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Abstract: The aim of this study is to compare the farmers’ viewpoint on agricultural drought with
the results generated by the national Agricultural Drought Monitoring System (ADMS) in 2021. The
authors attempted also to indicate effective methods of validating these results, which could serve
as an objective tool of appeal made available to farmers as a part of an administrative procedure
or directly included in the drought monitoring system, which, apart from soil and meteorological
conditions, would take into account the actual condition of crops in the field. An analysis comparing
farmers’ assessments with the ADMS results was presented for all (27,580 parcels) claims for compen-
sation for losses in winter wheat crops submitted in the country. A detailed assessment of the impact
of drought on yields was carried out for two pilot regions in the area most affected by agricultural
drought in Poland (West Pomeranian Voivodeship, NUTS-2 PL42 region). The paper demonstrates
a subjective assessment of incurred losses, performed by the farmers themselves. The difference
between the “potential drought”—resulting from the meteorological and soil conditions—and the
actual losses, which are also influenced by agro-technical factors, was indicated. The grounds for
further development of the Agricultural Drought Monitoring System were the need to establish a
method of estimating the impact of drought on crops, which will be based on unambiguous criteria
and using high-resolution (temporal and spatial) remote sensing data.

Keywords: Agricultural Drought Monitoring System (ADMS); yield loss; remote sensing; spatial
modelling; Sentinel-2

1. Introduction
1.1. Agricultural Drought Monitoring in Poland

Drought is a regional phenomenon, which entails water availability below average
values under certain environmental conditions. Due to meteorological, climatic, and hydro-
logical conditions, as well as economic effects, four stages of drought development can be
distinguished: first, there is a meteorological drought, then an agricultural, hydrological
and hydrogeological drought. Each of them is a threat to the economy and to human
activity. In Poland, the definitions of drought and its classifications are discussed in detail
on websites hosted by the Institute of Meteorology and Water Management—National
Research Institute [1] and the Ministry of Climate and Environment [2].

Agricultural drought is a consequence of prolonged meteorological drought, i.e., a
state in which the lack of rainfall has a direct impact on soil conditions and the state of
cultivated crops. Agricultural drought occurs when soil moisture is insufficient to meet the
water needs of plants and to conduct normal agricultural activity; hence, it may also be
called a soil drought. However, it should be noted that not every period without rainfall
and characterized by reduction in soil moisture is the agricultural drought phenomenon.
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The condition for stating the occurrence of agricultural drought is observing changes in
plant physiology, the symptom of which is water stress, manifested by a reduction in the
size of biomass and plant yield. The period of the water deficit in soil and its severity
depends directly on the retention properties of the soil— therefore, they are variable in
time and space, according to the spatial distribution of soil types. Agricultural drought
leads directly to losses in agricultural production.

Agricultural drought in Poland is monitored by the Institute of Soil Science and Plant
Cultivation—State Research Institute (IUNG-PIB), as commissioned by the Ministry of
Agriculture and Rural Development (MARD). The substantive assumptions are described
in detail in the literature [3-5]. Description of the functionality of the Agricultural Drought
Monitoring System (ADMS) and the results (obtained since 2009) are published on the fol-
lowing website: www.susza.iung.pulawy.pl/en/ (accessed on 1 February 2022). An urgent
need to develop a drought monitoring system for agriculture arose after the occurrence of
extreme water shortages for plants in 2006, resulting in a reduction in the average national
yields of certain crops by more than 30% (drought was recorded in 77.3% of municipalities
and 72.7% of arable land in the country). The original goal of the system being developed
was to identify areas with the problem of water deficit in the soil, where yield losses at
municipality level are greater than 15%, and since 2009 this threshold has been increased
to 20%. The losses mean a reduction in yield in a given year by at least 20% in relation to
the yield obtained in the average long-term weather conditions. Until 2019, committees for
direct verification (through in situ inspection) of yield losses estimated by the system were
appointed for these areas. As a result of their work, protocols of losses were drawn up,
based on which farmers could apply for financial support. However, this solution turned
out to be highly controversial—on the one hand, the local administration was not directly
interested in appointing such committees (which had to be paid for their work), and on
the other hand, the committees were often insufficiently qualified to conduct a reliable
assessment of the condition of crops and losses. There was also no objective methodology
developed for performing in situ assessments, which led to significant differences in results
obtained in the neighboring regions and in the spatial extent of drought confirmed by the
committee compared to the drought range maps generated in the Agricultural Drought
Monitoring System (ADMS). Farmers could also exert influence and pressure on the moni-
toring institutions (to quickly report the occurrence of drought), the local administration
(to take immediate actions for establishing a verifying committee) and on the committee’s
work itself (with the aim to overestimate the extent of loss under assessment). Therefore,
there was an urgent need to change the policy of drought monitoring and the method of its
technical implementation.

1.2. Digitization of Administration to Support the Farmers Affected by Drought

In 2020, MARD made the decision to terminate the works conducted by the field
inspection committees. The regulation of the Council of Ministers of 3 June 2020, amending
the prior regulation on the scope and implementation methods of certain tasks performed
by the Agency of Restructuring and Modernization of Agriculture (ARMA) [6], introduced
a publicly accessible application software, in which the agricultural producer (logged in
with a trusted e-signature) can submit an online application for estimation of crop losses
incurred in relation to agricultural drought [6-8].

The Government Drought Application (.gov) consists of three levels of verification [8]:

1. Only crops that have been declared in applications for direct payments can be indicated—
the verifying institution is the ARMA, which in Poland is the institution responsible for
direct payments under the Common Agricultural Policy of the EU;

2. Verification of the loss assessment: losses reported by farmers are compared with the
losses estimated in ADMS—the verifying institution is IUNG-PIB;

3. Verification of farm losses is conducted by the Institute of Agricultural and Food
Economics—National Research Institute (IERiGZ-PIB), which reports losses resulting
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from drought, exceeding 30% of the total farm income, which is a condition for
receiving state aid [9].

In order to automate the process of applications submission and verification, an IT
system has been created that connects the above-mentioned institutions, thanks to which the
evaluation process is automatic (without human interference) and the flow of information
between the institution’s servers is conducted via APIs. Thus, the Government Drought
Application (.gov) constitutes a common tool of the aforementioned institutions, which
has been implemented directly in the central infrastructure of the country (.gov). The
application has only one public interface that allows the farmer to submit a request for
financial support in relation to losses incurred on the farm resulting from agricultural
drought. Data flow in the Government Drought Application is presented in Figure 1.

Administration’s
Decision

Loss estimation in
income

IERiGZ PIB

Farmer's Declaration:

* Crops on agricultural parcels Loss estimation in
* Livestock production plant production

IUNG PIB

ARMA

verification

Figure 1. Scheme of information flow in the Government Drought Application. Source: own
elaboration (IUNG-PIB).

1.3. Trends in the Changes in ADMS Methodology

Changes in the process of data collection (mainly meteorological data), processing and
modelling took place thanks to the rapid development of geomatic techniques that could be
observed in recent years. In this regard, three main directions of monitoring development
can be distinguished:

1.  Satellite monitoring. Remote sensing methods were tested in ADMS since the begin-
ning of its operational status [10,11]. However, the full potential of satellite remote
sensing emerged in 2014, when the European Space Agency (ESA) launched the first
satellite of the Sentinel-1 series, which initiated the public release of high-resolution
radar data. One year later, the Sentinel-2 satellite was launched, equipped with a
high-resolution multispectral camera. The Sentinel missions are part of the Coperni-
cus program, initiated and financed by the European Union—thanks to this, remote
sensing data was provided free of charge, allowing the monitoring of crops on the
scale of agricultural parcels. For the monitoring of agricultural drought, this means a
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wide range of validation possibilities of models and algorithms performed directly on
the scale of a field. Thanks to the data of the Agricultural Parcel Identification System
(APIS), research and development works concern all the plots in the country.

2. Remote sensing of precipitation: since October 2019, the Institute of Meteorology and
Water Management—National Research Institute IMWM-PIB) has made available
the precipitation maps generated on the basis of observations conducted by ground-
based radar stations that are part of the POLRAD network. It is a Polish network
of terrestrial meteorological radar remote sensing devices monitoring the structure
and movement of meteorological objects in the troposphere within several hundred
kilometers (including precipitation on the earth’s surface). Data are acquired in hourly
intervals, and precipitation maps are generated with a spatial resolution of 1 km.

3. Assessment of crop losses—the functionality of the Government Drought Application
(.gov) requires the assessment of the full spectrum of losses (0-100%); therefore,
ADMS has been supplemented with a loss estimation module that uses regression
relationships between the values of the Climatic Water Balance (CWB) and the yield
loss incurred due to water scarcity. Modelling is carried out independently in each
reporting period from May to September (regressions depend on the period—and the
state of plant development). Yield loss models resulting from agricultural drought
were developed for the main crops, which are mapped for all the cultivated crop
species declared by farmers in direct payment applications.

1.4. Controversy Caused by the Implemented Changes

The development of ADMS based on the abovementioned technologies allowed for
full monitoring of both the extent of agricultural drought and the estimated crop losses.
The Government Drought Application (.gov) enabled full automation of the application
process and the introduction of support mechanisms. However, implementation of these
technologies is not well received among farmers, for whom the assessment of losses carried
out by field-verifying committees was much more favorable. Their dissatisfaction is further
affected by the lack of appeal options against the decision generated automatically in the
Government Drought Application (.gov).

1.5. Characteristics and Regionalization of the 2021 Drought

Based on the data from the period of 20092021, IUNG-PIB stated that the largest (in
terms of the extent and values of the CWB index) agricultural droughts were recorded in
the following years: 2010, 2011, 2013, 2015 and 2017-2021. In each of those years, drought
in Poland occurred in at least 10 crop species.

Considering the last 13 years, it can be stated that in 2021, no risk of drought was
recorded for most regions in Poland. However, deviations from the norm were observed for
other agrometeorological conditions. Spring was extremely cold, which caused vegetation
to be delayed for 2 to 3 weeks. The resulting large amounts of water in the soil that
remained from the periods of autumn and winter (from the snow cover) were a favorable
factor for the growth of arable crops. Especially in the eastern regions of Poland, the
snow cover in 2021 was thick and lasted for a relatively long time. In early spring, soil
water reserves remained at high levels, since evapotranspiration was low due to low
air temperature and low level of sunshine. Then, in the following decades of May, soil
moisture began to slowly decrease, especially in the eastern and northwestern parts of the
country. Due to the warming, the condition and vigor of the plants improved significantly.
Agricultural drought was observed only in June and July—mainly in the West Pomeranian,
Pomeranian and Kuyavian-Pomeranian voivodeships. The drought effect was intensified
by the simultaneous occurrence of very high temperatures. Thermal stress, significantly
affecting the yield of cereals, affected crops mainly in the West Pomeranian and Pomeranian
voivodeships. Since August, very heavy rainfall has swept across Poland, as a result of
which no drought was stated in the subsequent reporting periods.



Agriculture 2022, 12, 536

50f17

This paper presents the newest version of the extended ADMS system, which was
operationally used to assess the agricultural drought in 2021. The results of the system’s
work were discussed based on the example of the region, where the greatest impact of
drought on yields was found. The working hypothesis was that ADMS is an effective tool
for objective assessment of the potential (weather-induced) crop losses. For this purpose,
the position of farmers was compared against the results generated by the ADMS and
the source of these discrepancies was discussed. The authors also attempted to indicate
effective methods of validating the results, which could be an objective tool of appeal
made available to farmers within an administrative procedure or directly included in the
drought monitoring system, which, apart from soil and meteorological conditions, would
also consider the actual condition of crops in the field. The presented study shows how the
constructed model for determining yield losses at field scale implemented in ADMS and
the obtained results can be verified using remote sensing techniques. The created algorithm
will be introduced in ADMS as a new module.

An innovative approach in this work is to present the implementation of the concept
of combining crop monitoring based on meteorological and habitat (soil) data with direct
assessment of plant condition using remote sensing methods. The authors indicate that
such an approach can provide objective arguments for social discussion as well as for the
selection of agro-technical practices limiting the effects of water scarcity on crops.

2. Materials and Methods
2.1. Data of the Agricultural Drought Monitoring System

To identify areas with deficit of water for arable crops and yield losses, an IT system
for drought monitoring uses a number of databases and computer applications integrating
meteorological data, and soil and agricultural maps showing the spatial diversity of water
retention in various agricultural categories of soil. The analysis of the risk of agricultural
drought is performed in the following steps:

e  Telemetric collection of data from a network of meteorological stations and verification
of data quality.

e  Acquisition and aggregation of radar data from the POLRAD network as well as
verification and correction of radar data errors.

e Interpolation of precipitation and evapotranspiration maps, which are the basis for
developing the CWB map.

e  Spatial and statistical analyses, necessary for developing yield loss maps. Modelling
of drought range is based on the CWB map, map of soil susceptibility to drought
categories and tables of CWB threshold values. The application checks each pixel of
the soil category map and the spatially corresponding pixel of the CWB map, then,
using the CWB thresholds for the soil category in the analyzed period, performs the
assessment of the agricultural drought risk for the analyzed crop (until 2019 it was
only assessed whether the probability of loss could be greater than 20%). The process
is repeated for each crop separately. That is how the agricultural drought risk maps
are created (see: the third tab on the ADMS website [12]).

e Based on the maps produced and the current administrative boundaries of municipali-
ties, the share of soils affected by drought is calculated for a given crop and for each
soil category.

e  For administrative units, the maximum losses caused by drought in monitored crops
are estimated.

e  During the period when applications related to drought losses are submitted by
farmers via the Government Drought Application (.gov)—an API interface operates
on the ADMS side, providing ‘on demand’ the estimated yield loss for the field
indicated by the farmer.

The above process is presented on the flowchart in Figure 2. It should be noted that

ADMS generates detailed results on various spatial scales: on the field scale—for the needs
of the Government Drought Application, and information generalized for administrative
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units—for the needs of the Ministry of Agriculture and rural Development (Figure 3). The
full description of the monitoring system and the database have been publicly available
since 2008 at www.susza.iung.pl/en/ (accessed on 10 January 2022).

Government
Drought Application (API) report to MARD

YIELD LOSS MAP t

: drought
t Joss

average yield

single parcel losses in regions

soil daa

Figure 2. Flowchart of the development process for generating yield loss maps in the Agricultural
Drought Monitoring System (ADMS). Source: own study (IUNG-PIB).
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Figure 3. ADMS Map of estimated yield losses of winter cereals caused by drought—average losses
on soils of the 1st category of susceptibility to drought for districts in 2021. The red arrow points to
the Biatogard district; the blue arrow points to the Watecki district. Source: own study (IUNG-PIB).
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2.2. Method of Yield Loss Assessment in ADMS

Since 2020, ADMS has a module for estimating losses for individual fields, which,
as described in the previous chapter, interactively works with the Government Drought
Application (.gov) via the APl interface. The module uses the generated CWB maps (with
a spatial resolution of 250 m) and the developed statistical and empirical models of yield
losses depending on water shortages [13,14]. An example of these regression functions is
shown in Figure 4. A detailed description of the functioning of ADMS can also be found in
the literature [15].

winter wheat - soil category 1

21 Mar. - 20 May
1504 = 01 Apr.-31 May
—— 11 Apr. - 10 June

21 Apr. - 20 June

CWB

= 01 May - 30 June

11 May - 10 July
= 21 May - 20 July
= 01 June - 31 July

11 June - 10 Aug

yield losses by IUNG [%)

Figure 4. Yield reduction in winter cereals grown in soils of the 1st category of soil drought vulnera-
bility depending on the CWB values. Source: own study (IUNG-PIB).

Regression functions (as shown in Figure 4) were developed for all of the 16 monitored
crops (see: https://susza.iung.pulawy.pl/en/progi/, accessed on 7 March 2022 [16]), sepa-
rately for each of the 4 soil categories (see: https://susza.iung.pulawy.pl/en/kategorie/,
accessed on 7 March 2022 [17]) and each of the 14 sixty-day reporting periods (see:
https:/ /susza.iung.pulawy.pl/en/raporty/, accessed on 7 March 2022 [18]).

In order to enable determination of yield losses for all crops from the ARMA list, a
‘Glossary’ was developed, specifying water requirements for 925 groups and species of
plants included in the systems of this agency [19]. This information is used to determine
the drought occurrence for plant species enlisted in the ‘Glossary’ in relation to the crops
monitored by the system so far [18].

The process of direct estimation of losses in a specified crop on a chosen agricultural
plot is carried out according to the following scenario:

e Ineachreporting period, the potential yield loss for each crop in a given soil category is
determined on the basis of regression functions (CWB <-> loss); finally, the maximum
value of the loss from all periods is taken;

e  Based on the queries sent to the system, specifying the plot geometry, the value of the
yield loss on the agricultural plot is calculated from the maximum loss layer (previous
step) as the weighted average loss determined by the plot range (differentiation of the
loss depending on soil categories);

e  The obtained result is made available to the Government Drought Application (.gov)
using the API [19].
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2.3. Data from the Government Drought Application

For the purposes of the analyses presented in this paper, the following information
from the Government Drought Application (.gov) was used:

e Coordinates of the corners of agricultural plots’ boundaries;
e  Attributes of agricultural plots: cultivated crop; loss declared by the farmer;

The data were sent to the IUNG-PIB server via the API interface to be used in the
verification process of the 2021” applications. Queries are sent to the IUNG-PIB server via
the http protocol in the JSON format as part of the data flow visualized in Figure 1.

In the presented study, we used all the farmers’ applications regarding losses in winter
wheat crops submitted through the online tool, reported from the selected research region.
In total, 5725 (61,064 ha) cases were analyzed.

2.4. Research Area Selection Criteria

Both the data from ADMS and those in the Government Drought Application (.gov)
cover the entire country. However, in this study, the analyses were limited to a selected
region of the country, due to the following criteria:

e  Selecting a region with the greatest variation in drought—in the analyzed year (2021),
an overall low risk of drought was observed throughout the country; therefore, there
were few farmers’ declarations submitted from ‘wet’ regions, which accounted for
over 70% of the area of Poland;

e Limiting the impact of agroclimatic diversity—including zoning of key vegetation
seasons and the regional specificity of soil structure and types of land use.

For the above reasons, the West Pomeranian voivodeship (NUTS-2 code PL42 [20])
was selected as the research area, since only in this region of Poland an intense agricultural
drought occurred, which had a significant impact on the yield of cereals. In addition, in this
voivodeship, a differentiation in the intensity of drought was observed, which made it possible
to compare drought effects in the most vulnerable areas with those where a lesser disturbance
in the course of vegetation was observed in the period of water shortage (Figure 3).

Another reason for selecting this voivodeship was the social one: the West Pomeranian
Chamber of Agriculture, which is the administrative body representing farmers at this level,
as the only one in the country openly disagreed with the results of ADMS and appealed
to the Ministry of Agriculture and Rural Development, demanding financial support for
farmers for the reportedly incurred losses.

2.5. Preparation of the Database for Comparative and Remote Sensing Analyses

e Sentinel-2 satellite images were downloaded from the resources of the European
Space Agency from the Copernicus Open Access HUB portal. Post-processed Level
2A images (orthoimage Bottom-Of-Atmosphere (BOA) corrected reflectance product)
were imported. For the analyzed area, all available data for the period 2020/10/01-
2021/07/01 were selected. The images were then converted to the NDVI (Normalized
Difference Vegetation Index [21]) vegetation index maps.

e  Coordinates of the corners of agricultural plots” boundaries (data of the Government
Drought Application in JSON format) were converted to SHP format files.

e  SHP polygons (agricultural plots) were fragmented based on the soil diversity (into
4 categories of soil susceptibility to drought). The source of information on soil
variability was a soil map of 1:25,000 scale, which is a standard component of the
ADMS database [22].

e  Finally, 9235 polygons were obtained (a set of fragments of agricultural plots) with the
following attributes:

u No. of the agricultural plot;

] Category of soil resistance to drought;
] Loss declared by the farmer;

[ ] Potential loss estimated by ADMS;
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] Max NDVI index value observed.
e  From the database, the following were removed:

u Polygons located within the cloud and shadow mask (ESA generated layer);

] Polygons with NDVI values significantly different from other polygons in
the same soil category in the region—this allowed us to clear the database
of plots with very poor farming technique or those remaining clouded or
shaded throughout the whole observation period—and hence not covered by
the ESA mask. This method also eliminated false declarations from farmers (no
cultivation or type of crop different from declared);

e  Two subsets of data were selected from the database: for the Bialogard district (intense
drought) and the Walcz district (moderate drought).

2.6. Comparative Methods for Assessing Yield Losses Related to the Occurrence of Agricultural
Drought (Farmers vs. ADMS)

The analysis was performed in the following steps:

The descriptive statistics of the analyzed datasets were calculated. The sets represent
the entire population under observations (both for the selected voivodeship and districts),
so it was assumed that the obtained statistical distributions describe the features of the
entire studied population and do not require the Gaussian (or other) distribution conditions
to be met. Therefore, the description of distributions uses other measures better suited
to the study of asymmetric (skewed) distributions and disproportionate outliers, i.e., the
median as a measure of the average value of the dataset and the median absolute deviation
(MAD) as a measure of dispersion [23].

where: x;i—n original observations; M;—median of the series; b—constant.

The possibility of drawing the regression function between farmers’ declarations and
ADMS observations was analyzed, with particular emphasis on the discrepancy for the
following loss ranges:

o  0-20%—threshold of 20% is assumed as the min. indicator of the risk of drought
disaster;

e 20-30%—threshold of 30% of losses results from the UE regulations on the possibility
of state aid for the victims of natural disasters;

o >30%.

2.7. Agricultural Drought Assessment Using Remote Sensing Methods
The use of Sentinel-2 satellite data allows for the following:

e  Direct observations of an object with a time interval of 5 days—except for the periods
with cloud cover. The shadow of the clouds may also be an obstacle for observations;
Observations at a spatial resolution of 10 m, which is sufficient for field research;
Obtaining data in 13 spectral ranges, including the key ones for the assessment of
the state of vegetation: the range of red and infrared radiation—which enables the
generation of vegetation index maps. For the analysis, one of the most popular
indicators was selected, namely, NDVI, which—due to its properties—is particularly
sensitive to plant moisture (vigor) [24-26]. This property of NDVI index results from
taking into account both the bands with the highest absorption of light by healthy
vegetation (red range) and the highest reflection for the infrared range. When plants
are exposed to water stress, then this relation decreases sharply, which is estimated by
the following formula:

B8 — B4

DVI =
N B8 + B4

@
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where: B4—reflected radiation recorded in channel 4 of Sentinel-2 (RED); B8—reflected
radiation recorded in channel 8 of Sentinel-2 (NIR); Thanks to the above functionality,
remote sensing enables an individual assessment of the condition of agricultural plot for all
the analyzed cases. In the specialist literature, there are also many examples of the use of
remote sensing for yield assessment [24,27-30]. Based on the above, a regression analysis
was performed between the values of the NDVI index and the reported losses (declared by
farmers and by ADMS).

3. Results
3.1. Farmers’ Declarations vs. ADMS Results

Figure 5A shows a graph which directly compares the losses declared by farmers with
the results of ADMS. It illustrates the scale of discrepancies in the farmers” assessment of
losses caused by drought, but the following should be noted:

e In 99% of all cases, the losses declared by farmers are higher than those estimated
by ADMS;

e In 63% of all cases, the losses declared by farmers are higher than 40%, which is higher
than the maximum losses indicated by ADMS;

e  The scatter of results and their concentration in the upper left corner of the chart indi-
cates that it is not possible to search for statistically significant regression relationships
between farmers’ assessment and results of ADMS;

e Inover 32% of farmers’ declarations, the reported drought losses are higher than 50%
of yield, which would suggest a catastrophic drought in the voivodeship—such has
not been observed in the area.

winter wheat (A) winter wheat (B)

1004 1004

504

yield losses by farmers [%]
yield losses by farmers [%]

251 251

median
B median

. DBiatogard
West District
® Pomeranian o Walcz
01 Voivodeship 07 District
0 25 50 75 100 0 25 50 75 100
yield losses by IUNG [%] yield losses by IUNG [%]

Figure 5. (A) Comparison of farmers’ declarations with the ADMS results for losses incurred in fields
with winter wheat cultivation—in the West Pomeranian Voivodeship. (B) Comparison of farmers’
declarations with the ADMS results for losses incurred in fields with winter wheat cultivation in the
following districts: Biatogard (the most severe drought in the West Pomeranian Voivodeship) and
Walcz (the least severe drought). Source: own study (IUNG-PIB).

Figure 5B presents a detailed comparison of farmers’ declarations with the ADMS
results for the Bialogard district (the largest drought in the voivodship) and for the Walcz
district, where the drought was quite moderate. The analysis shows the following:
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NDVI

0.90 4

0.904

0.804

In the district with the highest intensity of drought (Biatogard), the average loss
incurred according to the farmers was 55% (28% according to ADMS);

In the district with the lowest intensity of drought (Walcz), the average loss incurred
according to the farmers was 50% (8% according to ADMS).

3.2. Verification of Agricultural Drought Occurrence Using Remote Sensing Methods

When interpreting the comparison of the results obtained using remote sensing methods

with the results of ADMS and the farmers’ assessments, the following should be noted:

ADMS is a system used for assessing a potential drought that may occur due to the
prevailing meteorological conditions. The system does not take into account other
meteorological factors (hail, excessive rainfall, thermal stress increasing losses incurred
in drought conditions) or agro-technical factors.

Farmers assess their losses immediately before harvest, and the losses may be caused
by a number of factors, which are not easy to be determined at that point. The
incorrect assessment is not necessarily caused by ill will, but rather the fact that an
average farmer does not have the qualifications, equipment or an appropriate method
established to objectively estimate the loss that is solely the result of drought.
Remote sensing assesses the actual condition of plants, which is greatly influenced by
farming technique. Therefore, the differences between the losses estimated by ADMS
and the actual losses can differ significantly. These differences are often evident even
in adjacent crops (due to different farming technique used) and within the same field
(e.g., due to soil mosaic effect).

Considering the above, the results presented for further discussion constitute two

comparisons presenting the relationships between the recorded vegetation indices and the
yield losses estimated on the basis of ADMS (Figure 6) and farmers” declarations. In each
case, regressions were presented separately for different soil categories.

winter wheat

category 1 category 2

y=0.859-0.00178 x

R%*=0.27

y=0.863-0.00152 x R?=0.29

category 3 category 4

y=0.869-0.00149 x

R*=0.29

\

y=0.871-0.00158 x R?*=0.25

40 0
vield losses by IUNG (%]

Figure 6. Regression between NDVI values and ADMS results. Source: own study (IUNG-PIB).

The comparison of the relationship between the losses observed in the monitoring system

and the remote sensing of crops (NDVInax after 10 June 2021) shows the presence of weak
regression relationships for all soil categories, with the strongest relationships observed on
the weakest soils (category 1, R? = 0.31). There is also a visible trend of decreasing regression
along with the improvement of soil conditions, but in this case, it should be noted that the
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NDVI

range of estimated losses (in ADMS) is also decreasing, and the number of samples is also
reduced, since light soils are the most common in the studied regions.

When examining the relationship between farmers’ declarations and the state of
vegetation (Figure 7), there are no cause-and-effect relationships observed. The course of
the regression function is similar to the asymptote, and the values of the determination
coefficient and the image of data spread on the chart suggest that the relationships between
vegetation index and the yield are random.

winter wheat
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yield losses by IUNG [%]
Figure 7. Regression between NDVI values and Farmers’ declarations. Source: own study (IUNG-PIB).

4. Discussion
4.1. Farmers’ Position on the Yield Loss Assessment

The results presented in the paper clearly show the lack of an objective assessment
of losses resulting from agricultural drought, declared by farmers in their applications
for direct financial aid related to drought occurrence. The lack of objectivity in these
assessments is indicated by the presented results of the comparison of farmers’ declarations
with the losses estimated by the monitoring system, but also based on the statistical data
published later on by Statistics Poland [30]. At the time of preparing this study, the
exact data on agricultural production in 2021 were not available yet, but the preliminary
assessment performed by Statistics Poland indicates a reduction in yields only by approx.
3% compared to 2020, which, considering recent years, has achieved record-breaking crop
production results [31]. However, in view of the above, the question arises why farmers
overestimate their losses so much and why the declarations differ so much even between
adjacent crops. There can be many reasons, but the main reason for overestimating losses
seems to be the criteria that must be met in order to be entitled to state aid—the criterion
is simply to prove that the loss in farm income amounted to at least 30%. In the analyzed
region, the drought occurred in June, which mainly caused losses in cereal crops. Lower
losses were observed for other crop species, e.g., maize and sugar beet [12]. It means
that on farms with diversified crop production and farms with livestock production, the
criteria for drought aid can be met only if large losses are demonstrated in the production
of cereals. Farmers owning this type of farms, aware of the limitations, had to take the
risk of declaring overestimated losses, in some cases reaching the absurd level of 100%,
in order to actively seek the financial support. This type of abuse is also favored by the
application mechanism, since the loss is only declarative, and the farmer does not have to
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submit any documentation proving the validity of such an assessment. Farmers usually do
not keep complete accounting records of their agricultural activity, making it impossible to
investigate the losses by comparing farm incomes in several consecutive years.

4.2. Implementation of Remote Sensing in Crop Monitoring

Satellite remote sensing is seen as one of the possible methods of drought loss vali-
dation, which allows for direct observation of all arable fields [32,33]. Its high effective-
ness in crop monitoring, especially in case of high-resolution satellite remote sensing, is
demonstrated by the results of many scientific and implementation works. Possibilities
of estimating the wheat yield on the basis of vegetation indices developed thanks to the
Sentinel-2 satellite images are presented, among others, in the works of [27,29,34,35]. The
authors show that in the studied experimental fields, a statistically significant regression
can be demonstrated between the index (most often NDVI) and the yield or another evalu-
ation parameter related to the condition and state of vegetation (e.g., SPAD, LAI, number
of ears in the stocking, etc.). In the studied cases, the coefficients of determination most
often obtained high values exceeding 0.6. However, there were also presented agricultural
plots with lower values, e.g., reference [28].

However, estimating yield losses as compared to yields alone is a more complicated
process, because the concept of a ‘loss’ can be defined in a number of ways [36]. In the
case of drought, losses will depend, as it was presented in this study, not only on soil
conditions, but also to a large extent on the farming technique, which should be adapted to
the yield assumed [37,38]. Hence, a situation may occur where in the neighboring fields,
with the same crop species, a high yield was assumed in one farm (e.g., 10 t/ha), and,
as a result of drought, only 7 t/ha was harvested, whilst in a neighboring farm, focused
on a different (e.g., organic) production system, the yield of 5 t/ha was assumed and the
harvest resulted in 4.5 t/ha only. In the first case, despite a much larger harvest, the yield
loss amounts to 30%, and in the second case, it amounts only to 10%. This example shows
the possibility of non-linear relationships between the severity of drought, the expenses
incurred on farming and the yield. Many of such examples were observed during the
field inspection in the West Pomeranian voivodeship in 2021, which was carried out by
the institution running ADMS, at the request of farmers. Figure 8, which shows the image
(Sentinel-2) of the course of vegetation at four dates for two adjacent fields with winter
triticale cultivation may be a good example. Differences in the condition of these crops
are visible both in the RGB image as well as when comparing the average NDVI values
and are related to different farming system. The better condition of the cultivated crop
(on the left), which also tolerated the drought in June better, can be explained exactly by
farming technique limiting the impact of drought. In this field, fertilization with manure
and favorable rotation with rapeseed was used. However, this example provides also the
most surprising farmers’ declarations. In both cases, farmers indicated the same value
of the expected yield (6 t/ha), which is already surprising since, as mentioned above, the
differences in farming technique used were significant. However, in an independent survey,
the farmer cultivating a field using a worse technique declared a lower loss (30%) than
the farmer applying better selected treatments (declaring a loss of 50%). This example
illustrates the subjectivity in the assessments performed by farmers—their declarations
were observed to be contradictory both in terms of the relationship between drought loss
and agro-technics and in terms of the possible amount of this loss in relation to the condition
of plants (high NDVI values) demonstrated in the satellite image.
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Figure 8. Comparison of adjacent fields with triticale cultivation using different farming techniques:
field on the left—fertilization with manure, rapeseed-cereal rotation; field on the right—mineral
fertilization, cereal-cereal rotation. In both cases, the farmer assumed a yield of 6 t/ha. Source: own
study (IUNG-PIB).

The above factors influencing the differentiation of plant condition locally, and thus the
results of the assessment carried out with remote sensing methods, are the main reason for
showing a weak correlation between the potential loss (modelled in ADMS) and the NDVI
index (Figure 6). However, it should also be noted that when examining the relationship
between the actual condition of crops and the farmers’ declarations, no correlation was
found (R? 0.04-0.1). This result confirms the previously discussed premises inciting farmers
to overestimate the effects of drought. The results of the analysis based on the satellite
images also show the possibility of partial verification of farmers’ declarations: in this
case, remote sensing enables the identification of agricultural parcels where the cultivated
crop was in good condition, which allows us to exclude the possibility of such high losses
as declared. In the case of remote sensing methods, it should also be emphasized that
all agricultural plots (the entire population in the analyzed data collection), and not only
selected samples, can be monitored.

5. Conclusions
Based on the results of this work, the following conclusions can be drawn:

e  Farmers’ declarations regarding assessment of drought effects on their fields are dispro-
portionately high compared to the monitoring results (ADMS). The values of these losses
do not significantly correlate with the monitoring carried out on the basis of meteorologi-
cal observations or with the direct observations of the fields by remote methods.

e  Assessment of yield losses conducted by farmers is also burdened with a large disper-
sion of values, both in areas with high and low losses.

Such large differences in the assessment of losses, both among the farmers themselves
and in relation to the conducted monitoring, suggest a low credibility of this type of
declaration and the lack of objectivity in the assessment performed.
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In connection with the above, the key postulates for the further development of the

Agricultural Drought Monitoring System can be formulated, which are as follows:

Development of methods for estimating the impact of drought on crops based on
unambiguous criteria—it should be based on the latest technologies and ability to
obtain high (spatial and temporal) resolution data for estimating potential losses
resulting from direct water shortage in the soil. Currently, the fastest developing
technologies are: terrestrial remote sensing (networks of meteorological radar stations),
meteorological satellites and the possibility of mapping soil variability using remote
sensing methods [39—-42]. In the above assumption, attention should be paid to the
indication of the “potential” loss, i.e., the loss whose values will be observed in fields
with the appropriately selected farming technique—tailored both to the nature of
the field location (soil, topography), as well as to the assumed production intensity
and cultivation method. Using the definition of potential loss, the support system
(Government Drought Application) can indicate, in the most objective way, regions
in which farmers are entitled to financial aid related to the drought disaster. This
approach also eliminates the unfavorable diversification, which may take place if
the loss assessment is based on direct remote sensing of crops. In such a case, the
paradox described above may occur, when the support is granted to producers who
assume high yields with too low expenditure on means of production or who ignore
the recommendations on implementing practices limiting the effects of drought, and,
in extreme cases, neglect farming technique, leading to soil impoverishment.
Development of satellite remote sensing methods—direct observation of crops using
remote sensing methods, in key growing seasons, provides information on the impact
of various factors on the condition of plants. In the case of drought monitoring, it
provides two types of information for the assessment of crop losses in the studied
region. First of all, it can be used to assess the development of vegetation throughout
the growing season and, thanks to this, make it possible to incorporate other factors
that cause yield losses in crops (freezing, drench, hail, etc.), which allows us to avoid
situations where the final loss of the crop yield is indicated by farmers as drought-
related only. Secondly, thanks to remote sensing, it is possible to locally assess the
diversity of farming techniques by comparing the fields with cultivation of the same
plant species in similar soil conditions. Recognition of the scale of real differentiation
in the condition of crops in the studied region may also bring tangible benefits to the
monitoring system itself, since the best kept fields can be indicated as reference fields
for the following;:

] Monitoring system—when analyzing regression relationships between the
drought index (meteorological and soil) and the vegetation index;

] Farmers—in terms of guidelines for selecting the best farming practices (limit-
ing the effects of drought);

] Administrative support policy—both when estimating the amount of com-

pensation and for promoting the implementation of good practices in regions
prone to frequent agricultural drought.

The presented results have a direct impact on the planning and implementation of

the support policy for farmers, developed by the Ministry of Agriculture. Additionally,
the implementation of satellite remote sensing is a form of further development of ADMS,
expected by the government administration.
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