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AtmosphereAtmosphere

ChemosphereChemosphere

HydrosphereHydrosphereBiosphereBiosphere

AnthropoAnthropo
spheresphere

LithosphereLithosphere

CryosphereCryosphere

EarthEarth
SystemSystem

ESP: Viewing the ESP: Viewing the 
Earth SystemEarth System
in a holisticin a holistic
wayway



ESP Main Research AreasESP Main Research Areas

Natural climate
dynamics and variability

Climate impacts on
society and ecosystems

Computational Earth
System modeling

Seasonal to interannual
climate predictability

Anthropogenic
Climate Change

Earthquake, tsunami 
and volcano physics

Structure and deformation
of the Lythosphere

Biosphere-atmosphere 
interactions

Chemistry-climate 
interactions and air quality

Oceanography and
ocean-climate interactions

Research,Research,
Networking,Networking,
EducationEducation



Computational Earth System modelingComputational Earth System modeling

Regional Earth System Regional Earth System 
Modeling (Modeling (RegCMRegCM))

Global Earth System Global Earth System 
Modeling Modeling 

(ECHAM, SPEEDY)(ECHAM, SPEEDY)

Developing flexible and economical tools for developing country Developing flexible and economical tools for developing country needsneeds

RegCMRegCM Tropical BandTropical Band

Computing resources:Computing resources:
Local cluster (ARGO)Local cluster (ARGO)

SISSA clusterSISSA cluster
CINECACINECA
ECMWFECMWF
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Release of new versionRelease of new version
RegCM4RegCM4

CR Special issueCR Special issue

About 3000 downloadsAbout 3000 downloads
since June 2010  since June 2010  

RegCMRegCM training workshops:training workshops:
ICTP, June 2010ICTP, June 2010

TuruncTurunc, Turkey, August 2010, Turkey, August 2010
New Delhi, India, December 2010New Delhi, India, December 2010

Amman, Jordan, March 2011Amman, Jordan, March 2011
ICTP, May 2011ICTP, May 2011

Strengthening of the model softwareStrengthening of the model software
development and user support team development and user support team 

Countries where Countries where RegCMRegCM is usedis used

Number of papers using Number of papers using RegCMRegCMThe The RegCMRegCM
SystemSystem



Seasonal
Prediction

Climate
Change

Weather
Prediction

Flood Water Resources Agriculture Landuse Change Pollution Health EcosystemsFisheriesDrought Energy

Regional Modeling

Eastern
Europe

Sub-Saharan
Africa

Central
America

South
America

Southeast
Asia Islands

East
Asia

South
Asia

Mediterranean
Middle East

North
America

Australia &
New Zealand

Japan &
Korea

Europe

South-North
Interactions

South-South
Interactions

Scientific
Exchanges

Activity
Coordination

Storms

ESP Networking: The RegionalESP Networking: The Regional
Climate research Climate research NETworkNETwork, , RegCNETRegCNET

Collaborative
research 
projects

Use of ICTP
model tools 
and datasets 

Visitor
program

E-mail  list
(over 750 p.)

Interactions
with other

international
programs

Workshops 
at ICTP and

on-site



Anthropogenic Climate ChangeAnthropogenic Climate Change

High resolution regionalHigh resolution regional
climate change simulationsclimate change simulations

with the regional model with the regional model RegCMRegCM

Uncertainty analysis and Uncertainty analysis and 
probabilistic climate changeprobabilistic climate change

predictions based onpredictions based on
output from ensemblesoutput from ensembles

of global model simulationsof global model simulations

Mean winter precipitation change

Climate change Hot-Spots



Simulation of meanSimulation of mean
precipitation for anprecipitation for an
allall--Africa domainAfrica domain

ERA-Interim LBC
(1989-2005)

Sylla et al. 2009



Simulation of seasonalSimulation of seasonal
precipitation for anprecipitation for an
allall--Africa domainAfrica domain

ERAERA--Interim LBCInterim LBC
(1989(1989--2007)2007)

SyllaSylla et al. 2009et al. 2009



Temperature changeTemperature change Precipitation changePrecipitation change

20112011--20302030

20312031--20502050

20812081--21002100

ECHAMECHAM--drivendriven
transient scenariotransient scenario
simulation (A1B)simulation (A1B)



Climate-Chemistry Interactions
CLIMATECLIMATE

CHEMISTRYCHEMISTRY ECOSYSTEMSECOSYSTEMS

AEROSOLSAEROSOLS GHGGHG’’ss

HumanHuman
EmissionsEmissions

HumanHuman
EmissionsEmissions

HumanHuman
EmissionsEmissions

LandLand--useuse
ChangeChange

N DepositionN Deposition
Ozone, UV radiationOzone, UV radiation

Biogenic EmissionsBiogenic Emissions
Dry depositionDry deposition

OxidantsOxidants
O3, HO2O3, HO2

H2O2H2O2

GreenhouseGreenhouse
EffectEffect

Direct and IndirectDirect and Indirect
EffectsEffects

CH4, N2OCH4, N2O
O3, CFCO3, CFC

CO2CO2

Fires, SootFires, Soot
Mineral DustMineral Dust



Direct effectsDirect effects
Absorption and reflection Absorption and reflection 
of solar and IR radiationof solar and IR radiation

Indirect effectsIndirect effects
Modification of cloudModification of cloud

propertiesproperties
(reflectivity and lifetime)(reflectivity and lifetime)

Aerosols with the longest Aerosols with the longest 
atmospheric lifetime atmospheric lifetime 

(d=0.1(d=0.1--1 micron) 1 micron) are also are also 
the most the most radiativelyradiatively activeactive

SemiSemi--direct effectsdirect effects
Modification of the thermalModification of the thermal
structure of the atmospherestructure of the atmosphere

Aerosol Aerosol radiativeradiative effectseffects



There are many types of aerosolsThere are many types of aerosols

SulfatesSulfates

NitratesNitrates Black CarbonBlack Carbon

Organic carbonOrganic carbon

Mineral dustMineral dust

Sea SaltSea Salt

VolcanicVolcanic



Tracer model / RegCM3Tracer model / RegCM3
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lpdepcumwlswCUMVH QQDRRSTFFV
t ,,χχχ

Transport Transport RemovalRemoval
termsterms

PrimaryPrimary
EmissionsEmissions

Physico Physico –– chemicalchemical
transformations   transformations   

StronglyStrongly dependentdependent on the nature of the tracer on the nature of the tracer 

General approachGeneral approach

Particles and chemical species considered (12 tracers).Particles and chemical species considered (12 tracers).
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1.01.0--1010

µµmm

Aerosols in RegCM3Aerosols in RegCM3

QianQian and and GiorgiGiorgi 1999; 1999; QianQian et al. 2001; et al. 2001; SolmonSolmon et al. 2006; et al. 2006; ZakeyZakey et al. 2006; 2008  et al. 2006; 2008  



ClimateClimate--aerosol model couplingaerosol model coupling

RegionalRegional
Climate ModelClimate Model

RadiativeRadiative
TransferTransfer
PackagePackage

Aerosol ModelAerosol Model
Source, Transport,Source, Transport,
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Simple indirectSimple indirect
effect schemeeffect scheme

RcRc = f(= f(χχ))

Aerosol

Aerosol

Concentration

Concentration

CloudCloud
ReflectivityReflectivity

SemiSemi--directdirect
effectseffects



•• During the last decades East Asia has been one of the During the last decades East Asia has been one of the 
most rapidly developing regions of the worldmost rapidly developing regions of the world

•• As a result, anthropogenic aerosol emissions over the As a result, anthropogenic aerosol emissions over the 
region have considerably increased, thereby (possibly) region have considerably increased, thereby (possibly) 
affecting the climate of the region  affecting the climate of the region  

•• A series of studies investigated the possible regional A series of studies investigated the possible regional 
climatic effects of anthropogenic aerosols over East Asiaclimatic effects of anthropogenic aerosols over East Asia
–– QianQian and and GiorgiGiorgi (1999,2000), (1999,2000), QianQian et al. (2001, 2003), et al. (2001, 2003), ChameidesChameides et al. et al. 

(1999,2002),Streets and (1999,2002),Streets and WaldhoffWaldhoff (2000),Kaiser and (2000),Kaiser and QianQian (2002),Giorgi (2002),Giorgi 
et al. (2002,2003)et al. (2002,2003)

Example IExample I
East AsiaEast Asia



Brown cloud over ChinaBrown cloud over China
17 November 200417 November 2004



Yearly coal and total energy consumption in China from 1953-1997 (left)
Spatial distribution of SO2 emission yearly change rate during 1953-

1997 (right). Data from Ren et al. (1997).



Aerosol extinction coefficient Aerosol extinction coefficient 
averaged for 1981averaged for 1981--19981998
Kaiser and Kaiser and QianQian (2002)(2002)

Change of observed mean Change of observed mean 
temperature (temperature (ooCC) in China) in China

QianQian and and GiorgiGiorgi (2000)(2000)



TemperatureTemperature, DJF, IND1, DJF, IND1--CONTCONT

TemperatureTemperature, JJA, IND1, JJA, IND1--CONTCONT

TemperatureTemperature, MAM, IND1, MAM, IND1--CONTCONT

TemperatureTemperature, SON, IND1, SON, IND1--CONTCONT



Example II: Effect of dust on Example II: Effect of dust on 
the African monsoonthe African monsoon

SolmonSolmon et al. 2006et al. 2006
ZakeyZakey et al. 2006et al. 2006
KonareKonare et al 2008et al 2008
SolmonSolmon et al. 2008et al. 2008



SeaWIFSSeaWIFS (NGSFC)(NGSFC)
TOMS (TOMS (aerosolaerosol index)index)

RegCMRegCM

(0.1(0.1--10 10 µµm m dustdust burdenburden))

ZakeyZakey et al, 2006et al, 2006

Case study: Dust storm of 20Case study: Dust storm of 20--28 February 200028 February 2000



RegCMRegCM AODAOD

MISR AODMISR AOD

JJA JJA 

(2000(2000--2006)2006)

RegCMRegCM

LidarLidar

MM’’BourBour

Validation in Validation in ““climateclimate”” modemode
KonarKonaréé et al., 2008; et al., 2008; SolmonSolmon et al., 2008et al., 2008



m.sm.s--11

1515

MeanMean circulation  circulation  atat 865 865 hpahpa
( NODUST, JJA 1996( NODUST, JJA 1996--2006)2006)

DifferentialDifferential circulation  circulation  atat 865 865 hpahpa m.sm.s--11

mm/daymm/day

( DUST ( DUST --NODUST, JJA 1996NODUST, JJA 1996--2006)2006)

KonarKonaréé et al., 2008; et al., 2008; SolmonSolmon et al., 2008et al., 2008

Dynamical and precipitationDynamical and precipitation
response to dust forcingresponse to dust forcing

mm/daymm/day



PrecipitationPrecipitation
Dust Dust -- nodustnodust

Precipitation, CRUPrecipitation, CRU
(1961(1961--1990) 1990) –– (1901(1901--1980)1980)

The dust forcing can strengthen the The dust forcing can strengthen the 
occurrence of drought in the Sahel occurrence of drought in the Sahel 



Impacts of climate changeImpacts of climate change
on water, health and cropson water, health and crops



Hydrological Hydrological modelingmodeling

and and 

effect of climate change effect of climate change 

on water resourceson water resources



Experiment Description

Regional Climate Model (RegCM3) simulationsRegional Climate Model (RegCM3) simulations
►►Control Control simulationsimulation usingusing ERAERA--Interim Interim asas boundaryboundary
conditionsconditions (1990(1990--2007)    [2007)    [SyllaSylla etet al.al. 2009]2009]
►►Scenario Scenario simulationssimulations usingusing ECHAM5ECHAM5--GCM A1B (1980GCM A1B (1980--
2100)  [2100)  [MariottiMariotti etet al 2010, in al 2010, in preparationpreparation]]

CetempsCetemps Hydrological Model Hydrological Model CHyMCHyM [[Coppola et al. Coppola et al. 
20072007] has been coupled with the regional climate ] has been coupled with the regional climate 
model for the two western African river basins model for the two western African river basins 
Niger and VoltaNiger and Volta

►► hydrologicalhydrological model model calibrationcalibration runrun -- regionalregional model model 
perfectperfect boudaryboudary simulationsimulation output output asas input (1990input (1990--
2005)2005)

►► TransientTransient hydrologicalhydrological scenario scenario simulationssimulations --
regionalregional climateclimate model output model output fromfrom the A1B the A1B transiettransiet
simulationsimulation asas input (1980input (1980--2100) 2100) 

NigerNiger

VoltaVolta



RunoffRunoff SeasonalSeasonal ChangeChange



Change in precipitation minus potential evaporationChange in precipitation minus potential evaporation

B2B2 A2A2



Change in Change in KoppenKoppen climate classification typesclimate classification types

BW = Dry Land BW = Dry Land -- DesertDesert
BS = Dry Semiarid BS = Dry Semiarid -- SteppeSteppe
Cs = SubCs = Sub--tropical/Summer dry tropical/Summer dry –– EG treesEG trees
Cr = Subtropical Humid Cr = Subtropical Humid –– Dec. TreesDec. Trees
Do = Temperate Oceanic Do = Temperate Oceanic -- Conifer. ForestConifer. Forest
Dc =  Temperate Continental Dc =  Temperate Continental –– Broad. For.Broad. For.
EoEo = Sub= Sub--arctic Oceanic arctic Oceanic -- NeedleleafNeedleleaf For.For.
EcEc = Sub= Sub--Arctic Continental Arctic Continental -- TaygaTayga
Fl = Ice Cap Fl = Ice Cap -- GlacierGlacier



Effect of climate changeEffect of climate change
on human healthon human health



High resolution RCM information can be High resolution RCM information can be 
effectively used in a range of impact studies effectively used in a range of impact studies 

Increase of pathologies related to heat stressIncrease of pathologies related to heat stress

High danger heat indexHigh danger heat index

Days with Days with TmaxTmax > 35C> 35C Days with Days with TminTmin > 20C> 20C

The heat index is The heat index is 
obtained from a obtained from a 

polynomial regressionpolynomial regression
formula based onformula based on
temperature and temperature and 
relative humidityrelative humidity

DiffenbaughDiffenbaugh et al., GRL, 2007 et al., GRL, 2007 

RegCMRegCM, , dxdx = 20 km= 20 km
A2 scenarioA2 scenario



Change in cooling degreeChange in cooling degree
day demandday demand

Location of major coastalLocation of major coastal
population centerspopulation centers

A climateA climate--change humanchange human--healthhealth
feebackfeeback processprocess

Heat stress willHeat stress will
increase the demand increase the demand 
or cooling and thusor cooling and thus
the GHG emissionsthe GHG emissions



Climate change, Climate change, 
air quality andair quality and

healthhealth



The CHIMERE-RegCM Model Set-Up

• European domain
– Horizontal resolution: 0.5°x 0.5°
– Vertical resolution:  8 levels up to 

500hPa (~4500m)

• Meteorological data
– RegCM outputs from Prudence 

runs

• Chemical Boundary Conditions
– MOZART

• Chemical Emissions
– EMEP

• Chemical Scheme
– MELCHIOR reduced (~45 

gaseous species, ~120 reactions)

RegCMRegCM INTERFACE INTERFACE 
PRUDENCE PRUDENCE 

OUTPUTOUTPUT
FILESFILES



Changes in summer
climate for 

(2071-2100) – (1961-1990)
B2 scenario

500 500 mbmb height (m)height (m)

Temperature (Temperature (°°C)C) Precipitation (%)Precipitation (%)



Change in summer ozone concentration statistics, A2 Change in summer ozone concentration statistics, A2 
scenario (2071scenario (2071--2100) minus (19612100) minus (1961--1990)1990)

Peak daily ozonePeak daily ozone Mean daily ozoneMean daily ozone

Climate change will increase ozone concentrations overClimate change will increase ozone concentrations over
Europe because of higher temperatures, reduced Europe because of higher temperatures, reduced 

precipitation and more stagnant conditions precipitation and more stagnant conditions 



Number of Number of exceedanceexceedance daysdays
for different ozone concentration for different ozone concentration 

thresholds and different scenariosthresholds and different scenarios

Information threshold (90 ppb)Information threshold (90 ppb) Warning threshold (120 ppb)Warning threshold (120 ppb)



Observations Forecasts

dissemination
training

Disease
models

Disease
Forecasts

bias correction
seamless FC

disease model 
development 

and calibration

disease            
models driven       
by seamless FC 
system

project tools and disease forecasts disseminated to all partners

Project: Development of a forecast system for infectious Project: Development of a forecast system for infectious 
disease outbreaks in Africa (QWECI project)disease outbreaks in Africa (QWECI project)

Pilot studies:Pilot studies:
Ghana, Senegal, MalawiGhana, Senegal, Malawi

Target diseases:Target diseases:
Malaria, Rift Valley Fever,Malaria, Rift Valley Fever,

Tick borne diseasesTick borne diseases

Development of anDevelopment of an
integrated Decisionintegrated Decision

Support System (DSS)Support System (DSS)



Comparison of correlation coefficient between observed Comparison of correlation coefficient between observed 
and simulated yield at the 0.5and simulated yield at the 0.5◦◦ scale from 1985 to 2000scale from 1985 to 2000

original original modified  model modified  model 

With flooding effect, yield predictions showed a better agreemenWith flooding effect, yield predictions showed a better agreement t 
with observed yield compared with no flooding effectwith observed yield compared with no flooding effect

Use of GLAM crop model for studies of  theUse of GLAM crop model for studies of  the
effects of climate change on crop productivityeffects of climate change on crop productivity



Developing climate information for Developing climate information for 
Impact assessment studiesImpact assessment studies

Global modelGlobal model
(AOGCM)(AOGCM)

TimeTime--sliceslice
AGCM, AGCM, 

VARGCMVARGCM

FloodFlood Water ResourcesWater Resources AgricultureAgriculture LanduseLanduse ChangeChange PollutionPollution HealthHealth EcosystemsEcosystemsFisheriesFisheriesDroughtDrought EnergyEnergyStormsStorms

ImpactsImpacts

Regional Regional 
Model (RCM)Model (RCM)

StatisticalStatistical
DownscalingDownscaling
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Thank youThank you



Crop yield modelling: correlation between 
rainfall and observed yield (1985-2000)

Positive 
correlation in 
north west, 
rainfall limited.
Negative in east 
where irrigation 
fraction is 
higher: Effect of 
flooding



PrecipitationPrecipitation, JJA, IND1, JJA, IND1--CONTCONT

PrecipitationPrecipitation, DJF, IND1, DJF, IND1--CONTCONT PrecipitationPrecipitation, MAM,IND1, MAM,IND1--CONTCONT

PrecipitationPrecipitation, SON, IND1, SON, IND1--CONTCONT



Many important diseases have clear climate drivers,Many important diseases have clear climate drivers,
Malaria and Rift Valley Fever:Malaria and Rift Valley Fever:

•• Rainfall (vector breeding)Rainfall (vector breeding)
•• Temperatures (parasite and vector cycles)Temperatures (parasite and vector cycles)
•• Relative Humidity (vector mortality)Relative Humidity (vector mortality)

Aim of Aim of QWeCIQWeCI: : To examine the potential to produce malaria To examine the potential to produce malaria 
forecasts and risk projections from monthly to forecasts and risk projections from monthly to 
seasonal/decadal timescalesseasonal/decadal timescales

EUFP7 funded project EUFP7 funded project 20102010‐‐2014, 13 partners (6 EU, 7 2014, 13 partners (6 EU, 7 
Africa) in Africa) in three target regions in Africa: three target regions in Africa: Senegal, Ghana and Senegal, Ghana and 
MalawiMalawi

Role of ICTP: Role of ICTP: 
‐‐ coauthored proposal coauthored proposal ‐‐ Funding level ~400KeuroFunding level ~400Keuro
‐‐ Bias correction of forecastsBias correction of forecasts
‐‐ Disease Disease modellingmodelling (statistical and dynamical)(statistical and dynamical)
‐‐ Long Range WIFI use in data collection & FC disseminationLong Range WIFI use in data collection & FC dissemination

Percentage of mosquito Percentage of mosquito 
population surviving to population surviving to 

infectious stage. Adapted from infectious stage. Adapted from 
Jones (2007) in  Cui, Parker and Jones (2007) in  Cui, Parker and 

Morse (2009)Morse (2009)



1a. 1a. QWeCIQWeCI: Ensemble Forecasts : Ensemble Forecasts 
of weather parameters of weather parameters 
((T,rain,RHT,rain,RH))

CONCEPTCONCEPT

2. Biases corrected statistically 2. Biases corrected statistically 
and/or dynamically (CDF and and/or dynamically (CDF and 
EOF approaches)EOF approaches)

3. Fed into statistical (ICTP) 3. Fed into statistical (ICTP) 
and dynamical disease and dynamical disease 
models models  4. To provide ensemble 4. To provide ensemble 

disease risk mapsdisease risk maps

1b. HF climate 1b. HF climate 
projection of projection of 

weather weather 
parameters parameters 
((T,rain,RHT,rain,RH))




