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MOTIVATION

Weather and climate extreme events:
* More frequent, severe and longer

* High social and economic impacts

Spinoni et al., 2015

—

Duration Severity Frequency

Fig. 1. Drought frequency (DF; events/decade), severity (TDS; score/decade), and duration (TDD; months/decade) maps for 19511970 (left), 1971-1990 (mid), and 1991-2010 (right).
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Samaniego et al., 2018. Anthropogenic warming exacerbates
European soil moisture droughts. Nature Clim. Change.

MOTIVATION

RCP45 — Minimum of TN (TNn) [deg C]

RCP45 — Maximum of TX (TXx) [deg C]
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Sillmann et al., 2013. Climate extremes indices in the CMIP5
multimodel ensemble: Part 2. Future climate projections.
JGR-Atmospheres.

As global warming increases, the likelihood oi iurther large-droughis and mega-

heatwaves also rises
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Miralles et al., 2019. Land—atmospheric feedbacks during droughts and
heatwaves: state of the science and current challenges. Ann N Y Acad Sci.

Heatwave ABL

Events of combined water scarcity
and extreme heat
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Figure 1. Land feedbacks as local intensifiers of hydro-meteorological extremes.
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IMPACTS

 Soil moisture - temperature feedbacks impacts on fires, agriculture and health
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w A compound vs individual event perspective

v
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“Understanding compound events requires an analysis of the complex causal chains

that can lead to extreme impacts”
Zscheischler et al. 2018, Nature Climate Change

Goals
1. Analyse drought and hot events on a compound event perspective

2. Describe the dependence structures between the dry and hot conditions
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METHOD
A /

- Proxy for surface moisture deficits: Standardized Precipitation Evapotranspiration Index (SPEI) allow for inter-
seasonal comparison through the computation of drought’s duration, magnitude and intensity

- Hot extreme identification: percentile-based (are more comparable across different climatic regions)

= NHD (number of hot days/month): number of days with a maximum temperature exceeding the 90th
percentile (TX90p)

Correlation analysis Copulas
Pearson correlation coefficient Estimation of joint probability
between NHD and the preceding distributions between NHD and the
months’ SPEI preceding months’ SPEI
Identification of hotspots of Generation of larger samples
predictability of extreme hotness preserving the dependence

preceded by dryness structures
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DATA

DROUGHT AOTEXTREME
SPEI = ECAD-EOBS daily data (0.5° x 0.5 °) (Version 14)
= CRU T$4.01 monthly " 1980-2014
data (0.5° x 0.5 °) = 1950-2014
= 1980-2014 = Monthly NHD
= 1950-2014

. . * The hottest month was determined for each year
= Different time scales

(3,6,9)

= Evapotranspiration
(Penman-Monteith)

50N

45N [

v' The most frequent
hottest months are either
July or August

40N 2

= Month preceding the
hottest months of 3N
each year
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Russo et al. (2018)

CORRELATION AND JOINT PROBABILITY ANALYSIS between the hottest months
NHD and the preceding months’ SPE| Y A IPMA D
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CORRELATIONS’ RESULTS

1980-2014

Positive correlations

northern France, Germany, Albania,

Bulgaria or Ukraine, and mostly not statistically

significant

Negative significant

located in the Iberian Peninsula (IP), Balkans

(BKS) and on northern Africa

X () Statistically significant at 95% (99%)

are usually located

Romania,

correlations are mostly

A~ PMA 2



MAXIMUM CORRELATIONS
NHD vs. SPE]

MAY: SPEI at 3-months’ time scale

JUNE: SPEI at 3 and 6-months’ time
scale

Corr IP BKS
Index

SPEI3  -060 055 -0.51 JULY: SPEI at 6-months’ time scale

SPEI_6 -0.70 -049 -0.56

Reflecting that the winter and spring
water balance (precipitation-
evaporation) have a major importance
on the occurrence of NHD in the
summer

NHD SPEI 9 -0.66 -0.46 -0.52

A~ IPMA S
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v HOT SPOTS

There is a spatial consistency on certain areas
3-Months where consecutive months’ present significant
correlation values
The lberian Peninsula, northern Italy, northern
Africa and the Balkans are the main hotspots of
6-Months predictability of extreme hot temperatures in
the summer preceded by the occurrence of
drought events in the spring or early summer
NHD NHN
9-Months
Fig. 5 Significant correlations in consecu:ive months (J—JJJuly; JI-July ;:; June; JIM-July, June and May)
Zg;vgset;;ml\lef;lg)aﬁesjft) and NHN (right) and SPEI for the 3- (top panel), 6- (middle panel) and 9-months (lower




MAIN CONCLUSIONS

= Most reglons exhibit significantlv negative correlations. i.e. hich NHD or NHN

https://doi.org/10.1088 /1748-9326/aaf09¢

I0P Publishing Environ. Res. Lett. 14(2019) 014011
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JOINT PROBABILITY ANALYSIS

AIC
Gaussian Clayton Frank Gumbel
-3.37 -0.43 -2.33 -3.81
-16.4 -11.0 14.8 -17.2
-33.2 -26.3 -30.9 -31.6
-3.00 -0.46 -1.54 -2.54
-12.4 -5.87 -10.2 -12.6
-28.5 -19.2 -24.0 -26.8
-4.09 -2.76 -3.09 -3.58
-12.23 -6.98 -10.7 -11.8
-24.8 -16.7 -21.5 -22.3

1950-2014

Copula models support correlation analysis and
are able to capture tail dependence

Step 1: Fit the copula functions and select the
more adequate copula function based on the
values of the Akaike’s Information Criteria (AIC)

Gaussian Clayton Frank Gumbel
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* MAY: SPEI at time
* JUNE: sPEl at

time scale
— Suggest higher probabilities of joint
high extremes

and 6-months’
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JOINT PROBABILITY ANALYSIS

1950-2014

Step 2: Generation of larger
samples preserving the

60 | - | sol T _ dependence structures
o 40 2010 1 407 2010 1 407 2010 '  Dependence in the upper tail
< ol ¢ | 20} 2 | 20l .‘g { _ between the ocurrence of hot
.’*ﬁf) s $ p &J’ C days and previous dryness
0f 1 of 9 1 ot :
-4 -2 0 2 4 4 2 6 2 4 4 2 0 2 4
-SPEI_3 May -SPEI_3 June -SPEI_6 June

E . m
1950 1960 1970 1980 1990 2000 2010
observations years

* Mega heat waves in 2003 and
simulations 2010 captured by the
. simulations

Based on copula models, the smallest time-scales
corroborate correlation results and point to higher

probabilities of joint high extremes v A~ PMA )
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Cluster and Principal Component
Analysis (PCA) identified 6
different regions over the Iberian
Peninsula (IP) where spatial
averages of SPEI and NHD were
computed (Fig. 1 a).
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Data and methods

v

v
d - SPEI (Standardized Precipitation Evapotranspiration Index)

YY)
CRU TS4.01 monthly data (0.5° x 0.5 °)
1950-2014
Different time scales (3,6,9)

Evapotranspiration (Penman-Monteith)

* NHD (number of hot days/month) ECAD-
EOBS daily data (0.5° x 0.5 °) (Version 14)

Main spatial-temporal drought modes based on SPEI over the IP applying a
Principal Component Analysis (PCA) and cluster analysis

Correlation and joint probability analysis between the hottest months NHD and
the preceding months’ SPEI over each region A PMA 2




e Regionalization similarly
to the ones obtained by
Vicente-Serrano (2006)
and Russo et al. (2015)

Kendall correlation Kendall correlation

Kendall correlation 7
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a) Wet/normal conditions preceding summer
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b) Dry conditions preceding summer
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Fig. 3 — a) Conditional probability of summer NHD exceeding the quantile 0.8 based on the copula samples over

drought regions preceded by wet/normal conditions (1-Fvgyw+(0.8)) and b) dry conditions (1-Fyjm 4ry(0.8)).
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Drought-related hot summers: A joint
probability analysis in the Iberian
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