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=PFL - Today's goals

= Some important notions:

= Radiative forcing

= Water vapor and Clausius-Clapeyron equation
= Key feedbacks
= Average feedback

= Discussion around an article. Interview of Bjorn Stevens
In « Die Zeit », October 2022



=PFL  Radiative forcing of GHG

Important work of Myhre et al. (1998). Use of the HITRAN spectral
absorption bands.

Use of a line-by-line radiative transfer model.

Horizontal homogeneity.

Corresponds to a Radiative Forcing RF, only considering
stratospheric adjustment.

RF calculated at the tropopause.

Adjustment for overlaps of CO2, CH4 and N20 spectral bands.

GEOPHYSICAL RESEARCH LETTERS, VOL. 25, NO.14, PAGES 2715-2718, JULY 15, 1998

New estimates of radiative forcing due to well mixed
greenhouse gases

Gunnar Myhre
Department of Geophysics, University of Oslo, Norway

Eleanor J. Highwood and Keith P. Shine
Department. of Meteorology, University of Reading, UK

Frode Stordal
Norwegian Institute for Air Research (NILU), Norway

Preindustrial

mixing ratio, 2016 mixing Expression for
Trace gas X0, ppb ratio, x, ppb forcing, W-m —
CO, 278 x 10° 403 x 10° 5.35(1Iny — Inx)
CH, 700 1843 0.036(y/x — /xp)
N>O 270 329 0.12(y/x — /Xo)
CCLF, 0 0.512 0.33 (x — xp)

Source: Schwartz, 2018 ; based on Myhre et al., GRL 1998



https://doi.org/10.1119/1.5045577
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/98GL01908

=PFL  Radiative forcing of GHG

Calculate the relative forcing in
Preindustrial 2016 CO_mpared to pre-
mixing ratio, 2016 mixing Expression for |ndUStr|a_I, for all the four GHG

Trace gas Xo- ppb ratio, .x, ppb forcing, W-m ~* on the slide.

co, 278 % 10° 403 % 10° 5.35(Inx — Inxo) sublinear |

CH,4 700 1843 0.036(/x — /X0) sublinear The .reSUI.tS appear as

N,O 270 329 0.12(y/X — /30) sublinear red lines in the graphs

CCLF, 0 0.512 0.33 (x — xo) inear |  below.

Slopes of linear fits (blue dotted): units in W m-2 ppb-?
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Source: Schwartz, 2018 ; based on Myhre et al., GRL 1998



https://doi.org/10.1119/1.5045577
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/98GL01908

=Pl Solution

= Solution:
Calculate the relative forcing in « CO,=1.99 W.m>
2016 compared to pre- . - -2
industrial, for all the four GHG CH, =0.59 W'm_2
on the slide. * N,O=0.20 W.m

. CCLF,=0.17 W.m?

= Total =2.95 W_m-Z_ (a) Effective radiative forcing, 1750 to 2019
= To be compared to an ERF of 3.84 W.m-? co, —

since 1750 according to IPCC ARG. CH,

N,O

CFC + HCFC + HFC

NO,

NMVOC + CO . ——
Organic carbon —[

Black carbon —IE—
Ammonia ﬂ




=PFL Why such difference ?

= Total = 2.95 W.m=2.

= To be compared to an ERF of 3.84 W.m2 since

1750 according to IPCC ARG.

(a) Effective radiative forcing, 1750 to 2019

CO; +

CHg4

N,O

CFC + HCFC + HFC
NO

NMVOC + CO
SO;
Organic carbon
Black carbon

Ammonia

-15 -10 -05 00 05 1.0 15 2.0
(Wm™2)

= Why such difference ?

= Other GHG contributors.

= Updated concentrations.

» Refined radiative transfer models.

= Refined overlap between CH, and N,O.

= |[PCC ARG focuses on ERF (rapid
feedbacks) instead of RF.



=PFL - Today's goals

= Some important notions:

= Radiative forcing

= Water vapor and Clausius-Clapeyron equation
= Key feedbacks
= Average feedback

= Discussion around an article. Interview of Bjorn Stevens
In « Die Zeit », October 2022



=P*L  Water vapor and Clausius-Clapeyron

= The Clausius-Clapeyron equation give the temperature dependence of vapor pressure.

= When applied to gases considered as following the ideal gas law, it can be applied to the vaporization of

liquids.
= For water vapor, the equation is:
Aes  esLy
AT  TZ2R,

= Where:

= e, = equilibrium vapor pressure (kg.m1.s?)

= T = temperature (K)

Calculate how much more water vapor the
atmosphere can hold for a warming of
1°C, starting from a temperature of 14°C.

= L, = latent heat of vaporization (2500 kJ.kg™)

= R, = specific gas constant for water vapor (461.5 J.kg1.K?)




=PrL

Solution

The Clausius-Clapeyron equation give the temperature dependence of vapor pressure.

When applied to gases considered as following the ideal gas law, it can be applied to the vaporization of

liquids.
For water vapor, the equation is:

Aes  esLy

Ae e L

AT  TZ2R,

Where:
= e, = equilibrium vapor pressure (kg.m1.s?)
= T = temperature (K)
= L, = latent heat of vaporization (2500 kJ.kg™)

= R, = specific gas constant for water vapor (461.5 J.kg1.K?)

Calculate how much more water vapor the
atmosphere can hold for a warming of
1°C, starting from a temperature of 14°C.

.S': L
AT — TZR, -

Aeg  2500.10°

es 287 x461.5

Ae; L, AT
ee TR, T
L 0
X—=06.6%
287



=Pl Solution

Water Vapor Pressure vs Temperature (Simplified Clausius-Clapeyron)

—— Vapor Pressure (Simplified)
= Water vapor pressure roughly increase 7001
exponentially with temperature.
= This explains why the water vapor 600t
feedback is important in climate _
science. & 5007
=3
= |t strongly amplifies the radiative g i
forcing from greenhouse gases. 2 400
= |t's a feedback response to % 300
temperature change, not a forcing >
factor (anthropogenic emissions of = S0l
H,O are negligible compared with
natural fluxes due to evaporation /
condensation). 100
0 =
A =1.8W.m=2°C1t 0 20 40 60 80 100

Temperature (°C)



=Pl Solution

Vapor Pressure of Water vs. Temperature

102 | — Vapor Pressure (Clausius-Clapeyron)

= Water vapor pressure roughly increase
exponentially with temperature.

= This explains why the water vapor
feedback is important in climate
science.

= |t strongly amplifies the radiative 1ol
forcing from greenhouse gases. [

= |t's a feedback response to
temperature change, not a forcing
factor (anthropogenic emissions of
H,O are negligible compared with
natural fluxes due to evaporation /
condensation).

Vapor Pressure (kPa)

100}

A =1.8W.m=2.°C1 0 20 40 60 80 100
Temperature (°C)

What happens at 100°C ? The water vapor pressure reaches 100 hPa. Liquid water boils !




=PFL - Today's goals

= Some important notions:

= Radiative forcing

= Water vapor and Clausius-Clapeyron equation
= Key feedbacks
= Average feedback

= Discussion around an article. Interview of Bjorn Stevens
In « Die Zeit », October 2022



=PFL - What s the sign of these feedbacks ?

Feedback Positive or Negative ?

Planck A. Positive

+/ B. Negative

Water vapor / C. Positive

D. Negative

Surface albedo (snow) «/ E. Positive

Negative

Lapse rate G. Positive

/ H. Negative

Clouds /. Positive

/ J. Negative
0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
' {Gsz {S\Q\_e . {6‘6 r§® ) {G‘Q) %\\4‘?’ ' ’\.\{&e ,2;6*6 . ,\_\\\\e (5@\@
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=PrL

Climate feedback

N = RF + AAT

N: Top of atmosphere radiative imbalance.
RF: radiative forcing.

AT: global surface temperature response.
A : feedback factor.

Can you estimate an average
feedback factor from the two graphs ?

AT

Changes in effective radiative forcings (ERF)

2 — Carbon dioxide (CO,) Tropospheric Aerosol
Methane (CH,)
7| Nitrous oxide (N,O) Volcanic
N Halogenated gases
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=PrL

Climate feedback

N = RF + AAT

N: Top of atmosphere radiative imbalance.
RF: radiative forcing.

AT: global surface temperature response.
A : feedback factor.

Can you estimate an average
feedback factor from the two graphs ?

RF

AT

Changes in effective radiative forcings (ERF)

2 — Carbon dioxide (CO,) Tropospheric Aerosol
Methane (CH,)
7| Nitrous oxide (N,O) Volcanic
N Halogenated gases
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=PrL

Climate feedback

N = RF + AAT

N: Top of atmosphere radiative imbalance.
RF: radiative forcing.

AT: global surface temperature response.
A : feedback factor.

Can you estimate an average
feedback factor from the two graphs ?

We assume equilibrium. N =0

A= RF

Then:
AT

Total ERF in 2020: 2.72 W.m2 since 1750.

Best estimate of AT between 1850-1900 and

2010-2019 = +1.07°C.
A=-25W.m=2°C1

AT

2 — Carbon dioxide (CO,)
Methane (CH,)
~| Nitrous oxide (N,O)

N Halogenated gases

Changes in effective radiative forcings (ERF)
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Volcanic
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=PrL

Does it make sense ?

= We assume equilibrium. N =0

A= RF

AT

= Then:

= Total ERF in 2020:; 2.72 W.m"2 since 1750.

= Best estimate of AT between 1850-1900 and
2010-2019 = +1.07°C.

A=-25W.m=2.°C1,

It's a first-order, «back of the envelope» calculation.
Clear over-simplification !
= We are not in equilibrium.

= There are expected time lags due to slow feedbacks.

= Some feedbacks are not necessarily linear.
= The radiative forcing of GHG and aerosols are not
correlated, so the ERF changed through time.

Carbon dioxide (CO,)
Methane (CH,)
~| Nitrous oxide (N,O)

N Halogenated gases

Changes in effective radiative forcings (ERF)

Tropospheric Aerosol

Volcanic

04§GVVKA4 IAV=
E
=
-2 |
-4 —|
T T T T l T T T I T T T T | T T T T | T T T T I T 1
1750 1800 1850 1900 1950 2000
| Global Average Temperature 1850 - 2024 e

I el
241

‘ \/
it ¢

f "‘“‘rv M |

NM$MW W

| “W

g\

T T T T T T T
& © © o o o »
N N £ @) (0]

PR ﬁ
LTV iw, m“ 1" 7 J Land data prepared by Berkeley Earth and combined
N w W " w with ocean data adapted from the UK Hadley Centre
B Global temperature anomalies relative to 1850-1900 average
Vertical lines indicate 95% confidence intervals
T T T T 1 T 1 T T
1860 1880 1900 1920 1940 1960 1980 2000 2020

©
I

0.5
0.4
0.3
0.2
0.1
0.0

Global Temperature Anomaly (°C)

W m? per decade

18



=PFL - Today's goals

= Some important notions:

= Radiative forcing

= Water vapor and Clausius-Clapeyron equation
= Key feedbacks
= Average feedback

= Discussion around an article. Interview of Bjorn Stevens
In « Die Zeit », October 2022



=rrL  Discussion around an interview

= Interview of Prof. Bjorn Stevens, published in «Die Zeit» on October 2022.

= Bjord Stevens is Director at the Max Planck Institute for Meteorology, the principal German climate
science research and modeling centre.

= He is a specialist of climate sensitivity, aerosols and clouds.
= He was co-author of the chapter on clouds and aerosols for the IPCC AR5 repoirt.



https://judithcurry.com/2022/10/22/an-interview-with-top-climate-scientist-bjorn-stevens/

=PFL  Your reactions in a few words
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