and extended to an
Environmentally Extended SAM with emissions and other environmental data published by public
institutions. The Environmentally Extended SAM construction steps are detailed in Supplementary
File 1 and sectoral mapping is also given in Supplementary File 1.

SAM is a representation of all socio-economic transactions in a matrix and provides a numeric
definition of resource allocation of the economic cycle [48,49]. SAM is a two-entry accounting system,
grounded on the principle of equal row and column totals. The rows of SAM show the income of
accounts, columns show expenditures. In Table 1, SAM for an open economy is shown through five
essential accounts: production activities, products, institutions, saving-investment and rest of world
(ROW) [50].

Data for the SAM were collected from different economic statistics published by public institutions.
This study takes the most recent Turkish input–output table (2012 input–output table) as base and uses
2012 values of all other variables and indicators, differing from all of the recent studies mentioned
above. The previous studies used the 2002 input–output table as it was or updated it. The 2002 data
were criticized for being dated. The aggregate SAM was constructed and then balanced to determine
the general structure of the actual SAM [51,52]. It is presented in Table 2.

Sectors in the SAM were determined by considering emissions potentials of them. After carefully
reviewing the sectors in the last NIR document and the sectors in the national climate change
documents [5,6,32], the sectors of the SAM were determined as: agriculture, coal mining, petroleum
and natural gas extraction, food, coke and refined petroleum products, chemistry, mineral, metal,
waste, railway transport, highway transport, water transport, air transport, industry, service, electricity
from coal, electricity from petroleum, electricity from natural gas, electricity from hydropower, and
electricity from renewable resources. Subsequently, a sectoral mapping between these sectors and the
sectors in the input/output table was generated, and the requisite aggregation and disaggregation
operations were determined.

The above sectors were also grouped into the following main sectors: agriculture, energy, industry,
transportation, and waste. The main sectors were included to ease generation of policies because
the goals in the NCCAP and INDC documents had been grouped into these main sectors. The main
sectors are also listed in the sectoral mapping in Supplementary File 1.

The SAM was constructed following the steps described in the literature, and all the steps are
given in detail in Supplementary File 1.

The SAM was then transformed into an Environmentally Extended SAM. Environmentally
Extended SAM is an extension of SAM consisting of economic and environmental activities in a unique
framework. Environmentally Extended SAM is necessary because SAM ignores the relationship
between the environment and the economy. Transformation is usually done by adding three types of
accounts: substances, depletable resources, and environmental themes. The Environmentally Extended
SAM constructed in this study includes greenhouse gases as substances, hard coal and lignite as
depletable resources, and total inventories of greenhouse gases in CO2 eq. unit as environmental
themes. In line with common practices, the SAM accounts are in monetary units and the environmental
accounts are in physical units.
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Table 1. Basic Social Accounting Matrix (SAM) structure for an open economy.

Activities Products Institutions Saving-Investment Rest of World Total

Activities Domestic supplies (DC) Total supply
Products Intermediate inputs (INT) Consumption (C) Investment (I) Export (X) Total demand of products

Institutions National Income (Y) National income
Saving-investment Savings Foreign savings (M-X) Total savings

Rest of World Import (M) Rest of world income
Total Production cost Total supply of products National income Total investment Rest of world expenditure

Source: Authors’ adaptation from Erten [50].

Table 2. Aggregated SAM.

Production Factors of Production Household Government Saving/Investment Rest of world Total

Labor Capital
Production 1,490,848,056 1,019,043,334 241,346,560 425,512,803 322,634,496 3,499,385,249

Factors of production Labor 438,577,769 438,577,769
Capital 941,948,340 941,948,340

Household 438,577,769 941,948,340 1,380,526,109
Government 179,686,122 63,502,297 243,188,419

Saving/Investment 297,980,477 1,841,858 125,690,468 425,512,803
Rest of world 448,324,964 448,324,964

Total 3,499,385,250 438,577,769 941,948,340 1,380,526,108 243,188,419 425,512,803 448,324,964

Source: Authors’ compilation from Turkstat [51]; General Directorate of Budget and Fiscal Control [52].
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Coal, petroleum, natural gas and land are usually added to Environmentally Extended SAMs
as depletable resources, but of these, this study includes only coal in this account because Turkey is
very poor in petroleum and natural gas resources. It has a small amount of hard coal and a significant
amount of lignite coal reserves. However, lignite coals in the country has low–calorific values. The
reports by the Turkish Hard Coal Enterprise Institution [53] and by the Turkish Coal Enterprises
Institution [54] state that Turkey has 1.3 billion tons of hard coal and 14.1 billion tons of lignite coal
reserves. The report of the Turkish Coal Enterprises [55], states that calorific values of the reserves are
between 1000 kcal/kg and 4200 kcal/kg, and 90% of the reserves have lower values than 3000 kcal/kg.
The report also states that Turkish lignite reserves are more appropriate for electricity production due
to their calorific values. Kara [56] determines the future of lignite reserves in Turkey as ambiguous,
as costs are too high to compete with imported coal and they have high greenhouse gas emissions
levels. He claims that they will be an option in the future only if coal, petroleum and natural gas prices
increase altogether and new plants are established which are environmentally friendly and highly
compatible with local reserves. Nevertheless, Turkey is already building new coal–fired electricity
plants and will continue to build as stated in the development plans of the Ministry of Development
and the strategy documents of the Ministry of Environment and Urban Planning. It wants to reduce
foreign dependency by utilizing all domestic coal reserves. Accordingly, coal use and reserves were
added to this study. Land is another depletable resource generally included in Environmentally
Extended SAMs, but is excluded in this study, as the INDC target omitted Land Use and Land Use
Change (LULUCF) emissions.

In the environment, there exist different types of substances which cause damage to natural
resources basically in the form of pollution of air, water, and soil. This study, however, included only
greenhouse gases as substances. The gases included are CO2, N2O, CH4, HFCs, PFCs, SF6 and NF3.

The column of environmental theme account shows sector specific gross greenhouse gas emissions
of Turkey in CO2 eq. unit. The column total of this account is equal to Turkey’s total GHG inventory.
The Environmentally Extended SAM is given in Supplementary File 2.

The most convenient way to transform a SAM into a model is to assume that all relations are
linear, and to take prices as constant. In this way, SAM can be used to analyze impacts of shocks
given to exogenous variables. This method is known as SAM Multiplier Analysis, an extension of
Input-Output Analysis.

Recent literature suggests that CGE models are the method of choice in climate change modeling
in Turkey. However, in this study, SAM Multiplier Analysis was employed instead for two main
reasons. The first reason was complexity and size of the data. There were 5 electricity sectors
producing the same product, electricity, and 15 non–electricity sectors producing 15 different products.
This would necessitate separate modeling structures for these sectors. In addition, there would be
separate agents representing household, government, and investment, and one Armington agent
determining import–domestic good demands. CGE method, if applied, would involve making
numerous assumptions about nesting structures, function types, and parameters. Rose [57] states
that CGE models are based on more restrictive assumptions than Input–Output and SAM models.
Klijs et al. [58] supports this argument by stating that CGE models are not standardized and come in
many forms, differing substantially in model structure, complexity, and assumptions; on the contrary,
SAM Multiplier Analysis is applied in a standard way making its results comparable. The second
reason was that the goals in the national documents were more amenable to being treated as final
demand shocks than to being defined with other economic tools such as taxes/subsidies, quotas or
price ceilings/floors which are usually applied in CGEs.

Another important point is that while SAM Multiplier Analysis is for simulating short run
adjustments, in this study, the method is also used to simulate the goals in the INDC document which
were planned for 2030. For the goals stated as ratios, targeted ratios were compared with existing
ratios in 2012, and differences were applied as shocks. For the goals given in values not ratios, existing
values in 2012 were updated to 2030 by using the growth rate in the INDC document, then targeted
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values were compared with these updated values and the differences were applied as shocks. Thus,
without updating the SAM to 2030, goals were transformed to shocks, and SAM Multiplier Analysis
was applied for long term in good faith and with confidence.

As for choosing SAM Multiplier Analysis over Input–Output method, SAM is regarded as a more
thorough methodology because a traditional I–O model focuses on flows among actors involved in
production but a SAM also includes the interdependence of production with the rest of society [59–62].
Traditional Input–Output multiplier analysis takes two forms: open and closed. The open model is
criticized for underestimating the regional economic impacts because keeping households exogenous
to the model omits the impact of households’ spending of wage income as a result of the change in
final demand for an industry’s output [63–65]. In closed form, household consumption (in column)
and labor income (in row) are included in the endogenous matrix, so in the Leontief inverse. Such an
inclusion solves the problem above and provides a square invertible matrix, but it is not a consistent
approach as incomes from capital and other factors which belong to households are not included in
the endogenous matrix. In contrast, SAM includes all factor accounts and the household account in
the endogenous matrix more properly.

The main limitation of SAM Multiplier Analysis is that it allows changes only in exogenous
accounts. Closure of the SAM (definition of endogenous accounts) in the most appropriate manner
is key in this method. Different closure rules were adopted by scientists in previous studies, i.e.,
Sánchez Chóliz and Duarte [66] described an alternative approach that defining only the household as
exogenous account and examining the economic system impacts resulting from changes in household
consumption behavior. In this study, the inter-industry transaction submatrix was closed to contain all
the necessary behavioral and technical relationships of the economic system in a consistent manner.
The exogenous accounts were composed of the government, saving-investment, and exports. Another
rationale was that these accounts are commonly used policy tools in an economy; government
expenditure is used as a direct policy tool, and export and saving-investment are used as indirect policy
tools. This allowed changes only in these accounts so only these were subject to shocks. However,
the goals in the national climate documents of Turkey cover the entire economy which necessitate
shocks over total final demand including household consumption. Thus, the effects of the shocks
could be higher.

The basic approach to multiplier analysis is to calculate column shares (column coefficients) to
represent structure, and then, similar to an input–output model, to calculate matrix multipliers. To
do this, some accounts must be determined as exogenous, otherwise the matrix will not be invertible,
and there will be no multipliers at all. Defining the endogenous transactions as production, factors of
production, and households helps to focus on the interaction between two sets of agents (production
activities and households) interacting through two sets of markets (factors and commodities) [67].
This structure was followed in this study; production, labor, capital, and household accounts of the
SAM were set as endogenous; government, saving-investment, and rest of world accounts were set as
exogenous. After determining endogenous and exogenous accounts, changes in gross output were
calculated with the following formulas:

∆xd = (I − A)−1∆f (1)

where ∆xd denotes the change in the output, (I − A)−1 term is the Leontief inverse, ∆f is a given
change in final demand, A denotes the technical coefficients matrix and I denotes the identity matrix.

Technical coefficient matrix is formulated as follows:

A = S
(

Xd
)−1

(2)

where S denotes the endogenous matrix and (Xd)−1 denotes a diagonal matrix whose diagonal elements
are defined as the total output of each industry.
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Changes in depletable resources and pollutant were calculated with the following formulas:

∆d = D(I − A)−1∆f = D∆xd (3)

∆p = P(I − A)−1∆f = P∆xd (4)

where D is a matrix defining the depletable resource amount used to produce 1.00 monetary unit
output of ith sector, P is a matrix defining pollutant amount released to environment by producing
1.00 monetary unit output of ith sector.

Derivation of the predictive model was compiled by the authors in conformity with the study’s
SAM structure and it is given in Supplementary File 1.

4. National Documents Policies, Alternative Policies and Results of Analysis

Six simulation categories were created: NCCAP, INDC, emissions decreasing, developmental,
GDP increasing, and employment increasing.

The primary aim of the NCCAP, INDC, and emissions decreasing simulations was emissions
mitigation. The NCCAP simulations were conducted to investigate the emissions and economic
effects of this document. The INDC simulations were conducted for the INDC document. Emissions
decreasing simulations were the authors’ own policies presented as alternatives to the INDC’s. The
goals in the NCCAP and the INDC were interpreted as efficiency or transition to low carbon economy
policies and emissions decreasing simulations were compatible with this interpretation. In these three
simulation categories, two types of shocks were applied: “increasing efficiency” and “transferring
volume”. Increasing efficiency type shocks were planned as decrease shocks where the same amount
of output could be obtained with less input. This led to a decline in emissions and coal use, since less
input was used, but no shrinkage in the economy, as the same amount of output was produced. In
these simulations, changes in emissions, hard coal use and lignite use were taken into consideration,
but changes in output, employment, and GDP were ignored. In fact, increasing efficiency arises from
technological development and necessitates changes in input output (technical) coefficients. Pal and
Pohit [68] decreased the technical coefficient of related input in the event of an efficiency increase and
added this share to the capital input. However, to avoid complicating the model further, the technical
coefficients were not changed in this study. Transferring volume type shocks reallocated output from
high emitting to low emitting sectors for transition to a low-carbon economy. It was assumed that
excess demand in the transferring sector could be met by imports, and excess supply in the receiving
sector could be sold to the government and to the ROW. In this type of shocks, changes in output,
employment and GDP were taken into account together with changes in emissions and coal use.

The essential aim of developmental, employment increasing, and GDP increasing simulations
was increasing gross output, employment, and GDP respectively. These three simulation categories
were created by the authors according to output, employment and GDP multipliers calculated from
the SAM. The multipliers are given in Table 3. In these three simulation categories, two types of shocks
were applied: “increasing efficiency” and “transferring volume”. Increasing efficiency type shocks
were planned as increase shocks, where more output could be obtained with the same amount of input.
This resulted in economic growth since more output was produced but did not change emissions level
or coal use amounts since the same amount of input was used. This time, changes in emissions, hard
coal use and lignite use were ignored but changes in output, GDP, and employment were taken into
consideration. Transferring volume types shocks reallocated output from sectors in the zero or low
multiplier categories to sectors in the high or very high multiplier categories. It was assumed that
excess demand in the transferring sector could be met by imports, and excess supply in the receiving
sector could be sold to the government and to the ROW. Changes in all six indicators; emissions, hard
coal use, lignite use, output, employment, and GDP were taken into account.
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Treating efficiency differently in emissions mitigation policies and economic growth policies and
achieving transition to low carbon economy via transfers from high to low emitting sectors may be
appraised as useful approaches for other studies.

Table 3. Multipliers calculated from the Extended Social Accounting Matrix (ESAM).

Agriculture Coal
Mining

Petroluem, Natural
Gas Extraction Food Coke, Refined

Petroleum Chemistry

Accounting multipliers 7.57 2.91 2.91 7.73 3.23 4.16

Output/output multipliers 3.88 1.86 1.86 4.29 2.27 2.64

Employment/Output multipliers 0.37 0.16 0.16 0.45 0.14 0.25

Value added/output multipliers 1.85 0.52 0.52 1.72 0.48 0.76

Mineral Metal Waste Railway
transport

Highway
transport

Water
Transport

Accounting multipliers 6.58 4.3 4.38 6.82 6.87 7.04

Output/output multipliers 3.79 2.82 2.57 3.7 3.71 3.8

Employment/Output multipliers 0.44 0.22 0.26 0.36 0.39 0.45

Value added/output multipliers 1.4 0.74 0.9 1.56 1.58 1.62

Air transport Industry Service Elec.coal Elec.pet. Elec.nat.gas

Accounting multipliers 5.36 5.76 7.75 7.37 7.37 7.37

Output/output multipliers 3.2 3.38 3.97 4.64 4.64 4.64

Employment/Output multipliers 0.4 0.37 0.65 0.38 0.38 0.38

Value added/output multipliers 1.08 1.19 1.89 1.36 1.36 1.36

Elec.hydro Elec.renew. Labor Capital Household

Accounting multipliers 7.37 7.37 7.24 7.24 6.24

Output/output multipliers 4.64 4.64 - - -

Employment/Output multipliers 0.38 0.38 - - -

Value added/output multipliers 1.36 1.36 - - -

Source: Authors’ calculations.

Shocks were exogenous final demand shocks, as multiplier analysis is a method calculating
output change arising from a change in exogenous final demands; namely government expenditure,
investment, and export in this model. Shocks results could be summed, multiplied, or divided, and
proposed as policy mixes. An identifying number was given to each shock and changes in emissions,
output, employment, GDP, hard coal use, and lignite use (six indicators) were calculated. Shocks
and their results are given in tables in each subheading. Detailed explanations of shocks are given in
Supplementary File 3.

4.1. NCCAP Policies

To evaluate the implementation performance of previous emissions policies of the Turkish
Government, all of the following recent documents were examined: Turkey’s Strategic Vision 2023,
10th Development Plan, New Investment Incentive Plan, Input Supply Strategy and Action Plan,
Energy Efficiency Strategy Paper, Electricity Market and Security of Supply Strategy Paper, and the
most recent strategy papers of the Ministry of Environment and Urbanization, the Ministry of Energy
and Natural Resources, the Ministry of Development, the Ministry of Industry and Trade, and the
Ministry of Science, Industry and Technology. Some of these documents did not include any emissions
mitigation policies or goals and many of those did, did not have measurable ones. The few documents
with measurable policies and goals presented further challenges for scenario analysis. Emissions
targets and policies could not be aggregated into one sector, and also, they were in various units,
not monetary units. Furthermore, these documents gave different years of completion for some of
the same targets. Only the National Climate Change Action Plan (NCCAP) included appropriate
emissions mitigation goals and was comprehensive; therefore, this document was taken as the basis
for evaluating the performance of emissions mitigation policies of the previous documents. NCCAP
simulations category was created. All of the goals in the NCCAP were examined, and measurable goals
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were transformed into shocks. Before that, the goals which had a different deadline than 2015 were
revised for 2015, demoted to 2015. In this way, simulation results could be compared with the existing
emissions inventory in 2015. The reader is referred to Supplementary File 3 for detailed information
about transforming the NCCAP goals to shocks.

Five of the seven main sectors in the NCCAP document were included. Forestry was left out of
this study as it is a LULUCF sector. Building was also excluded due to lack of separate data for public,
private, and residential buildings. In addition, residential buildings were high in number, therefore,
the building sector should have been evaluated within consumer side, rather than producer side. Eight
shocks were generated from the NCCAP goals. Shocks and their results are given in Table 4.

The first four shocks were in the energy main sector. Primary energy efficiency shock, NCCAP01,
caused minute reductions in emissions and coal use. Electricity efficiency shock, NCCAP02, resulted
in significant declines in emissions level and coal use. Transfer shock from fossil electricity sectors
to the hydro electricity sector, NCCAP03, aimed to utilize entire technical and economic potential
for hydroelectric energy. It provided the biggest emissions reduction among other shocks and was
far better in coal use also. NCCAP04 which foresees reducing losses and illicit use in electricity
distribution, performed better in emissions mitigation and coal use than NCCAP01 but fell short
compared to the other two scenarios.

NCCAP05, NCCAP06, NCCAP07 shocks were applied in the transport main sector as transfer
shocks. NCCAP05 and NCCAP07 were the same transfers, transfers from highway to railway transport,
but they were in different amounts. They both decreased emissions and caused very small declines
in employment and GDP. NCCAP06, a transfer from highway to water transportation, decreased
emissions but increased employment, GDP, and output very slightly.

NCCAP08 was the only shock in the waste sector, a 10% decrease in waste amount. Emissions
decrease amounted to 0.05%, hard coal use and lignite use decreased at same rates, 0.02%.

Total emissions reduction obtained from NCCAP simulations was 2.69%. Employment decreased
at a rate of 0.06%; GDP decreased at a rate of 0.01%; and output increased at a rate of 0.01%. Decrease
in coal use was greater than in emissions, hard coal and lignite use decreased at rates of 3.25% and
7.16%, respectively. Consequently, if Turkey had applied the NCCAP policies between 2012 and 2015,
emissions level in 2015 would be 436.82 Mt CO2 eq., 2.69% less than the existing 2012 level, 448.9 Mt
CO2 eq. However, the actual figure was 475.1 Mt CO2 eq., 5.84% more than the 2012 level. It can
therefore be considered that in the 2012–2015 period, the application of NCCAP policies failed to
reach expectations.
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Table 4. National Climate Change Action Plan (NCCAP) policies and results.

Sector Policy for 2015 Shock
Number

Change of Total
Greenhouse Gas

Inventory (%)

Change in
Employment

(%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

Change in
Lignite Use

(%)

ENERGY

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts of primary energy sectors (coal mining;
petroleum and natural gas extraction; manufacturing of coke and refined
petroleum) with an aim of reducing primary energy intensity.

NCCAP01 −0.09 na na na −0.05 −0.06

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts of all electricity producing sectors with an
aim of increasing efficiency.

NCCAP02 −0.63 na na na -0.83 −1.79

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in exogenous
final demand accounts from coal electricity sector to hydro electricity sector
at a rate of 16.3% of total electricity exogenous final demand with an aim of
increasing clean energy in energy production.

NCCAP03 −0.82 0.00 0.00 0.00 −2.18 −4.92

INCREASING EFFICIENCY TYPE SHOCK: A decrease shock in all
electricity sectors at a rate of 2.18% with an aim of reducing losses and illicit
use in electricity distribution.

NCCAP04 −0.14 na na na −0.18 −0.39

TRANSPORTATION

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in exogenous
final demand accounts from highway transport to railway transport at a rate
of 10% of highway transport exogenous final demand with an aim of
ensuring balanced utilization of transport modes.

NCCAP05 −0.22 −0.05 −0.01 0.00 0.00 0.00

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in exogenous
final demand accounts from highway transport to water transport at a rate of
10% of highway transport exogenous final demand with an aim of ensuring
balanced utilization of transport modes.

NCCAP06 −0.30 0.08 0.02 0.01 0.00 0.02

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in exogenous
final demand accounts from highway transport to railway transport at a rate
of 20% of highway transport exogenous final demand with an aim of
ensuring balanced utilization of transport modes.

NCCAP07 −0.44 −0.09 −0.02 0.00 0.00 −0.01

WASTE INCREASING EFIICIENCY TYPE SHOCK: A 10% decrease in all waste
amount with an aim of ensuring effective waste management. NCCAP08 −0.05 na na na −0.02 −0.02

Total −2.69 −0.06 −0.01 0.01 −3.25 −7.16

Source: Authors’ compilation from NCCAP document [32] and authors’ calculations.
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4.2. INDC Policies

In the INDC simulations, measurable goals in the Turkish INDC document were determined and
transformed into final demand shocks. Many of the INDC document goals did not have quantitative
targets. The INDC gave reference to some national strategy and action plans for detailed information
about these goals. These documents were reviewed with the hope to quantify the goals but it was
found that they had been prepared for purposes that were completely different from the INDC and
so were found inadequate for this purpose. Only three shocks could be generated from the INDC
document goals, and all of them were in the energy main sector. Different from the NCCAP shocks,
the INDC shocks were calculated by taking into account a growth rate taken from the INDC document.
In the INDC, only the emissions level was estimated for the year 2030 and no estimates were given
for any other values. Growth rate of emissions was calculated as 5.51% per year. When transforming
the INDC goals into shocks, firstly, existing 2012 values were extrapolated for 2030 by applying this
growth rate. Secondly, differences between these updated values and targeted values were determined.
These differences constituted the shocks. The Environmentally Extended SAM was never updated
but changes required by the goals for the year 2030 were calculated and applied as shocks on the
Environmentally Extended SAM. Detailed information about transformation of the INDC goals to
shocks are given in Supplementary File 3. The shocks and their results are summarized in Table 5.

INDC01 and INDC02 shocks were transfer shocks, transferring volume to renewable and
hydroelectricity sectors, respectively. INDC02 further reduced emissions and coal use compared
to INDC01 because it was a greater shock. INDC03 shock was a decrease shock at a rate of 15% which
aimed at reducing electricity transmission and distribution losses. INDC03 gave a better result than
INDC01 in emissions reduction, but there was a less decrease in coal use. It is because INDC01 replaces
coal with renewable resources but INDC03 decreases final demands of all electricity producing sectors.

These three shocks reduced emissions by 3.20%, a far weaker decrease than the INDC target.
Output, employment and GDP changes were zero; hard coal use and lignite use changes were
significant, −6.95% and −15.33%, respectively. It appears impossible to reach the INDC emissions
mitigation target based on its own policies.
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Table 5. Intended Nationally Determined Contribution (INDC) policies and results.

Sector Policy for 2030 Shock
Number

Change of Total
Greenhouse Gas

Inventory (%)

Change in
Employment

(%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

Change in
Lignite Use

(%)

ENERGY

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in
exogenous final demand accounts from coal electricity sector to
renewable electricity sector at a rate of 14.3% of total electricity
exogenous final demand with an aim of increasing renewable
resources in production.

INDC01 −0.72 0.00 0.00 0.00 −1.91 −4.30

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in
exogenous final demand accounts first from coal electricity, then
petroleum electricity, then natural gas electricity sectors to hydro
electricity sector at a rate of 32.4% of total electricity exogenous final
demand with an aim of tapping the whole hydroelectric potential.

INDC02 −1.54 0.00 0.00 0.00 −3.79 −8.55

INCREASING EFFICIENCY TYPE SHOCK: A decrease shock in all
electricity sectors at a rate of 15% with an aim of reducing electricity
transmission and distribution losses.

INDC03 −0.94 na na na −1.25 −2.68

Total −3.20 0.00 0.00 0.00 −6.95 −15.53

Source: Authors’ compilation from INDC document [5] and authors’ calculations.
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4.3. Emissions Decreasing Policies

Emissions decreasing simulations were generated with an aim of reaching the INDC emissions
mitigation target by employing policies that are more plausible than the INDC policies. The target
year for these shocks was also 2030. Various shocks were essentially motivated by the NCCAP and the
INDC documents. As a result, some emissions decreasing shocks ended up being the same with some
of the NCCAP and the INDC shocks above. The remaining shocks were generated by the authors
taking emission coefficients into account. To generate these shocks, sectors were categorized into
four: very high, high, low and zero. The identification of the four categories was performed in three
steps. Initially, each sector’s CO2 equivalent emissions total was taken from the Environmentally
Extended SAM, these totals were divided by gross output of the same sector, and emission coefficients
were calculated for each sector. These coefficients were in kg CO2 equivalent per thousand Turkish
Lira. Then, mean of these coefficients (coefficient mean) was calculated, 428 kg CO2 eq./thousand
TL. Finally, another mean (gross mean) was calculated as 109 kg CO2 eq./thousand TL by dividing
total emissions inventory by total gross output in the economy. Sectors with emission coefficients
greater than coefficient mean were classified as “very high”, those with emission coefficients between
coefficient mean and gross mean were classified as “high”, those with coefficients less than gross mean
were classified as “low”, and, those with zero emissions were classified as “zero”. This categorization
can be seen in Table 6.

Fourteen shocks were prepared in total in all main sectors (energy, industry, transportation,
waste and agriculture). The shocks and their results are presented in Table 7. The first eight shocks
were in the energy main sector. The primary energy shock, EMIS01, which was the same as the first
NCCAP shock, had weak results for emissions, hard coal use and lignite use. EMIS02 and EMIS05
were the same shocks in magnitude but were instigated by different policies, increasing efficiency in
electricity use and reducing losses in electricity distribution, respectively. The reduction in emissions
for both was 0.63% and the reductions in hard coal and lignite use amounts were 0.83% and 1.79%,
respectively. These shocks performed better than the primary energy shock, EMIS01. EMIS04 aimed
to apply co-generation technology in coal, petroleum and natural gas electricity sectors. It produced
a similar result to EMIS02 and EMIS05 in emissions reduction and coal use despite being a smaller
volume shock.

EMIS03, which incidentally is the same as the second INDC shock, transfers electricity production
to hydroelectricity sector away from electricity generating sectors using coal, petroleum and natural
gas, in that order. This policy achieved the largest emissions reduction and the most significant
reduction in coal use as the most aggressive policy in the energy main sector.

EMIS06 was a transfer shock to renewable electricity sector from coal electricity sector. Emissions
reduction was 0.14%, hard coal use reduction was 0.38%, and lignite use reduction was 0.85%. EMIS08
was a transfer shock from natural gas sector to renewable electricity sector and brought 0.12% reduction
in emissions. EMIS06 performed better than EMIS08 in coal use reduction as expected. EMIS07 was
a transfer shock from electricity generation using petroleum sector to renewable electricity sector;
but as the share of petroleum is very low, the change in emissions was very low and the changes in
other indicators were zero. Sum of these transfer shocks, EMIS06, EMIS07, and EMIS08, provided less
emissions reduction than EMIS04, the increasing efficiency shock at the same rate in the same sectors.
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Table 6. Sector categories according to output, employment, value added multipliers and emission coefficients.

Sectors Output Multiplier Category Employment Multiplier Category Value Added Multiplier Category Emission Coefficient (kg CO2
eq./billion TL) Category

Agriculture 3.88 high 0.37 high 1.85 very high 279.48 high
Coal mining 1.86 zero 0.16 zero 0.52 zero 188.50 high

Petroleum, natural gas extraction 1.86 zero 0.16 zero 0.52 zero 146.98 high
Food 4.29 high 0.45 high 1.72 very high 11.90 low

Coke, refined petroleum 2.27 zero 0.14 zero 0.48 zero 62.63 low
Chemistry 2.64 low 0.25 low 0.76 zero 52.17 low

Mineral 3.79 high 0.44 high 1.40 high 1084.06 very high
Metal 2.82 low 0.22 zero 0.74 zero 104.01 low
Waste 2.57 zero 0.26 low 0.90 low 388.47 high

Railway transport 3.70 high 0.36 high 1.56 high 102.13 low
Highway transport 3.71 high 0.39 high 1.58 high 266.58 high

Water transport 3.80 high 0.45 high 1.62 high 79.28 low
Air transport 3.20 low 0.40 high 1.08 low 139.50 high

Industry 3.38 low 0.37 high 1.19 low 27.53 low
Service 3.97 high 0.65 very high 1.89 very high 0.00 zero

Elec.coal 4.64 very high 0.38 high 1.36 high 1873.27 very high
Elec.pet. 4.64 very high 0.38 high 1.36 high 1435.07 very high

Elec.nat.gas 4.64 very high 0.38 high 1.36 High 1040.99 very high
Elec.hydro 4.64 very high 0.38 high 1.36 High 0.00 zero
Elec.renew 4.64 very high 0.38 high 1.36 High 0.00 zero

Categorization information

Category Interval Category Interval Category Interval Category Interval
zero >0 zero >0 Zero >0 zero =0
low >2.64 low >0.23 Low >0.8 low <109
high >3.55 high >0.35 High >1.23 high <428

very high >4.46 very high >0.47 very high >1.66 very high >428

Source: Author’s calculations. See in text for classifications.

Table 7. Emissions decreasing policies and results.

Sector Policy for 2030 Shock
Number

Change of Total
Greenhouse Gas

Inventory (%)

Change in
Employment

(%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

Change in
Lignite Use

(%)

ENERGY

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts in primary energy sectors (coal mining,
petroleum natural gas extraction, coke, refined petroleum) with an aim of
reducing primary energy intensity.

EMIS01 −0.09 na na na −0.05 −0.06

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts of all electricity producing sectors with an
aim of raising efficiency in electricity use.

EMIS02 −0.63 na na na −0.83 −1.79

TRANSFERRING VOLUME TYPE SHOCK: A transfer shock in exogenous
final demand accounts first from coal electricity, then petroleum electricity,
then natural gas electricity sectors to hydro electricity sector at a rate of 32.4%
of total electricity exogenous final demand with an aim of tapping the whole
hydroelectric potential.

EMIS03 −1.54 0.00 0.00 0.00 −3.79 −8.55
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Table 7. Cont.

Sector Policy for 2030 Shock
Number

Change of Total
Greenhouse Gas

Inventory (%)

Change in
Employment

(%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

Change in
Lignite Use

(%)

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts in coal, petroleum and natural gas
electricity production with an aim of increasing efficiency by co-generation
technologies.

EMIS04 −0.53 na na na −0.71 −1.53

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous final demand accounts in all electricity producing sectors with an
aim of reducing losses and illicit use in electricity distribution.

EMIS05 −0.63 na na na −0.83 −1.79

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous final demand accounts from coal electricity to renewable
electricity with an aim of increasing share of clean energy in electricity
production.

EMIS06 −0.14 0.00 0.00 0.00 −0.38 −0.85

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous final demand accounts from petroleum electricity to renewable
electricity with an aim of increasing share of clean energy in electricity
production.

EMIS07 −0.003 0.000 0.000 0.000 0.000 0.000

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous accounts from natural gas electricity to renewable electricity with
an aim of increasing share of clean energy in electricity production.

EMIS08 −0.12 0.00 0.00 0.00 0.00 0.00

INDUSTRY

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous accounts from mineral sector to service sector with an aim of
decreasing greenhouse gas intensity per GDP produced in industry
main sector.

EMIS09 −0.18 0.03 0.02 0.00 −0.01 −0.02

TRANSPORTATION

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous accounts from highway transportation to railway transportation
with an aim of decreasing CO2 equivalent intensity in transportation.

EMIS10 −0.22 −0.05 −0.01 0.00 0.00 0.00

TRANSFERRING VOLUME TYPE SHOCK: A 10% transfer shock in
exogenous accounts from highway transportation to water transportation
with an aim of decreasing CO2 equivalent intensity in transportation.

EMIS11 −0.30 0.08 0.02 0.02 0.00 0.02

INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous accounts in highway transportation. EMIS12 −0.90 na na na −0.41 −0.50

WASTE INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous accounts in waste sector. EMIS13 −0.05 na na na −0.02 −0.02

AGRICULTURE INCREASING EFFICIENCY TYPE SHOCK: A 10% decrease shock in
exogenous accounts in agriculture sector. EMIS14 −0.76 na na na −0.38 −0.45

Total −6.09 0.06 0.03 0.02 −7.40 −15.54

Policy mix proposed by the authors −4.54 0.06 0.03 0.02 −3.61 −6.99

Source: Authors’ calculations.
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In the industry main sector, only one shock was run. EMIS09, a 10% transfer shock from mineral
(very high emitting) to service (zero emitting), reached 0.22% decrease in emissions accompanied by
a 0.05% decrease in employment and a 0.01% decrease in GDP.

In transportation main sector, increasing efficiency shock to be achieved by convincing people to
use more public transport and putting sustainable transport solutions into practice, EMIS12, achieved
the greatest emissions reduction among other shocks in transportation, 0.9%. It also decreased hard
coal and lignite use at rates of 0.41% and 0.5%, respectively. Transferring volume from highway to
railway shock, EMIS10, did not perform as well as transferring volume from highway to seaway
shock, EMIS11. EMIS11 decreased emissions level to a greater extent than EMIS10 and also increased
employment, GDP, and output.

A 10% decrease shock, EMIS13, aimed at efficiency in waste management. The shock resulted
in a 0.05% decrease in emissions, 0.02% decrease in hard coal use, and 0.02% decrease in lignite use.
Changes in output, employment and GDP were ignored as it was an increasing efficiency shock.

A 10% decrease shock in agriculture, EMIS14, is planned to be achieved by fuel saving, avoiding
excess use of fertilizers, and implementing modern practices. Emissions, hard coal use and lignite use
decreased at rates of 0.76%, 0.38% and 0.45%, respectively.

When all of the emissions decreasing shocks were considered, a policy mix consisting of all shocks
except EMIS03 achieved a 4.54% reduction in emissions level. Hard coal use and lignite use in this
policy mix decreased at rates of 3.61% and 6.99%. This policy mix, combination of all shocks except
EMIS03, also failed to reach the INDC emissions mitigation target. The economy did not shrink but
grew, although very slightly. Employment, GDP, and output increased at rates of 0.06%, 0.03%, and
0.02%. This was an expected result because the shocks were either increasing efficiency or transferring
volume shocks, increasing efficiency shocks were planned so as not to change output levels and
transferring volume shocks were planned in such a way so that gains or losses were allowed only due
to transfers among sectors.

EMIS03 envisaged transferring production away from coal, petroleum, and natural gas electricity
generation towards hydroelectricity to tap into the entire hydroelectricity potential in Turkey. It was
not preferred as it meant increasing hydroelectric capacity by 60.67% which is technically possible
but not plausible from an economic point of view. Furthermore, hydro electricity production has
detrimental impacts on land use and wild life.

Even though the policy mix presented above was far from achieving the target of 21%, it consisted
of more conceivable policies than the INDC policies. The proposed policies are greater in number,
spread throughout the economy, and easier to implement.

4.4. Multiplier Policies

In each platform and each document submitted or published, Turkey repeats its determination
to sustain economic growth while mitigating emissions. This paper presents simulations based on
output, employment, and GDP multipliers that enhance growth and increase employment to address
the question of whether sustaining economic growth is possible while realizing the INDC target.

Sectors having high multiplier values have a greater effect on the economy than those with low
multiplier values. Therefore, sectors were categorized into four levels according to their multiplier
values: very high, high, low and zero. Categorization was based on the mean and standard deviation
of multipliers and can be seen in Table 6. Sectors which have multipliers greater than the mean plus
one standard deviation were classified as “very high”. Sectors with multipliers between the mean
and mean plus one standard deviation were classified as “high”. Sectors with multipliers between the
mean and one standard deviation less than the mean were classified as “low”. Finally, sectors with
multipliers between one standard deviation less than the mean and zero were classified as “zero”.

Only the energy, industry, and agriculture main sectors were subjected to multiplier shocks. Waste
and transportation sectors were left out of the multiplier analysis as it is not reasonable to boost the
economy by promoting these sectors.
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GDP multiplier shocks and output multiplier shocks occurred the exact same even though
multipliers and sector categories were different. For this reason, the shocks and their results are given
together in Table 8 but separately in Supplementary File 3. OUT01 was a 10% increase shock given to
all electricity producing sectors due to efficiency increase. Output, GDP, and employment increases
were very low and change in emissions, hard coal use and lignite use were ignored. OUT02 was a 10%
transfer shock from low output sectors, chemistry, metal and industry, to high output sectors, service,
mineral and food. Output increased at a rate of 0.78% but the increase in GDP and employment was
much greater, 2% and 2.23%, respectively. However, this shock caused emissions level and lignite
use to increase as well, at rates of 0.68% and 0.94%, respectively. OUT03 shock was an increasing
efficiency shock and caused the highest levels of increase in macroeconomic indicators; 5.30% in
output, 6.22% in GDP, 6.47% in employment. Changes in emissions level and coal use were ignored.
OUT04 was an increase shock in the agriculture sector and outperformed OUT01 in all macroeconomic
indicators; output increased at a rate of 0.5%, GDP and employment increased at rates of 0.61 and 0.38,
respectively. When all of the output shocks were considered, OUT02 and OUT03 policies stood out.
These shocks brought about significant increase also in employment and GDP. However, rather than
achieving any reduction in emissions level, they increased.

When employment increasing shocks were considered, EMP01 shock was the same as OUT01
shock, and these could be interpreted as weak shocks. EMP02 was a 10% transfer shock from sectors
having low employment multiplier, chemistry and metal, to sectors having high employment multiplier,
service, mineral, food and industry. It caused low rates of increase in output, GDP, and employment;
also, emissions level increased. EMP03 was the largest shock which was a 10% increasing efficiency
shock in food, mineral, service, and industry sectors. The shock produced 8.42%, 9%, 9.23% increases
in output, GDP, and employment, respectively. This shock was a larger version of OUT03 shock.
EMP04 was the same as OUT04 and performed best in GDP. Employment increasing policies and their
results are listed in Table 9. These shocks led to the same conclusion as the output increasing shocks
that is none were capable of reducing emissions.
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Table 8. Developmental and GDP increasing policies and results.

Sector Policy for 2030 Shock
Number

Change of Total
Greenhouse Gas

Inv. (%)

Change in
Emp. (%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

Change in
Lignite Use

(%)

ENERGY
INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
all electricity producing sectors.

OUT01/GDP01 na 0.10 0.12 0.16 na na

INDUSTRY

TRANSFERRING VOLUME TYPE SHOCK: A 10%
transfer shock in exogenous final demand accounts
from chemistry, metal, industry sectors to service,
mineral, food sectors.

OUT02/GDP02 0.68 2.23 2.00 0.78 −0.26 0.94

INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
food, mineral, service sectors.

OUT03/GDP03 na 6.47 6.22 5.30 na na

AGRICULTURE
INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
agriculture sector.

OUT04/GDP04 na 0.38 0.61 0.50 na na

Total 0.68 9.19 8.95 6.73 -0.26 0.94

Source: Authors’ calculations.

Table 9. Results of employment increasing policies generated by the authors.

Sector Policy for 2030 Shock
Number

Change of Total
Greenhouse Gas

Inv. (%)

Change in
Emp. (%)

Change in
GDP (%)

Change in
Output (%)

Change in
Hard Coal

Use (%)

CHANGE
in lignite
Use (%)

ENERGY
INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
all electricity producing sectors.

EMP01 na 0.10 0.12 0.16 na na

INDUSTRY

TRANSFERRING VOLUME TYPE SHOCK: A 10%
transfer shock in exogenous final demand accounts
from chemistry, metal sectors to service, mineral, food,
industry sectors.

EMP02 0.08 0.34 0.32 0.16 −0.28 0.15

INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
food, mineral, service, and industry sectors.

EMP03 na 9.23 9.00 8.42 na na

AGRICULTURE
INCREASING EFFICIENCY TYPE SHOCK: A 10%
increase shock in exogenous final demand accounts of
agriculture sector.

EMP04 na 0.38 0.61 0.50 na na

Total 0.08 10.05 10.05 9.23 −0.28 0.15

Source: Authors’ calculations.
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5. Discussion

INDC simulation results suggest that the INDC policies can only reduce emissions level by
3.20% even though the policies require major changes in the economic structure and are difficult to
implement. In addition, very few of the INDC goals are measurable, unambiguous, and reportable.
Thus, only three goals, all in the electricity sectors, could be transformed into policies. The INDC
Content Brief Report of Turkey produced by the World Bank [69] reviewed the INDC under six titles
(cost of implementation, capacity building needs, technology needs, unconditional part of mitigation
target, conditional part of mitigation target, emissions reduction potential); and unfortunately, the
document was found deficient in all of these. There is widespread concern about the accuracy of the
INDC BAU projections. The report by WWF-Turkey and IPC [46] which was prepared before the
INDC submission, consisted of two different scenarios, official plans scenario with the growth rates
of Turkey’s official economic program and BAU scenario with more realistic growth rates. Acar and
Yeldan [44] found the emissions projection in the INDC too high and not in line with the recent Turkish
historical pathway. The report by TUSIAD [47] prepared its own BAU scenario by using Climate
Equity Reference Project (CERP) which uses projections of IMF, McKinsey, and the World Bank. In
addition, the results of this study show that emissions reduction obtained by applying the NCCAP
policies for three years is only slightly less than emissions reduction obtained by applying the INDC
policies for ten years. This is not surprising as the NCCAP policies are both numerous and measurable,
yet it is disconcerting that the NCCAP is more comprehensive even though it was a reference for
the INDC.

Moreover, two of the three measurable policies in the document concerned shifting electricity
production to renewable and hydro electricity generation sectors; however, recently Turkey has
pursued a strong commitment to utilizing all its coal reserves. Turkey hopes to decrease dependency
on imports in energy with this decision, which is set out in the strategy documents of the Ministry of
Energy and Natural Resources and in the 5-year development plans of the Ministry of Development.
In light of all this, the INDC document can’t be considered to be convincing.

Among the emissions decreasing policies, two seem promising in the energy main sector: the
policy of increasing efficiency in electricity generation from fossil fuels by implementing cogeneration
technologies, and the policy of replacing fossil fuels with renewable resources in electricity production.
Turkey should give priority to coal when implementing the latter, because coal has a higher potential
in emissions reduction. Reducing losses and preventing illicit use in electricity distribution and raising
efficiency in electricity use are other notable policies in the energy main sector. Increasing efficiency
in road transportation by convincing people to use more public transport and putting sustainable
transport solutions into practice is notable among other policies in the transportation main sector.
Transferring volume to low emitting modes also contributes significantly. Increasing efficiency by land
consolidation and applying modern and sustainable practices in vegetal and animal production in the
agriculture sector is also effective. In the high emitting mineral sector, shrinking domestic production
and importing from the countries that produce with low-carbon technologies, is the most effective
policy in the industry main sector. However, given the high trade deficits in Turkey, this is unlikely
to be possible in the near future. These policies should be of top priority for Turkey and may also be
priorities for other developing countries if their patterns of emissions are similar with Turkey.

However, the policy mix proposed by the authors among emissions decreasing policies provides
a 4.54% decrease in emissions level. This policy mix is economy-wide and easier to implement
compared to the policies in the INDC document, yet the 21% target can’t be achieved. Achieving the
INDC emissions mitigation target does not seem possible, either through increasing efficiency shocks
or transferring volume to low carbon economy shocks, or with any mixes of them. Achieving the
target requires producing forceful policies.

Multiplier simulations generated by the authors showed that boosting the economy is possible by
increasing efficiency in sectors with high multipliers or transferring volume to these sectors, but this
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results in higher not lower emissions. This indicates that it is impossible to achieve such a high target
with policies that involve only economic concerns.

Comparison of results of the NCCAP simulation with the existing 2015 emissions inventory
showed that Turkey missed an opportunity to decrease its emissions by 2.69%, but emissions increased
by 5.84% instead. This raises doubt about Turkey’s determination in the climate mitigation field.
Although the NCCAP contained a decision on the establishment of a committee to monitor and
evaluate the implementation status, this unit has yet to issue such a report. Furthermore, the documents
published after the NCCAP and given as references in the INDC document do not include any
information about implementation of the NCCAP goals; 10th National Development Plan, National
Strategy on Industry, Energy Efficiency Strategy Paper, National Strategy and Action Plan on Recycling,
National Legislation on Monitoring, Reporting and Verification of GHG emissions, National Smart
Transportation Systems Strategy (2014–2023) and its Action Plan (2014–2016). Turhan et al. [70] also
criticized Turkey as maintaining a peculiar position under UNFCCC for two decades, and with the
new climate regime now in place, they claimed that the country’s mitigation pledges were falling short
of expectations both in terms of realistic projections and its ambition to step up in the post–2020 period.

It is necessary to point out an important issue about the goals in the NCCAP and INDC documents
and the way in which they were transformed into shocks. The NCCAP and INDC goals were set
over the entire economy, however this study generated shocks over exogenous final demand accounts.
Household consumption was not included because the household account is taken as endogenous
in the Multiplier Analysis method in order to comprise income effects. As exogenous final demand
accounts constituted 49% of total final demand in this Environmentally Extended SAM, the NCCAP and
the INDC simulations results can be interpreted as being higher than they currently were. Emissions
decreasing shocks generated by the authors can be interpreted the same, as these were also set over
the entire economy. Although this is the issue, this does not change conclusions drawn on the NCCAP
and the INDC documents and the emissions decreasing simulations since the emissions target is so far
off from any simulation outcome.

In conclusion, as reaching the INDC target seems impossible for Turkey, the INDC target and the
document itself should be revised in 2020 in accordance with the Paris Agreement which foresees an
update of NDCs every five years. As each Party will undergo a technical expert review during the
period, the document should also be supported by a series of analyses that determining mitigation
target and actions to be taken. This will also help Turkey to be eligible to receive international support
for its financial, technology and capacity-building needs. Another failure in the INDC would not only
make Turkey more vulnerable to this seemingly inevitable change, but also can completely undermine
any opportunity it has to shape the process.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/6/1722/
s1 [71–79].
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Genel Denge Modeli Uygulaması; State Planning Organization: Ankara, Turkey, 2009.

51. Turkstat. Input-Output Table. 2012. Available online: http://www.turkstat.gov.tr/PreTablo.do?alt_id=1021
(accessed on 11 November 2017).

52. General Directorate of Budget and Fiscal Control of Turkey. Consolidated Budget Revenues. 2016. Available
online: http://www.bumko.gov.tr/TR,160/konsolide-butce-buyuklukleri-program-butce-siniflandirm-
.html (accessed on 11 August 2017).
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