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The energy budget of the Earth’s climate
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Changes in atmospheric composition
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» Concentrations of greenhouse gases are highest in 650K years.




Net surface longwave (IR) flux

CAMS3 (yrs 1980-2000)
Surface net LW flux mean= 58.03 wW/m?
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Longwave emission to space

CAMS3 (yrs 1980-2000)
TOA upward LW flux mean= 235,57 w/m® AN N

Min = 127.77 Max = 298.11
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TOA upward LW flux mean= 238.96 w/m?
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Longwave emission, Cloud-free

CAMS3 (yrs 1980-2000)
TOA clearsky upward LW mean= 266.26 Wim® AN N

Min = 129.55 Max = 307.50
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Longwave cloud radiative effects

CAM3 (yrs 1980-2000)
TOA LW cloud forcing mean= 30.69 Wim? ANN
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Longwave heating (cooling) rate

CAMS3 (yrs 1980-2000)
LW he?ting ra'fe | K/day
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The equations of radiative transfer

The basic equation of radiative transfer is
dly = —Idr, + 5

where
Iy, = radiance
A = wavelength
7y = optical depth
Sy = source function

The optical depth measures the number of interactions with the atmospheric constituents.

For incoming sunlight (direct beam), the solution is
Ix(7a) = Ix(0) exp(—7»)

In the infrared, the solution is approximately
In(m) = IN(0)exp(—7y) + /S/\(Tf) exp(T/ —7A) dr’
where
S\(7Yy = B,
B, = Planck function



The Planck Function
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Infrared spectrum of emission
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Effects of H,O on IR emission

Infrared tronsm|SS|on to tropncol TOA for H,0
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Solar insolation at top of atmosphere

Kulruclzz .1995. Solar Spectrum
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AFGL Tropical Atmosphere
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I Effects of H,0 on solar spectrum ==\
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Effects of H,O: vibration-rotation lines

H,0 Optical Depth
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Effects of H,0 on solar heating rates
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¢’ Challenge of radiative parameterization

The solar and infrared spectra exhibit variations in extinction,
optical depth, and heating rates of =12 orders of magnitude.

H,O Optical Depth Log(SW Heating Rate) .

HEIGHT (mb)

AFGL Tropical Atmosphere

Collins et al, 2006




k-distribution Band Models

164(9) distribution: H20 Mass Absorption
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* In the k-distribution band model, the absorption coefficients are sorted by magnitude.

» The transmission integral should be much easier to approximate in this sorted form.
* Yet classical approximation methods may not be suitable.

* Are there physically and mathematically optimal methods for approximation?
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Concept of Radiative Forcing
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Radiative forcing is an “externally imposed perturbation in the
radiative energy budget of the Earth’s climate system.” (IPCC TAR)
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Human-induced greenhouse forcing
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« Concentrations of O, and fractions of '>C are decreasing.
» These decreases are most consistent with fossil fuel origin.




Anthropogenic

Natural

Historical Radiative Forcing

Scientific
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» Models should simulate this forcing as accurately as possible
 Probability that historical forcing > 0 is very likely (90%+).

« The LLGHG forcing has increased by 7% to 2.59 + 0.26 W m

» Confidence in aerosol forcing estimates is higher than in the TAR..

IPCC AR4 Chap.2 SOD Feb. 23, 2006
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Longwave radiative forcing: Tropopause

Forcing

1 i 1 i 1 1

~
A
frreererer

—COz: 287574 ppmv

—Nz0: 275-+316 ppbv, + CFCs ‘
—CHy: 8061760 ppbv, + CFCs

ﬂ’ | 1
| ‘ ‘A‘ i 1] ' ;|
‘ (]!
! "1 lq ' :

(T ‘

\ \ |

A i |4 " i
B N N A oI N

L T Al

) 0L x BU!OJIOJ O%N

Al

T T Al ] T T Al I T Ll
W WM

(

10 15
Wavelength (um)

Largest forcings are at wavelengths outside the centers of absorption bands.

Collins et al, 2006

N
o




Shortwave radiative forcing: Surface

Transmission Forcing
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Shortwave forcings decrease the amount of sunlight reaching the surface.

Collins et al, 2006
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Radiative Forcing and Climate Sensitivity

3.5 1 1 1 1 ]
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L y=35769-1.0766x R=09118
s ] Climate forcing and response are related by:
- ] AQ=AAT_+ AF
with

! AQ =radiative forcing from higher GHGs, etc.
] A = climate sensitivity
AT, = change in surface temperature

Net Top of Atmasphere Flux (Wm™)
n
T

AF = change in climatic heat storage

05 | i

AT (°C) Are AQ estimated with climate models accurate?

Figure 1. Change in net forcing (Wm™) at the model top versus change in surface
temperature (°C) from the T42 CAMS3 slab ocean model simulation for doubled COs.
Each data point is the annual mean value from the first 20 years of the simulation.

Kiehl et al, 2006




Link between Changing Rainfall and Temperature _
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Figure 9.18: Equilibrium climate and hydrological senstitivies from AGCMs coupled to mixed-layer ocean components; blue diamonds from the
SAR, red triangles from models in current use (LeTreut and McAvaney, 2000 and Table 9.1).

IPCC TAR, 2001

Uncertainties in forcing affect not only temperature but also the hydrological cycle.




Forcing by historical increase in CO,
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BERKELEY LAB ‘
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Longwave: Relative difference is 8% at 200hPa and 33% at surface.
Shortwave: Large range in surface forcing: RMS / mean = 0.94

Collins et al, 2006
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Change in heating rates by CO, =1
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Longwave: Most models agree in magnitude and sign of the additional heating.
Shortwave: Average model agrees in magnitude and sign of the additional heating.

Collins et al, 2006
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Forcing by historical increase in GHGs -

BERKELEY LAB
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Longwave: None of the differences are statistically significant.
Shortwave:All of the differences are statistically significant.

Collins et al, 2006




Change in heating rates by WMGHGs

Longwave Shortwave
WMGHGs: 1860-2000 values (LW) WMGHGs: 1860-2000 values (SW)
' T ol T y y T = ]
200 g : 200} -
Q.O 400 ! - 00_ 400 - _
— [ 1 < L ]
o [ ] o [ I
2 600 : 3 600F |
@ [ ] @ [ .
0 0 !
o L 4 0 L .
800F —— AOGCMs - 800F —— AOGCMs -
[ — 1BLs [ — LBLs
1000 e e e e e T 1000 0 o o S
-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.04 -0.02 0.00 0.02 0.04
0Quw (°K/day) 6Qsw (°K/day)

Longwave: Some models show evidence of numerical artifacts.
Shortwave:Some models produce tropospheric cooling, an error in sign.

Collins et al, 2006 20




Natural and anthropogenic aerosols

India, March 2000

California, October 2003
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Africa, March 2003
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Magnitude of aerosol absorption

Dust absorption =
1.4 Wm2

Carbon absorption =
1.9 Wm=
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Gas Absorption
CO, 1
10, 2
0, 14
H,O 43

» Collectively, aerosols are
3rd most significant absorber.

Fillmore, 2005
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Chemical Transport Models
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Total Clear-sky Aerosol Forcing ==

Total Aerosol Forcing Clear—Sky, T31, annual
Top Average = —3.45 W m-2
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Atmospheric Absorption Average =  2.80 W m—2
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Net Surfoce Flux (W/m?)

Net TOA Flux (W/m?)

Relationship of optical depth and forcing
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Clear-sky Forcing by Sulfate and Sea-Salt

Sulfate Aerosol Forcing Clear—Sky, T31, annual Sea Salt Aerosol Forcing Clear—Sky, 131, annual
Top Average = —1.63 W m—-2 Top Average = —0.49 W m-2

Surface Average = —1.65 W m—-2 Surface Averoge = —-0.56 W m-2
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>

Clear-sky Forcing by Dust and Carbon

Dust Aerosol Forcing Clear—Sky, T31, annual Carbon Aerosol Forcing Clear—Sky, T31, annual
Top Average = —0.83 W m—-2 Top Average = —0.36 W m—-2

Surface Average = —2.11 W m-2 Surface Average = —1.78 W m—2
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Meridional Distribution of Absorption

Dust Aerosol Forcing Clear—Sky, T31, annual
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Current CAM radiation treatment

e RRTMG is default RT method for CAM & CCSM

* Developments last AMWG meeting:

— Completion of integration of RRTMG with CAM
— Development of optics for clouds and aerosols
— Science tests to understand OLR bias for clear skies



Condensed phase optics

All new optics are designed for RRTMG

Cloud optics
Liquid cloud (MG pphysics): Conley optics
Ice cloud (MG pphysics): Mitchell optics

Aerosol optics

Bulk aerosol model: Ghan optics
Modal aerosol model: Ghan optics
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Schematic of new radiation =y

Thermodynamic State,
Gas Distributions, |
Solar Specification, i
) Heating Rates,
Cloud Fraction, Fluxes
Condensed Phase Distributions, A
Condensed P. Microphysical States,
Surface Radiative Characterization

Radiation Package . Y
Radiation Interface

Condensed Phase Optics Cloud Subcolumn Generator

Condensed Phase Optics Subcolumns

Radiative Transfer Solver
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Radiative Inputs and Outputs
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SW/LW Bands

Fluxes

Flux Divergence
Heating Rates

Gas Concentrations Gas Line Optics g-bands

Aerosol Concentrations
Microphysical Composition Aerosol Optics
Size Distribution
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Cloud fraction
Microphysical State
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TOA CIear-Sky OLR
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% dewviation from LELRTM

% dewiation from CHARTS
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RRTMG vs. LBL Benchmarks
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Lazaros Oreopoulos (NASA Goddard)



Development goals for 2009

Introduce solar spectral variability (IPCC)
Introduce volcanic radiative forcing (IPCC)
Adapt MAM to new radiation framework
Develop (multi-) Column Radiation Model
Self-consistent treatment of upper atmosphere
Integrate RRTMG with WACCM

Study climatic effects of new radiation package
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Radiative Transfer Model Intercomparison Project (RTMIP)
]

 Determine differences among models in idealized conditions

 Compare forcing by well-mixed GHGs from:
— GCMis participating in the IPCC AR4
— Line-by-line (LBL) codes: benchmarks

 Determine accuracy of GCM codes under idealized conditions.

* Types of forcing considered:
— Present-day - preindustrial changes in WMGHGs
— 2[¥)co, - 1¥}co, and 4[¥}CO, - 1[¥}CO,
— Combinations of increased CH,, N,O, and CFCs
— Feedbacks from increased H,0
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Kuzo (M*2 / kg)

Average for AFGL Tropical Atmosphere



Model vs. Surface Radiometers
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Summary for longwave forcing:

* By 2100, range in forcing is 3.1 W m-2, or 47% of mean.

* At 2000, median model & IPCC differ by only -0.13 W m-.

Summary for shortwave forcing:
» Modeled forcing spans 0 Wm-2 in every 20-year period.
* By 2100, forcing ranges from —1.7 W m-2 to +0.4 W m—2,

51



Contribution of aerosolsto .=

Radiative forcing is an “externally imposed perturbation in the
radiative energy budget of the Earth’s climate system.” (IPCC TAR)

Radiative forcing of climate between 1750 and 2005
Radiative Forcing Terms

T T
I
Long-lived I :
greenhouse gases : |
‘ I !
\ | I
| Halocarbons |
I
® Ozone Stratospheric Tropospheric
k] | (005 | I
2 Stratospheric ! [ :
o water vapour : : |
S | | |
£ Surface albedo Land use Black carbon !
5 X on snow I
T | | I
I
]’ Direct effect : : |
Total | | :
Aerosol LCIoud albedo ! ! |
effect ; : |
I I :
Linear contrails ! ! |
» I I
o} . . !
—_ 0
g2 o | [ !
20 Solar irradiance I | I
< O | | |
Z a | T
Total net | |
human activities | I
I . 1 . i
-2 1 0 1 2
IPCC AR4, 2007 Radiative Forcing (watts per square metre)

Probability that historical forcing > 0 is very likely (90%+).
However, confidence in short-lived agents is still low at best.




Model Estimates of Aerosol ﬂ\

[ ] [ ] [ ]
AeroCom mean - aerosol direct radiative forcing ‘ Local standard deviation of RF from AeroCom
90 e T e e e e e T W/m2 L W/m2
5.0 5.0
4.0 4.0
3.0 3.0
2.0 2.0
1.0 1.0
0.5 0.5
8 02 3 0.2
5 0.0 ‘:; 0.0
-0.2 -0.2
-0.5 -0.5
-1.0 -1.0
-2.0 -2.0
-3.0 -3.0
-4.0 -4.0
B L T e S S S ES S M — S — —— | Y o0 vy ey <
180 -135 90 -45 0 45 90 135 180 -180  -135  -90 -45 0 45 90 135 180
Longitude Longitude
IPCC AR4, 2007 Species Forcing (W m—2)
Sulfate -04+0.2
Fossil fuel organic carbon -0.1+£01
fossil-fuel black carbon +0.2+0.1
Biomass burning 0.0+0.1
Nitrate -0.1+£0.1
mineral dust -0.1+£0.2
Total -05+x04




@il ncertainty in Aerosol Forcing from=;
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Boucher et al, 1998

* Range in forcing related to differences in radiative transfer.
» Uncertainty from differences in optics and radiation = + 20%.
* This analysis has not been performed for absorbing aerosols.




Range of CO, Forcing from

[ ] [ ]
Group Model Total (W m?) .
CCCma CGCM 3.1 (T47/T63) 3.32 Frequency of CO2 Forcing
CSIRO CSIRO-Mk3.0 3.47 6
GISS GISS-EH/ER 4.06
GFDL GFDL-CM2.0/2.1 3.50 5
IPSL IPSL-CM4 3.48
CCSR/NIES/FRCGC MIROC 3.2-hires 3.14 L:). N
CCSR/NIES/FRCGC MIROC 3.2-medres 3.09 g 3
MPI ECHAM5/MPI-OM 4.01 q:;
MRI MRI-CGCM2.3.2 3.47 i)
NCAR/CRIEPI CCSM3 3.95
UKMO UKMO-HadCM3 3.81 1
UKMO UKMO-HadGEM 1 3.78 0
Meanztstd. deviation 3.67+0.28 3 3.2 3.4 3.6 3.8 4 4.2 More

Forcing (W/m~2)

IPCC AR4, 2007

* The forcing values are for 2xCO, - 1xCO.,.
* The 5 to 95% confidence interval is 3.2 to 4.1 W m-2,
* This corresponds to a 25% uncertainty in forcing.




All Constituents
Midlatitude Summer Atmosphere

~0Fne( LBL ) = 5.63 W m™

32 Models

Number of Models

Range of CO, Forcing from Earlier--;

-4 0 4 8

% Deviation From Line-by-Line Results

Ellingson et al, 1991

30
20 A LBL: 4 to 20 um

10
0

[ B LBL: Same as individual models

Deviation from LBL results (%)
W
o

12345678 9101112131415
Model number

Cess et al, 1993

* GCMs tend to underestimate forcing by CO.,.
* This underestimation is due to omission of bands.
* There is evidence of this omission in current models.
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Spread in Atmospheric 5
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IPCC AR4 : ATMOSPHERIC SW ABSORPTION CLEAR SKY
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Radiation Errors in Climate Models

William D. Collins

National Center for Atmospheric Research

Boulder, Colorado
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Errors in Radiation

* Basic radiation fields required for climate modeling:
— The radiation field itself: F(x, g, p, t-t,,, ;)
— The trends in the radiation: dF / dt

 The radiation depends upon:
X = position
q = composition
p = optics
t=time

* Errors e(F) in the radiation are:
e(F) = (dF /dq) e(q) + (dF / dp) e(p) + (F - F’)

where
e(q) = Errors in atmospheric composition

e(p) = Errors in optical properties of the constituents
F-F’ = Errors in the formulation of radiative transfer



Topics

* Representation of the Earth’s radiative budget
— Recent improvements in climate models
— Fidelity of IPCC models to surface data

— Diversity of modeled shortwave atmospheric
absorption

* Representation of radiative forcing of the
climate
— Latest IPCC estimates of historical forcing

— Diversity of historical and future forcings in IPCC
models
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Topics

« Representation of the Earth’s radiative budget
— Recent improvements in climate models
— Fidelity of IPCC models to surface data
— Diversity of modeled shortwave atmospheric absorption



Forcing Agents in the IPCC

Model Forcing Agents
Greenhouse Gase¢ Aerosols Other
Qo
88 | .sse8% =332
8 § 9 E B QgEeEsssEigsE 3
_ O O Z2 & F Ol ®>5 602 EEEa5>wa ®
BCCR-BCM2.0 1 1 1 cC C 1 2 C C c|C C
BCC-CM1 Y Y Y Y C€C 4 | 4 C C C .
ccsm3 4 4 4 6 6 4l6 6 6 ccec c Summary of model forcing:
CGCM3.1(T47) Y Y Y C C Y |2 c ccCcj|C C
oamaes) | v v Y oo x|z cecle c | |.>96% include major LLGHGs
CSIROMKk3.0 Y E E Y Y E|Y * >96% include O;
coHoe 11 1 1 e v 1|7 v e ¢ | | 100% include SO,.
FGOALSg1.0 | 4 4 4 cCc Cc 4la c * 22% include the 1st indirect effect.
GFDL-CM2.0 Y Y Y Y Y Y |Y Y Y cccCcj|C C
GFDL-CM 2.1 Y Y Y Y Y Y |Y Y Y cccCcj|C C
GISS-AOM 5 5 5 C C 5|2 Y
GISS-EH Y Y Y Y Y Y |Y YYY Y CYC|Y Y
GISS-ER Y Y Y Y Y Y |Y YYY Y CYCI|Y Y
INM-CM 3.0 4 4 4 cC C 4 C C
IPSL-CM4 1 1 1 1 2 Y
MIROC3.2(H) Y Y Y Y Y Y |Y Y Y Y YYCY]|C C
MIROC3.2(M) Y Y Y Y Y Y |Y Y Y Y YYCY|C C
MRI-CGCM2.3.2| 3 3 3 cC C 3|3 C C
PCM Y Y Y Y Y Y |Y C C
UKMO-HadCM3 Y Y Y Y Y Y |Y Y C C
UKMO-HadGEM1| Y Y Y Y Y Y |Y Y Y Y Y CY|Y C
% of Models 100 100 100 96 96 96 100 9 3535 9 3022487057|48 78

IPCC AR4, 2007
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Design of the Intercomparison

\
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* Comparison of instantaneous forcing (not flux):
— Stratospheric adjustment is not included.

— Instantaneous forcings are included in
WGCM protocol for IPCC simulations.

e Calculations are for clear-sky conditions.
— We use a climatological mid-latitude summer profile.
— Including clouds would complicate the intercomparisons.

* Radiative effects of constituents:
— Absorption by H,0, O,, and WMGHGs
— Rayleigh scattering
— Self and foreign line broadening




Participating AOGCM and LBL

AOGCM Groups
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LBL Modelers

Originating group® Country Model
BCCR Norway BCCR-BCM2.0
CCCma Canada CGCM3.1(T47/T63)

CCSR/NIES/FRCGC  Japan

CNRM
GFDL
GISS
INM
IPSL

LASG/IAP

France

USA

USA

Russia

France

China

MIUB/METRI/KMA Germany/Korea

MPIfM

MRI

NCAR

NCAR

UKMO

UKMO

Germany
Japan
USA
USA

UK

UK

MIROCS3.2(medres/hires)
CNRM-CM3
GFDL-CM2.0/2.1
GISS-EH/ER
INM-CM3.0
IPSL-CM4
FGOALS-g1.0
ECHO-G
ECHAMS5/MPI-OM
MRI-CGCM2.3.2
CCSM3

PCM

HadCM3

HadGEM1

Originating group® Country Model

Reference

GFDL USA

GISS USA
ICSTM UK

LaRC USA
UR UK

GFDL LBL  Schwarzkopf and Fels [1985)

LBL3

GENLN2

MRTA

RFM

Edwards [1992]; Zhong et al. [2001]
Kratz and Rose [1999)]

Dudhia [1997]; Stamnes et al. [1988]

« There are 16 groups submitting
simulations from 23 AOGCMs to the

IPCC ARA4.

 RTMIP includes 14 of these groups
and 20 of the AOGCMs.




Forcing by methane and nitrous
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[ ]
Longwave Shortwave
CHyg: 0*806 ppbv N;O 0*275 ppbv (LW) CHs: 0806 ppbv, N20: 0275 ppbv (SW)
X IHls ¥— LBLs
AOGCMs AOGCMs
X X
TOM TOM
® | S |
> >
) )
— X — X
200mb | 200mb | ‘
X X
Surface | Surface |
0 1 2 3 . 5 6 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2
Forcing (Wm~=2) Forcing (Wm~2)

Longwave: The overestimation of surface forcing is statistically significant.
Shortwave: None of the codes treat the effects of CH, and N,0O.

Collins et al, 2006
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p Change in heating rates by CH, .=,

Longwave Shortwave

CHa4: 0-806 ppbv, N20: 0275 ppbv (LV CH4: 0-806 ppbv, N;0: 0275 ppbv (SV
200 . iy ] 200 i i
§ 400 . - ?5 400 : ]
E [ 1 £ : ]
a 600F . a2 600 .
o [ ' o [ I
a ] a . .
800F —— AOGCMs - 800F —— AOGCMs R
| — 1BLs | J [ — 1BLs !

1000 s e 8L A - 100000 o o o -
-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.04 -0.02 0.00 0.02 0.04
0Quw (°K/day) 6Qsw (°K/day)

Longwave: Some models have upper tropospheric cooling, an error in sign.
Shortwave: None of the models treat the shortwave heating by CH, and N, 0O.

Collins et al, 2006
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Forcing by water vapor feedback

Longwave Shortwave
H20: 100%-120% of MLS (LW) H,0: 100%~120% of MLS (SW)
x— LBLs x— LBLs
AOGCMs AOGCMs
TOM X TOM X
. : 1
d o
—x X
Surface Surface |
2 e 6 8 10 12 14 -8 -6 ~4 -2 0 2
Forcing (Wm~=2) Forcing (Wm~2)

Longwave: None of the differences are statistically significant.
Shortwave: Underestimation of surface forcing magnitude is significant.

Collins et al, 2006
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Change in heating rates by H,O

Longwave Shortwave
H,0: 100%-120% of MLS (LW) H,0: 100%~-120% of MLS (SW)

200 F /?\ ’ — AOGCMs- 200F —— AOGCMs ]
N ‘\ — |BLs N — LBLs
C 400 i S 400f ]
\_-C/ - | - 5 3 e
2 600 > 600f |
o [ o [ I
Q i a i ]

800 800 F ]

1000 Lo 10000 0 N AT

-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3 -0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15
6Quw (°K/day) 6Qsw (°K/day)

Longwave: Calculation of cooling by H,O is generally accurate.
Shortwave:Some models produce tropospheric cooling, an error in sign.

Collins et al, 2006 s




Conclusions of RTMIP
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No sign errors in the ensemble-mean forcings from AOGCMs!

In 228 forcino calculations, there is onlv sion error for one model.

Forcing bv historical changes in WMGHGs:

Mean LW forcinos aoree to within ~ 0.12 Wm™.
Individual LW forcinas ranoe from 1.5 to 2.7 Wm™? at TOM.
This adverselv affects separation of forcino from response.
Mean SW forcinos differ bv up to 0.37 Wm™2 (43% error).
Laroe SW errors are related to omission of CH, and N ,0.

Largest forcing biases occur at the surface level:

Maioritv of the differences in mean forcinos are sionificant.
Developers also should insure accuracv of forcino at the surface.
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Physics Tests of RRTMG

* RRTMG surface and TOA fluxes differ by < 1%
from observations when using in situ observations of
atmospheric and surface states.

e Bias is much smaller than that between CAM and CERES.

* These results imply that RRTMG fluxes are accurate
when the atmospheric and surface states are accurate.

* Thus RRTMG is probably not the cause for the CAM bias.

Note: For Circ case 1, RRTMG reproduces LBL LW fluxes to
better than 0.1% at TOA and surface.
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HIRS analysis of source of OLR bias 1

BERKELEY LAB

Surface temperature: HIRS-CAM Upper trop. temperature: HIRS-CAM
HIRS_5 [] HIRS_2 []

; 10.0 ; 10.0

3.0 3.0
| 6.0 1 £&.0
| 4.0 | 4.0
| 2.0 | 2.0
| 1.0 1 1.0
L Q5 L Q5

-0.5 -0.5
I -1.0 I -1.0

-2.0 -2.0

—4.0 —4.0
—1 —6.0 —1 —6.0
| —8.0 | —8.0
.—10.0 .—10.0

oeonley 29.01,2008 11:58

Upper trop. H20 emission temperature: HIRS-CAM

HIRS_12 []

In channels sensitive to
upper trop. H20,

CAM underestimates
the brightness temp.
by 2-4K — too moist?

weonley 29.01,2008 12:01
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New aerosol optics

TOA Clear-sky Shortwave: New — Old Optics

Min = —=15.74 Mcx = 36.30
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Surface Clear-sky Shortwave: New — Old Optics

mean = 1.25 rmse = 1.94 W/ m?

Min = —18.34 Mcx = 38.57
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New cloud optics

TOA All-sky Shortwave: Old — New Optics

Min = —20.31 Max = 8.49

10

-5
-10
-20
-30
~40
~50
-75

Min = —22.82 Mox = 6.91

Both aerosol and cloud optics lower planetary albedo.
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Topics

* Representation of radiative forcing of the climate
— Latest IPCC estimates of historical forcing
— Diversity of historical and future forcings in IPCC models
— Results from the Radiative Transfer Model Intercomparison
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Issue: Bias in clear-sky OLR

CAMRT - CERES2 RRTMG - CERES2
-7.07 W/m~2 -10.40 W/m~"2
mean = -7.07 rmse = B8.41 W/m~Sn@aNn mean = -10.40 rmse = 11.42 W/m~SnRnNe

| Min = -47.70 Max = 5.65

80
60




Hypotheses for origin of OLR bias

Physics of RRTMG
Integration of RRTMG with CAM
Surface Boundary Condition

Composition of Atmosphere
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