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Global Dimming

Topics:

Is Dimming Real?

Is it Global or Regional ?

How Large is it?

What are the most likely factors causing the Dimming?

What are the Climatic Implications?



Source: Updated:   PLENARY, IPCC 2007



The Aerosol forcing is -1.2 (-0.5 to -2.5) Wm-2 (direct+Indirect Effect)

This is basically global scale dimming due to Aerosols

Thus according to IPCC the planet is dimmer now than
How it was during the pre-industrial period

Hence the Controversy is not about the reality of dimming;
but about its magnitude.





According to Stanhill and Cohen, the planet has 
dimmed by  20 Wm-2 since 1950;

Compared with the most current estimate of the solar
radiation budget of the planet (shown next)
this is about 12% of the absorbed solar radiation.





Changes of Decadal Mean Surface Solar Radiation: 
1981 - 1990 minus 1961-1970 (Liepert, GRL, 2002)

W/m2

ΔF = -7W/m2 ≈

 

-4%

Global Dimming

As per Liepert

 
: the dimming is about  -7 Wm-2

 
in 20 years; 

scaled to 50 years, It is equivalent to  -17 Wm-2.. 
Not very different from Stanhill

 
and Cohen’s estimates



Is Global Dimming Really just Local Dimming?

Alpert et al study



Population < 0.1 million; 144 sites; 
-0.16 Wm-2 Yr-1

Population > 0.1 million; 177 sites;
-0.41 W/m2/Yr

-0.16 W/m2/yr

Alpert et al, GRL -2005



By  Dimming, do we really mean only large dimming of the order 
of    -0.4 W/m2/year?

Is -0.16 W/m2/Yr not dimming enough? Equals -4 W/m2 over 25 
years!!

CO2 forcing of the last 125 years is -1.6 Wm-2!!



Is the Planet Brightening? 

Inconsistency between the two Brightening Studies;

As shown Next

Pinker et al’s study shows brightening only over 
Oceans and no trend over land;

Whereas Wild et al show brightening over Land



Land+Ocean Average



Land Only: Shows no trend Oceans Only: All of the trend is 
Over  the Ocean





Wild et al: Most if not all the stations have only 8 years or less 
data…. Too short to make any climate change related statements



A perspective on the reality of
dimming and brightening:

Let us look at China





Qian et al study Continued.

Decrease of 20 Wm-2

 

from 1955 to 1995, followed by 5 to 10 
Wm-2

 

brightening; but it is still dimmer compared With the 1950s



How reliable are the GEBA data sets?

Next two figures which compare simulated fluxes
With observed fluxes, over BSRN sites (next
Figure) and GEBA sites suggest that GEBA
Site data are reasonably reliable.



How good are the GEBA radiometers?



Monthly mean fluxes at TOA and at Surface;
All Sky



What is the role of Air Pollution in the Diimming?

Atmospheric Brown Clouds

When did the dimming begin?

What happened after the early 1950s??
i) Population explosion began after 1950

ii) The emission of  BC, SO2 and other aerosols
Inreased explosively after 1950



World Population Growth:



Ref: T. Novakov, 

V. Ramanathan,

J. E. Hansen, 

T. W. Kirchstetter, 

M. Sato, J.E. 
Sinton, 

J. A. Sathaye

Geophys. Res. 
Lett, 

Dec. 2002 



How Clean is the atmosphere over the western 
hemisphere ?

Or over Developed Nations?

Wild et al claimed Europe and US have recovered
Completely from the dimming.

This does not mean the aerosol pollution vanished;
Next two figures BC and SO2 emissions, and AODs
from various developed and developing nations
Source: Ramanathan et al, 2007
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Is there Direct Evidence for the Dimming 
and its Causal Factors?

• The Indian Ocean Experiment Provided Direct 
Chemical, Microphysical and Radaiometric Evidence 
that absorbing aerosols can lead to 5 to 10% 
reduction in seasonal averaged solar radiation at the 
surface over a large area, as large as the entire 
Arabian sea, Bay of Bengal and the S. Asian Region 
an area as large as USA;

Satheesh and Ramanathan, 2000;
Ramanathan et al, 2001; 
over 100 papers and two special volumes in JGR



Los Angeles
Dec 27, 2002The Role of Air Pollution and Aerosols: Atmospheric Brown Clouds



Long Range Transport of  Brown Clouds:
Aerosol Optical Depth from TERRA-MODIS:

Ramana and Ramanathan 2003



Why Brown Cloud?
Indian Ocean Experiment

Ramanathan et al, JGR, 2001



Ref: Meywerk and Ramanathan, 1999; 2004

Direct Evidence for dimming
Irradiance inside and outside brown clouds in Arabian Sea



Contribution to Aerosol Optical Depth 
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Direct observations: Clear-sky Forcing Efficiency

Surface
Forcing

Top-of-
Atmosphere
Forcing

Satheesh &
Ramanathan, 2000

Satheesh and Ramanathan, Nature 2000



Simulations with coupled Ocean_Atmosphere models
With historical emissions of BC and SO2 reveal that the
observed dimming
Over India can be accounted for mostly by Aerosol increases

Ref:  Ramanathan et al, 2005



A Fully Coupled Ocean-Atmosphere Model Study from
1870 to 2025; Five Ensemble Runs:
The NCAR Parallel Climate Model;
GHG gas and volcanic forcing from 1870;
ABC forcing from INDOEX and past emissions histories

Proceedings of the National Academy of Sciences, April 2005



Time series of radiative forcing (W m-2), and 
normalized BC/Sulfate emissions at 1950

[Regional average over land and ocean
: Lat (Eq. to 30N), Lon (60E to 100E)]
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Solar Radiation at the
Surface: Simulated 
And Observed

Simulated

Observed

The Dimming Led to a 
Decrease in Evaporation
From Indian Ocean

South Asian Dimming

Source: Ramanathan et al, Proceedings of National Academy of Sciences, March 2005

(12 stations)
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How local or regional or global is the dimming ?



Anthropogenic Aerosol Optical Depths: Regional Hot spotsAnthropogenic Aerosol Optical Depths: Regional Hot spots

Indo-Asian-Pacific Plume European Plume
N American Plume

N Atlantic-African-S Indian Ocean Plume

SE Asian-Australian Plume

E Asian-Pacific-N American Plume Latin American Plume

Amazonian Plume

Ramanathan et al, 2007



Model-Observations Integrated Estimates of Global Dimming
Due to ABCs: Chung et al, 2005

Model: Monte Carlo Aerosol Radiation Model

Satellite Observations:

MODIS for Aerosol Optical Depth

AERONET: Ground  “ Truth “

GOCART : Aerosol Assimilation Model for Determining Anthropogenic
Fraction

ISCCP: Cloud Data

Field Observations : INDOEX; CIFEX; APMEX



b) BC Atmos Heating (W/m2)

c) Dimming due to ABCs (W/m2)

Atm

 
Forcing

(W/m**2):
Solar Heating

Surface Forcing
(W/m**2): 
Dimming

Ramanathan et al, 2007; Chung et al, 2005Period: 2001 to 2003



1) Over large land regions the Aerosol forcing at the surface 
exceeds -20 Wm-2

2) When global averaged the dimming is only -4.4 Wm-2 (see next fig);
It is still significant, however

3) Note that the TOA forcing is a factor of 3 less than the surface forcing;
For BC even the sign of the forcing at TOA is different;
Key Lesson: It is misleading, if not erroneous, to compare the dimming
With TOA forcing by greenhouse gases;
Reason is: The dimming is largely compensated by aerosol heating
Of the atmosphere by solar absorption

4) Note that: if the changes are due to clouds, then the dimming is nearly
The same as TOA forcing

Note: Surface forcing is same as dimming
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Back Scattering (Cooling)

Absorption
(Atmospheric Warming)

Dimming of Surface
Surface Cooling

Absorption
(Column 
Warming)

Cloud Evaporation
(Warming)

Cloud Seeding
(Cooling)

Suppression of Rain; 
increase of life time …. 
Cooling

Forward 
Scattering



The main impact of dimming is on the hydrological cycle.
Dimming should lead to decrease in evaporationa nd precipitation



Other Major Dimming Factors

Anthropogenic:

Increase in Cloudiness and Cloud OD:
Aerosol-Indirect Effects

Jet Contrails : 2% decade over the US
Increase in Dust Concentration
Cloud Increase: Sea Ice Melting and exposing 
Open Ocean
Cloudiness Changes due to Land Use Changes

Natural Variations:
Change in Cloudiness Due to AO, PDO, ElNino

Dust Loading due to Desertification



Conclusions1) The Dimming Observations are mostly land based observations
and are mainly from 1950s to 1990s; nevertheless, they
seem to indicate a global scale phenomenon; but the magnitude

inferred from land observations may exaggerate global means.

2)  Atmospheric Brown Clouds with absorbing Aerosols are
found in most regions of the planet;

3) The ABC induces dimming is about -5 Wm-2 for the 2000-
2003 period;  But its trend (change with time from 1950
to now) needs to be determined

4) The ABC related dimming is balanced mostly by a 
corresponding increase in atmospheric solar heating

5) Its main effect is stabilization of the column and a 
decrease in global average precipitation; and a  cooling of the
land during the dry season



Acknowledgement

• INDOEX (NSF/NOAA/NASA)
• INDOEX:  Over 100 colleagues from US, 

India and Europe
• ABC:  (NOAA/NSF/NASA)
• ABC: UNEP& Colleagues from China/ 

Germany/Japan/ S. Korea/ India/Sweden
• Students/Post docs/Researchers in my lab


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Changes of Decadal Mean Surface Solar Radiation: �1981 - 1990 minus 1961-1970 (Liepert, GRL, 2002)
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Is there Direct Evidence for the Dimming and its Causal Factors?
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Acknowledgement

