liVing planet VIENNA
symposium

23—27 June

Frontline
Shumilo L. 1, Skakun S. %2, Kussul N. 13, Shelestov A. 34, Drozd S. 3, Parkhomchuk O. 4, Yailymov B. 4, Yailymova H. 34

a‘mm L University of Maryland, College Park, MD, USA
— 2 NASA Goddard Space Flight Center, Code 619, 8800 Greenbelt Road, Greenbelt, MD, 20771, USA

3 National Technical University of Ukraine “lgor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
4 Space Research Institute, NAS Ukraine and SSA Ukraine, Kyiv, Ukraine

/(1]

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

* Land Cover and Crop Classification Maps for 2018-2022 produced by Space Research Institute » Time Series of Sentinel-2 vegetation indices for active fire mapping and burned area detection
NASU_SSAU (KUSSU|, etal., 2018):, _ " Normalized Difference Vegetation Index— NDVI = NIRZRED
= Sentinel-1/2 with 10 m spatial resolution ) NIR+RED
" Deep Learning Neural Network Classification Approach " Burned Area Index — BAI = (Red—0.1)2+(NIR—0.06)2
" Based on the ground surveys on the road of Ukraine « Normalized Burn Ratio — NBR = MR—SWIR
= QOver 95% OA NIR+SWIR
* Damaged Fields Detection Map (Kussul et al., 2023): = Burned Area Index for Sentinel-2 — BAIS2 = (1 . VREZ*V;ZB*NNIR) x (jfo_Jr]\]’V]\fo | 1)
" Time series of Sentinel-2 data

= Anomaly detection and random forest classification algorithm * Vector Fields Boundaries produced by the SINERGISE

= QOver 85% OA

Methodology

To address this urgent need, we conducted a detailled analysis of agricultural fields affected B e e =1 Extraction of
by fires within a 90-kilometer buffer zone around the frontline between 2022 and 2024, FVESler s re Active Fire Map Polygons with
taking into account annual shifts in the conflict demarcation line. As a baseline for our [ uEEEPAREES detected Active Fire
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
iIndices—Normalized Difference Vegetation Index (NDVI), Normalized Burned Ratio (NBR),
and Burned Area Index (BAl)—summarized through maximum, minimum, average, and | S AN eiir

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

these time series using a cubic polynomial function. This dataset served as input for a (;t;t'i':ie:;:?ft”d) _ _

random forest model trained on polygons of active fires identified through the shortwave S '"t?ri':’::;?e?;:ra"y R
iInfrared (SWIR) band of Sentinel-2. Our methodology achieved high accuracy, with an F1 . Polygons within Regional Burned
score of 0.81, enabling us to generate a comprehensive map of burned agricultural fields FIRMS Fire Detection Polygons Mapping
over three years of combat. Integrating this data with crop type maps and conducting bi-weekly composites

reference data stratified random sampling allowed us to quantify agricultural losses, offering
valuable insights into the war’s impact on food production.
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Results

Burned and Damaged Fields Detection for 2022 in South and East of Ukraine Stratified Random Samples Damaged and Burned Field Counting
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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
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Total: 1,400 validation fields
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W Barley Hing Burned &Damaged 170 30 0.34% 85%
O b L e | Peas ; 2 . - Neighborhood Burned & not Damaged 126 74 0.98% 63%
g ‘:“ e SR T Gt T 4 e et il Mo B Alfalf o Ve e n not Burned & in FIRMS & Damaged 55 145 2.33% 72%
a2 :' B ,f” "*q 3% ' r'i.' B 5Y _o’._.;:f-"" ; | dita o O M . L. ' not Burned & in FIRMS & not Damaged 6 194 25.39% 97%
: : @ ;-‘::*Qii % oy ‘ i B Gardens , ) not Burned & not in FIRMS & Damaged 34 166 1.78% 83%
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