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ID NO ABSTRACT

ID # 226 Environment has had a relatively low priority inrkey. Environmental
concerns have been too often superseded by devefdpnterest in local
decision-making. Strengthened environmental effoftem national
government, provincial authorities, and municipedit are required to
achieve environmental convergence with the Europ@aion. Despite
progress in providing environmental statistics amdicators, the need for

integrated studies on environmental sustainabbibyh national and sub-

Keywords: ) national levels is still urgent. The objective bfststudy is to measure and
Turkey, NUTS 2 regions, NUTS  compare environmental sustainability at sub-natiéexel by using AHP.
3 regions, sub-regions,  The proposed model is implemented both the seletbetegions (NUTS 2
provinces. level) and their provinces (NUTS 3 level). In thealysis, SuperDecisions

software v.2.2.1 is used and two alternative graanesevaluated according
to eleven criteria namely, population density, ggeconsumption, green
area, land use, total disposal, non-treated wagteywaater consumption,
number of cars, traffic accidents, S@nd PM, emissions. The results
indicate that at NUTS 2 levelstanbul (TR10) the largest city in Turkey
with 18% of total population and also one of thestnpopulated cities in
Europe is ranked (0.267133) first out of fiistanbul is followed by regions
TR42 Kocaeli, Sakarya, Dilizce, Bolu, Yalova (0.18908nd TR41 Bursa,
Eskisehir, Bilecik (0.186964) while TR21 Tekirga Edirne, Kirklareli
(0.170595) is rated as the least environmentalgfasniable region. On the
other hand, at NUTS 3 level TR424 Bolu has the dsghranking
(0.132935), followed by TR412 Eskhir (0.121052) and TR413 Bilecik
(0.088625). The least environmentally sustainabievipces are TR211
Tekirdas (0.046646) and TR421Kocaeli (0.037254), respelstivER100
Istanbul (0.051545) is ranked 11th out of 14.

1. INTRODUCTION
A meaningful assessment of sustainable developnemounters problems regarding the
determination of appropriate scale of analysis.r&@his a vast range of studies which deals
measuring and evaluating sustainable developmehtbah most of them use global or national
levels as units of analysis. However, several asthogue that measuring sustainable development
at the national level or with national-level datégi fail to capture critical issues at the regiona
level [1-3]. Indeed, in recent years regional dustaility assessment initiatives have flourished
throughout the world [4]. However, their geograpsiope lies between the country/state level, and
the local level of cities, towns and other locaieounities [5]. Consequently, the question of what
is the appropriate unit of analysis for regionadtainability assessment stands as a major problem
[6, 7].

In European Union (EU), NUTS (nomenclature of terral units for statistics) geographic areas
classification has been introduced in order toemland publish of standardised regional statistic
information which can be used for socio-economialysis for regions but also as a framework for



EU regional policies [8, 9]. Apart from the natibheavel, territorial units on the level of NUTS 2
and eventually NUTS 3 are within the EU usuallyogruzed as the basic cells for regional policy.

In 2002, Turkey established NUTS to both to compith the EU Regional Policies and to use
the pre-accession financial supports for regionavetbpment. Previous regional classification
consisted of seven regions was introduced in 1930s/ever, there were no governance institutions
at the level of the seven regions given that Tuskedministrative hierarchy has consisted of
provinces, counties, towns and villages [10]. Sitloe participation to the NUTS classification
geographical statistical units have lost theirvatee.

The objective of this study is to measure and compavironmental sustainability at different
spatial scales. With this aim, an Analytical Hietar Process (AHP) model proposed since AHP is
an efficient tool for integrating indicators withffdrent units of measurement. The proposed AHP
model is implemented tdstanbul, West Marmara and East Marmara regions asd their
provinces.

2. SELECTION OF SAMPLE REGIONS

12 NUTS 1 units, 26 NUTS 2 units and 81 NUTS 3aaite defined under NUTS classification for
Turkey, according to the sizes of population byardqg to social, economical, geographical
factors. NUTS 3 level correspond to 81 provincdse fiew classification groups the 81 provinces
into 26 NUTS 2 clusters. The only exception to tisidstanbul. It is classified as province and
region at all NUTS levels due to its characterssti¢isual representation of NUTS 2 and NUTS 3
regions in Turkey can be found in Fig. 1 and Fig. 2
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Fig. 2. NUTS level 3 regions in Turkey



In order to compare similar regions, we considerggaphical and economical factors together.
In this study sub-regions of West Marmara, Eastrivian andstanbul are chosen to analyse their
environmental sustainability performance. All thesgions are located in the north-western part of
the country and characterised by extremely rapidvgr. Thus, they are the most industrialised and
highly polluted areas in Turkey. Given that there amportant linkages among these areas they
represent a meaningful sample. The list of thecsedieregions and their key economic indicators are
given in Table 1 and Table 2, respectively [11, 12]

Table 1. The selected regions.

NUTS 1 (regions) NUTS 2 (sub-regions) NUTS 3 (pravces)
TR1Istanbul TR1dstanbul TR100stanbul
TR2 West Marmara ~ TR21TekirgaEdirne, Kirklareli TR211 Tekirda

TR212 Edirne
TR213 Kirklareli

TR2 West Marmara ~ TR22 Balikesir, Canakkale TR22kBair
TR222 Canakkale

TR4 East Marmara TR41 Bursa, Esdiir, Bilecik TR411 Bursa,
TR412 Esk§ehir
TR413 Bilecik

TR4 East Marmara TR42 Kocaeli, Sakarya, Dlzce, Bohlova TR421 Kocaeli
TR422 Sakarya
TR423 Diizce
TR424 Bolu
TRA425 Yalova

Table 2. Basic indicators of the selected regions.

Population Employment Labour Force GVA per capita

Regions (NUTS 2 level) (2011) (2011) (2011) (2008 TL)
TR10Istanbul 13624240 4211000 4773000 18689
TR21Tekirdg, Edirne, Kirklareli 1569388 632000 693000 15682
TR22 Balikesir, Canakkale 1640759 575000 607000 2815
TR41 Bursa, Eskehir, Bilecik 3637222 1237000 1339000 16630
TR42 Kocaeli, Sakarya, Dlizce, Bolu, Yalova 3315463 1210000 1373000 16990
Turkey 74724269 24110000 26725000 12020

Sample regions have 32% of total population andritire significantly to national economy.
In 2008, while the national level of gross valueled (GVA) per capita was 12020 TL, the average
GVA per capita of the sample was 15903 TL. The cdetk regions have an exceptionally high
proportion of labour force and employment, 33% Kath indicators, around one third of the
country, by the end of 2011.

Of these regionsistanbul deserves further attention as the centrbotti country and the
Marmara region. Although, this mega-city is not dtionally integrated has high economic
interdependencies with Tekirglakocaeli, Yalova, Bursa and Sakaryatanbul has been ranking
eighth out of 78 OECD metro-regions in terms of ydapon size and first for population growth
since the mid-1990s [10]. It is argued that ovemesmtration inistanbul has reached its sustainable
limit, necessitating a national strategy for mangdiuture. Rapid urbanisation growth and a large
influx of domestic and foreign migrants istanbul in a relatively short period of time haaésed
major development issues threatening its socialegvitonmental sustainability.



3. METHODOLOGY

It is important for policymakers to set their pas with data-driven approaches. Here the major
problem lies behind complexity of sustainabilityncept. Thus, as an initial step, current situations
of the selected areas have to be identified antlds®d with one value with the help of data sets.
Although there are various sustainability assessmethodologies, models and tools developed so
far, the certain characteristics of the Analyticetdrchy Process (AHP) make it useful tool for
environmental sustainability assessment and deeisiaking [13].

In environmental performance studies field, AHP Hamen widely employed such as;
environmental impact assessment [14], environmemzlity indexing [15], environmental
vulnerability assessment [16], energy resourcescation [17], environmental impacts of
manufacturing [18], landfill site selection problefh9], land use pattern [20], and resource
allocation of agricultural activities [21]. In In&ture, there are also some examples of AHP
applications on urban sustainability [22, 23].

AHP decomposes the complexity in the form of a $&mperarchy, descending from overall
goal to criteria, sub-criteria (if exist) and aftatives (see Fig. 3); allocates relative weights of
criteria and sub-criteria to compare the alterrestiv
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Fig. 3. Graphic representation of AHP

The basic principles of AHP can be summarized d&idg and determining the problem;
decomposing the problem in a hierarchy from topugh the intermediate levels; constructing a set
of pair-wise comparison matrices; testing the cstesicy index; synthesizing the hierarchy to find
out the ranks of the alternatives [24]. AHP makee of pair-wise comparisons to simplify the
judgment process with 1-9 ratio scaling [25] (se®Il€ 3).

Table 3. The pairwise comparison scale.

!ntensﬂy of Definition Explanation

importance
1 Equal importance Two activities contribute equ#dl the objective
3 Moderate importance Experience and judgmenttiididivour one activity over another
5 Strong importance Experience and judgment styoiagiour one activity over another
7 Very strong or demonstrated An activity is favoured very strongly over anothiés;dominance

importance demonstrated in practice
9 Extreme importance The evidence favouring onigiacbver another is of the highest
possible order of affirmation

2,4,6,8 Intermediate values

When it is assumed @AA,,...A)) is any set of n elements than a sample of squatex can be
produced as below by pair wise comparisons of ezlement. Here, each {AA;) judgment
represented as a Because g1 for alli diagonal of the matrix contains entries of 1.
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When (W, wW,,...,w,) are the elements corresponding weights; the dmmem of an element in
the row over the element in the column represeagedy/w; . AHP method compares the related

weights of each element in a set with respecteagthal. The general form of comparison matrix of
AHP is given as follows;
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Than the problem turns in to general process toutating the largest eigenvalue corresponding
to eigenvector to assess the Consistency IndeX (@hkereA is the matrixx is the eigenvector and
/. is the eigenvalue. When we divide C.I. by the mnaonsistency number the final value must be
less than 0.10 [26].

AX = Ax 3)

cJ. =m0 (4)

4. BUILDING THE AHP MODELS

In order to assess environmental sustainabilitgifierent spatial scales, two hierarchy trees, in
other words two models are developed. The onlyedsfice between Model A and Model B is the
sample or in AHP terms the alternatives. Althougkhbmodels cover the same geographical area,
Model A focuses sub-regions while Model B dealshwitie provinces of these sub-regiombis
means that the alternatives of Model A are at N@Ti&vel and Model B’s alternatives are at NUTS
3 level. As a result Model A consists of 5 alteivied and Model B has 14 alternatives.

The elements of the hierarchies for each modepaesented in Table 4. At the top of the control
hierarchy for both models, there exists the goalthe problem. The goal is to measure the
environmental sustainability of the alternativesl @aompare their environmental performances. The
selection of criteria is based on the urban enviremtal sustainability indicators determined by
Markandya and Dale [27]. The 11 urban environmemadicators out of 15 are employed for the
analyses. 4 indicators are eliminated due to datitations and also difficulties in adapting themn t
Turkey’s urban concept. SQug /nt), PMy (g /nT), total disposal (kg per capita/year), non-treated
wastewater (litre per capita/day), energy consumnpijtoe), water consumption (1000° mer
capita), population density (population per ®mmumber of cars (car per 1000 capita), traffic
accidents (victims per million cars), land us€)rand green area (ha per inhabitants capitaare t
eleven criteria and they are presented in the setmrels of the hierarchies. For both models, the



criteria clusters are connected to the goal andlegeights are assigned for the second levelseof th
hierarchies.

All data have been drawn from TURKSTAT databaseweiger the availability of the data has
restricted the time scope of the study with thery2@08. The analysis has been performed by
SuperDecisions v.2.2.1 software.

Table 4. Hierarchy elements for the models.

Models Goal Criteria Alternatives
SO, S .
Model A PM Sub-regions: TR10, TR21, TRZ
10 TR41, TR42

Total disposal

Non-treated wastewater
Energy consumption

Water consumption
Population density

Number of cars

Traffic accidents with victims
Land use

Inhabitants per green area

Environmental Sustainability

Model B Provinces: TR100, TR211, TR212,
TR213, TR221, TR222, TR411,
TR412, TR413, TR421, TR422,

TR423, TR424, TR425

5. RESULTS AND DISCUSSION

After constructing hierarchy trees, the same p®waeess applied both for Model A and Model B.
The data was normalised by dividing each entry iy total. Than the criteria were pair-wise
compared and computed via SuperDecisions v.2.2riceShe consistency ratios were less than
0.10, the pair wise comparison matrixes were aeckeps consistent. The results of the models are
summarised below.

5.1. Model A

According to the results of Model A, TRitanbul is the most environmentally sustainabléoreg
(0.267133) at NUTS 2 level, followed by TR42 (0.080) and TR41 (0.186964). TR21 (0.170595)
is rated as the least environmentally sustainag@®n among the alternatives (see Table 5 and Fig.
4).

Table 5. Results of the Model A.

Alternatives Ideals Normals Raw R
TR101Istanbul 1.000000.267133 0.133567 1
TR21 Tekirdg, Edirne, 0.6386160.170595 0.085298 TR22
Kirklareli 1
TR22 Balikesir, 0.6973220.186278 0.093139 TRA1
Canakkale 1
TRA41 Bursa, Eskehir, 0.6998890.186964 0.093482 R4
Bilecik 1

TR42 Kocaeli, Sakarya,0.707624 0.189030 0.094515 TRIO
Diizce, Bolu, Yalova )

0 0,05 0,1 0,15 0.2 0,25 03

Fig. 4. Graphical results of Model A



5.2. Model B

According to the environmental sustainability rantkibased on the results from Model B, TR424
Bolu is the best performer (0.132935), followedTi412 Eskgehir (0.121052) and TR413 Bilecik
(0.088625). TR10Oistanbul and its surrounding provinces (TR421 KdgcaBR211 Tekirda,
TR411 Bursa, TR422 Sakarya and TR425 Yalova) arkecas the least sustainable provinces. The
results are presented in Table 5 and Fig. 5.

Table 5. Results of the Model B.

Alternatives Ideals Normals Raw TRA21

TR100istanbul 0.3877430.051545 0.025772 TR211

TR211 Tekirdg 0.350890 0.046646 0.023323 TRA11

TR212 Edirne 0.510647.067883 0.033941 TR100

TR213 Kirklareli 0.6544650.087001 0.043501 TR422

TR221 Balikesir  0.49315%.065557 0.032779 TRA25

TR222 Canakkale0.539147 0.071671 0.035836 K221

TR411 Bursa 0.37040®.049240 0.024620 TRA23

TR412 Eskgehir 0.9106120.121052 0.060526 TR212

TR413 Bilecik 0.6666820.088625 0.044313 Th222

TR421 Kocaeli 0.280243).037254 0.018627 TR213

TR422 Sakarya  0.41758D.055512 0.027756 1Ra13

TR423 Diizce 0.49604®.065941 0.032970 TRA12

TR424 Bolu 1.0000000.132935 0.066467 Thi2d | :
TR425 Yalova 0.4448700.059139 0.029569 T Yo

Fig. 5. Graphical results of Model B

5.3 Discussion

Environment has had a relatively low priority inrkely and environmental concerns have been too
often superseded by development interest in decisiaking. Now, after decades of neglect,
environmental degradation caused by economic dpnedat is widely accepted. Nevertheless,
despite serious attempts to transition toward swmbée development, Turkey’'s environmental
problems are worsening in scope, intensity, andachg28]. According to Environmental
Vulnerability Index [29] Turkey takes part in highly vulnerable group andisi ranked by
Environmental Performance Indg80] as 72nd out of 149 countries.

As a candidate state to the EU, Turkey has beemdrasing the national environmental
legislation with the EU environmental acquis. Besidmportant efforts have been made to increase
access of the public to environmental informatiBespite progress in providing environmental
statistics and indicatof81, 32] the need for integrated studies on environmequstiainability both
national and sub-national levels is urgent. Deggstrategies to ensure environmental sustainability
requires an accurate assessment of environmentarmpance. Beyond the assessment purpose,
these are also crucial in developing awarenessaf@mental problems, and in advocating the
need for achieving environmental sustainability.

In this paper a multiple criteria decision-makingdusl is presented to rank and compare regions
in terms of environmental sustainability. The pregd AHP model is applied to north-western
regions of Turkey. Two different groups of alteias -one from NUTS 2 level and the other from
NUTS 3 level- are defined. Environmental sustailigbof the selected alternatives is examined
with 11 criteria.



Comparing the results of the models, it can be #aad the selected spatial level affects the
rankings significantly. The most striking casdsganbul. While it ranks the first at NUTS 2 leva,
NUTS 3 level it ranks poorly, in 11th place outldf. TR42 Kocaeli, Sakarya, Diizce, Bolu, Yalova
the second ranked region in Model A is another @tamwWhen the results of two models are
compared, it can be seen the vast differences anm@ngerformance of TR42 provinces. The best
(TR424 Bolu) and the worst performer (TR421 Kogaate both appeared in TR42. These results
emphasise the crucial importance of the units afyais. Working with sub-regional level indicators
might mask the problems in finer spatial levels,our case in province-level. For that reason
working with aggregated data might lead to inacmu@ssessments. At this point once more the
guestion arises as to what the unit of analysisilshioe, and how to deal with the cross-level nature
of the data. It can be interpreted from the reghls NUTS 3 or province-level is more appropriate,
but more research is needed to confirm these fgsdin

Comparison of relative position of NUTS 3 regiorisoareveals some interesting results.
Istanbul and its surrounding regions (Kocaeli, Tadir Bursa, Yalova and Sakarya) which have
important economic interdependencies with it arktireely least environmentally sustainable
regions. Istanbul -centred this area needs special atteriioachieve sustainable development
objective since the practices of these regions kbamsequences for the country as a whole.

Finally, it is also noted that in order to providebust information and building effective
environmental governance solutions we need appesattiat address the complexities of multiple
scales and multiple levels.
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