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Abstract

The negativities brought by climate change, which is among the crisis agendas today, directly affect the cities.
According to the UN, the rate of urbanization in the world is increasing rapidly. It is estimated that it will reach
6.4 billion in 2050. The UrbClim model is also used to project future climate in cities. For the province of Erzurum,
where the climate negatively affects living things, the climate data of the city for the first 10 days of July 2016,
2017, and 2018 were analyzed using the UrbClim model. This study, it is aimed to analyze the exemplary cities
with cold climates in the world, which will set an example in the determination of climate change and support
sustainable and livable urbanization, use energy efficiently, and to produce climate adaptation strategies at the
point related to landscape.
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UrbClim Modeli ile Erzurum Kentinin lklim Gelecek Projeksiyonunun
Belirlenmesi

0z

Gliniimiizde kriz giindemleri arasinda yer alan iklim degisikliginin getirdigi olumsuzluklar dogrudan sehirleri
etkilemektedir. UN’e gére diinyada kentlesme hizi hizla artmaktadir. 2050 yilinda 6,4 milyara ulasacagi tahmin
edilmektedir. UrbClim modeli sehirlerdeki iklim tahminleri icin de kullanilmaktadir. iklimin canllar olumsuz
etkiledigi Erzurum ili icin 2016, 2017 ve 2018 Temmuz aylarinin ilk 10 giiniine ait kentin iklim verileri UrbClim
modeli kullanilarak analiz edilmistir. Bu ¢calisma ile diinyada soguk iklime sahip érnek sehirlerin iklim degdisikliginin

belirlenmesinde érnek teskil edecek, siirdiiriilebilir ve yasanabilir kentlesmeyi destekleyecek analiz edilerek
enerjinin verimli kullanilmasi ve peyzaj ile ilgili noktada iklim uyum stratejilerinin lretilmesi amaglanmaktadir.

Anahtar kelimeler: Gelecek iklim degisikligi, UrbClim, bitkisel tasarim, iklim modeli, Erzurum.
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1. Introduction

The IPCC stated in 2007 that climate change associated with global warming is a reality. He
demonstrated with 90% reliability the existence of the temperature increases experienced by the
effect of this change, that is, the human being in the leading role of the increasing temperature. This
situation and the human impact on global climate change were also confirmed by the IPCC, and it was
confirmed that the 30-year period between 1983 and 2012 was the hottest in the last 1400 years (IPCC
Synthesis Report, 2014).

According to the evaluation report "Climate Change 2021: The Physical Science Basis" published by the
IPCCin August 2021, it is certain that scientists do not have any doubts about the warming of the world
and that the changing parameters are human-induced actions. According to all the scenarios studied,
it is predicted that the world temperature increase will be above 1.5 °C. It is stated that since 1970,
global surface temperatures have risen faster than 50-year periods in the last 2000-year timeframe
(IPCC, 2021).

Understanding the urban climate is crucial due to the unique climate conditions found in urban areas,
such as higher levels of heat stress during heat waves. To gain a better understanding of the urban
climate, Caluwaerts et al. (2020) emphasize the importance of obtaining detailed insights into urban
environments. In this regard, Hooyberghs et al. (2016) have used the UrbClim model to generate
temperature maps for London, providing an evaluation of the current climate as well as future
projections for the period 2081-2100. Analyses have been conducted using the UrbClim model in
Colombo, Sri Lanka.

The greening simulations show that increasing green space by up to 30% in urban areas can decrease
the average air temperature by 0.1 °C (Maheng et al., 2019).

Reducing urban heat island effects helps to mitigate the harmful effects of climate change. In England,
a temperature increase of 3.0 °C is expected until 2080. As an adaptation strategy, different types of
green areas have been created in local areas of the city, and their relationship with energy demand
has been investigated to reduce the effects of urban heat islands. According to simulations conducted,
energy savings of up to 4.8% have been achieved (Skelhorn et al., 2016). In a study conducted for
Ankara, the urban heat island changes were identified between 1985-2002. Based on these findings,
measures have been proposed to reduce the urban heat island effect under the headings of wind,
sunshine, and vegetation at both the micro and macro scales (Yiksel & Yilmaz, 2008; Nazarian & Lee,
2021).

Climate change through urbanization is accepted as an important indicator of human pressure on the
environment. Urban centers and cities are often several degrees warmer than the surrounding areas
and rural areas, making them vulnerable to changing climatic conditions (Figure 1). Thermal comfort
in urbanization is associated with high surface and air temperature, often referred to as an urban heat
island. The low albedo (reflection) of building roofs, asphalt roads, wide squares, and dense hard
ground surfaces in cities, the trapping of radiation in the urban canopy, the heat storage of urban
components, and the decrease in evapotranspiration due to impermeable surfaces cause heat island
formation in cities. In addition, the intensive use of urban infrastructure components such as
transportation and energy at small spatial scales leads to intense anthropogenic heat releases that can
increase up to 1.0°C in urban heat islands. Due to the urban heat island (UHI) increase, cities are
particularly vulnerable to heat waves (Oke, 1978; Ohashi et al., 2007; Gabriel & Endlicher, 2011;
Tremeac et al., 2012; Uzun & Gul, 2021).

In this paper, the UrbClim numerical model is used to simulate urban heat accurately at a fast rate and
high spatial resolution for the cities of Johannesburg and Ekurhuleni, South Africa (Souverijns et al.,
2022).

A decade-long measurement dataset has been created in Milan, Italy. These data were used to obtain
thermal areas with medium to high resolution close to the surface using grid cells. In this study, the
UrbClim and ERA5 models, which are used to determine future temperature, were compared. During
the winter and summer segments, a comparison was conducted between different datasets with
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overlapping periods of available data. The findings show a general agreement in both cases, but there
is a consistent underestimation of the impact of BSI on Milan. On average, the bias can be measured
at-2.0 °C, but in certain sections considered, this underestimation range could exceed 10.0 °C (Frustaci
et al,, 2022).

Buffalo, New Yor

GCoogle

Figure 1. Urban heat islands measured by NASA satellites in Buffalo, New York (Rosenzweig et al., 2018)

To evaluate common artificial urban boundaries and related climate hazards such as high temperatures
in built environments, an urban analysis is necessary at various spatial scales, including meso, local,
and micro scales. This approach can be applied in different urban planning phases, from zoning areas
to designing urban canyons, and it can provide urban desigh recommendations at various levels.
However, due to the high computational cost of numerical models used in this approach, it also has
limitations. Improvements in the accuracy of numerical modeling capabilities at different scales can
make multi-model coupling more feasible. In this regard, it is becoming increasingly common to
impose boundary conditions on microclimate models (Lobaccaro et al., 2021),

There are academic studies on effective and functional urban uses for reducing the Urban Heat Island
(UHI) effect that occurs in global areas. Urban parks that have the feature of reducing the UHI effect
(Arellano et al., 2020; Jamali et al., 2021; Yilmaz et al., 2022; Mentes et al., 2023), plants (Irmak et al.,
2018; Yilmaz et al., 2023), water surfaces (Wang et al., 2018; Qiu and Jia, 2019), street orientation
(Mutlu et al., 2018; Yilmaz et al., 2021), and eco-friendly materials in ground-building surface coverings
(Irmak et al., 2017; Ranagalage et al., 2017) is known to be effective measures in terms of energy and
economic efficiency (Arnfield, 2003; Taleghani, 2018; Santamouris, 2020; Kim et al., 2021).

The city's social services sectors, such as energy and health, are easily affected by the UHI effect. A
study of a small city in western Greece found that the city center needs more/less cooling/heating in
summer/winter than in the surrounding countryside (Vardoulakis et al., 2013). In Shanghai, China, a
study on the heat island found increased heat-related deaths in urban areas with the negative effects
of high temperatures on health (Tan et al., 2010). Considering the combined effects of increased heat
waves due to climate change and research on the UHI effect, it poses serious health risks for the urban
population (Li & Bou-zeid, 2013).

A comprehensive understanding of the urban climate system is the starting point for the climate risk
assessment process. Critical to this is the need for long-term, quality-controlled, observed climate data.
Without long-term historical records, the role of climate variability cannot be adequately defined and
climate change projections cannot be supported by a strong historical basis. Even where a long-term
record is available, there is often content to expand urban climate monitoring networks to better
understand urban changes and raise awareness of climate risks. (Blake et al., 2011; Rosenzweig et al.,
2018).
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2. Material and Method

This study will be carried out in Erzurum, which has extreme climate characteristics in Turkey. Erzurum
is known as the only large settlement in the Eastern Anatolia Region, located at an altitude of 1959
meters (Figure 2). The settlements, located in the southwestern part of a high plateau, are located on
a plain reaching up to 2000 meters. There are the Dumlu Mountains in the north of the city and the
Palanddken Mountains in the south. Its area is 25,355 km?, and Erzurum 2020 population is known to
be 758,279. Erzurum is connected to every part of the country by land, air, and railway transportation
network (Anonymous, 2021a; Anonymous, 2021b).

UrbClim is the first and current urban climate model with enough capacity to cover a long period for
creating urban climate projections. It has been confirmed to comply with international scientific
standards. The model was first tested for a short period in Toulouse and Ghent cities (De Ridder et al.,
2015a; Hooyberghs et al., 2016).

The UrbClim numerical model is designed for high-resolution and precise meteorological output,
including temperature, humidity, heat fluxes, and soil parameters, over an extended period at the city
level. It comprises a detailed land surface scheme with simplified urban physics and a 3-D atmospheric
boundary layer model. This makes the model ideal for long-term integrations, especially for urban
climate projections. Studies have shown the model to be effective for this purpose (Souverijns et al.,
2022; Hooyberghs et al., 2016).

Understanding the urban climate system is accepted as the beginning of the climate risk assessment
process. Critical, therefore, is the need for long-term, quality-controlled, observed climate data.
Without long-term historical records, the role of climate variability cannot be adequately defined, and
climate change projections cannot be supported by a strong historical basis (Blake et al., 2011,
Rosenzweig et al., 2018).

WORLD 7 TURKIVE

WORKING AREA

Figure 2. Erzurum location map, working area

The UrbClim model, which will be used in the city of Erzurum, which is a cold climate city, for a
comprehensive understanding of the urban climate system and the initiation of the climate risk
assessment process and forecasting for the future; It is designed to simulate temperature and heat
stress on a city scale. The UrbClim model, which was designed in 2013 to determine the effect of
temperature change and sustainable urbanization on an urban scale, is implemented in many
European cities. This model is a combination of a three-dimensional atmospheric boundary layer and
simplified urban physics. UrbClim generates very high-resolution spatial local climate data by dividing

115



Journal of Architectural Sciences and Applications, 2023, 8 (1), 112-122.

information about urban building components (vegetation, soil isolation, typology, land use and land
cover) into forward-looking 100 m grids, combining a physics approach to urban scales. Each grid cell
has its energy balance and corresponding thermal behavior (De Ridder & Schayes, 1997; De Ridder et
al., 2015a; Garcia-Diez et al., 2016; Martinez et al., 2017; Lauwaet et al., 2017; Verdonck et al., 2018;
Ingole et al., 2020) (Figure 3).

The structure of the model includes a comprehensive scheme for the land surface that incorporates
simplified urban physics, as well as a 3-D atmospheric boundary layer model. The land surface scheme
is based on De Ridder & Schayes' (1997) soil-vegetation-atmosphere scheme, which has been adapted
for urban physics by integrating the inverse Stanton number. For further information on the UrbClim
numerical model, including its efficiency compared to full mesoscale models, please refer to (De Ridder
et al., 2015a; Garcia-Diez et al., 2016; Souverijns et al., 2022).

The UrbClim model
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Figure 3. Working principle of UrbClim Model (De Ridder et al., 2015b)

The model has been validated by studies in the cities of Barcelona (Spain), Toulouse (France), Brussels,
and Ghent (Belgium).
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Figure 4. UrbClim model steps in the workspace

In this study, first, maps of the study area were created. DEM map was created from the USGS
database. A Land Use Map was created from the Urban Atlas Database. The vegetation cover map was
created from MODIS NDVI Landsat 8 database. A soil sealing map was created from the Copernicus
database. These maps were run with the scripts provided by the UrbClim model manufacturer VITO
company and a total of 6 surface maps were created: Vegetation Cover, Land Use, Roughness Lengths,
Terrain Height, Soil Sealing, and AHF maps (Figure 4).

Secondly, meteorological data for the first 10 days of July 2016, 2017, and 2018 were collected from
the ERAS database.

According to the working principles of the UrbClim model, the data entries were completed and the
analysis was started.

3. Findings and Discussion

Finally, images of UHI, tMean, HWD, HTD maps were produced using new scripts as a result of the
analysis (Figure 5). The findings of 2016 were different compared to other years. This is because,
according to the UrbClim model standards in 2017 and 2018, the threshold for hot days is 35.0 °C; the
up threshold for heat wave day is 35.0 °C; the bottom threshold for heat wave day is 25.0 °C parameters
are used. But in 2016, when Erzurum was a cold climate city, its parameters were threshold for hot
days 25.0 °C; up the threshold for heat wave day 25.0 °C; 15.0 °C bottom threshold for heat wave day
parameters taken. For this reason, as seen in Figure 5, the maps for 2016 yielded different results
compared to other years. Regardless of the climate model used, UHI exists and is increasingly affecting
living organisms (Frustaci et al., 2022). Various climate models simulate future scenarios (Ren et al.,
2017).

The UrbClim model is presented as an urban climate model designed to study the urban heat island
effect at a spatial resolution of several hundred meters. UrbClim is known to be both simpler and at
the same level of accuracy when compared to complex and sophisticated models. It also works much
faster than high-resolution medium-sized climate models. Therefore, the model is well suited for long-
term integrations, especially for applications in urban climate projections (Hooyberghs et al., 2016).

As in this study, the UrbClim model was used in Barcelona. The comparison between heat exposure
index maps detailed directly from the temperature outputs produced by the UrbClim model and those
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produced from the LCZ cartography is well suited for simulating heat exposure index maps for
scenarios corresponding to temperature percentages between 50% and 90% (Gilabert et al., 2021).

Urban areas absorb higher amounts of thermal energy during the day and release slowly in the evening
(Oke et al., 2017). The predicted results obtained in UrbClim were also observed in the UHI study for
Belgium and the city of Bilbao. The correlation coefficient between simulated and observed data was
recorded as 0.95 and 0.90, respectively (De Ridder et al., 2015a).
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Figure 5. Map findings created from the data of the first 10 days of July in 2016-2017-2018
4. Conclusion and Suggestions

Hot stress is experienced more intensely in urban areas compared to rural settlements, and projections
indicate that the effects of climate change on human health will increase. In this study, the UrbClim
numerical model was applied to enable a high level of detailed analysis of urban climate over long
periods at limited computational costs.

With this research, considering the changing climate parameters, it is necessary to reveal the necessity
of climate projection to reduce the physical and psychological stress of the dense population formed
in Erzurum and cold cities with similar extreme climate parameters and to make sustainable and
ecological plans. In addition, the necessity of reducing the negative effects of urban density on human
life and increasing the quality of life is adopted. Manufacturers design and effectively implement plans
and projects in the current climate change situation, which is a very complex issue in cities. In future
studies, the implementation of urban planning projects in the model enables the quantitative
evaluation of the impact of spatial changes on heat stress. This will be an important step towards a
thorough and detailed knowledge of the urban climate to address climate change resilience. When the
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natural data of the planned area are taken into consideration in the design, it may have a positive
effect on outdoor thermal comfort.
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