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Executive summary

1 Droughtis affecting centratsouthern Brazilificluding the states oMinasGerais Sao Paulp
Parang Mato Grosso do Sul) and parts ofafdguay and Bolivia an area roughly
correspondinggeographicallyto the Parana basinWith shrinking reservoirs,ydropower
productionis at risk, with potential cascading effects on the whole econorof these
countries Crop damagesave beenreported from Brazil and more impacts on the primary
sector are expected in the coming months. Ecosystems, including those of Par{taral
largest tropical wetlandsarea in the world) are also affected. Bra#dian authorities have
declareddrought energency for the Paran8asin until November 2021.

1 A lack of precipitation during most of 2021, combined with the marked deficit accumulated
during 2020,has led to the current dry conditionss reflected both by groundwater levels
and soil moisture. Somlocations (e.geastern Sdo Paulcstate) received nearly half of the
expected rainfall duringhis period.Deforestation of the Amazonglobal warmingand La
Nifia,in addition tonatural interannual variability, areconsideredo be the main drivers of
the increasingincidence ofdroughtthat has affected the region inrecentyears

1 The sixmonth precipitation outlook leans towards normal conditions and, despite
uncertainty, suggestno meaningful recovery for at least thérimester up to August 2021
Depending onthe amount of precipitation in the last quarter of 2021, theéext growing
season might be affectedConcerning surfaceater and groundwater supplies these may
well evincebelow average conditionslue to the longterm deficits accumulated ir2020
and 2021
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Risk of drought impact for agriculture (RDrl-Agri)

The GDOindicator RDrAgri shows the risk of having impacts from a drought, by taking into
account the exposure and soeeconomic vulnerability of the area, with particular focos
agricultural impacts.

Regarding pecipitation, 2020 was a difficult year for large parts of South America, with
unrelenting deficits spread over vast areasptably across the whold_a Plata /ParanaBasin
(north-east Argentina, Paraguayeastern Bolivia, Uruguaysouthern Brazit Figure 1, right
During the following months conditions improved in some places, but not in Biaes$pite
flooding in the Amazon basin and in the noettm Brazil, 2021 brought dry conditions in the
centresouth of the country within the Paranabasin in particularand especially the upper
Parana Moderate risks of impactoom primarily over the states of Minas Gerais Sdo Paulp
Parang Mato Grosso do SyFigure 1, left For reference to Brazilian statesee Figure 14
Neighbauring regions, including fringes of Paraguafrgentinaand Bolivia, arealso affected.
Overall,about 15-20 million people are exposed to moderate high risks of drought impacts.
Though it hadluctuated, some level of risk has been constantly present in the area for many
months, asillustrated bythe time-seriesdata shownin Figure 2.

Agriculture is an important sectaf Brazilianeconomy and the centresouth of the country is
a key area for agriculttal production particularly for grains, oilseedsind cattle. Brazil is a
major global producer of soybeansnaize, sugamand coffee, to theextent that the country
annual yield influence global pricg In the centresouth, thanks to modern agriculture and a
good coping capacity, food security is not a concamd population vulnerability is relatively
low, althoughpovertyis still common.

Ecosystems aralso seriouslythreatened by droughtThe Pantanalregion an areaof utmost
importance forglobalbiodiversityand lome toseveral Ramsasites’, iscurrentlyaffected, with
its ecosystems exposefbllowing the marked draight of 2020% € .

Limited precipitation in the uppeParanaBasinmay determine hydrological drought conditions
hundreds of kilometesto the south, where rivers are a key resource for the local and national
economes of Paraguay and Argentinalndeed, bothcountries are strondy dependenton
waterborne inland transportation and hydropowdParaguayzipower generation is100%
hydroelectri€, and Brazilalsorelieson hydropower fotwo thirdsof its needs Duringthe second

! https://erccportal.jrc.ec.europa.eu/ERCmaps/ECDM_20210611-Smattica_Floods.pdf

2 Convention on Wetlandsitps://www.ramsar.org/sitesountries/wetlandsof-internationatimportance

3 https://edo.jrc.ec.europa.eu/documents/news/GDODroughtNews202004_Great_Chaco_and_Paraguay_basin.pdf
4 https://phys.org/news/20205-extreme droughtaffected-pantanalhtmi

5 https://www.hydropower.org/counipyofiles/paraguay
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half of 2020, relevant impacts were recorded the aforementioned sectors angiven current
conditions, theyare likely tocontinuetowards the end of 202%.

Atlantic
Ocean

Figure 1: Left: risk of drought impact for agriculturéRDAAQr), 1 to 10 June 2021; the box
outlines the La Plata basifRight:.La Phta Basin credits: Kmusser, CC A 3.QWikimediaC).
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Figure 2: Risk of drought impact (RBAgri), evolution over time iBao Paulcstate (Brazil).

Precipitation

Precipitationis measured bytotal monthly levelsof rainfall, as shownin Figure 3.Precipitation
patterns are radically different between the uppBaranaBasin (and inner regions northwards)
and the lowerarea of the basin. The upper area currently at the core of the droughhas a
marked inter-seasonal variationwith a lrief dry seasonand a peak around December and

6 Chapter 4.5
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC125320/jrc125320_annual_droughts_report_final.pdf
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January(Figure 3 top and centre)Seasonality of rainfall fadesway mid-basin,overthe cross
boundary area of Paraguay, Brazil and ArgentfRegure 3 bottom) Neverthelessstrong deficits
were recordedn both parts d the basin and many months show half or less the loitgrm
average.In several areas,ite accumulated deficiluring the whole of 2020 and the first half
of 2021 is remarkable, as displayed Wsigure 4 reaching a mere 50% of the lonterm average
expeced for the same period.
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Figure 3: Monthly total precipitatior{blue bars)in three selecteddcations with the longterm
monthly averageand standard deviatior§1981-2010).
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The severe droughts of the past ten years over the wider Parana Basin can be linked to a variety
of drivers, beyond the inteannual natural fluctuations of rainfall. Deforéation of the Amazon

may cause a reduction of cloud formation and rainfall southward&lobal warming could
increase loss of humidify Especially in relation to the current drought, La Nifia may also play a
key rolé.
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Figure 4: Cumulative precipitatio over a period of 18 months near Pontalind§&o Paulp
Brazil,-204 N,-50.6 E). The bar colors indicate the cumulative deficit (red gradient) or surplus
(blue gradient), compared to the cumulated monthly letegm average (solid line), for the same
time span and location. The boxes overlapping the bars are the monthly totals stacked.

Standardized Precipitation Index (SPI)
The GDO indicato6PI is used to monitor the occurrence of meteorological drought. The lower
(i.e. more negative) the SRhe more ntense is the drought.

Very lowvalues inthe mid- and longterm SPIs are observed ovan enormous area spanning
acrosscentral and southern Brazil, indicating a very severe meteorological dro(f§gtre 5)

The similarity between the anomaly distributie at the 9- and 24-month time-scale suggests
how both the last wetest months and those of 20192020 brought much less rainfall than
normal, and roughly over the same geographigalgions In the shorter term, onlysome
locations seem to experience stromigficit (Figure 5, bottom), but still among thos®rdesthit
previously(Pantanal in MataGrosso do Sul and the east, western Sdo Paulo, southern Minas

7 https://www.frontiersin.org/articles/18889/frwa.2021.639204/full
8 https://www.scielo.br/j/brag/a/Y IWKKkMVrfYKbgIJmbTrBynbL/
9 http://Mmww.cnpt.embrapa.br/pesquisa/agromet/pdf/applications/capl11.pdf

GlobalDrought Observatoryhitp://edo.jrc.ec.europa.elgdo 5


http://edo.jrc.ec.europa.eu/gdo
https://www.frontiersin.org/articles/10.3389/frwa.2021.639204/full
https://www.scielo.br/j/brag/a/YJWkkMVrfYKbgJmbTrBynbL/
http://www.cnpt.embrapa.br/pesquisa/agromet/pdf/applications/cap11.pdf

GDO Analytical Report

Drought in centre-south Brazil - June 2021
JRC Global Drought Observatory (GDO) of the Copernmasjercy Gp
Management Service (CEMS)2/06/2021

ernicus

Europe’s eyes on Earth

Gerais parts of Paran§ Looking atthe extent andvaluesof SP424 in particular, this drought
eventis likely to have influenc®n soil conditions and water availability in generfdr quite a
long time.Indeed, as the timeseries of Figure 6 show, the current prolonged lack of precipitation
is the severest on record sincd least 1970 at different time scalesand locations

Accordingte= m\ u d g ¥ nMpnitoringeanuEafyaMarmirfy of Natural Disasters CEMADER,),
° rought duration, measured by continuous SPI valuedomgerthan six months mostly over
Central Brazil and the northwest part of 8&aulo state:
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Figure 5: SPI forMay 2021, atcumulative
periods of 24 months (topleft), 9 months
(top-right), 3 months (bottorrright).

10 contributed byDr. Marcelo Zeri, Dr. Ana Paula Martins do Amaral Cunha, Dr. Luz Adriana Cuartas, Dr. José A. Marengo
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Figure 6: Timeseries of 1 fortwo selected locations: wester8do PauldSP412,

Partanal (Mato Grosso do Sul, S#8, bottom).

SPI outlook

In June2021, the regionis at the start of itsdriest period of the yearmore soespecially far
from the coastand north of Paraguay with no chance to recover from the accumulated deficits.
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Theefore, the neutral outlook for the trimester from June to August is of limitedevance(not
shown) At the sixmonth time-scale, uncertainty is still high, anehostly neutral conditios are
forecastedup to November 2021over the areas currently expeneing drought (Figuré). Some
improvementmay happen in the states oParana(south) and Santa Catarina, where rainfall is
more evenly distributed during the year anmhore abundant overall.Higher than average
precipitationis expected to thenorth-east, but any extra rainfall there would not bring relief,
since all receiving rivers drain northwards andawfrom the affected basinsRParang.

- Warning of

extreme dry conditions

No waming

Warning of

- 'Sa‘rjt’a”Cr.L(l,Z mm ¢ ©4reme wet conditions

.,,A‘Cucririgg.igas:ﬁu “Rio de Janeiro
A ] Figure 7: SPI outlook for the six months

from June to November 2021 (SH#),
based on ECMWEF $msemble forecasts.

| b
i Porto Alegre,

| ®Cordoba

Soil moisture and groundwater anomaly

The aim ofthe GDOsoil moistureindicator is to provide an assessment of the topsoil water
content, which is a direct measure of drought conditions, specifically the difficulty for plants to
extract water from thesoil.

At the end of 2020, soil moisture conditions were very poor across most of southern Brazil and
beyond to Argentina, as well as eastern Paraguay and the Bolivian lowlands (Fgtop-left).

By January 2021, all soil moisture deifis appeared to have beemompensated and even
surplusesare indicatedin some of the same areasthanks to abundant precipitation recorded
aroundthis time (Figure8, top-right). However, as soon as precipitation decreased again during
all of the following months,moisture deficits returned especially in states o5&o PaulpMinas
Geraisand Mato Grosso do Sul (FiguB bottomtleft). Thetrend of the anomalies is well
captured by the timeseries fromSao Paulcstate (Figure 9)
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Management Service (CEMS)2/06/2021

A further constraib on water availability is the depletion of groundwater, as capturedtbg

total water storage anomaliesAs of March 2021, a groundwater negative anomaly was
detected over a wide belt just north of Paraguay, spanning from eastern Bolivia to the Atlantic
coast, including the Bradman Pantanal (Figur&0). The whole area has been constantly affected
by relatively low groundwater levels since May 20243 shownby reducedlevelsin rivers and
wetlands,without providing any buffering against shoterm fluctuations in precipitatiorfor
water abstraction

Drier than normal< || 2—-15
_ 45—
Near normal conditions I:l -1—+1
( 1-15
Wetter than normal 4 [ 152

-
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Figure 8: Soil moisture anomaly foselected
periods: November 2020 (topeft), January
2021 (top-right), May 2021 (bottorreft).
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Figure 9: Soil moisture anomaly, evolution over timestate of Sdo PauldBrazil).
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Figure 10: Gravity Recovery and Clima
Experiment (GRACE Total Water Storage
(TWS) Anomaly over Brazil, March 2021.

fAPAR anomaly

The satellite-based GDO indicatafraction of Absorbed Photosynthetically Active Radiation
(fAPAR) represents thiaction of the solar energy absorbed by leaves. fAPAR anomalies,
specifically the negative deviations from the lortgrm average over the same period, are a
good indicator of droulgt impacts on vegetabn.

In line with soil moisture, widespreatAPAR negative anomalies were detected across the
centre south of Brazilat the endof 2020 (figure 11, top-left). Conditiongmproved in the first
quarter of 2021 in some areasat the core of the growing seasoand decreased again since
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April2021 (figure 11, top-right and bottomleft respectively) Such oscillations reflect quite well
the same trends observed for soil moisture and groundwater andesln the upperParana
basin However,in the Pantanal area (Mato Grosso do Sul) and eastern Paraguasifiye
conditions persisbverall and mayindicat a higherresilience of vegetation

-
Photosynthetic activity | - 215

lower than normal
15—

Near normal condifions I:l 1=+

'-1—1_5

Phofosynthetic activity
higher than normal | - 15-2
- =2

Nodata |

Figure 11 : fAPAR anomalgentre south
Brazil,for the period between 21 October
and 15 November 2020 (togeft); 21 March
and 1st of April2021 (top-right); 21 May
and 1st of June 2021(bottom:-left).
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CEMADEN'’s Integrated Drought Index (IDI)*!

Theanalysis ofthe GDO drought indicatorsutlined previouslyleads to similar conclusionssa

the results of thelntegrated Drought Index (IDI), calculatedBsazd g 2n > " 1 om™ haj mAH]j
Early Warning of Natural Disaste(€EEMADENThe IDindicatoris calculated as an average of

the Standardized Precipitation Index (SRI,aBd 6-months scales), and the satellite products
Vegetation Health Index (VHily NOAA, and Relative Exdctable Water (REW), from NASAIl

Moisture Active Passiveatellite (SMAR. The indices are converted five different classes of

drought intensity andne class onormal conditions (Figur&?2).

1S 3 IIS 6

[ HPP Serra da Mesa
1 HPP Furnas ol
[CJ HPP Tres Marias

Drought classification
Normal condition

[ HPP Passo Real 'Y g - W, :?Or:jonnally Ory
[ HPP Ttaipu v \efate

[ HPP Segredo - ms«:vner:le

[ HPP Barra Grande sl

[ Sistema Cantareira

Figure 12: IntegratedDroughtindex (IDIY indice Integrado de SecdlS),using VHI, REW, and
SPI forMay 2021 at temporal scale 08 (left) and 6(right) months

The driving indexor the CEMADEN and GDO indicatisr$SPI,which explairs the agreement
between theresults The value of the IDI for May 2A2 compared with April, exhibits drought
conditions over most of the country, with intensification over regi@entratWestBrazil(Regido
CentreOeste do Brasi))SoutheastBrazil (Regido Sudeste do Brasdnd SouthBrazil (Regiao

Sul do Bras). Overall, moderate to extreme drought conditions predominate over the states of
Mato Grosso do Sul (including the Pantanal region) and S&o Paulo. When compared with April
2021, an intensification of drought condition&as obsered over the central part of the state

of Minas Geraisoverthe state of Mato Grosso do Sul, and over the western part of the Northeast

11 Contributed byDr. Marcelo Zeri, Dr. Ana Paula Martins do Amaral €ubh Luz Adriana Cuartas, Dr. José A. Marengo
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region(Regido Nordeste do Brasiffonversely, decreasing drought was observed over most of
the South region, xcept for its western part.

Reported impacts
Brazilian authorities haveleclareda drought emergency for thé>aranabasin and all sectors
affected bythe droughtin the region until November 202% 13,

Resenwirs and riverslevels are very low for the pgod, the worst on record for many of them
as of early May2021, and essentially unchangedincethen'* *°. Both Brazil and Paraguay are
highly dependent on hydropoweshrinking reservoirs aréhreatening hydroelectric generation
and, & drought hits hydropoweproduction, electricity prices arget to increase, with potential
consequences oimflation'® 7.

According tanformation from CEMADER the Itaipu Hydropower Plant (HPforded inflow

of 46% of the longterm mean the lowest ever recorded for Magiuring the interval1993-
2020. The Segredo HPP presented inflow values below the-teng mean since Marck021,

with inflow of 25% of the longterm mean in May. The Passo Real HPP, has inflow of 39% of
the average vale for May. Over Central Brazthe inflow of Serra da Mesa HPP was 69% of
the mean, while the reservoir level at the end of May was at 37% of full capacity. Over the
Southeast Brazil, the Furnas HPP registered an inflow of 45% of the mean, with its reservoir at
only 37% of full capacity. The servoir at the Trés Marias HS has 66% of its capacity, with
inflow of 45% of the mean for May. Finally, for the Cantareira System, the main water supply
for the Metropolitan Region of Sdo Paulo, the inflow was of 34% of the mean, which represents
48% of the full capacity reservoir. It is lower than the value of 58% for May 2020.

Authorities may grant transitory waivers on minimum flows regulations for power production,
albeit those may affect transportation, ecosystems and other uses downstredrhe Parana
waterway is keyto maintain theexport capacityneeded forBrazilian agricliural products, as

well as for Paraguay and Argentina economies downstream, and negotiations on the best

12 https://www.gov.br/ana/gir/assuntos/monitorament@-eventoscriticos/eventoscriticos/salasde-
acompanhamentd?arandResolucacANA771junho2021.pdf

13 https://g1.globo.com/economia/blog/afiar/post/2021/05/28/comitedo-governeemite-alerta-de-risco-hidrico e-tenta-
evitar-racionamentede-energia.ghtmi

14 https://www.gov.br/ana/gtr/assuntos/monitoramenta-eventoscriticos/eventoscriticos/salasde-
acompanhamentd?arandNTC_3 2021 ANA.pdf

15 https://www.gov.br/ana/gtr/assuntos/monitorament@-eventoscriticos/eventoscriticos/salasde-
acompanhamentd?aranddocumentos/2ereuniacgta-Paranal7jun2l.pdf

16 https://www.batimes.com.ar/news/economy/histahioughtthreatensbrazilseconomy.phtml

17 https://g1.globo.com/economia/noticia/2021/04/30/coiter luz-fica-mais-cara-em-maio-e-tera-bandeiravermelha 1-
define-aneel.ghtml

18 personal communication: Dr. Marcelo Zeri, Dr. Ana Paula Martins do Amaral Cunha,Adidimia Cuartas, Dr. José A.
Marengo
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tradeoffs are openat government levéP. Water supply is not at riskverdl as of June 2021,
with some exceptiort8, and government is keen to avoid water rationthg

Concerning agriculturenore thantwo thirds of the affected area is used for agrgastoralism
(crop and livestock productiomnd drought has direct negative impts on thesector.Strong
impacts are expected on livestock in Mato Grosso do Sul and western Sao?’P&MBRAPA
(Empresa Brasileira de Pesquisa Agropecuéaria, Brazilian Agricultural Research Corpfhagson
at risk the irrigated landand agricutural crops with long cycles, such as coffee, sugarcane, fruit
and forest speciesmpacts seem tdoe already confirmed on coffee, for examplend its price

is expectedto go up?®. As a matter of facs, according to assessments for May 2021 2445
municiglities (approximately 50% of the total number of municipalities of Brazil) showed at
least 40%o0f its crop areas under drought. Overall, the regions most affected are Southeast and
South Brazil, with 63% and 56% of municipalities, respectively, with mib@n 40% of crop
areas under drough

Although not directly related to the drought analysis presented het@ught driveswildfire
hazard whichcurrently classifiecas moderate to high in most othe upperParanabasin figure
13), including the Pantanal area. There, prospects are bad for the incoming fire s€asdier
an already extremely dry 2020, situation ofincreasing detriment to the ecosystems.

19 https://www.gov.br/ana/gtr/assuntos/monitorament@-eventoscriticos/eventoscriticos/salasde-
acompanhamento/parana/documentos/ofigiec-650-2021-se-minf-1.pdf

20 https://www.aen.pr.gov.br/modules/noticias/article.php?storyid=113133&tit=E stiagantem-impacto na-RMCe-afeta-
baciasdosrios-Paranae-lguacu

2! https://g1.globo.com/sp/samaulo/noticia/2021/05/28/governdederalemite-alerta-de-emergenciahidricapara-estado de-
sp-de-junho-a-setembraprevisace-de-secapara-o-periodo.ghtml

22 https://www.embrapa.br/busede-noticiast/noticia/62597909/artjo-mapeamentedas-areas afetadas pela-estiagemno-
brasil

2 https://lwww.aen.pr.gobr/modules/noticias/article.php?storyid=112775&tit=Boletigropecuarieapontaretracac de-9-na-
producaede-cafe-e-valorizacaeno-preco

24 Source: CEMADENrgonal communication from Dr. Marcelo Zeri, Dr. Ana Paula Martins do Amaral Cunha, Dr. &na Adri
Cuartas, Dr. José A. Marengo

25 https://news.trust.org/item/202105271513%Adqdn
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Drought in centre-south Brazil - June 2021

JRC Global Drought Observatory (GDO) of the Copernmasjercy
Management Service (CEMS)2/06/2021
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Figure 13: Fire danger forecast according to the Fire Weather IndeX,df1June 2021. Source:

Global Wildfire Information SystemGWI%®
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26 https://gwis.jrc.ec.europa@pps/gwis_current_situation/
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Atlantic Figure 14: Map ofBrazilian
States (Credits:I, , CC B'BA
3.0, via Wikimedia Commois
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