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Welcome from the GPC Chair 
William Newman, UCLA 
I am writing this annual greeting from my home near UCLA which continues to function 
from a mixed hybrid on-site perspective. We have mandatory vaccinations and boosters as 
well as masking required. We “officially” but very nervously resumed in-person teaching in 
early February. While many governors in this country have relaxed vaccination and mask 
mandates in their schools and public venues, Los Angeles will not do so until possibly mid-
April. Meanwhile, we are witnessing climate change in many aspects throughout the 
United States and the world. Extremes in temperature and precipitation are becoming 
alarmingly common together with extraordinarily destructive hurricane and tornado 
events, although much remains to be understood regarding the possible relation to climate 
change.                                 (Continued on p. 2) 
 

APS Fellows Nominations 

APS GPC Members may nominate colleagues to become APS Fellows through GPC. You 
are invited to nominate those who have made exceptional contributions to promoting the 
advancement and diffusion of knowledge concerning the physics, measurement, and 
modeling of climate processes, within the domain of natural science and outside the  

                                                          (Continued on p. 4) 

ARTICLE: An analytical model for spatially varying CO2 forcing 

Nadir Jeevanjee, Jacob T. Seeley, David Paynter, and Stephan Fueglistaler 

Introduction 

Radiative forcing from CO2 is a central quantity in climate science, and is very well 
simulated by state-of-the-art radiation codes (e.g., Mlynczak et al., 2016). Simulation has 
outpaced understanding, however, in that basic questions about CO2 forcing, such as what 
governs its spatial variations across the globe, or the exact origins of its logarithmic scaling, 
remain unclarified (Huang et al., 2016; Shahabadi and Huang, 2014). This motivated us to 
develop an analytical model for CO2 forcing, building on the earlier work of other physicists 
(Wilson and Gea-Banacloche, 2012). The presentation here is a condensed and simplified 
version of that found in Jeevanjee et al. (2021). 

Theory  

We begin with the mass absorption coefficients of CO2 in its strongly absorbing and 
climatically relevant 𝜈2 bending mode, centered roughly around a wavenumber (inverse 
wavelength) of 𝜈0 = 667 cm−1.              (Continued on p. 4)

Message from the Editor 

This is the seventeenth GPC Newsletter, published twice per year. You, the GPC 
membership, can be of enormous value.  We invite comments, event notices, letters, and 
especially specific suggestions for content. Any of the above, addressed to 
GPCnews@aps.org, will be gratefully acknowledged in a timely fashion. 

mailto:GPCnews@aps.org
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Welcome from the GPC Chair  

(Continued from p. 1) 

Amidst all of these geophysical 
uncertainties, geopolitical 
unpredictability is no less extreme, 
both in this country as well as in 
eastern Europe. Despite this unsettled 
“environment,” we are moving ahead 
with our plans and events for the 
Annual APS March meeting which will 
be held on March 14-18 in Chicago. 
Moreover, two momentous 
developments have taken place during 
the past twelve months. 

First, I want to thank the APS GPC 
Leadership in moving our topical 
group forward. I'll begin with Bill 
Collins, from LBNL and UC Berkeley, 
and immediate past chair Mary Silber, 
from the University of Chicago, who 
have had major roles in advancing our 
objectives. John Wettlaufer, a former 
GPC chair and member of the Nobel 
prize in physics selection committee, 
had a major role in shaping the 
sessions.  Chair elect Hussein Aluie, 
from the University of Rochester, and 
our new vice chair, Valerio Lucarini, 
from the University of Reading, have 
already made their mark as we 
proceed. Our former treasurer, 
Raymond Shaw, from the Michigan 
Technological University, and our new 
treasurer, Xiyue (Sally) Zhang, from 
the Johns Hopkins University, have 
helped immeasurably in our 
addressing fiscal group issues. Other 
members who were part of our 
program committee included Justin 
Burton from Emory University and 
Brad Marston from Brown University 
whose advice and assistance were 
critical. [I also wish to acknowledge the 
assistance of numerous APS staff 
members, and single out Terrance 
Morrison for his assistance with 
scheduling our March meeting focus 
sessions and Hunter Clemens who 
volunteered to provide administrative 
support for the special sessions that 
are planned for the late afternoon on 
Sunday, March 13 immediately before 
the formal inauguration of the 
meeting.] Finally, I want to 
acknowledge the indefatigable efforts 
of our newsletter editor Peter 

Weichman from BAE Systems, with 
significant help from Barbara Levi and 
numerous content providers over the 
years. Without a doubt, I have 
inadvertently overlooked some 
individuals but wish to applaud and 
acknowledge all of them. 

Two unrelated but momentous and 
defining developments during the past 
year have profoundly influenced the 
role that the physics of climate has in 
our professional and personal lives. 
The first part of the special sessions 
that the APS will convene on Sunday, 
March 13, 2021 at its March meeting 
will be dedicated to these 
transformative events. The first of 
these is the awarding of the Nobel 
Prize in Physics 2021 “for 
groundbreaking contributions to our 
understanding of complex systems.” 
The prize was shared by Syukuro 
Manabe and Klaus Hasselmann “for 
the physical modelling of Earth’s 
climate, quantifying variability and 
reliably predicting global warming,” 
and by Giorgio Parisi “for the discovery 
of the interplay of disorder and 
fluctuations in physical systems from 
atomic to planetary scales.” The first 
part of these special sessions will be 
dedicated to the physics of climate, 
with the second part focused on 

complexity and its manifestations. My 
message will concentrate on the 
physics of climate beginning with the 
contributions made by its pioneering 
Nobel prize recipients. It will move on 
to address the emergent outcomes 
from the Intergovernmental Panel on 
Climate Change and its Sixth 
Assessment Cycle. Taken together, the 
first session will address these issues 
through three presentations.   

Syukuro Manabe from Princeton 
University and Klaus Hasselmann from 
the Max Planck Institute of 
Meteorology in Hamburg were born in 
1931. Manabe is a meteorologist and 
climatologist who is best known for his 
pioneering use of advanced 
computational methods to simulate 
global climate change and natural 
variation in climate. Hasselmann is an 
oceanographer and climatologist and 
is best known for developing a model 
for climate variability which regards 
the oceans as preserving a long 
memory in the presence of random 
forcing. Owing to the advanced age of 
our two climate-related Nobelists and 
their inability to participate directly, 
their contributions will be described in 
the first of three presentations during 
the initial session by Raymond 
Pierrehumbert of Oxford University. 

Syukuro Manabe Klaus Hasselmann 
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He will concentrate on how their 
insights enabled our understanding of 
climate in the presence of complexity 
to become an important arena in the 
world of physics. Indeed, the sharing of 
the Nobel prize in physics by Manabe 
and Hasselmann has validated the 
subject, and has allowed climate 
science to be regarded as an integral 
part of physics.   

For the benefit of readers of this 
newsletter who are not involved in 
climate research, the 
Intergovernmental Panel on Climate 
Change (IPCC) is the UN body for 
assessing the science related to 
climate change. It was set up in 1988 
by the World Meteorological 
Organization and United Nations 
Environment Programme to provide 
policymakers with regular assessments 
of the scientific basis of climate 
change, its impacts and future risks, 
and options for adaptation and 
mitigation. The IPCC does not conduct 
its own research. It identifies where 
there is agreement in the scientific 
community, where there are 
differences of opinion and where 
further research is needed. It is a 
partnership between scientists and 
policymakers and it is this that makes 
its work a credible source of 
information for policymakers. IPCC 
assessments are produced according 
to procedures that ensure integrity, in 
line with the IPCC’s overarching 
principles of objectivity, openness and 
transparency. IPCC reports are policy- 
relevant, but not policy-prescriptive. 
Since 1988 the IPCC has produced five 
comprehensive Assessment Reports 
and several Special Reports on specific 
topics. IPCC has also produced 
Methodology Reports, which provide 
practical guidelines on the preparation 
of greenhouse gas inventories for the 
inventory reporting requirements of 
Parties to the United Nations 
Framework Convention on Climate 
Change (UNFCCC). The Fifth 
Assessment Report (AR5) was finalized 
between 2013 and 2014 and the Sixth 
Assessment Report (AR6) between 

2021 and 2022. Many of the changes 
observed in the climate are 
unprecedented in thousands, if not 
hundreds of thousands of years, and 
some of the changes already set in 
motion—such as continued sea level 
rise—are irreversible over hundreds to 
thousands of years. There are many 
other aspects of the report which bear 
mention, especially the exacerbation 
of extreme weather events.  

However, strong and sustained 
reductions in emissions of carbon 
dioxide (CO2) and other greenhouse 
gases would limit climate change. 
While benefits for air quality would 
come quickly upon reaching zero net 
anthropogenic CO2 emissions, it could 
take decades to see global 
temperatures stabilize, according to 
the IPCC Working Group I report, 
Climate Change 2021: the Physical 
Science Basis, approved on Friday, 
August 6, and officially released on 
August 9, by 195 member 
governments of the IPCC, through a 
virtual approval session that was held 
over two weeks starting on July 26. 
The Working Group I report is the first 
installment of the IPCC’s Sixth 
Assessment Report (AR6), which will 
be completed in 2022. 

In the second of the two presentations 
that will be given in the first session, 
William Collins from Lawrence 
Berkeley National Laboratory and the 
University of California, Berkeley and a 
lead author of the "Physical Science 
Basis (AR6)" will provide us with a 
survey of its foundational outcomes. 
The report provides new estimates of 
the chances of crossing the global 
warming level of 1.5°C in the next 
decades, and finds that unless there 
are immediate, rapid and large-scale 
reductions in greenhouse gas 
emissions, limiting warming to close to 
1.5°C or even 2°C will be beyond reach. 
Moreover, the report shows that 
emissions of greenhouse gases from 
human activities are responsible for 
approximately 1.1°C of warming since 
1850-1900, and finds that averaged 
over the next 20 years, global 

temperature is expected to reach or 
exceed 1.5°C of warming. This 
assessment is based on improved 
observational datasets to assess 
historical warming, as well progress in 
scientific understanding of the 
response of the climate system to 
human-caused greenhouse gas 
emissions. On February 24, 2022, the 
carbon dioxide concentration at 
Mauna Loa Observatory, commonly 
referred to as the Keeling Curve, 
reached 420.69 ppm which is literally 
50% higher than the pre-industrial 
revolution consensus number of 280 
ppm.  In the last of our three 
presentations, we will provide a bridge 
from the pioneering work that has 
taken place and the present consensus 
achieved in the scientific community 
to expectations for the future. The 
work of Manabe and Hasselmann 
makes it clear that the global climate 
system is profoundly influenced by the 
earth's oceans as well as its 
cryosphere, the portion of the globe 
enveloped in ice, and the complexity 
presented by the atmosphere-ocean 
interaction. Climate change will first 
manifest for many communities as a 
change in local extreme weather. 
Morgan O'Neill from Stanford 
University is an expert in many related 
arenas and will speak to the physics of 
hurricanes and other extreme 
phenomena. As a final "editorial 
remark" here, we should note an 
important distinction between the 
complexity encountered in climate 
studies and most other arenas of 
physics-based investigations. Unlike 
relatively simple laboratory and 
theoretical investigations, there are an 
imponderable number of factors 
influencing climate, embracing 
influences arising from physical, 
chemical, and biological interactions 
and on every scale. 

I will conclude here by describing as 
well our two focus sessions, taking 
place on Monday and Tuesday 
morning, as well as our business 
meeting and traditional “Climate Café” 
on Monday evening. Session A10 will 
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focus on "Rare Events, Tipping Points, 
and Abrupt Changes in the Climate 
System" and will feature invited 
presentations by William Collins 
(Berkeley), Aditi Sheshadri (Stanford), 
and Daniel Swain (UCLA). Session F10 
will focus on "Statistical and Nonlinear 
Physics of Earth and Its Climate" and 

will feature invited presentations by 
Nadir Jeevanjee (NOAA), Jeremy 
Bassis (Michigan), and Rachel Glade 
(Rochester). There will be an additional 
focus session sponsored by DSOFT but 
cosponsored by GPC on Thursday 
morning: S27 "Soft Matter Meets 
Climate Change." 

I hope to see many of you at the March 
meeting which is truly a landmark 
event for the physics of climate. The 
awarding of the Nobel Prize in Physics 
as well as the emergence of the IPCC 
Sixth Summary Assessment have at 
long last ushered climate science into 
the realm of physics.

 

APS Fellows Nominations  

(Continued from p. 1) 

domains of societal impact and policy, 
legislation, and broader societal issues. 

Selection as an APS Fellow by one's 
professional peers is a great honor. 
The number of Fellows elected 
annually cannot exceed 0.5% of 
Society membership. 

Any current APS member can initiate a 
nomination. The membership of APS 
is diverse and global, and the Fellows 
of APS should reflect that diversity. 
Fellowship nominations of women, 
members of underrepresented 
minority groups, and scientists from 
outside the United States are 
especially encouraged. 

For information on how to nominate, 
and a list of current Fellows, please see 
the APS Fellows webpage. 

The deadline for submitting fellowship 
nominations for review by the GPC 
Fellowship Committee is June 1, 2022. 
For further information regarding 
fellowship nominations, please email 
fellowship@aps.org 

   

GPC 2022 Executive Committee

Chair  
(through 12/2022): 

 

William Newman 
Department of Earth, 
Planetary, and Space 
Sciences 
UCLA 
Los Angeles, CA 
90095 
win@ucla.edu 
 

Chair-Elect   
(through 12/2022) 

Hussein Aluie 
Department of 
Mechanical 
Engineering 
University of 
Rochester 
Rochester, NY 
hussein@rochester.e
du 
 

Vice Chair 
(through 12/2022)  

 
Valerio Lucarini 
Department of 
Mathematics and 
Statistics 
University of Reading 
Reading, UK 
v.lucarini@reading.ac
.uk 
 

Past Chair                             
(through 12/2022): 

 
Mary Silber 
Department of 
Statistics 
University of Chicago 
Chicago, IL 60637 
msilber@uchicago.ed
u 
 

 

Secretary/Treasurer         
(through 12/2023):  

 
Xiyue Zhang  
Department of Earth 
and Planetary 
Sciences 
Johns Hopkins 
University 
sallyz@jhu.edu

Article: An analytical model for 
spatially varying CO2 forcing 
(Continued from p. 1)  

Figure 1(a) displays this absorption 
spectrum, and shows that 
CO2 absorption coefficients 𝜅 (units 
m2/kg) may be parameterized as 

𝜅(𝜈) = 𝜅0exp (− 
|𝜈 − 𝜈0|

𝑙
)     (1) 

where 𝜅0 represents a smoothed peak 
absorption coefficient and 𝑙 is a 
‘spectroscopic decay parameter’, 

which sets the rate at which 
absorption declines away from the 
peak. 

With Eq. (1) in hand, we next compute 
the ‘optical depth’ 𝜏𝜈(𝑝) as 

𝜏𝜈(𝑝)  =  𝜅(𝜈) ∫
𝑞 𝑝′

𝑔𝑝ref

𝑑𝑝′
𝑝

0

=  
𝜅(𝜈)𝑞

2𝑔

𝑝2

𝑝ref

 .   (2) 

Here 𝑞 is the CO2 concentration, and 
the factor of 𝑝′/𝑝ref in the integrand 
accounts for pressure broadening 

where 𝑝ref is the reference pressure at 
which 𝜅0 is evaluated. Note that the 
optical depth itself can be interpreted 
as the total effective area of absorbers 
above pressure 𝑝, normalized by the 
geometric area (Jeevanjee 2018).  

If we now invoke the ‘unit optical 
depth approximation’, which says that 
emission to space can be 
approximated as emanating entirely 
from the level 𝜏 = 1 (Jeevanjee 2018), 
we can set 𝜏𝜈 = 1 in Eq. (2) and invert 
to find the emissions levels 𝑝em(𝜈): 

http://aps.us4.list-manage.com/track/click?u=1c2ffbf7f7d8f7439923005ce&id=ed5c1f99ec&e=d4ffdee4e6
https://www.aps.org/programs/honors/fellowships/deadlines.cfm
mailto:fellowship@aps.org
https://www.ioes.ucla.edu/person/william-newman/
mailto:win@ucla.edu
https://www.hajim.rochester.edu/me/people/faculty/aluie_hussein/index.html
mailto:hussein@rochester.edu
mailto:hussein@rochester.edu
https://www.reading.ac.uk/maths-and-stats/staff/valerio-lucarini
https://www.reading.ac.uk/maths-and-stats/staff/valerio-lucarini
mailto:v.lucarini@reading.ac.uk
mailto:v.lucarini@reading.ac.uk
http://www.stat.uchicago.edu/~msilber/
mailto:msilber@uchicago.edu
mailto:msilber@uchicago.edu
https://www.mtu.edu/physics/department/faculty/shaw/
https://www.mtu.edu/physics/department/faculty/shaw/
mailto:sallyz@jhu.edu
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𝑝em(𝜈)  =  √
2𝑔𝑝ref

𝑞𝜅0

exp (−
|𝜈 − 𝜈0|

2𝑙
) .  

(3) 

These emissions levels are shown in 
Figure 1(b) for 𝑞 values of 280 and 1120 
ppmv. Because the emission level at 
any given 𝜈 increases with 𝑞, and 
because temperature decreases with 
height in the troposphere (𝑝 < 200 
hPa or so), the intensity of thermal 
emission at most wavenumbers 
decreases with increasing 𝑞, reducing 
Earth’s emission to space. This 
reduction of thermal emission to space 

is the radiative forcing from CO2.
1 

The total CO2 radiative forcing, 
denoted ℱ, is usually obtained by 
integrating the change in emission 
across all frequencies. Here, however, 
we gain insight through a different 
approach. By comparing the solid and 
dashed lines in Figure 1(b) at a given 
height, we see that most heights emit 
to space at both CO2 concentrations, 
so quadrupling CO2 does not change 
emission from those heights (the small 
changes in the wavenumber of 
emission is negligible). The only 
heights at which this is not true are in 
the stratosphere, above 20 hPa or so, 
where quadrupling CO2 yields new 
emission which was not present in the 

280 ppmv base case (green dashed 
lines). We also see that after 
quadrupling, there is some surface 
emission which is now blocked (red 
dashed lines). Thus, CO2 forcing can be 
conceptualized as a swap of surface 
emission for stratospheric emission, 
which yields a reduction in emission to 
space since the stratosphere is 
typically colder than the surface 
(though see below for an exception). 

From Eq. (3) one can deduce that 
under a change in CO2 concentration 
from 𝑞i to 𝑞f, the change in width 𝛥𝜈 of 

the ‘emission pressure triangles’ 
shown in Fig. 1b is given by 

𝛥𝜈 =  𝑙 ln(𝑞𝑓/𝑞𝑖) .            (4) 

Estimating the thermal emission from 
the surface and stratosphere as 
occurring at wavenumber 𝜈0 and at 
temperatures 𝑇s and 𝑇strat, one can 
then write down an expression for ℱ as 
just 2𝛥𝜈 times the difference between 
surface and stratospheric emission: 

ℱ = 2𝑙 ln (
𝑞f

𝑞i

) [ 𝜋𝐵(𝜈0, 𝑇s)

− 𝜋𝐵(𝜈0, 𝑇strat) ] (5) 

Figure 1: (a) 𝑪𝑶𝟐 absorption coefficients from a line-by-line (LBL) benchmark calculation, 
along with an exponential fit of the form Eq. (1)  (b) Graph of emission levels 𝒑em from 
Eq. (3)  for 𝑪𝑶𝟐 concentrations of 280 and 1120 ppmv.  

Figure 2: Evaluation of the formula Eq. (5) on a March 22, 1981 snapshot from a historical run of GFDL’s AM3 atmospheric GCM 
(Donner et al. 2011). (a) The forcing due to 𝑪𝑶𝟐 quadrupling, 𝓕𝟒𝒙, as calculated from a benchmark line-by-line (LBL) radiation 
code (b) 𝓕𝟒𝒙 as calculated using Eq. (5). (c) Zonal means (longitudinal averages) of the maps in a) and b). Striking spatial variations 
in 𝓕𝟒𝒙 are evident in all panels, and are well captured by the analytical model. 
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where 𝜋𝐵 is the hemispherically-
integrated Planck function (W/m2/
cm−1). 

Validation 

To validate this expression and assess 
its consequences, we evaluate it on a 
snapshot of GCM output in Figure 2, 
comparing maps of CO2 forcing per 
quadrupling ℱ4x as produced by a 
benchmark calculation (panel a) versus 
that produced by Eq. (5)  (panel b). The 
agreement between the panels is very 
good, with both exhibiting marked 
spatial variations in the forcing, 
including negative values in the 
Antarctic. The advantage of the 
analytical model Eq. (5) is that 
attribution of these variations is 
straightforward, as there are only two 
input variables, 𝑇s and 𝑇strat. Further 
analysis shows that variations in 
𝑇strat are relatively minor, so that 
virtually all the spatial structure can be 
attributed to variations in 𝑇s. In 
particular, the negative values over the 
Antarctic are due to 𝑇s being less than 

𝑇strat there.2 

The formalism developed here also 
yields insight into the logarithmic 
scaling of CO2 forcing, evident in the 
ln(𝑞f/𝑞i) factor in Eq. (4). Unwinding 
the mathematics leading to Eq. (4), 
one finds that the ln(𝑞f/𝑞i) factor 
stems from the exponential 
spectroscopy 𝜅(𝜈) in Eq. (1). The fact 
that 𝜅(𝜈) appears multiplied by 𝑞 in all 
the relevant physical quantities [e.g. 
Eqs. (2) and (3)] means that a 
multiplicative change in 𝑞 is equivalent 
to an additive change in 𝜈. Thus, 

multiplicative changes in 𝑞 always 
change the width of the 𝑝em triangles 
in Fig. 1 by the same 𝛥𝜈, to which the 
forcing is proportional. 

Footnotes 

1These calculations ignore the 

presence of water vapor, but can be 
generalized to account for it. 

2 Note, however, that this not 

necessarily imply a local temperature 
decrease under increased CO2 (Smith 
et al. 2018) 
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shall also respond with appropriate names to the Society’s call for nomination for senior Society positions.
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GPC Executive Committee Members-at-Large, Assigned Council Representative, and Newsletter Editor:  

Left to right:  Mara Freilich (12/2024), Nadir Jeeanjee (12/2024), Claudia E. Brunner (12/2024), Ching-Yao Lai (12/2023), Steve Tobias 
(12/2023), Juston Burton (12/2022), Albion Lawrence (12/2022), Assigned Council Representative (DFD) Howard A. Stone, Peter 
Weichman (Newsletter Editor, 12/2021). 

  

  

GPC Program Committee:  

Left to right: William Newman (Chair), Justin Burton, Brad Marston, Mary Silber 

  

The role of the Program Committee is to work with the Executive Officers in scheduling contributed papers within areas of interest to the GPC 
and in arranging symposia and sessions of invited papers sponsored by the GPC at Society meetings. From time to time the Program 
Committee may also organize special GPC meetings and workshops, some with and some without the participation of other organizations.

 
 

  
 
Kicking off the week’s events, there will be a special public session honoring this year’s Nobel Prize in Physics recipients 
starting at 4:00 pm CST. The program will begin with a panel honoring Syukuro Manabe and Klaus Hasselmann starting 
with a presentation dealing with their pioneering accomplishments by Raymond Pierrehumbert from Oxford (physical 
complexity in the climate system). The panel will be followed by a survey of the IPCC consensus accepted by 195 nations, 
provided by William D. Collins from LLNL, who was a contributing author for the report. It will conclude with looking to the 
future, in a presentation by Morgan O’Neill from Stanford (physics of hurricanes and other extreme phenomena). This 
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panel will be introduced and moderated by William I. Newman from UCLA (GPC chair, radiative transfer, statistics, 
complexity). Additionally, the special session will honor the third Nobel laureate, Giorgio Parisi, for his contributions which 
“revolutionized the theory of disordered materials and random processes,” and will feature a pre-recorded presentation by 
Giorgio Parisi followed by a panel moderated by Daniel L. Stein from NYU addressing complexity theory. 
 
Continuing with regular meeting events, the two GPC Focus Sessions, detailed below, will take place Monday, March 14 
and Tuesday, March 15.  An additional DSOFT Focus Session, Soft Matter Meets Climate Change, co-sponsored by GPC, 
will take place Thursday, March 17.  
 
The GPC Business Meeting will take place 6:15-7:15 pm in the evening of Monday, March 14. The “Climate Café” will take 
place following this meeting. 
 

GPC Focus Session:  Rare Events, Tipping Points, and Abrupt Changes in the Climate System 

Session A10, 8:00 – 11:00 am CDT, Monday, March 14

 
Invited Talks: 
 

 
 
 

 
 
 

 

WILLIAM COLLINS 
Earth and Environmental 
Sciences, LBL 
Title: The Path to the next 
IPCC Assessment: Known 
Knowns and Known 
Unknowns 

Synopsis: We summarize 
the key findings of the 
Sixth Assessment Report 
(AR6) by the Working 
Group I of the 
Intergovernmental Panel 
on Climate Change 
regarding the physical 
science basis for climate 
change.  We summarize 
the empirical evidence of 
accelerating human-
induced changes in the 
atmosphere, ocean, 

cryosphere, and land 
surface as evaluated in the 
AR6.  The interpretation of 
this evidence has been 
bolstered by significant 
advances since the last 
Assessment in our theory, 
computational models, 
and observations of the 
forcings, responses, and 
feedbacks driving the 
evolution of the climate 
system.  We note the 
impacts of these advances 
on the levels of evidence 
and confidence underlying 
some of the core findings 
by Working Group I. 
Despite this progress, 
many areas of climate 
science present ongoing 
research opportunities for 
physicists where 
discoveries would 
materially improve our 
understanding of past, 
present, and future 
climates. We conclude by 
discussing several of the 
most important directions 
for future research. 

Soft%20Matter%20Meets%20Climate%20Change
https://meetings.aps.org/Meeting/MAR22/Session/A10
https://meetings.aps.org/Meeting/MAR22/Session/A10
https://meetings.aps.org/Meeting/MAR22/Session/A10
https://meetings.aps.org/Meeting/MAR22/Session/A10
https://earth.stanford.edu/people/morgan-oneill
https://meetings.aps.org/Meeting/MAR22/Session/A10.1
https://meetings.aps.org/Meeting/MAR22/Session/A10.1
https://meetings.aps.org/Meeting/MAR22/Session/A10.1
https://meetings.aps.org/Meeting/MAR22/Session/A10.1
https://www.ipcc.ch/assessment-report/ar6/
https://www.ipcc.ch/assessment-report/ar6/
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ADITI SHESHADRI 
Department of Earth 
System Science, Stanford 
University  

Title:  Atmospheric 
dynamics across scales: Jet 
streams and gravity waves 

Synopsis: On planetary 
scales, the midlatitude jet 
streams and storm tracks 
set the weather patterns 
experienced by a large 
fraction of humanity. 
Understanding and 

preparing for their 
variability on daily to 
decadal timescales is a 
critical challenge. Events 
that bring about abrupt 
transitions in their 
behavior, such as the 
breakdown of the polar 
vortex, have the potential 
to suddenly alter weather 
patterns and have been 
associated with extremes 
such as cold snaps and 
floods. I will present work 
investigating these 
transitions with 
application to the behavior 
of the jet stream in the 
Atlantic basin, which 
exhibits three preferred 
positions, and show results 
suggesting that the 
northernmost of these is a 
consequence of the 
presence of Greenland. 

Additionally, our recent 
work demonstrates that 
jet responses in the 
Atlantic basin may be 
described as regime 
transitions, resulting in a 
shifting of the probability 
distribution under forcing 
by polar vortex events, 
rather than a 
straightforward shift of the 
position of the jet 
stream. On smaller scales, 
atmospheric gravity waves 
(GWs) are ubiquitously 
excited on the Earth and 
are critical drivers of the 
atmospheric circulation, 
however, they present a 
challenge to climate 
prediction. I will describe 
collaborative efforts aimed 
at developing an 
observationally 
constrained, physically 

meaningful representation 
of the effects of GWs on 
the resolved flow for use in 
global climate models. We 
have leveraged high-
resolution data from tens 
of thousands of balloon 
flights with high-resolution 
measurements of position, 
pressure, and temperature 
from which we have 
inferred statistics of 
gravity wave motions in 
the lower stratosphere. 
We have also developed a 
machine learning GW 
parameterization, coupled 
it to a global climate 
model, and showed that it 
is stable and accurate 
when run online, and that 
it reproduces features of 
the climate that depend 
critically on GWs.  

 

 

GPC Communications Committee 

Left to right:  Peter Weichman (Chair), Morgan O’Neill 

 

The role of the Communications Committee is to have oversight of the Newsletter and any other publications that may be established by 
the GPC. The Communications Committee shall also be responsible for keeping the physics community and other interested communities 
informed about climate physics issues, activities, and accomplishments through the Newsletter, GPC website and email messages.

Images of the three preferred regimes of the jet stream in the Atlantic basin. The talk will discuss abrupt transitions in jet 
regimes, and also provide an overview of new collaborative work incorporating new observations and data-driven methods in 
improving our understanding and representation of atmospheric gravity waves. 

https://eddy.stanford.edu/
https://meetings.aps.org/Meeting/MAR22/Session/A10.4
https://meetings.aps.org/Meeting/MAR22/Session/A10.4
https://meetings.aps.org/Meeting/MAR22/Session/A10.4
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DANIEL SWAIN 
Institute of the 
Environment and 
Sustainability, UCLA 

Title: Understanding 

extremes in a warming 
climate: On acknowledging 
uncertainty, embracing 
complexity, and asking 
societally relevant questions 

Synopsis:  Human-caused 
global warming is now an 
observable physical 
reality—but the most 
important consequences 
of climate change do not 
come from the 
incremental increase in 
global mean temperature 
itself. Instead, many 
human and natural 
systems are facing 
increased frequency of 
historically unprecedented 
extreme weather events. 
Indeed, there is now 
strong evidence that the 
frequency and/or intensity 
of certain types of 
extremes—particularly 
those most directly related 

to changes in atmospheric 
temperature and 
moisture—are already 
increasing in a statistically 
robust manner. Despite 
this, the complex 
spatiotemporal dynamics 
surrounding far-from-
mean state conditions in 
the Earth system, 
combined with the noisy 

statistical signal inherent 
to infrequently occurring 
extreme events within a 
still-short observational 
record, continue to 
complicate research 
efforts and often lead to 
confusion in community 
and public interpretation 
of results. In this talk, I will 
explore recent advances in 

the burgeoning sub-field 
of extreme event 
attribution—and offer 
thoughts on how 
embracing “Earth system 
complexity” and focusing 
on societally-relevant 
physical science questions 
can help move the field 
forward in the climate 
change era.

 

Contributed Talks: 
 

Michael E. Mann This is Climate is Changing 

Valerio Lucarini, Larissa Serdukova, Georgios Margazoglou Lévy-noise versus Gaussian-noise-induced Transitions in the 
Ghil-Sellers Energy Balance Model 

Pedram Hassanzadeh, Adam Subel, Ashesh K. Chattopadhyay, 
Yifei Guan 

Interpretable transfer learning: Applications to climate change 
modeling 

Davide Faranda, Lucas Fery, Berengere Dubrulle, Berengere 
Podvin, Flavio Pons 

Learning a weather dictionary of atmospheric patterns using 
Latent Dirichlet Allocation to study climate change & extreme 
events 

Justin M. Finkel, Dorian S. Abbot, Edwin P. Gerber, Jonathan Q. 
Weare 

Short weather forecasts inform long-term climatology of sudden 
stratospheric warming 

Illustration of a typical climate change extreme event workflow using examples from the existing 
literature. Step 1: Define the extreme climate event, here illustrated by the magnitude of anomalous 
high pressure during a drought event (left; adapted from Swain et al., 2014) and of extreme precipitation 
during a flood event (right; adapted from Singh et al., 2014). Step 2:  Calculate the counterfactual 
climate by using real-world observations and/or climate models (adapted from Diffenbaugh et al., 2017). 
Step 3: Compare actual and counterfactual climates, again by using real-world observations and/or 
climate models (adapted from Diffenbaugh, 2020). Step 4:  Make a formal attribution statement 
regarding whether anthropogenic climate change contributed to the likelihood and/or severity of the 
extreme event (adapted from Lewis et al., 2019). 

https://www.ioes.ucla.edu/person/daniel-swain/
https://www.ioes.ucla.edu/person/daniel-swain/
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.8
https://meetings.aps.org/Meeting/MAR22/Session/A10.2
https://meetings.aps.org/Meeting/MAR22/Session/A10.3
https://meetings.aps.org/Meeting/MAR22/Session/A10.3
https://meetings.aps.org/Meeting/MAR22/Session/A10.5
https://meetings.aps.org/Meeting/MAR22/Session/A10.5
https://meetings.aps.org/Meeting/MAR22/Session/A10.6
https://meetings.aps.org/Meeting/MAR22/Session/A10.6
https://meetings.aps.org/Meeting/MAR22/Session/A10.6
https://meetings.aps.org/Meeting/MAR22/Session/A10.7
https://meetings.aps.org/Meeting/MAR22/Session/A10.7
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GPC Focus Session:  Statistical and Nonlinear Physics of Earth and Its Climate 
Session F10, 8:00 am – 11:00 am CDT, Tuesday, March   15

Invited Talks: 
 

   
NADIR JEEVANJEE 
NOAA-GFDL 

Title: An Analytical Model 

for CO2 Radiative Forcing 

Synopsis: CO2 radiative 
forcing is a central 
quantity in climate science 
and is accurately modeled 
by state-of-the-art 
radiative transfer codes. 

But, the combined 
intricacies of molecular 
spectroscopy as well as 
radiative transfer have 
rendered a chalkboard 
understanding of this 
quantity elusive. Here, 
building on the work of 
Gea-Banacloche and 
Wilson, we construct an 
analytical model for CO2 
forcing which accounts for 
spectral variations in 
absorption and reproduces 
the results from 
comprehensive radiative 
transfer codes with 
surprising accuracy. 
Moreover, the analytical 
model allows for a fairly 
accurate back-of-the-
envelope estimate of CO2 

forcing via 
evaluation of the 
Planck function, 
provides insight 
into how and why 
CO2 forcing 
varies over the 
globe (strongest 
in the tropics and 
weakest at the 
poles), and shows 
how the presence 
of water vapor 
weakens CO2 
forcing, 
particularly in the 
tropics.  

Further details 
may also be found 
in the preceding 
Newsletter 
Article.

 

RACHEL GLADE 
Geomorph Lab, University 
of Rochester  

Title: Arctic Soil Patterns as 

Large, Exceedingly Slow Fluid 
Instabilities 

Synopsis: Slow-moving 
arctic soils commonly 
organize into striking 
large-scale spatial patterns 
called solifluction terraces 
and lobes. While these 

features are viewed as 
hallmarks of freeze-
thaw processes, no 
mechanistic 
explanation exists for 
their formation. 
Everyday fluids—such 
as paint dripping down 
walls—produce 
markedly similar 
fingering patterns 
resulting from 
competition between 
viscous and cohesive 
forces. We use a 
scaling analysis to 
show that soil 
cohesion and 
hydrostatic effects 
alone can lead to 
similar large-scale 
patterns in arctic soils. 
A rich dataset of high-
resolution solifluction 
lobe spacing and 
morphology across 

Radiative forcing from quadrupling of CO2, 
with CO2 as the only radiatively active 
species (red) and also including the 
radiative effects of water vapor (blue), for a 
series of standard atmospheric columns 
with varying surface temperature Ts. Dots 
are from calculations with a benchmark 
numerical code, lines are from the analytical 
model, with good agreement between the 
two. Note the modulation of CO2 forcing by 
water vapor, which at high Ts imposes an 
upper bound on the forcing. 

Comparison of lobate patterns found in soils and fluids at large and 
small spatial scales. Background: Soil patterns in Norway. Upper left: 
Numerical model of a contact line instability in a fluid (Kondic and 
Dies, 2001). Lower right: physical experiment with oil (Huppert 1982). 
Lower left: Lobate patterns on Mars (Johnsson et al., 2012). 

https://meetings.aps.org/Meeting/MAR22/Session/F10
https://meetings.aps.org/Meeting/MAR22/Session/F10
https://meetings.aps.org/Meeting/MAR22/Session/F10
http://nadirjeevanjee.com/
https://meetings.aps.org/Meeting/MAR22/Session/F10.1
https://meetings.aps.org/Meeting/MAR22/Session/F10.1
https://www.rachelglade.com/?page_id=1220
https://meetings.aps.org/Meeting/MAR22/Session/F10.6
https://meetings.aps.org/Meeting/MAR22/Session/F10.6
https://meetings.aps.org/Meeting/MAR22/Session/F10.6
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Norway supports 
theoretical predictions. 
Our findings provide a 
quantitative explanation of 
a common pattern on 
Earth and Mars, 
illuminating the 
importance of cohesive 
forces in landscape 
dynamics. These patterns 
operate at length and time 

scales previously 
unrecognized, with 
implications toward 
understanding fluid–solid 
dynamics in particulate 
systems with complex 
rheology. Yet fundamental 
questions remain. If 
solifluction patterns are 
analogous to classic fluid 
instabilities, then why do 

we only see them in cold 
places on Earth? Annual 
temperature data from 
Norway point toward a 
broad climate control on 
solifluction lobe 
morphology. What are the 
necessary and sufficient 
ingredients to initiate 
solifluction instabilities, 
and how will these 

conditions control 
landscape response to 
climate change? To get at 
these questions, we are 
using a combination of 
theory, satellite imagery 
analysis, fieldwork, and 
physical experiments in a 
walk-in climate chamber. 

  
JEREMY BASSIS 
Climate and Space 
Sciences and Engineering 
U. Michigan 

Title:  Instabilities, 
thresholds and tipping 
points in the ice sheet 
system: from the marine 
ice sheet to the marine ice 
cliff instability 

Synopsis:  Observations 
and theory are increasingly 
pointing to the possibility 
that ice sheets can rapidly 
collapse.  For example, 
over the past two decades 
we have witnessed the 
explosive disintegration of 
ice shelves on the 
Antarctic Peninsula, 
collapse of portions of the 
Pine Island and Thwaites 
glaciers in West Antarctica 
and sustained retreat of 
marine terminating 
glaciers surrounding the 
Greenland Ice Sheet.  Few 
of these events were 

predicted by models.  
Part of the difficulty in 
projecting ice sheet 
changes stems from 
uncertainty related to 
the presence of 
“tipping points” and 
thresholds in the ice 
sheet system. Here, 
we review past and 
present evidence that 
suggests our ice sheets 
could be edging ever 
closer to tipping 
points. We show that, 
despite ongoing 
retreat, much of the 
retreat we have 
observed so far has 
been driven by 
atmospheric and 
oceanic forcing and we 
have yet to breach the 
tipping point.  
However, continued 
warming will likely 
push portions of the 
ice sheets into an 
unstable regime where 
the ice sheet is subject 
to the “marine ice cliff 
instability”.  The marine 
ice cliff instability is based 
on the idea that the finite 
strength of ice places a 
limit on the maximum ice 
cliff height possible at the 
ice sheet calving cliff. We 
show that sustained 
collapse is possible when 

retreating ice shelves 
expose a thick calving cliff. 
However, viscous thinning 
of the ice combined with 
small bed rock 
protrusions—called 
pinning points— provide a 
stabilizing forcing that 
reduces retreat rates.  

Overall, advances in 
modeling the flow and 
fracture of ice sheets is 
allowing us to begin to 
simulate punctuated ice 
sheet decay providing the 
potential for actionable 
sea level projections.

Ice shelves, floating platforms of ice that surround the Antarctic ice 
sheet, limit the discharge of ice from the grounded portions of the ice 
sheet into the ocean.  Some ice shelves, like Pine Island Glacier, are 
retreating through the detachment of large tabular icebergs.  Recent 
model results show that this process is likely to accelerate, leading to 
significant weakening and retreat of the ice shelf within the coming 
decades. 

https://clasp-research.engin.umich.edu/faculty/bassis/
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
https://meetings.aps.org/Meeting/MAR22/Session/F10.3
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Contributed Talks: 
 

Albion Lawrence, Joern Callies Seasonality and spatial dependence of meso- and submesoscale 
ocean currents from satellite altimetry 

Hussein Aluie, Shikhar Rai, Matthew Hecht, Mathew Maltrud Oceanic Eddy-killing by Wind from Global Satellite Observations 

Avik B. Mondal, Brian K. Arbic, Dimitris Menemenlis, Patrice 
Klein, Andrea M. Molod, Ehud Strobach, Hector G. Torres 

Spectral Analysis of Oceanic Surface Temperature Variance 
Drivers in a High-Resolution Atmosphere-Ocean Model 

Mary Silber, Punit Gandhi, Lily Liu Dryland Vegetation Pattern Formation: Modeling Possible 
Annihilation Under Changing Rainfall Patterns 

Jatan Buch Scaling properties of wildfire frequency and intensity in the 
western United States 

 

Other News Links of Interest and Upcoming Events Calendar 

1. Past GPC Chair Michael Mann is the 
recipient of the APS 2022 Leo 
Szilard Lectureship Award 
https://www.aps.org/programs/hon
ors/prizes/szilard.cfm, which 
recognizes outstanding 
accomplishments by physicists in 
promoting the use of physics for the 
benefit of society in such areas as 
the environment, arms control, and 
science policy. The lecture format is 
intended to increase the visibility of 
those who have promoted the use 
of physics for the benefit of society. 
 

2. Congratulations  are in order as well 
to Dr. Venkatachalam Ramaswamy 

for becoming a Fellow of the 
American Physical Society. APS 
Fellowship is a distinct honor 
signifying recognition by one's 
professional peers and newly 
elected Fellows number no more 
than 0.5% of Society membership. 
Dr. Ramaswamy has conducted 
pioneering work on radiative 
transfer in the climate system, 
including the impacts of 
anthropogenic changes in carbon 
dioxide and ozone on stratospheric 
dynamics and the effects of aerosols 
on tropospheric temperatures and 
the hydrological cycle. 

3. Boulder Summer School 2022: 
Hydrodynamics Across Scales, 
Boulder, CO, July 4-29,2022. Topics 
include quantum liquids, complex 
fluids (especially active matter), 
hydrodynamics in geophysical and 
astrophysical settings, and non-
equilibrium statistical mechanics. 
Interdisciplinary cross-fertilizations 
of concepts and methodologies will 
be highlighted.  

4. 2022 International Conference on 
Clouds and Precipitation, San 
Francisco, USA, November 3-4, 
2022.

 

https://meetings.aps.org/Meeting/MAR22/Session/F10.2
https://meetings.aps.org/Meeting/MAR22/Session/F10.2
https://meetings.aps.org/Meeting/MAR22/Session/F10.4
https://meetings.aps.org/Meeting/MAR22/Session/F10.5
https://meetings.aps.org/Meeting/MAR22/Session/F10.5
https://meetings.aps.org/Meeting/MAR22/Session/F10.7
https://meetings.aps.org/Meeting/MAR22/Session/F10.7
https://meetings.aps.org/Meeting/MAR22/Session/F10.8
https://meetings.aps.org/Meeting/MAR22/Session/F10.8
http://www.met.psu.edu/people/mem45
https://www.aps.org/programs/honors/prizes/szilard.cfm
https://www.aps.org/programs/honors/prizes/szilard.cfm
https://www.aps.org/programs/honors/prizes/szilard.cfm
https://www.aps.org/programs/honors/prizes/szilard.cfm
https://www.gfdl.noaa.gov/v-ramaswamy/
https://aos.princeton.edu/news/v-ramaswamy-named-2021-aps-fellow
https://aos.princeton.edu/news/v-ramaswamy-named-2021-aps-fellow
https://boulderschool.yale.edu/2022/boulder-school-2022
https://boulderschool.yale.edu/2022/boulder-school-2022
https://waset.org/clouds-and-precipitation-conference-in-november-2022-in-san-francisco
https://waset.org/clouds-and-precipitation-conference-in-november-2022-in-san-francisco

