Preliminary Results from the
Coupled 4xCO2 run

Cristiana Stan
Department of AOES
George Mason University



Experimental Setup
| comtol | 402

ATM/LND resol. fv1.9x2.5°/30levs fv1.9x2.5°/30levs

OCNY/ICE resol 10 10

CO2 concentration 368.9ppmv 1475.6ppmv

Initial Conditions CCSM4 2°20th Century/ CCSM4 2°20th Century/
b40.20%.track1.2deg b40.20t.track1.2deg.
001.2005-01-01-00000 001.2005-01-01-00000

CRM resol. 4km 4km

CRM microphysics SAM1MOM SAM1MOM



Global Mean Surface Temperature

Annual Mean Global Surface Temperature
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Transient (Short Term) Response
March 2005 — February 2007



4xCO2

Control

4xCO2 - CTL

Low Cloud

DJF

spcesm4_4xCO2_f19 (yrs 2006)
Low-level cloud mean= 38.49 percent DJ F
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spcecsm4_f19 (yrs 2006)

Low-level cloud mean= 38.45 percent

spcesm4_4xCO2_f19 - spcesm4_f19
mean = 0.03 rmse = 6.50 percent
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slight increase

Min = 0.00 Max = 90.90

Min = -53.07 Max = 33.74

JJA

spccsm4_4xCO2_f19 (yrs 2006)
Low-level cloud mean= 38.33 percent JJA
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spcecsm4_f19 (yrs 2006)

Low-level cloud mean= 38.70 percent
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spcesmé4_4xCO2_f19 - spcesm4_f19

mean = -0.37 rmse = 7.36 percent
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slight decrease

Min = 0.00 Max = 97.05

Min = 0.00 Max = 94.80

Min = -38.76 Max = 35.46



Mid-Level Cloud

DJF JJA

spcesmé_4xCO2_f19 (yrs 2006) spcesmé4_4xCO2_f19 (yrs 2006)
Mid-level cloud mean= 20.09 percent DJ F Mid-level cloud mean= 18.38 percent JJA

Min = 0.00 Max = 73.47
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spcesmé_f19 (yrs 2006) spcesmé_f19 (yrs 2006)
Mid-level cloud mean= 20.38 percent Mid-level cloud mean= 18.85 percent

Min = 0.00 Max = 82.37
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Min = 0.00 Max = 86.86
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Min = -24.68 Max = 34.26
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4xC0O2

Min = 0.00 Max = 78.35
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spcesm4_4xCO2_f19 - spcesm4_f19 spcesm4_4xCO2_f19 - spcesm4_f19
mean = -0.29 rmse = 6.04 percent mean = -0.47 rmse = 5.69 percent

Control

Min = -28.21 Max = 33.88
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slight decrease slight decrease

4xCO2 - CT




High-Level Cloud

DJF JJA

spcesm4_4xC0O2_f19 (yrs 2006) spcesm4_4xCO2_f19 (yrs 2006) JJA
High-level cloud mean= 25.87 percent DJF High-level cloud mean= 25.86 percent

Min = 0.00 Max = 77.28 Min = 0.00 Max = 80.68
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spcesm4_f19 (yrs 2006) spccsm4_f19 (yrs 2006)
High-level cloud mean= 25.38 percent High-level cloud mean= 26.21 percent
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spcecsmé_4xCO2_f19 - spccsm4_f19 spcesm4_4xCO2_f19 - spcecsm4_f19
mean = 0.49 rmse = 7.41 percent mean = -0.35 rmse = 6.63 percent
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Cloud Forcing
Short Wave Long Wave

spcesm4_4xCO2_f19 (yrs 2006)
TOM SW cloud forcing mean= -67.53

spcesm4_4xCO2_f19 (yrs 2006)
W/m? ANN TOM LW cloud forcing mean= 30.82 W/m? ANN

Min =-152.33 Max = 0.05 Min = -1.09 Max = 86.57

spcesmé_f19 (yrs 2006)

spcesm4_f19 (yrs 2006)
TOM SW cloud forcing mean= -67.71

W/m? TOM LW cloud forcing mean= 32.15

Control

spcesmé4_4xCO2_f19 - spcesm4_f19

spcesm4_4xCO2_f19 - spcecsm4_f19
mean= 0.18 rmse= 7.59 W/m?

mean = -1.33 rmse = 4.83 W/m?

= 39.00 Min = -20.49 Max = 17.58
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Precipitation
DJF JJA

spcesm4_4xCO2_f19 (yrs 2006) spcesm4_4xCO2_f19 (yrs 2006)
Precipitation rate mean= 2.70 mm/day DJ F Precipitation rate mean= 2.76 mm/day JJA

Min=0.00 Max = 16.16
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spcecsm4_f19 (yrs 2006) spcesm4_f19 (yrs 2006)
Precipitation rate mean= 2.74 mm/day Precipitation rate mean= 2.82 mm/day

Min= 0.00 Max = 26.15
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Min = 0.00 Max = 26.58
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Min =-13.19 Max = 19.65

Control

Min = 0.00 Max = 22.68

spcesm4_4xCO2_f19 - spcesm4_f19 spcesmé4_4xCO2_f19 - spcesm4_f19
mean = -0.05 rmse= 1.59 mm/day mean = -0.06 rmse= 1.91 mm/day
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PBL Height

DJF JJA

spcesm4_4xCO2_f19 (yrs 2006) D J F spcecsm4_4xC0O2_f19 (yrs 2006) J J A
Planet bndry layer hgt mean= 625.40 meters Planet bndry layer hgt mean= 704.79 meters

Min = 154.54 Max = 1691.17
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spcecsm4_f19 (yrs 2006) spccsm4_f19 (yrs 2006)
Planet bndry layer hgt mean= 629.96 meters Planet bndry layer hgt mean= 686.36 meters
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spcesm4_4xCO2_f19 - spcesm4_f19 spcesm4_4xCO2_f19 - spcesm4_f19
mean = -4.56 rmse = 98.45 meters mean = 18.43 rmse = 102.62 meters

Min = 148.29 Max = 1789.94

Control

4xCO2

Min = -521.56 Max = 549.53
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Equilibrium (Long Term) Response



Surface Temperature
DJF JJA

spcesm4_4xCO2_f19 (yrs 2006-2025) spcesm4_4xCO2_f19 (yrs 2006-2025)
Surf Temp (radiative) mean= 285.30 K DJ F Surf Temp (radiative) mean= 288.96 K JJA

Min = 227.80 Max = 306.27
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spccsm4_f19 (yrs 2006-2025) spcesm4_f19 (yrs 2006-2025)
Surf Temp (radiative) mean= 282.48 K Surf Temp (radiative) mean= 286.46 K
=303.61
spcesm4_4xCO2_f19 - spccsm4_f19 spcesm4_4xCO2_f19 - spcesm4_f19
mean = 2.82 rmse = 3.47 K mean = 2.50 rmse = 2.85 K

Min= 0.27 Max = 21.89 Min = 0.03 Max = 13.12

large increase in the NH polar region significant increase in the SH polar region
and NH midlatititudes over the land

on
on

4xCO2 — CTL .

ShhbLloanso®
dhhbLloansro®

rpo
po




Implied Ocean Heat Transport

Heat Transport (PW)

Heat Transport (PW)
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Annual Cycle of Precipitation
(Equatorial Pacific 55-5N)

spcecsm4_4xCO2_f19 (yrs 2006-2025) spccsm4_f19 (yrs 2006-2025)
Precipitation rate mm/day Precipitation rate mm/day
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