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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
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Changes in the Cryosphere:
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How we simulate 1t?
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Schematic for Global
Atmospheric Model

Horizontal Grid (Latitude-Longitude)

Vertical Grid (Height or Pressure)
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Sub-grid processes!!!
The needof parametrizations!!!




The equations of a climate model
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Land ocean surface processes o
Radiative Transfer Sub-grid processes!!!
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Global Climate Models: Parameterization

Important processes smaller than a
grid box:

e.g., thunderstorms (atmospheric
convection)

(www.physicalgeography.net)

Overshooting Top

What 6s a model t o

Parameterization: Represent the effect:
of the unresolved processes on the grid

T
spperievel Assume that unresolved processes are
oy ind Roll at least partly driven by the resolved

climate.
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Large Eddy Simulation (LES)
(Local High resolution models)

Example of the development
of a parametrization:
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Cloud Resolving Models (CRM)
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Develapmentof
Global Qlimate

Models (EGQWA3)

Computing denand
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iesolution.

Increased computing
power has allowed
l ncreased resolution
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Development of Climate Models
Mid 1970s Mic 1980s Early 1930s Lale 1990s Early 2000s Today
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How Well Have

GCMs performed?

Attribution

Anthropogenic

and natural forcings

Figure TS.23. (a) Global mean surface
temperature anomalies relative to the period
1901 to 1950, as observed (black line) and
as obtained from simulations with both
anthropogenic and natural forcings. The thick
red curve shows the multi-model ensemble
mean and the thin lighter red curves show
the individual simulations. Vertical grey lines
indicate the timing of major volcanic events.
(b) As in (a), except that the simulated global
mean temperature anomalies are for natural
forcings only. The thick blue curve shows
the multi-model ensemble mean and the thin
lighter blue curves show individual simulations.
Each simulation was sampled so that coverage
comesponds to that of the observations.
{Figure 9.5}

Source IPCC2007a(WG | TSp.62)
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Are models improving?

Annual mean global pattern correlations
between models and observations
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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
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Regional Climate Model

R L AL A i S S

Lateral
Boundary
Conditions

Relaxation zone

Surface
Boundary Conditions

(sea temperature, orography,
land composition)



How to drive a RCM?

One-way nesting Two way-nesting

Lateral forcing =

GCM

d T ] ] T — T GCM T LS — Tf.s - GCM

— = dynamics + physics + + —

w S @
Spectral nudging
Nudging
GCM coef.
GCM o
LS Lateral nudging all Spectral nudging inside
scales but only in the domain but only for

the relaxation layer the large-scales



Where does the addedralue comefrom? T expected!!!

Several potential sources of RCM addeduewrt the driver:

- Cheaper in terms of computational resources at the same resoluti
- Higherresolution

- Turbulence (small scale atmospheric features, mesoscale cyclone
- Higherresolution of the moddbrcings orography, islands, larska
contrast, sea surface temperature, aerosols climatology$mdeace
coverage

- Non-hydrostatic model at-Rm 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,seac e, f |l ooded ar ea, | T



Convection, clouds and turbulence
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Fig. 5 Instantaneous fiek! of clouds sinulated by CGCM2 with equivalent grid mesh of 450 km (left panel) and CRCM with grid mesh of
45 km (right panel) (superim posed on the GCM-simubited field, showing the frame of the RCM domain) (figures kindly provided by Dr.
Daniel Caya, Chief, Climate Simulation Team, Ouranos Consortium).

Leutwyler et al. (2016
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Resolution, orography and land-sea contrast

CNRM-CM3

(CMIP3, IPCC-AR4) 250 km
$ : 8 5




Geography of the RCM added-value

Orography induced Small-scale land-
added-value atmosphere ' \
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lllustration of the RCM added-value

Added-value in mean precipitation spatial pattern
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lllustration of the RCM added-value

Added-value in extreme precipitations
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Regional Climate Models
at IDL/FCUL




ODbjectives

To characterize the climate change signal on the precipitation,
temperature and renewable energies in Portugal

Methods

A Using the newest and highest resolution regional climate
simulations available

A EvaluateextensivelyRCMsresultsagainsiobservations

A Model rankingbasedn modelperformance

A Multi-modelensemble$ full, selectecandweighted

A Assesgheclimatechangesignal



RCM simulations

A WRF at 9km
A EURO-CORDEXat0.11° ~ 12km and 0.4%~ 50km
A Presen{19712000) and future (2072100)climates

Observations
A IPMA regular gridded dataset ~ 20km (and 0.4% for precipit
A IPMA goundbasedbservationgor temperature

Error measures

A Bias, MAE, MAPE, RMSE, PDBkill scoresCorrelarion
Starndardleviation Anderson andarling, Yule and Kendall,
etc.

Ranking and Multi -modelensemble

A Rankingnormalizingtheerrors
A Full, selectecandweightedmulti-modelensemble



RCMs domains
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Regional Climate models(RCMs)

Table 1 EURO-CORDEX regional climate models considered in the present study, along with the responsible institution, the forcing global cli-
mate model, the acronym for each model combination (RCM-GCM) and the used resolutions

Institution Reference Maodel Forcing model Acronym Resolution
Climate Limited-Area Modelling Rockel et al. (2008) CCLM4-5-17 MPI-M-MPI-ESM-LR CLM1 0.11°/0.44°
Community ICHEC-EC-EARTH CLM2  0.11°
CNREM-CERFACS-CNEM-CM5 CLM3 0.11°
Danish Meteorological Institute Christensen et al. (2006) HIRHAMS ICHEC-EC-EARTH DMI 0.11%/0.44"°
Hungarian Meteorological Colin et al. (2010) ALADINS2 CNRM-CERFACS-CNRM-CM5 HMS 0.44°
Service
Instituto Dom Luiz Skamarock et al. (2008) WRFV350D IDL-EC-Earth IDL 0.44°
Institut Pierre Simon Laplace and Skamarock et al. (2008) WRF331F [PSL-IPSL-CM3A-MR IPSL 0.11%/0.44"°
Institut National de |
Environnement industriel et des
RISques
Koninklijk Nederlands van Meijgaard et al. (2008) RACMO22E ICHEC-EC-EARTH KNMI 0.11°/0.44°
Meteorologisch Instituut
Swedish Meteorological and Samuelsson et al. (2011) RCA4 CNRM-CERFACS-CNRM-CM5 SMHII 0.11%/0.44"°
Hydrological Institute ICHEC-EC-EARTH SMHI2  0.11°/0.44°
IPSL-IPSL-CM3A-MR SMHI3  0.11°/0.44°
MOHC-HadGEM2-ES SMHI4 0.11°/0.44°
MPI-M-MPI-ESM-LR SMHI>  0.11°/0.44°
CCCma-CanESM2 SMHI6  0.44°
CSIRO-QCCCE-CSIRO-Mk3-6-0 SMHI7  0.44°
MIROC-MIROCS SMHIE  0.44°
NCC-NorESM1-M SMHI9 0.44°
NOAA-GFDL-GFDL-ESM2 M SMHI10 0.44°




Precipitation



Gridded Observations WRF

Yearly mean
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relative changes
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