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Abstract. Steppes and semi-deserts are arid ecosystems with seasonal
climate, limited water resources, and a high risk of wildfires. The Altyn
Dala State Nature Reserve is located in the South Turgai physico-
geographical province of the Eurasian steppe, encompassing the
northwestern range of the Betpak-Dala saiga population which is the
largest in terms of distribution area. The region includes traditional
calving grounds and saigas’ migration routes, and during winters with low
snow cover, part of the population remains in the area year-round. In
addition, reintroduction programs for Przewalski’s horse and kulan are
being implemented in the arid and desertified steppes of Kazakhstan.
Therefore, studying the ecological situation in the region is both important
and timely. The aim of this study is to analyze wildfires in the Altyn Dala
State Nature Reserve and assess their potential impact on ungulate
migrations. The objectives are comprehensive analysis of wildfire
frequency and of burned areas sizes within the reserve during the period
20002025 using remote sensing methods. During the study period, 51
wildfires were recorded within the boundaries of the reserve, with a total
area of 1376299 hectares have been burnt. An increase in the population
of the Betpak-Dala saiga, combined with droughts and wildfires, have led
to mass migrations of saiga to the northern parts of Kostanay Region,
resulting in significant damage to grain crop fields. To reduce wildfire-
related damage, early detection based on modern satellite monitoring
technologies is strongly required.

Keywords: steppe wildfires; remote sensing; satellite-based research;
Altyn Dala State Nature Reserve; adjacent territories; pyrogenic factor;
ungulate migrations; Kazakhstan.
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1. Introduction

Wildfires are natural phenomena that may have significant consequences for ecosystems,
climate, and human livelihoods (Stavi, 2019). Pyrogenic factors include both natural causes (lightning
strikes, accumulation of dry biomass, drought, etc.) and anthropogenic drivers (agricultural burning,
careless fire handling, grassland burning) (Kamp et al., 2016; Bragina et al., 2018; He et al., 2019;
Dara et al., 2020; Jones et al., 2022; Shi et al., 2022; Venkatesh et al., 2022; Bragina et al., 2025).
Steppe fires are often characterized by high rates of spread and the capacity to cover extensive areas.
The probability of fire occurrence increases with rising wind speed and decreasing relative air
humidity (Domenech et al., 2025). A long-term analysis of fire dynamics (2000-2025) in the
Naurzum State Nature Reserve and adjacent territories (Kostanay Region, Kazakhstan) was
conducted using satellite remote sensing (Bragina et al., 2025). In the dry steppes and semi-deserts
where the Altyn Dala State Nature Reserve is located, wildfires exert a substantial influence on biota.
They may significantly affect the migration patterns of ungulate mammals (e.qg., saiga antelope, kulan,
wild horses) (Gutiérrez & de Miguel, 2021). Fires compromise habitat safety for many animal species
and reduce the availability of forage and water resources. In the short term, grass cover is destroyed
during fires, forcing animals to leave burned areas, sometimes migrating tens or even hundreds of
kilometers (Geraskina et al., 2022). A reduction in available forage resources may result in
overgrazing and degradation of remaining pastures, causing conflicts with domestic livestock, or
incursions into cultivated lands and subsequent crop damage, causing significant economic losses
and undermining local livelihoods (Koshkina et al., 2026). Furthermore, the burning of vegetation
around watering sites increases evaporation and/or leads to the desiccation of water sources, while
also degrading shelter quality due to the loss of protective vegetation. Such fires may cause direct
mortality, particularly among juveniles and weakened individuals. Thermal stress, food shortages,
and increased predation pressure resulting from the loss of cover are also important factors. In the
long term, the effects of frequent fires manifest in soil and vegetation cover erosion, land
desertification, degradation of traditional grazing areas, and reduced forage security, potentially
altering established animal migration routes.

Study Area and History of Establishment of the Altyn Dala State Nature Reserve. The study
area encompasses the Altyn Dala State Nature Reserve (hereinafter referred to as the Reserve),
located in the southern part of Kostanay Region, Republic of Kazakhstan (Bragina & Bragin, 2017).
The establishment of a large, specially protected natural area in the Turgai region was first proposed
in 2003 by Professor T.M. Bragina. In August 2005, at an interministerial working meeting dedicated
to the interim results of the UNEP/GEF/WWF project “Development of an Ecological Network
(Econet) for the Long-Term Conservation of Biodiversity in the Ecoregions of Central Asia (Econet—
Central Asia),” Professor T.M. Bragina (regional and national project coordinator) proposed
including in the official protocol the creation of a Nature Reserve named “Altyn Dala” as one of the
key outcomes of the project in Kazakhstan. The meeting was attended by representatives of
Kazakhstan Parliament, state environmental authorities (the Ministry of Environmental Protection;
the Forestry and Hunting Committee), international and national conservation organizations (World
Wide Fund for Nature — WWF; Frankfurt Zoological Society — FZS; Royal Society for Protection of
Birds — RSPB), and the Association for the Conservation of Biodiversity of Kazakhstan (ACBK), as
well as the Ministry of Foreign Affairs, the Water Resources Committee of the Ministry of
Agriculture, the Ministry of Finance and Budget Planning, the Agency for Land Resource
Management, and other relevant institutions and stakeholders. A parallel consultative meeting with
representatives of WWF, FZS, and RSPB addressed the establishment of a joint long-term
international conservation initiative, also named “Altyn Dala” (Altyn Dala Conservation Initiative,
ADCI). Professor T.M. Bragina served as the first coordinator of ADCI (2005-2007), in agreement
with WWEF, FZS, and RSPB within the framework of the Association for the Conservation of
Biodiversity of Kazakhstan. This initiative significantly accelerated the preparation of documentation
for the establishment of the Reserve and the development of the “ADCI Strategy until 2030.” The
establishment of the Altyn Dala State Nature Reserve was incorporated into the “Program for the
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Development of the Network of Specially Protected Natural Areas in the Republic of Kazakhstan for
2007-2009” and the “Program for the Conservation and Sustainable Use of Wildlife Resources and
the Development of the SPNA Network until 2010 (approved by Resolution of the Government of
the Republic of Kazakhstan No. 914 of October 8, 2007), aimed at the conservation and restoration
of steppe and semi-desert landscapes, as well as populations of rare and endangered large mammals
(saiga antelope, kulan) and bird species (Bragina, 2006a, 2006b; ENO, 2008). In 2007, Professor
T.M. Bragina led a comprehensive scientific field expedition, supported by FZS, to select and
describe the territory proposed for the Reserve and to prepare the “Scientific Justification for the
Establishment of the Altyn Dala State Nature Reserve, which successfully passed the state
environmental review process. The Altyn Dala State Nature Reserve was officially established in
2012, covering an area of 489.766 hectares within the Amangeldy and Zhangeldi districts in southern
Kostanay Region (Resolution of the Government of the Republic of Kazakhstan No. 1496 of
November 27, 2012).

Geographically, the territory of the Altyn Dala State Nature Reserve (49°36’00” N, 65°10'45"
E) is located within the South Turgai physico-geographical province of the Eurasian steppe zone, in
the subzone of dry steppes and semi-deserts. The soils are predominantly light chestnut and chestnut
types, interspersed with solonetz and solonchak complexes, as well as lake and river systems. The
reserve is characterized mainly by plains of various origins with residual erosional landforms.
Distinctive features include the picturesque steep clayey slopes along the Uly-Zhylanshik River near
the former settlement of Rakhmet, gently undulating clayey residual hills in the northwestern part of
the Ulyzhylanshik sector of the reserve, the dune sands of Tosynkum and Akkum, the southern part
of the Sarykopa lake system, and the reaches of the Uly-Zhylanshik and Kabyrga rivers. Southern
Turgai belongs to the continental arid regions of the temperate zone and is characterized by a higher
degree of aridity compared to the semi-deserts of Central Kazakhstan. This is due to its location in a
circulation shadow behind the Mugodzhar Hills and, conversely, its broad exposure to the deserts of
the Aral region. The sum of active temperatures during the growing season reaches 2800-3100°C.
The mean annual air temperature is +4.1°C. Winters are cold, with mean January temperatures down
to —17°C, while summers are hot, accompanied by dry winds and frequent droughts (mean July
temperatures approximately 24-25°C). The mean annual precipitation in the Turgai semi-desert
ranges from 150 to 200 mm, and the moisture coefficient does not exceed 0.2-0.3 (Figure 1).
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Figure 1. Climatogram of the territory of the Altyn Dala State Nature Reserve (based on data from
the Turgai weather station, Zhangeldy District, Kostanay Region; source: ENO, 2008)

The aim of this study was to analyze wildfires within the boundaries of the Altyn Dala State
Nature Reserve during the period 2000-2025 and to review their potential impact on ungulate
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migration patterns. The objectives of the study include a comprehensive analysis of fire frequency
and burned areas over a 26-year period, with the recording of fire ignition points and observation data
using remote sensing (RS) methods.

The results of the study comprise the mapping of wildfire events in the reserve based on thermal
anomaly data obtained through RS, providing reliable and detailed information on burned areas across
a long-term observation period.

For the first time in the southern part of Kostanay Region, within the largest specially protected
natural area, remote sensing methods were applied to detect, analyze, and produce multitemporal
maps for the assessment of fire frequency, intensity, and spatial dynamics of burned territories over
recent decades (2000-2025).

2. Materials and methods
Remote sensing methods based on satellite data were employed in this study. To detect wildfires
over a multi-year period, satellite monitoring data were utilized. Fire ignition points for the 26-year
period (2000-2025) were obtained from the NASA FIRMS (Fire Information for Resource
Management System) database for the territory of the Altyn Dala Reserve. NASA FIRMS provides
coordinates of thermal anomalies detected by MODIS and VIIRS sensors. These data served as a
primary indicator of potential fire events and as an additional validation layer for the temporal and
spatial localization of wildfires. Fire occurrence time and location were determined based on fire
ignition points’ records. Additionally, satellite imagery from the Sentinel Hub cloud platform was
downloaded for each year under analysis (2000-2025). Imagery from the Landsat series (7, 8-9) and
Sentinel-2 satellites was used, with data for later years providing higher spatial resolution. All images
underwent standard preprocessing, including spatial resolution harmonization and reprojection to a
unified coordinate system. After the data had been prepared, spectral indices required for burned area
detection were calculated for each year. The general workflow of data processing and analysis is
illustrated in Figure 2.
Selection of satellite

Calculation of Interpretation of

Stages —» Firedetection — Time analysis —» . —» Analysis of changes —»  Reliefanalysis | —»|
images spectral indices results
Identification of fire Analysis of seasonal Selection of fire Calculation of Comparison of NBR Conversion of
Description hotspots based on and interannual fire dNBR before and after the DEM to orthometric Spatial-temporal
thermal points dynamics 1mages fire heights using analysis of
EGM2008; pixel consequences
breakdovm and analysis
by height intervals l
FIRMS (MODIS, LandSat-7, 8-9; NIR, SWIR . Al
o] VIIRS) I Sentinel-2 channels RER DALY data received
. The relationshij Assessment
. Key A collection of P
Results Fire database fire dates e NBR maps dNBR. maps between fires ;mq of the degree of
images altitude and terrain damage

Figure 2. General workflow of data processing and material analysis (Source: developed by the
authors)

The key tool for assessing wildfire impact was the Normalized Burn Ratio (NBR), calculated
for each satellite image. To identify areas affected by fire, the NBR-RAW index was used, which is
based on Sentinel-2 bands 8 and 12 and enables reliable delineation of large burned areas. The degree
of fire impact was assessed by calculating the difference between pre-fire and post-fire NBR values
(Kabdulova et al., 2020; Suresh Babu, K. V. et al., 2024; Suresh Babu, K. V. et al., 2025). In this
approach, darker pixels on the resulting image correspond to areas of more severe burning. Based on
NBR calculations, dNBR maps (difference in NBR values before and after fire events) have been
generated. The maps allowed to detect burned areas and the assessment of vegetation damage
intensity.
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NBR index for the assessment of burned areas:

Sentinel-2: NBR = (B8 — B12) / (BS + B12) (1)

Landsat 8/9: NBR = (B5 — B7) / (B5 + B7) )

Landsat 7: NBR = (B4 — B7) / (B4 + BY)

@)

The main criteria for burnt areas are determined by high dNBR values and a sharp decline in
NBR following a fire. The NBR index ranges from -1 to +1.
To assess the consequences of a fire, the difference in NBR before and after the fire is used:

dNBR = Pre-fireNBR — Post-fireNBR
NBRpre-fire — pre-fire index;
NBRpost-fire — post-fire index.

Table 1. Standard dNBR scale

(4)

dNBR Burn Severity Description of the condition

<-0.25 High post-fire regrowth Significant regrowth or new vegetation growth
following a fire

-0.25t0-0.1 | Low post-fire regrowth The regrowth or establishment of new vegetation
following a fire

-0.1to +0.1 | Unburned The vegetation has remained virtually unchanged or
has not been affected by the fire

0.1to 0.27 Low-severity burn Minimal damage; mainly the undergrowth and the
lower layer were burnt, whilst the tree canopies
remain intact

0.27 to 0.44 | Moderate low-severity burn | Partial damage to the tree stand, significant scorching
of the undergrowth and shrubs

0.441t00.66 |Moderate to high severity | Severe damage to the forest canopy, charring or

burn complete destruction of needles/foliage

>0.66 High-severity burn Total destruction of vegetation, severe soil

degradation

Table 1 shows that the NBR index classifies the severity of burnt areas into several categories.
The NBR index uses values from the near-infrared (NIR) and short-wave infrared (SWIR) bands.
Higher dNBR values indicate more severe damage. Low and negative values indicate the absence of
fire or an increase in vegetation. Areas with negative dNBR values may indicate an increase in
vegetation productivity following a fire.

The dNBR raster was classified using a thresholding method in accordance with the
MTBS/USGS scale. The dNBR values were classified into vegetation damage classes: low (0.1
0.27), medium (0.27-0.44), medium-high (0.44-0.66) and high (>0.66).

Figure 2 uses a color gradient ranging from green to dark red, which reflects the increasing
severity of land degradation.
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Figure 3. Soot mask based on the spectral index of NBR and dNBR (Source: eveloped by the
authors)

To digitize vector polygons of fire boundaries based on NBR imagery, a personal geodatabase
was created in ESRI ArcMap, with approximately 50 wildfire events from 2000 to 2025 having been
analyzed. Fire areas were determined using polygon delineation of burned territories. Fire ignition
points data were integrated into the database as an auxiliary layer to verify fire occurrence, refine the
event dates, and confirm that observed NBR changes were attributable to fire activity rather than
seasonal vegetation dynamics. To obtain elevation values corresponding to fire occurrences, the
Copernicus GLO-30 Digital Elevation Model (DEM) based on ellipsoidal height was employed.
Figure 4 presents the fire boundaries digitized on the NASA SRTM GL1 DEM Global 30 m dataset
with a spatial resolution of 30 m.
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Figure 4. Fire boundaries mapped on the NASA SRTM
resolution 30 m) (Source: developed by the authors)
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The Copernicus GLO-30 DEM was reprojected to the WGS84 UTM Zone N41 coordinate
system. To obtain true elevation values, the EGM2008 geoid model was downloaded and
subsequently reprojected and clipped to the boundaries of the Reserve polygon. Orthometric heights
were calculated using raster calculator tools. Orthometric heights represent surface elevations relative
to mean sea level (MSL), taking into account the geoid, i.e., the physical approximation of the Earth’s
mean ocean surface. Orthometric heights were computed using the following formula:

H=h-N 5)

h — ellipsoidal height (original DEM);
H — orthometric height (result obtained after Raster Calculator processing);
N — geoid height (geoid undulation) derived from the EGM96/EGM?2008 geoid model.

In QGIS, pixel classification by elevation was performed using the “raster analysis” tool (Table 2).
Area calculations by class were carried out using the “zonal histogram” tool. To obtain real area values,
the resulting pixel count was multiplied by 900 (for a 30x30 m pixel size) and divided by 10 000 to
convert the area into hectares. Thus, the distribution of areas across different altitude intervals within the
Altyn-Dala Nature Reserve is shown.

Table 2. Distribution of burned area across different altitude intervals within the Altyn Dala State
Nature Reserve, calculated by classifying raster pixels according to elevation (hectares)

Years Burned areaat | Burned area atthe | Burned areaat | Total burned area

an altitude of up | altitude of 100-200 | the altitude of per year, ha
to 100 m, ha m, ha 200-300 m, ha

2025 0 0 0 0

2024 0 0 0 0

2023 0 516.42 0 516.42

2022 0 0 0 0

2021 2.97 38237.22 70041.15 108281.30

2020 0 11979.45 32578.47 44557.92

2019 0 1950.57 0 1950.57

2018 0 1018.26 0 1018.26

2017 0 109146.06 29636.55 138782.61

2016 1.26 15409.71 59683.23 75094.2

2015 0 3077.64 0 3077.64

2014 0.18 37220.13 18395.1 55615.23

2013 0 1070.55 4312.53 5383.08

2012 0.18 24378.57 0 24378.75

2011 0 0 0 0

2010 0.09 35198.19 2635.29 37833.57

2009 0 0 0 0

67




Journal of Ecology and Sustainability 2026, 155(2)

2008 1.71 59632.92 48218.49 107853.12
2007 1.53 916.11 55396.08 56313.72
2006 0.27 79826.4 9.27 79835.94
2005 3.24 101897.46 169836.48 271737.18
2004 0 0 0 0
2003 0 0 0 0
2002 3.6 177071.4 170098.02 347173.02
2001 0 16796.79 0 16796.79
2000 0 0 0 0
Total 14.67 715344.03 660840.66 1376199.36

The analysis of fire frequency dynamics and burned areas was conducted using remote sensing
methods and processing of satellite imagery from Landsat 7, 8-9 and Sentinel-2 over a 26-year period
(2000-2025) within the territory of the Altyn Dala Reserve. Fire ignition points within the study area
were identified following thematic processing of satellite imagery results. The data were statistically
processed using Microsoft Excel (version 365).

3. Results

The analysis demonstrated that within the territory of the Altyn Dala State Nature Reserve, 51
wildfire events occurred during the period 2000-2025, resulting in a total burned area of 1376299 ha
(Table 3, Figure 5), and 6 176 fire ignition points were detected (Figure 6).

Table 3. Wildfires within the boundaries of the Altyn Dala Reserve (2000-2025), Kostanay Region,
Kazakhstan.

Year Fire ignition Date Burned area, % of burned
points/satellite ha/satellite territory
2000 - - - -
2001 5/Terra 2001-04-06-06:54 16804.94/ Landsat 7 3.43

2002 655/Aqua, Terra 2002-07-24-09:05 | 293658.88/ Landsat 7 70.88

2002-08-02-18:27 53514.8/ Landsat 7

2003 - - - -
2004 - - - -
2005 299/Terra 2005-06-30-18:30 | 271739.05/ Landsat 7 55.48
2006 237[Terra, Aqua 2006-04-12-07:33 24213.32/ Landsat 7 16.3

2006-05-23-09:10 53500.2/ Landsat 7

2006-05-27-16:34 2134.96/ Landsat 7
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Year Fire ignition Date Burned area, % of burned
points/satellite ha/satellite territory

2007 59/Terra 2007-08-23-07:21 308.28/Landsat 7 11.49
2007-09-15-07:27 56007.99/Landsat 7

2008 354/Terra, Aqua 2008-05-01-17:18 145.01/Landsat 7 22.02
2008-05-16-07:03 5742.33/Landsat 7
2008-08-11-08:55 10634.47/Landsat 7
2008-08-21-21:26 3597.37/Landsat 7
2008-06-16-08:05 2090.3/Landsat 7
2008-08-22-06:51 246.28/Landsat 7
2008-05-27-06:45 39157.88/Landsat 7
2008-07-28:22:15 23319/Landsat 7
2008-07-27-06:14 13321.74/Landsat 7
2008-07-24-17:49 9608.61/Landsat 7

2009 - - -

2010 97/ Terra, Aqua 2010-06-20-06:32 23034.75/Landsat 7 7.72
2010-08-30-08:24 792.47/Landsat 7
2010-06-18-06:44 3279.91/Landsat 7
2010-06-15-08:00 2735.518/Landsat 7
2010-06-18-06:44 330.96/Landsat 7
2010-06-16-18:07 7661.017/Landsat 7

2011 - - -

2012 983/VIIRS SUOMI | 2012-07-19-23:14 23749.634/Landsat 7 4.97
2012-09-19-08:18 639.742/Landsat 7

2013  [22/VIIRS SUOMI 2013-07-31-20:27 | 4879.337/ Landsat 8-9 |1.09
2013-09-07-09:43 221.19/Landsat 7
2013-09-22-08:21 282.289/ Landsat 8-9

2014 104/VIIRS SUOMI, | 2014-05-29-07:18 14377.629/Landsat 7 11.35

Adua 2014-07-09-09:06 | 41238.972/Landsat 7
2015 35/ Terra 2015-08-28-06:39 3077.39/ Landsat 8-9 0.62
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Year Fire ignition Date Burned area, % of burned
points/satellite ha/satellite territory
2016 205/ VIIRS SUOMI | 2016-07-07-20:09 69229.9/Landsat 7 15.33
2016-04-16-07:12 | 5865.96/ Landsat 8-9
2017 1067/VIIRS 2017-07-24-17:00 13776.2/ Landsat 8-9 28.33
SUOMI, Terra 2017-06-08-16:47 | 31329.45/ Landsat 8-9
2017-06-06-21:05 58114.21/Landsat 7
2017-07-04-17:24 35563.55/ Sentinel-2
2018 11/ Terra 2018-08-08-17:25 | 1022.06/ Landsat 8-9 0.20
2019 99/VIIRS SUOMI 2019-06-30-20:27 1953.47/ Sentinel-2 0.39
2020 292/VIIRS J1V-C2, | 2020-08-06-08:07 4874.92/ Sentinel-2 9.09
VIIRS SUOMI, :

Aqua 2020-08-06-21:11 11609.98/ Sentinel-2
2020-08-06-08-07 2713.99/ Sentinel-2
2020-08-06-17:18 2561.778/ Sentinel-2
2020-07-26-08:11 22803.3/ Sentinel-2

2021 1633/VIIRS J1V- 2021-05-18-22:07 2597.82/ Sentinel-2 22.10
c2 2021-07-01-20:53 89324.02/ Sentinel-2
2021-07-05-21:18 1804.24/ Sentinel-2
2021-07-03-09:43 | 14561.35/ Sentinel-2
2022 - - - -
2023 19/VIIRS SIOMI 2023-08-01-22:15 516.27/ Sentinel-2 0.10
2024 - - - -

2025
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Figure 6. Fire ignition points of wildfires within the territory of the Altyn Dala State Nature Reserve
for the period 20002025, Kostanay Region, Kazakhstan (Source: developed by the authors)
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An analysis of Table 3 reveals the following. The maximum burned area within the boundaries
of the planned Reserve was recorded on 24 July 2002, amounting to 293 658 ha, or 70.8 % of the
study area, with 655 detected fire ignition points. The highest number of fire ignition points (1 633)
was registered in 2021, when the total burned area for that year reached 108 287 ha. The greatest
number of wildfire events (10 incidents) occurred in 2008, during which 22.02 % of the territory
designated for the Reserve was burned.

The dynamics of burned areas within the boundaries of the Altyn Dala State Nature Reserve
for the period 2000-2025 by year are shown in Figure 7.
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Figure 7. Comparative diagram of burned area distributions by year (2000-2025) within the
boundaries of the Altyn Dala State Nature Reserve, Kostanay Region, Kazakhstan (Source: developed
by the authors)

As shown in Figure 7, the largest wildfires during the study period occurred in 2002 (347174
ha) and in 2005 (271739 ha), prior to the establishment of the State Nature Reserve “Altyn Dala”.
During the study period, the largest wildfires occurred in 2001 (351904 ha) and in 2005 (275208 ha),
before the establishment of Altyn Dala State Nature Reserve.

Topography represents an important factor influencing fire development. Figures 8-10
illustrate the distribution of the relative burned area of the Reserve (in %) across elevation intervals
(0-100 m, 100-200 m, and 200-300 m).
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Figure 8. Distribution of burned area across the 0—100 m elevation interval within the territory
of the Reserve (Source: developed by the authors)
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Figure 9. Distribution of burned area across the 100-200 m elevation interval within the territory of
the Reserve (Source: developed by the authors)
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Figure 10. Distribution of burned area across the 200-300 m altitude interval within the territory of
the Reserve (Source: developed by the authors)

Figure 11 shows the results of an analysis of data from the Reserve, which demonstrated that
in the flat territories of the dry steppes and semi-deserts of Kazakhstan, the burned area within the
100-200 m elevation interval was slightly higher (52.0 %) than within the 200-300 m elevation
interval.
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Figure 11. Distribution of burned area across elevation intervals within the territory of the Reserve
during the period 2000-2025 (Source: developed by the authors)

To assess the relationship between topographic conditions and wildfire characteristics, a spatial
statistical analysis was conducted using QGIS. The input datasets included a polygon layer of burned
areas and a digital elevation model (DEM). Zonal statistics were used to calculate the mean elevation
values (DEM_mean) for each burned polygon. Fire size was defined as the polygon area (area_ha),
calculated directly based on the geometric properties of the objects.
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The resulting attribute table was exported and further analyzed in Microsoft Excel. Pearson’s
correlation analysis was used to assess the relationship between elevation above sea level (mean DEM
value) and the area of the burned territory (area_ha).

In Figure 12, a correlation analysis revealed a weak positive correlation between altitude and
the area of burnt land (Pearson’s correlation coefficient r = 0.1392)
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Figure 12. Correlation plot between the area of burned land and the mean DEM elevation within the
boundaries of the reserve (Source: developed by the authors)

The correlation coefficient indicates a very weak positive relationship between elevation and
the area affected by wildfires. The weak correlation may be due to the fact that fire spread is
determined not only by terrain but also by a combination of other factors, such as weather conditions
(temperature, wind, precipitation), etc. The results of the analysis indicate that topography has a
limited influence on the spatial distribution of fires in the study region.

This relationship is shown in Figure 13, which illustrates the correlation between surface slope
and the number of fires. The coefficient of determination, R? = 0.0029, indicates a weak correlation
between slope and the number of fires.
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Figure 13. Correlation scatter plot of surface slope and the area of the burned territory in the Altyn
Dala State Nature Reserve and surrounding areas (Source: developed by the authors)

The results indicate that topography has a limited influence on the spatial distribution of fires.
This may be due to the fact that fire spread is determined not only by the slope of the terrain but also
by other factors. Despite the weak correlation observed, topographic characteristics remain an
important factor in spatial modeling of fire risk and should be considered in conjunction with climatic
and anthropogenic variables.

Figure 14 presents a comparative analysis of burned areas in the Reserve and in the Naurzum
State Nature Reserve over the long-term study period, revealing a higher frequency and larger burned
areas in the Reserve compared to the Naurzum State Nature Reserve: 29 wildfire events were recorded
in the Naurzum Reserve (Bragina et al., 2025) versus 51 in the Altyn Dala Reserve. Only in 2010 did
the burned area in the Naurzum Reserve exceed that of the Altyn Dala Reserve.
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Figure 14. Comparative diagram of burned area distributions in the Altyn Dala Reserve and in the
Naurzum Reserve over the observation period 2000-2025, Kostanay Region, Kazakhstan (Source:
developed by the authors)

4. Discussion

The study indicates that in the flat steppes and semi-deserts of the Turgai region, wildfires in
certain years affected extensive areas of the Reserve—up to 347174 ha (Table 3, Figure 5). According
to several authors, Kazakhstan has been the country most affected by wildfires in Central Asia,
particularly in its central regions, with fires characterized by high intensity (Yin, 2013). Under flat
terrain conditions, fire spreads rapidly, especially under strong winds, advancing along a broad front.
Such events may exert both direct and indirect impacts on ungulates by altering forage conditions in
the short and long term. Although single fire events may have only transient effects and, with the
emergence of fresh grass, may temporarily improve forage quality (Dusaeva & Kalmykova, 2021),
frequent fires unequivocally exert negative effects on steppe vegetation and fauna (Rachkovskaya &
Bragina, 2012), including ungulate migration patterns. Aerial surveys and collar-based tracking have
identified multiple factors influencing ungulate migration routes (Nowak et al., 2013). The
unprecedented growth of the saiga population in Kazakhstan necessitates a detailed study of forage
availability and its changes, including those associated with wildfire events, to ensure the sustainable
management and conservation of populations (Position Statement, 2025), as well as the emerging
herds of kulan and Przewalski’s horse in the region. Steppe fires compel ungulates to move in search
of fresh pastures and water sources, thereby exacerbating pressures in newly occupied territories and
potentially provoking human—wildlife conflicts. As it is emphasized by several authors (Kamp et al.,
2016; Bragina et al., 2018; Yin et al., 2021; Bragina, Kabdulova et al., 2025), comprehensive long-
term analyses of fire frequency, burned areas, and their dynamics provide valuable quantitative data
to assess and forecast wildfires as a major driver of ecosystem change within the Altyn Dala State
Nature Reserve and adjacent steppe regions.

5. Conclusion
The results of the study and the conducted analysis allow us to conclude that wildfires in steppe
and semi-desert habitats constitute a powerful factor influencing natural ecosystems. Under
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conditions of climate change and the difficulties associated with fire suppression in flat, arid
landscapes—particularly during strong winds—fires can spread over vast areas, altering forage
resources, destroying watering sites, and reducing the availability of shelter for wildlife. Such
disturbances may cause the redistribution of ungulate herds, modifications in migration strategies,
increased migration distances, and incursions into human-developed territories. Wildfires may also
result in elevated mortality rates among affected animal groups due to stress, direct fire exposure,
pasture degradation, and intensified competition for limited forage resources. The study area
encompasses the largest specially protected natural area in Kostanay Region— the Altyn Dala State
Nature Reserve, which includes key saiga calving grounds as well as areas designated for the
restoration of kulan and Przewalski’s horse populations. To mitigate the negative impacts of fire
hazards, early detection and prevention are essential, employing advanced remote sensing strategies
and incorporating assessments of pyrogenic pressure into the management framework for migratory
ungulates.
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«AaTbiH Jlana» MeMJIEKETTIK TA0UFU pPe3epBATHIHAAFBI OPTTEP KIHE 0JIAPIAbIH
TYSKTBI )KaAHYapJIapAbIH KOIIi-KOHbIHA BIKTUMAJI dcepi

Tarbsina bparmna, D'yabxusan KaOapyiaosa, [danuxep Yenames, Apcen IllunryxmnHos,
I'yabce3um KycynoBa, /Auac MepekeeB, EaunzaBera MakcumkuHa, Anap bailitesineBa

Angatna. J[lamamap MeH IIeJeHTTep — MayChIMIBIK KJIMMATbIMEH, Cy pecypCTapbIHbIH
IIEKTEYJIUTINIMEH KOHE ©pT KayIliHIH >KOFapbUIBIFBIMEH EpPEeKIIeNCHETIH apuaTi JKOXKYHenep.
«AunTeH [lamay memiiekeTTik Taburu pesepBarsl Eypasus nanaceiasig OHTYCTIK Toprail pu3nkaibik-
reorpadUsIIBIK MPOBUHIMSICHIHAA OpHanackaH. MyHja ailiMarel OOWMBIHINIA €H 1ipl CaHaIaThIH
OeTnakaanablK aKOOKEeH IMOIYJISAIHACH apeabIHbIH COJTYCTIK-OaThIC O6JIiri TapajiraH. AWMakTa
aKOOKEHICPAIH JOCTYpIl TeNIey OpPbIHIAPhl MEH KOIIi-KOH JKOJIapbl OpHAJacKaH, al Kaphl a3
TYCETiH KbIC Me3TUIepiHie KaHyapuapAblH Oip Oediri ocbiHaa Kpictan Kanaabl. COHBIMEH KaTap
KazakcTaHHBIH Kyprak >KoHE MIeNeHTTeHreH nanaiapbiaa lIpkeBanbCKUM >KBUIKBICBIH JKOHE
KYJIaHIapabl KadhTa JKepPCIHAIpY JKYMBICTapbl Jkyprizuryme. OceiFaH OalIaHBICTBI  OHIPIIH
SKOJIOTHSUIBIK JKaFIalbIH 3€pPTTEy ©3€KTI 9pi MaHbI3bl 00BN TaObUIAbl. 3epPTTEeYAIH MaKCaThl —
«Antei [ana» MTP aymarsiHIarsl ©pTTEP/l KOHE OJIAPBIH TYSAKTHI XKaHyapIapAblH KOlli-KOHbIHA
BIKTUMaJ dcepi Tanaay. KymeicteiH MinaerTepi 2000-2025 xbuinap apansirbiiga «AnTeiH Janay
MTP merinae OpblH anfaH OPTTEPAIH JKUUIIMT MEH OPTEHI'eH ayMaKTapblHBIH KeyieMiH JKepui
KAIIBIKTaH 30H/Tay SAiCTepl HEeri31He KeIIeH i Tanaayabl KaMThIIbl. 3epTTelIreH Ke3eHae pe3epnar
aymarsiaga 51 ept Tipkernir, 1376299 ra xep eprenred. bernaknananbik akOOKEH MOy IIUSChIHBIH
CaHBIHBIH apTYybl, KYPFaKUIbLIBIK )KoHE opTTep — akOekeHaepaiH Kocranail 0OIBICBIHBIH COJNTYCTIK
OHIpJIEpiHe JKamlmail KeuryiHe ceOer OOJBII, acTBIK JAKbUIAAPBI €TICTIKTEpiHEe alTapIIbIKTall 3USH
KeNTipai. OpTTeH KeNeTiH 3alalibl a3alTy YIIiH CIYTHUKTIK OakbUIayAblH 3aMaHayu
TEXHOJIOTUSUTAPBIH KOJIJIaHA OTHIPHIT, aJ/IBIH aJla JMATHOCTHKA KYPri3iayi KaKeT.

Tyiiin ce3aep: nana epTrepl; KalIbIKTaH 30HATAY; CIYTHUKTIK 3epTreyiep; «AntbiH Jana» MTP;
iprenec aymakTap; MMpOreH ik (hakTop; TYSKThI XKaHyapiap/AblH Kelli-KoHbl; KazakcraH.

[Hoxkapsl B rocyIapCcTBeHHOM NPUPOIAHOM pe3epBare «AaThbiH Jlama» M HX
BO3MO’KHOE€ BJIMSIHME HA MUTPALMM KONBITHBIX

Tarbsina bparmna, I'yabxuan KaOayiaosa, [danuxep Yenames, Apcen IlIunryxmnnos,
I'yasce3sum Kycynosa, luac Mepekees, EnuszaBera Makcumkuna, Anap baiitenuesa

AHHoTanus. CTeNU U MOJIYMYCTHIHU SIBJISIFOTCSI apUIHBIMUA SKOCHUCTEMaMH, KOTOPbIE OTIMYal0TCA
CE30HHBIM KJIMMAaTOM, OIPAaHUYEHHBIMU BOJAHBIMH PECYpCaMHU U BBICOKMM PHCKOM BO3TOpPaHUM.
l'ocynapctBenHblid TpupoaHbId pe3epBaT «AnTbiH Jlana» pacnonoxken B FOxno-Typraiickoi
¢dusuko-reorpadUuecKoil MPOBUHIIMKM CTEMHON EBpasum, rie HaxoIuTCs ceBepo-3amajHas 4acTh
HauboJsiee KpyIMHOU 1o apeany OeTmakAaJuHCKON MOmyJsiuu caiiraka. B pernone pacmnonaratorcs
TPaAUIIMOHHBIE MECTa OKOTA U IyTH MUTpAIMi caiilraka, a B MAJIOCHEXHBIE 3UMbl YaCTh )KUBOTHBIX
ocraercss U B 3uMHUU mepuona. Kpome Toro, mpoBoAsTcss pabOThl MO PEHMHTPOAYKIUU JIOIIATH
[IpxkeBanbCKOro M KyJaHOB B CYyXUX M OINYCThIHEHHBIX cremsax Kaszaxcrana. Ilosromy uzyuenue
9KOJIOTMYECKON OOCTAaHOBKH B PETHMOHE SIBISIETCS] BaXKHBIM U aKkTyaJbHbIM. Llenb naHHoN paboThI -
aHanu3 Bo3ropanuil B I'TIP «Antein [lana» u BO3MOKHOTO UX BIUSHUS HA MUTPALIMKM KONBITHBIX. B
3a/1a4u pabOTHI BXOIUJI KOMIUIEKCHBIM aHAIM3 YaCTOTHI U Ttomasei moxapos B [ TIP «Anrtea [lamay
B iepuoj; 2000-2025 rr. MeTogamMu AUCTAaHIIMOHHOTO 30HAMPOBaHuUs 3emiu. B uzyuaemslii nepuoa B
rpaHmiax pesepBara mpousomén 51 moxkap, Beiropeno 1376299 ra mnomanu. YBenwdeHue
YUCIIEHHOCTH OeTHMaKJAIMHCKONW TMOMYJSIUU CalTakoB, 3aCyXd M TOXapbl BBI3BAJM MAacCOBBIC
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MUTpalKs CalirakoB B ceBEepHbIE pernoHbl KocTanaiickoii 061acTu, HaHeCHIne 3HAYUTEIbHBINH YPOH
IIOJISIM 3€PHOBBIX KyJbTyp. s cHIDKeHUs yuiep6a OT 1okapoB He0OX0AUMa PaHHsAsA IUarHOCTUKA
Ha OCHOBE IIPUMEHEHHUSI COBPEMEHHBIX TEXHOJIOTUI CITYTHUKOBBIX HAOIIOICHUMA.

KarwueBblie CJI0oBa: CTCITHBIC MOXKaphl,; AUCTAHIIMOHHOC  30HAUPOBAHME; CITYTHUKOBBIC

uccnenoBanus; ['TIP «Anteia [anay; npuieraroriye TEPPUTOPUH; MUPOTSHHBIN (PaKkTOp; MUTpALIUH
KOIBITHBIX; KazaxcraH.
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