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1 MOTIVACAO

* Perigos naturais recordes ocorrem regularmente em todo o mundo, levando a uma
variedade de impactos

Desde 1970, houve mais de 11000 desastres relatados (2 milhGes de mortes e USS 3,64
trilhdes em perdas)

As secas e as ondas de calor estao incluidas no top 4 das catastrofes em termos de
perdas humanas, com impactos desiguais em todo o mundo e uma elevada
probabilidade de que as pressodes climaticas antropogénicas aumentem a desigualdade
economica entre os paises

A medida que o aguecimento global progride, a probabilidade de
ocorrencia de grandes secas e Ondas de calor tambeém aumenta




O que é uma
onda de calor?

* Uma onda de calor é um periodo prolongado de = (yerOjiice
tempo quente em relacdo as condicdes ey Hemam femperature
esperadas da area nessa época do ano, que pode
ser acompanhado por alta humidade.

Threshold Value (°C)

Um limiar de onda de calor no Reino Unido é
atingido quando um local regista um periodo de
pelo menos trés dias consecutivos com
temperaturas maximas diarias que atingem ou
excedem o limiar de temperatura da vaga de
calor. O limiar varia consoante o condado do
Reino Unido, ver o mapa do limiar de
temperatura do Reino Unido abaixo.
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O que é uma
onda de calor?

= Met Office

Heatwave Threshold
Daily Maximum Temperature

* Qual o problema de se usar thresholds?

—> Heat spike
Definition: Daily
maximum
temperature
must exceed the
threshold (90t

percentile) for
—— Observed daily max. temperature

: : at least 5
—— Climatological mean _
—— 90th percentile . consecutive

Heatwave days.

Threshold Value (°C)

Intensity

Temperature

© Crown copyright =




O que é uma
onda de calor?

* As ondas de calor sao mais comuns no verao, = etUice
quando as alta pressdes se desenvolvem ficando ety Mexmom fempereture
estaveis numa area. Os sistemas de alta pressao
sao lentos e podem persistir sobre uma area por
um periodo prolongado de tempo, como dias ou
semanas. Isso pode permitir que altas pressoes se
desenvolvam, resultando em tempo seco e
persistente.

Threshold Value (°C)
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IMPLEMENTED BY

S O que é uma
onda de calor?

Copernicus: 2024 is the first year to exceed 1.5°C
above pre-industrial level
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Global surface temperature increase above pre-industrial
Reference period: pre-industrial (1850-1900) « Credit: C3S/ECMWF
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A Organizacao Meteorolégica Mundial (OMM) define a seca como um
periodo prolongado de escassez de precipitacao, caracterizando-se por
ser um fendmeno de inicio lento no ciclo climatico natural que pode
ocorrer em qualquer parte do mundo



* Seca meteoroldgica: ocorre quando ha uma reducao significativa na precipitacao em relacao
aos valores normais de uma regiao.

 Seca agricola: associada a insuficiéncia de humidade no solo para atender as necessidades
das culturas, afetando a producao agricola.

 Seca hidroldgica: relacionada a diminuicao dos niveis de agua em rios, reservatorios e
aquiferos, resultando em escassez hidrica para diversos usos.

» Seca socioeconOmica: ocorre quando a escassez de agua afeta negativamente a producao
de bens e servicos, impactando a economia e a sociedade.

Essas definicoes destacam a complexidade da seca e seus impactos variados nos sistemas
naturais € humanos.
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Heat-related mortality at the beginning of the twenty-first century
in Rio de Janeiro, Brazil
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International Journal of Biometeorology (2022) 66:457-468
https://doi.org/10.1007/500484-021-02192-z
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Check for
Updates

Heat-related mortality amplified during the COVID-19 pandemic

Pedro M. Sousa'? - Ricardo M. Trigo®* - Ana Russo? - Joao L. Geirinhas? - Ana Rodrigues® - Susana Silva® - Ana Torres?

c) Daily excess mortality in Portugal (2020)
Total excess deaths Lockdown End of Lockdown Second Wave
~ I Excess deaths (excluding Covid-19)
o Reduced mortalty (excluding Covid-19)
: 0 — Expected deaths (temperature model)
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The Dynamics of Patient Visits to a Public Hospital Pediatric
Emergency Department
A Time-Series Model
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Trigo, Ricardo®
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Increased population exposure to extreme droughts in |beria
due to 0.5 °C additional anthropogenic warming
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Pedro M M Soares, Renata Libonati, Ricardo M Trigo and Célia M Gouveia
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Focus on Human-Earth System Interactions under Climate Change
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DATA AND METHODS

EURO-CORDEX

Weighted multi-variable multi-model ensemble

Computation of SPI and SPEI
(3-, 6-, 12-months)

Hargreaves equation
Gamma and log-logistic distribution functions
L-moment method and gaussian kernel function

VIPI-ESM-LR (r1)

SMHI  RCAMPLESMLR -1.65 -1.28 -0.84

GERICS REMO2015-NCC-NorESM1-M | | I

SMHI RCA4-NCC-NorESM1-M Extreme Severe Moderate Wetter
Drought Drought Drought

(Agnew et al., 2000)



DATA AND METHODS

Population

* Population data for Portugal and Spain Aggregated population

 The World Bank (before 2011) 2016 2019 2025 2030 2035
* Eurostat statistics Population o ¢
»  Eurostat EUROPOP2019 i)

Population exposure to drought
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Rise in the number of months under drought conditions with increasing GWL

Substantial increase in the likelihood of more frequent and intense droughts

Temperature's pivotal role

H 15 20 EC ;|

SPEI3

H 15 20 EC

H 15 20 EC
SPEI3

Oj_m..dx..ﬂmiuj imﬁhﬂﬂf‘ﬂ“.mmﬁu

H 15 20 EC |

H 15 20 EC
SPI6

{ | d)

SPEI6

l SPI3
’ )

H 15 20 EC
SPI6

i iid

H 15 20 EC
SPEI6

Land Fraction (%)

50

RESULTS

oiéél ‘5#‘ éi‘ ‘5{!‘

H 15 20 EC

b}

@MM#

H 15 20 EC

;g)

ES ‘

bl bl 0t ‘?J_ bl 84 ﬂ’é‘ ‘f’J

E H 15 20 EC

H 15 20 EC

c)

o4l éd étL‘?i‘

H 15 20 EC

e) e Modere
B Severe
N Ecreme

0 {

d)

MAJJ

H 15 20 EC

MM%#‘

:i)

i) |

 Gub Sab 0 ¢J BiL éé‘ éé* éJ

EH1520£C
.k)

wad s

H 1.5 20 EC
0 T

*’




Significant increase in population exposure to drought (RCP8.5 scenario and
the GWL2.0)

Climate change is the dominant factor
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EXCUSE. ME.
WHICH WAY
O THE

LAKE?

FINAL
REMARKS

Escalating impacts associated with drought in the IP under different

warming scenarios

Climate change is clearly the dominant factor contributing to
increased drought exposure

Emphasis on the to
mitigate the adverse impacts on ecosystems and human populations

The comprehensive assessment of drought conditions, considering
both land fraction and population exposure, provides a robust
foundation for informed decision-making and effective climate
resilience strategies in the face of a changing climate



ATIVIDADE

1. Consulte o site da Organizacao Meteorolégica Mundial (WMO)
https://wmo.int/topics/extreme-weather

2. ldentifigue outro tipo de extremos

3. Escolha um dos extremos e recolha informacao sobre esse tipo de extremo em geral e sobre eventos que tenh
afetado Portugal ou outro pais da Europa

https://www.emdat.be/
https://www.eea.europa.eu/en/topics/in-depth/extreme-weather-floods-droughts-and-heatwaves

4. Apresente as suas principais conclusdes utilizando um ppt

And global warming on


https://wmo.int/topics/extreme-weather
https://www.emdat.be/
https://www.eea.europa.eu/en/topics/in-depth/extreme-weather-floods-droughts-and-heatwaves

Extreme hazards




The Current State of
the Climate
IPCC 2023 — ARG

It is unequivocal that human influence has warmed the
atmosphere, ocean and land. Widespread and rapid
changes in the atmosphere, ocean, cryosphere and
biosphere have occurred.

The scale of recent changes across the climate system
as a whole and the present state of many aspects of the
climate system are unprecedented over many centuries
to many thousands of years.

Human-induced climate change is already affecting
many weather and climate extremes in every region
across the globe. Evidence of observed changes in
extremes such as heatwaves, heavy precipitation,
droughts, and tropical cyclones, and, in particular, their
attribution to human influence, has strengthened since
the Fifth Assessment Report (AR5).

Future climate change is projected to increase the severity of impacts
across natural and human systems and will increase regional differences
Examples of impacts without additional adaptation

a) Risk of f{‘ﬁ' 0% 01 1 5 10 20 40 60 80 100%
species losses s T+ . T .

'Projected temperature conditions above

Percentage of animal

species and seagrasses . \% 'f‘-&\:! 'y w i~ the estimated historical (1850-2005)
exposed to potentially  doa _-'-_(“73‘-_- 7 h Y g maximum mean annual temperature
dangerous temperature i '}. P (] 4 ! experienced by each species, assuming
conditions”? " ) no species relocation,
1.5°C
IIncludes 30,652 species of birds,
mammals, reptiles, amphibians, marine
fish, benthic marine invertebrates, krill,
cephalopods, corals, and seagrasses.
S5
L
b) Heat-humidity  0das 1
risks to .

human health

) _
Vs v

Historical 1991-2005 '1_7 ~2.3°C 2.4 -3.1°C 4.2 -5.4°C

Days per year where *Projected regional impacts utilize a global threshold beyond which daily mean surface air temperature and relative humidity may induce
combined temperature and  hyperthermia that poses a risk of mortality. The duration and intensity of heatwaves are not presented here, Heat-related health outcomes
humidity conditions pose a risk vary by location and are highly moderated by socio-economic, accupational and other non-climatic determinants of individual health and
of mortality to individuals®  socio-economic vulnerability. The threshold used in these maps is based on a single study that synthesized data from 783 cases to
determine the relationship between heat-humidity conditions and mortality drawn largely from observations in temperate climates.

¢) Food production 10 3 43 {0 +15 420 425 430 +35%

Impacts AL e gL St
AT el b fé“’.g.;’a%\
= e g T @‘
] it W @ N
c1) Maize yield* 1.6 -2.4°C 33-4.8°C 3.9-6.0°C

Changes (%) in yield . N . . — . e

anges (%) in y *Projected regional impacts reflect biophysical responses to changing temperature, precipitation, solar radiation, humidity, wind, and CO;
enhancement of growth and water retention in currently cultivated areas. Models assume that irrigated areas are not water-limited.
Models do not represent pests, diseases, future agro-technological changes and some extreme climate responses,



Adverse impacts from human-caused
climate change will continue to intensify

The Current State of the Climate
IPCC 2023 - AR6

¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near term

igj;;ﬁ?&'&uﬁmmw future experiences depend on
than 1850-1900 Future_emissions é/ how we address climate change
1900 1940 1980 | scenarios: 2060 2100

warming

continues
beyond

intermediate 2100

4°C Global temperature change above 1850-1900 levels ) 1 | % [}
' ' ; - born b = = =1 70 years
0 05 1 15 2 25 3 35 4 in 2020 - E ﬂ !, E old in 2090
1 A
#10{380 | {mm 70 years
A\ & | old in 2050
born 70 years
in 1950 old in 2020

The generation born in 2020 will suffer far more than previous generations

It is unequivocal that human influence

has warmed the atmosphere, ocean
and land



Conversations
are like cherries;
we never pick
just onel

What about
natural hazards?




HAZARDS

SINGLE AND COMPOUND

Strong evidence that droughts and heatwaves
are at times synergetic — COMPOUND EVENTS

climate and cure.comin matsd
atmospheric science ‘www.nature.com/npjclima

npj |

Environmental Research Let ARTICLE

Combined large-scale tropical and subtropical forcing on the
severe 2019-2022 drought in South America

J. L. Geirinhas @'*, A. C. Russo(®", R. Libonati'?, D. G. Miralles %, A. M. Ramos”, L. Gimeno (2" and R. M. Trigo(®"?

LETTER RESEARCH ARTICLE

The synergy between droughtand extremely hot summers Summer hot extremes and antecedent
in the Mediterranean conditions in A

Changes in the frequency and magnitude of dry spells have been recorded over the past few decades due to an inte
ARusso®",CMGouvela'“@, EDutra' ©, P M MSoares'® and R M Trigo the global water cycle. A long-term soil drying trend resulting from a joint contribution of natural decadal variabili
wie (1t e 1769.016Lis il levels and increasing temperatures, predisposed central-east South America (CESA) to experience during 2019-
So M » Lisbos i outstanding soil desiccation. Flash droughts led to large areas (~100.000km?) in CESA covered by record-breaking soil dryness. April
2020 witnessed the most severe conditions, when over 30% of the region experienced negative soil moisture anomalies larger than
two standard deviations. Internal variability, particularly El Nifio-Southern Oscillation, explained the dynamical forcing of this
extreme drought. Large precipitation deficits and enhanced evaporation in CESA resulted from a coupled tropical and subtropical
forcing associated to pronounced changes in the normal Walker and Hadley Cells’ circulation and to the establi
wave extending from west south Pacific towards South America. These findings highlight the intricate interplay between different
mechanisms in the occurrence of climate extremes, stressing the need for an adequate representation of the dynamical processes
associated with daily-to-multiyear timescales in climate models.

npj Climate and Atmospheric Science (2023)6:185 ; https://doi.org/10.1038/541612-023-00510-3
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Fig. § Significant correlations in consecutive months (- July; Ii-July and June; JIM-July, June and May)
between NHO (left) and (right} and SPEI for the 3- (top panel), 6- (middie panel) and 9-months
panel) timescaes,
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Wheat and barley t/ha

Threshold for crop failure
20t percentile

o Cluster 1
Cluster 2
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< I ICR
0;@%&5’?

<
<

Crop loss

Drought

Heat

(c) Barley 1

Crop loss

0.5 0.5 Drought

Crop loss

Crop loss

(b) Wheat 2

Heat

(d) Barley 2

0.5

0.05

Drought

0.05

Drought

L Agricultural Water Management
£ sk Volume 223, 20 August 2019, 105689

Copula-based agricultural drought risk of rainfed
cropping systems

Andreia F.S. Ribeiro * & B, Ana Russo * &, Célia M. Gouveia * ® &, Patricia Piscoa * &

Risk of crop failure due to compound dry
and hot extremes estimated with nested
copulas

Andreia Filipa Silva Ribeiro(d'"?, Ana Russo()?, Célia Marina Gouveia(?3, Patricia Pascoa(®?34,
and Jakob Zscheischler(®'®
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Yield Anomal

The impact of climate change in wheat and barley
yields in the Iberian Peninsula

Virgilio A. Bento , Andreia F. S. Ribeiro, Ana Russo, Célia M. Gouveia, Rita M. Cardoso & Pedro M. M.

Soares

Scientific Reports 11, Article number: 15484 (2021) | Cite this article
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OPEN ACCESS

The compound event that triggered the
destructive fires of October 2017 in Portugal

420q.0..N

400q.0"N

38°0'0'N

B June
. July
B August
Il September
October

10°0'0"W 8°0'0"W 6°0'0"W

2017 monthly burned areas

a) 600000
400000 |

200000

Burned Area [ha]

b) 300000 |
‘o f
] .
gzomoo;
<T
-
2 100000 --
5 ’ -
@ ® - e -
Jan Feb Mar Apr May Jun Jul Aug Sep Qut Nov Dec

Annual and monthly accumulated burned areas

 The wildfires caused 55 deaths (51 PT, 4 SP), and dozens injured
* More than half of the 2017 burn area occurred in these two days
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IMPACTS

THE DESTRUCTIVE FIRES OF
OCTOBER 2017 IN PORTUGAL

Hurricane Ophelia

Fire Ignitions

Wildfires

Socio-economicand

ecological impacts

* Human Losses
e Burned Infrastructures
* Poor Air Quality



Global Compound Events
Hot and dry

Hotspots?

Where are these more common?

Where are populations more at risk?
Vulnerability + Exposure + Hazard
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Atividade
Mind Map de Eventos Compostos

Objetivo: Explorar a interacao entre eventos compostos
(como secas e ondas de calor) e seus impactos
socioecondmicos € ambientais, utilizando mapas mentais
para representar as conexoes e implicacoes.




Tarefa

1. Escolha de Eventos Compostos:

- Identificar dois tipos de eventos compostos mencionados na aula, como secas combinadas com ondas de calor.
- Analisar as caracteristicas de cada evento e como eles interagem para intensificar os impactos.

2. Mapeamento dos Impactos:

- Utilizando um software de mind mapping (como Coggle ou MindMeister), criar um mapa mental que inclua:

- N6 Central: Nome do evento composto (por exemplo, 'Seca + Onda de Calor').

- N6s Secundarios: Impactos principais (como saude, agricultura, recursos hidricos).

- N6s Terciarios: Exemplos concretos de eventos ocorridos e seus desdobramentos.

- Conexdes: Como um evento potencializa o outro e quais medidas de mitigacao podem ser implementadas.

3. Analise Critica:

- Escrever um breve texto explicativo que acompanhe o mind map, destacando os principais fatores de interacao e as estratégias de

adaptacdo mais relevantes.




Produtos Finais

1. Mapa mental digital ilustrando a complexidade dos eventos
compostos.

2. Texto de sintese com uma analise critica das interacoes e impactos.
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