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Prior Research on Absorption and Climate

Field Experiments:
« Central Equatorial Pacific Experiment
* Indian Ocean Experiment

Modeling studies of clouds:
* The color of the planet
* Climate with enhanced cloud absorption
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Natural and anthropogenic aerosols




Historical and projected sulfate emissions
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« Emissions from India have tripled in last 20 years of 20t century..
* Asia is projected to dominate aerosol emissions by 2020.
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The energy budget of the Earth's climate
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 Aerosols alter the radiative energy budget of the climate.
» We will focus on solar reflection, absorption, and transmission.




Magnitude of aerosol absorption
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» Collectively, aerosols are
3rd most significant absorber.
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Contribution of aerosols to climate forcing

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
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Structure of the talk

Modeling framework for aerosol/climate interactions
Aerosol radiative forcing from a hybrid aerosol model
Changes to surface and atmosphere by aerosols

Climate sensitivity to changes in aerosols and CO,

____-_' ﬁ-‘\'-.'r_
Effects of aerosols on the hydrological cycle
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Modeling Framework

Chemical Transport Models

Aerosol concentration ¢

Aerosol Optical Models

;} - Optical depth

4 Y Radiative Transfer Models

Emissions Data

Met. Analysis
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Slab-Ocean Models
Fully Coupled Models
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Chemical Transport Models
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Simulated aerosol optical depth for 2001




Global Aerosol Model Intercomparison: AEROCOM

Targets of intercomparison: Intercomparison of Optical Depths
- Global mass and optical depth

] gpflcal Propert e et TS b cies Median |Max/

- Fine/coarse mode partitioning

- Radiative forcing (new) AOD Min

- Cloud properties (new) Sulfate 0.030 2.7
Simulations: Black Carbon 0.003 3.2
- Sm”wmé'zom Organic Carbon 0.016 2.1
- Fixed emissions: 2000 Dust 0.027 4.1
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Details on Modeling Configuration

Chemical Transport Models Transport & Chemistry (MATCH)

Aerosol concentration g¢;

Aerosol Optical Models der; BC/OC/Sea-salt:OPAC

Optical depth
K " o ’ P P

Radiative Transfer Models ferization

Emissions Data
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References: g | Radiative Forcing

» MATCH transport model for aerosols: " SR e el b L *
« Collins et al, 2001, 2002; Rasch et al, 2001 B L :

> Radiative parameterization for CAM3 GCM: ' CAMS3 + SOM
* Collins et al, 2001, 2002, 2005, 2006 R

» Atmospheric GCM CAM3:

« Collins et al, 2004, 2006 CCSM3 IP|_€d | Models

» MODIS assimilation:

* Fillmore, 2005 13



Aerosol Optical Depths:
Moderate Resolution Imaging Spectrometer (MODIS)




Aerosol Optical Depths for 2001

MATCH
with MODIS
Assimilation

Assimilation
Correction



Total Clear-sky Aerosol Forcing

otal Aeroso eréing car— Y, , Annuad
Average = —-3.45 W m-2

Surface Average = —6.23 W m-2

e
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Atmospheric Absorption Average = 2.80 W m—2

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

Sulfate Aerosol Forcing Clear—Sky, TA71, annua orcing

Average

Surface

Atmospheric Absorption Average =  0.06 W m—2
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Dust Aerosol Forcing Clear—5ky, 1571, annua

op

Surface

Clear-sky Forcing by Dust and Carbon

arbon Aerosol Forcing Clear—5Sky, 131, annua

Average = —0.83 W m-2 Averoge = —0.36 W m-2

Averoge = —2.11 W m-2 Surface
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Meridional Distribution of Absorption
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Summary of Shortwave Clear-sky Forcing

Surface Units Total | Sulfate | BC/OC |Dust | Sea salt
TOA W/m? -3.45 -163 -0.36 -0.83 -0.49
Percent 100 47 10 24 14
Surface W/m? - 6.25| -1.65 4178 | 2211 -0.56
o
| Percent 34 |
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BC/OC and dust are primary absorbers.
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Method for Eliminating Absorption

Aerosol forcing (single-scattering approximation, black surface):

AR = —wbt = -br,
@ = Single scattering albedo
T = Extinction optical depth
T, = Scattering optical depth

_;H?ckscaﬁer' fraction
Methed For

od for eliminating absorption:
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Clear-sky Forcing by Carbon, No Absorption

arbon No Absorption rForcing Clear—5Sky, 131, annua

Average = —0.77 W m—-2
Surface BC/OC | BC/OC
No Abs
TOA 1 -0.36 -0.77 |
Surface -1.78 -0.77
Surface Average = —0.77 W m—2 | Atmosphere +1.42 -0.01

Forcing with surface reflection AR -
AR =(1-R,)" AR + 2R, AA
AA = Aerosol Absorption

When absarptionsaA—0,

0.08
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Clear-sky Forcing by Dust, No Absorption

PDust No Absorption Forcing Clear—5Sky, 131, annua

Top Average = —1.27 W m—2

Surface Average =

Difference Average =

Surface DUST DUST

No Abs
TOA -0.83 -1.27 |
Surface -2.11 -1.25
Atmosphere | +1.28| -0.02
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Slab Ocean Experiments

All Aerosols No _Aerosols No _Dust/Carbon Abs
VF.<0 VF.=0 V<0
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Response of CAM+SOM to Aerosols

urrace lemperature, , annual average Change in TS
(against control)
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Relationship of AT, ,to Aerosol Effects

For 2xCO,.

AT, =4 AF

AT, =237 +/-0.58 K
AF = 3.7 Wir2

= Appp= 0.64+1- 0.16 K/(Wir2)

For aerosols:

-1 AT, =-0.81+- 029K
i AF, = -1.46 Wm=2
u—— = 1= 0.56 - 0.2 K{(Win2)
0ACY 1= Aol Apps=0.87+/-0.38
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Effect of Aerosols on Energy Budgets

No Aerosols - Aerosols (W)
AF,=1.2

TOA Aerosol Forcing

TOA

AA=-272 AG=-1.7

Aerosol Heafing IR Absorption




Aerosols reduce the surface latent heat flux

Surface Latent
Insolation 120 1 / - Heat Flux
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Aerosols reduce surface temperatures

No_Aerosols (yrs 26-40) All_Aerosols (yrs 26-40)
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Aerosols enhance tropospheric moisture

No_Aerosols (yrs 26-40)

No_Aerosols - All_Aerosols T-test of the two means at each grid point

rmse = 1.74 aelea ignificant ot the
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Aerosols reduce cumulative precipitation

ANN

No_Aerosols (yrs 26-40) All_Aerosols (yrs 26-40)

Curmulative precipitafiesnn= 1086.41 cm Cumulative precipitofegnn= 102.19

Min = 0.36 Max = 358.42 Min = 0.07 Mox = 386.37
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Aerosols reduce the Hadley circulation

30N

MIN 45,449
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Aerosols slow the hydrological cycle

Meridional
Moisture
Transport
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Heating by absorption in lower troposphere
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Diversity of Absorption in AR4 Models

o
™
I
£
=
S
c
2
=
[N
e
o]
0
L0
=1
>
X
n
|
f
o
o
o

Annual Clear—Sky Absorption for 20th C. Runs
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Upward trend in atmospheric absorption?

Annual Clear—Sky Abs. Anomaly (200—1000 hPa) for 20th C. Ru
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Example of a missing absorber: Methane

Analysis:
AIRS-Retrieved Global Tropospheric Methane for August 2005
Evidence for missing methane > =37 2 }
_ o ACF

forcing in climate models

Benchmark calculations for the
effects of methane
on sunlight

* Climate model simul
absorption of

parts per billion by volume, ppbv

1687 1723 1760 1797 1833




Changes in methane concentrations

2000 T | T | T | T | CH4
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Shortwave radiative forcing at the surface

Transmission Forcing

......... Losasuasasleasasaasa s asasaaa s aaaaay
———COz: 287574 ppmv
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AOGCM forcing by historical increase in GHGs

WMGHGs: 1860-2000 values (LW) WMGHGs: 1860-2000 values (SW)

—»— LBLs

— AQGCMs

"“RRER

Surface Surface

e

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

s

Collins et al, 2006




AOGCM forcing by methane and nitrous oxide

CH4: 0-BO6 ppbv, NoO: 0275 ppbv (LW) CHq: 0806 ppbv, N20: 02275 ppby (SW)

—»— LBLs

T T AQGCMs
o o [}
naed

Surface Surface

Longwave: The over'esr/mar/on of surface forcing is statistically significant.
Shortwave: None of the codes treat the effects of CH4 and N2O.

Collins et al, 2006




AOGCM change in heating rates by CH, and N,O

Longwave
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Longwave: Some models have upper tropospheric cooling, an error in sign.
Shortwave: None of the models treat the shortwave heating by CH4 and N2O.
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Collins et al, 2006




Near-Infrared Optical Depth @ Tropopause

COLUMN GAS OPRTICAL DEPTH, 213 MB
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Effects of Methane on Tropopause Fluxes

CUMULATIVE NET FLUX CHANGE, 200 MB
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Near-Infrared Optical Depth @ Surface

COLUMN GAS OPTICAL DEPTH, SURFACE
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CUMULATIVE NET FLUX CHANGE, SFC
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Change in Shortwave Absorption (2000-1860)

Gases Stratos. |Tropos. |Sfc.
Abs. Abs.

All 0.55 0.44 -0.86

CH4+Cc02 |0.53 0.43 -0.84

coz2 0.31 0.04 -0.31

Solar CH4 comparable to Solar CO2




New Radiation Code in CCSM

SW Forcing Surface

SW Forcing 200 hPa

H20+20% | H20+20%

H4 CFC CH4 CFC

—
N20O CFC ® N20,cFc &
-g CHAN2O s, -g CHANZO s,
g _ HCAM g 4 | | | uCAM
w w
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T i |
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T i |
2XC02 = 2XC02 —|
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Annual Forcing: 2100 (A2) - 1870

1870 (yrs 1-
TOM clearsky net SW mean= 287 48

A2_2100 (yrs 1-3)
TOM clearsky net SW mean= 287.39

|_ - 9': e

1870 - A2_2100
mean = 0.09 rmse= 013

1870 (yrs 1-
mean= 217.62

AN N Surf clearsky net SW

Min = 52.78 Max = 377 8§

A2_2100 (yrs 1-3)
Surf clearsky net SW mean= 217.95

Min = 52.43 Max = 377 85

1870 - A2_2100
rmse= 0.34

Min= 0.02Max= 045

ANN

Min = 26.43 Max = 280.63
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Seasonal Forcing: JJA

870 (yrs 1-3) 870 (yrs 1-3)
OM clearsky net SW mean= 280.92 2 JJA Surf clearsky net SW mean= 210.60 JJA

Min = 0.00 Max = 415.87| _ " ~= - & Min = 0.00 Max = 335.58)

450
400

A2_2100 (yrs 1-3) A2_2100 (yrs 1-3)
‘OM clearsky net SW mean= 280.84 me Surf clearsky net SW mean= 210.90

Min = 0.00 M B ) = : - 5 Min = 0.00 Max = 336.15

1870 - A2_2100 1870 - A2_2100
ean = 0.08 mse= (.12 m® ean = -0.31 mse= (.33

Min = 0.00 Max= 0.71 - ’ Min = -0.67 Max = 0.00
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Results

Aerosol reduction in surface insolation is balanced by reduction
in surface heat exchange with the atmosphere.

Absorption generally stabilizes the lower atmosphere.

Effects of methane on sunlight have been omitted from
climate models used for future climate and paleoclimate.

The solar forcing by methane is comparable to the
solar forcing by carbon dioxide.




Future research challenges

What is the actual atmospheric shortwave absorption?
What is the actual contribution of aerosols to this absorption?

How are the sources of absorptive aerosols changing in time?

How are the sources of CH4 and N20O changing in time?
‘,...-.u-hﬂ" _ -
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