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Greenhouse Effect Due to Chlorofluorocarbons:

Climatic Implications
V. Ramanathan

Abstract. The infrared bands of chlorofluorocarbons and
chlorocarbons enhance the atmospheric greenhouse effect. This
enhancement may lead to an appreciable increase in the global surface
temperature if the atmospheric concentrations of these compounds reach
values of the order of 2 parts per billion.

One molecule of CFC has the same greenhouse
effect as the addition of more than 10000 molecules of Carbon

Dioxide to the Atmosphere




=i=| EheNew York Times ==

VOL CEXIV . No. 92567 4 Sor o e o e NEW YORK. SUNDAY, SEPTEMBER 14, 1975 — ] czh",r;

USPUTSOFFCUT ULF.T. Weighs Board Plan WAL ARRANGES
I SUPPORT FOR(E To Trim Class Schedules i MILLKN SALE
[N WEST GERNANY e it T ik i Wik (FBONDPACKAGE

Dropping of Tus Pesiods
.u Proparation Tame io= Trnche

e Rasin
ey

Climatic Changes by Aerosols in Atmosphere Feared

bouse effeet” simila; @0 hat Dr. Ramanaihan’s warming, ing wasclengths of ulteaviolet|
By WALTER ‘l-Ll""“ catiaed b cartion dliide hased on caiculations tn be pub. m'.;l..hr that otherese cause|
Such an elfect acours when a lisked shartly s the journal'skin canrcer and other injury|
2as, acting [ke the glass in a Science, caincides with a grow- 1o esrth-borne life. Dr. Raman.|
9 - greenhouse, permity sunlight to ing  mumber o <iratospheric) athan's calculations suggest the
L{""I’:"‘ focused Lo .“‘:"’" pass frecly, bul inhibits the es. ahservations thai bear on thel possibility of rI|‘n|I|\neHecll
b pr::;?;::?n m: ‘ﬂ:]‘; ape of heat in the form of m contrmversy far less dramatic than those on
(aler world climates frared radiation. The result s Acoording 1o the txperiment: Venus, b veriheless of ma. |
a warming af the lower atmas. #rs, thest suggest—hut do 0ol jor impartance 10 mankind. If,
According 1o caleulatings B phere and the earth prove—than  fiunrocarhons  inhe suggests, luarocarhons reach
Dr. Veerabhadran Ramacathan = 1f it an exireme greenhouse the  stratosphers  have been's level of two parts per hillion
1of the National Asrona i effect that ix helieved to ac- hroken down nin chlomne, in the aumosphere, as predicted
Space Admunistration’s Lasglev count for the aven-hot temper- which can ihen acl in depleia for the end of this century if|
{Researrh Center in Hampton ature af Venus. whose atmos- the ngone of that reginn, The present >|\]m cortinues. global
|¥u . flunencarbons on the aimos. phere  consisis of & heavy puble health concern  relates
Isnere rould have 1 green. blanket of carhon dioxide. t0 the role of ozone in absarh. u‘nlmuuu hpmulumu

ugh  atiention
regarding the rol
fNusrocarbon serosol s

15 August 1980, Volume 209, Number 4458 SCI E NCE
1980

Detecting Climate Change due to
Increasing Carbon Dioxide

Roland A. Madden and V. Ramanathan

The possible climatic effects of large We first discuss a long time series of
increases in atmospheric CO; due to surface temperatures and the rationale
burning of fossil fuels may constitule one on which our estimates of the inherent
of the important environmental problems .  variability or noise are based. Next we
of the coming decades. Research efforts present the model results for surface

are Ecmg made (o reduce the large uncer-  warming due to the CO; increase. By

Summary. The observed interannual variability of temperature at 60°N has been
investigated. The results indicate that the surface warming due to increased carbon
dioxide which is predicted by three-dimensional climate models should be detectable
now. It is not, possibly because the predicted warming is being delayed more than a
decade by ocean thermal inertia, or because there is a compensating cooling due to
other factors. Further consideration of the uncertainties in model predictions and of

the likely delays introduced by ocean thermal inertia extends the range of time forthe |

detection of warming, if it occurs, to the year 2000. The effects of increasing carbon

digxide should be looked f_or n several variables simultanecusly in order to minimize

the ambiguities that could result from unrecognized compensating cooling.
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The Greenhouse Theory of Climate Change:
A Test by an Inadvertent Global Experiment

Science
1§ APRIL 1088

V. RAMANATHAN

Since the dawn of the industrial era, the atmospheric
been increasing as a result of human activities. The

radiative heating from this inadvertent experiment has
driven the climate system out of equilibrium with the
incoming solar energy. According to the greenhouse
theory of climate change, the climate system will be
restored to equilibrium by a warming of the surface-
troposphere system and a cooling of the stratosphere. The
predicted changes, during the next few decades, could far

exceed natural climate variations in historical times.
Hence, the greenhouse theory of climate change has

reached the crucial stage of verification. Surface warming
as large as that predicted by models would be unprece-

dented during an interglacial period such as the present.
The theory, its scope for verification, and the emerging

complexities of the climate feedback mechanisms are
discussed.

“Unequivocal” Warming of the Planet: IPCC, 2001 & 2007
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CONTROLLING ITS PRESENT DISTRIBUTION AND CHANGE

CHAPTER ﬂ 5

TRACE
_ -_ GAS EFFECTS
s ‘ | ON CLIMATE
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ENT OF DUR UNDERSTANDING OF THE PROCESSES

CLIMATE - CHEMISTRY INTERACTIONS

GREENHOUSE EFFECT H 4Ty > 0
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The Non-CO2 trace gases contribute as

much as CO2 to the increase in
atmospheric Greenhouse effect:

Panel Members

V. Ramanathan, Chairman

L.B. Callis, Ir. A. Lacis

R.D. Cess F.M. Luther
Ramanathan et al, JGR, 1983 J.E. Hansea J.D. Mahlman

LS.A. Isaksen R.A. Reck

W.R. Kuhn M.E. Schlesinger
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Source: Updated: PLENARY, IPCC 2007
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Committed Warming as of 2005
- Ramanathan and Feng, 2008
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Impact of Proposed CO, Reductions in 2009 G8 Meeting
Ramanathan & Xu 2009
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Contribution to atmospheric CO2(ppm) & Warming
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Non-CO, climate warmers

Contribution to 2005 forcing relative to COZ(1.66 Wm-2)

Greenhouse Gases

Ozone (troposphere) : 20%
Methane : 30%
Halocarbons : 20%

Particles (Aerosols)

Black Carbon : 27% to 55%"
(soot/smoke)
Total Non-CO, 1 97% to 125%

All numbers except the red are IPCC values; Long lived N,O not included
* Ramanathan & Carmichael; 2008
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Global Atmosphere

Source: Washington, NCAR, 2005
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Ramanathan 2007

Masking of Global

 Warming

S8 Armospheric Brown
¥ Clouds

% (aka particles in Air
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Indian Ocean Experiment:

Europe/ India/ USA Collaboration

Lead Funding Agencies:
NSF; ISRO; MPI

Lead Institutions:

Scripps Inst. Of Oceanography; collecting data since 1996,

Univ of California at San Diego, ckaipaign einducad ih
USA Spring 1999, For details, see

National Physical Laboratory, New
Delhi, India

Max Planck Inst for Chemie, Mainz, @M =X
Germany
Participating Institutions
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MODIS AOD, AUG 2002
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Ramanathan and Ramana, 2002;
Data from Kaufman et al 2001
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ABCs: How do they influence climate ?

* The absorption of solar
radiation by the surface and
the atmosphere is the

Black carbon

s fundamental driver for the
physical climate system, for
salt & NO5 atmospheric chemistry, and

for all life on the planet.

» ABCs have altered this forcing
significantly

Soot: Traps sunlight and heats the air

Sulfates: Reflect sunlight like mirrors and cool
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What does black carbon look like?
Ramanathan et al, 2001

Clean air;

Southern
Igdlan Southern Indian
cean, Ocean, 6S
8S Polluted
Arabian Sea
Polluted

Back Scattering (Cooling)

Absorption
(Column
Warming)

Absorption
(Atmospheric Warming)

‘/l\ Suppression of Rain;

Forward
Scattering

Dimming of Surface
Surface Cooling
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OBSERVED DIMMING TRENDS OVER INDIA ND CHINA

India : Kumari et al, lITM (2007) China: FU et al (2006)
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IABCs have led to large dimming over Asia;

At least by 6% over China and India

5326-5333 | PMAS | Apnl 12,2005 | wol 102 | no.1s

Proceedings of the National Academy of Sciences, April 2005

Atmospheric brown clouds: Impacts on South Asian
climate and hydrological cycle

V. Ramanathan**, €. Chung*, D. Kim*, T. Bettge*, L. Buja®, J. T. Kiehl*, W. M. Washington®, Q. Fu®, D. R. Sikka",
and M. Wild

Research, Boulder, 0 80307;
Federal Institute of Technology, Winterhurerstrasse, 190 CH-8057 Zurich, Switzerland

This contribution Is part of the speal series of Inaugural Articles by members of the Mational Academy of Sclences elected on April 30, 2002,

BENAS

Contributed by V. Ramanathan, January 25, 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

*Scripps Institution of Oceanc?raphy. Un tersity of Califamia at San Diego, 9500 Glman Drive, La Jolla, CA 92083-0221; *Nation al Center for Atmespheric
Unhversity of Washington, Box 351640, Seattle, WA 93195-1540; 740 Mausam Vihar, New Delhl, 110 051, Indla; and /Sadss
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SST Trend (K)

Observed Trend in Indian Ocean Surface

Temperatures 1951 to 2002
Chung & Ramanathan J Clim, 2006

GHG Warming
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Ramanathan et al 2005
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Changes in the characteristics of rain events in India

S. K. Dash,’ Makarand A. Kulkami,' U. C, Mohanty,' and K. Prasad’
Received 10 June 2008; revised 23 Jammry 2009, accepted 23 February 2009, publisked 29 May 2009

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, D10109, doi:10.10292008ID010572, 2009
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Atmospheric science

Ramanathan et al, Nature, 2007.
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Masking of Global Warming: 2002

{A Synthesis of ground, aircraft and satellite observations}
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Dimming : Mirrors & BC Chung, Ramanathan,
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Hindu Kush-Himalayan-Tibetan Glaciers:
Water Fountain of Asia
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Global and Planetary Change
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Elevation dependency of recent and future minimum surface air temperature trends
in the Tibetan Plateau and its surroundings

Xiaodong Liu™", Zhigang Cheng*, Libin Yan *, Zhi-Yong Yin “*
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Seasonal features of aerosol particles recorded in snow from Mt. Qomolangma
(Everest) and their environmental implications

CONG Zhiyuan'?, KANG Shichang"**, QIN Dahe?

1. Institute of Tibesan Platean Research, Chinese Academy of Sciences, Beijing TO0ES, China. E-mail: thivummcong @itpeas.ac.cn
2. State Key Laboratory of Crvospheric Seience, Chinese Academy of Sciences, Lanzhou 730000, China
3. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China

Received 20 August 2008; revised 06 November 2008: accepted 14 November 2008

Differential Temp Trend: Trop - Surface

Trend Difference (K/decade)

Trend: 1979-2007
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Springtime warming ana reauced snow
cover from carbonaceous particles

M. G. Flanner', C. S. Zender’, P. G. Hess'®, N. M. Mahowald'*, T. H. Painter”,
V. Ramanathan®, and P. J. Rasch'
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Discussions

Smoke and BC have Major Impacts on Health:
Water Security and Food Security

*Greatest advantage for Policy Actions
1. Short Lived in the air ( about a week or less)
2. Immediate response to mitigation laws
3. Response felt locally by improved air quality
4. Will reduce fatalities due to indoor and outdoor
air pollution
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Global Black Carbon Emissions 2000
(8 Mtons/Yr)

Non-Residential (Fossil Fuels) 2600 (33%)

Residential: Cooking and Heating 2050 (25%)

Bio-Fuels (1480); Coal & Diesel (565)

Open Burning:.........cvcovevvvenenne.. 3325 (42%)

Forest Fires (1240)
Savanna Burning (1720)
Crop Residues  ( 325)

Source: Bond et al, 2004; Uncertainty: about a factor of 2 or
more

Suqggested Approach

Mitigation Technology is Available
1) Start with Fossil Fuel BC: Major reductions
Diesel Particle Filters are in Market
$250 Euros for diesel passenger car
More than 99% reduction in BC

2) Initiate mitigation of Biofuel Cooking

But Science is needed to refine numbers

11/6/2009
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India and Black Carbon

Uncertainty at least factor of 2

Percent of Global Emissions : 6% (Source: Bond et al, 2004)
Biomass cooking : 3% ( Venkatraman et al, 2006)
Role of Biomass cooking to

Global Warming: : Less than 1%

So, Why am | focusing on Cooking Source of Black Carbon?

Health Burdon Of ABCs Is Enormous

No region is immune!

Number of people at high CV risk globally in 2000
(?_Ro_gers 2005)
L r ’ .

Diseases for which we have
quantitative sk data

A

Blindness

Tuberculosis

Early Hean disease?
mfant
death

ot

=175 million people at ~
25%+ risk of a major CV
" event in the next decade,
y WHO subregion

NI

~800,000 excess deaths per year (in USA >50,000 deaths; $100B/yr)

Strong Motivator For Change! 8

11/6/2009

19



By
Ka'usa}ﬁﬁe
7%,
Cung -
%

Biogas plants
converts organic
waste into gas

Parabolic solar
cooker

Ramanathan and Balakrishnan, 2007
Ramanathan and Carmichael, 2008

Env Sci & Technology, 2008

New Delhi’s Pioneering Efforts

System in New Delhi
Switching to LPG resulted in:

CONO
MILIND KANDLIKAR®!

Increase in CO2

Increase in Methane 3
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But, when black carbon reductions g G venidles ~ §
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3 500 '
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R C. O. REYNOLDS" &

Policy Analysis

Climate Impacts of Air Quality
Policy: Switching to a Natural
Gas-Fueled Public Transportation
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Need a personal reason for wanting lo solve the problem
Lead by USA and Europe is critical for reducing commitfed warming
Engagement of Asia is critical for reducing future commitment
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