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Problem statement
The ongoing Russian aggression in Ukraine represents a significant disruption to global food security, with far-reaching consequences. Ukraine, the largest country in Europe, is a critical agricultural hub,

with approximately 70% of its territory dedicated to farming. This vast expanse of fertile land supports food production for an estimated 400 million people globally, as highlighted by the U.S. International

Trade Administration [1]. However, the war has severely impacted this vital sector. The conflict, concentrated primarily in the eastern and southern regions of Ukraine, intersects with the steppe agro-

ecological zone, an area of intensive agricultural activity [2]. The hostilities have inflicted substantial damage on the local environment, rendering vast tracts of fertile farmland unusable both during the

war and potentially in its aftermath.

Data being used

Methodology
To address this urgent need, we conducted a detailed analysis of agricultural fields affected

by fires within a 90-kilometer buffer zone around the frontline between 2022 and 2024,

taking into account annual shifts in the conflict demarcation line. As a baseline for our

research we used neural network’s delineated field boundaries and generated time series

data from Sentinel-2 satellite imagery. For each field, we calculated key vegetation and burn

indices—Normalized Difference Vegetation Index (NDVI), Normalized Burned Ratio (NBR),

and Burned Area Index (BAI)—summarized through maximum, minimum, average, and

standard deviation values. To overcome gaps caused by cloud coverage, we interpolated

these time series using a cubic polynomial function. This dataset served as input for a

random forest model trained on polygons of active fires identified through the shortwave

infrared (SWIR) band of Sentinel-2. Our methodology achieved high accuracy, with an F1

score of 0.81, enabling us to generate a comprehensive map of burned agricultural fields

over three years of combat. Integrating this data with crop type maps and conducting

reference data stratified random sampling allowed us to quantify agricultural losses, offering

valuable insights into the war’s impact on food production.

Results
Burned and Damaged Fields Detection for 2022 in South and East of Ukraine

• Land Cover and Crop Classification Maps for 2018-2022 produced by Space Research Institute 
NASU-SSAU (Kussul et al., 2018):
▪ Sentinel-1/2 with 10 m spatial resolution
▪ Deep Learning Neural Network Classification Approach
▪ Based on the ground surveys on the road of Ukraine
▪ Over 95% OA

• Damaged Fields Detection Map (Kussul et al., 2023):
▪ Time series of Sentinel-2 data 
▪ Anomaly detection and random forest classification algorithm
▪ Over 85% OA

• Vector Fields Boundaries produced by the SINERGISE 

• Time Series of Sentinel-2 vegetation indices for active fire mapping and burned area detection

▪ Normalized Difference Vegetation Index— 𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷

▪ Burned Area Index — 𝐵𝐴𝐼 =
1

(𝑅𝑒𝑑−0.1)2+(𝑁𝐼𝑅−0.06)2

▪ Normalized Burn Ratio — NBR =
𝑁𝐼𝑅−𝑆𝑊𝐼𝑅

𝑁𝐼𝑅+𝑆𝑊𝐼𝑅

▪ Burned Area Index for Sentinel-2 — 𝐵𝐴𝐼𝑆2 = 1 −
𝑉𝑅𝐸2∗𝑉𝑅𝐸3∗𝑁𝑁𝐼𝑅

𝑅𝑒𝑑
∗

𝑆𝑊𝐼𝑅−𝑁𝑁𝐼𝑅

𝑆𝑊𝐼𝑅+𝑁𝑁𝐼𝑅
+ 1

Stratified Random Sampling:
• Damaged & Burned
• Damaged & Not Burned & FIRMS
• Damaged & Not Burned & Not FIRMS
• Not Damaged & Burned 
• Not Damaged & Not Burned & FIRMS
• Not Damaged & Not Burned & Not FIRMS

Total: 1,400 validation fields

Detected 3,119 ± 307 fields burned within 16,107
damaged 

Stratified Random Samples Damaged and Burned Field Counting 
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Total Number of Fields

Strata Class Burned Not Burned Area % Accuracy % 

Burned &Damaged 170 30 0.34% 85% 

Burned & not Damaged 126 74 0.98% 63% 

not Burned & in FIRMS & Damaged 55 145 2.33% 72% 

not Burned & in FIRMS & not Damaged 6 194 25.39% 97% 

not Burned & not in FIRMS & Damaged 34 166 1.78% 83% 

not Burned & not in FIRMS & not Damaged 22 396 69.15% 94% 
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