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Outline

1. Brief overview on Climate Models: GCMs and 

RCMs (ESMs e RESMs);

2. Regional Climate Modelling in IDL/FCUL;

3. Future projections for precipitation and 

temperature in Portugal.



The Climate system

How we simulate it?
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Sub-grid processes!!!

The needof parametrizations!!!



Conservation of momentum

Conservation of energy

Conservation of mass

Conservation of water

Equation of state

The equations of a climate model

Radiative Transfer

Clouds and precipitation

Planetary boundary layer processes

Land ocean surface processes

The ñPhysicsò of a climate model

Sub-grid processes!!!



Global Climate Models:  Structure

(Bradley, 1999)



Global Climate Models:  Parameterization

Whatôs a model to do?

Important processes smaller than a 

grid box:

e.g., thunderstorms (atmospheric 

convection)

few km

(www.physicalgeography.net)

(www.physicalgeography.net)

Parameterization:  Represent the effects 

of the unresolved processes on the grid.  

Assume that unresolved processes are 

at least partly driven by the resolved 

climate.



Large Eddy Simulation (LES)

Cloud Resolving Models (CRM)

(Local High resolution models)

Single Column Model

versions of NWP and 

Climate Models

3d-Climate Models

NWPôs

Observations from 

Field Campaigns
Global observational

Data sets

Development Testing Evaluation

Example of the development

of a parametrization: 

cloudsé



Development of 

Global Climate 

Models (GCMs)

Increased computing 

power has allowed 

increased resolution é

Computing demand 

increases inversely with 

cubeof horizontal 

resolution.



Washington et 

al. 2009





Anthropogenic 

and natural forcings

Source: IPCC2007a(WG I TSp.62)

How Well Have 
GCMs performed?

Attribution



Detection and 

Attribution of 

Climate Change

Human influence on the

climate system is clear





but we need climate information at finer scales, 

regional and local!!!

Regional climate information

is critical to assess impacts of climate change

Statistical downscaling

dynamical downscaling

Regional Climate Modelling



Regional Climate Models



GCM

global para regional (e local) 

Modelação climática

RCM Nesting

GCM forces RCM at the 

lateral boundaries and the 

sea surface (~12km)



Regional Climate Model



How to drive a RCM?



Where does the added-value come from? ïexpected!!!

Several potential sources of RCM added-value wrt the driver:

- Cheaper in terms of computational resources at the same resolution

- Higher-resolution

- Turbulence (small scale atmospheric features, mesoscale cyclones)

- Higher-resolution of the model forcings: orography, islands, land-sea 

contrast, sea surface temperature, aerosols climatology, land-use, sea-ice 

coverage

- Non-hydrostatic model at 2-km resolution with explicit convection 

scheme

- Regional adaptation of the RCM

- better evaluation using regional observations

- more complex physical parameterizations

- regional tuning of the physics

- More components of the regional climate system

- Ocean, glaciers, sea-ice, flooded area, irrigation, dam, lake, city, é



Convection, clouds and turbulence

Leutwyler et al. (2016)



Resolution, orography and land-sea contrast



Geography of the RCM added-value



Illustration of the RCM added-value



Illustration of the RCM added-value



Regional Climate Models

at IDL/FCUL



Objectives

To characterize the climate change signal on the precipitation, 

temperature and renewable energies in Portugal 

Methods

ÅUsing the newest and highest resolution regional climate 

simulations available

ÅEvaluateextensivelyRCMsresultsagainstobservations

ÅModel ranking basedonmodelperformance

ÅMulti -modelensemblesïfull , selectedand weighted

ÅAssesstheclimatechangesignal



RCM simulations

ÅWRF at 9km

ÅEURO-CORDEX at0.11o ~ 12km and 0.44o ~ 50km

ÅPresent(1971-2000) and future (2071-2100) climates

Observations
Å IPMA regular gridded dataset 0.2o ~ 20km (and 0.44o) for precipit.

Å IPMA goundbasedobservationsfor temperature

Error measures
ÅBias, MAE, MAPE, RMSE, PDF skill scores, Correlarion, 

Starndarddeviation, Anderson and Darling, Yule and Kendall, 

etc. 

Ranking and Multi -modelensemble
ÅRanking normalizingtheerrors

ÅFull, selectedand weightedmulti-modelensemble



(a)  (c) 
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 1 

EURO-CORDEX WRF-IDL 

RCMs domains

WRF-IDL

Resolution:

9km

EURO-

CORDEX

Resolutions: 

0.11o ~ 12km

0.44o ~ 50km



Regional Climate models(RCMs)



Precipitation



Gridded Observations WRF 

 

  

EURO-CORDEX 0.44o EURO-CORDEX 0.11o 
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Yearly mean 
precipitation 
(1971ς2000) 



(a) (b) 

EURO-CORDEX 0.44o EURO-CORDEX 0.44o 

  

(c) 

WRF27km/WRF9km/EURO-CORDEX 0.11o 

(d) 

WRF27km/WRF9km/EURO-CORDEX 0.11o 
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Error 
measures 

(a) (b) 

EURO-CORDEX 0.44o EURO-CORDEX 0.44o 

  

(c) 

WRF27km/WRF9km/EURO-CORDEX 

0.11o 

(d) 

WRF27km/WRF9km/EURO-CORDEX 

0.11o 
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Seasonal
precipitation

DJF MAM  

  

JJA SON 

  

 1 



R
C

P
4

.5
 

 

 

R
C

P
8

.5
 

 

 1 

Precipitation

Yearly mean 
relative changes  

(2071-2100 minus 

1971-2000)/1971-2000

Soares etal. (2017)
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Fig. 8 As Fig 7 but for seasons, DJF- winter, MAM-spring, JJA-summer and SON-autumn 1 

Soares etal. (2017)

Precipitation

Seasonal Changes 

2071-2100
vs
1971-2000


