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The Hard Truth ðclimate 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 

jumpé

+0.06 ºC

~5x 







Exceptionally wet 

conditions in 

western Europe, 

during fifth -

warmest February 

globally



Historical change in extreme precipitation occurrence

aΣ /ƘŀƴƎŜ ƛƴ ǘƘŜ ŦǊŜǉǳŜƴŎȅ ǿƛǘƘ ǿƘƛŎƘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŜǾŜƴǘǎ ƛƴ ǘƘŜ җффǘƘ ǇŜǊŎŜƴǘƛƭŜ ƻŎŎǳǊ ŜŀŎƘ ȅŜŀǊ ƻǾŜǊ ǊŜŎŜƴǘ ŘŜŎŀŘŜǎ 
(FPҗфф) 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 inFPҗффfor 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 ð3M

2025 winter 18 000 structures (30 b$)

2023 worst fire season 

Canada ð34M 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 EUR650 billion in the EU Member States, of which

EUR59.4 billion in 2021 and EUR52.3 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 ςAssessment Report 6

CMIP6- Coupled Model IntercomparisonProject 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

1850ς2020



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

M
iti

g
a
tio

n
 i
s 

vi
ta

l

x13.9

x39.2



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 - ClimateProjections, Extremes andIndices

Seasonal 
Maximum 

Temperature

+6.5 oC

+3.5 oC

+1.5 oC

Lima et al. 2023a



WP2 - ClimateProjections, Extremes andIndices

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


