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To find evidence for the first and second aerosol
indirect effect using data from MODIS.

e (lean versus Polluted Clouds
e (Cold versus Warm Clouds
e 1st and 2nd aerosol indirect effect



Climate effects of aerosols

Aerosol effects on climate through:
direct, semi-direct, thermodynamical, indirect and associated feedbacks
ranges from +0.8 to — 2.4 Wm-2,

Value for the indirect effect is — 1 Wm2(ranges from — 0.5 to — 4.5 Wm )

Estimates due to aerosols are large compared to other forcings such as:

Greenhouse gases, Land-use, Solar activity, Volcanic aerosol effects, etc.
that are ~ +3.35 Wm -2,



Methodology

8 Variables were obtained from MODIS data
—Cloud Top Temperature (K) -CTT
—Cloud Top Pressure (hPa) -CTPP
—Cloud Droplet Number Concentration (cm2) -Nc¢
—Total Cloud Fraction
—Water Path (g m %)
—Cloud Effective Radius (microns) - Reff
—Cloud Optical Thickness - COT
—Aerosol Optical Thickness -AOT

July 2000 was chosen for this study

*The data 1s organized in a 1x1 degree global grid for each day



Methodology

* We selected 20 regions around the globe based on:

— dominant stratus or convective clouds determined by ISCCP data
(International Satellite Cloud Climatology Project)

— consistent cloud top pressure, cloud top temperature, water path
determined by MODIS

« Important so variation caused by water content, temperature, and pressure
could be ignored and we could focus just on cloud properties related to AIE
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Methodology

A correlation was found for each 1x1 degree grid point
using the 31 points available for each point (each of the 31
days 1n July)

*Some instrument errors were accounted for and data was
filtered out (e.g. contamination for AOT > 0.6)

o[f there were less than 5 valid points left for a grid point,
then the correlation was marked as missing.



Area of Interest

Areas of Interest (10 long x 8 lat)
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GISS Aerosol Optical thickness for Jun-Jul-Aug 2000
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Results

« Large variability in the water path.

« Strong correlations between water path and cloud optical
thickness, aerosol optical thickness, and effective radius.

8
;
£
e
g
3

0.2 0.3 0.4 0.5
y=-20591x+ 122.77

Aerosol Optical Thickness R2=0.2511




S0K

El

Areas of Interest (10 long x 8 lat)

60K

S0

——— BO0S{-—--

BOE 120E

From Chmura and Menon, 2004



Aerosol Indirect Effect

Region | AOT |Nc COT |Reff |CId

(cm™) (um) | frac
3 0.09 [8.10e5(7.54 |20.8 |0.73
S 0.12 14.03e5(7.73 |27.6 |0.61

13 0.10 [3.52¢5|7.02 |26.7 |0.52

8 0.18 [7.21e5|9.20 (24.8 |0.57

18 0.16 [1.74e6|11.1 |16.9 |0.82

From Chmura and Menon, 2004
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Aerosol Indirect Effect

Region | AOT |Nc COT |Reff |CId

(cm™) (um) |frac
6 0.16 |3.61e5/5.01 (23.6 [0.54
7 0.06 [3.78¢5|5.00 (22.1 |0.42
9 0.08 [4.58e5(|4.61 |20.0 (0.34
10 0.09 [3.70e5(4.77 |23.6 [0.48
14 0.15 |8.37¢5|5.23 |15.8 10.49
19 0.11 |8.73e5(5.92 |16.7 [0.57




Clean versus Polluted Clouds

» The data was also constrained by aerosol optical thickness
(clean <0.1 vs. polluted clouds >0.1)

* For signs of AIE, strong positive correlation between aerosol
optical thickness and water path, cloud cover, COT.



Clean and Polluted Clouds
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Cold versus Warm Clouds

e Cold clouds (cloud top temp <273K) were separated from
warm clouds (cloud top temp >273).

* In warm clouds, a strong negative correlation appears
between aerosol optical thickness and cloud top
pressure (-0.70) and cloud top temperature (-0.40)

e In cold clouds, a strong positive correlation appears
between aerosol optical thickness and cloud top
pressure (0.52) and cloud top temperature (0.55).

*Cold Clouds: Strong correlation between AOT and Reff
*For CTT <273 K, pollution decreases with temperature



Cold and Warm Clouds
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Conclusions

* Mean cloud water path appears to be correlated with the
aerosol optical thickness -- more polluted clouds appear to
have lower water paths.

* To discern the influence of aerosols on cloud properties, the
water path needs to be constrained.

* Once that 1s done, MODIS data does provide evidence for
the first and second aerosol indirect effect:

— Cloud droplet size decreased with more pollution in both warm and
cold clouds;

— However, corresponding changes in cloud optical properties were
more difficult to obtain;

— Evidence for the second aerosol indirect effect is mostly obtained
for clean clouds (aerosol optical thickness <0.1)



Future Work

 Identify specific dynamic regimes using reanalysis data
and look for similar statistical relationships between
aerosols and cloud microphysics under these regimes.

« Use GISS GCM to 1dentify the type of aerosols present in
each region and the different relationships between aerosol

optical thickness and cloud properties for the 20 regions as
observed in MODIS data.



Area of Interest

Region Z T, CTT CTP Nc Cloud T, rys  Water Path Cloud
(K) (hPa) (cm™)  Fraction (um) (gm?)  Type
1 0.091 245.07 423 .85 3.26E+05 0.84 8.16 32.51 135 .95 D
2 0.163 274.39 703.20 3.63E+05 0.47 6.51 27 .24 104 .36 M
-3 0.093 282.57 810.17 8&.10E+05 0.73 7.54 20.84 110 .47 C
4 0.162 279.10 704 .80 1.08E+06 0.50 5.17 16.18 54.59 C.S
ﬁS 0.122  260.80 552.76 4.03E+05 0.61 7.73 27 .58 115 .83 D
6 0.155 272.03 682.98 3.61E+05 0.54 5.01 23.55 80.11 M
7 0.061 286.27 866.91 3.78E+05 0.42 5.00 22 .14 83.71 M
-8 0.177 266.09 624 .61 7.21E+05 0.57 9.20 24.76 124 .21 C
9 0.082 284 .88 850.30 4.58E+05 0.34 4.61 19.99 68 .35 D
10 0.093 283.61 832.73 3.70E+05 0.48 4.77 23.56 79 .49 C
11 0.38¢ 273.49 659.75 2.58E+05 0.59 2.34 27 .98 35.59 M
12 0.098 275.40 822.26 7.17E+05 0.73 9.33 22.73 152 .62 M
-13 0.100 271.57 700.13 3.52E+05 0.52 7.02 26.72 116 .15 C
14 0.154 287.03 829.07 8.37E+05 0.49 5.23 15.77 61.61 D
15 0.092 279.22 840.14 6.02E+05 0.51 6.40 20.18 96 .29 C
16 0.271 285.52  785.37 2.59E+06 0.73 7.37 11.49 55.41 C
17 0.089 281.16 742.71 1.51E+06 0.67 8.51 15.32 96 .49 C
QIS 0.162 269.14 689.77 1.74E+06 0.82 11.14 16.89 130 .11 S
19 0.105 286.20 833.33 8.73E+05 0.57 5.92 16.66 74 .61 S,C
20 0.140 266.23 600.76 7.22E+05 0.64 7.12 24 .45 103 .73 C




Climate effects of aerosols in the GISS GCM

Using AEROCOM-B emissions we evaluate direct and
indirect aerosol effects on climate in terms of:

Climate sensitivity to carbonaceous aerosols
Heating effects of black carbon
Aerosol-convective cloud effects



Forcings due to aerosols in the GISS GCM

Case Sulfate OC BC BC Total
Total (fossil/bio- (fossil/bio- (biomass)
fuel/biomass) fuel)
Direct forcing —0.29 —0.13 0.18 0.06 —0.18
(W m-2)
Forcing efficiency —103 —106 1385 857 NA
(Wg-1)

(From Menon and Del Genio, 2004)



Forcings due to aerosols in the GISS GCM

Case Sulfate OC OC BC BC Net Cloud
forcing
Total (fossil &  (biomass & (fossil &  (biomass) (Wm?)

bio-fuel) terpenc) bio-fuel)
MO02 2.66/0.42 1.57/0.14 - - —4.36
5.03/1.05 2.46/0.27 - - —2.41
@296/&15 0.98/0.57 1.61/0.80  0.13/0.0  0.12/0.06 E

Exp A S 434/014  0.96/0.55 1.63/0.15  0.12/00  0.12/0.01 —1.03

(From Menon and Del Genio, 2004)



Simulations to determine aerosol climate sensitivity

Simulation Type

Exp A Standard run with both indirect effects

Exp NBC Like Exp A but without fossil/bio-fuel Black
Carbon

Exp 2BC Like Exp A but with twice fossil/bio-fuel Black
Carbon

A : denotes differences between simulations with present-day
aerosol emissions (AEROCOM) and pre-industrial aerosols
(terpenes, DMS, volcanic, some portion of biomass, sea-salt
and dust).




Climate sensitivity

Climate sensitivity is determined from ratio of surface temperature
change to forcing.

Climate sensitivity for:

AExp A 0.12 K W1 m?
AExpNBC  0.097 K W m?
A Exp 2BC 1.14 K W-! m?

Sensitivity in same model coupled to a mixed ocean slab model for:
2xCO, 0.66 K W-! m?

(From Menon and Del Genio, 2004)



Climate sensitivity

In an atmosphere only model (Hadley Center climate model) with 4 times
as much fossil fuel Black Carbon as in Exp A:

Annual mean surface temperature change is ~ 0.436K
Climate sensitivity = 0.56 K W-1 m?
(Roberts and Jones, 2004).

Effects of Black Carbon on cloud properties not considered.

Within the same model the climate sensitivity to doubled CO, is ~ 0.91 K
W-1m?



Change in climate due to varying black carbon induced heating

Indian Ocean TOA Surface | Atmosphere | Precipitation
(Jan-Mar) (Wm?2) | (Wm?2) |(Wm?) (mm/d)
(0-20N, 40-100E)

A Exp A -2.97 -7.33 4.36 0.35

A Exp NBC -2.07 -3.52 1.45 -0.08

A Exp 2BC -2.06 -5.71 3.65 0.01

(From Menon and Del Genio, 2004)



Percent Change in Precipitation (%)
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