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Abstract: Ukraine was one of the main exporters of plant products. However, as a result of the aggression, the country's 

agriculture has suffered greatly, export volumes are decreasing, which may provoke a shortage of agricultural 

products on world markets. It is impossible to assess crop yield and forecast the harvest volume locally, as 

the collection of information has become difficult due to the active conduct of hostilities and the occupation 

of a large part of the territories. Therefore, it is necessary to use land remote sensing data to assess crop yield. 

In this research, we will build regression models based on a random forest for each region of Ukraine to 

estimate crop yield based on 16-day composites of the NDVI time series during the summer vegetation period 

from Sentinel-2 (10m) and MODIS (500m) satellites, involving in the calculation NDVI crop maps. The 

official yield of maize, sunflower, soybean, rapeseed, and wheat for the years 2016-2021 was used as training 

data. According to the results of the analysis, models based on NDVI from the MODIS satellite showed better 

accuracy (relative error within 8-18%), but models based on NDVI data from Sentinel-2 better described the 

variance of the predicted yield. During the research, we found a sharp drop in land productivity indicators 

compared to the productivity of 2021 for the territories of central, southern and eastern Ukraine. According 

to our estimates based on MODIS data, the average yield at the country level is expected to be 40.98 t/ha for 

wheat, 57.66 t/ha for maize, 23.57 t/ha for sunflower, 21.06 t/ha for soybeans, 21.15 t/ha for rapeseed. 

Estimates based on Sentinel-2 data: 43.22 t/ha for wheat, 71.93 t/ha for maize, 26.86 t/ha for sunflower, 22.94 

t/ha for soybeans, 28.23 t/ha for rapeseed.

1 INTRODUCTION 

For many years in a row, Ukraine has maintained the 

status of a leading exporter of agricultural products 

on world markets. According to the USDA, as of 

2021, the state provided 46% of the world's sunflower 

oil exports, 9% of wheat exports, 17% of barley 

exports, and 12% of maize exports [1]. 

However, the country's agrarian well-being is 

now under threat. With the start of hostilities in 

February 2022, thousands of hectares of fields were 

damaged by rocket explosions and airstrikes [1]. The 

physical, chemical and biological characteristics of 

the soil were affected by shelling and explosions. 

Many territories, even those that managed to survive, 

remained unplowed, untreated from pests and weeds. 

Thus, the official information on sown areas 

throughout Ukraine as of the beginning of the year is 

no longer relevant. Previous forecasts regarding the 

volume of harvesting of the main agricultural crops 

are also not relevant, and it is very difficult to make 

new forecasts based on information from farmers and 

agronomists. 

The yield forecasting process was previously 

based on a combination of data collected by local 

farmers directly on the ground with remote sensing 

data from satellites. Thanks to the combination and 

comparison of biophysical and satellite models [3], 

[3], [5], it was possible to achieve high accuracy of 

land productivity forecasts even in the early stages of 

vegetation [6] and to calculate the amount of harvest 

from certain land plots in advance. However, now, in 

wartime, the process of obtaining information about 

growth dynamics directly from local specialists has 
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become much more complicated. The problem of data 

availability is particularly acute in the occupied 

territories and territories of active hostilities in the 

east and south of Ukraine, which were the main 

suppliers of agricultural crops before the war. 

Thus, the task of assessing the productivity of the 

country's agrarian sector has largely shifted to 

satellite monitoring and remote sensing data. 

Many of the world's leading researchers have 

already begun to assess the volume of harvested crops 

in the conditions of war on the territory of Ukraine. 

Among them are NASA Harvest scientists [7]. Using 

data from Planet Labs satellites and the European 

Space Agency's Sentinel-2 mission, they set out to 

determine how the Russian-Ukrainian conflict is 

disrupting the global food system. To make the 

predictions, the scientists used vegetation index data 

from the Landsat-8 satellite, combining it with many 

factors of environmental conditions, such as 

precipitation, soil moisture and temperature during 

the growing season, obtained from the MERRA-2 

NASA reanalysis data set. According to research 

results, according to NASA Harvest experts, the yield 

of winter wheat in Ukraine in 2021 will decrease to 

4.1 t/ha instead of last year's 4.65 t/ha in 2021. 

Official data released by the Ministry of Agrarian 

Policy and Food of Ukraine as of October 2022 fully 

confirms NASA Harvest forecasts. However, these 

forecasts give an estimate of the yield at the level of 

the entire country, and do not allow tracing the 

situation in each region separately. In addition, the 

results of research are provided only on the yield of 

winter wheat, bypassing the spring agricultural crops, 

in the production of which Ukraine specializes, 

namely: maize, sunflower, soy, and rapeseed. 

The Ministry of Agrarian Policy and Food of 

Ukraine provided its estimates of the yield of spring 

crops, but based mainly on data from controlled 

territories, and the question of the productivity of a 

large part of the country's cultivated areas remains 

open and needs an answer. 

In this study, we want to estimate the yield of the 

main spring agricultural crops of Ukraine at the 

regional level according to the remote sensing data, 

covering all controlled and occupied agricultural 

lands of the state. 

According to the experience of past studies, good 

yield predictions at a regional scale can be achieved 

using a vegetation index calculated from high spatial 

resolution satellite data such as Sentinel-2 in 

combination with Landsat missions [8], [9], [10]. 

However, when using the Sentinel-2 satellite, due to 

the low frequency of repeated visits of 5 days, there 

is often a problem of gloom and missing data. It is 

sometimes impossible to overcome this problem even 

with composites constructed from long time interval 

data. Therefore, yield forecasting is also practiced 

based on the data of a smaller spatial, but denser time 

step. For example, the Terra MODIS sensor [11], 

[12], with an average spatial resolution (from 250 m) 

and a daily frequency of repeated visits is 

successfully used to solve the problems of crop 

forecasting. 

In this work, we decided to conduct experiments 

based on satellite data of both satellites - Sentinel-2 

and MODIS, with further comparison and assessment 

of the reliability of the results of yields forecasts. 

The purpose of the study is to obtain an accurate 

yields forecasting of Ukraine's land at the regional 

level for winter wheat and the main summer crops 

such as maize, sunflower, soybeans and rapeseed. 

As the main method for conducting the research, 

we use regression analysis based on satellite data of 

the NDVI time series for the summer vegetation 

period and official statistical data on the yield of 

selected crops for previous years. 

As a result of the successful conduct of the 

experiment, we will be able to provide accurate yield 

forecasts and estimate the volume of production of 

agricultural plant products in war conditions both in 

the controlled and non-controlled territories of 

Ukraine at the regional level. 

2 DATA AND MATERIALS 

To conduct an experiment on predicting crop yield as 

input parameters, we used time series of the NDVI 

index in 16-day composites for the summer growing 

season (June-August) 2016-2022 based on the data of 

the wide-area Sentinel mission satellites of the 

Copernicus program and Terra MODIS sensors. 

The Multispectral Instrument S2 (MSI) provides 

high-resolution optical images from 13 spectral bands 

(10-20m), and captures atmospheric bands with a 

spatial resolution of 60m. For forecasting, we 

independently calculated NDVI from the products of 

the harmonized Sentinel-2 MSI, level A2, as the 

normalized difference of the red and infrared ranges. 

Collections of 16-day Terra MODIS product 

composites (500m) already include ready-to-use 

NDVI products that generated based on near-field 

bands infrared and red range of each scene. 

In preprocessing for input data analysis, NDVI 

binary masks were used for each studied culture, 

prepared based on classification maps of Ukraine 

[13], [14] (Figure 1). 
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Figure 1: Binary maps of crops from the land cover 

classification map of Ukraine, 2022. 

For each 16-day composite, an area-averaged 

NDVI was calculated, selecting for calculations only 

those vegetation index values that covered the target 

crop pixels. Due to this approach, the quality of input 

data was significantly improved. Thus, for each 

region of Ukraine, we obtained a time series that 

included six NDVI values, two for each summer 

month. In this time series, we determined the 

maximum and minimum for each region of Ukraine 

NDVI during the summer growing season. The total 

average NDVI for the entire study period was also 

calculated. 

For each region, using correlation analysis, the 

period that most affects land productivity was also 

determined for each crop. 

As a result, the maximum, average, minimum 

NDVI and the most correlated with land productivity 

NDVI for each region and each studied crop were 

selected as regressors. 

3 METHODOLOGY 

To predict crop yield for each region of Ukraine, 

regression models were built based on a random 

forest ensemble. 

Crop yield was defined as the dependent variable, 

NDVI values as the independent variables. 

The defining characteristic of the constructed 

regression models was the approximation reliability 

coefficient (1):  

𝑅2 = 1 −  ∑
(𝑦

𝑡 
−𝑦𝑓)2

(𝑦𝑓−∆𝑦𝑓𝑡)2  .      (1) 

where:  

𝑦𝑡 – actual yield, according to official statistics,

𝑦𝑓 – predicted yield,

𝑦𝑓𝑡 – the average value of all true values of crop

yield. 

Absolute (2), mean relative error (3), mean square 

error (4) and root mean square error (5) were the main 

metrics for assessing forecast accuracy.  

∆𝑦 =  𝑦𝑡 − 𝑦𝑓  ,   (2)

𝑀𝑅𝐸 =
∑

∆у

𝑦𝑡

𝑛
, (3) 

𝑀𝑆𝐸 =
(∑ 𝑦𝑖  − ӯ𝑖) 

2

𝑛
, (4) 

𝑅𝑀𝑆𝐸 =  √𝑀𝑆𝐸 . (5) 

where:  

𝑛 – the number of observations, 

𝑦𝑖  – the ith observed value of actual yield,

ӯ𝑖 – the ith observed value of predicted yield,

∆𝑦 – absolute error, 

𝑀𝑅𝐸 – mean relative error, 

𝑀𝑆𝐸 – mean square error, 

𝑅𝑀𝑆𝐸 – root mean square error. 

When forecasting, we alternately took one year 

from 2016 to 2021 for validation, and others, by 

removing the validation year, for training the model, 

until we went through all the years. At each iteration, 

before changing the validation year, the accuracy and 

errors of the regression model were calculated. 

The 2022 data were independently fed into the 

trained model to generate predictions. 

4 EXPERIMENTAL RESULTS 

4.1 Assessment of Model Accuracy 

After performing the regression analysis, we 

conducted a general comparison of the accuracies of 

the models based on the NDVI data from the Sentinel-

2 mission and the MODIS sensor, based on the 

regionally averaged results of the regression models 

when forecasting for 2021. Models built based on 

NDVI MODIS demonstrated better accuracy. In 

particular, MODIS-models showed smaller errors of 

MAE, RMSE, Relative error (Table 1) compared to 

models based on NDVI with Sentinel-2 (Table 2) for 

all crops except rapeseed (MODIS RMSE is 4.56 vs. 

3.84 Sentinel-2 RMSE). 

However, the MODIS models explained yield 

variances worse, with the agreement between 

Proceedings of the 11th International Conference on Applied Innovations in IT, (ICAIIT), March 2023 

91 



predicted and observed yield values for three of the 

five crops in 2021 (Figure 2).  

Figure 2: Comparative performance of Random Forests 

regression models based on Sentinel-2 NDVI and MODIS 

for 2021 yield test datasets.  Plots are shown for five crops: 

maize, sunflower, soybean, rapeseed, wheat. Dashed lines 

represent the linear relationship between observations and 

predictions. 

Table 1: Estimates of model errors based on NDVI data 

from MODIS satellites. 

MODIS 

Crop R2 
MAE 

(c\ha) 

RMSE 

(c\ha) 

RE 

(%) 

Maize 0,74 11,90 13,63 0,18 

Sunflower 0,79 1,92 2,22 0,08 

Soybeans 0,55 2,83 3,53 0,14 

Rapeseed 0,77 3,38 4,56 0,16 

Wheat 0,86 3,62 4,55 0,09 

Table 2: Estimates of model errors based on NDVI data 

from Sentinel-2 satellites. 

Sentinel-2 

Crop R2 
MAE 

(c\ha) 

RMSE 

(c\ha) 

RE 

(%) 

Maize 0,8 17,14 19,17 0,22 

Sunflower 0,9 2,15 2,51 0,09 

Soybeans 0,8 4,54 5,45 0,2 

Rapeseed 0,6 3,44 3,84 0,12 

Wheat 0,8 3,54 4,33 0,09 

The reliability coefficient of the approximation of 

forecasts based on MODIS data against forecasts 

based on Sentinel-2 data was 0.74 vs. 0.82 (maize), 

0.79 vs. 0.85 (sunflower), 0.55 vs. 0.79 (soy). 

However, when forecasting the yield of wheat and 

rape, the coefficient of approximation of forecasts 

based on NDVI MSHDIS dominated (0.77 vs. 0.62 

(rapeseed), 0.86 vs. 0.78 (wheat)). 

In general, the forecasting results for each of the 

crops based on the data from both satellites were 

satisfactory with a maximum relative prediction error 

of 22% (Maize, models based on NDVI with 

Sentinel-2). Thus, the approach chosen by us is 

suitable for obtaining reliable yield forecasts and can 

be applied to calculate crop yield in 2022. 

When constructing regression models based on 

Sentinel-2 satellites, we encountered the problem of 

missing data due to cloudiness caused by infrequent 

updates of Sentinel-2 data, even though we used a 

long time series. Therefore, when forecasting the 

harvest at the regional level for 2022, a greater 

weighting factor will be given to the results of model 

predictions based on NDVI from MODIS sensors. 

4.2 Forecasting the Yield of the Land 
of Ukraine in 2022 

The results of crop yield of each region of Ukraine, 

obtained by forecasting based on regression models 

based on NDVI MODIS and Sentinel-2, are provided 

in Table 3. 

To assess the accuracy of the forecasts, we 

collected information on the average yield of the land 

of Ukraine and compared the official data with the 

yield averaged by region based on our predictions 

(Figure 3). 

Figure 3: Comparison of official and predicted data on the 

average yield of land in Ukraine in 2022. The percentages 

in the chart show the relative deviation of the predicted crop 

yield from the MODIS and Sentinel-2 satellite data from the 

official statistics. There were no official data for maize at 

the time of the research. 
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Table 3: Predicted crop yield based on NDVI data from 

MODIS and Sentinel-2 satellites. 

According to the results of the comparisons, the 

largest forecast error was recorded in the assessment 

of sunflower yield. The predicted values exceed the 

official indicators by 22.78% (MODIS) and 39.91% 

(Sentinel-2). This can be explained by an incomplete 

harvest. The smallest error, which was 0.02 t/ha, was 

found when forecasting wheat yield based on MODIS 

data (Sentinel-2 – 2.22 t/ha). That is, the regression 

model absolutely confirmed the official data. Good 

results were found when predicting the yield of 

rapeseed. The error of the model based on Sentinel-

2ya-2 data is 0.67 t/ha, which is about 2.32% yield. 

The MODIS-based model, on the contrary, had a high 

forecast error, which was -26.81% of the official data. 

Deviations from official data in predicting soybean 

yields were -1.53% and -9.63% for Sentinel-2 and 

MODIS-based NDVI models, respectively. 

It was not possible to assess the accuracy of the 

maize yield forecast due to the lack of official 

statistics. 

After comparing the predicted yields with the 

official data, maps of land productivity dynamics 

were constructed using the MODIS NDVI predictions 

to estimate the change in yields relative to the 2021 

figures (Figure 4). 

As can be seen from the maps, for each crop, the 

greatest yield decline is expected in the central, 

eastern and northern parts of the country. An extreme 

drop in yield is expected in Odesa region and is -

46.09% for maize, -45.06% for soybeans, -34.48% 

for sunflower, -38.57% for rapeseed and -43.72% for 

wheat. In general, yield declines are observed for 

every crop in almost every region. 

Figure 4: Assessing crop yield dynamics against 2021 yield 

data. 

The exception, according to forecasts, is rapeseed 

in the Zaporizhzhia and Kherson regions (+28.9% 

and 26.55% productivity, respectively). Weak 

positive trends are also observed for the western part 

of Ukraine, which is certainly explained by the 

smaller number of active hostilities in the regions. 

5 CONCLUSIONS 

This study evaluated the effectiveness of crop yield 

forecasting based on the NDVI time series from 

MODIS and Sentinel-2 satellites, and forecasted crop 

yield of Ukraine at the regional level for 2022. 

During the experiment, when validating the 

models on the 2021 test data, it was found that 

predictions based on NDVI from the Sentinel-2 

satellite better describe the variance when comparing 

predictions with actual yield values, but models based 

on MODIS sensor data have better accuracy rates. 

MOD S2 MOD S2 MOD S2 MOD S2 MOD S2

Vinnytska 4,81 4,72 2,95 3,26 2,08 2,75 2,08 3,08 6,99 9,00

Volynska 4,55 4,46 2,69 2,90 2,69 2,64 2,69 3,23 8,42 8,98

Dnipropetrovska 3,27 NaN 1,98 NaN 1,52 NaN 1,53 NaN 2,96 NaN

Donetska 3,10 NaN 1,77 NaN 0,00 NaN 0,00 NaN 2,98 NaN

Zhytomyrska 4,31 4,30 2,46 2,46 2,29 2,64 2,31 2,84 6,83 6,80

Zakarpatska 3,34 3,24 2,03 2,15 2,25 2,31 2,28 NaN 5,10 5,27

Zaporizka 2,84 NaN 1,42 NaN 3,18 NaN 3,17 NaN 3,42 NaN

Ivano-Frankivska 5,02 4,68 2,79 2,77 2,41 2,76 2,42 NaN 6,51 6,78

Kyivska 3,90 4,06 2,49 2,78 1,64 2,16 1,62 2,69 5,62 7,77

Kirovohradska 3,53 4,43 2,03 2,50 1,18 1,20 1,22 2,40 3,99 4,95

Luhanska 3,25 NaN 1,74 NaN 0,00 NaN 0,00 NaN 3,15 NaN

Lvivska 4,97 4,78 2,73 2,73 2,66 2,70 2,69 2,95 7,31 7,33

Mykolaivska 3,01 3,11 1,61 1,86 1,05 1,35 1,06 2,08 3,23 3,82

Odeska 2,28 2,96 1,54 1,72 1,54 2,02 1,56 2,37 3,38 4,59

Poltavska 4,24 NaN 2,44 NaN 1,59 NaN 1,57 NaN 5,45 NaN

Rivnenska 4,69 4,72 2,69 2,77 2,56 2,58 2,55 NaN 7,35 8,39

Sumska 5,26 NaN 2,84 NaN NaN NaN NaN NaN 7,85 NaN

Ternopilska 5,53 5,36 2,82 3,23 2,71 2,92 2,74 3,31 8,17 9,48

Kharkivska 3,75 NaN 2,67 NaN 1,24 NaN 1,33 NaN 4,04 NaN

Khersonska 3,33 3,85 1,49 NaN 3,29 NaN 3,29 NaN 6,82 7,95

Khmelnytska 5,74 5,10 3,41 3,45 2,77 2,66 2,76 3,11 8,95 9,29

Cherkaska 4,16 4,58 2,56 2,82 1,59 1,67 1,53 2,86 5,65 6,84

Chernivetska 5,04 4,09 2,72 2,70 1,90 2,10 1,93 NaN 6,17 5,63

Chernihivska 4,44 5,04 2,70 2,89 2,17 2,24 2,17 2,97 8,04 9,39

Ukraine (mean) 4,10 4,32 2,36 2,69 1,93 2,29 1,94 2,82 5,77 7,19

_________Crop 

___Region

Wheat Sunflower Soybeans Rapeseed Maize

Maize Soybeans

Sunflower Rapeseed

Wheat
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Although Sentinel-2 has better spatial resolution, due 

to the wide step of temporal updating of the data, it is 

difficult to correctly estimate the yield in certain 

areas, which were overcast during the survey period. 

According to our estimates based on MODIS data, 

the average yield at the country level is expected to 

be 40.98 t/ha for wheat, 57.66 t/ha for maize, 23.57 

t/ha for sunflower, 21.06 for soy, 21.15 t/ha for 

rapeseed. Estimated based on dataSentinel-2: 43.22 

t/ha for wheat, 71.93 t/ha for maize, 26.86 t/ha for 

sunflower, 22.94 t/ha for soybean, 28.23 t/ha for 

rapeseed. These indicators are significantly lower 

than the indicators of crop yield in 2021. 

Thus, according to the results of forecasts based 

on regression models for 2022, we found a sharp 

deterioration of crop yield in most regions of Ukraine, 

which is especially pronounced in central Ukraine, in 

the east and in the south. According to our estimates, 

the greatest drop in yield is expected in Odesa region 

(-46.09% for maize, -45.06% for soybeans, -34.48% 

for sunflower, -38.57% for rapeseed and -43.72% for 

wheat), as well as in Mykolaiv, Zaporizhzhia, 

Kherson, Kyiv, Kirovohrad, and Cherkasy. The 

negative dynamics of yield in these territories is 

explained by active military operations there, as a 

result of which large areas of agricultural fields were 

damaged and the territories were occupied. Thus, the 

war had an extremely negative impact on crop 

production in Ukraine, provoking a sharp 

deterioration in land productivity and, accordingly, 

decrease in the yield of agricultural crops. 
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