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OUTLINE

1. Compound Drought and Heatwaves

• Historical Characterization 

• Casy-studies: the summer seasons of 2013/2014 and 2014/2015

2. The record-breaking 2013/2014 hot summer

• The exceptionality of the drought and heatwave conditions.

• Influence of mesoscale meteorological drivers and soil moisture–temperature coupling on temperature escalation 

3. Combined large-scale tropical and subtropical forcing on severe droughts

• The joint role of internal variability and climate change on severe soil dessication 

• Flash droughts triggered by a coupled tropical and subtropical forcing

4. Future influence of soil moisture–temperature coupling on compound hot and dry conditions

• Impact of climate change on the occurrence of compound hot and dry events through changes in the soil moisture–temperature 

coupling dynamics.



COMPOUND DROUGH AND HEATWAVES

HISTORICAL CHARACTERIZATION OVER SOUTHEAST BRAZIL 

Period of analysis: Summer seasons (DJF) between 1980-2018.

• 1st sub-period: 1980/81 – 1998/1999 summer seasons;

• 2nd sub-period: 1999/00 – 2017/2018 summer seasons;

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 % =
𝑁º.𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑒𝑣𝑒𝑛𝑡𝑠 𝟐𝒏𝒅 𝒔𝒖𝒃−𝒑𝒆𝒓𝒊𝒐𝒅 −𝑁º 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑒𝑣𝑒𝑛𝑡𝑠 (𝟏𝒔𝒕 𝒔𝒖𝒃−𝒑𝒆𝒓𝒊𝒐𝒅)

𝑁º 𝑜𝑓 𝑐𝑜𝑛𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑒𝑣𝑒𝑛𝑡𝑠 (𝒕𝒐𝒕𝒂𝒍 𝒂𝒏𝒂𝒍𝒚𝒔𝒊𝒔 𝒑𝒆𝒓𝒊𝒐𝒅)
 × 100  



COMPOUND DROUGH AND HEATWAVE EVENTS

THE SUMMER SEASONS OF 2013/2014 AND 2014/2015

• Severe compound drought and heatwave
conditions observed during the last decade
(2013/14 and 2014/15 summers).

• Clear skies conditions were promoted by persistent 
anticyclonic circulation patterns.

• Southeast Brazil experienced a higher than normal
percentage of days under atmospheric blocking 
conditions (d and e). 



THE RECORD-BREAKING 2013/2014 SUMMER

HISTORICAL UNPRECEDENT WARM CONDITIONS

• Temperature records were established during two

distinct periods of the summer season

• Exceptional surface warm condition were observed at 

different temporal scales

Geirinhas et al. 2022

• The longest ever recorded heatwave was observed during this
summer, when São Paulo (Curitiba) was affected by an episode that
lasted for 26 (19) consecutive days



THE RECORD-BREAKING 2013/2014 SUMMER

THE INFLUENCE OF SOIL DRY-OUT ON TEMPERATURE ESCALATION

 Soil moisture–atmosphere coupling metric (π):

𝜋 = 𝐻′ − 𝐻𝑝
′ 𝑇′

𝐻′ − 𝐻𝑝
′ = 𝑅𝑛 − 𝜆𝐸 ′ − 𝑅𝑛 − 𝜆𝐸𝑝

′

Energy Term

Temperature Term



THE RECORD-BREAKING 2013/2014 SUMMER

MESOSCALE METEOROLOGICAL DRIVERS



Combined large-scale tropical and subtropical forcing on severe droughts

A LONG-TERM HISTORICAL PERSPECTIVE OF SEVERE DROUGHT CONDITIONS IN SOUTH AMERICA

1st sub-period: 1959-1989

2nd sub-period: 1990-2022 

𝟎, 𝟎𝟎𝟏 Τ𝒎𝟑 𝒎𝟑 𝒑𝒆𝒓 𝒅𝒆𝒄𝒂𝒅𝒆

−𝟎, 𝟎𝟏𝟎 Τ𝒎𝟑 𝒎𝟑 𝒑𝒆𝒓 𝒅𝒆𝒄𝒂𝒅𝒆

vs



Combined large-scale tropical and subtropical forcing on severe droughts

A LONG-TERM HISTORICAL PERSPECTIVE OF SEVERE DROUGHT CONDITIONS IN SOUTH AMERICA 

𝑹 𝑷𝒓𝒆𝒄. 𝑨𝒏𝒐𝒎𝒂𝒍𝒚𝑻𝒐𝒕𝒂𝒍, 𝑷𝒓𝒆𝒄. 𝑨𝒏𝒐𝒎𝒂𝒍𝒚𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 𝑪𝒐𝒏𝒗𝒆𝒓𝒈𝒆𝒏𝒄𝒆  = 0,94 

𝑹 𝑷𝒓𝒆𝒄. 𝑨𝒏𝒐𝒎𝒂𝒍𝒚𝑻𝒐𝒕𝒂𝒍, 𝑷𝒓𝒆𝒄. 𝑨𝒏𝒐𝒎𝒂𝒍𝒚𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 𝑹𝒆𝒄𝒚𝒄𝒍𝒊𝒏𝒈  = 0,56 



Combined large-scale tropical and subtropical forcing on severe droughts

A CLOSER INSIGHT INTO THE SEVERE 2019-2022 DROUGHT: EVOLUTION, EXCEPTIONALITY  AND SPATIAL EXTENT 

𝑅𝑖𝑛𝑑𝑒𝑥 = 𝑆1 × 𝑆2

𝑆1 = mean standardized 
anomaly of soil moisture (*)

𝑆2 = percentage of SE South 
America with soil moisture 

anomalies < 2std

(*) only considering the grid-points 
where soil moisture anomaly < 2std.



Combined large-scale tropical and subtropical forcing on severe droughts

THE INFLUENCE OF LARGE SCALE TROPICAL FORCING ON DROUGHT CONTIDIONS OVER SOUTH AMERICA

La Niña

ONI < 0
SOI > 0

Northward Moisture Advection towards CESA

Precipitation in CESA



Combined large-scale tropical and subtropical forcing on severe droughts

THE INFLUENCE OF LARGE-SCALE TROPICAL FORCING ON DROUGHT CONDITIONS OVER SOUTH AMERICA  

200 hPa

surface

Vertical Velocity (shade)

Velocity Potential (shade)
Divergent wind field (200 hPa)

Sea surface temperature (shade)
Divergent wind field (850 hPa)



Combined large-scale tropical and subtropical forcing on severe droughts

THE INFLUENCE OF LARGE-SCALE SUBTROPICAL FORCING ON DROUGHT CONDITIONS OVER SOUTH AMERICA  

200 hPa Velocity Potential 
(shade)

200 hPa Divergent wind field 
(vectors)

200hpa Meridional Wind
(shade)

Rossby Wave Source
(shade)



Combined large-scale tropical and subtropical forcing on severe droughts

Daily to weekly Scale 
Severe flash drought episodes

Decadal Scale
 Historical drought period

Natural variability
ENSO

Warming Climate
 Long-term soil dry-out

The 2019–2022 drought



Wet Non-Wet

RCP2.6 RCP8.5 RCP2.6 RCP8.5

NWS ↑ ↓ ↑ ↑ ↑ - ↑ -

NSA ↑ - ↑ ↑ ↑ ↑ ↑ ↓

NES ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

SAM ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑

SES ↑ ↑ ↓ ↑ ↑ - ↓ ↑

SWS – – ↑ - ↑ ↑

SSA – – ↑ - ↑ ↓

↑strengthening 

↓weakening

- no change

CDHWdays 𝚷

• Future changes in CDHWdays are spatially coherent. The future
evolution of Π depends on the region and the RCP considered.

• From the twelve regions, seven expect a simultaneous strengthening
of CDHWdays and Π under RCP8.5.

• For RCP2.6, this number decreases to six with many regions showing
an increase in CDHWdays being followed by either an absence of
significant changes, or even a weakening of Π (e.g., NWS).

• Over SES non-wet domain, although an overall spatial amplification
of the Π is expected, the opposite is observed for CDHWdays

Future influence of soil moisture-temperature coupling on compound hot an dry conditions



• The hotspots of CDHWdays for the historical period are mainly concentrated over the NSA and NES wet domains, and over 

the NES and SES non wet domains

Future influence of soil moisture-temperature coupling on compound hot an dry conditions



• The regression coefficients are expected to increase under both RCP’s and for all regions, although some
exceptions (NES – wet domain; SAM – non wet domain; SSA)

• Overall, the explained variance tends to increase from the historical to RCP8.5, particularly when considering the

experiments conducted for the wet domains.

𝐶𝐷𝐻𝑊𝑑𝑎𝑦𝑠 = 𝛽0 + 𝛽ПП + 𝜀

In future, grid-points with enhanced CDHW 

conditions are estimated to be more closely 

linked to strong soil moisture–temperature 

coupling and vice-versa

Future influence of soil moisture-temperature coupling on compound hot an dry conditions



There is a large variability on future projections regarding the temperature–moisture coupling and summer 

CDHW conditions over SA

A high spatial variability, characterized 
by contrasting changing patterns 

observed within short-distance areas

A large disparity between the 
projections given by two RCP’s

• An overall increment of CDHW conditions is estimated over most of the continent (excepting over SES).

• This changing pattern is estimated even when the direct effect of the global warming trends is disregarded.

• A strengthening of the soil moisture–temperature coupling stands as a valid candidate to leverage this future 
aggravation of droughts and heatwaves particularly over the tropical regions of SA (NWS; NSA wet domain; 
SES; SAM non wet domain).

Still....

Future influence of soil moisture-temperature coupling on compound hot an dry conditions



THANK YOU!

João Lucas Geirinhas
Ana Russo, Renata Libonati, Diego G Miralles

jlgeirinhas@fc.ul.pt
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