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Marengo, Mercè Vall-llossera, Miriam Pablos, and Patrizia Savi

Abstract – In this study, the estimative of the Combined
Drought Index (CDI) to identify agricultural drought
over the South Region of Brazil is introduced. The CDI
is based on a combination of three indicators:
Standardized Precipitation Index, soil moisture anom-
alies, and Vegetation Health Index. The proposed CDI
has four levels—watch, warning, alert I, and alert II—
thus benefiting an increasing degree of severity. The
CDI was applied during the first 6 months of 2020 to
different study sites over the South Region representa-
tive of crop areas. The performance of CDI levels was
assessed by comparison with risk areas. Observations
show a good match between these areas and the CDI.
Important crop drought events in 2020 were correctly
predicted by the proposed CDI in all areas.

1. Introduction

Today, drought-related disasters are among the
type of disasters that cause large impacts on several
regions of the world, affecting economic, social, and
cultural systems. Drought-related disasters cause sig-
nificant damage and losses to the living conditions of
populations, such as deficiency in the supply of water,
losses in agriculture and livestock, population migra-
tions, forest fires, degradation of water quality, health
problems, conflicts, and poverty.

Remote sensing techniques have the advantage of
spatial continuity to derive indicators that can be used
for drought prediction [1–8]. One of the main strategies
used to detect agricultural drought from remote sensing
is the estimation of indices related to biomass and
vegetation condition, such as the Vegetation Condition
Index [9], the anomalies of the fraction of absorbed
photosynthetically active radiation [10], or the Normal-
ized Difference Water Index [11, 12]. Despite having
numerous limitations, the Normalized Difference Veg-
etation Index is relatively simple and is still the most
widely used for practical and historical reasons [13].

Another vegetation index, the Vegetation Health Index
(VHI), was proposed in [14]. The VHI is used for
different applications, such as drought detection,
drought severity and duration, early drought warning,
crop yield and production during the growing season,
vegetation density and biomass estimation, assessment
of irrigated areas, and estimation of excessive wetness.
The main limitation in the use of these indices is that
even if they have demonstrated their capability to detect
vegetation stress, this stress is not necessarily related to
drought. For example, change in land covers or pests
and diseases can equally be responsible for variations in
the indicator. Therefore, these indicators should be used
in combination with other indicators providing infor-
mation on the deficit of precipitation and/or soil
moisture anomalies (SMAs) in order to determine if
the remotely sensed vegetation response (signal) is
related to a drought event.

The main objective of this work is to assess
agricultural drought using the Combined Drought Index
(CDI) for the South Region of Brazil during 2019–2020.
The CDI is related to crop damage data in rain-fed
wheat-producing regions at the agricultural province
level, which corresponds to the most important item of
available data. It is expected that the CDI will be useful
at the local policy level and for planning farm-scale
insurance schemes. Because the effects of drought in
the South Region were considerable, causing losses in
the productive potential of crops and water stress in
several areas, the CDI will be assessed verifying the
number of municipalities that have been affected by the
drought.

2. Data

2.1 Study Area

The South Region of Brazil is the smallest of the
five regions of the country, with a territorial area of
576,774.31 km2. It is larger than the area of metropol-
itan France and smaller than the Brazilian state of
Minas Gerais. It is divided into three federative units—
Paraná (PR), Santa Catarina (SC), and Rio Grande do
Sul (RS)—being limited to the north by the states of São
Paulo and Mato Grosso do Sul, to the south by Uruguay,
and to the west by Paraguay and Argentina. To its east
lies the Atlantic Ocean.

In order to obtain information on the spatial
distribution of the most vulnerable population, the
National Center for Monitoring and Early Warning of
Natural Disasters (CEMADEN) [16] (a research unit of
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the Ministry of Science, Technology, Innovations, and
Communications) and the Brazilian Institute of Geog-
raphy and Statistics [17] (a research unit of the Ministry
of Planning, Development and Management) develop a
database every 10 years referring to the estimate of the
population exposed to risk of landslides, droughts, and
floods. This database includes detailed information on
the characterization of residents and residences, as
shown in Figure 1 for 2010 (data for 2020 are not yet
available). The radius of the pink circles is proportional
to the population density in that spot. The areas
included in the two black squares are particularly
exposed to risk of floods and droughts.

Moreover, according to an unpublished survey
[15] by the Confederação Nacional dos Municı́pios, RS
is the second state with the highest number of
emergency decrees due to natural disasters. According
to the survey, 51% of the total incidents in RS were due
to rain and 48.7% due to drought, which can be
explained by the peculiar geographic location in which
the state is settled. Between 2003 and 2008, there were
3,555 decrees of abnormality resulting from natural
disasters due to rain (51%), drought (48.7%), and others
(0.3%).

2.2 CDI

The CDI, proposed by [18], is an indicator of
agricultural drought and combines the Standard Precip-
itation Index (SPI), SMAs, and the VHI.

The SPI is commonly used to monitor conditions
associated with drought and excessive rain [19, 20]. It is
based only on the monthly precipitation product, in our
case, produced by CEMADEN, from different data
sources in Brazil. The main feature of the SPI is the
possibility of using it to monitor both wet and dry
conditions at different timescales. This temporal
flexibility makes it possible to use the SPI in several
applications.

Another product used to estimate the CDI is the
SMA. In this study, SMAs are obtained from soil
moisture maps at high resolution (1 km), distributed by
the Barcelona Expert Center (BEC) with an algorithm
developed to retrieve high-resolution SMA maps from
low-resolution SMOS SM maps [21]. The SM level 5
product is produced using an algorithm developed at
BEC for retrieving high-resolution soil moisture maps
(1 km) from low-resolution SMOS SM maps. The
SMOS satellite operates in ascending and descending
orbits, passing over the equator at 6:00 a.m. 6:00 p.m.,
respectively [22]. In this study, monthly SMA data sets
were obtained from BEC at 1 km for 2020.

The VHI [13] is an index composed of a set of
subindices related to the state of vegetation. These are
calculated from satellite observation products. The
information is almost real time, on a regular basis and
with spatial continuity. VHI maps are available in the
National Environmental Satellite, Data, and Information
Service of the National Oceanic and Atmospheric
Administration [23].

Note that [18] used the SMA derived from the
LISFLOOD, whereas in this article, we used informa-
tion from the SMOS satellite. Moreover, in [18], the
fraction of absorbed photosynthetically active radiation
derived from a medium-resolution imaging spectrome-
ter was used, whereas in this article, the VHI derived
from a moderate-resolution imaging spectroradiometer
is used.

Representation of the concept of the CDI and the
associated warning levels that are outputs of the CDI
[18] are shown in Figure 2. The figure shows the stages

Figure 1. Exposed population in risk areas by municipality in the
South Region of Brazil, 2010. Brazilian Institute of Geography and
Statistics, Demographic Census, 2010.

Figure 2. CDI categories and the associated warning levels [16].
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of the cause-and-effect relationship and associated
warning levels, classified as watch, warning, alert I,
and alert II. With these warning levels, it will be
possible for authorities to be better prepared for
agricultural drought events.

The highest stage (alert II) is based on all three
indicators composing the CDI (SPI, SMA, and VHI) so
that these give more secure evidence for the existence
of an agricultural drought.

3. Results

In order to evaluate the drought that occurred in
the South Region for the first semester of 2020, we used
the CDI to characterize the different stages of
agricultural drought. In Figure 3, the performance of
the CDI, including exposed population in risk areas of
the South Region using the SMOS satellite ascending
and descending pass average, are shown.

The results were classified into four levels: watch,
warning, alert I, and alert II. The dynamics of the CDI
were assessed for a period of 6 months during 2020. In
this period, a severe drought occurred. Critical CDI
levels shown in Figure 3 coincide with the risk areas
shown in Figure 1 (mainly in February and April for RS,
SC, and Paraná). The periods of greatest damage to
crops were March and April 2020 in both ascending and
descending passes. Considering only the SMA values,
an indication of drought from January to May in the

south of RS, east of SC, and northwest and east of PR is
found, whereas if the three indicators combined in CDI
are used, we can predict the alert I and alert II levels.
Thus, the CDI has several advantages over the use of a
single indicator, as evidenced by trends in precipitation,
SMAs, and vegetation. In addition to the spatial-
temporal CDI shown in Figure 3, the corresponding
number of municipalities affected by drought was
calculated and is reported in Table 1.

The states of RS, SC, and PR were the most
affected by drought during March and April, as shown
Table 1. Many municipalities declared an emergency
situation [23]. Losses in agriculture were increasing
month by month. In agriculture, the Paraná Technical
Assistance and Rural Extension Institute estimated
losses of around 20% in the production of fruits, such
as grapes, peaches, apples, and figs. In the corn crop, the
number increases to 35% loss and in the soybean crop to
33% loss. Milk, bean, and corn production were feeling
the impacts. In livestock, the same happened [24].

Starting from the study reported in [18] of a CDI
for Europe, in this article, we developed a CDI based on
SMA, VHI, and SPI in order to analyze the South
Region and showed that it accurately captured two
important drought periods.

4. Conclusions

This study demonstrates the use of remote sensing
techniques to identify agricultural drought in the South
Region of Brazil. A CDI has been defined using a
combination of SPI, SMA, and VHI parameters to
detect different stages of agricultural drought.

Drought events as occurred in the South Region
during 2020 show that, although they are short, the very
extreme rainfall deficits followed by high temperature
can have important agricultural consequences. For this
reason, the CDI becomes a tool of great information for
decision makers. The indicator CDI serves as a tool to
describe the intensity, spatial extent, and potential
impacts of drought. Improvements in drought monitor-
ing and forecasting techniques will increase manage-
ment practices and responses, reducing exposure to
drought risks and their immediate impact on the
population’s life.
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