How important are aerosols for predicting the physical
system (NWP, seasonal, climate) as distinct from
predicting the aerosols themselves?

How important is atmospheric model quality for air
guality forecasting?
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Update of aerosol climatology of GSM

A Climatological aerosol is used in calculation of aerosol direct effect
A Seasonal variation of horizontal distribution is considered

¢ Monthly averaged climatological distribution of vertically accumulated
optical depth derived from satellite observation is used.

A JMA plans to update aerosol optical depth climatology
¢ Use new satellite data, extend period for climatology calculation

¢ New optical depth tends to be smaller over land (especially over the
Antarctica and over desert) than current optical depth

¢ Closer to observations by sun photometer.

A Seasonal variation is not considered for vertical distribution (not updated)
¢ Vertical distribution of optical properties climatology
¢ Continental type and maritime type
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Difference between two o
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SCM experiment

Difference of radiation flux (MLS,land,NEW-OLD) Shortwave Heating Rate(MLS,land)
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Mid latitude summer standard atmosphere, Smaller optical denth results in
clear sky, surface albedo: 0.1, solar zenith P P

Ao iIncrease of shortwave radiation
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reaching surface and decrease of
heating rate by shortwave radiation.
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Onemonth average radiation flux (winter)
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DEVELOPMENT OF GLOBAL
AEROSOL CHEMICAL TRANSPOF
MODEL FOR CLIMATE CHANGE




Processes in th&lobal Aerosol Chemical Transport model
MASINGAR Tanaka et al. 2003
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CESM(CAMDb) D)2 Century

20th Century Surface Temperature

Global Temperature Anomalies
from 1850-1899 average
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CAMA4c¢ bulk aerosols, no indirect effect
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Interactions AtmosphericComposition& NWP

(inputs: VHPeuch& JIMorcrette)

Main objectives:

A LyoSadA3alrasS avyz2aild LINPYAAAYTE | NBFaA gK!
composition can benefit NWP, lomgnge predictions and ranalysis
A Use atmospheric composition observations as an additional monitoring and
diagnostics capability for winds/transport and physical processes
A Investigate new forecast capabilities (visibility, comprehensive land surface, surface
albedo includingerosol depositionod y 2 g X 0
Main foci:
A Experiment direct (and indirect) aerosol effects
A Ozone assimilation
A 5SSt 2L) al TF2NRI 6t S¢é¢ O2YLIRAAGAZ2Y NBLNES
A PBL diagnostics and atmospheric tracers
A Mass conservation/correction
A Handling of multiple grid in IFS
Challenges:

A Cost of atmospheric composition representation for operational forecasting

WGNE28 2012 ECMWEF aerosol contribution ECMWF
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Preliminary findings

Distribution of the various prognostic aerosols can be rather different from the
climatology of aerosols presently used operationally.

Given the present configuration of the MACC/ECMWF aerosol analysis, having the full
interactions between aerosols and radiation/cloud processes within the analysis does not
bring much to the subsequent FCs. The increased complexity and cost (~x2) does not
justify its operational implementation

When direct and indirect effects are considered, the first order response dDitend
FCs is roughly the sumbir+Ind

The impact of the aerosa@loudradiation interactions on traditional meteorological
scores is negligible ayeopotential only noticeable ommserrors of T below 850Pa

Current research includes replacing old aerosol (1997) climatology with MACC
climatology

Locally, it can have a significant impaeg(10 meterwinds see next slide)

WGNE28 2012 ECMWEF aerosol contribution ECMWF




Aerosol direct effects: MACC / MAG@DM / Operclim
July 2011, 31 days average, TL255 Le@ fbbecasts
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Understanding aerosol
werorrce IMpPActs at NWP timescales

Conducted a set of NWP experiments covering June-July
2009 period using different aerosol representations:

A Simple Cusack climatology (Cusack et al., 1998)
(Control)

A Monthly mean aerosol climatologies derived from
HadGEM-2 climate runs.

A Prognostic aerosol species modelled using the
CLASSIC aerosol scheme (Bellouin et al, 2011)

A Initialized CLASSIC aerosol using GEMS assimilated
aerosol forecasts

Increase in Cost!

Evaluation of aerosol predictions and direct and indirect
aer osol | mpacts (separately
radiation and meteorological fields carried out against a
range of observations.

Increase in Complexity

© Crown copyright Met Office



Assessment of different aerosol
representations in global NWP model

MetOffice  Jun/Jul 2009 mean T+120 AOD (550nm)

Initialised CLASSIC
Monthly mean Prognostic CLASSIC aerosol using GEMS
Climatologies aerosol scheme assimilated aerosol

Global Mean AOD
CLIM: 0.181
AER _DIR_DIR:  0.175
INIT_DIR_INDIR: 0.197

MISR: 0.189
MODIS: 0.186
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AERONET Comparisons: Jun/Jul 2009 AOD (440nm) T+120

Benefit of having the prognostic aerosols over climatologies:
Met Office better diurnal variability of AOD
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Impacts on net radiation T+120

{CLASSIC} T {CLIMATOLOGY}

Met Office

Top of
Atmospher
eNet
Radiation

Mean: -0.87 §.0: 3.56 Max: 24.01 Min: -26.30 Mean: 4.18 5.D: 8.85 Max: 62.28 Min: -40.60
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Surface Net
Radiation

Mean: 2.04 5.0: 4.51 Max: 26.51 Min: -29.70 Mear: 6.80 5.0: 10.04 Mayx: 61.66 Min: -46.65
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=~ Cloud droplet number conc.

Met Office

Large sensitivities in remote clean air regions to more realistic CDNC

3

Potential cloud droplet number concentration (Climatology) [em™] Potential cloud droplet number concentration [cm™]
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. Zonal Temperature T+120
~ Jun/ul 2009

Met Office

Inclusion of the indirect effect leads to an improvement in NH cold
bias and in some regions of SH
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Precipitation Error T+120

Met Office Jun/Jul 2009
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The impacts are small, but they improve the errors.
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Forecasts of ozone maxima with MOCAGE

chemistry transport model

With the same horizontal
resolution (0.1°),
meteorological forcings from
AROME (2.5km) give better
results for Paris than from
ARPEGE (10km).
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Climatology of desert dust simulated by the ALADIN model

Vertical crosssectiong30°0O 1 40°E)

AOD simulatedoy ALADIN, averagedver20062010 Averagecbver 20062010 oveiNorth Africa
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MesoNH modelling of desert dust outflow over Europe (EUCAARI)

Begue et al., 2012, jgr
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Impact of desert dust on high resol

modelling: AROME coupled to a desert dust module

ution numerical

Real time simulations: 5km / 41 levels / West Africa : 850x550pts [Grini et al. 2006, Tulet et al. 2005]
Realistic modelling of on-line lift-off, transport and radiative impact of desert dust

Monthly means

IMPACTS :

Difference in radiative forcing with 100 W/m2 . T-8°C a la
Dust absorb and diffuse :and without dust

synoptic case study

Storm caused by a Density Courants
cold surge 23 June 2011 0000utc (t+30F

6-14 mars 2006 (AMMA) (FENNEC)

convection
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Taking into account the radiative impact
of dust improves prediction of the storm
over W Africa.
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Canadian AQ Forecasting
System

A Primary messaging tool is the Air Quality Health
Index (AQHI)

A Main target is urban areas > 100,000 population

A On-line forecast model GEM-MACH provides
guidance on AQHI component values (NO,, O,
PM, ) and meteorological fields out to 48 hours

Page 311 August 24, 2011
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GEM-MACH

A GEM-MACH is a multi-scale chemical weather
forecast model composed of dynamics and
physics (GEM) and on-line chemistry modules

AOperationaI configuration of GEM-MACH

Includes
I limited-area-model (LAM) grid configuration for North America

I 10-km horizontal grid spacing, 80 vertical levels to 0.1 hPa

I 2-bin sectional representation of PM size distribution (i.e., 0-2.5
and 2.5-10 em) with 9 chemical components

I forecast species include O;, NO,, and PM, - needed for AQHI
Page 321 August 24, 2011
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Plans for the future:

The Canadian model (GEM-MACH) currently used for air-
guality forecasts is not a fully interactive model.

For phase 2 of AQMEII (Air Quality Modelling Evaluation
International Initiative): a new version of GEM-MACH --
allowing full interaction among the various atmospheric
and chemical (gas and aerosol) processes such as
clouds, radiation, boundary layer, etc. -- will be
developed in 2013.

Page 331 August 24, 2011
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Deutscher Wetterdienst ‘@
Wetter und Klima aus einer Hand

COSMO 1 ART (Aerosol and Reactive Tracers)
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Summer 2003: Exceptionally warm and dry ﬂ("

Karlsruhe Ins e of Technology

Black et al., 2004
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Model setup QAT

Karlsruhe Institute of Technology

30°W 15°W 0° 15°E  30°E 45°E 60°E

65°N

dx
dt

14 km 60°N

40 s

55°N
Forcing: ERA-interim
50°N
15t June to 20t August 2003
45°N

COSMO spin-up since 15t January 2002 ..\

Anthropogenic emission data from TNO o

30°N

C O S M O_ ART Aerosols and Climate Processes, Institute of Meteorology and Climate Research



Impact on 2 m temperature

Daily mean temperature (°C)
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C O S M O_ ART Aerosols and Climate Processes, Institute of Meteorology and Climate Research



Impact on 2 m temperature AT

Karlsruhe Institute of Technology
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C O S M O_ A RT Aerosols and Climate Processes, Institute of Meteorology and Climate Research
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NEMSGFS Aerosol Component (NGAC) (cee, EMS
b/ 9t Qa intédct®@dtnfosphereaerosol forecast system

Model Configuration:

AForecast model: Global Forecast System (GFS) based on NOAA
Environmental Modeling System (NEMS$EMSGFS

AAerosol model: NASA Goddard Chemistry Aerosol Radiation and
Transport ModelGOCART 000—hr AOD fcst; Initialized from 00Z 2012-08-02

Phased Implementation: ™ e - = _

A Dustonlyguidanceis establishedh Q4FY12 N “‘??‘%Z ' M

A Fullpackageaerosol forecast after realme global smoke emissions" ~ \\I ‘*‘%; AE. % G° < W ]
are available and teste@SCDA project) . - 2

NRT Dust Forecasts e

A 5-daydust forecasbnce per day(at 00Z), output every 3 hour, at .
T126L64 resolution

A ICs: Aerosols from previous dayecast and meteorology from
operational GDAS

A Operational since Sept 2012 N

Future operational Benefits W
A Enables future operational global shaenge (e.g., &lay)aerosol - . ‘ .

905
180

308

prediction I
A Allowsaerosol impact®n medium range weather forecasts a1t b2 o4 06 0BT 12 A5 2 283
(GFS/GSI) to be considered DS QoL

A Provides global aerosol information required for various applications
(e.g.,satellite radiance data assimilatiosatellite retrievals, SST
analysis, UNhdex forecasts)

A Provides a first step toward an operatioredrosol data assimilation ~ Acknowledge: Development and operationaplementation of

capability at NCEP NGAC represents successfubNB & S NOK G2 2 LISN
A Allows NCEP to exploaerosotchemistryclimate interactiorin the ~ sponsored by NASA Applied Science Progrdwint Center for
operational Climate Forecast Systé@FS) Satellite Data Assimilation and National Weather Services

A Providedateral aerosol boundary conditiorier regional aerosol
forecast system



Aerosolradiation feedback: f’iﬂcglj NEMS

Impact of aerosols on weather forecasts

North America Temp Fits to RAOBS
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Verification against analyses and
observations indicates @eutratto-
positiveimpact in temperature
forecasts due to realistic timearying
treatment of aerosols.

A T126 L645FS/GSixperimentsfor the 2006 summer period
A PRC uses the OPAC climatology (as in the operaappétations)
A PRQuses then-line GEOSGOCARdataset (updatedevery 6hr)



Brazil - CPTEC

Model top JULES'CCATT'BRAMS
20 - 30 km
chemistry convective transport
ol 0w M e by deep cumulus
A W"\‘j,'\""” e f
ke
--(iw R 22 convective transport ).
mass m ﬂ plume rise by shallow cumulus : mass
inflow w7, £ outflow
Az ~100 € ol ) (
1000 m 7 il 2 G4y, ‘\\t'i () deposition
S Teesources: diffusion in
the PBL
~10m =

Ax ~ 10 -100 km

With contributions of K. Longo, N. Rosario, D. Moreira
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rnocel to the Brazilian d=veicpyments-onthe RAM g

CCATT-BRAMS FORMULATION

Dynamics

Advection

Sub-grid scale convective
transport/ wet deposition

PBL Turbulence
Dry deposition

Emissions

Non-hydrostatic / time -split compressible (RAMS/CSU)

Monotonic, low numerical difusion (Walcek2000, Freitas et al.
2011)

Coupled toGrelland Deveny(2002) cumulus scheme (deep/
shallow ), now also with G3d.

Several,normally M&Y 2.5, also Nakanishi and Nino (200x)

Resistance approach coupledith surface scheme/PBL
MEGAN, EDGAR, RETRO, 3BEWED, GOCART, Volcanoes.

Plume rise Veg. Fires

Urbanregionat-update-for-SA-(Atonsoetal-2616):
1-D in-line cloud model forced by heat flux / fire size and
thermodynamic profile simulated by the host model (Freitas et al.,

P N PO -GN

GasPhaseChemistry
Photolysis

Boundary condition

UV TZU1U)

SPACHKore-processor (RACM, RELACS, CBO07; Longo et al., 2011)
LUT,FASTFJX, FASTUV(in-line, aerosol and clouds effects)
MOCAGE global chemistry model

Aerosol with direct effect on
radiation

Indirect effect

Simple monedispersejor biomass burnipg/urban (Lor]go et al 5
2006,Roséariot— fZaa trss & St ff7'e'Z o'T1Z <
al., 2008) is under implementation.

Cloud mi(‘mphyqir‘q and cumulus pammptpri7atinn (undpr

evaluation)



