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Abstract. Cities have become a relevant object of study for human impact
on nature due to the fast development of urbanization and anthropogenic
global climate change. In this regard, we will analyze the impact of
urbanization processes in the city of Astana on climate change using
Geographic Information System (GIS) in this review article. This paper
seeks to detect the effects of urbanization, spatial arrangement and land-
use changes on local microclimate and to find a structural similarity. This
paper discusses relevant experiences in China, USA, Germany and South
Korea on the influence of urbanization on air temperature, heat balance,
relative humidity and surface albedo in the microclimate.

Active and passive remote sensing, meteorology and computer modeling
are actively used, including the usage of GIS technologies to integrate
various environmental data sources and analyze the spatial heterogeneity
of key climate parameters (e.g. surface temperature). Satellite image
analysis (Landsat, MODIS) and local meteorological data show that the
urban heat island in the city of Astana is quite intense, due to a very high
building density, a large area of artificial surfaces, and a small area of
vegetation and water bodies. The results of the study show that spatial
analysis can assist in defining the most critical places in need of thermal
stress mitigation and potential places for ecological restoration, as well as
helping urban planning by defining and implementing strategies to reduce
the effects of urbanization on the city microclimate. Ultimately, this
research contributes to the broader understanding of urban climate
management and offers practical insights for the adaptation of rapidly
developing cities to ongoing climate challenges.

Keywords: urban development; climate change; Astana; GIS
technologies; urban heat island (UHI); urbanization; satellite monitoring.

1. Introduction

The accelerating pace of urbanization has become a defining
characteristic of the twenty-first century, reshaping not only
socioeconomic systems but also environmental processes at both local
and regional scales. Globally, more than 55% of the population now
resides in urban areas- a proportion projected to exceed 68% by 2050
(United Nations, 2022).

142


https://grnti.ru/?p1=87&p2=01&p3=73#73
mailto:zandybai_a@enu.kz
mailto:sa_selya@mail.ru
mailto:aidana_kydyrova@aiu.edu.kz
mailto:aidana_kydyrova@aiu.edu.kz
mailto:aidana_kydyrova@aiu.edu.kz
https://doi.org/10.32523/d4y0kv13
https://doi.org/10.32523/d4y0kv13
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0

Journal of Ecology and Sustainability 2025, 153(1)

The expansion of built-up surfaces, modification of natural landscapes, and intensification of
energy use collectively alter the surface energy balance, hydrological cycles, and atmospheric
composition, thereby reinforcing the feedback mechanisms of climate change (Grimmond, 2007; Bai
etal., 2018; Mills, 2014).

Within this context, cities are not only major contributors to greenhouse gas emissions but also
the most vulnerable entities to the resulting environmental consequences, including increased
temperatures, air pollution, and deteriorating human thermal comfort. The emergence of the Urban
Heat Island (UHI) phenomenon - where urban areas exhibit significantly higher surface and air
temperatures than their rural surroundings - has become a universal manifestation of these processes
(Oke, 1982; Stewart & Oke, 2012; Santamouris, 2015). The UHI effect amplifies energy demand,
exacerbates air-quality issues, and intensifies health risks during heat waves, making it a critical focus
in both urban climatology and sustainability science (Mirzaei, 2015; Liu et al., 2021).

Urbanization and Local Climate Dynamics. Urban surfaces composed of concrete, asphalt, and
metal possess low albedo and high heat capacity, resulting in greater absorption of solar radiation and
delayed nocturnal cooling (Arnfield, 2003; Tan et al., 2016). Simultaneously, the replacement of
permeable soil with impervious materials reduces evapotranspiration and increases surface runoff,
disturbing local hydrological balance (Voogt & Oke, 2003). In dense metropolitan areas,
anthropogenic heat emissions from vehicles, industries, and buildings further augment ambient
temperatures, contributing to a persistent positive thermal anomaly that characterizes the UHI (Zhao
etal., 2022).

Over the past two decades, numerous studies have quantified the intensity and drivers of UHIs
across diverse climatic contexts. For example, Beijing and Shanghai demonstrate temperature
differences between urban and rural areas exceeding 6 °C in summer (Peng et al., 2012), while Berlin
and London record moderate contrasts (3-4 °C) due to higher green-space ratios and coastal
ventilation (Emmanuel & Kriiger, 2012; Gago et al., 2013). Meanwhile, cities in arid and continental
zones-such as Astana - exhibit unique climatic sensitivities, where seasonal extremes, low vegetation,
and strong radiative fluxes amplify UHI formation even at lower population densities (Kerimray et
al., 2018; Baisholanova et al., 2022).

Urban Climate Studies in Central Asia. Despite the growing international literature on urban
climatology, studies in Central Asia remain relatively limited. Rapid urban expansion in Kazakhstan,
Uzbekistan, and Kyrgyzstan has triggered observable transformations in land cover, yet systematic
geospatial assessments of UHI patterns are still emerging. In Kazakhstan, early analyses by
Ramazanova et al. (2021) and Hlushchenko et al. (2025) confirmed increasing surface temperatures
and altered albedo in major cities such as Almaty and Astana, corresponding to population growth
and infrastructure densification. These findings align with global trends suggesting that urban growth
rate is strongly correlated with surface temperature rise (Zhou et al., 2014; Wang et al., 2021).

Astana - the capital of Kazakhstan - represents a particularly instructive case. Established in a
cold, continental climate zone (Koppen classification Dfb), the city has experienced a threefold
increase in built-up area since 2000, replacing natural steppe and soil surfaces with concrete, asphalt,
and glass (Kerimray et al., 2018; Amanova et al., 2024). Its geographical position, relatively flat
topography, and limited natural vegetation make the city highly sensitive to heat accumulation and
weak ventilation. These characteristics create a distinct urban climatic profile, where summer surface
temperatures can exceed 45 °C in central districts despite moderate air temperatures at meteorological
stations.

GIS and Remote Sensing in Urban Climate Research. Advancements in Geographic
Information Systems (GIS) and remote sensing technologies have revolutionized the study of urban—
climate interactions. Satellite platforms such as Landsat, MODIS, and Sentinel-2 provide long-term,
high-resolution datasets for mapping Land Surface Temperature (LST), Normalized Difference
Vegetation Index (NDVI), and Normalized Difference Built-up Index (NDBI) (Almeida et al., 2021;
Butt & Azeem, 2016). These indices enable researchers to detect spatial heterogeneity, correlate

143



Journal of Ecology and Sustainability 2025, 153(1)

urban form with microclimate, and model potential scenarios of future urban expansion (Taheri
Otaghsara & Arefi, 2019; Nandi et al., 2024). The integration of GIS-based tools with climate datasets
also facilitates data-driven decision-making for sustainable urban planning (Yang et al., 2019; Kim
& Lee, 2023).

In recent years, a growing body of research has applied geospatial methods to Kazakhstan’s
urban environments, particularly in the assessment of air quality, land degradation, and heavy-metal
pollution (Ramazanova et al., 2021). However, comprehensive GIS-based analyses explicitly
focusing on urban thermal environments remain scarce. Therefore, exploring the spatial distribution
of thermal stress, vegetation cover, and surface materials in Astana offers a significant contribution
to the regional understanding of urban climate change.

Aim and Scope of the Review. This review aims to synthesize existing knowledge and empirical
data concerning the relationship between urban development and climate dynamics in Astana City,
using GIS-supported spatial analysis and comparative insights from international studies.
Specifically, it seeks to:

1 Identify the physical and environmental mechanisms driving UHI formation in Astana;

2 Quantify spatial correlations among NDVI, NDBI, and LST derived from satellite and
ground-based observations;

3 Compare Astana’s climatic indicators with other global cities under varying geographic and
planning conditions; and

4 Propose evidence-based mitigation and adaptation strategies for enhancing urban climate
resilience.

By combining literature synthesis with spatial analysis, the study contributes to a more
integrated understanding of how urban morphology influences local climate. The findings are
intended to inform urban policymakers, environmental planners, and climate researchers seeking to
design adaptive strategies that balance economic growth with ecological sustainability. Ultimately,
this work underscores the potential of GIS-based methodologies as indispensable instruments in
mitigating the climatic impacts of urbanization in the 21st century.

Data Sources and Review Methodology

This review combines systematic literature analysis with spatial geospatial assessment to
explore how urbanization has influenced climatic conditions in Astana, Kazakhstan. The
methodological design follows the logic of an integrative review, where empirical evidence from
global urban climate studies is synthesized with spatial data derived from remote sensing and GIS-
based modeling. This dual approach enables the identification of both universal and location-specific
patterns of urban heat island (UHI) formation.

The research design consists of three main stages:

1. Data Collection and Literature Review: Compilation and analysis of international and
regional research publications (2000-2025) related to UHI, land-use changes, and G1S-based urban
climate modeling.

2. Geospatial Data Processing: Use of open-access satellite imagery and meteorological
datasets to quantify and map land surface temperature (LST), vegetation cover (NDVI), and built-up
density (NDBI) across Astana’s administrative boundaries.

3. Comparative Assessment: Correlation analysis and cross-referencing of Astana’s spatial
indicators with selected international cities (Beijing, Berlin, New York, Seoul) to identify structural
and climatic similarities and differences.

This integrative framework allows for the triangulation of quantitative geospatial evidence with
qualitative insights from previous research, providing a holistic understanding of urban—climate
interactions.

Literature Selection and Data Sources. A systematic search of peer-reviewed studies was
conducted using Scopus, Web of Science, ScienceDirect, and Google Scholar databases. The search
included combinations of the following keywords: urban heat island, climate change, urbanization,
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GIS, remote sensing, NDVI, NDBI, land surface temperature, sustainable urban planning, and
Kazakhstan. The inclusion criteria were as follows:

- Publications in English between 2000 and 2025;

- Studies involving quantitative or geospatial analysis of UHI or related climate indicators;

- Comparative case studies involving medium-sized and large cities with varying climatic
contexts.

A total of over 150 studies were initially screened, of which 52 key papers were selected for in-
depth analysis based on their methodological rigor and relevance to the topic. These papers span
regions including East Asia, Europe, and North America, providing a broad comparative perspective
on urban heat phenomena.

Regional data were supplemented with reports from the Kazakhstan Committee on
Hydrometeorology, Astana City Development Department, and the L.N. Gumilyov Eurasian National
University’s environmental monitoring datasets. These local datasets provided crucial meteorological
information such as average monthly air temperature, precipitation, and humidity trends for 2000—
2024.

Remote Sensing and GIS Data Processing. The spatial analysis utilized multi-temporal satellite
imagery from Landsat 8 OLI/TIRS and Sentinel-2 MSI platforms, freely available through the USGS
Earth Explorer and Copernicus Open Access Hub. The selection of images was guided by cloud-free
conditions (<10%) and seasonal relevance (June—August) to ensure the accurate representation of
peak summer thermal conditions.

Land surface emissivity was estimated using an NDVI-based approach, following commonly
applied procedures for urban environments. LST was calculated from the thermal infrared band (Band
10) of Landsat 8 TIRS using standard calibration constants provided by USGS metadata.

Pre-processing steps included:

1. Atmospheric and Radiometric Correction using the Dark Object Subtraction (DOS) method
to minimize sensor noise and atmospheric scattering.

2. Derivation of Spectral Indices:

- NDVI (Normalized Difference Vegetation Index) was computed as (NIR — Red) / (NIR +
Red) to quantify vegetation density.

- NDBI (Normalized Difference Built-up Index) was calculated as (SWIR — NIR) / (SWIR +
NIR) to identify impervious built-up surfaces.

- LST (Land Surface Temperature) was derived using the mono-window algorithm applied to
thermal infrared bands, calibrated with emissivity correction parameters.

3. Projection and Resampling: All raster datasets were reprojected to WGS 84 / UTM Zone
42N and resampled to a uniform spatial resolution of 30 meters.

The GIS-based spatial interpolation was performed using the kriging method (Goovaerts,
1997), which allows for smooth surface generation and accurate spatial prediction of temperature
gradients. Statistical correlation analyses were applied to quantify relationships between NDVI,
NDBI, and LST using Pearson’s correlation coefficient (r).

All geospatial operations were conducted using ArcGIS Pro 3.2, QGIS 3.34, and ENVI 5.6
software packages.

Spatial Extent and Temporal Coverage. Astana City is geographically situated between 51°02’
N and 71°28" E in northern Kazakhstan, covering an area of approximately 800 km?. The analysis
focused on four major administrative districts: Yesil, Almaty, Saryarka, and Nura. The selected
temporal span (2000-2024) corresponds to the city’s most intensive urbanization phase, marked by
rapid construction, infrastructure development, and population growth (Kerimray et al., 2018).

Temporal comparison of satellite-derived indices (NDVI, NDBI, LST) was performed for four
benchmark years: 2000, 2010, 2015, and 2024. This allowed for identifying both short-term seasonal
variations and long-term climatic trends related to urban growth.

145



Journal of Ecology and Sustainability 2025, 153(1)

Comparative Analysis with International Case Studies. To contextualize Astana’s findings
within a global framework, comparative datasets were assembled from published research on major
cities with contrasting climatic zones:

- Beijing (humid continental, Dwa)

- Berlin (temperate oceanic, Cfb)

- New York (humid subtropical, Cfa)

- Seoul (humid continental, Dwa)

For each city, data on mean summer LST, UHI intensity, green area ratio, and urban expansion
rate were extracted and normalized. This comparative matrix was used to identify structural
similarities and adaptation practices applicable to Astana’s planning context.

In particular, the study assessed:

- the influence of vegetation coverage on LST reduction;

- the effects of building density on UHI magnitude;

- and the implementation of green—blue infrastructure (parks, urban forests, water corridors) as
a mitigation strategy.

Limitations. While remote sensing and GIS methods provide powerful tools for spatial
analysis, the study acknowledges certain limitations:

- Satellite data represent surface temperature, not near-surface air temperature;

- Seasonal and diurnal variations were simplified by focusing on summer daytime imagery;

- Local anthropogenic heat fluxes and material-specific emissivity were estimated indirectly;

- Comparative city data were derived from different research sources, which may introduce
methodological inconsistencies.

Nevertheless, the integration of multiple data sources and validation through ground
meteorological observations enhances the robustness and reliability of the results.

2. Spatial Patterns of Urban Heat in Astana: A Review Perspective
2.1. Theoretical Background: Mechanisms of Urban Climate Formation

The urban climate results from a complex interplay between natural geographical conditions
and anthropogenic modifications of the surface environment. Several physical mechanisms underlie
the emergence of temperature and moisture anomalies in cities, including changes in albedo,
evapotranspiration, heat storage, and aerodynamic resistance (Oke, 1982; Arnfield, 2003; Voogt &
Oke, 2003).
2.1.1. Surface Albedo and Radiative Imbalance

Urban surfaces such as asphalt, concrete, and metal possess low reflectivity (albedo typically <
0.15), which promotes higher absorption of shortwave radiation and greater heat retention during
daytime. The radiative imbalance leads to elevated Land Surface Temperature (LST) and delayed
nocturnal cooling, reinforcing a persistent urban thermal anomaly (Li et al., 2017; Zhou et al., 2014).
2.1.2. Hydrological Modification and Evapotranspiration Reduction

The replacement of natural soil and vegetation by impervious materials reduces surface
moisture and inhibits evapotranspiration, which is a natural cooling mechanism (Gago et al., 2013).
In Astana’s semi-arid climate, this process is particularly pronounced because of limited precipitation
and a short growing season. Consequently, the hydrological deficit amplifies the local energy
imbalance, resulting in warmer and drier surface conditions during summer months.
2.1.3. Anthropogenic Heat Release

Human activities - especially transportation, industrial operations, and residential heating - emit
additional heat, further intensifying temperature gradients between urban and rural zones
(Santamouris, 2015; Mirzaei, 2015). In Astana, the widespread use of coal-based heating systems and
the concentration of traffic corridors within central districts contribute significantly to localized
warming.

2.1.4. Urban Geometry and Air Circulation
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Dense building configurations restrict air movement, reduce wind speed, and trap longwave
radiation, causing the so-called “canyon effect.” This phenomenon limits convective cooling and
leads to thermal stratification within urban cores (Stewart & Oke, 2012; Mills, 2014). High-rise
developments in the Yesil and Almaty districts exemplify this process, where wind corridors are
obstructed, and nighttime heat release becomes inefficient.

Collectively, these mechanisms define the Urban Heat Island (UHI) effect, which manifests as
a temperature difference (AT) between urban and rural surfaces. For Astana, this differential ranges
from 2-5 °C on average, occasionally reaching 6—7 °C during hot, windless summer days.

2.2. GIS-Based Spatial Analysis for Astana
2.2.1. Satellite-Derived Indicators

The spatial analysis of Landsat 8 OLI/TIRS and Sentinel-2 MSI images revealed significant
heterogeneity in surface temperature and vegetation cover across Astana’s districts. Key indices were
computed and analyzed for the year 2024.

Table 1. Summary of Remote Sensing Indices (NDVI, NDBI) and Land Surface Temperature (LST)
for 2024

Parameter Minimum Maximum Mean Standard Deviation
NDVI 0.08 0.62 0.31 0.12
NDBI 0.15 0.48 0.32 0.09
LST (°C) 25.1 46.3 33.9 4.5

The NDVI map indicated that vegetation density is highest along the Esil River corridor and in
northern peripheral areas, while the central business district and industrial zones in the south exhibit
extremely low NDVI values (<0.2). The LST map, by contrast, revealed maximum surface
temperatures (>45 °C) concentrated in the Yesil District, industrial clusters, and major road
intersections - areas characterized by dense construction and minimal greenery.

2.2.2. Correlation Analysis

Statistical correlation among the three indices demonstrated a strong inverse relationship
between vegetation and surface temperature and a positive link between built-up density and heat
intensity:

- NDVI-LST correlation: r = -0.69

- NDBI-LST correlation: r = +0.77

- NDVI-NDBI correlation: r = -0.72

These results confirm that vegetation effectively mitigates heat accumulation, while
impermeable surfaces exacerbate thermal stress. The correlation coefficients are consistent with
findings from comparable UHI studies in Beijing (r = 0.78; Wang et al., 2021) and Berlin (r = 0.74;
Emmanuel & Kriiger, 2012).

It should be noted that the strong positive correlation observed between NDBI and LST does
not necessarily indicate a simple direct causal relationship. In many urban environments, high NDBI
values coincide with low vegetation coverage, suggesting that part of the thermal response may be
indirectly mediated by the absence of evapotranspiration rather than built-up density alone. Explicit
recognition of this interaction adds nuance to the interpretation of correlation-based results and
highlights the complexity of urban thermal processes.

2.2.3. Spatial Pattern of Thermal Fields

The kriging interpolation of LST values delineated clear “hot zones” within the city core. High-
intensity heat clusters (>40 °C) were concentrated in:

- Esil District: commercial centers, high-rise developments, and transport arteries;
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- Almaty District: industrial facilities and logistics complexes;

- Saryarka District: residential blocks with minimal vegetation;

- Peripheral zones (Nura): mixed urban—rural landscapes with moderate surface temperature
(25-30 °C).

Over a 20-year observation period (2000-2024), the mean summer surface temperature in
Astana increased by 0.36 °C per decade, while the built-up area expanded by 310%. These parallel
trends strongly suggest a causal relationship between urban growth and local climate modification.

NDVI Map of Astana City LST Map of Astana City (2025)
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Figure 1. Spatial distribution maps of vegetation, surface temperature, and built-up density in Astana
City (2025): (a) NDVI (Normalized Difference Vegetation Index); (b) LST (Land Surface
Temperature); (c) NDBI (Normalized Difference Built-up Index); (d) Combined NDVI-LST map
showing the spatial relationship between vegetation cover and surface temperature

The spatial analysis of satellite-derived indices clearly reveals the interrelationship between
vegetation cover, built-up density, and surface temperature within the administrative boundaries of
Astana City in 2025.

1. NDVI (Normalized Difference Vegetation Index). The NDVI map indicates that vegetation
density in Astana varies significantly across the territory. The highest NDVI values (>0.45) are
concentrated in the northern and peripheral zones, primarily within recreational and park areas.
Conversely, central districts such as Yesil and Almaty display NDV1 values below 0.25, indicating a
scarcity of green vegetation due to intensive urban development.

2. LST (Land Surface Temperature). The LST map shows that the surface temperature
distribution corresponds inversely to vegetation density. The highest land surface temperatures (40 -
50 °C) are observed in central and industrial areas, while the lowest values (20 - 25 °C) occur in
vegetated and water-rich zones. This spatial contrast confirms the presence of a pronounced Urban
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Heat Island (UHI) effect, with a temperature difference between urban and suburban areas reaching
upto 5 °C.

3. NDBI (Normalized Difference Built-up Index). The NDBI map illustrates the dominance of
built-up areas, especially in the Yesil District, where construction density is maximal. Values
exceeding 0.35 correspond to regions of high impervious surface concentration - industrial zones,
business centers, and transport corridors. These areas exhibit a direct relationship with elevated
surface temperatures, validating the positive correlation between NDBI and LST (r = 0.78).

4. Combined NDVI - LST Map. The integrated NDVI - LST map demonstrates the spatial
coupling between vegetation coverage and surface heating intensity. Areas with minimal vegetation
(NDVI < 0.2) coincide with LST values above 45 °C, emphasizing the cooling role of vegetation in
the urban microclimate. The Yesil District shows the strongest correlation between low vegetation
density and high thermal load, making it a priority zone for the implementation of green
infrastructure.

2.2.4. Land Cover Classification and Thermal Zonation

Land cover was categorized into four primary types: dense residential areas, industrial zones,
park/recreational zones, and suburban peripheries. The relationship between mean NDVI and LST
for each class is presented in Table 2.

Table 2. Mean NDVI, LST, and Albedo Values Across Major Land Cover Types in Astana

Land Type Mean NDVI | Mean LST (°C) | Albedo Remarks
Dense residential | 0.23 34.5 0.12 High imperviousness
Industrial 0.18 36.1 0.09 Asphalt and concrete dominance
Park/recreational | 0.48 28.6 0.21 Cooling by evapotranspiration
Suburban 0.36 30.5 0.18 Transitional zone

A decrease of NDVI by 0.1 corresponded to an average increase of 1.3-1.5 °C in LST,
emphasizing the cooling significance of green coverage.

Visualization of NDVI, LST, and NDBI layers revealed overlapping zones of high temperature
and low vegetation, supporting targeted recommendations for urban greening and ecological
restoration.

2.3. Comparative Analysis with Global Cities
2.3.1. Comparative Thermal Indicators

To contextualize Astana’s UHI characteristics, comparative data were extracted from urban
climate studies of Beijing, Berlin, New York, and Seoul. Table 3 summarizes the main comparative
parameters.

Astana exhibits a moderate average temperature but an unusually high UHI intensity relative to
its vegetation share and population density. Its continental climate (cold winters, hot summers)
magnifies thermal contrasts, while insufficient greenery limits cooling potential.

Compared to Berlin, where long-term greening programs and green roof initiatives have
reduced UHI magnitude by ~1.5 °C, Astana still lacks large-scale ecological infrastructure (Liu et al.,
2021; Cetin et al., 2021). In Beijing and Seoul, continuous green corridors and blue networks have
helped stabilize microclimate dynamics, suggesting applicable lessons for Astana’s sustainable
planning (Wang et al., 2021; Kim & Lee, 2023).
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Table 3. Comparative Urban Climate Indicators for Astana, Beijing, Berlin, New York, and Seoul

City Mean Surface | UHI Intensity | Share of Green Urban Growth Mean
Temp (°C) (°C) Areas (%) 2000-2024 (%) NDVI
Astana 29.4 4.8 23 +310 0.32
Beijing 32.8 6.2 30 +180 0.41
Berlin 26.1 3.1 45 +60 0.52
New 30.3 5.0 33 +90 0.38
York
Seoul 31.0 5.4 28 +150 0.43

2.3.2. Structural and Climatic Correlations

Regression analysis across the five cities revealed statistically significant relationships:

- Green space ratio vs. UHI intensity: R? = 0.81 (negative correlation);

- Built-up density vs. LST: Rz = 0.74 (positive correlation);

- Population growth vs. surface temperature rise: R? = 0.68.

These patterns confirm the dominant influence of urban morphology and vegetation cover on
thermal regulation, transcending climatic zones.

2.3.3. Lessons for Astana’s Urban Climate Policy

Findings from comparative analysis suggest several practical implications for Astana:

1) Expand green areas by at least 10-15% through parks, green belts, and rooftop vegetation,
which could reduce mean LST by 1.2-1.8 °C.

2) Integrate G1S-based monitoring of surface temperature and albedo into municipal planning
systems to guide future land-use decisions.

3) Promote reflective and permeable materials in new construction projects to improve urban
albedo and reduce heat storage.

4) Design ventilation corridors and maintain open spaces along the Esil River to enhance wind
circulation.

Adopting these climate-sensitive planning measures will allow Astana to transition toward a
more resilient, thermally balanced urban environment, aligning with sustainable development goals
and international standards.

Implications for Urban Sustainability and Climate Adaptation

The findings of this study provide compelling evidence that urban development in Astana has
significantly influenced the city’s local climate, primarily through land-cover transformation, reduced
vegetation, and increased surface imperviousness. By integrating remote sensing and GIS-based
methods, this research clarifies how anthropogenic modifications amplify heat accumulation and
reshape thermal patterns across the city. The observed UHI intensity of 46 °C, strong negative NDVI-
LST correlation (r = -0.69), and rapid urban expansion (310% over two decades) underscore the
magnitude of these climatic transformations.

Interpretation of Findings in a Global Context

The observed trends in Astana mirror those of other rapidly urbanizing regions worldwide,
albeit with distinct continental climatic characteristics. Studies in China and South Korea, for
instance, have documented similar positive relationships between built-up density and surface
temperature (Li et al., 2017; Wang et al., 2021). However, unlike humid subtropical regions where
evapotranspiration moderates heat retention, Astana’s semi-arid continental setting limits moisture-
driven cooling mechanisms, leading to sharper diurnal and seasonal temperature contrasts.

Berlin’s case illustrates the importance of green infrastructure in mitigating UHI intensity,
where vegetation cover exceeding 40% maintains mean summer surface temperatures approximately
3-4 °C lower than in the built-up core (Emmanuel & Kriiger, 2012). In contrast, Astana’s green area
ratio of 23% remains insufficient to offset the radiative effects of low-albedo materials and dense
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construction. This finding aligns with global UHI models suggesting that every 10% reduction in
green cover can increase surface temperature by roughly 0.8-1.0 °C (Santamouris, 2015; Gago et al.,
2013).

New York City represents a highly urbanized metropolitan area with dense building structure
and intensive anthropogenic heat emissions, making it a relevant comparative case for Astana despite
differences in climatic conditions. Previous studies indicate that the summer Urban Heat Island (UHI)
intensity in New York reaches 4.5-5.5 °C, which is comparable to the values observed in Astana
(Peng et al., 2012; Debbage & Shepherd, 2015).

A distinctive feature of New York is the pronounced spatial heterogeneity of surface
temperatures, driven by contrasts between densely built areas such as Manhattan and more vegetated
boroughs. Areas with green space coverage exceeding 30% demonstrate a reduction in land surface
temperature of approximately 1.2-2.0 °C. This pattern closely aligns with the negative NDVI-LST
relationship identified for Astana (r = —0.69), confirming the universal cooling role of urban
vegetation.

Unlike Berlin and Seoul, where continuous green corridors dominate mitigation strategies, New
York emphasizes localized adaptation measures under conditions of limited open space. The
implementation of green roofs, reflective materials, and urban tree-planting programs (e.g.,
MillionTreesNYC) has contributed to measurable local cooling effects and reduced thermal stress
during heat waves.

For Astana, particularly in high-density districts such as Yesil, the New York experience
highlights the effectiveness of compact, site-specific mitigation strategies, including rooftop
greening, high-albedo surfaces, and GIS-based thermal monitoring. These approaches are especially
relevant where large-scale horizontal greening is constrained.

Moreover, the comparative evidence indicates that city morphology-specifically building
compactness and height-to-street width ratio-plays a decisive role in modulating airflow and heat
dispersion (Stewart & Oke, 2012). Astana’s modern high-rise developments, particularly within Yesil
District, create complex thermal canyons that hinder ventilation and intensify local heat storage. The
absence of designated “wind corridors” along the Esil River exacerbates stagnation of warm air
masses during calm weather conditions.

Although the present study primarily applies correlation-based spatial analysis, existing
literature allows a qualitative ranking of the key drivers contributing to the Urban Heat Island (UHI)
effect in Astana. Among the considered factors, the loss of vegetation cover appears to play the
dominant role, as reduced evapotranspiration directly limits natural cooling processes in the city’s
semi-arid continental climate. Surface albedo reduction associated with asphalt, concrete, and roofing
materials represents the second most influential factor in increasing solar radiation absorption and
heat storage. Anthropogenic heat emissions from transport, residential energy use, and industrial
activities contribute additionally, particularly at the local scale in dense central districts, but are likely
secondary compared to land-cover transformation. This conceptual contribution assessment aligns
with findings reported for other continental and rapidly developing cities.

Implications for Urban Sustainability and Climate Adaptation

These results have critical implications for urban sustainability, particularly concerning energy
consumption, public health, and ecological balance. Elevated surface and air temperatures increase
electricity demand for air conditioning, heighten heat stress risk, and degrade air quality by promoting
the formation of ground-level ozone (Zhao et al., 2022; Liu et al., 2021). In Astana, these effects are
likely to intensify under projected climate change scenarios, which forecast a mean temperature rise
of 1.5-2.0 °C by 2050 (Kazhydromet, 2024).

To mitigate these impacts, climate-sensitive urban planning must prioritize strategies that
integrate environmental parameters into spatial decision-making. Key approaches include:

1) Enhancing Urban Greenery: Expanding green zones, urban forests, and rooftop gardens to
increase evapotranspiration and shade. Modeling results suggest that a 10% increase in green area
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could reduce LST by 1.2-1.8 °C, consistent with findings in Seoul and New York (Kim & Lee, 2023,;
Peng et al., 2012).

2) Implementing Green-Blue Infrastructure: Establishing continuous ecological corridors that
link parks, rivers, and wetlands can facilitate air circulation and humidity retention. The Esil River
corridor presents a natural axis for such integration.

3) Material and Design Innovations: Encouraging the use of high-albedo and permeable
materials (e.g., reflective pavements, porous asphalt) in new construction projects to improve surface
reflectivity and reduce heat storage.

4) Adopting Compact but Climate-Responsive Urban Forms: Balancing building density with
adequate spacing, orientation, and ventilation paths to minimize thermal entrapment in densely built
districts.

5) Leveraging GIS and Remote Sensing for Monitoring: Developing a city-scale GIS
monitoring system for real-time observation of surface temperature, albedo, and vegetation indices.
Such systems, modeled after platforms used in Tokyo and Berlin, can serve as decision-support tools
for adaptive management.

These measures collectively align with global sustainability frameworks such as LEED
(Leadership in Energy and Environmental Design) and BREEAM (Building Research Establishment
Environmental Assessment Method), both of which emphasize climate-responsive construction and
land-use planning (Erell et al., 2011; Cetin et al., 2021).

The Role of GIS in Urban Climate Governance

The integration of GIS technologies provides a robust analytical foundation for evidence-based
urban governance. Through spatial modeling and visualization, municipal authorities can identify
“thermal hotspots,” simulate mitigation scenarios, and monitor the long-term effectiveness of
adaptation measures (Almeida et al., 2021; Nandi et al., 2024). For instance, the kriging-based
thermal maps produced in this study can guide targeted greening of industrial and transport corridors
where surface temperatures exceed 40 °C.

Furthermore, the combination of remote sensing and meteorological data enables the
development of predictive models for urban heat risk assessment. Such models are critical for
establishing early-warning systems during extreme heat events, protecting vulnerable populations,
and optimizing emergency response planning.

In the broader context, integrating GIS with urban sustainability indicators-such as carbon
footprint, air quality index, and land-use efficiency-can provide comprehensive insights into the
interplay between climate adaptation and urban resilience. Cities like Singapore and London have
demonstrated the effectiveness of such data-driven systems in reducing UHI magnitude and
improving overall livability (Tan et al., 2016; Gago et al., 2013).

Challenges and Future Directions

While the study successfully elucidates the spatial and climatic dynamics of Astana’s UHI
phenomenon, several challenges remain. First, temporal limitations associated with satellite imagery
constrain the ability to capture diurnal variations in temperature. Incorporating higher-frequency data
from MODIS or ECOSTRESS missions could improve temporal resolution. Second, future research
should integrate air quality parameters (PM..s, CO: concentrations) and human comfort indices
(Universal Thermal Climate Index-UTCI) to build a more holistic urban climate model. Third, the
policy translation of GI1S-based findings into actionable planning frameworks requires institutional
collaboration among urban planners, environmental agencies, and academia. Establishing a
multidisciplinary “Urban Climate Observatory” for Astana could bridge this gap and foster long-term
monitoring and innovation.

Socioeconomic Dimensions of Urban Heat in Astana

From a spatial perspective, thermal vulnerability in Astana is closely linked to urban density,
building age, and access to green infrastructure. Districts characterized by compact high-rise
development and limited vegetation are likely to experience higher thermal stress, particularly for
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elderly residents and outdoor workers. Although this study does not include explicit spatial overlays
of socioeconomic indicators, integrating population density, age structure, and housing characteristics
with thermal maps would enable the identification of priority zones with elevated climate risk. Such
an approach represents a promising avenue for future interdisciplinary research and targeted
adaptation planning.

Beyond the physical mechanisms underlying Astana’s UHI formation, the socioeconomic
structures of the city significantly influence exposure levels, vulnerability, and adaptive capacity.
Rapid population growth and urban expansion have produced varying degrees of accessibility to
green spaces, ventilation corridors, and cooling infrastructure across neighborhoods. These disparities
intensify the distribution of heat burdens, disproportionately affecting low-income households
located in dense multi-story apartment zones or industrial peripheries.

Socioeconomic vulnerability is closely tied to energy consumption patterns. As Astana
experiences hotter summers, the demand for air conditioning and ventilatory cooling has sharply
increased, particularly in high-density residential blocks. Such demand peaks during heatwaves,
placing stress on municipal power grids already burdened by winter heating requirements. Moreover,
households with limited financial resources may be unable to afford continuous cooling, resulting in
greater exposure to extreme temperatures. Studies in cities such as Seoul and Beijing show that
energy-poor populations are at higher risk of heat-related illnesses, even in climate-controlled
apartments (Peng et al., 2012; Kim & Lee, 2023).

Another important socioeconomic factor is building age. Older Soviet-era buildings in Astana
often lack thermal insulation, modern ventilation systems, and reflective materials, making them
highly susceptible to heat gain during summer. In contrast, recently constructed residential areas in
Yesil and Almaty districts incorporate somewhat more energy-efficient materials but still fall short
of global best practices for climate-responsive design. Therefore, upgrading legacy building stock
with high-albedo fagade coatings, green roofs, or passive cooling technologies represents a crucial
step toward improving heat resilience.

Public health is also deeply intertwined with urban temperature patterns. Elevated land surface
temperatures correlate with rising incidents of heat exhaustion, cardiovascular stress, and respiratory
complications. Although Kazakhstan’s health monitoring systems record fewer heat-related
emergencies compared to southern countries, projections indicate that prolonged summer heat events
will become more frequent by mid-century (Kazhydromet, 2024). This necessitates the development
of heat-alert systems, public cooling shelters, and targeted outreach programs for vulnerable
populations such as elderly residents and outdoor workers.

The socioeconomic context also shapes community perceptions of environmental risks. Surveys
conducted in comparable continental cities have revealed that residents often underestimate the
dangers associated with heat exposure while overestimating their personal capacity to cope with
extreme heat events (Santamouris, 2015). Raising public awareness through educational campaigns,
social media outreach, and participatory urban planning could enhance adaptive behaviors and
increase the acceptance of climate-responsive design strategies.

Finally, long-term resilience requires embedding equity considerations into urban planning.
Ensuring that every district-including lower-income and rapidly developing areas—has access to
parks, tree-lined streets, ventilation corridors, and shaded public spaces is essential for reducing
overall UHI intensity. These interventions not only cool the environment but also promote public
health, improve social cohesion, and enhance urban aesthetics. Therefore, the socioeconomic
dimension is not a peripheral concern but a central element of sustainable climate governance in
Astana.

Policy Integration and Long-Term Urban Climate Governance

The results of this study underscore the need for a coordinated, multi-sectoral governance
framework that addresses both the immediate and long-term challenges posed by urban heat.
Effective climate governance requires synchronizing spatial planning, environmental policy,
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infrastructure development, and scientific research through integrated decision-making mechanisms.
Cities such as Singapore, Vienna, and Tokyo have demonstrated the success of such holistic
frameworks by establishing permanent climate observatories and using real-time GIS analytics to
support urban planning. These examples offer valuable guidance for Astana.

A first step toward long-term governance is the integration of climate indicators-LST, NDVI,
albedo, and anthropogenic heat emissions-into official planning documentation. Urban development
plans, zoning regulations, and building codes in Astana currently lack explicit requirements for
thermal performance assessments. By incorporating climate criteria into regulatory frameworks, the
city can ensure that all new construction complies with standards for maximum surface reflectivity,
permitted building density, and minimum green coverage. Furthermore, mandatory “climate impact
assessments” for large construction projects would allow planners to estimate thermal consequences
before implementation.

Second, achieving urban climate resilience requires consistent monitoring supported by
advanced geospatial technologies. Establishing an “Urban Climate Data Hub” within municipal
departments could facilitate continuous acquisition and processing of satellite data, airborne thermal
imagery, and ground-based meteorological measurements. When integrated with predictive modeling
tools such as ENVI-met or WRF-UCM, such systems would enable scenario testing for green
infrastructure placement, albedo modification, and building orientation-providing planners with
actionable climate intelligence.

Third, the governance strategy must align with Kazakhstan’s national sustainability agendas,
including the transition toward a low-carbon economy, renewable energy expansion, and ecological
modernization. As Astana continues to grow, harmonizing municipal policies with national climate
commitments-such as Kazakhstan’s long-term decarbonization roadmap-will be essential.
Incorporating energy efficiency programs, green construction incentives, and renewable energy
integration into local planning will not only reduce heat emissions but also decrease reliance on coal-
based heating systems.

Fourth, the development of green—blue infrastructure networks should move from project-based
initiatives to a long-term citywide strategy. This includes establishing continuous green belts around
the city perimeter, restoring riparian ecosystems along the Esil River, and expanding wetlands and
retention ponds. These nature-based solutions enhance evapotranspiration, provide biodiversity
habitats, and act as natural cooling systems during summer peaks. Long-term planning frameworks
in European cities show that the cumulative benefits of such investments grow substantially over
decades, particularly in hot, dry regions.

Finally, governance must be participatory. Engaging local communities, university researchers,
non-governmental organizations, and private developers in co-designing climate-responsive solutions
increases public acceptance and ensures that interventions align with local needs. Participatory
mapping workshops, public consultations, and collaborative design competitions can empower
residents to contribute to climate adaptation strategies, increasing the long-term sustainability of
implemented measures.

3. Conclusion

This review has examined the interactions between urban development and climate change in
Astana City through a multidisciplinary lens that integrates remote sensing, GIS-based spatial
analysis, and comparative insights from international research. The results provide robust evidence
that urban expansion, reduced vegetation cover, and increasing surface imperviousness have
collectively intensified the Urban Heat Island (UHI) phenomenon, transforming Astana’s local
microclimate.

Over the past two decades (2000-2024), the built-up area of Astana increased by more than
300%, accompanied by a steady rise in mean summer surface temperature (<0.36 °C per decade).
Spatial correlations between NDVI, NDBI, and LST confirm a strong negative relationship between
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vegetation and heat accumulation (r = -0.69) and a positive association between built-up density and
temperature (r = +0.77). These results align with global findings from other metropolitan areas,
including Beijing, Seoul, and New York, affirming that urban morphology-particularly the ratio of
impervious to vegetated surfaces-is the dominant driver of surface thermal patterns.

Astana’s UHI intensity, averaging 4-6 °C, is amplified by its continental climate, limited
vegetation, and high concentration of heat-absorbing materials. These factors collectively pose
challenges for urban livability, public health, and energy efficiency. Yet, they also offer opportunities
for targeted intervention through data-driven spatial planning and green infrastructure initiatives.

The study underscores the pivotal role of GIS and remote sensing technologies in urban climate
management. The integration of satellite-derived indices (NDVI, NDBI, LST) with local
meteorological data enables the visualization of thermal hotspots, supports scenario-based modeling,
and facilitates the design of adaptive strategies. Such tools are indispensable for modern urban
governance, offering precise, spatially explicit information that can guide sustainable land-use
decisions.

Drawing on global experiences, several recommendations can be proposed for Astana’s future
climate adaptation:

1) Increase Green Infrastructure Coverage - Expanding parks, urban forests, and rooftop
gardens by at least 10-15% could reduce mean surface temperature by 1- 2 °C and improve urban
thermal comfort.

2) Enhance Blue Infrastructure - Protect and restore river corridors (e.g., the Esil River) to
promote natural ventilation, humidity retention, and biodiversity.

3) Adopt Reflective and Permeable Materials - Incorporate high-albedo surfaces, permeable
pavements, and cool roofs to improve urban reflectivity and reduce heat absorption.

4) Integrate GIS-Based Climate Monitoring - Establish a centralized “Urban Climate Data Hub”
for real-time temperature and vegetation tracking, facilitating evidence-based planning decisions.

5) Incorporate Climate Criteria into Building Codes- Align urban design and construction
standards with international frameworks such as LEED and BREEAM, emphasizing energy
efficiency and thermal regulation.

By implementing these measures, Astana can transition toward a climate-resilient urban model
capable of balancing growth with environmental sustainability. Beyond its local implications, the
study also contributes to the broader field of urban climatology by providing one of the first
integrated, GIS-supported analyses of thermal dynamics in a Central Asian capital.

In conclusion, understanding and mitigating the climatic impacts of urbanization is no longer
optional-it is an essential component of sustainable urban development in the 21st century. The
methodological approach and findings presented here offer a foundation for further research, policy
innovation, and regional collaboration aimed at building smarter, cooler, and more resilient cities
across Kazakhstan and beyond.

This study provides an integrated assessment of the nexus between urban development and
local climate change in Astana, combining remote sensing, G1S-based modeling, and comparative
international analyses. The findings reveal that rapid urbanization has profoundly altered the city’s
surface energy balance, leading to an increasingly evident Urban Heat Island (UHI) effect. The
replacement of vegetated and permeable landscapes with impervious materials, along with the city’s
compact morphology, has caused significant heat accumulation, particularly in high-density
commercial and industrial zones.

Over the last twenty years, Astana’s mean summer surface temperature has risen consistently,
while its green area coverage remains below 25%. The analysis demonstrates that a 0.1 decline in
NDVI corresponds to a 1.4 °C increase in surface temperature, underscoring the vital cooling role of
vegetation. The spatial correlation between built-up density (NDBI) and LST (r = 0.77) confirms that
construction intensity is a key determinant of thermal stress across the urban landscape.
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The research highlights that urban planning and climate resilience must evolve simultaneously.
The integration of GIS tools into municipal planning frameworks can help visualize temperature
gradients, track vegetation dynamics, and identify priority zones for green infrastructure. Such
spatially explicit decision support systems enable urban managers to design interventions that directly
reduce thermal risk and improve the quality of life for residents.

Astana’s unique continental climate-characterized by hot summers and extremely cold winters-
demands dual-seasonal adaptation strategies. During summer, increasing vegetation, enhancing
surface reflectivity, and establishing ventilation corridors are critical for heat mitigation. Conversely,
in winter, optimizing building insulation and energy-efficient heating systems can minimize
anthropogenic heat loss while maintaining comfort levels. This seasonally adaptive planning model
could serve as a prototype for other Central Asian cities with similar climatic challenges.

From a policy perspective, the findings underscore the urgency of implementing integrated
urban climate governance, where scientific monitoring, planning policy, and community engagement
operate cohesively. Local authorities should institutionalize regular urban climate audits, guided by
spatial indicators such as NDVI, LST, and albedo. Additionally, the inclusion of climate adaptation
targets in Kazakhstan’s national urban development strategy would align local policies with the UN
Sustainable Development Goals (SDG 11 - Sustainable Cities and Communities; SDG 13 - Climate
Action).

Future Directions. Further research should deepen the analytical scope by integrating high-
resolution datasets (e.g., ECOSTRESS, Copernicus Climate Change Service) and dynamic
atmospheric models to capture diurnal and seasonal UHI variations. Expanding interdisciplinary
collaborations between environmental scientists, architects, and municipal authorities will strengthen
the translation of GIS findings into tangible planning solutions.

The methodology applied in this study-linking geospatial data with climatic metrics-can serve
as a replicable framework for other rapidly developing cities in Central Asia, such as Almaty,
Tashkent, and Bishkek. By embracing data-driven urban management and nature-based solutions,
Astana can position itself as a regional leader in climate-adaptive urban design.

In conclusion, the research demonstrates that urban growth and climate adaptation are
inseparable dimensions of sustainable development. The future of Astana and cities worldwide
depends on the ability to integrate environmental intelligence into every layer of urban decision-
making. The insights derived from this study not only advance the field of urban climatology but also
contribute to the creation of smarter, greener, and more resilient urban futures.

While this study focuses on the summer period, which represents the peak expression of the
UHI phenomenon, the seasonal dimension is particularly important for cities with a sharply
continental climate such as Astana. In winter, the spatial structure of the UHI may differ substantially
due to intensive space heating, reduced solar radiation, and the presence of snow cover, which
increases surface albedo but can also trap heat within dense urban fabrics. Addressing seasonal
contrasts between summer and winter UHIs represents an important direction for future research and
would contribute to a more comprehensive understanding of urban climate dynamics in cold-climate
cities.
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Kasa KypbLIBICHI MEH KJIMMATTBIK O3repicTepiaiH 63apa 0alyIaHBICHI. ACTaHA
KaJIAChl MbICAJIBIHAAFbI LIOJLY

9cesq Omap, AManbek 3anabidaii, Aiinana KeigpipoBa

Anaarna. Kananap ypOaHu3alMsiHBIH Keled AaMybl MEH aHTPOTIOTEH[IK FajlaMIbIK KJIMMATTHIH
e3repyl HOTIKeCiHAe TaOuFaTKa ajaM oCepiH 3epTTeYiH ©3€KTi HbICaHblHA aiHanjbel. OcblFaH
OailmaHplcThl Oy IOy MakajachlHIa AcTaHa KajlachlHIarbl ypOaHM3alMs YAEpICTEpiHIH
KJIMMATTBIK e3repicTepre ocepi I'eorpadusansik akmaparTelk sxyienep (GIS) texnonorusmapsia
naiiianany apKbUibl TajngaHaael. by makana ypOaHU3alMsSHbBIH, KEHICTIKTIK KYPBUIbIM MEH XKep/l
naiiianany TYpJIEpiHIH KEprulikTi MHUKPOKIMMATKa BIKMAJAbIH AaHbIKTayFa >KOHE OJapAblH
KYPBUIBIMIBIK YKCACTHIKTAphIH TaOyra OarbiTTanraH. CoHbIMEH Karap, Makamana Kerrait, AKIII,
I'epmanus xoHe OHTycTik Kopes ennmepinzeri ypOaHU3alUsSHBIH aya TeMIlepaTypachblHa, KbULY
OaslaHCBIHA, CAJIBICTBIPMAaJIbI BUIFAJABUIBIKKA KOHE JKep O€TIHIH alibOe10ChIHA Scep eTy TaxKipudenepi
KapacThIPbLIAIbI.

bencenni kxoHEe MacCHBTI KAIIBIKTHIKTAH 30HITAY OICTEPl, METEOPOJIOTHUIBIK OaKblIayjaap >KOHE
KOMITBIOTEPIIIK MOJIEJIb/Iey KeHiHeH KosgaHbuianbl. GIS TexHomorusuiapbl opTypili SKOJOTHSIIBIK
JEpEeKTep KO3MepiH OIPIKTIpyre »*KoHE HETi3rl KIMMATTHIK IMapaMeTpiiepiiH (MbIcalbl, Xep OeTi
TEeMITEpaTypachl) KEHICTIKTIK OPTEKTUIINiH TajjayFa MyMKiHIIK Oepexmi. Landsat xome MODIS
CIYTHUKTIK CypeTTepiH Tajljay >KoHE MKEPriUTIKTI METEOpOJIOTUSIIBIK JAepeKTep AcTaHa KallachlHIa
KananblK kbuty apaibsl (UHI) KyObUTBICBIHBIH aiiKplH OaliKanaThIHBIH KepceTeli. by KyObLibic
HET131HEeH FUMapaTTapAblH KOFapbl THIFBI3ABIFBIMEH, JKacaHAbl OeTTep/iH O0achiM OOJybIMEH >KOHE
OCIMJIIKTEp MEH Cy aiiIbIHIAPbIHBIH a3 ayMarbIMEH TYCIHJIipiIe/i.

3epTTey HOTHXKeNepl KEHICTIKTIK TalJaydblH O>KbUIYJNBIK KYH3emicTi a3aiiTyra OaFbITTalFaH
mapanapbpl KaKeT eTeTiH €H ChIHAapibl aliMakTapbl jKOHE SKOJOTHMSIIBIK KaJlblHA KeNnTipyre
oJIeyeTTI y4JacKeJep/l aHbIKTayFa KeMeKTeceTiHiH kepceTTi. COHBIMEH KaTap, OYJI TOCIT KalallbIK
xKocmapiayaa — ypOaHM3alMSHBIH ~ MHKPOKIMMATKa  9CepiH  TOMEHJEeTyre  OaFbITTaliFaH
CTpaTeTusIIapAbl J3IpJieyre KoHE EHri3yre MYMKIHAIK Oepemi. AKbIp COHBIHIA, OYJI 3epTTey
ypOaHIBIK KIMMATThl OacKapyAblH KEHIpEeK TYCIHITIH KaJIbINTACTHIPBIN, KapKbIHIBI JaMBII Kelle
JKaTKaH KajaJlapblH KIMMATTHIK e3repicTepre OeriMIenyiHe MpakTHKAIBIK YChIHBICTap Oepeni.
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TyiiiH ce3aep: KajalblK AaMy; KIUMATTHIH e3repyi; Actana; GIS TeXHOIOTHsIIaphl; KalaIbIK KbLTY
apauiel (UHI); ypOanu3anus; CimyTHUKTIK MOHUTOPHHT.

B3anMocBs3b TOPOACKOr0 pPa3BUTHA U KJIMMATHYECKHUX HM3MEHEHHI: 0030p Ha
npuMepe ropoaa ACTaHbl

Aceab Omap, Amanbek 3anapi0ail, Aiinana KeiabipoBa

AHHoTauus. ['opoja cTamy BaXKHBIM OOBEKTOM M3Y4EHHUs BO3JEHCTBMS UYe€JIOBEKa Ha MPHUPONY B
CBSI3U C OBICTPBIM pa3BUTHEM ypOaHU3alMK M AHTPONOTCHHBIMH TJI00aJbHBIMH H3MEHEHUSIMHU
Kiaumara. B aToil 0030pHOI cTaThe paccMaTpuBaeTcs BIUSHHE MPOLECCOB YpOaHU3aLMU B TOpOAE
AcraHe Ha KIMMAaTUYECKHE HW3MEHEHMsSI C HCIOJb30BAaHUEM TEXHOJOTUN TreorpaduyecKkux
unpopmanmonubix cuctem (GIS). Llens wuccnegoBaHus - BBISIBUTH BIMAHHUE YpOaHU3ALMH,
IPOCTPAHCTBEHHOM OpraHu3aluy U U3MEHEHUI B 3eMJIETIONIb30BaHUH Ha JIOKAJIbHBIM MUKPOKJIMMAT,
a TaKoKe ONPEIENTh UX CTPYKTYpHBIE CX0/ACTBa. B cTaThe Takxke ananusupyercs onbIT Kutas, CIIA,
I'epmanum u Oxuo# Kopeu B n3ydueHuu BIusiHUS ypOaHU3aI[MU HA TEMIIEPATypy BO3yXa, TEINIOBOU
0anaHc, OTHOCUTENIBHYIO BIaXKHOCTh M a1b0€10 3¢MHOM MOBEPXHOCTH B FOPOACKOM MUKPOKJIMMATE.
AKTHBHBIE M TIACCUBHBIE METOJbl JUCTAHIMOHHOIO 30HJMPOBAHUS, METEOPOIOIHUECKUE
HaOJIIOZEHUST M KOMIIBIOTEPHOE MOJEIUPOBAHUE ULIMPOKO MPUMEHSIOTCS, B TOM YHUCIE C
ucnonb3oBanueM GIS-texHomoruii, 11 HHTErpauy pa3IHdHbIX SKOJIOTUYECKUX JAaHHBIX U aHATTN3a
IPOCTPAHCTBEHHONW HEOJAHOPOJHOCTH KJIIOUEBBIX KJIMMATHUECKUX MapaMeTpoB (Hampumep,
TEMIIEpaTypbl 3€MHOI MOBEPXHOCTH). AHaNIM3 CIYTHUKOBBIX M300paxkenuii (Landsat, MODIS) u
JOKaJbHBIX METEOPOJIOTHYECKUX JAaHHBIX MOKazad, 4To 3PQPEKT ropoJICKOTO TEIJIOBOrO OCTPOBA
(UHI) B AcraHe BBIpaXXeH JOCTATOYHO CHIIbHO, YTO CBSI3aHO C BBICOKOW IJIOTHOCTBIO 3aCTPOMKH,
O0NBIION TUIOIAAbI0 MCKYCCTBEHHBIX MOBEPXHOCTEM M Maijoi Joyiell 3eeHBIX HACaXICHUH U
BOJHBIX OOBEKTOB.

Pe3ynbraThl HMcceA0BaHUS MOKa3bIBAIOT, YTO MPOCTPAHCTBEHHBIN aHAIIU3 MO3BOJIAET ONPENEIUTh
HauOosee ysA3BUMBIE YYacTKH, TpeOyrollue Mep IO CHI)KEHHIO TEIJIOBOW Harpy3Ku, a TakkKe
NOTEHLHAIbHBIE 30HBI Ul DKOJIOTMYECKOTO BOccTaHOBIeHUsA. Kpome Toro, Takue IaHHBIE MOTYT
OBITh UCIOJB30BaHbl B T'PAaJOCTPOUTEIHLHOM IUIAHMPOBAHUM JUISI pa3pabOTKU U peaju3aluu
CTpaTeruii, HalpaBJICHHBIX HAa yMEHBIIEHUE BIUSHUS ypOaHM3alMM HA MUKPOKIMMAT ropoja. B
LIEJIOM NPOBEAEHHOE HCCleI0BaHUE CrocoOCTByeT Oosiee IIyOOKOMY MOHMMAHHIO YIPaBIICHUS
TOPOACKMM KJIMMAaTOM M TpeajaraeT MNpakTHUeCKue PEeKOMEHJAIMM 10 aJanTaluu ObICTpO
Pa3BHUBAIOIIMXCS TOPOJOB K COBPEMEHHBIM KJIMMAaTHUYECKUM BbI30BaM.

KawueBble cia0Ba: TOpOACKOE pa3BUTHE, H3MeHEeHHe kimmara; Acrana; GIS-texHonorum;
ropojickoit TermtoBoii octpoB (UHI); ypOanuzanusi; ciyTHUKOBBIH MOHUTOPHUHT.
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