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Earth System modelling
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= Motivation: The resolution of GCMs=
\is still too coarse to capture regional,. = -

nd local climate processes
Technique:A "Regional Climate
Model” (RCM) is "nested” withina &
GCM in order to locally increase the :“
model resolution.

—Initial conditions (IC) and lateral
. boundary conditions (LBC) {e]g
= the RCM are obtained from the GCM =8%
£ ("One-way Nesting") or analyses of &%
« observations (perfect LBC). E

 Strategy: The GCM simulates the
" _response of the general circulation to
the large scale forcings, the RCM &
- simulates the effect of sub-GCM-grid @ #
““scale forcings and provides fine
scale regional information

—Technique borrowed from NWP




The RegCM 50 Number of papers using RegCM
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. . RegCM training workshops:
Countries where RegCM is used ICTP, June 2010
’ Turunc, Turkey, August 2010
New Delhi, India, December 2010
Amman, Jordan, March 2011
Agua Calientes, Mexico, 2014
ICTP, May 2012
ICTP, May 2014
ICTP,May 2016
Strengthening of the model software
development and user support team




RegCM for CORDEX
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CREMA experiments

33 scenario simulations were
completed, each extending
from 1970 to 2100

1976-2005 being used as
reference for the assessment
of the model present day
climate



Temperature change RCP8.5 (2070/2100-1976/2005)

GCM RegCM

GCMs — DJF N GCMs — JJA

* values exceeding 5
degrees in the inner
continental interiors

+ RegCM ensemble shows
lower amounts of warming
by several tenths of a
degree

 CLM scheme generally
exhibits less sensitivity to
increased GHG forcing
than BATS
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Precipitation change RCP8.5 (2070/2100-1976/2005)

GCM RegCM

GCMs — DJF . GCMs — JJA

« The forcing of the driving
GCMs on the large scale
patterns of change
simulated by the RCMs is
evident from the similarities
in the large scale structure
of the changes

* important regional
differences between GCM
and RegCM O (different
descriptions by the models
of land-atmosphere
interactions, response to
SST changes and local

RegCMs — ANNUAL topographical forcings)
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Added value of RCM
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Euro and Med CORDEX

0.11°

0.44°

1.32°

0.11°

0.44°

1.32°

uwamW ENDD

3N e
: Qﬂ.«.u.. .A
ﬁ

55§ 3

qodV-R¥0dNI

m.ﬂ
§ 8 3

(pejoaiioa)
ADdV-AFOUNT

uwaur ERDD

(oP¥°0)
uwall sFOY

(110}
ueam ERIY

aodvV-NFodnd

(peyoeiica)
aody-R¥ound




Euro and Med
CORDEX
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Some key projects and literature

Giorgi and Mearns (1991), McGregor
(1997), Giorgi and Mearns (1999), Giorgi et al. (IPCC
2001), Leung et al. (2003), Mearns et al. (2003),
Wang et al. (2004), Giorgi (2006),Rummukainen
(2010)

PRUDENCE, AMMA,
ENSEMBLES, CECILIA, CLARIS, ACQWA

PIRCS, RMIP, NARCCAP,
NEWBALTIC, ARCMIP, PLATIN,ARC, NAMAP,
QUIRCS, Transferability

JGR 1999; JMSJ 2004; TAC 2006; CC
2007; MAP 2004, 2008; CCH 2006; MET.-ZEIT. 2008;

CR 201 2;CC 2014- TheAbdusSaIar_n
Joint ICTP-Trieste/ICTP-SAIFR Advanced School on Regional Climate iICTP ;nfeTr':\Gf'O?_G' ?SR"?
lodeling over South America. 15-19 Februaary 2016, Sao Paulo, Brazil or 'heoraliCOit



Regional Climate Modeling

Advantages

* Physically based downscaling
Comprehensive climate modeling system

» Wide variety of applications
Process studies
Paleoclimate
Climate change
Seasonal prediction

» High resolution through multiple nesting
(currently <10 to 50 km grid interval)




Regional Climate Modeling
Limitation
* One-way nesting
No regional-to-global feedbacks
* Technical issues in the nesting technique
Domain, LBC procedure, physics, etc.

* Not intended to correct systematic errors
in the large scale forcing fields

Always analyse first the forcing fields
e Computationally demanding
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Land Surface Modelling
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Subgrid hierarchy of tiles: an
(Oleson et al., 2013) ea m p I e

=

Gridceell

Landunit

Vegetated

Column

PFT3 PFT4 ... Cropl Cropl Crop2 Crop2 ...
/ -—

d School on Regional Climate



3 generation: Photosynthesis model

= Stomatal conductance explicitly
related to photosynthetic assimilation

using Ball-Berry conductance model __ Q.8F T TR
(Collatz et al. 1991): I 8; [ . £//'
A L 05 sopl”
,Emobpre  goap e
: E o2t Lo ]
M  empirical coefficient derived from c?, 0.1 '_n// h
observations
A photosynthetic assimilation OIOO .01.02.03.04.05.06 .07.08 .09
C; CO, concentration at the leaf surface A (hslcs)
h, relative humidity at the leaf surface Figure Sellers et al., 1997
p  atmospheric pressure
b  minimum value of gsiom

The Abdus Salam
JoINtICTP-Trieste/ICTP-SAIFR Advanced School on Regional Climate (CTP> ;g:'e'l'wggrzri‘iacgcl:gt?"s?cs
Modeling over South America. 15-19 Februaary 2016, S&o Paulo, Brazil Y
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Concepts of dynamic
vegetation models

Use Plant Functional Type (PFT) instead of biomes
Competition for light, water and nutrients
Successional dynamics

Tropical forest (0.25°S, 69.75°W)

f Competition
I L
i .’\ e mmem e m e AR Emmnma————— Disturbance
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dynamics
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Simulation year

et al., 2003
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CHyM Hydrological model




Regional Earth System Model
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CA precipitation
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North American Monsoon region
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Cyclone densi
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The circulation pattern JJAS

Model simulated 850 hPa winds(m/s)
n | L L | n | n |
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India precipitation
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Subsaharan Africa domain

Interaction between atmospheric chemistry, climate, and
biogeochemical cylces in a changing environment.

Intercontinental transport
Global chemistry

O
OIH
© :

5 efc

Heterogeneous chem.

Climate change

Radiative forcings

Regional dynamics
gas/ particles /clouds

-
Deposition

H20

DUST
oc -
BC @ @
Regional climatic and e
Environmental impacts

DRY SAVANNAH DESERT
Primary Emissions

Understanding and

Source SWAC, 1998

Main cities
{inhabitants)

modeling the mechanisms

> 10 millions

500 000 < 1 million
. 200 000 < 500 000

5 < 10 million:

2 < 5 millions

100 000 < 200 000
50 000 < 100 000
1 < 2 millions

Rural population densitie

Gnhabitants per km?)




Model developments ...

Aerosol sectional

Gaseous chemistry

External Collaborations.

Univ of Michigan
DMI, Cophenaghen
LA, CNRS, Toulouse
JRC, Ispra

Egyptian Met. Aut.

Optical Phys-Chem.
properties properties

Rad. I Cloud

RegCM4

Physics ~
coupling

Bio.Geo.Che
coupling

Bio.Geo.Che
coupling




Examples of studies

O Aerosols impacts over Africa ( Dust and Biomass burning)
Solmon et al., 2008; 2011 ; Tummon et al., 2010; Malavelle et al., 2011

" p————— a o Precip. Dif. dust-nodust mm/day
s T L - - = o
} 7_-. :7 _[?.!V,j_ Do ! 5 N o "
0

307N
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The paprika project : impact of absorbing aerosol deposition on snow in the
Hymalayas (Post doc : Vijayakumar S Nair)




Aerosols impacts on Euro / Mediterranean climate
(proj. : MEGAPOLI, CharMex/HyMEXx, P.Nabat, M. Chiacciho)

(a) - MODIS (b) - REF (c) - NEW

Improving the aerosol

scheme at event the P.Nabat
scale

(eg here dust emission) M. Chiaccio

fromaly Wind(ES0hFa) = slip — HOONII0S. 114

Impact of aerosol
on radiative budget
and hydrological
cycle.

Temoeranre Aenosok-R0 (AT — Z000VZ00S. 118

Frainfall Aarosol —R0 (596 — FOONE00S, 114

Impact of aerosol
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The ESP RegCM and Regional

Climate research NETwork, RegCNET

Collaborative
research
projects

Use of ICTP
model tools
and datasets

Workshops
at ICTP and
on-site

Drought

North
America

Central
America

South
America

Australia &
New Zealand

Weather

Sub-Saharan
Africa

Activity

Mediterranean
Middle East

oordination

Southeast
Asia Islands

e

Regional Modeling

Seasonal

Prediction — Prediction ——— Change

Water Resources

Energy

Agriculture

Landuse Change

Eastern
Europe

Pollution

E-mail list
(over 900 p.)

Interactions
with other
international
programs

Visitor
program

Ecosystems




What ‘s next?

Atmosphere

« Decoupling of convection time step and integration time step to
speed up the model Done

Target : 12 km projections over all the COORDEX domain for the
COORDEX phase 2

* Non hydrostatic version of the model : RegCM5 Done

Ocean-Hydro-Chem

 Benchmark simulations over all the 3 coupled domains.

« Scenario simulations over the coupled Indian domain

* Fully coupled 12km RCSM simulation over the Med-CORDEX
omaln ocean-atm-land-river + realistic 2D spatial, seasonal, tren:

ced School on Regional Climate
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8" ICTPWORKSHOP ON THETHEORY AND USEOF

REGioNALCLMATE v
w

MODELS 23 May - 3 .Line 2016

Miramare, Trieste, Ity il N
The Abdus Salam Internatioal Centre for Theoretical Physics (ICTP) is organizing its “Eighth ICTP Workshop on
The Theory and Use of Regional Climate Models” to be held on 23 May - 3 June 2016 in Trieste, Italy.

The directors of the Workshop are F. Giorgi (ICTP, Italy), E. Coppola (ICTP, Italy), T. Cavazos (CICESE, Mexico),
X. Gao (CMA, China).

Regional climate modelsi{RCMs) are widely used tools to produce high resolutio climate informatio at re-
gional scales, and can be run at resolutios of a few km which allow explicit desariptio rof convectio process-
es. The ICTP regional climate modeling system, RegCM, is one of the most used RCMs worldwide. Its latest
version, RegCM4, has been recently augmented in several aspects, in particl @ towards the applicatio of
the model to very high resolutiog convectio permittin , simalatios. Among the main model improvements
in this directio are the imptementatio of non-hydrostatic dynamics, theeefinme n t of an advanced explicit
cloud microphysics scheme and the full coupling with the MIT ocean model, the CHYM hydrological model, the
CLMA4.5 land-surface model including interactive vegetatio and an augmented version of a chemistry/aerosol
module.

As in previous workshops of this series, this event will provide lectures and extensive hands-on sessions on
the theory of regional climate change and regional cli-
mate modeling as well as on the use of the RegCM4
modeling system. The focus of the present workshop will
be on the applicatio of the RegCM4 to high resohutio
experimants, in particl @ within the framework of the
internatioal program CORDEX (COordinated Regional
Downscaling EXperiment). During the workshop, the new
features of the model will be described and tested, and a
new version of the model will be releasednin addition the
contributio of the RegCM community to the next phase
of the CORDEX program will be discussed. The workshop
will also include a special session on the interactios be-
tween air quality, climate processes and climate change in diverse region of the world under the framework of
the EU REQUA (Regional climate-airmuality interactios) g oject.

The workshop is also aimed at providing a forum for current and future model users to discuss relevant issues
and formulate needs and prioritie for further model development and disseminatio. iA limited number of
partic@n ts are envisioned, with proven experience in climate modeling and a strong interest in using the
RegCM4 system for regional climate studies.

The workshop is intended for scientists and graduate students working in the areas of Atmospheric Physics
and Dynamics, Climatology, Oceanography, Physics and Mathesnatic. It is open to scientists from all member
countries of the United Natiosj UNESCO and IAEA. The activty will be conducted in English, Limited funding
(including travel grants) for partic@ tio in the conference is available for scientists from developing countries.
No registratio fee is required.

Theron-line applicatio form can be actessed at ICTP activty w ebsite:

i ¢ oictp.it/ /7613

Once in the website, comprehensiva instructios  will guide you step-by-step, on how to fil out and submit the
apphicatio form. Please send all fil a ttachments in Word or PDF format.
ST -

Contact Informatio: .

Phone: +39 040 2240 426, E-mail: smr2831@ictp.it

Directors:

F. Giorgi
(ICTP, Italy)

E. Coppola
(ICTP, Italy)

T. Cavazos
(CICESE, Mexico)

X. Gao
(IPA/CAS, China)

Invited Speakers

N. Ban (ETH, Switzerland)

M. Bukovsky (NCAR, USA)

L. Caporaso (CMCC, Italy)

R. Farneti (ICTP, Italy)

I. Guettlr (DHMZ, Croatia

E. S. Im (MIT- SMART, Singapore)
R. Porfiro d R ocha (U. Sao Paulo, Brazil)
F. Stordhal (U. Oslo, Norway)

M. B. Sylla (WASCAL, Burkina Faso)
U.U. Turuncoglu (ITU, Turkey)

N. van Lipzig (KU Leuven, Belgium)
P. Zanis (U. Thessaloniki)

Laboratory Instr rs:

G. Giuliani (ICTP)

L. Mariotti (ICTP)

U.U. Turuncoglu (ITU, Turkey)
C. Torma (ICTP)

R. Fuentes Franco (ICTP)

R. Farneti (ICTP)

F. Di Sante (ICTP)

F. Solmon (ICTP)

APPLICATION DEADLINE



ESP Main Research Areas

- —

& Computational Earth
= o System modeling

Anthropogenic
Climate Change

Natural climate
dynamlcs and variability

Climate impacts on
society and ecosystems

g/ Research,
' Networklng
BN Educatlon

Seasonal to interannual
climate predictability

_ Chemistry-climate
mteractions and air quality

i -

Land-atmosphere

Structure and dynamics
mteractlons and soil physics

of the Earth’s interior
-

3 Oceanography and Earthquake, tsunami
= ocean-climate interactions and volcano physics




ESP: Viewing the
Earth System
In a holistic
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Where are we now?

2009/10
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Health (HF, ATOPICA)

the ICTP HPC cluste




Computational Earth System modeling

Developing flexible and economical tools for developing country needs




