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CCSM3 EXPERIMENT
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CCSM 3.0
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CCSM 3.0. COMPONENT SETS B

CLM [ CSIM
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CCSM3 EXPERIMENT

B30.030E : T85 CCSM3 climate of the 20th Century run, 130 years (1870-01 ->
1999-12), fully coupled

B30.004: T42 CCSM3 Control run, 1000 years (0000-01 -> 1001-06), fully
coupled.

OISST-NOAA: NOAA Optimum Interpolation/(Ol) Sea Surface Temperature
(SST) V2. 1° Resolution. Sea Surface Temperature. Ice Concentration Land Sea
Mask . Monthly Mean. (http://www.cdc.noaa.gov/cdc/data.noaa.oisst.v2.html)

T42 (CAM/CLM): 64(lat)*128(long)*26(vertical) . Approx. 2.8 degree resolution
T85 (CAM/CLM): 128(lat)*256(long)*26(vertical) . Approx. 1.4 degree resolution

GX1V3 (POP/CSIM) - 320*384*40 CELLS. Longitudinal resolution
approximately one degree .The latitudinal resolution is variable, with finer
resolution near the equator (approximately 0.3 degrees). 40 levels in the vertical
associated with the gx1v3 resolution, with level thickness monotonically
increasing from approximately 10 to 250 meters
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CCSM3 EXPERIMENT

CSIM
Ice Thickness Distribution = Linear Remapping (Lipscomb(2001)).
Ice Dynamics = Elastic-Viscous-Plastic (Hunke and Dukowicz(1997)).
Strength Pack Ice = Based on Energetics (Rothroeck(1975))
Damping Elastic Waves = False
Snow on Ice = True (snow on ridged ice falls into ocean )

Horizontal Transport Scheme = Incremental Remapping (Lipscomb and
Hunke(2004)).

POP
Barotropic-mode solver = Chron-Gear preconditioned conjugate gradient
Advection methods = 3rd-order upwinding
Vertical mixing = KPP mixing (Large et al. 1994 )
Horizontal mixing = Anisotropic Viscosity

Equation of state = (McDougall, Wright, Jackett and Feistel (2002 ) )
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OISST-NOAA 1985-01 ICE FRACCTION (%)
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Load Balancing CCSM3 Components

POP 40 CPU
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CCSM EXPERIMENT

COMPUTER SYSTEM:

- Magerit cluster

- 1200 node eServer BladeCenter J320
- PPC de 2'2 GHz and 4 Gb de RAM

- Myrinet network

- IBM XL Fortran10.1

- LoadLeveler queque software

CCSM 3.0 72 CPU (MPI ONLY) -> 10 YEARS (1985-1995) / 100 HOURS-CPU
-> 10 YEARS (1995-2005) / 100 HOURS-CPU
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CCSM NNRP COMPARATION
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CCSM — NNRP COMPARATION

Precipitation Rate NNREP T2 13995—1888 AVG
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CCSM — NNRP COMPARATION
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CMAQ 50 KM

T85 GAUSSIAN GRID CCSM3-WRF/CHEM-CMAQ 1995-2005

26 VERTICAL LEVEL HYBRID
COORDINATES

(PSL,PS,T,U,V,RELHUM,SST,I UNFORMATTED
CE) FORTRAN FILES

CCSM OUTPUT ~ WPS

[ INTERMEDIATE
6 HOURLY ~ | ORIIAT

REGRIDDING + VERTICAL
INTERPOLATION

T85 -> FIXED GRID 1.5° (NCL
G2FSH SPHERICAL HARMONICS
INTERPOLATION)

26 HYBRID -> 17 PRESSURE LEVEL (NCL
VINTH2P LOGARITHMIC INTERPOLATION)

WRF/CHEM 50 KM
1995-2005
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REGRIDDING GAUSSIAN TO FIXED

TEMPERATURE (° k)
T85 GAUSSIAN GRID
CCSM OUTPUT 01-01-2003 12:00

180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180

TEMPERATURE (° k)
1.5° FIXED GRID
CCSM OUTPUT 01-01-2003 12:00

180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180
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WRF/Chem & CMAQ DOMAINS

PROJECTION: Lambert Conformal Conic
Central Latitude: 50.86N Central Longitude: 7.14E

DOMAIN: 113*103 50 Km. RESOLUTION/ + 23 VERTICAL LEVELS
Lower-Left Corner LCC (-2825000, -2575000)

SIGMA VERTICAL LEVELS:
1.00,0.99,0.98,0.96,0.93,0.89,0.85,0.80,0.75,0.70,0.65,0.60,
0.55,0.50,0.45,0.40,0.35,0.30,0.25,0.20,0.15,0.10,0.05,0.00

LANDUSE DATA: USGS 24 CATEGORIES

GEOGRAPHICAL DATA: 10" RESOLUTION
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WRF/Chem & CMAQ DOMAINS

{ i L
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WRF/Chem CONFIGURATION

-Physics Options in WRF:
* Cumulus Parameterization:
GRELL-DEVENYIENSEMBLE SCHEME
* PBL Scheme and Diffusion:
YONSEI UNIVERSITY (YSU PBL)
* Explicit Moisture Scheme :

WSM (WRF single-moment ) §-class microphysics

Unitied Noah/OSU Land Surface Model

* Radiation Scheme:
RRTM - Dudhia radiation
* Surface Scheme :

Noah Land-Surface Model
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WRF/Chem CONFIGURATION
-CHEMICAL Options:

- CBMZ chemical-mechanism (Carbon Bond).
- MOSAIC Aerosol 4 bins ( Zaveri et al. 2004)
- Aqueous chemistry OFF

- Cloud chemistry OFF.

- Biogenic Emission (Gunther et al. 1994)
- FTUV Photolysys

parncle l
diameter {um

Sectional Approach ® @

ize bins are internally mixed
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CMAQ CONFIGURATION
-CCTM Options in CMAQ

- Advection scheme: global mass-conserving scheme (Yamartino )
- Vertical Difussion: Asymmetric Convective Model (ACM2)

- CB05 chemical mechanism (Yarwood et al..2005).

-'Euler Backward Solver (EBI) solver

- CMAQ Aerosol : The 3rd generation modal CMAQ aerosol model

- Aqueous/cloud chemistry ON.

/\
JVAVAN

0.01 0.1 i 10 100
particle

diameter {um)

Modal Approach
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WRF/Chem & CMAQ SYSTEM

MCIP Meteorology-
Chemistry Interface

Processor Version 3.3
(August 2007) . CCSM OUTPUT
STATION DATA

CMAQ Community Multi-
scale Air/Quality Version
4.6 (Octuber 2006)

WRF-CHEM Version 3 QAL
Advanced Research WRF ANALISYS
— ARW CORE (May 2008) WRE/Chem

. EMISSION MCIP

RESULTS
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CPU TIME & DISK SPACE

Time.period: 10 YEARS & 64 PROCESSORS

SYSTEM CPU DATA FULL DATA
TIME 3D EXTRACT
WRF/Chem 130 14 245
50 Km. DAYS TB GB
CMAQ 52 8 245
50 Km. DAYS TB GB
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EMISSION DATA

- TNO-UBA Emission Data:
* SNAP Activities:

1Energy sector, utilities, refinaries
2Fossil fuels, small sources
3Fossil fuels, industry
4Process emissions
5Mining
6Solvent use, use of products
7Road transport (SO2 only)
71Road transport gasoline 72Road transport diesel 73Road transport LPG
741)Road transport non-exhaust (volatilization)
752)Road transport non-exhaust (tire, break and road wear)
8Non-road transport
9Waste processing1

10Agriculture

* Geographic coordinates.
* Cell Size is 1/4 degree by 1/8 degree
* Pollutans: CH4, CO, NH3, NMVOC, NOx, SO2, PM10, PM2.5

Environmental Software and Modelling Group e u p m
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EMISSION DATA

- Mother Domain include EDGAR (Emission Database for Global Atmospheric
Research)

* Geaographic coordinates.

*Cell Size is 1 degree by 1 degree

* Pollutans: CO, NMVOC, NOx, SO2

Global N,O emissions 1995*

O F10-INDUSTRIAL SECTORV 3+

B F20-POWER GENERATION V3

0 F30-OTS (ALL) V3

0O F40-RCO SECTOR(RES+COMH+OTH) V3
B F51-ROAD TRANSP.(INCL. EVA) V3
@ F54-TRANS. LAND NON-ROAD V3

m F57-AR (ALL) V3

O F58-INTERN. SHIPPING V3

m F80-OIL PROD/(TRANSM)/HANDL V3
m B10-INDUSTRY V3

0 B20-POWER GENERATION V3

@ B30-CHARCOAL PRODUCTION V3

m B40-RCO: RESIDENTIAL V3

B B51-ROAD TRANSPORT (ETH.) V3
m 130: CHE: CHEMICALS V3

B 179: SOL-OTHER SOLV./MISC. N20
@ L10-ARABLE LAND (FERT. USE)

0 L30-AN. WASTE MAN. (CONF. N20)
O L41-BB-DEFORESTATION(DIR EFF.)
0 L42-BB-SAVANNA BURNING

O L43-BB-AGRIC. WASTE BURNING

O L44-BB-VEGETATION FIRES(TEMP.)
@ L45-BB-POST BURN EFF.(CO2+N20)
0 L50-CROP PRODUCTION (N) (ALL)

m L60-AN. WASTE (DEP.2 SOIL N20)
@ L71-ATMOSPHERIC DEPOSITION-ALL
@ L75-LEACHING AND RUN-OFF (ALL)
12% 0 W21-WWT-INDUSTRIAL WW

@ W39-HWWD: SEWAGE DISCHARGE

* Only legend values 1 % or > are show n @ W40-WASTE INCINER.(NON-ENERGY)
Source: EDGAR 3.2, 2002
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EMISSION DATA

-Geographic coordinates TO Lamber Conformal Conic CMAQ grid:
*EMEP interpolation routine updated by UPM.

-Time distribution of EURODELTA

- VOC SPLITING:
* SPECIATE Version 4.0 (January 18, 2007): @
. 1594 compounds
. VOC-to-TOG Conversion Factors @ sreciaTe /

* Lumping VOC
. EMITDB - Carter (Development of an Improved Chemical
Speciation Database for Processing Emissions of Volatile
Organic Compounds for Air Quality Models )
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http://www.emep.int/grid/projinterpol.pdf
http://www.emep.int/grid/projinterpol.pdf
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VOC SPLITING

CB05 VOC SPLITING

OPAR m®mOLE OTOL OXYL ®mFORM mDALD2 mETH 0OISOP
mMEOH mETOH OCH4 OETHA mIOLE mALDX ETERP mBUNR
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VOC SPLITING

CBMZVOC SPLITING

ODETH ®mHC3 0OHCS 0OHC8 mOL2 @OLT mOLl
OTOL mXYL @®mHCHO OALD @OKET mISO mCSL
B MEOH mETOH mORA2 ONR
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EMISSION DATA YEARLY PROFILE

- DATA BY YEAR (1995-2005), SNAP ACTIVITY, COUNTRY AND
POLLUTANT

- REFERENCE YEAR 2003
- BASED ON : EMEP ACTIVITY DATA AND EMISSION DATABASE

NOx (Tn)
EMISSION
2003
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EMISSION DATA YEARLY EVOLUTION

NOx (Tn) EMISSION 1995-2005

m— S 001N

s P A NCE
Italy
— | nited Kingdom

Germany

19951996199/71898 1999 20002001 2002 2003 2004 2005

LIy
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MONTHLY AVG 1995-2005

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

—=— PM10 (ug/m3) WRF/Chem —e— PM10(ug/m3) WRF-CMAQ PBL (m) WRF

MONTHLY AVG 1995-2005

/

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

‘ — = PM10 (ug/m3) WRF/Chem —e— PM10(ug/m3) WRF-CMAQ T2M (K) WRF
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MONTHLY AVG 1995-2005

— . o — -— ——
| | | | | | |

- ——=

JAN FEB MAR APR MAY JUN JuL AUG SEP

OCT NOV

DEC

—a— O3 (ug/m3) WRF/Chem ——e— O3 (ug/m3) WRF-CMAQ

T2M (K) WRF
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MONTHLY AVG 1995-2005 CORRELATION R? =0,7988
y=2,6541x-676,13

e

) 4

—
—

O3 WRF-CMAQ (u

&
g
&
g
T

280 282
T2M (°K)

e O3 & T2m ——Lineal (O3 & T2m) —— Lineal (O3 & T2m)

MONTHLY AVG 1995-2005 CORRELATION R* = 0,6187
y = -0,9267x + 298,07

PM10 WRF/C|

280 282
T2M (°K)

e PM10 & T2m — Lineal (PM10 & T2m) — Lineal (PM10 & T2m)
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MONTHLY AVG 1995-2005 CORRELATION R? = 08667
y =-0,6505x + 194,91
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CONCLUSIONS

The results show a good agreeement between observed and modelled
meteorological variables — with CCSM3 global climate model.
The architecture configuration seems to play a good role and the BC’s and IC’s
provided to WRF/CHEM and WRF-CMAQ are considered to be good.
The 10 year monthly averaged values are compared for PM10 modelled
concentrations from WRF/CHEM and WRF:CMAQ with Planetary Boundary
Layer Height (PBL) and 2 m temperature.
PBL and PM10 values compare in anti-cyclic phase for monthly values,
2m temperature and PM10 values compare also in anti-cyclic phase for yearly
values and finally O3 values obtained with WRF/CHEM compare poorly with
those obtained with WRF-CMAQ (phase chemistry is not activated).
12. The WRF-CMAQ O3 values compare good with observations (R2=0.57) but the
WRF/CHEM compare poorly with the observations (R2=0.05)
(phase chemistry is not activated).
15. WRF/CHEM (in the actual version it seems to have problems with the photolysis
rate code and it should be made more robust) for O3 concentrations needs
more work since the comparison with the observations is very poor.
18. WRF/CHEM is doing an excellent work for PM10 concentrations, even better
than MM5-CMAQ. Probably because the MOSAIC aerosol model is used instead
the MADE model but this should be confirmed with further experiments.
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