
The goal is to analyze of
changes in soil moisture in
the southern part of
Ukraine, with special
attention to the territories
directly affected by the
destruction of the
Kakhovka dam, using
satellite data.
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The goal Data Used

• Satellite data sources 
(e.g., SMAP, ERA5-Land, 
etc.)

• Ground measurements 
and International Soil 
Moisture Network (lack 
of data for Ukraine)

• Within this study -
focus on agricultural 
land

Methods

Results
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Correlation analysis of moisture deficit with various satellite products

The study of spatial and temporal changes in soil moisture supply in
the study area was carried out on the basis of calculated soil
moisture deficit (d) and statistical and correlation analysis of
moisture deficit maps with various satellite products
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where ℎ (m) – depth of the soil layer, 𝜌𝜌𝑤𝑤 (1 t/m3) - water density,
𝜃𝜃𝐹𝐹𝐹𝐹 (%) - volumetric field capacity, SSM - Surface Soil Moisture
product of CLMS based on Sentinel-1 radar data, 𝑛𝑛 (in unit
fractions) – porosity.Data processing

Soil moisture and meteorological products  
• ERA5-Land
• GLDAS
• FLDAS
• СFSR

• SMAP
• SMAP NASA 10km
• SPL4SMGP
• SPL3SMP
• SSM (CLMS)

From 2019 to 2024

Data Result

Assessment of the destruction of the Kakhovka HPP 
on the hydrothermal regime of agricultural lands

Spatial distribution of indicators during the period of hydrothermal regime transformation  
for 2021, before the start of full-scale invasion; for 2023; for 2024

Cropland mask (WorldCover 2021)   

Territory of interest

Ukraine & 147 territorial communities

Data 
category Product Spatial

resolution
Temporal
resolution Basic parameters

VIS and IR

Sentinel-2 10-20 m 5 days Spectral bands (B1-B12), NDVI, NDWI, NDMI, EVI, SCL

Landsat-8/9 30 m (VIS), 
100 m (TIR) 16 days Spectral bands (B1-B7), Land Surface Temperature (B10)

MOD16A2 500 m 8 days Evapotranspiration/Latent Heat Flux
MOD11A1 1 km 1 day Land Surface Temperature and Emissivity 
MOD21A1D 1 km 1 day Land Surface Temperature and Emissivity

MCD15A3H 500 m 4 days Photosynthetically Active Radiation (FPAR) and Leaf Area 
Index (LAI)

Radar Sentinel-1 10 m 6-12 days VV and VH polarization

Soil 
moisture

SMAP 10-36 km 1-3 days Surface and subsurface soil moisture
SMAP NASA 10km 10 km 3 days Soil moisture and Soil moisture anomaly
SPL4SMGP 9 km 3 hours Soil moisture, temperature, heat fluxes
SPL3SMP 36 km 1 day Soil moisture, vegetation water content

Meteorolo
gy

ERA5-Land 11 km 1 hour Temperature, humidity, precipitation, evaporation, 
radiation

GLDAS 25 km 3 hours Soil moisture and temperature, precipitation, evaporation

FLDAS 11 km 1 month Soil moisture and temperature, precipitation
CFSR 22 km 6 hours Temperature, humidity, precipitation, radiation

Correlation of different datasets in monitoring soil moisture. 
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The average soil moisture for May 2023, Ukraine (%). 

Correlation heatmap between moisture deficit and satellite 
products with a positive relationship for the period 2019-2024
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Correlation heatmap between moisture deficit and satellite 
products with negative correlation for the period 2019-2024
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CFSR 1,00 0,99 0,80 0,77 0,81 0,84 0,18 0,19 0,29

CFSV2 0,99 1,00 0,79 0,74 0,79 0,84 0,15 0,16 0,26

ERA5 0,80 0,79 1,00 0,83 0,83 0,81 0,43 0,45 0,56

NASA 
FLDAS 0,77 0,74 0,83 1,00 0,84 0,78 0,35 0,36 0,47

NASA 
GLDAS 0,81 0,79 0,83 0,84 1,00 0,72 0,32 0,33 0,46

SMAP L4 0,84 0,84 0,81 0,78 0,72 1,00 0,30 0,31 0,39

SMAP/S1 
1 km 0,18 0,15 0,43 0,35 0,32 0,30 1,00 1,00 0,87

SMAP/S1 
3 km 0,19 0,16 0,45 0,36 0,33 0,31 1,00 1,00 0,88

SMAP L3 0,29 0,26 0,56 0,47 0,46 0,39 0,87 0,88 1,00

The results of the study demonstrate significant changes in the spatial and temporal distribution of soil
moisture after the destruction of the reservoir. Areas of critical moisture reduction have been identified,
which will require priority measures to adapt agricultural activities and restore the water balance.
Satellite data show the formation of new moisture distribution patterns that differ from historical trends.
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