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 experimental teams have rejected the
PMOD alterations as arbitrary.2,3

Recent work3 that uses measure-
ments of solar magnetic fluxes at Earth’s
surface establishes that a significant
degradation of the TSI record from ERBS
occurred during the gap in the ACRIM
records (1989–92), as the ACRIM team
has always claimed. That degradation
invalidates the trust placed in the PMOD
composite and its downward alterations
of the NIMBUS7 record. Thus one is
forced to select the ACRIM composite,
which shows a TSI increase between
1980 and 2002, as we discussed in our
Opinion piece.

Duffy and coauthors’ choice of pre-
ferring an arbitrary TSI composite that
shows no upward trend from 1980 to
2000 clearly undercuts their first major
claim, that the Sun could not contribute
to the warming observed since 1980,
and consequently everything they de-
duced from it.

The second claim by Duffy and co -
authors is that climate sensitivity to
solar variability is low. To support that
conclusion, they cite a 2004 study4

by Gerald North and coworkers that
summarizes findings obtained from
simple energy-balance models. How-
ever, Duffy and coauthors omitted that
study’s major finding: that the empiri-
cal solar signature exceeds the energy-
balance model predictions by a factor 
of two on average, implying that the 
climate is much more sensitive to solar
changes than what climate models pre-
dict. Also, they do not realize that us-
ing a 10-year running  average in their
figure 2 suppresses the solar cycle’s 
11-year signature on  climate.

The authors also ignore three other
important points. First, our findings are
consistent with secular paleoclimate
temperature reconstructions that were
recently made and confirmed.5 Second,
the glacial epochs were induced by
small changes in the redistribution of
sunlight due to the Milankovitch astro-
nomical cycles—variations in the eccen-
tricity, obliquity, and precession of
Earth’s orbit; that fact suggests signifi-
cant climate sensitivity to changes in
TSI inputs. And third, the oscillations of
greenhouse gases observed between
the glacial epochs were not induced by
human activity but were a complex
 climate-dynamics response to the small
redistribution of sunlight produced by
Milankovitch cycles; that fact contra-
dicts the assumption implicit in all cli-
mate models adopted in the Intergov-
ernmental Panel on Climate Change
2007 report, that only humans can mod-
ify greenhouse gas concentrations. 

Finally, the assumption underlying
the piece by Duffy and coworkers is
that the anthropogenic global warming
theory is settled, those who claim other -
wise are in error, and their studies
should be dismissed. Yet an interna-
tional team of scientists has published 
a comprehensive research review6 dis-
proving that claim by summarizing and
organizing the findings of thousands of
scientific papers; their review contra-
dicts several conclusions of the IPCC
2007 report, which ignored many of the
papers reviewed in Climate Change
 Reconsidered.6 The review also lists more
than 30,000 US scientists who have
signed a petition stating that there is 
no convincing evidence to support the
 anthropogenic global warming theory.
We remind readers about the dangers of
dogma replacing science.
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The rather passionate rebuttal of
the Scafetta and West solar variability
hypothesis by Philip Duffy, Benjamin
Santer, and Tom Wigley seems to
clearly show some weaknesses in the
Scafetta and West model. Nevertheless,
Duffy and coauthors ignore a data
trend that weakens the argument for
climate change based almost solely on
greenhouse gas emissions. Their own
figure 2 clearly illustrates that although
GHG emissions have continued to in-
crease at an enormous rate, global tem-
peratures have not increased over the
past decade and have actually slightly
decreased overall since the record-
 setting warmth of the 1998 El Niño
maximum. Also, last year’s apparently

anomalous low temperatures occurred
during a year of extremely low solar
 activity (and a possibly weak La Niña),
despite the aforementioned increase in
GHG emissions and without a signifi-
cant volcanic eruption. 

Although the various current climate
models are getting better at re-creating
the past, they still fail in accurately pre-
dicting the future, especially with their
emphasis on GHG emissions. So it cer-
tainly doesn’t hurt to examine other
models such as Scafetta and West’s. If
there exists a single climate model from
a decade ago that based climate change
predominantly on GHGs and that pre-
dicted the past 10 years of cooling, I
would love to see a reference to it.
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Duffy, Santer, and Wigley reply:
Solar irradiance measurements have
been made by a number of satellites
covering different time periods. Several
investigators have stitched together the
multiple records into composites, cor-
recting for small instrumental differ-
ences (for a comparison, see the online
version of this letter). Nicola Scafetta
and Bruce West make much of the 
fact that our figure showed the PMOD
composite rather than their favorite,
ACRIM. The differences between the
two, however, are insignificant in terms
of implications for climate; neither pro-
duces anything close to the observed
late-20th-century warming, even if one
assumes a climate sensitivity much
greater than the most commonly ac-
cepted value. Furthermore, the superi-
ority of the ACRIM composite is not
 established.1

Scafetta and West’s characterization
of the 2004 paper by Gerald North and
coworkers (reference 4 in Scafetta and
West’s letter) contradicts that paper’s
abstract. Far from finding that “the cli-
mate is much more sensitive to solar
changes than what climate models pre-
dict,” North and coworkers find “a faint
response to the solar cycle” with ampli-
tude “roughly what we would expect 
(a few hundredths of a degree) based 
on simple energy-balance model esti-
mates.” That finding contradicts Scafetta
and West’s argument that the climate is
mysteriously hypersensitive to solar
variations.

We used a 10-year running mean in
our figure 2 precisely because it masks
the 11-year solar cycle; our point was
that there is no significant multidecadal
trend due to solar variability.
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Scafetta and West’s discussion of gla-
cial and interglacial cycles does not
 support their assertion that climate is
exceptionally sensitive to solar varia-
tions. As is well established, glacial and
interglacial temperature differences re-
sult from extremely large changes—not
“small” ones as Scafetta and West
claim—in the spatial and seasonal pat-
terns of incoming solar radiation, which
trigger two powerful but slow feed-
backs: changes in atmospheric carbon
dioxide and changes in surface reflec-
tivity resulting from the advance and
retreat of land ice sheets. Certainly, nei-
ther feedback can be responsible for
late-20th-century warming.

Although this is irrelevant to the
main point of contention, climate mod-
els do not assume that “only humans
can modify greenhouse gas concentra-
tions.” Naturally occurring CO2 varia-
tions are included either by prescrip-
tion or through modeling of climate
and carbon-cycle feedbacks.

Finally, a recent paper2 explains in
detail the serious flaws in the work of
Scafetta and West. Primarily, multi-
collinearity between different climate
forcing agents makes it impossible to
unravel their relative effects by consid-
ering only a single forcing, as Scafetta
and West attempt. Reference 2 further
shows that the statistical method they
used leads to grossly incorrect results;
when applied to a situation with a
known solar contribution, it gives a
greatly and unrealistically enhanced
solar effect.

In response to Benjamin Jordan, we
note that observed temperatures reflect
both natural variability and the effects
of forcings such as greenhouse gases
and solar variability. So in an era of in-
creasing greenhouse gases, each year
need not be warmer than the previous,
even as temperatures trend generally
upward. Climate models correctly pre-
dict that phenomenon.3 However, be-
cause climate simulations are not ini-
tialized from observations in the same
way that weather forecasts are, they are
not expected to predict the timing of
natural variations, including cooling
episodes. Hence, the lack of any warm-
ing trend since 1998 is not cause for con-
cern about climate models.

In summary, we do not claim that the
climate is insensitive to solar forcing,
only that the sensitivities to different
types of forcing appear to be very sim-
ilar. We are open to the possibility that
unknown feedbacks might amplify
solar forcing; however, Scafetta and
West have provided no evidence of
such and no reason to discard an expla-

nation of late-20th-century warming
that is consistent with theory, models,
and observations—namely, increased
greenhouse gases.
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Other climate-
change inputs

A vigorous round of correspondence
appeared in PHYSICS TODAY (October
2008, page 10) regarding the Opinion
piece “Is Climate Sensitive to Solar Vari-
ability?” by Nicola Scafetta and Bruce
West (PHYSICS TODAY, March 2008, page
50). One letter writer, Peter Foukal,
pointed out that neither total nor UV
solar irradiance can account for most of
the climate variance that correlates with
solar activity. In view of the quantitative
problems in using irradiance to account
for the correlated climate variations, the
question can be asked, Are the cosmic-
ray variations, which are mostly due to
solar activity, themselves drivers of cli-
mate change, or are they—as generally
assumed—merely proxies for irradi-
ance variations?

Not mentioned in the discussion was
observational evidence for greater long-
term and short-term climate sensitivity
to solar activity than irradiance can ac-
count for. Proxies for climate change on
the centennial and millennial time
scales—proxies such as glacier-carried
debris and the oxygen-18 isotope—
show strong correlations with the cos-
mic-ray-generated cosmogenic isotopes
carbon-14 and beryllium-10 in stratified
geological repositories.1

One little-known mechanism cou-
pling solar activity to the atmosphere
has been shown to respond to cosmic-
ray changes as well as to other inputs,
as documented and reviewed in re-
cent publications.2,3 Clear evidence of
meteorological responses, including
changes in cloud cover, has been re-

ported for five disparate short-term
solar or terrestrial inputs that modulate
the flow of the downward electric cur-
rent density Jz of the global electric cir-
cuit through the atmosphere. For ex-
ample, recent analysis of measurements 
in both the Antarctic and Arctic high-
 magnetic-latitude regions shows corre-
lations between surface pressure and
the north–south component of the inter-
planetary electric field. Changes in Jz
due to low-latitude thunderstorms pro-
duce a similar effect on polar surface
pressure.2 There are other consistent,
statistically significant atmospheric re-
sponses to the effects of cosmic-ray,
solar-proton, and relativistic-electron
precipitation on Jz.3

The Jz flow deposits electric charge
on droplets and aerosol particles in gra-
dients of droplet concentration, humid-
ity, and, therefore, resistivity in clouds
in accordance with Ohm’s law and
Gauss’s law. Such charges could affect
clouds through the scavenging rates for
cloud-condensation and ice-forming
nuclei. Consequent changes in the con-
centration of such nuclei and in ice-
 nucleation rates can affect droplet con-
centration, precipitation rate, and cloud
cover and can potentially explain the
observations. But to model the effects of
the cloud changes on global mean tem-
perature on the century time scale, it
will be necessary to separately evaluate
the effects of solar-induced Jz changes
on clouds at low and high altitudes, at
high and low latitudes, over ocean and
land, by day and night, and for stratus
versus cumulus clouds. Such work has
not been done, but uncertainties appear
much larger than those shown for the
solar irradiance effect in the reports of
the Intergovernmental Panel on Cli-
mate Change, and can thus accommo-
date the observed changes in global
temperature that correlate with solar
activity.
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Complexities of
cell differentiation

In his Reference Frame (PHYSICS TODAY,
March 2009, page 8), Leo Kadanoff dis-
cussed how the function of biological


