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ASSESSING URBAN GREENING TRENDS IN ALMATY CITY THROUGH
NDVI ANALYSIS OVER FIVE YEARS (2020-2025)

Annotation. This study assesses city-wide urban greening trends in Almaty,
Kazakhstan, over a five-year period (June 2020-June 2025) by analyzing seasonal and
annual patterns of vegetation using NDVI derived from Sentinel-2 imagery. High-
resolution (10 m) Sentinel-2 Level-2A imagery was processed in QGIS, filtered to
exclude scenes with cloud coverage >30%, and clipped to Almaty’s administrative
boundaries. NDVI values were calculated for selected cloud-free dates, aggregated at
seasonal and custom annual scales (June-May), and statistically analyzed to evaluate
spatial and temporal vegetation dynamics. Unlike previous localized studies, this
research provides the first city-wide, multi-year assessment of Almaty’s urban
vegetation using consistent satellite-based NDVI analysis. It establishes a baseline for
long-term green infrastructure monitoring and offers valuable insights for sustainable
urban planning. The results demonstrate strong, predictable seasonal NDVI patterns
aligned with Almaty’s continental climate. Summer periods consistently showed peak
greenness (~0.50-0.52 NDVI), while winter periods displayed much lower values
(~0.01-0.07). No strong or consistent trend in annual mean NDVI was observed,
indicating overall stability in city-wide greenness during the study period despite
ongoing urban forestry initiatives.

Keywords: Urban greening; NDVI; Sentinel-2; Remote sensing; Almaty city;
Vegetation monitoring.

Introduction

Urban green spaces provide essential ecosystem services, enhance environmental
quality, and improve the livability of rapidly growing cities. Green infrastructure
mitigates urban heat island effects, supports biodiversity, reduces air pollution, and
contributes to public health and well-being. For rapidly developing cities such as
Almaty — the largest city in Kazakhstan with a population exceeding two million —
understanding the dynamics of urban vegetation is critical for sustainable urban
planning.

Almaty is situated in a continental climate zone, characterized by hot, dry
summers and cold, snowy winters. Rapid urban expansion over recent decades has
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increased pressure on natural green spaces and driven municipal efforts to enhance
urban forestry and green infrastructure. Monitoring the distribution and dynamics of
urban vegetation at the city scale is essential for assessing the effectiveness of these
initiatives and for informing evidence-based planning and policy.

Remote sensing has emerged as powerful tool for urban vegetation monitoring,
offering consistent, repeatable, and large-scale observations. The Normalized
Difference Vegetation Index (NDVI), derived from satellite imagery, is a widely used
metric for quantifying vegetation health and density. While NDVI has been extensively
applied in urban studies to map green spaces and monitor greening trends, challenges
remain, particularly in capturing mixed land-cover pixels and in ensuring high temporal
consistency across years.

Previous studies in Central Asia and Kazakhstan have applied NDVI analysis to
evaluate vegetation dynamics at regional scales, often emphasizing arid and semi-arid
environments. However, localized studies in Almaty have largely focused on specific
districts or individual green zones rather than providing city-wide, multi-year
assessments. Given Almaty’s rapid urbanization, climate variability, and policy interest
in sustainable planning, there is a clear need for comprehensive monitoring of urban
greening trends at the metropolitan scale.

This study aims to address this research gap by providing a city-wide assessment
of Almaty’s urban vegetation dynamics from June 2020 to June 2025 using Sentinel-2-
derived NDVI. By aggregating five years of high-resolution, cloud-filtered satellite
imagery, the research analyzes seasonal and annual patterns of urban greenness,
identifies stable spatial distributions of green infrastructure, and evaluates potential
interannual trends. The findings aim to support urban forestry management, inform
planning strategies, and establish a baseline for monitoring future changes in Almaty's
urban green spaces.

Research Methods and Materials

The Normalized Difference Vegetation Index (NDVI) is a widely used spectral
index derived from remotely sensed imagery to quantify live green vegetation. It is
calculated using the reflectance in the near-infrared (NIR) and red (R) bands as (NIR —
R)/(NIR + R). NDVI values typically range from -1 to +1, where higher values
indicate denser, healthier vegetation (Gao, et al., 2023).

In urban contexts, NDVI is crucial for mapping green spaces, assessing urban heat
islands, and informing sustainable city planning (Grover, 2015) (Richards, Global
Changes in Urban Vegetation Cover, 2020). Advantages include its simplicity, global
availability, and ability to track changes over time. However, NDVI has limitations in
urban settings, where mixed pixels can contain vegetation and impervious surfaces,
leading to spectral confusion (Neyns, 2022). Shadows, atmospheric effects, and variable
spatial resolution can further complicate interpretation (Zhang, 2015).

Remote sensing offers robust tools for urban vegetation monitoring by providing
consistent, repeatable, and large-scale observations. Common satellite data sources
include Sentinel-2 (10-20 m resolution), Landsat (30 m), and MODIS (250 m-1 km),
each offering trade-offs between spatial detail and temporal frequency (Jiang, 2017)
(Nouri, 2014).
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Numerous studies have applied these data to map urban greening trends. For
example, Kuang and Dou investigated 70 major Chinese cities, identifying
heterogeneous patterns of greening and browning over two decades (Kuang, 2020).
Dutta et al. used hyper-temporal NDVI datasets to analyze long-term trends in Indian
cities (Dutta, 2021). Richards and Belcher provided a global assessment of urban
vegetation change, highlighting both gains and losses (Richards, 2020).

These precedents demonstrate the value of multi-temporal NDVI analysis for
tracking urban green space dynamics, supporting policy decisions, and evaluating
greening initiatives (Pan, 2018) (De la Iglesia Martinez, 2023).

In Central Asia, vegetation dynamics have been studied at regional scales, often
emphasizing arid and semi-arid environments. Gao et al. assessed NDVI changes across
Central Asia from 2001 to 2020, linking trends to climate variability and human
activities (Gao, et al., 2023). Berdimbetov et al. analyzed the Aral Sea Basin,
demonstrating strong NDVI responses to irrigation and climatic shifts (Berdimbetov,
2021).

Closer to Almaty, studies have examined localized greening projects such as
Astana’s green belt development using satellite imagery (Driscoll, 2025).

In addition to broader Central Asian assessments, several local studies have
focused specifically on Almaty. Kreuzberg examined urban morphology in Tashkent
and Almaty, integrating NDVI data to characterize different urban morphotypes within
Almaty (Kreuzberg, 2024). This work demonstrates the utility of NDVI for
distinguishing urban forms but does not provide a continuous temporal analysis across
entire city.

Zengina et al. analyzed geoinformation dynamics of species-diverse urban forest
areas in Almaty using GIS and remote sensing techniques (Zengina, 2022). While if
offers insights into specific urban forest patches, its focus remains limited to particular
green zones without city-wide coverage of multi-year trends.

Kosherbay et al. assessed green zones and urban heat island in Almaty through
satellite imagery, applying NDVI to identify spatial patterns of vegetation and heat
exposure (Kosherbay, 2022). This study highlights NDVI’s relevance for urban climate
planning but does not investigate temporal dynamics over multiple years.

Sadyrova et al. provided a detailed ecological assessment of green spaces in
Almaty’s Bostandyk district, using NDVI to evaluate local vegetation health (Sadyrova,
2023). However, the analysis is restricted to a single administrative area and cannot
inform city-scale planning without broader data integration.

Despite the proven utility of NDVI for urban vegetation monitoring, there is a
clear research gap in assessing city-wide greening trends in Almaty over multiple years.
Given rapid urbanization, climate variability, and policy interest in sustainable planning,
understanding the spatiotemporal dynamics of vegetation is critical.

This study addresses that gap by analyzing Sentinel-2 derived NDVI for Almaty
from June 2020 to June 2025 at seasonal and annual scales. By aggregating five years of
consistent imagery, it aims to provide a robust, city-wide assessment of urban greening
patterns, inform local urban forestry and landscape planning, and establish a baseline for
monitoring future change.
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Almaty is the largest city in Kazakhstan, located in the southeastern part of the
country at the foothills of the Tian Shan mountains. Covering approximately 700 kmz2,
it lies at elevations from 600m to over 1000m above sea level. The city experiences a
continental climate with hot, dry summers and cold, snowy winters.

Almaty is a rapidly developing urban center with a population exceeding 2 million
(Bureau of National Statistics). Rapid urban expansion over recent decades has led to
increased pressure on natural green spaces, prompting municipal efforts to expand urban
forestry and improve green infrastructure to enhance environmental quality and
livability.

This study used Sentinel-2 Level-2A imagery (Copernicus Browser), which
provides atmospherically corrected surface reflectance data at 10m resolution. Images
were downloaded for the period from June 2020 to June 2025. Necessary spectral bands
included the Red (Band 4) and Near-Infrared (Band 8) bands, essential for NDVI
computation.

Imagery was selected to minimize cloud cover and ensure consistency across the
five-year period. Data were sourced and prepared for processing in QGIS 3.34.15,
which supported high-resolution analysis suitable for urban-scale studies.

All Sentinel-2 imagery was imported into QGIS 3.34.15. The administrative
boundary of Almaty city was delineated using OpenStreetMap (OSM) layers, providing
a precise urban mask. Imagery was clipped to these boundaries to ensure that analysis
focused exclusively on the urbanized area.

NDVI was calculated using the QGIS Raster Calculator with the standard
formula:

NIR — Red

NDVI = ————
NIR + Red 1)

where NIR corresponds to Band 8 and Red to Band 4 of Sentinel-2 imagery.

Quarterly NDVI composites were generated to reduce noise from single-date
variability and cloud contamination. However, final map selection was refined to use
the highest-quality cloud-free images available for each season and year, ensuring
consistent visual comparison across the study period.

NDVI values were visually inspected for quality, filtered by cloud coverage, and
compiled into tabular form for statistical analysis. Data were aggregated at seasonal and
annual scales to characterize vegetation dynamics over the five-year period. Mean
NDVI and standard deviation were calculated for each season (Winter: Dec-Feb;
Spring: Mar-May; Summer: Jun-Aug; Autumn: Sep-Nov) and for each year from 2020
to 2025.

For annual variation analysis, custom analysis years were defined from June to
May (e.g. Jun 2020 — May 2021, Jun 2021 — May 2022, Jun 2022 — May 2023) to better
capture complete growing cycles without splitting seasonal patterns across calendar
years. The final period covered June 2024 through June 2025 due to data availability.
Annual averages were calculated to explore potential trends over time; however, no
strong or consistent trend was observed.
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Spatial analysis was performed in QGIS, generating NDVI maps for
representative dates in each season and analysis year to visualize spatial patterns.
Higher NDVI values typically indicate denser, healthier vegetation, while lower values
reflect urban or barren surfaces. All spatial processing, masking, clipping, and NDVI
calculation were performed in QGIS 3.34.15, using its Raster Calculator and vector
overlay tools. Administrative boundaries were defined using OpenStreetMap data.

Statistical analysis — including data aggregation and graphical visualization—was
performed using Microsoft Excel. This approach facilitates clear, accessible analysis
suitable for integration with urban planning and policy discussions.

Research Results

NDVI values were aggregated at seasonal scale over the period from June 2020 to
June 2025, excluding all observations with cloud coverage equal to or greater than 30%.
Table 1 summarizes seasonal mean NDVI values, standard deviations, and the number
of observations for each defined three-month interval.

All NDVI values are reported rounded to two decimal places to reflect typical
measurement uncertainty and facilitate interpretation.

Mean NDVI values ranged from approximately 0.01 to 0.52 across seasons and
years, with clear differences that align with Almaty’s strongly continental climate.
Summer periods (June-August) consistently exhibited the highest NDVI values,
typically around 0.5-0.52, reflecting peak photosynthetic activity and dense urban
vegetation cover during the growing season.

Conversely, winter periods (December-February) showed much lower mean
NDVI values, generally between 0.01 and 0.07, corresponding to the dormant phase of
most vegetation and reduced photosynthetic activity. These low winter values are
characteristic of Almaty's cold, snow-prone winters and limited evergreen planting
within the city.

Transitional seasons — spring (March-May) and autumn (September-November) —
demonstrated intermediate NDV1 values, typically between 0.22 and 0.30, representing
the gradual green-up and senescence of vegetation in urban areas. The standard
deviations recorded across seasons reflect spatial heterogeneity within the city, with
higher variability in transitional periods indicating diverse land cover types and
management practices.

Table — 1- Seasonal mean NDVI and standard deviation for Almaty City (June
2020 — June 2025) with cloud coverage <30%

Season Mean NDVI Std NDVI Coun

Label t
Jun - Aug

2020 0.51 0.07 17
Sep — Nov

2020 0.28 0.12 22
Dec — Feb

2021 0.04 0.02 15
Mar — May

2021 0.27 0.16 12
Jun — Aug 0.5 0.06 19
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Laﬁ:ﬁson Mean NDVI Std NDVI tCOU”
2021
b oY 0.26 0.14 24
2%;"2‘ Feb 0.07 0.04 15
M 0.27 0.18 13
23(‘)*;2‘ Aug 0.5 0.09 20
. b~ Nov 0.28 0.14 20
. 2%‘;%‘ Feb 0.01 0.02 22
) M 0.25 0.11 22
; 23(‘)*;3‘ Aug 0.52 0.07 19
. b oY 0.29 0.1 18
: 2%‘;‘;‘ Feb 0.01 0.03 17
. M 0.22 0.18 16
, 23(‘)*; " Aug 0.52 0.05 17
; b oY 0.3 0.16 19
. 2%‘;%‘ Feb 0.02 0.02 19
. S May 0.29 0.2 18
. June 2025 0.5 0.1 4

Note: Complied by the authors based on [21]

These results highlight strong and predictable seasonal variation in urban
vegetation greenness in Almaty, consistent with its climate and phenological cycles.

Analysis of seasonal NDVI distributions reveals clear, expected patterns that
reflect Almaty’s continental climate and urban vegetation dynamics. Figure 1 shows
boxplots of NDVI values for each defined seasonal period from June 2020 to June 2025,
with all observations filtered to exclude cloud coverage >30%.

Summer periods (June-August) consistently displayed the highest NDVI values,
with medial values typically around 0.5-0.52, indicating peak photosynthetic activity
and full canopy cover in urban vegetation. These high summer NDVI levels are
associated with intensive greening in parks, tree-lined streets, and suburban areas.
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In contrast, winter periods (December-February) showed markedly lower NDVI
values, with median often around 0.01-0.07, reflecting dormant vegetation, leaf-off
conditions, and minimal photosynthetic activity due to cold temperatures and snow
cover.

Spring (March-May) and autumn (September-November) exhibited intermediate
NDVI distributions, with median values approximately 0.22-0.3. These transitional
seasons capture the processes of green-up and senescence, respectively, as urban
vegetation responds to changing temperature and daylight conditions.

The boxplots also highlight the intra-seasonal variability of NDVI, as shown by
interquartile ranges and the presence of outliers. Variability tends to be higher in
transitional seasons, likely reflecting spatial heterogeneity in land cover types, varying
planting strategies, and differential irrigation practices across the city.

To ensure full transparency and reproducibility of this analysis, the complete
filtered NDVI observation dataset used for seasonal and annual calculations is provided
below.

The dataset includes Sentinel-2 derived NDVI values for Almaty City from June
2020 to June 2025, with all scenes filtered to exclude cloud coverage equal to or greater
than 30%. Each record includes the observation date, calculated NDVI value, cloud
coverage percentage, and assigned seasonal label (NDVI Observation Dataset for
Almaty City (June 2020-June 2025)) (Copernicus Browser).
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Figure - 1 - Seasonal NDVI1 distribution in Almaty (June 2020 — June 2025) with cloud
coverage <30%. Complied by the authors based on [21]
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These seasonal patterns are consistent with expectations for Almaty’s climate and
provide important context for interpreting urban vegetation dynamics.

410



BKY Xa6apuubicbl
BecTHuk 3KY 3(99) — 2025

Annual mean NDVI values were also calculated for each custom analysis year
(June-May) to examine potential interannual trends in urban greenness. While minor
year-to-year differences were observed, no strong or consistent trend was evident over
the five-year study period. This suggests that short-term NDVI variability in Almaty is
primarily driven by seasonal and spatial patterns rather than clear long-term changes in
overall urban vegetation cover.

Although the main analysis did not identify a strong or consistent monotonic trend
over this five-year period, Table 2 summarizes the mean NDVI, standard deviation, and
number of observations for each annual period.

&

%\‘é\

Table — 2 - Annual mean NDVI and standard deviation for Almaty City (June
2020 — June 2025) with cloud coverage <30%, by custom June—-May years

Analysis Year Mean Std NDVI Count
NDVI

Jun 2020 — May 2021 0.275 0.0925 66

Jun 2021 — May 2022 0.275 0.105 71

Jun 2022 — May 2023 0.26 0.09 84

Jun 2023 — May 2024 0.26 0.0975 70

Jun 2024 — Jun 2025 0.326 0.106 77

Note: Note: Complied by the authors based on [21]

To visualize spatial patterns of urban vegetation in Almaty, NDVI maps were
generated from Sentinel-2 L2A imagery (Copernicus Browser) captured at carefully
selected dates across multiple years and seasons. Each image provides a high-resolution,
spatially explicit visualization of urban vegetation cover. Figures from 2 to 7 present
representative NDVI maps of Almaty City spanning the study period from 2020 to
2025.

e

Figure - 2. Representative NDVI maps of Almaty City for June, September, November
2020. Sentinel-2 L2A NDVI composites with cloud coverage <30%. Note: Complied by the
authors based on [3; 21]
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Figure - 3. Representative NDVI maps of Almaty City for March, June, September,
December 2021. Sentinel-2 L2A NDVI composites with cloud coverage <30%. Note: Complied
by the authors based on [3; 21]

Figure - 4. Representative NDVI rhaps of Almaty City for March, June, September,
December 2022. Sentinel-2 L2A NDVI composites with cloud coverage <30%. Note: Complied
by the authors based on [3; 21]

Figure - 5. Representative NDVI maps of Almaty City for March, June, September,
December 2023. Sentinel-2 L2A NDVI composites with cloud coverage <30%. Note: Complied
by the authors based on [3; 21]
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Figure - 6. Representative NDVI maps of Almaty City for March, June, September,
December 2024. Sentinel-2 L2A NDVI composites with cloud coverage <30%. Note: Complied
by the authors based on [3; 21]

Figure - 7. Rep
L2A NDVI composites with cloud coverage <30% Note: Complied by the authors based on [3;
21]

resentative NDVI maps of Almaty City for March, June 2025. Sentinel-2

Across the entire five-year timeframe, the maps consistently reveal strong and
predictable seasonal patterns. Summer images show widespread high NDVI values,
indicating peak vegetation vigor in parks, suburban residential areas, and the forested
foothills south of the city. In contrast, winter maps demonstrate uniformly low NDVI
values, reflecting seasonal dormancy and potential snow cover in the surrounding
mountains. Spring and autumn maps show transitional phases, with moderate NDVI
values as vegetation emerges from or enters dormancy.

Importantly, despite interannual variability in weather and local management
practices, the overall spatial patterns of urban greening appear highly stable. High
NDVI consistently clusters in green infrastructure such as parks, river corridors, and
peri-urban forests, while the dense urban core exhibits persistently lower NDVI values
due to impervious surfaces and sparse canopy cover.

This consistent spatial heterogeneity highlights the structured distribution of urban
green spaces within Almaty, underlining the importance of maintaining and expanding
vegetated areas to enhance urban resilience and livability. The maps serve as an
essential complement to temporal trend analyses, offering clear visual evidence of the
city’s green infrastructure network and its seasonal dynamics.
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This study provides a city-wide assessment of urban vegetation dynamics in
Almaty over a five-year period (June 2020 — June 2025) using Sentinel-2-deerived
NDVI. Results reveal strong and predictable seasonal variations in urban greenness,
with peak NDVI values consistently observed during the summer months (June-August)
and much lower values during winter (December-February). These patterns align with
Almaty’s continental climate, which features hot, dry summers and cold, snow-prone
winters that limit photosynthetic activity.

The clear seasonal cycles detected here are consistent with other regional and
global studies. For example, Gao et al. (2023) found NBVI seasonality across Central
Asia closely linked to climatic variability and water availability. Similarly, Zengina et
al. (2022) demonstrated the value of remote sensing for capturing urban forest dynamics
within Almaty, though their focus was limited to species-diverse patches rather than
city-wide trends.

Our results add new insight by providing continuous, standardized NDVI
observations at seasonal intervals for the entire urban extent of Almaty. Unlike previous
localized studies (e.g. Sadyrova et al., 2023; Kosherbay et al., 2022), this analysis
applies consistent methodology across multiple years, enabling direct comparison of
seasonal and interannual patterns. The strong stability observed in spatial NDVI
patterns — where parks, suburban green belts, and foothill forests consistently exhibit
high NDVI while the dense urban core remains lower — underscores the structured
distribution of green infrastructure in the city.

Notably, while seasonal patterns were robust, annual averages revealed no strong
or consistent monotonic trend over the five-year study period. This suggests that,
despite policy interest in expanding urban greening, observable NDVI-based gains at
the city scale may be limited or slow to emerge over short periods. It also highlights the
importance of sustained, multi-year monitoring to detect longer-term trajectories and
evaluate the effectiveness of urban forestry initiatives.

There are several important limitations to consider. The analysis relied on optical
imagery filtered for cloud coverage below 30%, which limited data availability in some
months and may introduce sampling bias toward clearer, drier periods. The five-year
timeframe, while useful for establishing baseline conditions, may be too short to capture
gradual greening trends or structural changes in urban vegetation. NDVI itself, while
widely used, is sensitive to mixed pixels, shadows, and atmospheric conditions,
particularly in complex urban environments (Neyns, 2022).

Despite these limitations, this study demonstrates the value of Sentinel-2 imagery
and NDVI analysis for city-scale urban green space monitoring in Almaty. The
generated seasonal composites and spatial maps can inform urban planning by
identifying consistent green infrastructure patterns and highlighting areas with low
vegetation cover. For policymakers, these results underline the need for targeted
planting strategies, maintenance of existing green spaces, and integration of remote
sensing data into planning workflows.

Future research could extend this work by incorporating higher-resolution
imagery (e.g. PlanetScope), multi-sensor fusion, or land cover classification to
distinguish tree canopy, grasslands, and impervious surfaces. Additionally, longer time
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series would help evaluate the impact of specmc urban greening programs, policy
interventions, and climate variability on the city’s green infrastructure over time.
Conclusion

This study provides a comprehensive, city-wide assessment of urban vegetation
dynamics in Almaty over a five-year period (June 2020-June 2025) using Sentinel-2-
derived NDVI. By aggregating and analyzing high-resolution satellite imagery filtered
for cloud coverage below 30%, the research captures clear seasonal patterns of urban
greenness consistent with Almaty’s continental climate.

Summer periods consistently exhibited the highest NDVI values, reflecting peak
vegetation vigor and highlighting the importance of urban parks, green corridors, and
foothill forests in maintaining city-wide green infrastructure. In contrast, winter maps
showed uniformly low NDVI values, underscoring the strong seasonality of Almaty’s
vegetation and the challenges posed by cold, snow-prone conditions.

Importantly, while the analysis revealed robust seasonal cycles and stable spatial
patterns of urban green space distribution, no strong or consistent monotonic trend in
annual average NDV1 was observed over the study period. This suggests that observable
city-scale greening efforts may be incremental or too recent to produce detectable NDVI
changes within a five-year timeframe.

These findings underline the value of consistent, multi-year remote sensing
monitoring for urban planning and green infrastructure management. The study
establishes a critical baseline for assessing future greening initiatives and urban forestry
policies in Almaty. Continued monitoring, combined with higher-resolution data and
land cover classification approaches, will be essential for evaluating the long-term
effectiveness of urban greening strategies and for supporting evidence-based planning
aimed at enhancing urban resilience and livability.

REFERENCES

[1]Berdimbetov, T. I. (2021). Climatic Change and Human Activities Link to
Vegetation Dynamics in the Aral Sea Basin Using NDVI. Earth Systems and
Environment, 5, pp. 303-318. doi:https://doi.org/10.1007/s41748-021-00224-7

[2]Bureau of National Statistics. (n.d.). Demographic Statistics. Retrieved July 2,
2025, from Bureau of National statistics: https://stat.gov.kz/en/industries/social-
statistics/demography/

[3]Copernicus  Browser. (n.d.). Retrieved June 25, 2025, from
browser.dataspace.copernicus.eu:
https://browser.dataspace.copernicus.eu/?zoom=5&Iat=50.16282&Ing=20.78613&them
eld=DEFAULT-
THEME&visualizationUrl=U2FsdGVkX18w74F6XL109QQj3bN6DAOQOTVUBIShY5
afVYVOHCr%2BbVrRLD1x7a0eC0zMMIWWPWUDOY Ha%2Bg8NKZHMNXT5fS
RQIiBkiW%2BAgKGg4JkDQdPws%2Bfnf%2B8nmXXxc&dat

[4]De la Iglesia Martinez, A. &. (2023). Demystifying normalized difference
vegetation index (NDVI) for greenness exposure assessments and policy interventions
in urban greening. Environmental Research, 220, p. 115155.
doi:https://doi.org/10.1016/j.envres.2022.115155

415



WAMp ,

2
,@2 /s BKY Xa6apuubicbi
NS Becrimk 3KY 3(99) — 2025

[5]Driscoll, E. P. (2025). Usmg satellite imagery to track the development of the
green belt of Astana, Kazakhstan: A remote sensing perspective on artificial forestry
development. Remote Sensing Applications: Society and Environment, 38, p. 101543.
doi:https://doi.org/10.1016/j.rsase.2025.101543

[6]Dutta, D. R. (2021). Spatial and temporal trends of urban green spaces: an
assessment using hyper-temporal NDVI datasets. Geocarto International, 37(25), pp.
7983-8003. doi:https://doi.org/10.1080/10106049.2021.1989499

[7]Gao, C., Ren, X,, Fan, L., He, H., Zhang, L., Zhang, X., . . . Chen, X. (2023).
Assessing the Vegetation Dynamics and Its Influencing Factors in Central Asia from
2001 to 2020. Remote Sensing, 15(19), p. 4670. doi:https://doi.org/10.3390/rs15194670

[8]Grover, A. &. (2015). Analysis of Urban Heat Island (UHI) in Relation to
Normalized Difference Vegetation Index (NDVI): A Comparative Study of Delhi and
Mumbai. Environments, 2(2), pp. 125-138.
doi:https://doi.org/10.3390/environments2020125

[9]Jiang, J. J. (2017). Vegetation dynamics and responses to climate change and
human activities in Central Asia. Science of The Total Environment, 599-600, pp. 967-
980. doi:https://doi.org/10.1016/j.scitotenv.2017.05.012

[10] Kosherbay, K. Z. (2022). ANALYSIS OF GREEN ZONES AND HEAT
ISLANDS OF ALMATY CITY BASED ON SATELLITE IMAGES. Journal of
Geography & Environmental Management, 67(4), p. 80.
doi:10.26577/JGEM.2022.v67.14.07

[11] Kreuzberg, E. (2024). Characterizing urban changes in post-Soviet Central
Asian cities through urban morphology: A case study of Tashkent, Uzbekistan, and
Almaty, Kazakhstan. Thesis Report GIRS-2024-20, Wageningen University and
Research, Laboratory of Geo-Information Science and Remote Sensing, Wageningen,
The Netherlands.

[12] Kuang, W. &. (2020). Investigating the Patterns and Dynamics of Urban
Green Space in China’s 70 Major Cities Using Satellite Remote Sensing. Remote
Sensing, 12(12), p. 1929. doi:https://doi.org/10.3390/rs12121929

[13] Neyns, R. &. (2022). Mapping of Urban Vegetation with High-Resolution
Remote  Sensing: A  Review. Remote  Sensing, 14(4), p. 1031
doi:https://doi.org/10.3390/rs14041031

[14] Nouri, H. B. (2014). High Spatial Resolution WorldView-2 Imagery for
Mapping NDVI and Its Relationship to Temporal Urban Landscape Evapotranspiration
Factors. Remote Sensing, 6(1), pp. 580-602. doi:https://doi.org/10.3390/rs6010580

[15] Pan, N. F. (2018). Increasing global vegetation browning hidden in overall
vegetation greening: Insights from time-varying trends. Remote Sensing of
Environment, 214, pp. 59-72. doi:https://doi.org/10.1016/j.rse.2018.05.018

[16] Richards, D. R. (2020). Global Changes in Urban Vegetation Cover.
Remote Sensing, 12(1), p. 23. doi:https://doi.org/10.3390/rs12010023

[17] Richards, D. R. (2020). Global Changes in Urban Vegetation Cover.
Remote Sensing, 12(1), p. 23. doi:https://doi.org/10.3390/rs12010023

[18] Sadyrova, G. A. (2023). Assessment of the ecological state of green spaces
of Almaty city on the example of Bostandyk district. Bulletin of the Karaganda

416



WAMp,

25
’\%Jw/ BKY Xa6apLubicbl
ESS Becram 3KY 3(99) — 2025

University “Biology medicine geography Series”, 110(2), pp. 113-123.
doi:https://doi.org/10.31489/2023bmg2/113-123

[19] Zengina, T. Y. (2022). Geoinformation dynamics analysis of the different-
species urban forest area in Almaty. AIP Conference Proceedings . 2762. AIP
Publishing. doi:https://doi.org/10.1063/5.0128568

[20] Zhang, Q. L. (2015). Building a Better Urban Picture: Combining Day and
Night Remote Sensing Imagery. Remote Sensing, 7(9), pp. 11887-11913.
doi:https://doi.org/10.3390/rs70911887

[21] Zhuman, K. (n.d.). NDVI Observation Dataset for Almaty City (June 2020—
June 2025). Retrieved from
https://docs.google.com/spreadsheets/d/1QImGzk6MWZbHCcVEGKZbRCY_rLFsnAEsl/
edit?pli=1&gid=1853990059#gid=1853990059

Kyman K. b., Acunosa 7K.M.

AJIMATBI KAJTACBIHJAATbI KOT'AJLIAH/IBIPY YPAICTEPIH NDVI
TAJJAYbBI APKbLJIbI BEC KbIJIIBIK KE3EH/IE (2020-2025 7KK.)
BAFAJIAY

Anpatma. byn 3eprreyne Sentinel-2 mepekrepi OoitbiHma ecentenren NDVI
naiianaHa OTBIPHIN, OCIMAIKTEPAIH MayCBIMIBIK KOHE JKBUIIBIK ©3TrepicTepiH Taiaay
apkbutbl Oec KbUIIBIK Ke3eHueri (2020 xbutFbl MaychiM — 2025 KbUIFBI MayChIM)
Anmatbeiiarel (Kazakcran) Kamaneik keranmanaeipy ypaictepi Oaranmanansl. QGIS-te
Sentinel-2 Level-2A cyperrepiHiH KOFapbl KEHICTIKTIK aXbIpaThiMABUIBIFBI (10 M)
engenai: >30% OYATTBI KepiHICTEp AalbIHBIN TacTalIbl, ajl CypeTTep AJMAaTBIHBIH
OKIMIIUTIK mekapanapsl OoiibiHma kecinai. NDVI monzaepi tannanran OyJiTChI3 KYHIEP
YIIiH ecenTesi, MayChIMIap MCH apHaibl OCNriJeHreH XbULIBIK KedeH (Maychim-
Mawmpbip) OoFbIHIIA OIPIKTIPULAL JKOHE OCIMIIKTEpPiH KCHICTIKTIK JXOHE YaKbITTHIK
JTMHAMUKACBHIH Oarajiay YIIH CTaTHCTUKANBIK TalnaynaH ©TTi. AIIBIHFBI KEPTUTIKTi
3epTTeyyepAeH aublpMambUIbEbl, Oy1 xkyMbic NDVI cepusuiblKk CIyTHHKTIK Tangay
HETi31HIe AJMATBIHBIH KerajIaHAbIpybIH aliFalliKbl KalalblK KOIDKBUIIBIK Oaranay
6outbin TaObIaAbl. byt skackln HHGPAKYpbUIBIMIIBEL Y3aK Mep3imMai Oakpulay YIIiH HEri3
Kajayra MYMKIHIIK Oepejl *oHE TYpaKThl Kajla KYPBUIBICHI YIIIH KYHIBI JI€pPEKTEep
Oepeni. Hotmxenep AJMAaThIHBIH KOHTHMHEHTTIK KIMMaTbhlHa coiikec keneTiH NDVI
HAKTHI XoHE OOJhKamIbl MayChIMIBIK YyIiTinepiH kepcereni. JKasrbl kezeHaep NDVI
MaKCHMaJIZIbl MOHJIEpiH Typakthl Typuae kepcerti (~0.50-0.52), anm KbICKbI Ke3eHuep
airapiabikTaii ToMeH MaoHaepMer cunattanasl (~0.01-0.07). 3eprrey ke3eHiHae opraiia
KbUIIBIK NDVI e3repyiniH allKblH HeMece TYPaKThl TEHICHLHUSCHl aHBIKTAIFaH JKOK,
Oy KamanblK JKachUl HMH(PAKYPBUIBIMABI JaMBITYy JKOHIHIEri Oacramanapabiy
JKaJIFacyblHa KapamacTaH, KaJaHbIH KeraJlaHAbIpy IEHreHiHIH *Kallbl TYPAaKTbUIBIFbIH
KepceTesi.

Kint ce3nep: Kamansl xerammanapipy; NDVI; Sentinel-2; KambikTbikran
30HATAY; AIMaThl; OCIMAIKTI MOHUTOPUHTIIIEY.
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Kyman K.B., Acunosa 7K.M.
OIIEHKA TEHJAEHIIMA O3EJEHEHHUSA I'OPOJIA AJIMATBI HA OCHOBE
AHAJIM3A NDVI 3A IATH JIET (2020-20251IT.)

AHHoTaumsA. B 1aHHOM wuCCleOBaHMM OLEHHMBAIOTCS TOPOJCKUE TEHACHIIUU
o3eneHenuss B Anmatbl (Kaszaxcran) 3a mstwiernmii nepuon (utoHb 2020 r.-utoHb
2025r1.) myteM aHanM3a CE30HHBIX M TOAOBBIX HM3MCHCHUN pACTHTEIBHOCTH C
ucnonszoBanueM NDVI, paccuurannoro mo manneiM  Sentinel-2.  Bricokoe
npoctpancTBeHHoe paspemienue (10Mm) cuumkoB  Sentinel-2  Level-2A Gbuio
obpabotano B QGIS: cuensl ¢ o6aauyHocThIO >30 % OBLIM MCKITIOYEHBI, a H300paKeHUs
oOpe3aHbl 1O  aJMUHHUCTPAaTUBHBIM rpaHuiam  Anmarsl.  3HaueHus NDVI
pPacCUUTHIBAIUCH JJIs1 BHIOpAHHBIX 0€300JIaYHBIX AAT, arperupoBAIUCH 1O CE30HAM U
CIIELMaNIbHO OIpeAeiéHHbIM romoBomy mnepuony (MioHbp-Mail) u mojaBepraiuch
CTaTUCTHYECKOMY aHAIM3Y Ui OLIEHKU MPOCTPAHCTBEHHOW M BPEMEHHOW IMHAMUKHU
pacTuTesbHOCTH. B oTiimume oT mpeapinymuX JOKaJdbHBIX HCCIEIOBAaHWUM, JaHHAs
pabota mpencTaBiseT co0o0i MepBYI0 TOPOJCKYI0O MHOTOJIETHIOIO OLICHKY O3€JICHEHHUs
AnMaTsl Ha OCHOBE IIOCJIEN0BATENBHOrO ciiyTHUKOBOro aHanu3a NDVI. Oto no3Bosnser
3aJI0XKHUTh 0a3y AJs TOATOCPOYHOIO MOHUTOPHHTA 3€JeHOH MHPPACTPYKTYpHl M JaéT
LEHHbIC JIaHHbIE JUISI YCTOMYMBOIO TOPOACKOTO IUIAaHUPOBaHUS. Pe3ynbraThl
JNEMOHCTPUPYIOT  4Y€TKHE€ H  Tpeiackadyemble  ce3oHHble  mojenu  NDVI,
COOTBETCTBYIOIME KOHTHHEHTAIBHOMY KJIMMaTy Anmarsl. JleTHHe meproapl cTabuiIbHO
noka3biBain MakcuMmanbhbie 3HadeHuss NDVI (~0.50-0.52), Torna kak 3uMHHE TIEPUOIBI
XapaKTepU30BAIMCh 3HAYMTEJIbHO Oosnee Huskumu 3Hadenusmu (~0.01-0.07). B
TEUYEHUE UCCIEeIyeMOro Iepuosia HE BBISABICHO BBIPAKEHHOM WM CTaOMIbHOU
TeHAEGHIIMM u3MeHeHus cpenHeronosoro NDVI, urto ykaspBaer Ha o00uIyIo
CTa0MJIBHOCTh YPOBHS O03€JIEHEHHOCTH TOpPOAa, HECMOTPsS Ha MPOJOJDKAIOLIHECcs
WMHHUIMATUBBI TIO PA3BUTHIO TOPOACKOI 3e€HON HHPPACTPYKTYPHI.

Kawuesbie ciaoBa: O3zenenenue ropoaa; NDVI; Sentinel-2; TucranumonHoe
30HAMpOBaHuE; AMaThl; MOHUTOPHHT PACTUTEIBHOCTH.
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