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Abstract

Climate change has emerged as a major challenge affecting urban sustainability. Increased population mobility due to social and
economic factors has led to an expansion in urban density. This growth in urban space has resulted in the transformation of
physical spaces into built environments lacking green areas. In the microclimate zones formed in dense urban areas, temperatures
different from the current situation and thermal values that prevent the comfort level are observed. One of the most basic
solutions that can prevent this temperature stress is the creation of recreational areas. In this study, the regulating effect of urban
green spaces on microclimate is evaluated as a design element in urban planning. In this context, a study approach is proposed
to develop climate-sensitive spatial design strategies. Micro-regions in the city center of Kirklareli are identified and comparative
evaluations are made with recreation areas. The study aims to make two main contributions: (1) basic climatic conditions and
problems are identified at the city and neighborhood scale, and (2) climate-sensitive spatial design strategies and
recommendations are developed in urban and recreational themes.

Keywords: Climatic Sensitivity, Urban Heat Island, Spatial Design Strategies, Climatic Micro-Regions, Kirklareli

"This study is not included in the study group that requires TR Index Ethics Committee Approval.
113


https://dergipark.org.tr/tr/pub/atrss

Ozkok, MK, & Erdogan, O. (2025). A Framework Proposal for the Developing Climate Sensitive Spatial Design Strategies: The
Case of Kirklareli City Center. GSI Journals Serie A: Advancements in Tourism, Recreation and Sports Sciences (ATRSS), 8 (1): 113-136

1. Introduction

Green spaces in urban areas that are used for recreational activities are defined as parks of all scales, urban
groves, forest areas, picnic areas and playgrounds, and other similar spaces designed with vegetative
material. These spaces provide opportunities for children and young people to engage in safe play and
sports activities (Miiftiioglu, 2008; Onen, 2015). The contemporary urban environment is beset by a
multitude of challenges. Urban green spaces that provide recreation opportunities fulfill a multitude of
functions that support sustainability in the city and provide resilience against urban challenges. The
establishment of urban green spaces within buffer zones and building islands serves to restrict the physical
expansion of cities due to population growth. This is achieved by reducing building and population
density between these zones. These gaps have a crucial role to play in saving lives in the event of a major
disaster, such as an earthquake. A considerable body of research indicates that urban green spaces exert a
beneficial influence on the physical environment, social sustainability, and economic resilience of cities
(Wu et al., 2015; Sturiale & Scuderi, 2018; Du & Zhang, 2020). In terms of access to nature, it also fulfills
the need of all levels of society to come together, which is a need for access and social communication. The
configuration of urban green spaces directs and restricts the movement of pedestrians and vehicles within
the physical environment of the city. It is an irrefutable fact that urban traffic is of paramount importance
for the safety of life and property (Givoni, 1991; Newman & Kenworthy, 1999; Parizi & Kazeminiya, 2015;
Verani et al., 2015; Ronchi et al., 2020; Lin et al., 2021) as well as its deleterious effects on urban dwellers,
including exhaust emissions from transportation, noise, and the phenomenon of heat islands (Ulger &
Onder, 2006).

Another a priori advantage of green spaces is the physical perception of the city. Cities that have
incorporated vegetated areas and landscape designs have also benefited from features such as character,
legibility, continuity, and closure, which distinguish the city from others and give it a unique character.
The aesthetic effect created by vegetated landscape areas in different seasons allows the city to be
transformed into a place with aesthetic value beyond the utilitarian value of concrete blocks. Because of
population growth, our living spaces, cities, are being constructed from multi-storey houses. The presence
of green areas containing vegetal areas serves to create a proportion between the high-rise structural areas.
This helps eliminate negative feelings and anxiety such as feeling compressed and dimensionless (Ulger
& Onder, 2006). In addition, green spaces allow people of all ages to relax passively through observation
or actively through various sports and games. In addition to their aesthetic value, green spaces perform
important functions in urban environments. They serve to prevent and screen out undesirable images,
limit undesirable sprawl, and protect tissues that are undesirable to deteriorate (Sinemillioglu et al., 2010).
Furthermore, they act as windbreaks, blocking the prevailing wind. Furthermore, green spaces provide
shelter for biodiversity, which is in decline as a consequence of urbanization and the destruction of the
built environment (Sandstrom et al., 2006; Kabisch et al., 2016; Kruize et al., 2019). As is well known,
numerous international conventions and protocols are dedicated to the maintenance of species diversity
on land and in the seas around the globe.

Another crucial function is the creation of infiltration areas within urban environments, particularly in
response to irregular and unpredictable rainfall patterns, which are a direct consequence of climate
change. This not only addresses the issue of urban runoff, which can potentially lead to significant
environmental and societal challenges, but also facilitates the replenishment of groundwater resources.
This cycle is of great importance in terms of the release of water vapor into the atmosphere.

Furthermore, green spaces facilitate the formation of microclimatic zones within urban areas. The heat
island phenomenon, which is characterized by elevated temperatures in urban environments, is
particularly prevalent in areas with dense development and continuous vehicle traffic. Green spaces play
a role in reducing the urban heat island effect and regulating the microclimate in terms of heat/humidity
balance (Alexandri & Jones, 2008; Bowler et al., 2010; Li et al., 2011; Chen et al., 2014; Yao et al., 2020; Lin
et al., 2021). The perception of the urban climate is influenced by climatic conditions, including average
temperature, relative humidity, and average wind speed (Cetin et al., 2019).
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The main objective of this study is to develop an analytical strategy to address the issues discussed in the
spatial design literature in the context of "climate-sensitive planning" approaches, which are particularly
prominent today. In this context, climatic micro-regions were identified in the city center of Kirklareli
according to the steps described in the methodology section. Findings in urban and landscape themes
were identified and recommendations were developed. The recommendations developed in this context
are presented under two main headings: "urban" and "recreational”. It is anticipated that the study will
contribute to the existing body of literature and urban analysis methods by providing a micro-zoning
approach and evaluations.

2. Method and Material

This research focuses on the municipal administrative boundaries of the Central District of Kirklareli
Province, examining the current situation within the urban fabric and macroform boundaries. The basic
flow of the study is illustrated in Figure 1. The study methodology includes basic psychometric climate
analysis for Kirklareli Province. This is followed by problem definition and design strategies for summer
and winter periods. Urban heat island and air circulation analyses, as well as micro-zoning syntheses,
have been carried out in the study. Based on these analyses, reliable assessments of thermal comfort and
recreational use were made, reliable neighborhood-level problems were identified, and the strategies and
recommendations were developed. The sub-sections present the detailed methods and data used at each

stage.
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Figure 1. Methodological Flowchart of the Study
2.1. Climatic Analysis Workflow

Kirklareli province is classified as "semi-arid-humid" according to various climate classification standards
(MGM,, 20164, 2016b, 2016¢, 2016d). On the other hand, it is in a region of "very severe drought" according
to the current standard precipitation index (MGM, 2021). EPW data, which provides meteorological
information such as wind, humidity, temperature, and precipitation on a global scale for the past 15 years,
were obtained for the province of Kirklareli (ClimateOneBuilding, 2023). The data were analyzed using
the open-source software Climate Consultant 6.0, and climate structure evaluations were made based on
psychometric graphs. Psychometric graphs summarize the thermodynamic properties of moist air and
were developed by Richard Mollier in 1923. This technique is significant because it can display
fundamental properties of the climatic structure, such as thermometer temperature, relative humidity,
specific humidity, specific volume, and enthalpy, in a single graph. The graphs can be used to identify
basic comfort levels and climatic problems (Kirkby, 2011).

Climatic comfort is an issue that increases the quality of life of people with balanced heating and cooling
loads. In this sense, climatic comfort is the ability of the individuals to adapt to their environment at an
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optimum level by spending a minimum level of energy (Mirza & Topay, 2018). Olgyay, defines bioclimatic
comfort as a combination of outdoor temperature of 21-27.5 °C, relative humidity of 30%-65% and wind
speeds up to 5 m/s (Olgyay, 2015). Bioclimatic comfort values vary according to geographical regions,
with 14.4-20.6 °C in the UK and 20.2-26.7 °C in the USA (Teodoreanu, 2016). According to (Escourrou,
1989), the climatic comfort zone includes a range of 20-26.5 °C and semi-humid weather conditions. One
of the most important indices for revealing the bioclimatic comfort structure of a region is the
Physiological Equivalent Temperature (PET). This index considers both the physiological characteristics
of people and climate parameters and reflects these characteristics in the results. PET gives results in 0 °C,
which is why many professional disciplines utilize this method in their studies (Matzarakis et al., 1999).
Over the past few years, several bioclimatic comfort zone indices have been developed using different
methodologies and literature (Yan, 2005). The most prominent index among these is the Comfort Zone
Determination Index, prepared by the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) (ASHRAE, 2004). Recent studies show that the ASHRAE-55 index can be used for
many countries and cities (Brager & de Dear, 2001; Dear, 2011; Vecchi et al., 2015). The data obtained for
Kirklareli were analyzed with the program Climate Consultant 6.0 based on ASHRAE-55 index values
and the climatic comfort conditions were analyzed. In addition, the main types of structural/urban
interventions that should be implemented according to the psychometric graphs defined in (Corp, 1980)
and (Watson & Labs, 1983) were compiled.

2.1.1. Urban Heat Island (UHI) Analysis Workflow

Recent studies have focused on computing land surface temperature and identifying urban heat island
regions in the built environment using satellite imagery and related algorithms (Saaroni et al., 2000; Kafy
et al., 2021; Kim & Brown, 2021; Kuru, 2024). Landsat TM satellite images are mostly used in the literature
(Deilami et al., 2018). The UHI calculation was based on the method used in (Rahman et al., 2022). To
measure the heat island effect, Landsat-8 satellite images (Level 2-1) from July 2023 were used for
Kirklareli province (USGS, 2023). To ensure accurate observations, the images were collected when cloud
cover was between 0% and 5%. For UHI calculation in Landsat-8 satellite imagery, Band 10 was utilized,
while Band 4 and 5 were used for NDVI calculations (He et al., 2019). UHI values were calculated in
ArcGIS 10.8 software. The calculation steps are summarized in Table 1.

Table 1. UHI Calculation Steps (Rahman et al., 2022)

Step Step Title Formula Comments
Ly: TOA value, ML: Radiance
multiplicative Band number, AL:

Top of Atmosphere Radiance Add Band 10, Qcal:
Step 1 Ragiance (TOi) Ly = ML x Qcar + AL = 0; Quantized and calibrated standard
product pixel values, Oi: Correction
value (0.29)
K2 TB: Temperature Brightnesss value
Step 2 Temperature Brightness TB = —7——273.15 (°C), K1 and K2: Band-specific
(TB) ln(m) thermal conversion constant value, (-
273.15 stage for Kelvin to Celsius)
Step 3 Normalized Difference NDVI = Band 5 — Band 4 Band 5: Near Infra-Red Band,
Vegetation Index (NDVI) Band 5 + Band 4 Band 4: Red Band (Landsat-8)
o Py = ( NDVI — NDV I, >2 PV: proportion of vegetation, NDVI
Step 4 Land Surface Emissivity NDVI,0c — NDVIin min-max: minimum and maximum
(LSE) value
LSE = 0.004 x PV + 0.986
Step 5 Land Surface LT = 77"'5,; Za (’;I;aenx;vea,lvelength of emitted
Temperature (LST) [1 + ()/ x c_Z) ln(LSE)] 2: 14,388 umK
LST — LST,, LSTm: The mean temperature of LST,
Step 6  Urban Heat Island (UHI) UHI = —=p SD: Standard deviation
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2.1.2. Wind Circulation (WiC) Analysis Workflow

Various techniques are currently being used to model 3D wind circulation in the terrain. It is crucial to
determine wind speed levels at different elevations, including valleys and ridges. In the built environment,
it is essential to consider factors such as floor height, floor area surface, and the level of air abrasion created
by buildings. WindNinja is one of the open-source applications used for this analysis today (Forthofer &
Butler, 2007; Forthofer et al., 2014a; Forthofer et al., 2014b; Wagenbrenner et al., 2016). The WindNinja
algorithm utilizes a technique to simulate wind changes based on topography while minimizing the
margin of error. To obtain the numerical solution on a terrain-following mesh, the finite element method
(FEM) is employed. The mesh is composed of layers of hexahedral cells that increase in size vertically with
height (Wagenbrenner et al., 2016). To use WindNinja software, a mesh file that includes natural and built
environment information as well as elevation differences must be created. As a result, wind speed and
direction values changing with the effect of built environment were determined. The process and data

used to create this file are outlined in Table 2.
Table 2. WiC Calculation Steps

Step Step Title
Natural Terrain Mesh

Comments

NT raster was produced in ArcGIS 10.8 software with a resolution of

tep 1
Step (NT) 30x30 meters using 1-meter elevation curves.
Built Environment Mesh "Average of the Gross Building Height" raster data prepared by (Pesaresi
Step 2 o . . .
(BE) & Politis, 2022) using Sentinel2 images was used
Total Terrain Mesh In Arc(?IS 10.8 sof.tware, two raster files were merged using the Plus
Step 3 toolset in the Spatial Analyst Toolbox. > OutRas =

NT+BE
( ) PluS ([NTvaluel BEvalue])

2.2. Climatic Micro-Regions (CMR) Synthesis Workflow

Micro-climate refers to regions of climatic change that are shaped by the built environment and can be
monitored at the micro-scale (Toparlar et al., 2017; Yang et al., 2023) state that the literature generally
addresses micro-climate zones formed by temperature and urban heat island effect, while excluding other
components such as wind and humidity. (Antonioue et al.,, 2019), on the other hand, argue that
components such as wind aerodynamics, wind thermal comfort, energy demand, pollutant dispersion,
and wind-induced rainfall should also be considered in micro-climate zones. When examining post-2000
studies, it is evident that urban micro-climate zones are characterized by changes in surface temperature,
humidity, wind speed, and wind direction (Javanroodi & Nik, 2019; Li et al., 2022). Table 3 summarizes

the components used in determining micro-climate zones based on a compilation of literature.

Table 3. Summary of Relevant Literature Review

Source

Components used to identify micro-climate zones

(Alonso & Renard, 2020)

Temperature, Humidity

(Antoniou et al., 2019)

Air temperature, Surface temperature, Wind speed

(Burdett, 2020)

Temperature, Wind speed and direction, Humidity

(Cao et al., 2022)

Air temperature, Relative humidity, Wind speed and direction, Albedo of buildings

(CG, 2013)

Urban heat islands, air pressure and wind speed

(Kousis et al., 2021)

Air temperature, Relative humidity, Wind speed and direction, Barometric pressure, CO2
concentration, PM10

(Larsen & Heiselberg, 2008)

Air temperature, Wind speed

(Lin et al., 2020)

Air temperature, Wind speed

(Mangiameli et al., 2022)

Temperature, NDVI

(Uehara et al., 2000)

Air temperature, Wind speed, Turbulence intensity

(Zhang et al., 2015)

Air temperature, Wind speed
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The study's components align with the general literature. Humidity was excluded due to the lack of an
available and open-source dataset on settlements. As a result, UHI and WiC analyses were reclassified
into five classes (1: lowest, 5: highest). The Combine toolset in the Spatial Analyst Toolbox of ArcGIS 10.8
software was used to merge two raster files. The synthesis presents a binary classification of UHI and WiC

levels at the urban micro scale.
2.3. Thermal Comfort Analysis (PMV/PPD) Workflow

Thermal comfort is the level of suitability of the temperature in the living environment for human
metabolism. It is defined by the components of personal and environmental effects. Today, thermal
comfort is universally standardized by ASHRAE 55 and ISO 7730. It can also be described as a 'state of
mind expressing satisfaction with the thermal environment'. The Predicted Mean Vote (PMV) and
Predicted Percentage of Dissatisfied (PPD) indices were developed to assess the level of thermal comfort
(de Dear & Brager, 1998; Dyvia & Arif, 2021). PMV and PPD values were calculated using the calculator
provided by (Gao, 2008). Average values within neighborhood boundaries were used in the calculation
phase. This led to the identification of neighborhoods with a negative thermal comfort level for July, which
is the hottest month. Table 4 describes the components used in the calculation phase and the reference

values adopted.

Table 4. Components and Reference Values for PMV/PPD Calculation Phase

Step Step Title = Comments Scale
Stepl PMV e Personal Factors See (Fanger, 2024)
Calculation = MRM (W/m2): Metabolic energy production, Reference value:
Moderate Metabolic Rate (165) see (Fanger, 2024) +3: very warm
Icl (clo): Basic clothing insulation, Reference value: 0.5 for summer, | +2: warm
see (Fanger, 2024) +1: slightly warm

e Environmental Factors

Ta (°C): Ambient air temperature, Reference value: Average 0: neutral
temperature in July (24.48 °C)
Tr (°C), Mean radiant temperature, Reference value: The mean LST -1: slightly cool
value (see step 5 in Table 1) within the neighborhood boundaries -2: cool

used. (Li, et al.,2023) found correlation and correspondence -3: very cold
between LST and Mean radiant temperature values.

v (m/s): Relative air velocity, Reference value: The mean WiC value
within the neighborhood boundaries used. For conversion from
km/h to m/s see (GSG, 2023).

rh (%): Relative humidity, Reference value: Average humidity in

July (%47.92)
Step2  PPD (%) Based on formula See (Gao, 2008;
Calculation  PPD = 100 — 95 x ¢~0-03353x PMV* — 02179 x PMV* Fanger, 2024)

2.4. Assessments on Recreation Areas Usage Workflow

For the city center of Kirklareli, the location of recreational areas and the level of their use were assessed
by using Google Maps location data with web-scarping method through Apify web platform (Ozkék,
2023). In addition, overall interpretations were made with Urban Atlas Street Tree Layer data obtained
from (Land Copernicus, 2023). Within the data, the effects of recreational areas and green texture on CMR

zones at the neighborhood level were examined.

The following section presents the findings obtained within the scope of the presented methodology.
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3. Findings and Discussion

The study's findings are presented below in the same order as the Methodology section.
3.1.Findings and Evaluations

3.1.1.Climatic Analysis Findings

The study evaluated climatic EPW data for Kirklareli province between 2007-2021 according to the
ASHRAE-55 comfort model and generated psychometric graphs. Only 13.8% (1207 hours) of the total 8760
hours in the year were found to be suitable for comfort level. The main climatic issues are as follows: (1)
Sun shading of windows (%11.1), (2) High thermal mass night flushed (for short Night-Purge Ventilation
(DB, 2021)) (%4.8), (3) Internal heat gain (%27.2), (4) Passive solar direct gain low mass (%12.9), (5)
Dehumidification (%4.9), Heating and humidification (%37.3). When analyzing the entire year, the main
issues are shading, heat accumulation, humidity balance, and air circulation. The types and levels of these
issues vary between summer and winter periods (see Figure 2). During the summer period (June-August),
29.5% (651 hours) of the total 2208 hours are at comfort level. The most significant climatic problems, to
varying degrees, are natural ventilation (9%), dehumidification (30.5%), and active/passive heat gain
(46.2%). The UHI and WiC analyses considered in the overall study are consistent with the problems
observed in the summer period. During the winter period (December-February), it is not possible to
observe climatic values that are suitable for a comfort level. The main issue identified is the lack of proper

heating and humidification, which accounts for 85% of the problem.

RELATIVE HUMIDITY

DESIGN STRATEGIES: JUNE through AUGUST

285% 1 Comfort(s51 hrs) A 028
34.0% 2 Sun Shading of Windows(761 hrs) ,‘3{—
// 4
& Direct Evaporative Cooling(0 hrs) sl o

6 Two-Stage Evaporative Cooling(0 hrs}
80% 7 Matural Ventilation Cooling(189 hrs)
8 Fan-Forced Ventilation Ceeling(0 hrs)

,
\
/
/

\

23.1% 8 Internal Heat Gain{510 hrs)

| 020

10 Passive Solar Direct Gain Low Mass(0 hrs) @
23.1% 11 Passive Selar Direct Gain High Mass(811 hrs) S

12 Wind P f Outdoor Spaces(® hrs) /,«g’

13 Hum 3 hrs; T8 |l
16.8% 14 Dehumid Only{370 hrs) w -
137% 15 Cooling, add Dehumidfication if needed(302 hrs) “‘-%E“ r

16 Heating, add Humidification if needed(0 hrs) = g
100.0% Comfortable Hours using Selected Strategies — Ee?

(2208 out of 2208 hrs) 4 - %5
Comfort Zones show: / a

Summer clothing on right, )
Winter clothing on left Py

\

-10 5 0 5 10 1% 20 25 30 ] 40
DRY-BULB TEMPERATURE, DEG. C

RELATIVE HUMIDITY 100% 80%

DESIGN STRATEGIES: DECEMBER through FEBRUARY
0.0% 1 Comfort{0 hrs}
2 Sun Shading of Windows(0 hrs)

& Direct Evaporative Cooling(d hrs)
6 Two-Stage Evaporative Cosling(0 hrs)
7 Natural Ventilation Coolingto hrs)
8 Fan-Forced Ventilation Cooling(0 hrs)
66% 9 Internal Heat Gain{142 hrs)
10.5% 10 Passive Solar Direct Gain Low Mass(227 hrs)
11 Passive Selar Direct Gain High Mass(0 hrs)
12 Wind Protection of Outdoor Spaces(0 hrs)

13 Humidification Only{0 hrs| =]

2

4 Dehumidification Only{0 hrs] ]

15 Cooling, add Dehumidfication if nesded(0 hrs) 2

85.0% 16 Heating, add Humidification If needed(1837 hrs) g
100.0% Cemfortable Hours using Selected Strategies - - - - e o122

(2160 out of 2160 hrs)

Comfort Zones show:
Summar clothing on right.
Wintar clothing on left.

10 185 20
DRY-BULB TEMPERATURE, DEG. C

Figure 2. Psychometric Graphs for (top) Summer and (bottom) Winter.
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3.1.2.UHI and WiC Analysis Findings

When analyzing the UHI (Urban Heat Island) data (see Appx-1), low heat values are observed in the
southern part of the municipality boundaries, while heat values increase in the north and northeast
directions. Although the dominant wind direction in Kirklareli province is north and northeast, the
cooling effect of the wind is not observed in these regions. Instead, heat accumulation is observed at very
high levels, especially due to the very low NDVI, which refers to plant density values in the region.
Regarding topography, the macroform is located among the heat accumulation foci with its rising
structure in the northern directions. Low values are typically found in valleys, bodies of water, and areas
with relatively low slopes. Upon closer examination of the macroform, high and very high levels can be
observed. The highest value area in the center is where the existing building stock is 5 or more storeys
high and has a contiguous layout, and where there are small industrial sites, workshops, and trade sectors.
This area also experiences high vehicle traffic and exhaust gas accumulation due to the nearby bus
terminal, which increases heat accumulation in the area. In the TOKI mass housing area located in the
northern part of the city, there are mostly 4-storey houses with gardens. However, unlike the structure
described in the center, this area experiences intense heat accumulation due to the low plant density and

lack of shading elements.

When analyzing the WiC analysis (see Appx-2), the reasons for the heat island effect can be understood.
As mentioned in the UHI analysis, the speed drops to the average value and below (4.5 km/h) in the
topography rising in the northern directions. Based on municipal boundaries, the wind speed increases
from east to west, and the macroform is in this transition area. The UHI analysis shows that the wind
speed is low to medium in the region with high heat accumulation. Despite the heat accumulation, there
is a low level of air circulation in the center, while the low air circulation around the mass housing area in

the north affects the cumulative heat accumulation.

Regarding UHI and WiC values, the macroform shows a high and very high level of heat accumulation.
The presence of green tissue and/or plants to absorb this heat accumulation, as well as the air circulation
effect to cool this heat effect cannot be observed. Furthermore, the urban fabric shaped by the built
environment poses additional risks to climatic comfort due to low and medium levels of air circulation,

particularly in the eastern region.
3.1.3.CMR Synthesis Findings

These micro-regions were identified by combining the reclassified versions of the UHI and WiC analyses
(Appx-3), and their distribution is summarized in Table 5. The municipality boundaries contain 10 micro-
regions and there are 8 micro-regions at the macroform level. Regions with high heat accumulation in July
and low to medium wind circulation are concentrated at the macroform level. Areas with low to medium
heat accumulation but observable cooling effects from wind, such as zones 6-8, are limited in availability.
The urban fabric in these areas is generally 1 or 2 stories with low floor area utilization. When comparing
neighborhood populations and the most intense CMR level within the neighborhood boundaries, it is
evident that climatic problems persist in densely populated and/or above-average population
neighborhoods (Ozkok, 2016; Gilindogdu et al., 2019). However, the built environment can make these
problems more complex (Table 6).
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Table 5. Summary of Micro-Region Characteristics

#  UHI-WIC Levels of Regions Area (ha) Percentage (%)

1  UHI, WiC Medium 253.42 21.46

2 UHI: High, WiC: Low 207.56 17.58

3  UHIL High, WiC: High 9.30 0.79

4  UHI: High, WiC: Medium 538.42 45.60

5 UHI: Low, WiC: Low 18.02 1.53

6  UHIL Low, WiC: High 11.28 0.96

7 UHI: Medium, WiC: Low 135.13 11.44

8  UHI: Medium, WiC: High 7.63 0.65
Total 1180.75 100.00

Table 6. Summary of Neighborhood-Level Micro-Region and Population

Neighborhood UHI-WiC Levels Population (2023) Number of Buildings
Name of regions (TURKSTAT, 2022) /Average Storeys
Akalar UHI: High, WiC: Low 4156 980/3
Atatiirk UHI: High, WiC: Medium 3456 154/5
Bademlik UHI, WiC Medium 7842 773/5
Cumbhuriyet UHI: High, WiC: High 3899 267/4
Demirtas UHI: High, WiC: Medium 4068 623/3
Dogu UHI: High, WiC: Medium 1280 236/4
Istasyon UHI, WiC Medium 12927 720/6
Karacaibrahim UHI: High, WiC: Low 12958 1325/6
Karahidir UHI, WiC Medium 1818 811/2
Karakas UHI, WiC Medium 19306 1585/5
Kocahidir UHI: Medium, WiC: Low 4358 824/4
Pinar UHI: Medium, WiC: Low 7632 821/4
Yayla UHI: High, WiC: Medium 4448 1349/3

3.1.4. Thermal Comfort Analysis Findings

PMV values are scaled between -3 and +3. Upon examining the PMV values calculated on a neighborhood
level in Table 7, it is evident that the Akalar, Atatiirk, Dogu, Karacaibrahim, and Yayla neighborhoods
have values close to 2, which is considered 'warm' on this scale. These neighborhoods should therefore be
the focus of priority interventions and solutions. Based on ISO 15265 standards; PMV values ranging from
0.5 to 2 are classified as 'warm discomfort' and can lead to discomfort and heat-related metabolic stress
over extended periods (D’ Ambrosio Alfano et al., 2013). In these neighborhoods, the average wind speed
(in meters per second) is very low, while the land surface temperature is very high. Among these
neighborhoods, Karahidir and Pinar are relatively the best regarding PMV values, and the level of
disturbance (PPD) is the lowest with an average of 67%.
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Table 7. Thermal Comfort (PMV-PPD) Analysis Results

Neighborhood MRM Ta Tr v rh Clo PMV PPD (%)
Akalar 36.61 1.31 1.98 76
Atatiirk 36.07 1.34 1.94 74.1
Bademlik 34.47 1.38 1.84 68.9
Cumbhuriyet 35.13 1.45 1.86 69.9
Demirtas 35.03 1.38 1.87 70.5
Dogu 35.39 1.29 1.91 72.8
Istasyon 165 24.48 34.28 1.36 47.92 0.5 1.83 68.6
Karacaibrahim 35.56 1.33 1.91 72.8
Karahidir 33.68 1.38 1.79 66.5
Karakas 34.29 1.36 1.83 68.6
Kocahidir 34.37 1.30 1.85 69.6
Pinar 33.83 1.31 1.82 67.9
Yayla 36.52 1.35 1.97 75.2

3.1.5.Recreation Areas Usage Findings

This section compiles the findings of the study (Ozkdk, 2023). Based on the usage statistics presented on
Google Maps (Table 8), it was determined that the 11 parks (small-scale children's playgrounds or pocket
parks were excluded) have varying levels of usage on weekdays and weekends. The parks within the city
are primarily used on weekdays, while the larger parks on the periphery and outside the city are mostly
used on weekends. During weekdays, park usage is limited, with the main intensity occurring only during
the day and afternoon. Upon examining the service buffer zones within 500 meters of the parks (see Appx-
4), it is evident that the neighborhoods of Bademlik, Karahidir, Piar, Kocahidir, Dogu, and Atatiirk are
located outside of the service access zones. However, when considering the urban street tree layer
obtained from Land Copernicus (2023), the urban heat island effect becomes more apparent. Although the
existing recreation areas have few trees, the proportion of broad-leaved trees in the city is also very low.
When evaluated in conjunction with the urban heat island analysis (see Appx-5), it is evident that areas
with large groups of broad-leaved trees have a moderate to low level of heat island effect. Conversely,
areas with smaller groups of trees are unable to provide the shade and humidity level effect that reduces
the heat effect. The neighborhoods with the lowest number of trees are Cumhuriyet, Atatiirk, Bademlik,

Karacaibrahim, and Pinar.

In this respect, the negative situation determined by UHI, WiC effects and the high level of uncomfortable
micro-climate effect supported by PMV/PPD values are due to the lack of recreation areas and large tree

groups.
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Table 8. Recreational Areas Usage Analysis Results

Googl Usage
# Title M:ps Daytim Noo Evenin Nigh Weekda Weeken

Score € n & t y ¢l
1 Istasyon Street 4.5 27 773 2176 0 1813 1163
4  Yayla Park 4.5 148 1096 2270 0 2248 1266
2 Walldorf Grove 3 6 517 589 0 432 680
3 Kirklareli Millet Bahgesi 3.8 448 1218 2294 130 3135 955
5  Ahmet Cevdet Pagsa Park 4.2 292 813 1921 211 1978 1259
6 Karagoz Park 4.5 no data
7  Kirklareli Urban Forest 4.4 205 782 991 135 974 1139
8  Kirklareli Valiligi Cumhuriyet 3.9 190 231 713 124 412 846

Grove

9  DSI Picnic Area 4 156 950 1145 3 1074 1180
1 Karahidir Grove 4 85 575 928 19 689 918
0
1 Saatli Park 3.7 no data
1
1  Sht. Goktan Oziipek Park 45 26 876 1756 6 1745 919
3
1 Temel Reis Park 4 192 1560 1545 88 2019 1366
4
1  Sevket Dingiloglu Park 4 488 1841 1310 44 2538 1145
5

3.2.Discussions

Upon analysis of the primary findings of the study, it becomes evident that the Kirklareli province
necessitates the implementation of distinctive solutions in consideration of its intrinsic climatic
characteristics. In a city where the comfort level is only 13.8% and problems such as natural ventilation
and temperature accumulation are intense, it is essential to design the texture according to this structure.
This interpretation is supported by the results of UHI and WiC analyses. The zones identified as a result
of CMR and Thermal Comfort analyses offer specific decision-making areas for planning and design (Oke,
1982, Emmanuel & Kriiger, 2012) states that local governments should develop climate change policies and
plans, identify urban sprawl zones, and estimate the potential heat impacts of new urban tissue typologies.
Despite a relatively low population growth rate in the city center of Kirklareli, as evidenced in Table 6, the
urban built environment is characterized by a high degree of density. Even if policies are produced, the
urban climate anomaly is likely to persist unless the fundamental characteristics of the built environment
are modified. (Santamouris, 2015) expands on this point, noting that the formation of heat islands may
vary depending on the mobility effects, even during diurnal periods. Consequently, the policies and
interventions to be developed should be diversified at the neighborhood or sub-textural scale, even within
the city.

In addition to spatial texture design, an analysis of the usage of recreation areas also reveals the
importance of green infrastructure planning at the city scale. As (Ramyar et al.,, 2021) asserts, green
infrastructure planning will bestow a multitude of benefits, both ecological and otherwise. These include

improvements to human health, the urban economy, social psychology, and the sense of urban belonging.
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In broader terms, projects and policies developed between the "human-nature-built environment" under
the headings of (1) multifunctionality, (2) connectivity, (3) protection, and (4) self-organization will enable
resilient cities against climatic threats. Such examples can serve as a foundation for the formulation of
current design policies. As stated by (Ramyar et al., 2019), the implementation of green belts has been
shown to result in enhanced wind speed and flow patterns. (Connors et al., 2013) outlines the primary
strategies for transforming gray infrastructure and the built environment into green and ecological
resources. (Cheng, 2013) conducted an evaluation of watershed planning, recreation areas, and disaster
risk reduction within the context of holistic green infrastructure planning. Consequently, priority policy
and design development zones for the city center of Kirklareli can be defined from this perspective. The
implementation of integrative green infrastructure planning and recreational area designs between CMR

zones coded 2, 4, and 7 is recommended.

4. Conclusion and Strategy Suggestions

The phenomenon of the heat island effect, where cities experience higher temperatures than surrounding
areas, has been shown to result in noticeable differences in thermal comfort at the micro scale. In addition
to the impact of designed areas on the built, socio-cultural and economic environment, it is important to
consider the climatic effects that will occur in the post-design process. As the case of Kirklareli city center
shows, the construction of small-scale or low-quality recreational areas in the context of a high-density
urban environment can lead to imbalances in perceived heat levels. In summary, while there is a high level
of heat accumulation at the city scale, the air circulation effect, which is one of the natural solutions to heat
accumulation, cannot be observed throughout the city. In addition, the availability of recreational areas
and landscaping, another solution to heat accumulation, is limited in the city. The access capacity of
recreational areas is low, and daytime use (usually in the evening) is limited in terms of spatial qualities.
The neighborhoods with the highest UHI-WiC levels and thermal comfort (PMV/PPD) values are Akalar,
Atatiirk, Karacaibrahim, and Yayla. Among them, Karacaibrahim neighborhood is the main intervention
area in terms of population and building density, and the main heat island has also been identified in this
neighborhood. Therefore, it is important to produce qualified solutions instead of dense construction and
small green areas in urban centers. The implementation of green space solutions that evaluate the city as
a system and include open green spaces with different plant groups, such as trees, shrubs and grasses, can
ensure the right to live in accordance with the climate at the social level.

In this context, the study proposes basic strategies at the "urban" and "recreational” levels. All the
assessments and recommendations made in the study are based on general climate data and components
that can be calculated from satellite images, including temperature and wind. It is possible to develop
more precise recommendations in future studies by evaluating other climatic components, such as
humidity, particulate matter accumulation, and permeable surface data in a spatial dimension. The main
strategies proposed by the study are as follows (For further readings and detailed information see: (Corp, 1980;
Watson & Labs, 1983; Boduch & Fincher, 2010; Gupta et al., 2012; Du et.al., 2019; Lee et al., 2021; Lee & Han,
2021; Smith, 2021):

Principal Urban-Level Strategies

e Inareas with high UHI levels, (1) Shaded spaces should be created every 60-100 meters on average
by using appropriate urban furniture (awnings, etc.). (2) Arrangements should be made with large
park solutions containing dense vegetative areas consisting of grass, ground cover, shrubs, trees
and trees at the neighborhood and city scale, green roofs, green walls at the building scale, mobile
green areas at the street scale, trees with large crown diameters. (3) Reflective flooring materials
should not be used. (4) Existing rivers and stream bed surfaces in cities should be opened up and
their surroundings should be transformed into recreational areas to ensure flood disaster and
climate resilience.

124



Ozkok, MK, & Erdogan, O. (2025). A Framework Proposal for the Developing Climate Sensitive Spatial Design Strategies: The
Case of Kirklareli City Center. GSI Journals Serie A: Advancements in Tourism, Recreation and Sports Sciences (ATRSS), 8 (1): 113-136

In areas with low WiC values, (1) Obstructive urban furniture, signboards, large surfaces should
not be used (2) Workplaces such as bakeries, bakery restaurants, etc. should be regularly inspected
to ensure that they have appropriate fuel, chimney, and filter systems.

To increase passive heating in winter, most glass surfaces should be oriented to the south, but in
summer, these surfaces should have protrusions to provide shading.

Double-glazed high-performance glass (Low-E) should be used on the west, north and east for
maximum passive solar gain.

The buildings (especially in UHI low or cool zones) should be oriented on an east-west axis to
provide passive heat gain in winter and reduce heat accumulation in summer.

Instead of contiguous, split or block layout types that can provide sunny, wind-protected exterior
spaces should be preferred. In cases where split or block layouts cannot be formed, garden
distances should be expanded in adjacent layouts to create spaces that will allow air flows.
Building floor areas should be reduced. In this way, energy efficiency should be increased.
Windows in buildings should be designed to allow the prevailing wind to flow indoors. In
addition, buildings within the urban fabric should be designed with floor heights and floor sizes
that do not interrupt each other's air flow.

Low pitched roofs with large overhangs can be used.

Mobile disassembled vehicles can be used to address the problem of shading on streets with dense
residential and commercial functions.

Trees (neither conifer nor deciduous) should not be planted in front of passive solar windows but
are OK beyond 45 degrees from each corner.

Principal Recreational-Level Strategies

In selecting plant species for urban environments, it is advisable to prioritize those that are
naturally or endemically adapted to urban conditions, exhibit low water and maintenance
requirements, and are compatible with the local ecological context.

Planting in shelter designs should include plants that provide orientation, trap dust and gases, and
rain gardens should be included in the system.

In areas with heavy traffic, such as Karacaibrahim and Karakas neighborhoods, green buffers
should be used on vehicular roads to limit access and prevent parking along the road.

In recreational areas such as parks and children's playgrounds, no more than 30% of the area
should be covered, and the remaining area should be left to form natural ground.

Materials with glossy surfaces that cause heat accumulation and light diffusion should not be used.
In the design, it is essential to address both the dimensions that restrict wind corridors and those
that provide urban ventilation. To mitigate the adverse effects of cold and polluted air in the green
belt configuration, wind curtains are planned in a perpendicular orientation to the prevailing wind
direction, utilizing plants that are resistant to wind and tipping (evergreen plants). If the area is
insufficient, the arrangement can be implemented as single rows or dense rows of trees and shrubs.
Nevertheless, obstacles such as contiguous buildings and high vegetative screening that will
impede air circulation, particularly during the summer months, should also be removed.

When selecting locations for urban green spaces and recreation areas, it is recommended that
priority be given to the following areas, in addition to those with climate-related problems: (a)
within the optimal accessibility radius of areas ((Sinmaz & Ozkok, 2022) have determind the optimum
accesibility distance as 330 meters in Kirklareli city center) with high populations of children, the
elderly, and persons with disabilities (who are particularly vulnerable to the effects of climate
change); (b) in areas with high concentrations of greenhouse gas emissions (such as transfer hubs,
manufacturing zones, and intersections with high traffic volumes); and (c) in areas at risk of natural
disasters.
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Appx-1: UHI Analysis Results
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Appx-3: CMR Synthesis Results
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Recreational Usage Analysis Results
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Appx-5: Urban Street Tree Layers and UHI Analysis Comparison Results

x
-
=
w
o
<<
()

135026495 - 0613932207

Neighborhood Boundry

Urban Atlas Street Tree Layer

Value

an l-Munit:ipality Boundry
I 0834187448 - 0,135026495
[ 0.978812751 - 1,309485743

o

UHI Analysis

Values

[ nonTree
I ree Layer

Legend




