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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 ARA4,

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)

Emissions| — (Chem'\ﬁgﬁig;ﬁode.) eUsed in GFDL simulations for
IPCC/AR4, CCSP, AEROCOM

lmpact of changing emissions on

Ozone, aerosol climate
distributions

*Historical runs (1860-present,
decadal)

- _ *Future runs (present-2100,
oupled Climate Model _
CM2 decadal) for A2, A1B, B1 scenarios




Tropospheric Ozone Column

tolal=23.23,NH=24.04,SH=22.42 1860

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

Horowitz [2006]
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Model Evaluation
MOZART Ozone vs. Ozonesonde Observations
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Global ozone anomaly (%) since 2000
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Results from interactive stratospheric ozone, dynamics, radiation
simulation [48-layer model with ozone chemistry]
[GFDL simulation = WMO/ UNEP 2007]




Global Annual—Mean Lower Stratosphere Temperature Change {K)
(referenced to 1979—1881 average)
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Sulfate
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Aerosol Model Evaluation

Sulfate (SO,7)

" kr—o.os072s A
-3
l_ o g: -’_1-23
nd e
S
1.00 _:1 A7 .
O e
2 - -4;3-. -7," -
a.1 T T
Observations
g IS W SO
‘_"i' A A %
- L}
% ’1“ % ‘.—fl‘_ =
g'f\df s 1N
.\| e . =
ol '
" W 15 N
l_v-\ \1 (=]
W4
e
o 7 [ s
¥ \\ - g
[— T—) |
—1.0 -075 -0.50 -0.25  0.50 1.0 2.0

ans

| MOZART Annual mean AOT 550nm, 1996-2000

[l 1 1 1 1 1" 1 ]

ook

EOM {7

30N

0

308

05

ans
150

150

120w

0 00200050 040 OA45 020 030 040 050 08B0 070 1.0



Aerosol Optical Depth

: Simulation vs. AERONET, MODIS |
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Continental warming

Europe

likely shows a
significant P
anthropogenic = = -
contribution .
over the past
50 years
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GFDL Climate Model

Global Annual—Mean Surface Temperature Change (K}
(referenced to 1881—-1820 average)
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Present...........
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Observed Variabllity of Dust for the
last 50 Years

Dust concentration at Barbados (Prospero and Lamb, 2003)
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o Barbades in Caribbean (Prospero and
ot | Lamb, 2003) and dust deposition
g 1S | in French Alps (De Angelis and
Gaudichet, 1991) have increased
by a factor 4-5
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Cloud albedo and lifetime effect (negative radiative effect for warm clouds at
TOA; less precipitation and less solar radiation at the surface)

more reflection — higher albedo

“~, smaller cloud particles
:. —+ less precipitation

Ny ? . e - b
Fxﬂll-ltedlh§L ‘ “\ “ “
higher optical dep’m

— less radiation at surface

Semi-direct effect (positive radiative effect at TOA for soot inside clouds,
negative for soot above clouds)

evaporation of cloud droplets
- shrlnklng of cloud

absorption -
— heating

less radiation

at surface
Glaciation effect (positive radiative effect at TOA and maore precipitation),
thermodynamic effect (sign of radiative effect and change in precipitation not

yet known)

]
]
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d
r

delayed Ireezing — hiQhEl' {and colder) clouds

* more ice crystals
' — more precipitation

Aerosol-cloud
Interactions

Aerosol cloud interactions [Figure 7.20]
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Continental warming

Europe

likely shows a
significant P
anthropogenic = = -
contribution .
over the past
50 years
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A coupled atmosphere — mixed-layer ocean
general circulation model

TOA
Clear Sky Cloudy Sky
SW Radiationl l
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Long-Range Transport:

Influence of regional NO, emissions on
global surface ozone
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Ozone Reduction from
Decreasing Methane Emissions
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A “WIN-LOSE” CASE:
Global decreases In sulfate aerosol
contribute to warmer U.S. summers

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

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

Latitude

-1 =05 -02 0 03
In GFDL Climate Model [Levy et al., 2006]



Present...........

and Future...........ocooou s,

= Aerosol direct effect.....including dust

= Aerosol internal mixture (sulfate+carbonaceous)
= Aerosol-Cloud interactions

= Climate forcing — Global Pollution links




Emerging................. post-ARA4........

= 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.

* |nterests of the Impacts, Adaptation, Mitigation
communities in the results from climate models [both
near-term and long-term (e.g., carbon cycle feedback)]
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Estimates of the Cloud Albedo radiative forcing due to aerosols from
different models [Figure 2.14]
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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
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Ozone Reduction from
Decreasing Methane Emissions

(a) O, Difference (ppbv) (b) O, Difference (%)
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Surface Temperature (K)

292

291

230

289

268

287

286

- P -;'-.i".-'l*"":
" -

o= =="" === CONTROL

o = AERO (BC)
B o’ === AERC (d+s) |

o — AERO (d+5+i)
.. === WMGG
: weene WMGG + AERQ (d+5+)
L o

P, .
¢ gt Taamimae

‘-\‘*H---M-'ﬁ --ﬂ-*-n,-

10 15 20 o5 a0 a5
Model Year



90S 60S 30S 0 30N 60N 90N



Longwave Forcing for 21st Century: SRES A1B Scenario
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Shortwave Forcing for 21st Century: SRES ATB Scenario
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Cloud drop number density {nm'3]

=
L

g

Morth Atlantic
nod

Nova Scotla
O

Arabian Sea (composite scheme)

X
*NE Atlantic (ACE-2)
Arabipn Ses
e’ (Binrssd INDOEX dstn}
» ASTEX North Atlantic
I L 1| I
o 500 1000 1500 2000 2500

Aerosol number density (cm3)

Ramanathan et al. (2001)



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

400

L]
L4
2

a
orth Atlantic
oo

orth Sea (continental)

L
(=
i

Arabian Sea (composite scheme)

Ly
L4
b

Nova Scotia
D

N rt!1 .Sea %
150+
®NE Atlantic (ACE-2)
100
Arabian Sea
50 - % {Binned INDDEX data)
w ASTEX North Atlantic
u | | | |
0 500 1000 1500 2000 2500

Aerosol number density (cm=3)

Fig. 5. Aircraft data illustrating the increase in cloud drops with aerosol number concentration.
References for the data are as follows: North Sea (28), Nova Scotia and North Atlantic (29), ACE-2
(30), Astex (37), the thick red line is obtained from a composite theoretical parameterization that
fits the INDOEX aircraft data for the Arabian Sea (23). The gray-shaded region is the INDOEX
aircraft data for the Arabian Sea (32).

Ramanathan et al. (2001)




FD {January

anh
EOM

I0OM

180 120w B0V 0o EDE 120E 1

Pl (January),

305

EDS

205

180 120w B0V ) EDE 120E 180

150 120V 50W 0o EDE 120E 14

Pl {July}
S0

EOMN
30K

o
305

EDS

ans |
150

120V 50W 4] EDE

0 050 1.0 3.0 5.0

10, 15. 20, 30. an.



AERO (d+s) -0.618

90N 90N 7
80N 60N
30N | 30N
0l 0
308 - 308
60S | 60S
90S | _ e e 90s] : _
180 120W 60W 0 60E 120E 180 180 120W 60W 0 60E 120E 180
AERO (d+s+i) -1.901 WMGG 2.764
90N - _ st 90N
60N % 60N
30N | 30N
0 0
308 308
B80S 60S
90s [ : ] a0s | : .
180 120W 60W 0 60E 120E 180 180 120W 60W 0O B0E 120E 180
WMGG + AERO (d+s+) 0552

90N f

180 120W e0OW 0  60E 120E 180

-10. -60 3.0 -20 1.0 -050 0O 050 10 20 30 60 10



Southern Hemisphere
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ATs [K] relative to BASE
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