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Today’s Class 

• Forcing vs. Feedback 
 
• Recap aerosols / The indirect effects 
 
• Water vapor / surface evaporation 
 
• Other feedbacks (biogeochemical) 
 
• Aside: Cosmic rays and climate 
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Forcing vs. Feeback 

IPCC and <http://www.eoearth.org/article/Radiative_forcing?topic=49491>  

Climate Forcing : Intergovernmental Panel on Climate Change: influence that a 
climatic factor (e.g. increase in CO2) has in altering the balance energy in the Earth 
system.  
 
Generally the balance is at the surface of the troposphere/stratosphere boundary. 
 
Positive forcing tends to warm the surface while negative forcing tends to cool it. 
Forcing values are expressed in watts per square meter (W / m2). 
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Forcing vs. Feeback 

IPCC 

Climate Feedback (aka indirect effects, aka non-initial effects): An atmospheric, 
oceanic, terrestrial, or other process that is initiated by direct climate change. 
Climate feedbacks may increase (positive feedback) or diminish (negative 
feedback) the magnitude of the direct climate change. 
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Climate Change 2007: The Physical Science Basis. Working Group I Contribution to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, FAQ 1.2, Figure 1. Cambridge University Press. Used with permission.7



IPCC 2007 

Climate Change 2007: The Physical Science Basis. Working Group I Contribution to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change, Figure 2.1. Cambridge University Press. Used with permission.
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Aerosol Recap 
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Aerosol Recap 

This is the FORCING – the “DIRECT Effect” 
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Archer Fig. 11.6 

This image has been removed due to copyright restrictions. Please see Figure 11.6 in the

book, Archer, David. Global Warming: Understanding the Forecast. John Wiley & Sons,
2012. ISBN: 9780470943410.
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Cloud Changes – The Indirect Effect 

IPCC 
2007 

Climate Change 2007: The Physical Science Basis. Working Group I Contribution to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Figure 2.10. Cambridge University Press. Used with permission.
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More on Warm Clouds 

http://earthobservatory.nasa.gov/Features/Aerosols/ 

Image courtesy of NASA.
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More on Cold Clouds 

Lohmann, GRL, 2002 

This image has been removed due to copyright restrictions. Please see
the figure in Lohmann, G. Geophysical Research Letters (2002).
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Cloud Changes 

IPCC 
2007 

Climate Change 2007: The Physical Science Basis. Working Group I Contribution
to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, Figure 2.14. Cambridge University Press. Used with permission.
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Better Estimates? 

IPCC 
2007 

IPCC 
2001 

Climate Change 2007: The Physical Science Basis. Working Group I Contribution to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, Figure 6.6 and FAQ 2.1, Figure 2. Cambridge University Press. Used with permission.
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Snow/Ice Feedbacks 

http://earthobservatory.nasa.gov 

Typically thought of as : Higher T  higher melt rate, more rain than snow  lower albedo 

IPCC : +0.25 W m-2 feedback due to 1° C T rise (recall : 2x CO2 = 4 Wm‐2 = 1° C) 

Image courtesy of NASA.
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Snow/Ice Feedbacks 

IPCC 2007, UC-Irvine 

IPCC report best estimate for the BC on snow 
RF of +0.10 (± 0.10) W m–2, with a low level of 
scientific understanding 

But also via ‘dirtying’ of snow and ice by 
aerosol: 

image has been removed due to copyright restrictions. Please see
the image on page http://www.treehugger.com/clean-technology/dirty
-snow-just-as-bad-as-greenhouse-gases.html.
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This image has been removed due to copyright restrictions. 
Please see the image on page https://commons.wikimedia.
org/wiki/File:Albedo-e_hg.svg.

This 

http://www.treehugger.com/clean-technology/dirty-snow-just-as-bad-as-greenhouse-gases.html
http://www.treehugger.com/clean-technology/dirty-snow-just-as-bad-as-greenhouse-gases.html
https://commons.wikimedia.org/wiki/File:Albedo-e_hg.svg
https://commons.wikimedia.org/wiki/File:Albedo-e_hg.svg


Water Vapor 

• Anthropogenic water : ~1% of natural 
sources of water vapor (~3/4 agriculture) 
 
• IPCC: change in the water vapor in 
The troposphere of 1% is +0.03 W m–2.  
 
• At surface temperature change was negative 
due to evaporative cooling. 

This image has been removed due to copyright restrictions. Please see
the image on page http://www.stllawns.net/Sprinkler-Systems.php.
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Water Vapor / Evaporation 
• The larger issue is the 
higher amount of water 
vapor in the atmosphere 
due to the higher 
temperature.  
 

"Understanding Our Atmospheric 
Environment", Neiburger et al. 
"Meteorology Today", Ahrens 
http://epsc.wustl.edu/courses/epsc105
a/, W. H. Smith  
 
and NOAA database 
 

+1° C = +2 W m-2 high estimate (Dessler et al. 2008)  no cloud 
effect 

This image has been removed due to copyright restrictions.

Image courtesy of NOAA.
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Other Feedbacks 

IPCC 
2007 

• Increased surface albedo in winter and spring (cooling) and evaporation in 
summer and in the tropics (warming) net - 0.01°C (Zhao et al., 2001) to  -0.25°C 
(Govindasamy et al., 2001a; Brovkin et al., 2006) (paraphrased from IPCC) 
 
 
 
 

• “Increasing concentrations of atmospheric CO2 can perturb the climate 
system through direct effects on plant physiology.” 

“The RF due to this (these) process(es) has (have) not been evaluated and 
there is a very low scientific understanding of these effects.” 

• “Increased CO2 concentrations can also ‘fertilize’ plants by stimulating 
photosynthesis, which models suggest has contributed to increased 
vegetation cover and leaf area over the 20th century (Cramer et al., 2001).” – 
various sources estimate a 20-40% increase in growth rate (species 
dependent at 2x CO2 
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Other FOOD for Thought… 

Logan et al. JGR 2009 (similar work by Solomon 
et al., others) : Increase in area burned of 
+50% in 2050 in US, +75-175% in the Pacific 
Northwest and Rocky Mountains. 

This image has been removed due to copyright restrictions
Please see the imageon page http://www.sciencedaily.com
/releases/2009/07/090728123047.htm.

.
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Recap 

Hansen et al. 2005 
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Aside : Cosmic Rays and Climate 
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Aside : Cosmic Rays and Climate 

However, the fraction of these freshly nucleated particles that grow to
sufficient sizes to seed cloud droplets, as well as the role of organic vapours
in the nucleation and growth processes, remain open questions experimentally.
These are important findings for the potential link between galactic cosmic rays and clouds.

Letter

Jasper Kirkby, et al

Role of sulphuric acid, ammonia and galactic cosmic 
rays in atmospheric aerosol nucleation

doi: 10.1038/nature10343

Image by MIT OpenCourseWare.
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How Might This Work ? 

Eigil Friis-Christensen & Knud Lassen (correlation); Henrik Svensmark (theory), Jeff Pierce (process understanding) 

This image has been removed due to copyright restrictions. Please see the image on
page http://www.ctcc.no/events/events-in-oslo/2012/jens-olaf-pepke-pedersen.html.
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1. How much does ion formation in the atmosphere change due to changes in 

the cosmic-ray flux to the atmosphere (e.g. due to the solar cycle)? 

 
The best understood.  With current information about the Earth's magnetic field and solar activity, we have 

fairly robust predictions of the ion formation rate from cosmic rays.  

Ion formation rate from cosmic rays varies by 0-20% throughout the region of the atmosphere where clouds 

form.  

 

 

http://cr0.izmiran.rssi.ru/clmx/main.htm 

This image has been removed due to copyright restrictions.Please
see the image on page http://cr0.izmiran.rssi.ru/clmx/main.htm.
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2. How much do aerosol nucleation rates change due to changes in ion 

formation rates? 

This is the ONLY part of the theory actually tackled in the CLOUD paper.  

Figure 2 shows that a doubling of ion concentration leads to less than a doubling in nucleation rate.  

 

Therefore, a 0-20% change in ion formation rates from cosmic-ray changes will lead to ~0-15% change in 

nucleation rates.  

Nucleation rate as a function of ion concentration for two different conditions (the two colored lines).  
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3. How much do CCN concentrations change due to changes in newly formed 

aerosol nucleation rates? 
The impact of changing aerosol nucleation rates on CCN concentrations in all studied cases is much smaller 

than the change in nucleation rates. Pierce and Adams, 2009 and Snow-Kropla et al., 2011, have specifically 

looked at this question in the context of cosmic-ray changes, and found that even though nucleation rates are 

changing by up to 5% throughout much of the troposphere (and up to 20% in locations), the changes in CCN 

are generally around 0.1-0.2% throughout much of the globe.  The reason for this strong dampening is shown 

in the figure below (note 10^4 or MORE volume change!) 

 

 

This image has been removed due to copyright restrictions. Please see the image on
page http://www.ctcc.no/events/events-in-oslo/2012/jens-olaf-pepke-pedersen.html.
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4. How much do clouds change due to changes in CCN concentrations? 
 

CCN concentrations have more than doubled in many polluted regions due to human-generated emissions. 

 

From 1-3 a change in CCN due to cosmic rays of <1% is reasonably expected.   

 

Studies (field and model) show cloud reflectivity, precipitation and cloud lifetime change by less than the 

change in CCN for most clouds (e.g. we know that cloud droplet number and cover has not more than 

doubled due to human-generated emissions; lifetime has not doubled). Cloud changes are therefor <<1% for 

cosmic rays and 10^2 less than local anthropogenic changes. 

 

Image courtesy of the European Geosciences Union.
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5. Have Cosmic Rays Changed in the Manner That Climate Has? 

So, that’s the end of it, right? 

19601950

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1970 1980 1990 2000

Year

In
te

ns
ity

 (
sc

al
ed

/n
or

m
al

is
ed

)/
SA

T 
A
no

m
al

ie
s 

(C
)

Cosmic Rays

Surface Air Temperature Anomalies (C)

Cosmic Ray intensity

CR 11y-mov.av. CRU SAT 11y-mov.av

CRU SAT

Cosmic Rays and Surface Temperatures

Image by MIT OpenCourseWare.

31



The Other Climate Theory  – Anne Jolis, The Wall Street Journal, 
September 7, 2011 

--- my clarification --- my emphasis 
 
“Al Gore won't hear it, but heavenly bodies (def: planet or 
planetoid; likely means cosmic ray) might be driving long-term 
weather trends. (weather is local, global T is climate; likely 
means later)“ 
 
“These shifts might significantly impact the type and quantity of 
clouds covering the earth, providing a clue to one of the least-
understood but most important questions about climate. 
Heavenly bodies might be driving long-term weather trends. “ 
 
“Last month's findings don't herald the end of a debate, but the 
resumption of one. That is, if the politicians purporting to 
legislate based on science will allow it.” 

“Disinformation travels with the click of a button, information has to be peer reviewed” 
– Susan Solomon 
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