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A B S T R A C T   

The 2019/2020 drought in South America caused many impacts on several sectors, as agriculture, water re
sources and environment, which are reported here. Besides, there is a discussion about anomalies in the at
mosphere and ocean during the analyzed period. In a regional scale, there was a reduction of humidity flux over 
the continent, and in a large scale, the occurrence of different processes could have contributed to the dry 
conditions. There was a persistent pattern of west-east convection anomalies in the tropical Pacific that could be 
related to the steady conditions observed over South America and southeast South Atlantic from September 2019 
to March 2020. The extreme positive phase of the Indian Ocean Dipole during 2019 austral spring was another 
event that could have influenced temperature and precipitation in South America through a wavetrain from the 
Indian Ocean to the South American continent. The Sudden Stratospheric Warming that occurred in September 
2019 induced the negative phase of the Southern Annular Mode in December, which generated subsidence over 
the subtropics and affected the precipitation over South America. In addition, from September 2019 to March 
2020, the heating observed in the stratosphere propagated to the troposphere over South America. Ocean indices 
from 1982 to 2020 are analyzed in the context of dry conditions in the continent and it was observed the re
lations with AMO, PDO, IOD and El Niño 3.4. From September 2019 to March 2020, there were positive SST 
anomalies in all oceans, mainly in the North Atlantic Ocean, which could have contributed also to subsidence 
over South America through a meridional circulation, as seen in other cases. At the end of the studied period, the 
development of La Niña extended the situation of reduced precipitation in Southern Brazil.   

1. Introduction 

Recurrent extreme events, particularly droughts, are growing in 
importance to the scientific community, given that such events have 
direct and indirect impacts on humans and all other living beings around 
the planet. Droughts are complex slow-onset phenomena (Wilhite, 
2012) caused by reduced precipitation. As widely known, droughts are 
classified into meteorological, agricultural, hydrological, and 
socio-economic, according to their intensity, duration, and impacts on 
different sectors (Wilhite and Glantz, 1985). However, this is not the 
only classification that exists. In fact, defining and classifying droughts is 
complicated because of the multiple dimensions of the phenomenon 
(Wilhite and Glantz, 1985). It is even difficult to determine and predict 
its onset or end. Something all types of droughts have in common is that 

they originate from a deficiency of precipitation that affects the avail
ability of water to society, a group or an activity (Wilhite and Glantz, 
1985). 

According to NASA (2020a), the second most severe drought in 
South America (SA) since 2002 took place from 2019 to 2020, only after 
the event recorded in the east of Brazil and Venezuela from 2015 to 
2016. In their report, NASA (2020a) noted that the first drought signs 
were observed in shallow groundwater storage from satellite gravimetry 
data by mid-2018 over the SE of Brazil and spreading over areas in 
Paraguay, Bolivia, and later over northern Argentina, to cover the entire 
continent by October 2020. In contrast with most parts of the continent, 
the trimester January-February-March 2020 in SE Brazil was the wettest 
in almost twenty years (Vasconcellos and Souza, 2020). The anomalies 
reached almost all SE Brazil, with the exception of São Paulo State that 

; SA, South America. 
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had similar behavior of the Southern Region of Brazil, i.e., negative 
precipitation. These positive anomalies extended to the Atlantic Ocean, 
in a NW-SE direction, indicating a greater role of the oceanic SACZ 
(Vasconcellos and Souza, 2020). 

The long dry period in the center and south of SA had extensive 
impacts on the social, economic and environmental sectors. The impacts 
of this phenomenon represent millions of dollars in losses to the affected 
countries. Yields of winter corn crops were low and the delay in spring 
rainfall caused farmers to delay soybean sowing. Very low water levels 
in major South American rivers (Paraguay, Parana, and La Plata) hin
dered and even impeded navigation and transport, affected tourism as 
well as local and regional economies through reduced fishing. Water 
level in the Paraguay river during 2020 was among the lowest recorded 
in the past 100 years (AP News, 2020) and the low water level in the 
Parana River was the most critical in the past 50 years (INA, 2020). 
Consequently, transportation had to be restricted in some sections of this 
river and with delayed cargo and ships carrying smaller-than-normal 
loads, millions of dollars in commerce were lost (BCR, 2020) The ship
ment of cereals and minerals down the Paraná-Paraguay Waterway, 
which functions as an outlet to the Atlantic Ocean, was seriously affected 
(Marengo et al., 2021). Moreover, low water in the Paraná River also 
affected the river ecosystem and other essential activities such as fishing 
and water purification (BCR, 2020). 

The lack of precipitation and low water levels contributed to the 
intensification of transboundary fires in Brazil, Bolivia, Paraguay and 
Argentina. Many of the affected areas got under unusually intense 
extensive fires (NASA, 2020a). The Pantanal, a vast floodplain in SA, in 
the countries of Brazil, Paraguay and Bolivia, is among the largest 
wetlands in the world. The unusually active 2019 fire season (July to 
October), and low rainfall during the 2020 rainy season (December to 
April) faced by the Pantanal meant that these wetlands never had a 

chance to recharge (NASA, 2020b). That made it easier for the fires to 
continue burning during the first half of the calendar year, when fire 
activity is typically minimal in this region. But it was in July and August, 
the beginning of the dry season, when fire activity increased, which until 
the beginning of September 2020, had charred approximately 24,000 
square kilometers of the Pantanal, i.e., more than 10 percent of its area 
(NASA, 2020b). 

Some of the major impacts in South American countries are 
described in the following sections. 

1.1. Agriculture and livestock  

a. Argentina 

The most affected areas in the first semester of 2020 were north
western Argentina, the north of the province of Santa Fe, the center-east 
of Entre Rios province and several areas in the province of Buenos Aires, 
as reported by the Buenos Aires Grain Market (BCBA, 2020). Wheat was 
the most affected crop during the studied drought, mainly in the center 
of Argentina, according to the July 2020 report of the Rosario Stock 
Exchange (BCR, 2020), when over 1 million hectares had already been 
affected by the lack of rainfall in the country. The remaining five million 
hectares devoted to wheat were left unproductive until the sowing 
season of maize and soybean.  

b. Southern Brazil 

According to the Department of Rural Economics (Deral, 2020), 
agriculture experienced major losses in the three southern states – i.e., 
Santa Catarina, Rio Grande do Sul, and Parana, with over 40% of the 
area affected (CEMADEN, 2020). Soybean was the most affected crop in 

Fig. 1. Precipitation anomalies (mm.month− 1) and standard deviation for (a) SEP 2019, (b) DEC 2019, (c) JAN 2020, (d) FEB 2020), (e) MAR 2020, (f) SEP 2020.  
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Rio Grande do Sul, with yield losses above 70% in some areas and from 
57 to 40% in other areas compared to previous year’s yields. Maize 
losses were the greatest in the state of Santa Catarina, reaching 43% in 
some localities, and 15% in the state of Parana, compared to previous 
year’s yields (EPAGRI/CEPA, 2020). Rio Grande do Sul also experienced 
poor maize yields (CEMADEN, 2020). Bean was the most affected late 
planting crop, with losses close to 27% (compared to 2018/2019 yields) 
in the state of Parana (EPAGRI/CEPA, 2020). In this context many state 
farmers were forced to apply to the PROAGRO assistance program 
(CEMADEN, 2020).  

c. Paraguay 

Soil moisture deficits affected maize crop in April 2020. Planting of 
some wheat varieties was also impeded by the lack of water and high 
temperature (DMH, 2020). In the center and north of the country 
planting of pea, oats, and sugar cane (DMH, 2020) was delayed because 
of the lack of precipitation. Family farmers were affected by losses in 
crops that were at the growing stage in August 2020, i.e., maize, bean, 
watermelon, and melon. According to DMH (2020), yields of extensive 
crops, such as wheat, also dropped markedly in quantity and quality 
because of the drought.  

d. Uruguay 

Loss caused by the 2019–2020 drought in the agricultural and cattle 
ranching sector were estimated at US$ 546 million, mainly because of 
soybean failure, but also because of decreased yields in maize and sor
ghum (MAGyP, 2020). Besides the need for importing livestock supplies, 
drought impacts included reduced production and productivity of beef 

cattle, and the death in livestock (OPYPA, 2020). 

1.2. Water resources  

a. Argentina 

During the first semester of 2020, the Parana River reached its lowest 
level since 1971 (INA 2020), which implied enormous industrial and 
transport logistics problems. Commodities export was greatly affected as 
it uses fluvial transport. In the Rosario port hub, where about 80% of the 
country’s farm exports are loaded, losses were estimated at US$244 
million in the first four months of the year 2020 (BCR, 2020).  

b. Southern Brazil 

The rainfalls below normal that started in 2019 resulted in reduced 
river streamflow and strong impact on communities. According to 
CEMADEN (2020), the lowest levels at reservoirs occurred in April 2020, 
impacting hydropower generation and water supply mainly in three 
states of southern Brazil -Paraná, Santa Catarina and Rio Grande do Sul. 
Hydropower plants located at the Parana and Iguazu rivers saw their 
lowest historical levels (CEMADEN, 2020).  

c. Paraguay 

Low water levels were recorded in all water courses in the country, 
and particularly in the Paraguay river (DMH, 2020). Such levels caused 
the interruption of waterways and the consequent economic losses, as 
80% of Paraguayan trade – equivalent to about US$ 2 200 million 
yearly-is transported fluvially. Land transportation was not able to meet 

Fig. 2. Temperature anomalies at 2 m (0C) and standard deviation for (a) SEP 2019, (b) DEC 2019, (c) JAN 2020, (d) FEB 2020), (e) MAR 2020, (f) SEP 2020.  
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export commitments and the country lost several commodities con
tracts. Import was also affected, and products from Argentina were ac
quired at a much higher cost (La Nación, 2020). 

1.3. Fires  

a. Argentina 

Only in the northeast of the country, 400,000 ha burnt in 2020 
(SNMF, 2020) and 1.101.267 ha in the north (MAGyP, 2020). Some of 
these fires were related to agricultural practices, however the extensive 
drought caused those fires to expand over large territories. In September 
2020, fires peaked (MAGyP, 2020) and spread all over the regions under 
drought. In the north of the country, fires also caused agricultural and 
livestock losses of about 7 000 million dollars. 

Because of the fires, an increased amount of nutrients reached the 
low water courses and water bodies in the La Plata basin, which caused 
eutrophication, and consequent cyanobacteria blooms. Water purifica
tion plants collapsed in the city of La Plata in November 2020 (Clarín, 
2020), and the use of water from the La Plata River was forbidden 
because of its toxicity (Telam, 2020).  

b. Brazil 

Although the 2019 fires in the Amazonia had high media exposition 
worldwide, in 2020 there were over 90,000 fires, 45% above the average 
of the past ten years. The Pantanal was also affected by fire, with almost 

22,000 fires (INPE, 2020). Satellite data revealed that by the beginning 
of September 2020, more than 10% of the Pantanal area had been 
affected. In fact, 2020 was a year with the greatest number of fires along 
the country, since they began to be monitored in 1999 (INPE, 2020). 

Meteorological droughts are caused by persistent anomalies in large- 
scale circulation patterns, usually caused by sea surface temperature 
anomalies or other remote drivers (Schubert et al., 2004). Considering 
the impacts caused by the most severe drought in SA in the past 20 years 
(NASA, 2020a), besides the above documentation, we analyzed the at
mospheric and oceanic conditions during the 2019/2020 drought period 
and discussed the processes that contributed to the extreme precipita
tion anomalies in large areas of SA. In section 2, we describe the data and 
method of analyses, in section 3 there is a discussion about the precip
itation, temperature and humidity flux anomalies, and in section 4, the 
large-scale features in the Southern Hemisphere atmosphere and in the 
North Atlantic Ocean SST are analyzed and linked to the drought over 
SA. We explore the convection anomalies in the Indian Ocean/
Indonesia/West Pacific, the wavetrains and centers of action over Pacific 
and South Atlantic Oceans, the North Atlantic SST, the occurrence of the 
Sudden Stratospheric Warming (SSW), the occurrence of La Niña and the 
humidity flux over SA. We conclude in section 5, comparing this drought 
with those of 2014 and 2015. 

2. Data and method 

Monthly precipitation from the Global Precipitation Climatology 
Project (GPCP 2.3), obtained from NOAA/OAR/ESRL/PSD and 

Fig. 3. Vertically integrated humidity flux (kg. m− 1.s− 1) and divergence (mm/day) for (a) SEP 2019, (b) DEC 2019, (c) JAN 2020, (d) FEB 2020), (e) MAR 2020, (f) 
SEP 2020. 
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described in Adler et al. (2018) were used to identify the areas where 
there were dry conditions over SA during 2019/2020. The atmospheric 
conditions during the period were analyzed using temperature at 2 m, 
temperature, zonal, meridional and vertical wind components, from 1 
000 hPa to 200 hPa, humidity from 1 000 hPa to 500 hPa, geopotential 
heigh at 200 hPa, obtained from monthly ERA-5 reanalysis- ECMWF 
(Hersbach et al., 2020). Outgoing Longwave Radiation (OLR) provided 
by Climate Data Record (CDR)-NOAA (Lee, 2018) was used to analyze 
convection in the Indian Ocean/Indonesia/West Pacific. The Sea Surface 
Temperature (SST) ocean conditions were analyzed using the Extended 
Reconstructed Sea Surface Temperature-version 5 dataset derived from 
the International Comprehensive Ocean-Atmosphere Dataset (ICOADS), 
(Huang et al., 2017). Monthly anomalies of all variables were obtained 
using the monthly 1981 to 2010 climatology period. 

SST indices, such as Pacific Decadal Oscillation (PDO), Atlantic 
Multidecadal Oscillation (AMO), Indian Ocean Dipole (IOD) and El Niño 
3.4 were obtained from NOAA ESRL Physical Sciences Laboratory: htt 
ps://psl.noaa.gov/gcos_wgsp/Timeseries. AMO is unsmoothed, detren
ded from the Kaplan SST V2. PDO is the leading PC of monthly SST 
anomalies in the North Pacific Ocean, derived from OI.v2 SST fields. 
Dipole Mode Index (DMI), which represents the Indian Ocean Dipole 
(IOD), is calculated from SST anomaly at (100 S –100 N, 500 E − 700 E) 
minus (100 S - 00, 900 E - 1100 E) area averaged using HadISST. El Niño is 
calculated as SST anomalies in the area (50 N–50S;1700 W–1200 W) from 
HadISST. 

Besides the analyses of the whole period of extreme drought that 
occurred from spring 2019 to spring 2020 over SA, six months were 
chosen to analyze the spatial atmospheric conditions. These were 
months when large areas of the continent were affected with high 
negative rainfall anomalies: September (SEP) and December (DEC) 
2019, and January (JAN), February (FEB), March (MAR), SEP 2020. 

3. Precipitation, temperature and humidity flux conditions over 
South America 

The austral summer (DEC-JAN-FEB) is the climatological rainy sea
son in large areas of SA, associated with the South American Monsoon 
System (SAMS, Marengo et al., 2012; Carvalho and Cavalcanti, 2016). 
However, during the summer 2019–2020, below normal precipitation 
was registered in the majority of the continent and the negative anom
alies presented higher values than the standard deviation (Fig. 1b,c,d). 
In DEC (Fig. 1b), except over western Amazon, there were dry conditions 
in many regions of SA. The drought was intense in Amazonia, 
central-western and parts of southeastern SA in JAN (Fig. 1c) and FEB 
(Fig. 1d). During these two months, there were positive precipitation 
anomalies over part of southeastern Brazil, extending to the ocean, in a 
pattern consistent with the oceanic South Atlantic Convergence Zone 
(SACZ), when the convective band is extended from SE to the ocean and 
there is dry condition in Amazonia (Carvalho et al., 2004). The same 
configuration was discussed by Vasconcellos and Souza (2020), who 
analyzed the rainy trimester of JAN-FEB-MAR 2020 over SE Brazil. 
Different from this configuration, the continental SACZ is wider and 
extends to the Amazon region (Carvalho et al., 2004; Rosa et al., 2020). 
The dominant mode of precipitation variability in the summer, over 
South America, presents opposite anomalies between the monsoon re
gion and the northwest and southeast SA (Grimm and Zilli, 2009; Cav
alcanti et al., 2017; Barreto et al., 2019). During the 2019/2020 
summer, although there was anomalous positive precipitation over 
southeast Brazil in JAN and FEB, and negative anomalies to the south 
and to northwest, the negative anomalies extended over the whole 
Amazon, in a different pattern, compared to the normal variability and 
to the continental SACZ events. 

Previous to the summer months, dry conditions were established in 
SEP 2019 (Fig. 1a) over SA, and after the summer, high negative 

Fig. 4. Geopotential height anomalies (gpm) and streamlines at 200 hPa of (a) SEP 2019, (b) DEC 2019, (c) JAN 2020, (d) FEB 2020), (e) MAR 2020, (f) SEP 2020.  
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precipitation anomalies extended from the Amazon region to southeast 
SA in MAR 2020 (Fig. 1e) affecting these regions and also the central 
region. The drought continued in some regions of the continent until the 
spring 2020, as shown in SEP 2020 (Fig. 1f), very similar to the pre
cipitation anomalies of SEP 2019 (Fig. 1a). In northern Argentina and 
southern Brazil, the persistence of below normal rainfall was evident 
particularly in SEP 2019, MAR and SEP 2020. Considering the anomalies 
in the whole Argentina, 2020 was considered the fifth driest year of the 
whole time series from 1961 to 2020, and the driest year in Argentina 
since 1995 (SMN, 2021). 

During the analyzed period, the months of SEP (2019, 2020) and 
MAR 2020 registered a large extension of high positive temperature 
anomalies at 2 m, above the standard deviation in many areas (Fig. 2a,e, 
f). The high temperatures and the lack of precipitation contributed to the 
fires that occurred during 2019–2020 in several areas of SA, in Brazil 
(Aragão et al., 2020) and Argentina (SNMF, 2020; MAGyP, 2020). It 
should also be noted that 2020 was the second warmest since 1961 in 
Argentina (SMN, 2021), which may have considerably enhanced the 
drought effects that affected the region. 

The anomalous precipitation conditions during the summer months 
were linked to the anomalous vertically integrated humidity flux 
(Fig. 3), which showed reduced flux towards southeast Brazil in DEC 
(Fig. 3b), and flux anomalies directed to SE and to the ocean in JAN 
(Fig. 3c) and FEB (Fig. 3d), consistent with the precipitation band 
extended over the ocean in these months. There is humidity divergence 
over the dry areas and convergence over SE and the oceanic SACZ. The 
normal conditions during these months exhibit humidity flux from the 

Amazon region directed toward Southeast Brazil or toward La Plata 
Basin (Arraut et al., 2012; Martinez and Dominguez, 2014), many times 
associated with the Low Level Jet (LLJ) occurrence (Marengo et al., 
2004). In SEP 2019, 2020 (Fig. 3a,f) the flux anomalies were very small 
over SA, and in MAR 2020 the flux anomalies were opposite to the 
climatological direction, indicating a reduction in the humidity flux over 
the continent. Consistent with the dry conditions, there were anomalous 
divergence of humidity in large areas of SA. 

4. Large scale features 

The Southern Hemisphere (SH) atmospheric circulation anomalies 
during these months are displayed in the geopotential anomalies at 200 
hPa (Fig. 4). Numbers three and four extratropical wavetrains are 
identified in the patterns, and the common feature is the negative 
anomaly center over southwestern South Atlantic, close to southeastern 
SA, from SEP 2019 to MAR 2020. This center is part of the wavetrain 
that crosses the Pacific Ocean, although with different configurations 
from SEP 2019 to SEP 2020. Over the continent there were persistent 
positive geopotential anomalies, during this period, indicating higher 
thickness and higher temperature than climatology in the atmosphere, 
at the same time that the colder air of the anomalous trough was 
persistent over southwest South Atlantic, extended to South and SE coast 
in DEC and MAR respectively (Fig. 4). In JAN, FEB and MAR, the 
negative center displaced northwards over the ocean, near the coast, and 
contributed to the establishment of the precipitation band over south
east and northeast Brazil (Fig. 1c,d,f and Fig. 4c,d,f). These monthly 

Fig. 5. SST anomalies (0 C) and wind vectors anomalies (m/s) at 850 hPa.  
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average anomalies suggest that the synoptic systems like cold fronts 
were intensifying the oceanic SACZ, while the other regions of the 
continent were dry. The establishment of the cyclonic anomaly over 
South Atlantic Ocean linked to a wavetrain over the Indian and Pacific 
Oceans, during the trimester of DEC-JAN-FEB, was also identified in 
Vasconcellos and Souza (2020), associated with excessive precipitation 
over Southeast Brazil. Besides, they showed an influence of the Atlantic 
SST on this oceanic SACZ configuration, through correlations between 
SST in the subtropical South Atlantic and precipitation anomalies over 
South America. Consistent with those analyses, from DEC 2019 to MAR 
2020 there are negative SST anomalies in this region of Atlantic Ocean 
and positive SST anomalies in large areas of the North and Tropical 
Atlantic (Fig. 5). 

To investigate why the anomalous negative center over southwest 
South Atlantic was persistent, as well as the maintenance of positive 
geopotential anomalies over the continent, the conditions over the Pa
cific Ocean were analyzed. It is known that the Madden-Julian Oscilla
tion (MJO) affects the SACZ trough interactions tropics-extratropics by 
the Pacific South America (PSA) wavetrain or through the zonal tropical 
displacement of convection (Mo and Paegle, 2001; Cunningham and 
Cavalcanti, 2006; Carvalho et al., 2011). The typical MJO configuration 
over Equatorial Pacific is a west-east pair of anomalous negative and 
positive OLR, meaning anomalous convection, which displaces east
wards in an intraseasonal timescale (Madden and Julian, 1972). How
ever, during 2019/2020, this pair remained stationary for more than six 
months over the Indian Ocean and Indonesia and did not displace 
eastwards (Fig. 6). This seems to affect the usual triggering of the PSA 
wavetrains that affect SA, and could have collaborated to the statio
narity of the cyclonic center over southwestern South Atlantic Ocean, 
which affected areas of SE in JAN and FEB and areas of NE in MAR 
(Fig. 4). This cyclonic center is part of a wavetrain observed from the 
steady convection anomaly over the Indian Ocean (Fig. 6) during the 
period. Vasconcellos and Souza (2020) linked the divergence at high 

levels over the Indian Ocean to the presence of a wavetrain to SA in the 
trimester of JAN-FEB-MAR (2020). Consistent with that discussion, 
wavetrains are observed in the monthly analyses of geopotential height 
and streamlines anomalies from the Indian Ocean to SA (Fig. 4). 

Another feature that can be related to the drought during the period, 
was the occurrence of the Sudden Stratospheric Warming (SSW). Lim 
et al. (2019) related the weakening of the SH polar vortex to droughts in 
Australia, showing that during these periods there were strong positive 
temperature anomalies and reduced precipitation over Australia. The 
2019 SSW event was discussed in Lim et al. (2021), where they show 
that the stratospheric polar vortex weakening induced the negative 
Southern Annular Mode (SAM) phase, which contributed to the 
Australian drought. Shen et al. (2020) discussed the relations of this 
event in September 2019 with a blocking situation between 1200 W and 
900 W that could increase the amplitude of the planetary waves and 
contribute to their propagation into the stratosphere. It is known that 
this propagation has an influence on the stratospheric polar vortex, 
reducing its intensity at the same time that there is a stratospheric 
warming (Baldwin et al., 2021). In Fig. 4a (SEP, 2019) the positive 
geopotential anomaly center over southeastern Pacific Ocean, likely 
related to a blocking high, is consistent with Shen et al. (2020). In DEC 
2019 the SAM negative phase is observed (Fig. 4b), coherent with the 
results of Rao et al. (2020) who found the impact in the troposphere 
some months after the SSW occurrence. Fig. 7 shows the vertical 
structure of temperature and zonal wind anomalies, averaged in longi
tudes of 1200 W–3600 W, from SEP 2019 to MAR 2020. The strong 
heating in the stratosphere from the pole up to 500 S is observed in SEP 
2019, at the same time that there are strong negative zonal wind 
anomalies, indicating the weakening of the stratospheric polar vortex. In 
October, November and December 2019 the westerlies weakening ex
tends to the troposphere, resulting in the SAM negative phase in DEC 
2019. The anomalous heating displaces from the stratosphere to the 
troposphere from SEP to DEC and it spreads over SA in the following 

Fig. 6. Hovmöller diagram of OLR (W.m− 2) averaged in latitudes of 10 S–10 N.  
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months. The negative SAM phase weakened in JAN and turned positive 
in MAR. The positive phase indicated by the geopotential average of 
JAN-FEB-MAR (2020) in Vasconcellos and Souza (2020) was related to 
the anomalous precipitation in the oceanic SACZ. The SAM influences on 
SA precipitation have been discussed in Silvestre and Vera (2003), 
Reboita et al. (2009), Vasconcellos and Cavalcanti (2010), Rosso et al. 
(2018). These studies show that during summer and positive phase, 
there is increased precipitation over SE Brazil associated with the SACZ 
and negative precipitation to the south. During the negative SAM phase 
there is negative precipitation anomaly in Central-West and Southeast 
Brazil and positive anomalies to the south. The mechanisms linked to the 
southern anomalies were related to the northward displacement of the 
stormtracks and intensification of the subtropical jet or the contribution 
to intensification of PSA wavetrains. However, during DEC 2019, as 
other factors were acting, negative precipitation anomalies extended to 
the south, and the southern sector of Central-West Brazil presented 
positive anomalies (Fig. 1 b). The positive precipitation anomalies over 
the ocean suggest that the stormtracks were more active over the 
Atlantic Ocean. The occurrence of negative SAM, generating subsidence 
over subtropical areas, was also discussed as a primary driver of extreme 
dry and hot conditions in Australia during spring 2019 (Lim et al. 2019, 
2021). Therefore, the SAM negative phase observed in DEC 2019 could 
be another contributor for the dry conditions over the observed areas. In 
MAR 2020 the SAM positive phase was observed (Fig. 4e), which favors 
dry conditions over SESA. 

Other features influenced the drought in SA during the analyzed 

period. Above normal SSTs were observed in all oceans, mainly in the 
North Atlantic Ocean, during the whole period of the SA drought. Fig. 8 
shows the average of SST anomalies in the longitudes of 700 W–350 W 
for each latitude between 180 N–340 N from January 2019 to September 
2020, indicating warmer than normal SST during the drought period. 
The influence of North Atlantic Ocean SST heating on south of Amazon 
droughts was discussed in several studies, such as Zeng et al. (2008), Zou 
et al. (2016), Erfanian et al. (2017). The mechanism is the establishment 
of a local Hadley cell, with upward motion over the warmer than normal 
North Atlantic Ocean and subsidence over Amazon. The warmer than 
normal SST in the North Atlantic has also an influence on the Inter
tropical Convergence Zone (ITCZ) position, which displaces northwards 
in this condition (Nobre and Shukla, 1996; Hastenrath, 2006). 

Timeseries of precipitation anomalies averaged in Central-West area 
(650 W–500 W; 120 S–250 S) and South area (650 W–500 W; 250 S–350 S) 
are shown in Fig. 9 for SEP and Fig. 10 for MAR. These are months when 
the 2019/2020 drought spread over the continent (Fig. 1). Figs. 9 and 10 
also show the timeseries of DMI, PDO, AMO and El Niño 3.4 indices. 
Although PDO and AMO have a decadal variability, the indices have also 
shorter timescale variability. 

During the analyzed period, the Atlantic Multidecadal Oscillation 
(AMO) indicated a positive phase for SEP 2019, SEP 2020 and MAR 
2020. It is seen that SEP 2019 and SEP 2020 are years within the five 
driest years (1988, 2004, 2007, 2019, 2020) in Central-West area and 
within the four driest years (1987, 2016, 2019, 2020) in South area. 
MAR 2020 is within the six driest years in Central-West area (1990, 

Fig. 7. Vertical structure of temperature anomaly (0C) and zonal wind anomaly (m.s− 1) averaged in longitudes of 1200 W–3600 W for (a) SEP 2019, (b) OCT, (c) 
NOV, (d) DEC 2019, (e) JAN 2020, (f) FEB 2020), (g) MAR 2020. 
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2002, 2004, 2007, 2012, 2020) and also within the six driest years 
(1982, 1997, 2004, 2008, 2012, 2020) in the South area. Tables 1–4 
show these extreme precipitation years and the sign of the indices. It is 
seen that unless 1988 and 2016, DMI was positive or neutral when 
precipitation anomalies were negative in both Central-West and South 
areas. AMO sign was positive for all years with precipitation anomalies 
negative in both areas, except 1982, 1988 and 1990. El Niño 3.4 was 
negative or neutral for the majority of years with negative precipitation 
anomalies in both areas, except in SEP 2004 and MAR 2020. PDO pre
sented different relations with precipitation anomalies in the two areas. 

In Central-West the majority of years with negative precipitation 
anomalies occurred with PDO negative, unless MAR 2004 and SEP 2019. 
In the South, there were positive or negative PDO in cases of negative 
precipitation anomalies in SEP and MAR, but in 2020 it was negative in 
both months. 

The Pacific Decadal Oscillation (PDO) index was negative in MAR 
and SEP 2020 and AMO was positive in MAR 2020, SEP 2019 and SEP 
2020. The occurrence of positive AMO phase and negative PDO phase 
may have intensified the drought over SESA and Central Brazil, as these 
regions present dry conditions during this combination shown in Kayano 

Fig. 8. Hovmöller diagram of SST anomalies (0C) averaged in the longitudes of 700 W–350 W for each latitude between 180 N–340 N from January 2019 to 
September 2020. 

Fig. 9. SEP timeseries of DMI, PDO, EN_3.4, AMO and precipitation anomalies in (a) Central-West area (650 W–500 W, 120 S–250 S), (b) South area (650 W–500 W, 
250 S–350 S). 
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et al. (2019). The Dipole Mode Index (DMI), which represents the Indian 
Ocean Dipole (IOD), was positive and high in SEP 2019 and MAR 2020 
and could have contributed to the establishment of a wavetrain over 
Indian and Pacific Oceans that reached South America. The influence of 

the IOD on South American climate was discussed by Saji et al. (2005), 
who showed positive correlations between IOD and land surface tem
perature over subtropical SA, and by Chan et al. (2008), who found 
reduced precipitation over central Brazil associated with positive IOD. 

Correlations of these indices with precipitation anomalies are shown 
in Fig. 11 (SEP) and Fig. 12 (MAR). The negative correlations between 
the AMO index and precipitation anomalies over Amazon, Central-West 
and Southeast Brazil (Fig. 11 a) illustrate the relation between North 
Atlantic positive SST anomalies and dry conditions over SA in SEP. 
Positive correlations of EN_3.4 index or PDO with precipitation anom
alies in Central-West area (Central and Southeast) in SEP indicate dry 
conditions in these areas in La Niña events and negative PDO (Fig. 11 b, 
d). Negative correlations in areas of SA between DMI and precipitation 
anomalies are consistent with dry conditions in the positive phase 
(Fig. 11 c). In MAR, there are negative correlations in some areas with 
DMI and AMO, and positive with EN 3.4 and PDO in the south, but only 
small areas with significant correlations (Fig. 12). 

The occurrence of a canonical La Nina event in the second half of 
2020 (negative EN_3.4 in SEP, 2020), which persisted up to the begin
ning of 2021 contributed to the continuity of the SA drought, mainly in 
southern Brazil, illustrated by the precipitation anomalies in SEP 2020 
(Fig. 1f). The influence of ENSO events on southern Brazil was discussed 
by Grimm et al. (2000), and several studies showed the relation between 
canonical La Niña occurrence and negative precipitation anomalies over 
Southern Brazil (Tedeschi et al., 2013). The typical cyclonic circulation 
anomaly at high levels over east Tropical Pacific Ocean during La Niña 
events is seen in Fig. 4f. This anomaly induces the wavetrain towards 
south of SA, which then turns northwards, establishing an anticyclonic 
circulation and positive geopotential anomalies over the regions where 
there are negative precipitation anomalies (Figs. 4f and 1f). 

5. Conclusion 

The paper describes the impacts of the 2019/2020 drought on agri
culture, water resources and fires in Brazil, Argentina, Paraguay and 
Uruguay and discusses the atmospheric and oceanic features that 
contributed to the extended dry period in these regions. The drought 
reduced the crops, reduced the river levels, affecting the fluvial trans
portation, and reduced the hydropower generation. The high tempera
tures and the reduction of humidity in some months also had a negative 
impact, causing extensive and intense fires in many regions of SA. 

The analyses showed that there were several processes that 
contributed to the drought, different from other dry years in SA, for 
example, 2014 and 2015 (Coelho et al., 2016; Cavalcanti et al., 2017). In 
those cases, there were influences of wavetrains triggered by convection 
in the western tropical Pacific Ocean on the establishment of a high 
pressure center anomaly over southeastern SA, responsible for the dry 

Fig. 10. MAR timeseries of DMI, PDO, EN_3.4, AMO and precipitation anomalies in (a) Central-West area (650 W–500 W, 120 S–250 S), (b) South area (650 W–500 W, 
250 S–350 S). 

Table 1 
Indices in SEP and negative precipitation anomalies in the South (+: positive 
phase, -: negative phase, n: neutral phase).   

DMI PDO EN_3.4 AMO APREC 

1987 + + + + - 
2016 - + - + - 
2019 + + n + - 
2020 n - - + -  

Table 2 
Indices in SEP and negative precipitation anomalies in the Central-West (+: 
positive phase, -: negative phase, n: neutral phase).   

DMI PDO EN_3.4 AMO APREC 

1988 - - - - - 
2004 N n + + - 
2007 + - - + - 
2019 + + n + - 
2020 n - - + -  

Table 3 
Indices in MAR and negative precipitation anomalies in the Central-West (+: 
positive phase, -: negative phase, n: neutral phase).   

DMI PDO EN_3.4 AMO APREC 

1990 n - n - - 
2002 n - n + - 
2004 n + n + - 
2007 + - - + - 
2012 + - - + - 
2020 + - + + -  

Table 4 
Indices in MAR and negative precipitation anomalies in the SOUTH (+: positive 
phase, -: negative phase, n: neutral phase).   

DMI PDO EN_3.4 AMO APREC 

1982 n n n - - 
1997 + + n + - 
2004 + + n + - 
2008 + - - + - 
2012 + - - + - 
2020 + - + + -  
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conditions. Another extreme drought over the SA monsoon region in 
2001 was related to a large number of cyclonic vortices at high levels, 
which displaced from the tropical Atlantic Ocean to the region, and to 
wavetrains over the Pacific Ocean linked to tropical convection anom
alies (Cavalcanti and Kousky, 2001). 

In the present case, many features were observed during the period, 
summarized as follows. There were steady conditions of convection 
anomalies in the Tropical Western Pacific Ocean, which contributed to 
the steady conditions over SA and over the Atlantic Ocean. There was 
occurrence of the SSW, which resulted in the negative phase of SAM and 
also the heating propagation to the troposphere. The warm North 
Atlantic Ocean SSTs in 2019/2020 contributed to the dry conditions 
over Amazon and central SA, consistent also with Marengo et al. (2021) 
who associated the anomalous North Atlantic Ocean warming with the 
2010 and 2019 droughts. The North Atlantic positive anomalies could be 
associated with the Atlantic Multidecadal Oscillation (AMO) positive 
phase. AMO influence on the 2020 drought in southern Brazil was also 
indicated by Grimm et al. (2020) as a contributor to the extreme 
observed dry conditions. Chen et al. (2011) related fires in southern 
Amazon to the AMO positive phase, associating this phase with dry 
conditions. Another driver of the observed drought in SA could be the 
occurrence of an extreme Indian Ocean Dipole (IOD) in the positive 

phase during SON 2019, also discussed by Du et al. (2020). These in
fluences occur through a wavetrain from the Indian Ocean to SA. 
Therefore, this event could have contributed to the dry conditions over 
SA in 2019 spring. During the months of JAN, FEB and MAR, while there 
were dry conditions in Central-West and South areas, there was exces
sive precipitation over parts of Southeast, associated with an oceanic 
SACZ, that was intensified by the stationary trough over southwest 
South Atlantic and by the South Atlantic SST gradient between 
tropical-subtropical regions. 

All these large scale aspects, along with the PDO negative phase and 
occurrence of a canonical La Niña event in the second semester of 2020, 
contributed to the development and extended period of dry conditions 
over SA during the analyzed period causing what is to date, the most 
widespread drought in time and space that has affected large regions of 
the continent. 
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Fig. 11. Correlations between indices and precipitation anomalies in SEP (a) AMO, (b) El Niño 3.4, (c) DMI, (d) PDO. Contours indicate the areas with significance 
level less than 0.1. 
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