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Icons of Human Impacts
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What is Happening?
 

https://svs.gsfc.nasa.gov/5450/

Source: NASA
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Next to Grandfather’s Home, Eraharam, South India: 
Photo: 2004; Ramanathan

My 

personal 

 journey 

Began in a 

S. Indian 

Village



Interferograms: Transition from free 

and forced convection to Turbulent Flows

1967 to 1969

Laminar 

Onset 

of Turbulence



Earth Radiation Budget Experiment:

Ramanathan, Barkstrom & Harrison, 

1974-1989

Climate  journey began in 1974 at

[100%]

29% 71%342 
(W/m2)



Directly  Measuring the blanket thickness
Raval & Ramanathan, Nature, 1990

What is Happening?

Blanket Thickness = 131 Wm -2
 Gases only

Water Vapor + CO2; (95%)  

Ozone (5%)- From Models

Increase in thickness due to 

human-added gases*:  3.6 Wm-2

* Drefus, Xu, Shindell, Zaelke and Ramanathan,

2022 



Emitted 2,400,000,000,000 tons of CO2: 1850-2019

Yes: 2.4 Trillion Tons

One Trillion Tons Thick as of 2019

How thick is the human-made CO2 blanket?

10

CFCs, methane 

and other Non-

CO2 gases

trap another 

800 terrawatts

Estimated from

IPCC-AR6-2021;

 Drefus, Xu, Shindell, 

Zaelke & Ramanathan, 

2022 

 

CO2 Traps: 1000 Terrawatts of Radiation energy

(= 2 Watts per square meters)



Climate Change Science

• Quantum Mechanics

• Radiative Transfer- Integral Equations

• Thermodynamics of Energy Transfer: 

 Radiant to latent/sensible/potential 

• Newtonian Dynamics- Differential Equations

• Turbulence ( Who Understands Turbulence?)



Motions of Atoms within a Molecule



Quantum Mechanics of Energy-Trapping by 

 CO2 Molecule

Vibrational Energy Levels

Ground State

First Excited State

Energy Absorption in Bands

Fermi Resonance
Bands

First Hot Band

Second Hot 

Band

Shine and Perry, QJRMS, 2023

1977



1975 discovery of Halocarbons as  Super-greenhouse gases puts 

Non-CO2 greenhouse gases on par with CO2

My Entry into Climate- Change 

Science 1975



1975

One molecule, each of CFC-11 and

 CFC-12 have the same warming 

effect as about 10000 molecules

 of CO2



CFCs [Super Pollutants]:  Per ton, 10,000 times more potent than CO2

CO2

O
zo

n
e

NIMBUS Satellite : IRIS Data; 1970s

CFCs and Short -Lived Climate Pollutant gases (Methane; 

HFCs & Ozone) trap heat in  Atmospheric Window

❖Super 

pollutants

are creating a 

dirty Window



Three-Dimensional Community Climate Model of NCAR: 
Pitcher, Malone, Ramanathan, Blackmon, Puri and Bourke, 1983

Ramanathan, Pitcher, Malone and Blackmon, 1983

Movement of water vapor in the atmosphere (around 5 kilometers)

Emission

 anywhere

is surface

warming

 everywhere



CO2

Black 

Carbon

N2O

O3

CFCs;

 HFCs

Heat Trapping Pollutants

Trapped Heat by the blanket

CH4

Ramanathan et al, WMO-Report, 1985; IPCC 2001 and 2007;  Ramanathan and Feng, 2008; 

Ram and Xu, 2010; Dreyfus, Xu, Shindell, Zaelke & Ramanathan, 2022 

Total energy 

trapped is about 4 Wm-2

as of 2019.



15 AUGUST 1980

Prediction

Warming Due To CO2 Should Be Detectable By 

Year 2000

JUDGING A THEORY BY ITS PREDICTIONS



Madden & 

Ram, 1980

IPCC Conclusion: 2001

But there was a major discrepancy in 

the magnitude of the warming:

The warming, although significant, 

was only about half of what we expected! 

IPCC-TAR-2001



Masking of Global 

Warming

By

Atmospheric Brown 

Clouds

(aka particles in Air 

pollution)
Source: Ramanathan 2005



Indian Ocean Experiment (1997 to 1999 )

PIs: Ramanathan,Crutzen, Mitra & Lelieveld.
Over 200 scientists from India, Europe, USA  participated



Satellites (1970s-)

Aircraft (1990s-)

Balloons

Ships (1990s-)

Surface Stations (1990s)

 UAVs (2004-)

Climate Models (1980s-)

My Research Tools

Thanks: NASA, NOAA and NSF &  a dedicated program director, Jay Fein of NSF and

 my manager Hung Nguyen of SIO, Who made it all possible by supporting and helping me

Ramanathan, 2007



Surface

Forcing

Top-of-

Atmosphere

Forcing

Satheesh and Ramanathan,

 Nature, 2000

Maldives 

Climate

Observatory



Ramanathan  et al,2007& 2008 NASA-MODIS

Ramanathan et al,

Nature, 2007

Ramanathan, et al, 2007





CO2

BC

HC

N2O

O3

CH4

MASK
Net forcing

Proceedings of the National Academy of Sciences, 2010

 

The Mask is made up of sulfates/Nitrates/Organics 

particles
ASKING OF GLOBAL WARMING BY AEROSOLS

Data from : IPCC 2007; Ramanathan and Feng, 2008 & Ram and Xu, 2010

Instead of thinning the GHGs blanket and the Mask, we are just thinning the mask!!!

Masked:

-1.4 Wm-2



© 1989 NaturePublishingGroup

Water Vapor 

increases by 5.5%

 per 0C SST:

1989

Es ∝ 𝒆(−
𝟓𝟒𝟎𝟎

𝑻
)



Feedbacks act as force multipliers:

Retreating Sea Ice  enhances solar heating & amplifies warming

Sept. 1979

Sept. 2012

PISTONE, EISENMAN &
 RAMANATHAN, PNAS, 2014



1985-1989: Net Radiative  Effect 

Of Clouds : - 18 Wm-2

Clouds Radiatively 

Cool the Planet

V. Ramanathan, R. D. Cess,

E.F. Harrison, P. Minnis,

B. R. Barkstrom, E. Ahmed,

D. Hartmann.

1989

Blanket- Effect Of Clouds

+ 30 Wm-2 

Albedo- Effect Of Clouds

-48 Wm-2 



• Hot temperature extremes frequency increased 180%

• Heavy Precipitation frequency increased 30%

• Agriculture & ecological droughts in drying regions increased 70%

• Disaster numbers increased by 400% from 1970s to the current 

decade; 2.06 m deaths and $3.64 trillion loss

• Reference: IPCC-2021; WMO, 2021

21st Century: Climate Change Morphed into Climate Disruption: 
Low Probability High Impact Extremes: Fat Tails



Image Source: @Acampa Najjar; Twitter, Sept 05, 2020

Es ∝ 𝒆(−
𝟓𝟒𝟎𝟎

𝑻
)

Climate Change to Climate Disruption: Weather Extremes

Evaporation of Moisture from soil and vegetation Increases

 exponentially with Temperature



1980 to 2019 Trend
Feb 2022



Climate Change

will get its 

Ozone Hole 

Moment around 

2030

2018



Finally United 

Nations 

Scientists

Agree with us:

January 2025



Extreme Severe  Moderate     Mild

5% Probability Projection

Drought Index for 2080-2099: 
NOAA-Princeton Univ Model Study 

[ From Cook et al, 2014]

• Ocean’s Role:

• 98% of food is grown in land (FAO, 2021);

• Nature Based Carbon Extraction



Can it get any worse? Yes, it Can:

Due to LPHIEs; Fat Tails & Black Swans

(Ramanathan, Suarez-Orozco, von-Braun and Forman, 2025)

V. Ramanathan* and Y. Feng; 

PNAS-2008

USGCRP-2008;

T Karl , Meehl, et al

Climate Extremes

Weather Extremes



Why is this good as well as Bad news?

Glacial – Interglacial Cycles for the last 800,000 Years

Jouzel et al, 1993;

Petit,, Jouzel et al 1999



Bend the warming curve 

Fast mitigation- SLCPs 
Short Lived Climate Pollutants

 

Long-Term mitigation- CO2

Drawn by UNEP based on 

Ramanathan & Xu, 2010;

Shindell…… Ramanathan et al, 2011



2016: Kigali Amendment -phases out HFCs 2022: USA Ratified Kigali-

Bi Partisan. 

1987: Montreal Protocol Targets CFCs

       1974: Molina and Rowland ; 1975: Ramanathan

Op

en 

Ac

ce

ss

2009: Phasing down HFCs.. Molina, Zaelke,…… Ramanathan, …

2010: Quantifying HFCs role in climate mitigation; Ramanathan & Xu, 

2013: The role of HFCs in mitigating 21st century climate change: Y. Xu1, D. Zaelke2, 

G. J. M. Velders3, and V. Ramanathan; ACP Journal

2016: California Passes SB1383

1985

1997: Kyoto Protocol: Includes Non-CO2 heat trapping gases

        1985: Ramanathan et al; WMO/NASA/EU Report- First Intl Report 

to recognize Non-CO2



2030-2035: The Climate Resilience Protocol

Phase out fossil fuels and SLCPs; Thin the CO2 Blanket 

by 300 billion tons; 

Clean Energy, Water & Food for All; Biodiversity; 

Chart out  sustainable pathway for the next century

My Prediction (The Last One)
By 2030 (with few years uncertainty), The warming will pass 1.5C (Xu, Victor and Ramanathan, 2018). 

    That will be the Ozone Hole Moment for Climate Change



My Resilience Journey  Began  at the Vatican-

2004

Laudato Si, 2015 COP-Paris-2015 La Jolla-UCSD 2013

Authors: Ramanathan, 

Orozco,

Von Braun, Sr Alford,

Card Turkson, O Gustafsson, 

Mohamed



Societal Transformation
Societal Change

Mitigation
Reduce Emissions

Adaptation
Manage Impacts Ramanathan, 2022

Climate Resilience

Three

Pillars

MAST

SURVIVE Thrive

Vatican Climate

 Climate

Resilience

Summit, 2024



Educating one million climate 

warriors

Ramanathan, Forman, 

Kammen & UC 50, 2014

❖ Digital Book

❖ Hybrid Course:

❖ UC-10 & Stockholm U

❖ COURSERA-4 Courses

❖ Business Majors ❖ Designed to build shared 

learning skills 

❖ process distress related to 

current world events in a 

safe space

❖ build social support and 

community collaboration 

with collective action

Designers/Instructors: Apel & Mishra

Editors: Ramanathan, Ball, 

Nieman & Friese, 2016



Listen up Kids: Our Climate is Changing

  (Self-Published Cartoon Book in Amazon)

Interconnections: Ananya Gupta (17 Yrs)

High school Climate Solutions course for all 

of LA County: 
https://www.theintersectionsinitiative.org



Forced Draft

 Biomass Stove

25 mm



There is time to survive and thrive  the climate/weather

 extremes and chart a sustainable pathway. 

Hundreds of solutions are available & accessible 
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