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Modeling and verifying processes
Understanding of the physico-chemical 
mechanisms
Understanding of climate change due to 
chemistry
Causal attribution to specific species
Projections of climate change due to time 
history of emissions



Evolution at GFDL

Prior to 2001, and before AR4, 
GFDL Climate Model simulations only with 

prescribed CO2, with ad hoc sulfate 
aerosol-like entity

AR4:
Prescribed Chemical species calculated 

offline using MOZART CTM



One-way Coupling (completed)

MOZART-2
(Chemical Transport Model)

Coupled Climate Model
CM2

Emissions

Ozone, aerosol
distributions

•Used in GFDL simulations for 
IPCC/AR4, CCSP, AEROCOM

•Impact of changing emissions on 
climate

•Historical runs (1860-present, 
decadal)

•Future runs (present-2100, 
decadal) for A2, A1B, B1 scenarios



Tropospheric Ozone Column

1860

2000

2100 (A2)

DU (Dobson units)

MOZART calculations
[Horowitz, 2006], used in 
GFDL CM2.0 and CM2.1 
simulations (IPCC AR4)

Horowitz [2006]



Model Evaluation
MOZART Ozone vs. Ozonesonde Observations

Horowitz [2006]



Results from interactive stratospheric ozone, dynamics, radiation
simulation [48-layer model with ozone chemistry]

[GFDL simulation WMO/ UNEP 2007]



Explaining the satellite-observed stratospheric temperature evolution in terms 
of the Anthropogenic (ozone depletion, long-lived greenhouse gases

and Natural (solar variations, major volcanos) forcings





Aerosol Model Evaluation

Observations

M
O

Z
A

R
T

MOZART Annual mean AOT 550nm, 1996-2000

MODIS Annual mean AOT 550nm, 2001Sulfate (SO4
=)



Aerosol Optical Depth: Simulation vs. AERONET, MODIS

Ginoux et al. (2006)



Continental warming
likely shows a 
significant 
anthropogenic 
contribution 
over the past 
50 years

Observations  All forcing natural forcing

SPM-4



GFDL Climate Model

Anthropogenic forcings comprise greenhouse gases and aerosols.
Over the 1950-2000 period, contributions by CO2, non-CO2 long-lived gases,

ozone, carbonaceous and sulfate aerosols have all been important.



Present………..

and Future……………………..



Aerosol co-Albedo
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Observed Variability of Dust for the 
last 50 Years

Dust concentration at Barbados (Prospero and Lamb, 2003)

Sahel drought

Factor 4 increase

Sahel Precipitation Index (previous year)
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Since 1970ies dust concentration 
in Caribbean (Prospero and 
Lamb, 2003) and dust deposition 
in French Alps (De Angelis and 
Gaudichet, 1991) have increased 
by a factor 4-5

Correlation at Barbados (Prospero and Lamb, 2003)



Aerosol-cloud 
interactions

Only the change of cloud albedo 
induced by aerosols in the 
context of liquid water clouds, is 
considered to be radiative 
forcing

Other processes are not 
considered as radiative forcings. 
However, they are included in 
climate models that explicitly 
consider the relevant processes

Aerosol effects on ice clouds are 
poorly understood, and are not 
quantified.

Aerosol cloud interactions [Figure 7.20]





Continental warming
likely shows a 
significant 
anthropogenic 
contribution 
over the past 
50 years

Observations  All forcing natural forcing

SPM-4



LandOceanSea Ice

Mixed-Layer

Deep Ocean

SST
q-flux

Surface 
Flux

Clear Sky Cloudy Sky
TOA

Aerosols Droplets
Activation

SW Radiation

LW Radiation Evaporation Precipitation

Atmosphere

A coupled atmosphere – mixed-layer ocean 
general circulation model
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Long-Range Transport:
Influence of regional NOx emissions on 

global surface ozone
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West et al., manuscript in preparation



Ozone Reduction from 
Decreasing Methane Emissions

Fiore et al., submitted to JGR

Effect of 125 Tg/yr (29%) 
reduction in anthropogenic 
methane emissions in 2030 
versus CLE (current 
legislation) scenario

Tropospheric 
ozone column

Average 8-hour 
maximum 

surface ozone

ppbv

DU



A “WIN-LOSE” CASE: 
Global decreases in sulfate aerosol
contribute to warmer U.S. summers

Warming over U.S. 
is due in part to 
decreases in sulfate
driven by pollution 
control efforts
(better air quality;
not so for climate)

in GFDL Climate Model [Levy et al., 2006]

Change in Summer Temperature from 2000 to 2090 (°C)
resulting from projected changes in air pollutants



Present………..

and Future……………………..

Aerosol direct effect…..including dust
Aerosol internal mixture (sulfate+carbonaceous)
Aerosol-Cloud interactions
Climate forcing – Global Pollution links



Emerging……………..post-AR4……..

Desire for a specific focus on climate change in the near-
term (~2030), with simultaneous attention to pollutants 
and high spatial resolution for capturing the regionality.

Interests of the Impacts, Adaptation, Mitigation 
communities in the results from climate models [both 
near-term and long-term (e.g., carbon cycle feedback)]





Agents
of

Climate
Forcing



Estimates of the Cloud Albedo radiative forcing due to aerosols from 
different models [Figure 2.14]

More model studies since the TAR, many include more species 

Those with more aerosol species or constrained by  satellite observations have a 
weaker radiative forcing

Best estimate:
-0.7 W/m2

Range:
-1.8 to -0.3 W/m2





Ozone Reduction from 
Decreasing Methane Emissions

Distribution of tropospheric ozone reduction from a sustained
97 Tg/yr (18%) reduction in total methane emissions (after 30 years)

Fiore et al., submitted to JGR
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Ramanathan et al. (2001)

http://www.sciencemag.org/content/vol294/issue5549/images/large/se4710007005.jpeg


Clean/Maritime

Polluted/Continental

Aerosol Indirect Effects (1st and 2nd)

Ramanathan et al. (2001)













ΔTs [K] relative to BASE

ωo = 0.85
τe ≃ 0.2

ωo = 0.94
τe ≃ 0.3

ωo = 0.85
τe ≃ 0.5

ωo = 0.99
τe ≃ 1.1

AVG(1995-1985)- AVG(1955 - 1945)

[Brohan et. al., 2006]
CRU Obs

For all plots:
Dashed Contour Interval:  1 K
Thick Contour:  90% Confidence



ΔP [mm d-1] relative to BASE

ωo = 0.85 τe ≃ 0.2 ωo = 0.94

ωo = 0.85 τe ≃ 0.5 ωo = 0.99

τe ≃ 1.1

AVG(1995-1985)- AVG(1955 - 1945)

[Brohan et. al., 2006]
CRU Obs

τe ≃ 1.1

For all plots:
Dashed Contour Interval:  1 mm d-1

Thick Contour:  90% Confidence



% Change in Precipitation relative to BASE

ωo = 0.85 τe ≃ 0.2 ωo = 0.94

ωo = 0.85 τe ≃ 0.5 ωo = 0.99

τe ≃ 1.1

AVG(1995-1985)- AVG(1955 - 1945)

[Brohan et. al., 2006]
CRU Obs

τe ≃ 1.1

AVG(1955 - 1945)

For all plots:
Dashed Contour Interval:  5% change
Thick Contour:  90% Confidence
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