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The Hard Truth – climate and much more... 



Yearly scale

2024 was the warmest 

year since global records 

began in 1850 by a wide 

margin.

It was +1.60 ºC above the 

pre-industrial average 

(1850-1900).

The 12 warmest years in 

the historical record have

all occurred in (2014-

2025).



Seasonal 

scale

+0.29 ºC

the 

previous 

record 

jump…

+0.06 ºC

~5x 







Exceptionally wet 

conditions in 

western Europe, 

during fifth-

warmest February 

globally



Historical change in extreme precipitation occurrence

a, Change in the frequency with which precipitation events in the ≥99th percentile occur each year over recent decades 
(FP≥99) in a single realization of one GCM from CMIP6 (CanESM5), and the mean of 20 realizations from that same GCM. The 
frequency of occurrence is calculated for each grid cell before taking annual and global averages (Methods). The shading 
denotes ±1 standard deviation across the model ensembles, while the dashed lines show the trends. b, Historical time 
series and trends in FP≥99 for MSWEP2 (black) along with the CMIP5 (orange) and CMIP6 (blue) ensemble means.

https://www.nature.com/articles/s41558-022-01329-1#Sec6


Sea level rise = warming (expansion) + melting

5x



Fires California 

2020 worst fire season – 3M

2025 winter 18 000 structures (30 b$)

2023 worst fire season 

Canada – 34M acres





Lost an estimated USD

3.8 trillion worth of

crops and livestock

production due to

disaster events over the

past three decades!

Between 1980 and 2022, weather- and climate-related

extremes caused economic losses of assets estimated

at EUR 650 billion in the EU Member States, of which

EUR 59.4 billion in 2021 and EUR 52.3 billion in 2022.



How do we study the

present climate and project the

future climate?

Observations

Climate Models

Reanalysis

only

Models

Global 

Climate

Models

GCMs

Earth System

Models

ESMs



~100 km resolution

Sub-grid processes!!!

parametrizations!!!

Global Climate Models, Reanalysis and Earth System Models



Future Global climate

IPCC AR6 CMIP6
Earth System Modelling

IPCC - Intergovernmental Panel on Climate Change
AR6 – Assessment Report 6

CMIP6 - Coupled Model Intercomparison Project Phase 6



Shared socioeconomic pathways and Future Emissions

IPCC AR6 WGI, 2021



Human activities affect all the major climate system components, 

with some responding over decades and others over centuries

IPCC AR6 WGI, 2021

+2 oC or more



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

Annual mean temperature change (°C) relative to 1850-1900

1850–2020



IPCC AR6 WGI, 2021

Annual mean precipitation change (%) relative to 1850-1900

-10 to -20%

-20 to -40%



Projected changes in extremes are larger in frequency and intensity 

with every additional increment of global warming

IPCC AR6 WGI, 2021
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GCM

Global to regional climate and its impacts | Physical Modelling

RCM Nesting

GCM forces the RCM in 

the lateral boundaries 

and in the ocean 

surface (~12km)

Climate change impacts

are felt at the regional and 

local scales!!!

Statistical downscaling (AI)

Dynamical downscaling

Regional Climate Modelling

Climate information at local 

scales is essencial to assess 

climate change impacts
RCM



Mapping the Future: example

National Roadmap For Adaptation XXI 

Portuguese territorial climate change vulnerability

assessment for the 21st century



WP2 - Climate Projections, Extremes and Indices

Seasonal 
Maximum 

Temperature

+6.5 oC

+3.5 oC

+1.5 oC

Lima et al. 2023a



WP2 - Climate Projections, Extremes and Indices

Heatwaves

Number of 
HWs per year

HWs Mean Duration

HWs Max duration

10 HWs

Cardoso et al. 2023

6 HWs

3 HWs

8 days

12 days

2 months



WP2 - Climate Projections, Extremes and Indices

Annual 

Precipitation

-35%

-15%



WP2 - Climate Projections, Extremes and Indices

Precipitation
Extremes

Maximum accumulated precipitation over a period of 5 consecutive days

+ 60 mm

+ 180 mm



WP2 - Climate Projections, Extremes and Indices

Soil Moisture

Aridity Index

Standardized anomaly of soil moisture – Mainland Portugal

Soares et al. 2022



Change in the
number of severe

droughts per
decade

Change in the
mean duration

of severe 
droughts

Soares et al. 2022

Modelling Sectoral Impacts | Droughts

Severe 
drought

+5/decade

+3 a +4/decade

+1/decade

+19 months

+5 months



Water Resources 
and Agroforestry

Modelling Sectoral Impacts



Modelling Sectoral Impacts | Water Resources and Agroforestry

Modelling System  SWAT+ and EPIC  

Land use

Crops

Dams
Irrigation perimeters

Soil types

Digital Terrain
Model

EU-DEM
Water Stream (DQA)

Water bodies (DQA)

Climate
data

Observations (Ibéria 01)
Reanalysis (ERA5) 
Climate Projections (EURO-CORDEX)
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Soil & Water Assessment Tool (SWAT) is a river basin scale model
EPIC plant growth model
Modelling adaptation measures and their effect on hydrological balance



Modelling Sectoral Impacts | Water Resources and Agroforestry
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Modelling Sectoral Impacts | Water Resources and Agroforestry
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RH1 - Minho e Lima

RH2 - Cávado, Ave e Leça

RH3 – Douro

RH4 - Vouga, Mondego e Lis

RH5 - Tejo e Ribeiras do Oeste

RH6 – Sado e Mira

RH7 - Guadiana

RH8 - Ribeiras do Algarve

Douro

Tejo

Losses in all RHs,except

under RCP2.6 (Paris)



Modelling Sectoral Impacts | Water Resources and Agroforestry

Anomalies in Volume Storage (hm3)

Total Vol - 4150 hm³ 

Useful Vol - 3150 hm³
Total Vol - 34.8 hm³

Useful Vol - 32.2 hm³

Total Vol - 1095 hm³

Useful Vol - 900 hm³

Total Vol - 390 hm³

Useful Vol - 359 hm³

-8 %

-35 %

-3 %

-25 %

Norte Centro Alentejo Algarve 
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Fires

Modelling Sectoral Impacts



RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5

2011 – 2040 2041 – 2070 2071 – 2100

Historical period = 15 days on average

15 to +25 days

(30 to 40 days

in total for 

Summer)

Modelling Sectoral Impacts | Fires

Bento et al. 2023

FWIe (enhanced FWI) extreme > p90

Anomaly in the number of days per year in extreme fire weather index



Modelling Sectoral Impacts | Fires

Centre
RCP4.5



Coastal areas

Modelling Sectoral Impacts



Modelling Sectoral Impacts| Coastal areas

High resolution 

Dynamical Modelling

Local Sites & 

Calibration

Parametric Modelling

• Ofir

• Costa Nova

• Cova Gala

• Costa da Caparica

• Praia de Faro

Lemos et al. 2024



Modelling Sectoral Impacts| Coastal areas



Modelling Sectoral Impacts| Coastal areas



Modelling Sectoral Impacts| Coastal areasInaction Costs
2100 (RCP4.5)

CTI max (€) Districts of Mainland Portugal

Faro Setúbal Aveiro

Lisboa Porto Leiria

Braga Viana do Castelo Coimbra

Santarém Beja

District CTI max (M€)
Aveiro 1 425.3

Beja 4.2

Braga 218.0

Coimbra 55.4

Faro 4 957.8

Leiria 572.2

Lisboa 1 099.0

Porto 609.4

Santarém 62.8

Setúbal 2 982.1

Viana do Castelo 149.5

Portugal 

Continental
12 135.7



AI Machine Learning (ML) in Climate Sciences

AI for Downscaling Regional Iberia – Deep Learning (DL)

AI for Urban Climate - Deep Learning (DL),

Machine Learning (ML, eXtreme Gradient Boosting)

Global to local | Leveraging Climate Modelling and AI 



DL for Iberia
Future 
Projections

Soares et al., 2024

Tmax Precipitation



47

Spatial characterization of Land Surface Temperature (2017-2022) 

Yearly

DJF

JJA

NighttimeDaytime

Observed ERA5 XGBoost Observed ERA5 XGBoost

ML (XGBoost) for Urban Climate

Bushenkova et al., 2024



UHI – Urban Heat Island effect
SUHI – Surface Urban Heat Island effect

Urban Heat Island | Madrid and Paris | ML

Nighttime

Observed ERA5 XGBoost

JJA

Land Surface Temperature (2017-2022) 

SUHI (2017-2022)
Daytime Nighttime

SU
H

I (
℃
) +1℃

0 ℃

+2℃

0 ℃

Madrid | UHI | Future Climate

Johannsen et al., 2024; Bushenkova et al., 2024

Paris SUHI | Present and Future Climate
Madrid | SUHI and UHI | Present Climate

Daytime Nighttime

-0.5 ℃

+1.5 ℃

0 ℃0 ℃ 5 stations
1 urb
4 rur

UHI (2016-2022)



Surface Urban Heat Island 

São Paulo megacity | DL

Bushenkova et al. 2026



Very high

High

Moderate

Low

Very low

5

4

3

2

1

(1 a 5) (1 a 5) (1 a 5) (1 a 125) (1 a 5)

Hazard Exposure Vulnerability Risk

Understanding Risk | Example of Heatwaves in Barcelos

Fonte: IPCC



Hazard
Perigosidade - Exemplo de projeções climáticas

Exposure
Exposição Variável 

Intervalos de classificação (classes) 

1 2 3 4 5 

Pessoas 

Densidade 

populacional 

[%] 

0 – 20 20 – 40 40 – 60 60 – 80 80 – 100 

Infraestruturas 

críticas 

Número total 

de ocupantes 

(trabalhadores

, alunos, 

utentes, etc.) 

[%] 

0 – 20 20 – 40 40 – 60 60 – 80 80 – 100 

Tipologia do 

edifício 
Administrativo – Cultural – 

Social 

Educativo 

 

Densidade Populacional [ Τ𝑛º ℎ𝑎𝑏 𝑘𝑚2] Percentil Densidade Populacional

Arcozelo:
3732.56

Freguesias
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s

Understanding Risk | Hazard | Exposure



Vulnerabilidade 

(classes)

Elemento 

vulnerável 

Variável 

climática 

Vulnerabilida

de 

Intervalos de classificação (classes) 

1 2 3 4 5 

Pessoas OC Faixas etárias – 
15 – 25 

45 – 65 – 
0 – 15 

25 – 45 65+ 

Pessoas TxG35 Faixas etárias – 
15 – 25 

45 – 65 – 
0 – 15 

25 – 45 65+ 

Pessoas TnG20 Faixas etárias – 
15 – 25 

45 – 65 – 
0 – 15 

25 – 45 65+ 

Pessoas TnL0 Faixas etárias – 
15 – 25 

45 – 65 – 
0 – 15 

25 – 45 65+ 

Pessoas MaxPac5d 

Altitude 

média 
0 – 20 20 – 40 40 – 60 60 – 80 80 – 100 

Declive médio 0 – 20 20 – 40 40 – 60 60 – 80 80 – 100 

Pessoas PacG50 

Declive médio 0 – 20 20 – 40 40 – 60 60 – 80 80 – 100 

Percentagem 

de área 

urbana 

0 – 10 10 – 20 20 – 30 30 – 40 40 – 100 

Pessoas MaxVh10 

Percentagem 

de área 

urbana 

0 – 10 10 – 20 20 – 30 30 – 40 40 – 100 

Pessoas FWIGP90 

Percentagem 

de área 

florestal e de 

matos 

0 – 10 10 – 20 20 – 30 30 – 40 40 – 100 

Percentagem 

de área ardida 

(2001–2022) 

0 – 10 10 – 20 20 – 30 30 – 40 40 – 100 

 

Freguesias

Temperatura

Precipitação

Vento forte

Risco de incêndio

Understanding Risk | Vulnerability 



Severidade das ondas de calor

Todos os grupos etários Grupos etários mais vulneráveis

Frequência x duração das ondas de calor 

Arcozelo

Understanding Risk | Temperature Extremes



From Risk to Action

• Climate Action Plans (CAPs) are investment roadmaps

• Align your strategy with high-resolution data and funding frameworks

Physics and AI as Your Climate Copilot - Combined Physics and AI models project 

local hazards and risk - allowing to optimize actions and decision-making

The Strategic Shift

Simulate. Adapt. Lead. That’s the strategy behind resilient growth.

Climate change poses more than just a physical risk (hazard)

• Risks are dependent on level of exposure and vulnerability to hazards

• Governance needs to consider physical, transition and litigation risks

Governments, councils and businesses need to tackle climate risk without creating 

problems for the future (people and business)

There are co-benefits of tacking climate risk | Actions provide both adaptation and 

mitigation benefits. 
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Muito Obrigado

Pedro Matos Soares | pmsoares@fc.ul.pt | contact@phair-earth.com
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