Aerosol Forcing and Causal Attribution of 20th Century Warming
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Demonstration
generation of particles from gases

« scattering of visible light by particles

Energy Balance Theory of Climate Change

Equilibrium (stable global-mean temperature)...
= = Eour

shortwave, solar energy longwave, infrared energy
absorbed by Earth emitted by Earth

Forced change ...

AT, =\ AF

AF: forcing, change in energy balance (W/m?)
AT,: response, change in surface temperature (K)
A:  feedbacks, climate sensitivity {K/(W/m?)}




Aerosol forcings are extremely uncertain, but. ..

Greenhouse Effect versus/Aerosol Effects

The glebal mean radiative forcing of the climate system
for the year 2000, relative to 1750
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... dramatic progress is coming over the next few years.

Warming of the Earth’s surface...

» Is predicted by climate models forced with GHG’s

* Has in fact been detected

*  Match between prediction and observation is sufficiently
good that attribution has been claimed

A-Train satellite constellation (2005-2008)

Conceptual framework for this paradigm:
AT =X AF (Eq. 6.1 of IPCC, 2001)

AF: externally imposed change in TOA energy balance (W/m?)
AT: resulting change in surface temperature (K)
A climate sensitivity




Current GW paradigm rests on three, interconnected
premises:

!m ~— Keeling CO2 record
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Simulated annual global mean surface temperatures
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Premise 1:
Climate forcing over the industrial era, AF, has
been positive and substantial in magnitude.

Knowledge of forcings as of 2001. What is missing from this graph?

| The glebal mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Statistical summation of IPCC bar graph
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reference: Boucher and Haywood, 2001, Clim. Dyn. 18, 297.

Easy question: What causes this breadth???

Boucher and Haywood (cont)
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Aerosol forcing dominates the uncertainty in total forcing.

To evaluate Premise 1, we need to grapple with aerosol forcing.

We propose a new method of examining Premise 1:

* more sensitive and robust than simply summing the forcings

* based on a comparison of the two, independent approaches to
calculating aerosol forcings

1. Forward calculations (study the aerosol)
« aerosol mass from chemical transport model
«  mass-dependent optical and cloud-nucleating properties
from measurements (* our group *)
< rapidly advancing satellite data as constraint

2. Inverse calculations (fit the T-record)

Model-estimated direct aerosol forcings

Haywood, J and O Boucher, Revs. Geophys., 38, 513-543, 2000

Models: Penner et al., 1998; Grant et al., 1999; Tegen et al., 1996




Aerosol forcing is visible from space

Photo credit: NASA Earth Sciences & Image
Analysis Laboratory, Johnson Space Center

Forward calculations (aerosol-based):

Testing Premise 1
compare two, independent ways of calculating aerosol forcing

1. Forward calculations (study the aerosol)

2. Inverse calculations (fit the T-record)

»  assume Premise 1 (i.e. observed warming is the response to
a substantial, positive forcing)

«  multiple runs of simple climate models with varying values
for the poorly known input parameters (aerosol forcing,
climate sensitivity, ocean heat diffusivity)

»  assign probabilities based on fit to simplified versions of
the temperature record

The comparison is robust method of testing Premise 1*
* Premise 1: Industrial-era forcing is positive and substantial

A.
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Inverse calculations (T-record and climate-model-based):
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Applications in climate studies:

M. Crowley, Science 289, 270 (2000) (attribution)
N. Mitchell et al., 2001 (IPCC Chap 12) (attribution)
O. Cubasch et al., 2001 (IPCC Chap 9) (projection)
P. Tettetal, 2002, J. Geophys. Res. (attribution)
Q. Meehl et al., 2003, J. Climate (diagnosis)

M. - fits paleo temperature record with solar and volcanic forcings

- shows recent warming is anomalous and is explained by the
known anthropogenic forcings

N. -review of detection/attribution studies for industrial era

- shows that pattern of 100-year warming is very well explained
by the known anthropogenic and natural forcings

- IPCC climate change projections for various emission scenarios

- new detection/attribution study for industrial era

- climate diagnostic study; exploring natural variability, climate
sensitivity, etc.
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IPCC (2001) Attribution summary
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By the way... fitting the T-record is not a new result
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\ IPCC, 2001: Forcing projection... \

‘with uncertainty in current forcing ‘
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casutanon. [Based on Figure B 13a]




Current paradigm: a firm foundation?

Forward calculations Inverse calculations  Applications
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Questions raised by the "red" and "yellow" zones:

AT @AF 1. Is the climate more sensitive than currently thought?

: % AF 2. Isthe surface temperature record wrong?

_ A AR 3. Does the observed warming represent internal
- A climate variability?

AT = 2 4. Are there other radiative forcings (natural or
anthropogenic) that were missed?

Implications for Attribution:
»  Attribution studies to date have failed to consider the full range of
aerosol forcing magnitude that derives from the forward calculations.

*  Thus, one must question whether the agreement found in these studies

a. should be used to bolster confidence in the attribution of 20
century warming to GHGs (as claimed), or

b. is fortuitously due to the choice of a small negative aerosol forcing
(One can get agreement for the wrong reasons.)

Bottom line...

Unless and until the magnitude of negative aerosol forcing is shown
to be sufficiently small, the possibility of alternative causes for the
observed warming, and the possibility of high climate sensitivity,
must be kept open.
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