Climate Sensitivity, Forcings, And
Feedbacks



Forcings and Feedbacks in the Climate System
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Forcings and Feedbacks

Consider the total flux of radiation through the top of the
atmosphere:

FTOA — FPolar — FIR

Each term on the right can be regarded as function of the surface
temperature, T, and many other variables x;:

FTOA — FTOA (Ts’ Xy Xy s Xy )

By chain rule,
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Now let’s call the N process a “forcing”, Q:
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Note that feedback factors do NOT add linearly in
their collective effects on climate sensitivity



Examples of Forcing:

Changing solar constant

Changing concentrations of non-interactive
greenhouse gases

Volcanic aerosols
Manmade aerosols
Land use changes



Solar Sunspot Cycle
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reconstructed imadiance
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11: Two reconstructions of total solar irradiance combined with measurements, where available
(enclosing the red shading) and two climate records (enclosing the yellow shading) spanning roughly
150 years.




Satellite measurements of solar flux

Total Solor Irrodiance
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Figure 2.16. Percentage change in manthly values of the fotal solar irradiance
composites of Willson and Mordvinov (2003; WM2003, violet symbols and line) and
Frohlich and Lean (2004; FL2004, green solid ling).



Total Solar Irradiance
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Figure 2.17. Reconstructions of the fofal solar iradiance time senes starting as
early as 1600. The upper envelope of the shaded regions shows iradiance variations
ansing from the 11-year activity cycle. The lower envelope is the total iadiance
reconstructed by Lean (2000), in which the long-term trend was inferred from bright-
ness changes in Sun-like stars. In comparson, the recent reconstruction of Y. Wang
etal (2005) is based on solar considerations alone, using a flux fransport mode/ to
simulate the long-term evolution of the closed flux that generates bright faculae.



Optical Depth

Recent History of Volcanic Eruptions

Volcanic Aerosol Total Visible Optical Depth

0.2
L Sato et al. (1993)
0.16- Ammann et al. (2003)

0.14 4 H

e
—h
=

o

3

;

-

I ALY

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1930
Time (years)



Variation with Time of Natural Climate Forcings:

Solar irradiance farcing (W m™)

I IIIIIIIIIIIIII|IIII|lIII|IIIIIIIIIII|
L

(b) Solar irradiance forcing )
— — G5Z2003 —— ORB2026 —— TBG, 2006 —— AJS,, 2006

BLC, 2002 CBK, 2003 GRT..2005 —— GJB, 2003 k
—-- B,.2003-142 —-- B, 2003-10Be —-- GBZ, 2006 SMC2006 j

(c) All other forcings

Iﬁ;f.:l:'l |.|.|. 111 ; L1

_|I|IIII|I

Year
1000 1200 1400 1600 1800 2000
[ T | T T T | T T T | T T T | T T T | T T T LU.E
w . o ; = -2 ':“""'-.. 4 Ay =, A gy -
r MR L _ & . | Iy L i 1 1 ¥ W e - — 0
\ l 'I | i TR ]I'

{tu ap) Buiouo) aues|on,

[du pp) sBUIuD) Yo |y



Examples of Feedbacks:

Water vapor

lce-albedo

Clouds

Surface evaporation
Biogeochemical feedbacks



Estimates of Climate Sensitivity
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Examples of Forcing Magnitudes:

e A 1.6% change in the solar constant,
equivalent to 4 Wm=, would produce about
1°C change in surface temperature

* Doubling CO,, equivalent to 4 Wm™, would
produce about 1°C change in surface
temperature




Contributions to net radiative forcing
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Examples of feedback magnitudes:

e Experiments with one-dimensional radiative-
convective models suggest that holding the
relative humidity fixed,
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This, by itself, doubles climate sensitivity; with other
positive feedbacks, effect on sensitivity is even larger




ALBEDO RANGE (%)

lce-Albedo Feedback
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Fic. 1. Annual range of zonal monthly surface albedo estimates by
* latitudinal belts.



Solar flux (x present)
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