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2.100 akadnpaikd TEPLOSLKA, ETIAYYEALOATLKEC €KOOOELC KOl AAAEC TINVEC
avadopadc. AlaBETel, eniong, To MANPEC KELUEVO yLa teplocotepa amo 1.000
LN ETUOTNHOVLIKA TtePLOSIKA. KaAUmtel moAAoUC KAAOOUC TNC MNXOAVLIKAG, TNG
Oswplo¢ TWV UTTOAOYLOTWVY KOl TWV CUCTNHATWY, TWV VEWV TEXVOAOYLWV
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Deducing Multidecadal Anthropogenic Global Warming Trends Using Multiple
Regression Analysis

JiansoNG Znou anD Ka-Krr TuNG

Deparsment of Appiied Mathemascs, University of Washington, Seattle, Washington

(Manuscript received 20 July 2012, in final form 9 October 2012)

ABSTRACT

To wmmask the anthropogenic global warming trend imhe dded in the dimate dat, multipic linear re-
gression analysis is often employed to fiker out short-term fluctuations caused by EI Nifo-Southern Oseil
lation (ENSO), volcana asrasols, and solar forcing. These fluctuations are unimportant as far s their impast

Deducing Multidecad.

Observed Tropospheri
Latent Heating and C.

Latent Heating and C...
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on the deduced multidecadal anthropogenic trends is coneerned: ENSO andvolcano acrosols have very litle

multidecadal trend. Solar variations do have a secular trend, but it & very small and uncertain. What is

important, but & left outof all multiy

glohal warming so far, isa

called the Atlantie multidecadal oscillation (AMO). When the AMO index i inchded as a regressor (ie.
explanatory variable), the deduced mulidecadal anthropogenic global warming trend is so impacted that
previously deduced anthropogenic warming Tates need 10 be substantially revised. The deduced net an
thropogenic global warming trend has been remarkably steady and statistically significant for the past 100 yr.

ion.

ed global waming rate is nonuniform
d of cooling in the 1960s and 19705, global

¥ ftcelerated until 2005 (Solomon et al. 2007)
The most recent speculation concems the possible
stalling” of the rate of warming of the global-mean
As shown in Fig. 1 in Foster and

= Choose Another Issue

2014

Rahmstorf (24ll1), 1998 was the warmest year in some
datasets [suchlls the Climatic Research Unit (CRU)].
while inotherdl was2005 or2010 [the National Climatic
Data Center CDC) or the Goddard Institute for

2013
2012
2011

U ly. short-term natural
climate fluctuations play a role: The “super” El Niiio in
1998 made that year either the wammest or close to the
warmest on record, and the La Nifia in 2008 contributed
to that year being not as warm. It is understood that
these, and possibly other, natural fluctuations should be
filtered out to reveal the underlying anthropogenic
wamming, Multiple linear regression (MLR) analysis is
often employed for this purpose. Typical regressors
(also called explanatory or predictor variables) are El

Nifio-Southern Oscillation (ENSO), volcano aercsol
optical depth, total solar imadiance (TST) (11-yr solar
eycle plus the secular solar forcing trend), and the an-
thropogenic warming trend. These are specified as
a function of time. MLR is used to fit the observed
temperature time series using these regressors, with the
residual assumed to be a white or red noise. When the
residual is tested to be a noise, the MLR provides an
explanation of the observed time sesies as being com-
posed of these known variations plus climate noise.

The response to anthropogenic forcing should include
that because of the increase in carbon dioxide and other
. gases aswell as s
aerosol (“pollution”), which tends to cool to yield a net
warming smaller than that produced by greenhouse
gases alone. There are two approaches to constructing
the net anthropogenic warming regressor. One a
proach, typified by the work of Lean and Rind (2008),
constructs the time series of anthropogenic regressor
from an inventory of greenhouse gas concentrations, wo-
paspheric aerosols, and land surface plus snow albedo
changes, and was the same as that used in the GISS
model for simulating twentieth-century climate (Hansen

[=]
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