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In the context of increasing frequency and intensity of forest fires, the study of fire impact on
ecosystems is becoming increasingly important. This work presents a post-fire monitoring analysis of
the Batpaevskoe forestry ecosystem (Abay Region, Kazakhstan) using multi-temporal satellite data
and spectral indices NDVI, NBR, dNBR, and NDMI. The research is based on the analysis of Landsat
data for the periods before the fire, immediately after the fire, and one year later, which allowed us to
assess the dynamics of vegetation degradation and recovery. The dNBR index was used to map areas
of varying burn severity, while the decrease in NDVI and NDMI values indicated a significant loss of
biomass and moisture within the ecosystem. A comparative analysis was conducted between remote
sensing data and the results of the state forest inventory performed in 2024, which enabled
verification of the obtained results and identification of discrepancies between satellite-based
assessments and ground observations. The study revealed that the highest degree of degradation was
recorded in the central and southwestern parts of the forestry, where NBR and NDMI values
decreased by more than 80% compared to the pre-fire period, while vegetation recovery one year after
the fire was found to be fragmentary. The findings demonstrate the high efficiency of using multi-
temporal satellite data and spectral indices for assessing wildfire impacts and planning measures for
forest ecosystem restoration.
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Introduction

Forest fires pose a serious threat to ecosystems worldwide, causing vegetation degradation, loss of
timber resources, and carbon emissions into the atmosphere (Celebrezze, 2022). Timely acquisition of
objective information on fire consequences is essential for damage assessment and planning of
restoration measures (Shogelova, 2022). In recent decades, remote sensing methods have been widely
used for monitoring wildfires and their impacts, as satellite data enable mapping of burned areas and
tracking vegetation recovery over time. Spectral indices derived from multispectral imagery have
proven to be effective indicators of ecosystem changes after fires. The Normalized Difference
Vegetation Index (NDVI) is traditionally used to assess live green biomass: low NDVI values indicate
degradation or absence of vegetation. The Normalized Burn Ratio (NBR) was specifically developed
to identify fire-affected areas (Celebrezze, 2022; Toleubekova, 2025). The difference between pre-
and post-fire NBR (dNBR) is used to map forest damage severity and classify burn intensity.
Additionally, the Normalized Difference Moisture Index (NDMI), which is sensitive to vegetation
moisture content, is applied: after fires, NDMI values typically drop sharply due to vegetation
moisture loss and exposed soil surfaces. According to recent studies, forest fires on average lead to a
decrease in NDVI by approximately 25% and to a decline in moisture-related indices (such as NBR
and NDMI) by more than 80% immediately after burning (Serra-Burriel, 2021). These changes can
persist for many years, affecting the seasonal dynamics of ecosystems (Serra-Burriel, 2021).

The use of remote sensing in studies of post-fire changes has proven its effectiveness across various
climatic and ecosystem conditions. Jiang et al. (2024) applied NDVI to analyze vegetation
regeneration and found that the densest forest communities exhibit the highest burn severity and
delayed recovery. In a review by Kurbanov et al. (2022), dNBR was recognized as one of the most
reliable indices for assessing burn severity, especially in boreal and tropical forests, although the
choice of a specific index may depend on ecosystem type and topography. Priya et al. (2024)
confirmed the effectiveness of NDVI for tracking vegetation recovery trends after fires, particularly
when analyzing multispectral data.

This study focuses on post-fire monitoring of the forest ecosystem of the Batpaevskoe forestry (Abai
Region, Kazakhstan) using multi-temporal satellite data and spectral indices NDVI, NBR, dNBR, and
NDMIL. In June 2023, a large forest fire occurred in this area. The aim of the research is to assess the
impact of the fire on vegetation cover and analyze its recovery dynamics during the first year after the
fire, as well as to compare the results of remote sensing analysis with ground-based forest inventory
data collected in 2024. The study addresses the following objectives: (1) analyze spatial changes in
NDVI, NBR, and NDMI indices before and after the fire using satellite imagery; (2) calculate INBR
to identify zones with different burn severity levels; (3) quantitatively assess vegetation recovery one
year after the fire; and (4) compare satellite-derived assessments with official forest inventory
materials documenting the fire's consequences within the studied area.

Method

The Batpaevskoe forestry, located within the State Nature Reserve “Semey Ormany” (Abai Region,
Kazakhstan), is characterized by ribbon pine forests on sandy soils (Shogelova, 2023). In June 2023, a
crown forest fire affected large areas, including compartments 69, 80-82. The region’s dry continental
climate contributed to the rapid spread of the fire.

For analysis, multispectral Landsat images from four dates were used: June 5, 2023 (pre-fire), June
15, 2023 (post-fire), July 26, 2023, and July 12, 2024. Images were preprocessed with radiometric and
atmospheric correction, aligned to a unified coordinate system, and clipped to forestry boundaries.

Vegetation and moisture dynamics were assessed using NDVI, NBR, and NDMI indices. NDVI
indicates vegetation density, NBR measures burn severity, and NDMI reflects moisture content. The
dNBR (Differenced NBR) was calculated to evaluate fire damage, classifying areas into low,
moderate, and severe impact zones. Burned area estimates were derived from pixels with dNBR
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above the threshold of 0.1-0.2 (Jiang, 2024) and converted into hectares for comparison with ground
data.

Results were validated using the 2024 state forest inventory, which documented burned plots and
damage severity. For example, in compartment 69, plot 10, 23.0 ha were burned by a high-intensity
crown fire; in compartment 81, plots 10 and 11 lost 1.7 and 0.8 ha respectively. These data closely
matched the satellite-derived results, confirming the reliability of the remote sensing analysis.

Results

Before the fire (June 5, 2023), NDVI values in the Batpaevskoe forestry were high (0.6—-0.7) within
dense pine stands, indicating healthy vegetation (Fig. la). After the fire (June 15, 2023), NDVI
dropped sharply to 0.1 or lower across most affected areas, showing near-complete vegetation loss
(Fig. 1b). By July 26, 2023, NDVI slightly increased to 0.2—0.3 in burned zones due to the emergence
of herbaceous plants and small green patches (Fig. 1c), but remained significantly below unburned
areas (>0.7). A year later, on July 12, 2024, NDVI rose to 0.4-0.5 in burned regions, indicating partial
recovery with herbaceous cover and young undergrowth, though pre-fire levels (0.6-0.7) were not
reached (Fig. 1d). Overall, NDVI dynamics show a sharp decline immediately after the fire, slight
regrowth within 1.5 months, and partial recovery after one year, with the ecosystem still far from its
original state.

Figure 1. Spatial distribution of NDVI: a — June 5, 2023; b — June 15, 2023; ¢ — July 26, 2023; d -
July 12, 2024.

NDMI changes mirrored NDVI dynamics but highlighted moisture loss more sharply (Fig. 2). Before
the fire, NDMI values were positive (0.3-0.4), typical for well-hydrated vegetation. After the fire
(June 15, 2023), NDMI dropped to —0.2...-0.3 in burned areas, indicating a drastic loss of moisture.
By July 26, 2023, NDMI slightly increased to ~0.0-0.1 due to precipitation and initial vegetation
regrowth but remained much lower than in unburned forests. By July 12, 2024, NDMI rose to 0.15-
0.2 in recovering zones, reflecting improved moisture from grass cover and young growth, but was
still below intact forest levels (0.3-0.4). Overall, NDMI shows prolonged post-fire dryness, with
gradual moisture recovery starting only by the next summer.

Figure 2. Spatial distribution of NDMI: a — 05.06.2023, b — 15.06.2023, ¢ — 26.07.2023, d —
12.07.2024.
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The NBR index pattern matches NDVI dynamics. Before the fire (June 5, 2023), NBR values in
healthy forests were high (0.5-0.7+). After the fire (June 15, 2023), NBR dropped to near zero or
negative values, typical for burned zones. Based on pre- and post-fire data, ANBR was calculated to
assess burn severity. Maximum dNBR (~0.6-0.7) occurred in the central burned area, indicating high-
severity crown fires, while moderate values (0.3-0.5) along the edges indicated partial canopy
damage.

Forest inventory confirmed these results: areas with highest dNBR showed complete stand loss (e.g.,
compartment 69). Burned area estimates from satellite data (~68.7 ha) closely matched official
forestry records (~55-60 ha), confirming the reliability of the method.

Immediately after the fire, NDVI and NBR declined sharply, indicating near-total canopy destruction,
while NDMI revealed significant moisture loss. Ground surveys confirmed high-intensity crown fires,
leaving only charred trunks. By late July 2023, slight NDVI and NDMI increases reflected early
recovery stages, with grasses and pioneer plants sprouting mainly in edge zones.

One year later (July 2024), NDVI (0.4-0.5) and NDMI (0.15-0.2) increased further, showing
developing herbaceous cover and young growth, but values remained 30-50% below pre-fire levels,
indicating incomplete canopy restoration. Full recovery of pine-dominated forests will require
decades.

Satellite results closely aligned with ground data, verifying burn boundaries and severity levels. Minor
differences in area estimates stem from methodological approaches but confirm large-scale fire
impacts.

The integration of NDVI, NBR/ANBR, and NDMI indices proved effective for rapid damage
assessment and monitoring recovery dynamics. This approach enables mapping burn severity,
tracking vegetation regrowth, evaluating restoration efforts, and predicting post-fire risks.

Conclusions

The forest fire in the Batpaevskoe forestry in June 2023 caused a sharp decline in NDVI and NDMI
values over the burned areas, indicating the complete destruction of green vegetation cover and the
loss of moisture in the ecosystem immediately after the fire. The NBR index also dropped
significantly, approaching zero, and the dNBR analysis confirmed the presence of severely burned
zones.

Vegetation recovery during the first year after the fire progressed slowly. One and a half months after
the event, only minor signs of grassland regeneration were observed (a slight increase in NDVI and
NDMI). One year after the fire, the indices indicate partial recovery of grass cover and undergrowth
(NDVI and NDMI increased compared to the immediate post-fire period); however, they still remain
far below pre-fire levels. This suggests that the full recovery of the forest stand (pine forest) will
require significantly more time, possibly decades (Jiang, 2024).

The remote sensing results are in good agreement with the 2024 state forest inventory data. The
satellite analysis accurately identified the boundaries and areas of the burned sites, which coincide
with the contours recorded during ground-based assessments. The total burned forest area estimated
using dNBR closely matches the official data (approximately 55-60 ha), and the zones with the
highest dNBR values correspond to the areas where the inventory reported the most severe damage to
the stands (high-intensity crown fire).

The use of multi-temporal satellite data and spectral indices (NDVI, NBR, NDMI) is an effective tool
for post-fire monitoring. This approach enables rapid assessment of the area and severity of damage
immediately after the fire and allows tracking of ecosystem recovery over subsequent seasons.
Integrating remote sensing data with ground-based observations (forest inventory) provides a more
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comprehensive understanding of the fire’s impacts and can serve as a basis for planning forest
restoration measures.

References

Alcaras, E., Costantino, D., Guastaferro, F., Parente, C., & Pepe, M. (2022). Normalized Burn Ratio
Plus (NBR+): A New Index for Sentinel-2 Imagery. Remote Sensing, 14, 1727.
https://doi.org/10.3390/rs14071727

Celebrezze, J. V., Franz, M. C., Andrus, R. A., et al. (2024). A fast spectral recovery does not
necessarily indicate post-fire forest recovery. Fire Ecology, 20, 54.
https://doi.org/10.1186/s42408-024-00288-6

Jiang, B., Chen, W., Zou, Y., Wu, C., Wu, Z., Kang, X., Xiao, H., & Sakai, T. (2024). Post-fire
vegetation dynamic patterns and drivers in Greater Hinggan Mountains: Insights from long-term
remote sensing data analysis. Ecological Informatics, 78, 102850.
https://doi.org/10.1016/j.ecoinf.2024.102850

Kurbanov, E., Vorobev, O., Lezhnin, S., Sha, J., Wang, J., Li, X., Cole, J., Dergunov, D., & Wang, Y.
(2022). Remote Sensing of Forest Burnt Area, Burn Severity, and Post-Fire Recovery: A Review.
Remote Sensing, 14(19), 4714. https://doi.org/10.3390/rs14194714

Mohammad, L., Bandyopadhyay, J., Sk, R., Mondal, 1., Nguyen, T., Lama, G., & Anh, D. (2023).
Estimation of agricultural burned affected area using NDVI and dNBR satellite-based empirical
models. Journal of Environmental Management, 343, 118226.
https://doi.org/10.1016/j.jenvman.2023.118226

Priya, R. S., & Vani, K. (2024). Vegetation change detection and recovery assessment based on post-
fire satellite imagery wusing deep learning. Scientific = Reports, 14, 12611.
https://doi.org/10.1038/s41598-024-63047-2

Serra-Burriel, F., Delicado, P., Prata, A. T., & Cucchietti, F. M. (2021). Estimating heterogeneous
wildfire effects using synthetic controls and satellite remote sensing. Remote Sensing of
Environment, 265, 112649. https://doi.org/10.1016/j.rse.2021.112649

Shogelova, N., Sartin, S., & Zveryachenko, T. (2022). Devising recommendations based on a
comprehensive assessment of the soil-geobotanical condition of land plots for executing
afforestation activities. Eastern-European Journal of Enterprise Technologies, 2(10), 30-41.
https://doi.org/10.15587/1729-4061.2022.255054

Shogelova, N., & Sartin, S. (2023). Soil-geobotanical assessment of the condition of land plots on the
example of the forest fund of MSI “Sokolovskoye Forestry”. E3S Web Conf., 386.
https://doi.org/10.1051/e3sconf/202338601004

Sivrikaya, F., Giinlii, A., Kiigiik, 0., & Urker, O. (2024). Forest fire risk mapping with Landsat 8 OLI
images: Evaluation of the potential use of vegetation indices. Ecological Informatics, 79, 102461.
https://doi.org/10.1016/j.ecoinf.2024.102461

Toleubekova, Z. Z., Shogelova, N. T., Shults, R. V., & Tatarintsev, L. M. (2025). Organization of
forest fund use: From monitoring to sustainable forest model use. Sustainable Development of
Mountain Territories, 17(1), 266-281. https://doi.org/10.21177/1998-4502-2025-17-1-266-281

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



