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The world we live

all impacting negatively natural
and cultural sites




416 ppm (October 2022)
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Human influence has warmed the climate at an unprecedented rate in at least the last 2000y

Changes in global surface temperature relative to 1850-1900 IPCC AR6 WGI, 2021
a) Change in global surface temperature ([decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulatad using human & natural and only natural factors (both 1850-2020)
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Global Average Temperature 1850 - 2019
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AR A : R ' Land data prepared by Berkeley Earth and combined
‘ § N with ocean data adapted from the UK Hadley Centre

) Global temperature anomalies relative to 1951-1980 average | -06 =
Vertical lines indicate 95% confidence intervals 08

Global Temperature Anomaly (° C)
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the 19 warmest years occurred
since 2000!




IPCC - 2013

Precipitation
Observed change in annual precipitation over land
1801- 2010 1951- 2010
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Extremes
 More land regions where heavy precipitation has increased than where it has decreased.
 The frequency or intensity of heavy precipitation has likely increased in North America and Europe.



lce melting

RECORD LOW ARCTIC SEA ICE

2.72:million 1.6k million 1.32:million ARCTIC SEA ICE MIN'MUM
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Since 1979, the volume of Summer Arctic
Sea Ice has declined by more than 80%
and is accelerating...

Sea Ice Volume (1000 km?)

National Snow and Ice Data Center



Sea Level Anomaly (mm)

waming (expation) + melting = sea level rise

Global Mean Sea Level Change
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NatCatSERVICE

Weather related loss events worldwide 1980 — 2014
Number of events

Munich RE é

Number

1000

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

[ Meteorological events B Hydrological events [ Climatological events
(Tropical storm, extratropical (Flocd, mass (Exlreme lemperalure,
storm, convective storm, movement) drought, forest fire)
local storm)

2 2015 Minchensr Rickvarsichenngs-Geselischaf, Geo Risks Rasesrch, NstCatSERVICE - As at January 2015



2020 worst fire season
California - 3M ——

Climate Change
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Australia fires dwarf other major wildfires 5 p—— Wildfires Wilhous
The wildfires burning in Australia, covering roughly 12 million acres, are as large as Climate Change
the state of Maryland and bigger than several other states including Vermont, New A
Hampshire, Massachusettes and New Jersey. B} < ——— N—
1985 1990 1995 2000 2005 2010 2015
Millions of acres burned Source: Abatzoglou/Williams 2016, PNAS 113
as of Jan. 2
Australia fires compared to other major fire events
FIRE NAME YEAR NUMBER OF ACRES BURNED
Australia bushfires* 2019-20 2s5.5M I
. 12 Brazilian Amazon fires over 12 months 2019 17.5M
X 2' 22 W% : 67 ¥ . Siberia fires in July 2019 64M 0
2018 2019 2019 2019 Alaska fires over the summer 2019 25M
Califonia  Amazon Siberian Australian Worst California wildfire season 208 19m 0
wildfires  wildfires wildfires wildfires
Peshtigo fire: Worst fire in US history 1871 1.2Mm
Australia's Black Saturday bushfires 2009 M
Latest California wildfire season 2019 260K
California Camp Fire 2018 153K
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Displacements

Total 33.4 M
Disasters 24.9M
Conflicts 8.5 M

New displacements in 2019: breakdown for conflict and disasters

33.4m

Total new
displacements
in 2019
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New displacements by conflict and disasters in 2019
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How do we study the

present climate and project the

future climate?

/

Observations

&

only l

Climate Models Models
Reanalisys

Global Climate
Models
GCMs
Earth System
Models
ESMs




The climate system

Changes ih;
Solar Inputs

Atmosphere-
Ice
Interaction

Sealc

Hydrosphere:

Ocean

Ice-Ocean Coupling

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

S

Heat Wind
Exchange Stress

Changes in the Atmosphere:
Composition, Circulation

Precipitation
Evaporation

Changes in the
Hydrological Cycle

Y /=<

/f Clouds ~ |
T Atmosphere o ——" T
e L0 0
—— £ /
N, O, An Volcanic Activity 2 / iy
H,0, CO,, CH,, N.0, 0,, etc. G
Aerosols Atmosphere-Biosphere
Interaction
Terrestrial
ot .Radiation Ice Sheet
3 r
j ! Biosphere
s Land Surface
Hydrosphere: Changes in the Cryosphere:

Rivers & Lakes

Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems



Global Climate Development of Climate Models

Mid 1970s Mic 1980s Eary 1930s Lale 1990s Ea'ly 2000s Today

Schematic for Global Atmosphere Atmosohare
Atmospheric Model S

| Horizontal Grid (Latitude-Longitude)

| Vertical Grid (Height or Pressure)

Sulfete Aerosol Sulfate Aerosal ‘Sulfate Aerosol

Sulfur Cycle




VERNMENTAL PANEL ON
chmare chanee

Coordinated Regional Climate Downscaling Experiment

IPCC AR6 CMIP6
Eath System Modelling
Future climate

p ’ Instituto
\ Portugués IPCC - Intergovernmental Panel on Climate Change
f v \ ‘,imi}ei;’ o AR6 — Assessment Report 6

CMIP6 - Coupled Model Intercomparison Project Phase 6
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Shared socioeconomic pathways and Future emissions

a) Future annual emissions of CO; (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios

Selected contributors to non-CO; GHGs
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Human activities affect all the major climate system components, with
some responding over decades and others over centuries

a) Global surface temperature change relative to 1850-1900
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1950 2000 2015 2050 2100

IPCC AR6 WGI, 2021



Mitigation is vital

b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO; emissions
Change in global surface temperature in 2081-2100 relative to 1830-1200 (3C)
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Total warming (observed warming to date in darker shade), warming from CO., warming from non-C0y GHG: and cooling from changes in aerosols and land use

IPCC AR6 WGI, 2021



a) Annual mean temperature change (°C)
at 1 °C global warming

Obszerved change pef 1°C g!oba! Warming Simulated change at1°C global warming

Warming at 1 °C affects all continents and
iz generally larger aver land than over the
oceans in both observations and models.
Across most regions, observed and
simulated patterns are consistent.

b) Annual mean temperature change (°C) Across warming levels, land areas warm more than oceans, and the Arctic
relative to 1850-1900 and Antarctica warm more than the tropics.

Simulated changs at 1.5 °C global warming Simulated change at 2 *C global warming Simulated change at 4 *C global warming

005 1152 25 3354455 55 6 65 7 -~

Change (°C)

Warmer
With every increment of global warming, changes get larger in regional mean
temperature, precipitation and soil moisture IPCC AR6 WGI, 2021



¢) Annual mean precipitation change (%) gre%pitagon is pr%i;c‘ted to increase over l:'igh dl:titudes' the equam;ia;:e
relative to 1850-1900 acific and parts of the monsoon regions, but decrease over parts of t

subtropics and in limited areas of the tropics.

Simulated change at 1.5 °C giobal Warming Simulated change at 2 *C giobal warming Simulated change at 4 °C global warming

Relatively small abcolute changes

may appear as large % changes in ' 3 3 = o o
regions with dry baseline conditions 9 <D e mCh 0 (%)10 20 0 i
—r ange

IPCC AR6 WGI, 2021
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Projected changes in extremes are larger in frequency and intensity

with every additional increment of global warming
Hot temperature extremes over land

10-year event 50-year event
Frequency and increase in mtensity of extreme temperature Frequency and increase in intensity of extreme temperature
event that ocaurred once in 10 years on average event that occurred ance in 50 years on average
m a dimate without human influence in a cimate without human mfluence
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Global to regional (and local)

Climate change impacts
are felt at the regional and
local scales!!!

Climate information at local
scales is essencial to assess
climate change impacts

!

Statistical downscaling

Dynamical downscaling
Regional Climate Modelling

RCM Nesting

GCM forga o RCM na
fronteira lateral e superficie
oceancia (~12km)
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Objectives

To characterize the climate change signal on the precipitation, temperature and
renewables, and sectoral impacts: water, fires, droughts and agriculture.

Methods

* Using the newest and highest resolution regional climate simulations available
* Evaluate extensively RCMs results against observations

 Model ranking based on model performance

 Multi-model ensembles — full, selected and weighted

* Assess the climate change signal, impacts and adaptation



Climate Change Impacts in Portugal

National Roadmap for Adaptation XXI -
Portuguese Territorial Climate Change
Vulnerability Assessment for XXI century
2021-2023
EEA project

:f:..: ) 0. 4 i vl portiguesh
l W E% p “ Iceland D j . Ciéncias
, Liechtenstein ULisboa
erritorio Norwaygrants
Direcdo-Geral do Territério e

hy
A< lf BANCO DE -
ﬁ. PORTUGAL

INSTITUTO
- DOM LUIZ




WP2 - Climate Projections, Extremes and Indices

Seasonal 2011-2040 2041-2070 2071-2100

RCP2.6 RCP4.5 RCPB.5 = RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5
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WP2 - Climate Projections, Extremes and Indices

Precipitation

Annual

ANNUAL

2071-2100
RCP4.5

RCP8.5

2011-2040 2041-2070
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5 RCP2.6
Change in total precipitation [%]
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Urban climate simulation

global future
scenarios

Regionalisation of climate projections
GLOBAL

i ~ Global

>

climate Computational Power limits:

7 * Domain size

e Grid resolution

e Detail of urban
schemes/parameterizations

e Number of experiments

models
SCENARIOS Od 1;,' :

Impact models, example:
urban climate model



Urban Climate Simulations
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Offline SURFEX simulations

Name SFX-TEB SFX-ROCK
% ~ e Period 2003-2018
;ff%; = Space res. 0.05°%x0.05°
> 150 Timestep 30 min
F 100 Forcing ERADS hourly (surface and z=40m)
50 LSM ISBA (soil Diffusion, 14 layers, 12
I patches)
Urban TEB+BEM Rock

= ERA5 0.252 -> nearest neighbor forcing!

= Analysis 2004-2018

= Single layer UCM setup

= 2-meter air temperature UHI & Surface UHI (SUHI)




Offline urban simulation DAYTIME ~ NIGHTTIME

[ |
17 19 21 23 25 27 29 4 6 8 10
LSTmax [°C] LSTmin [°C]
a) OBS LSTmax b) OBS LSTmin
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e) SFX-ROCK LSTmax f) SEX-ROCK LSTmln
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g) SFX-TEB LSTmax h) SFX-TEB LSTmin
‘ 49.5
© 489

UHI in SFX-TEB = %]

48.3 48.3

1: ;
lon



Offline urban simulation

-

Systematic error

DAY TIME NIGHTTIME
a) Annual LSTmax b) Annual LSTmin
12 6
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