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Abstract

Local climate zones (LCZ), which are widely used in urban heat island studies, include climate-based
classification of the city to determine the climatic differences in the metropolitan area. Therefore,
mapping methods have been developed to visualise LCZ classes. Compared to the raster-based mapping
method, the vector-based mapping method, which makes a more precise and accurate evaluation, is not
widely used due to the difficulty in creating and obtaining a dataset. This study aims to implement a GIS-
based approach in creating a vector-based LCZ map in the example of Adana City, Turkey. The method
of the study consists of five steps: a) determination of classification criteria; b) mapping of each
classification criteria via Arc-GIS; c) creation of the decision tree for the creation of the LCZ map; d)
overlapping of the classification criteria in line with the decision tree; e) development of suggestions in
line with the findings. Vector-based LCZ classification has minimised the classification mistakes that
may arise from resolution and has enabled the creation of a highly accurate LCZ map. The LCZ map
obtained from the study is expected to be a base map in studies on urban climate studies and to guide
decision-makers.

Keywords: Vector-based, Local Climate Zone, Geographic Information System (GIS), Multi-Criteria
Decision Analysis (MCDA)

Yerel iklim Zonlariin CBS Ortaminda Vektor-Tabanh Haritalanmasi
Oz

Kentsel 1s1 adasi galismalarinda yaygin olarak kullamlan Yerel iklim Zonlar1 (YIZ) kentsel alanda
iklimsel farkliliklarin belirlenebilmesi i¢in kentin iklim temelli siniflanmasini igermektedir. Bu yilizden
YiIZ siniflarmi gorsellestirilmesi icin haritalama yontemleri gelistirilmistir. Manuel, raster ve vektor
tabanli olmak {izere ii¢ tiir haritalama yontemi bulunmasina ragmen hassas ve dogru degerlendirme yapan
vektor tabanli ydntem yaygin olarak kullanilmamaktadir. Bu yiizden ¢alismada vektdr tabanli YIZ haritast
tiretilmesinde CBS-tabanli bir yaklasimin Adana kenti 6rneginde gergeklestirilmesi amaglanmistir. Bu
dogrultuda ¢alismanin yontemi 5 basamaktan olusmaktadir. a) siniflama kriterlerinin belirlenmesi, b) her
bir smiflama kriterinin Arc-GIS aracilifi ile haritalanmasi, ¢) YIZ haritasimin olusturulmas: igin karar
agacinin olusturulmasi, d) karar agaci dogrultusunda smiflama kriterlerinin c¢akistirilmasi, e) bulgular
dogrultusunda &nerilerin gelistirilmesi. YIZ siniflarmin vektdr tabanli simiflanmasi, ¢oziiniirliikten
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kaynakli olabilecek siniflama hatalarini en aza indirgemis ve yiiksek dogruluga sahip YIZ haritasinin
olusturulmasim1 saglamustir. Calisma sonucunda elde edilen YIZ haritasinin kent iklimi ile ilgili
calismalarda altlik olabilmesi ve karar vericilere yol gdsterici olmasi beklenmektedir.

Anahtar Kelimeler: Vektor-tabanli, Yerel Iklim Zonlari, Cografi Bilgi Sistemleri (CBS), Cok Kriterli

Karar Analizleri (CKKA)

1. INTRODUCTION

Local Climate Zones (LCZ) define the region with
similar surface-air temperature distributions at 100
m - 10000 m on the horizontal scale [1]. The main
purpose of using this name is that the classes are
local/regional in scale, regional in climatic terms.
The land use/local climate classification system,
defined as the LCZ, uses observational data to
differentiate climate zones [2]. The definitions
were determined in line with the characteristics of
the areas that were similar in geometry and land
cover under climatic conditions with calm and
clear skies. To determine zones, there are 17
climate zones, divided into two groups as building
types (LCZ 1-10) and land cover types (LCZ A-
G), according to surface characteristics of urban
and rural areas (Figure 1). The LCZ classification
system is not designed to produce any maps but is
intended to classify the areas of constant or mobile
heat islands observed in urban or rural areas and to
standardise landscape units [3]. However, mapping
has been a good approach for visualising the LCZ
classes in the urban and rural areas, as the main
goal is to present landscape units.

There are three classification methods for mapping
local climate zones according to data sources and
analytical techniques. These are manual sampling,
remote sensing and geographic information
systems (GIS). A manual sample has not been
widely applied in urban areas, as it is time-
consuming and may lead to different results
depending on the person making the classification
[4,5]. Classification of satellite images in the
creation of LCZ maps by remote sensing is based
on object-based image analysis or supervised
pixel-based classification techniques [6]. This
method provides a fast and cost-effective LCZ
classification based on free-access LANDSAT
remote sensing images supported by NASA.
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On the other hand, the GIS method analyses a more
comprehensive data set than remote sensing and
manual sampling methods. According to the data
structure, there are two types of GIS methods:
raster-based and vector-based. The raster method is
a suitable method for classifying land surface
features and performing spatial analysis. In addition,
it has been successfully applied in many studies to
produce urban climate maps, urban morphology
maps and air circulation maps [7,8]. On the other
hand, the vector method is advantageous in terms of
defining the shapes of objects with their whole
boundaries. In previous LCZ mapping studies, the
vector method was generally used to obtain more
detailed results [9,10].

In line with these determinations, it is aimed to
implement the vector-based classification approach
of local climate zones in the example of Adana
city. It also aims to create a base map that can be
used in urban heat island studies by making a
detailed classification of Local Climate Zones.
LCZ have common surface characteristics that
vary from hundreds to thousands of meters
depending on local surface conditions. In the high-
density city of Adana, the surface conditions vary
considerably in short distances due to the complex
urban morphology. Therefore, this study has
emerged to make a detailed and precise
classification, the necessity of using the vector-
based GIS-based Multi-Criteria Decision Analysis
(MCDA) method for LCZ maps.

2. MATERIAL AND METHOD

2.1. Study Area
The city of Adana is located in the south of

Turkey, in the Eastern Mediterranean part of the
Mediterranean Region (Cukurova Region). Adana,

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



the 6th most populated city in Turkey (37° 00'
north latitude and 35° 19' east longitude), is the
center of the Cukurova metropolitan area
(Figure 1). The study area consists of the four
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neighbourhoods with the wurban settlement
(Seyhan, Cukurova, Yiiregir, Saricam) which
characterised by high development and settlements
region in Adana City.

Built types Definition

Land cover types Definition

I. Compact high-rise

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover

mostly paved. Concrete, steel, stone,
" and glass construction materials.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
" mostly paved. Stone, brick, tile, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

4. Open high-rise

¥

5. Open midrise

.

6. Open low-rise

Rl
S

7. Lightweight low-rise

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
(3-9 stories). Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

'

Open arrangement of low-rise buildings
(1-3 stories). Abundance of pervious
land cover (low plants, scattered trees).
Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
. Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g., wood, thatch,
corrugated metal).

Open arrangement of large low-rise
buildings (1-3 stories). Few or no
trees. Land cover mostly paved.
Steel, concrete, metal, and stone
construction materials.

9. Sparsely built
& & @
et

ouiie’

10. Heavy industry

Sparse arrangement of small or
medium-sized buildings in a natural
setting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mostly paved
or hard-packed. Metal, steel, and
concrete construction materials.

A. Dense trees Heavily wooded landscape of
deciduous and/or evergreen trees.

i Land cover mostly pervious (low
plants). Zone function is natural

| forest, tree cultivation, or urban park.

B. Scattered trees Lightly wooded landscape of

deciduous and/or evergreen trees.

Land cover mostly pervious (low

plants). Zone function is natural

forest, tree cultivation, or urban park.

C. Bush, scrub

Pt

o y
v b‘“":."", i'/

Open arrangement of bushes, shrubs,
and short, woody trees. Land cover
mostly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

D. Low plants Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural

£ 11 grassland, agriculture, or urban park.

E. Bare rock or paved

i 4

F. Bare soil or sand
PR S
e

4

VARIABLE LAND COVER PROPERTIES

Featureless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(rock) or urban transportation.

Featureless landscape of soil or sand
cover. FeW or no trees or plants.
Zone function is natural desert or
agriculture.

G. Water Large, open water bodies such as seas
and lakes, or small bodies such as

rivers, reservoirs, and lagoons.

Variable or ephemeral land cover properties that change
significantly with synoptic weather patterns, agricultural practices,
and/or seasonal cycles.
b. bare trees Leafless deciduous trees (e.g., winter).
Increased sky view factor. Reduced
albedo.

s. snow cover Snow cover >10 cm in depth. Low

admittance. High albedo.

d. dry ground Parched soil. Low admittance. Large

Bowen ratio. Increased albedo.

w. wet ground Waterlogged soil. High admittance.

Small Bowen ratio. Reduced albedo.

Figure 1. The classification of Local Climate Zone [2]
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Figure 2. Study area

The city is located in the Mediterranean climate
zone with hot summers and mild winters;
therefore, annual participation in outdoor activities
is longer. The city has a warm and temperate
climate, which can be named Csa according to the
Koppen-Geiger climate classification.

The average amount of precipitation is 625 mm.
Precipitation falls 51% in winter, 26% in spring,
18% in autumn, and 5% in summer. The coldest
month is January at an average of 9 °C, and the
warmest month is August at an average of 28 °C.
The hottest annual period, that is, the period when
the temperature does not fall below 21 °C, is quite
long. Again in this period, the average daily
relative humidity is above 65% [11].

The high agricultural potential of Adana City has
led to the city’s rapid development since the
1930s. City has been planned in the 1940s, but it
resulted in the revision of the plans to meet the
housing need of the increasing population [12].
Consequently, the city was formed as it is today.
The Adana City developed around the city’s
historical core with high density and low rise
building characteristics in the southern part of the
study area. However, today, the city consists of
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open high-rise buildings in the northern part of the
study area.

2.2. Data

To determine LCZ classes of Adana City, data
were obtained from different institutions and
organisations. There are as follows:

* Adana City Environmental Plan (1:100.000),

» Adana Master Development Plan (1:25.000 and
1:50.000),

* Adana Implementation Development Plan
(1:1.000)
« and Adana base map including urban

development areas data.

Moreover, aerial photographs, Urban Atlas
data, and previous studies and reports are also
supplementary materials.

The software used in the study are:
e GlIS-based Arc-GIS software used for

performing spatial analyses, including the
classification of criteria and creating maps

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



2.3. Method

The method of the study consists of five stages;

« Determination of classification criteria,
« Mapping of classification criteria,

» Developing the decision tree to determine LCZ
classes,

» Overlapping the classification criteria,

» Developing suggestions according to the

findings

Miige UNAL CILEK

a) Determination of classification criteria: In the
LCZ approach, which is dependent on the urban
morphology, many criteria were used in the
evaluation, but the main elements in the
determination of LCZ classes were the
characteristics of the settlement areas. These are
building height (BH), aspect ratio (building
height/street width- H/W), a pervious surface
fraction (PSF), and impervious surface fraction
(ISF). Each classification criteria has different
threshold values (Table 1), which creates separate
layers in determining LCZ classes.

Table 1. Values of geometric and surface cover properties of each LCZs type [2]

. Building Impervious | Pervious | Height of
. Sky view
Local Climate factor? Aspect ratio® surface surface surface | roughness
Zone (LCZ) (SVF) fraction® | fraction? fraction® | elementsf
(BSF) (ISF) (PSF) (m)
LCZ-1 0.2-04 > 2 40-60 40-60 <10 >25
LCZ-2 0.3-0.6 0.75-2 40-70 30-50 <20 10-25
clﬁ LCZ -3 0.2-0.6 0.75-1.5 40-70 20-50 <30 3-10
o LCZ -4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 >25
i LCZ-5 0.5-0.8 0.3-0.75 2040 30-50 20-40 10-25
I: LCZ -6 0.6-0.9 0.3-0.75 20-40 20-50 30-60 3-10
5 LCZ -7 0.2-05 1-2 60-90 <20 <30 24
o0 LCZ-8 >0.7 0.1-0.3 30-50 40-50 <20 3-10
LCZ -9 >0.8 0.1-0.25 10-20 <20 60-80 3-10
LCZ -10 0.6-0.9 0.2-0.5 20-30 2040 40-50 5-15
e LCZ-A <0.4 >1 <10 <10 >90 3-30
L LCZ-B 0.5-0.8 0.25-0.75 <10 <10 >90 3-15
5 | LCcz-C 0.7-0.9 0.25-1.0 <10 <10 >90 <2
o & LCZ-D >0.9 <0.1 <10 <10 >90 <1
SF|[LCcZE >0.9 <0.1 <10 >90 <10 <0.25
5 LCZ-F >0.9 <0.1 <10 <10 >90 <0.25
LCZ -G >0.9 <0.1 <10 <10 >90 -
a Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere
b Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8-10), and tree spacing
(LCZs A-G)
¢ Ratio of building plan area to total plan area (%)
d Ratio of impervious plan area (paved, rock) to total plan area (%
e Ratio of pervious plan area (bare soil, vegetation, water) to total plan area (%)
f Geometric average of building heights (LCZs 1-10) and tree/plant heights (LCZs A-F) (m)

b) Mapping the classification criteria:
Mathematical formulas were used to create maps
for each criterion in the GIS environment
(Table 2). To determine the class differences
within the layers in detail, the parcel boundaries in

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

the study area were taken into account. Maps for
each criterion were created by applying the
determined formulas for each parcel in the GIS
environment. Thus, more sensitive and accurate
LCZ classifications were obtained.
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Table 2. The definition of physical parameters and calculation methods used to classify local climate
zones (LCZs) [12]

PHYSICAL

DEFINITIONS

surface fraction
(%)

compact (BSF > 0.40) and open (0.10 < BSF < 0.40) LCZ classes in
an urban area. It is calculated by the ratio of the total building
footprint to the total parcel area, and the BSF of each polygon was
calculated for each parcel.

PARAMETERS EQUATION
BH - Y. (Bf xBfh)
One of the main parameters used for LZC classification is the n
BH-Building average building heights to determine high-rise, midrise, and low- . .
height (m) rise LCZ classes [5]. Therefore the mean building height was found BH- Building height
g by multiplying the number of floors and the average floor height (3 | Bf: The number of stories
m) and dividing it by the total number of buildings in a parcel. Bfh: Story elevation (3m)
n: The total number of building in a
parcel
BSF is the fraction of land surface covered with buildings [5,13,14]. BSF:Zi:‘ Bfa x 100
It is a crucial parameter employed to classify the built type (BSF > Pa
BSF-Building 0.10) and land cover type (BSF < 0.10) in addition to categorizing

BSF: Building surface fraction

Bfa: Building footprint area

n: The total number of building in a
parcel

Pa: Total parcel area

H/W-Aspect
ratio

The aspect ratio is one of the most challenging calculated
parameters because the building height and street width vary in the
same street [5,15]. Therefore, the aspect ratio was calculated for
each parcel. It is generally divided into two values: H/W < 0.75 and
H/W > 0.75. The mean aspect ratio was found using the mean
building height divided by the mean street width. The total street
width computed the average street width around the parcel divided
by the edge number of parcels.

Hw- oo
TSwW

H: Height

W: Width

BH: Building height
SG: Street width

PSF-Pervious
surface fraction
(%)

Waterbody and vegetated areas, which mitigates the urban heat
island effect by evaporation, described as a pervious surface in a
metropolitan area. The pervious surface fraction (PSF) is an
important parameter used to define LCZ classes at a local scale. PSF
is the percentage of pervious surfaces in a parcel area for this study.
The percentage of water bodies was determined using the planning
data, while remote sensing data decided the presence of vegetation
cover. To determine PSF, the Landsat data of the study area were
used to derive a Normalised Difference Vegetation Index (NDVI)
image calculated by the following equation.

NIR-Red

NPV QiR Red

According to the publication of NASA, NDVI values were assumed
to be vegetation > 0.2, water= 0.0, and 0 < impervious surface < 0.2
[5,13,16,17]. Therefore, the raster-based NDVI map was developed
to identify PSF and was converted into a vector-based plan.
Therefore, PSF was determined for each parcel in the study area.

i PSAI
I

P x 100

PSF: Pervious surface fraction
PSA: The area of pervious surface
Pa: Total parcel area

ISF-Impervious
surface fraction
(%)

The impervious surface fraction (ISF) in a parcel is defined as the
fraction of paved surface outside buildings [5,13,17,18]. ISF cannot
be calculated in a high-density city because its calculation requires
BSF and PSF values.

ISF=(1-(BSF+PSF)) x 100

ISF: Impervious surface fraction
PSF: Pervious surface fraction
BSF: Building surface fraction

Land use map

To classify the land use types of LCZ, the characteristic of land use
and land cover types for each parcel and polygons were identified.
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c) Developing a decision tree: In the study, a
decision tree was developed by considering the
threshold values determined for each criterion by
[2]. Although different values were determined for
each class, some classes have similar values in
terms of some properties. To decide the suitable

LCZ classes, the differences of other
characteristics take into account. Firstly, the
building types and land cover types were

distinguished by considering the BSF. Areas with
a building surface fraction value greater than 10%
represented building areas, while areas less than
10% represented land cover types. This distinction
constitutes the basic distinction of building types
and land cover types before the detailed
classification of LCZ classes. The threshold values
were decisive in determining building types (LCZ
1-10); on the other hand, urban atlas data was used
to classify the land cover classes (LCZ A-G).

\/ THE DECISION TREE OF LOCAL CLIMATE ZONE

BUILDING HEIGHT/ PERVIOUS SURFACE | IMPERVIOUS SURFACE | LOCAL CLIMATE ZONE ‘
LCZ)

STREET WIDTH
(BSF) (BH/SW)

BUILDING SURFACE
FRACTION

BUILDING SURFACE BUILDING HEIGHT
FRACTION (BH)

Compact

Miige UNAL CILEK

Secondly, building types were distinguished
according to building height by considering the
number of stories. Building heights are defined as
“high-rise” over 9 stories, “mid-rise” 3-9 stories,
and “low-rise” buildings lower than 3 stories.
Thirdly, the density of building were determined
with BSF. Areas with more than 40% structure
within an area are defined as “compact”, while
areas below 40% are defined as “open”. According
to the second and third steps of a decision tree,
compact high-rise LCZ 1, compact midrise LCZ 2,
open high-rise LCZ 4, and open midrise LCZ 5
were determined. However, building height and
BSF are not sufficient to determine other LCZ
classes with low-rise buildings. Therefore, these
LCZ classes were determined, taking into
consideration of other characteristics differences.
On the other hand, Urban Atlas data were used in
the classification of land cover types.

FRACTION FRACTION
(PSF) (ISF)

‘ (BSF)

04

ez
LCZ1
"\ Compact high-rise

<04

Compact

o  Lcza 'M’l
¥

Built type
‘ BSF>10 ™l

>0,4
Midrise
BH=3-9 stories

High-rise
BH>9 stories
Open

Open

Pl Open high-rise
LCZ2
" Compact midrise

<04

LCZ5 i
TP opnmitie g ‘u!

LCZ3
Compact low-rise

ISF>20

LCZ7

Compact
>04

&

ISF<20

Lightweight low-rise

BH SW =075 »————P‘ PSF<30
BH/SW <0.75 }-{

Low-rise
BH=1-3 stories

w0l
LCzZ8 L
o J =
Iy 93 ‘
LCZ9 (A
T\ Sparsely built I

Open
e H BH/SW <0,75

Openlowrise | fhe

Land Cover Type

\ LCZ6 st
PSF=30-60 = £
f

= o
LCZ8 yz
| Large low-rise o

BSF <10

| |
A

‘ Lczac \&#E
P Determined by urban | *
L—/ atlas data ‘

#@re 3. The decision tree of LCZ mapped in the GIS environment[TZ]
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d) Overlapping of layers: LCZ classes were
obtained by overlapping the classification criteria
through Arc-GIS in line with the first three steps of
the methodology.

3. RESULTS

To classify LCZ, firstly, the analysis was
performed for each building parcel in Adana City.
GIS-based vector method was preferred for easy,
precise, detailed, and comprehensive analysis of
LCZ classes. Secondly, the wvalues and
calculations. Secondly, the values and formulas
determined in the method of the study were taken
into account for the LCZ classifications. The
building height, aspect ratio, building surface
fraction, impermeable surface ratio, permeable
surface ratio, existing vegetation, and land cover
characteristics were defined for each building
parcel and maps were produced for each
classification criteria (Figure 4). Figure 4 shows
the following issue:

o Building height (BH): Areas without
buildings, such as roads, airports, agricultural
areas, green spaces etc., have a total percentage
of 37.2% in the study area. Low rise buildings
(1-3-storey), which form the predominant
building type of the city, have a large
proportion with 49.7% of the study area. High-
rise buildings (>9-storey) constitute 8.3% of
the north of the study area. Mid-rise facilities
(3-9-storey) located in the city center and the
city’s western parts include only 4.3% of the
area.

o Building surface fraction (BSF): BSF, firstly,
was used to distinguish the building types and
land cover types of LCZ in the study area.
Secondly, it was used to determine building
density divided into two groups, including
compact and open. Figure 4 shows that
building density in the city center (10.0%) is
generally compact, while the other building
areas constitute 36.8% of the study area.

936

o Aspect ratio (H/W): BSF, aspect ratio and BH
affect the LCZ classification because of caused
different aspect ratios. Since there may be
different building heights on the same street,
each building parcel needs to be separately
calculated. In building types of LCZ, as the
canyon effect increases in the higher aspect
ratio, the canyon effect decreases in the lower
aspect ratio. Therefore, the canyon effects are
high in the high-rise building parcels in the
northern part of the study area. While the
canyon effect is decreased in low-rise building
parcels. The dominant aspect ratios in the other
parts of the study area are 0.30-0.50 and 0.50-
0.75, with a total of 36.2%.

o ISF and PSF: Although permeable and
impermeable surface fractions are similar to
each other in terms of classification values,
these values are not shown in contrast areas.
The permeable surface fraction (PSF) is
determined by the percentage of permeable
surfaces (bare soil, vegetation, etc.) in the total
size of the building parcel. While the
impervious  surface fraction (GSF) is
determined by the percentage of impervious
surfaces (asphalt, stone, concrete) except
building surface area in the total building
parcel area. The study is covered by building
area have a total percentage of 62.8%. Areas
without buildings such as roads, airports,
agricultural areas, green spaces etc., have a
total percentage of 37.2% in the study area.
However, all of these areas have not high
permeable surface fractions. Agricultural areas
have generally located the surrounding urban
settlements. As you move away from the city
center, the pervious surface fraction ratio
increases. In buildings area, green spaces
generally have higher pervious surface areas.
On the other hand, the compact building area,
which is located in the southern part of the
study area, has a higher impervious surface
fraction.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



Miige UNAL CILEK
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7

Building Height

N
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[ Water bodies o . I No building
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[ Urban Green spaces i | 3
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Parcel boundry A 4 ~ [ >10 stories

Building Surface Fraction Building Height / Street Width
A B e 3 ——— B

3 \ : [N 0.00 - 0.10 [N 0.75 - 1.25]
/I < %10 Land cover types S ; ¢ 1010 - 0.30 [ 1.25 - 2.00)
% 10 - % 40 Open built types J : 0-30 -0.50 I > 2.00
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Figure 4. GIS-based map for LCZ indicators [12]
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As a result of overlaying the classification criteria
maps in the direction of the decision tree, the LCZ
map of Adana City was obtained (Figure 5). The
distribution of each LCZ class in the study area is
given in Table 3. While 46.8% of the study area is
composed of LCZ 1-10 building types, 53.2% is
LCZ A-G, which are land cover types. Although
all LCZ classes (except LCZ F) exist in the study
area, some classes are dominant. The city center,
where low-rise buildings are located, is generally
defined as LCZ 3 due to its compact building
pattern.

From the city center to the south, the building
pattern changes as the open low-rise LCZ 6 class.
In the north-northwest parts of the city, where
open high-rise buildings are located, the LCZ 4
class is dominant. In the areas between LCZ 4 and
the Seyhan Dam Lake, the areas with natural
vegetation are LCZ C. LCZ A, where areas with
dense vegetation are generally located around the
lake and river. In the northwestern part of the city,
it is defined as LCZ D, as there are usually
agricultural areas.
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Figure 5. Adana city local climate zone map
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Table 1. The distribution of Local Climate Zone classes

Miige UNAL CILEK

BUILDING TYPES LAND COVER TYPES
LCZ Area Size Percentage LCZ Area Size Percentage
Classes (Ha) (%) Classes (Ha) (%)

1 59,72 0,2 A 2.051,36 7,0
2 69,16 0,2 B 684,51 2,3
3 2.654,29 9,1 C 185,08 0,6
4 2.261,40 7,8 D 8.372,45 28,7
5 1.298,61 4,5 E 4.025,70 13,8
6 5.686,18 19,5 F - -
7 15,36 0,1 G 214,18 0,7
8 358,92 1,2
9 655,50 2,2
10 584,58 2,0

Study area 29.176,06 100

4. CONCLUSION

Local Climate Zone studies are widely used in
urban heat island studies because they classify
according to the surface properties of cities. LCZ,
based on urban morphology, many studies have
used a raster-based method that depends on remote
sensing data and requires supervised classification
and verification [13,19-21]. However, in this
study, GIS-based analyses were performed to
perform  vector-based  classification.  The
advantages of vector-based LCZ classification can
be listed as follows:

e While raster-based methods require local
knowledge, the vector-based method is
advantageous in analysing and overlapping
LCZ criteria in the GIS environment.

e  While there are manual correction possibilities
for classes that may be faulty in vector-based
analysis, it is challenging to correct faulty
classes in raster-based analysis.

e Raster-based analyses have course resolution,
resulting in data loss and inclusion of different
classes of LCZ classes. On the other hand,
since the numerical data of the city are used
with coordinates in vector-based analyses, the
errors that may arise from the resolution are
minimised.

Because of these advantages, vector-based
analyses can be preferred for more precise urban

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

heat island studies or change analysis evaluations.
In addition, a large dataset and base data will be
obtained that can be a base map for urban climate
studies and guide decision-makers.
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