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Background

In the last decades, droughts have heavily affected
agricultural production in the Pannonian Basin, a
lowland area in southeastern Europe, caused by a
generally increasing frequency of heatwaves and dry
conditions [1]. In addition, agriculture in this region
is particularly vulnerable to droughts, as it receives
relatively low levels of precipitation of around 550
mm y-1, while most agriculture is only rain-fed [1].
Yet, significant parts of the local population are
dependent on agriculture [2,3]. The already
challenging conditions for crop production are
expected to worsen due to climate change [4,5]. The
Pannonian Basin is even considered as the region
with the most negative impacts of climate change on
crop production in Europe [6]. A potential tool to
support the adaption to these challenging

circumstances is crop yield forecasting. This has
proven a vital method to minimise socio-economic
impacts of crop losses [7].

Yearly yield anomalies of maize and winter wheat are
forecasted for various administrative districts in the
Pannonian Basin (Fig. 1). The forecasts are calculated
using machine learning (random forest) with 18
predictor datasets describing the state of the
vegetation (estimated from satellite observations),
weather, and soil moisture. In addition, seasonal
weather forecasts of precipitation and air

temperature are used. Monthly forecasts are made
for each growing season,
months before harvest.

starting around four

e Correlations of explanatory variables and crop
vields are increasing over the months (Fig. 5)
e All relatively high in July and August,
except precipitation
e Temperatures negative, rest positive
e Crop vyield of maize and wheat are highly
dependent on the conditions in the last two
months before the harvest (Fig. 2 and 4)
e Highest performance of forecast in
those months
e Mainly temperature for wheat and
moisture avaliablity for maize (Fig. 3)
 Seasonal forecast does not add enough
value to improve that
e The model underestimates extremes for both,
nigh and low, crop yields
e Forecast in drought years early detects crop yield
0sses
e Satellite derived variables of the state of the
vegetation (green in Fig. 5) and of soil moisture
(purple in Fig. 5) have among the highest
correlations
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Fig. 1: Overview of the study area
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Fig. 2: Anomalies of three important

explanatory variables the predictors

Fig. 5: Correlations of explanatory variables and maize yield anomalies.
Green bars show the canopy status, blue precipitation-related variables,
grey temperature-related variables, purple soil moisture, and orange
drought indices. Sf precip and sf tg are the seasonal forecasts of
temperature and precipitation

Fig. 6: Correlations of forecasted and observed crop yield anomalies

The results presented here have been developed in the framework of the project ,DryPan: Novel EO data for improved agricultural drought impact forecasting in the Pannonian basin“ funded by the European Space Agency (ESA).

References

[1] Crocetti, L. et al. (2020). Earth Observation for agricultural drought monitoring in the Pannonian Basin (southeastern Europe): current state and future directions. Regional Environmental Change, 20(123). https://doi.org/10.1007/s10113-020-01710-w; [2]
Antofie, T. et al. (2015). Estimating the water needed to end the drought or reduce the drought severity in the Carpathian region. Hydrology and Earth System Sciences, 19(1), 177—-193. https://doi.org/10.5194/hess-19-177-2015; [3] Nowak, A., & Kaminska, A.

Fig. 3: Cumulative feature importances of

Key Findings

Wheat and maize crops can be forecasted
around two months before harvest with a good
performance (Fig. 6)

Crop yield losses in years of severe drought are
underestimated by the forecasts but the model
correctly detects negative anomalies (Fig. 4)
Good model performance to predict interannual
variabilities of the yields for the districts (Fig. 6)
Bad model performance to distinguish the crop
vields between the different regions within
individual years

Wheat vyields are mainly dependent on the
temperature - maize vyields on water availability

(Fig. 3)

- " - " - -

!

Fig. 4: Forecasted and observed mean maize
vield anomalies over the Pannonian Basin

The Pannonian Basin has experienced several
droughts recently. To support the local population, a
random forest-based crop yield forecast system using
EO and climate data is established for 44 regions in
the Pannonian Basin. The results affirm earlier
findings of the large dependency on the water
availability for maize and the temperature for wheat,
respectively, in the last weeks before the harvest.
Future work should focus on how these conditions
can be better represented for the modelling, by
either considering other input datasets or increasing
the temporal and spatial resolutions. A finer spatial
resolution could, in addition, help to better
distinguish the yields between the different regions. .
Yield forecasts during the impact of severe droughts
will require further improvement in the Pannonian
Basin. There is potential which needs to be exploited
to achieve this. A more thorough analysis of the
seasonal forecast and potentially other machine
learning techniques can help to do so.
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