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a b s t r a c t

We thank Meunier and Reis (hereafter as MR) for their comments on our paper. We, however, do not see
the relevance of their alternative interpretation to our original results and believe this reflects their
confusion regarding our conclusions rather than a discussion on physical mechanisms.

& 2015 Elsevier Ltd. All rights reserved.
First, MR take umbrage with our premise that an increase in
Total Solar Irradiance (TSI) should lead to an increase in the
poleward heat transport and thus decrease the surface tempera-
ture gradient between the Equator and the Arctic. They cite the
IPCC AR5 (2013) report to argue that a solar minimum provides
less heating to the tropical upper stratosphere which, in turn,
should weaken the Equator-to-Pole temperature gradient (EPTG).
Our study focused on the modulation between solar cycles (i.e.,
multi-decadal variability) of the near-surface properties of the
atmosphere and the ocean, not the tropical upper stratosphere.
Thus, we focused on the observed EPTG, as defined by the mea-
surements in the lower (near surface) troposphere, and compared
it with variability in TSI – we made no assessment of changes in
the stratosphere. For a scientific critique of the treatment of sun-
climate studies in the IPCC AR5 WG1 report, please see Soon
(2014).

MR assert that our statement, “…as TSI increases, the projected
insolation gradient between the tropic and Artic regions increases
proportionately, thereby leading to an increase in the poleward
atmospheric and/or oceanic heat transport which decreases the
surface temperature gradients between the Equator and the Arc-
tic…” (Soon and Legates, 2013:51), is in contradiction to common
understanding. We strongly disagree. Note that as solar insolation
increases, the Arctic will warm more than the tropics because
(1) water vapor has a greater heat capacity than dry air (i.e., the
dry polar air warms more than the humid tropics for the same
energy input), (2) colder air will warm more than warmer air (i.e.,
due to the derivative with temperature of the Stefan-Boltzmann
radiation law), and (3) the positive temperature-albedo feedback
associated with the ice/snow pack in the Arctic. Thus, a warmer
world, driven possibly by an increase in TSI, will result in a de-
crease in the EPTG.

Second, MR ask the question “What is the driving force for the
poleward heat transport?” For our interpretation of the observed
empirical correlation between TSI and the EPTG, Soon and Legates
(2013) made it fairly clear that the EPTG index is merely a response
to the poleward heat transport processes. Such processes are
highly complex and variable such that the actual mechanisms are
not so easily deduced from basic theory or from the measurements
we present. This is why we stated in the introduction to our Reply
that MR's comments on the “increased EPTG with enhanced heat
conductivity along the meridian” reflect their confusion regarding
our conclusions and are beyond the scope of our original paper.

The core feature of the MR comment is the ‘theoretical’ for-
mulation of their two equations. However, they do not make it
clear what they mean by the “poleward heat current is driven by
the buoyancy effect in the layer of fluids that covers the Earth's
surface.” It appears strange to invoke the so-called “constructal
law” to our specific question on multi-decadal variation of the
EPTG. Furthermore, their phrase, the “increase in the albedo pro-
vides a positive contribution to the EPTG, therefore contributing to
the reduction of the EPTG” is self-contradictory.

With respect to the discussion of ‘global Earth albedo’, MR cites
Pallé et al. (2009) but that reference does not support their ar-
gument regarding a ‘reinterpretation’ of our original results and
conclusions demonstrated especially by Fig. 1 of Soon and Legates
(2013). Bender et al. (2006) and Loeb et al. (2007) provide an ex-
cellent overview of the empirical impact of global surface albedo.
Their arguments clearly do not support an assertion that multi-
decadal variation in the poleward heat transport could be ex-
plained by changes in albedo. Loeb et al. (2007), in particular,
demonstrates that the so-called “FD” flux data from the ISCCP
datasets are not direct measurements of surface albedo but merely
are model-produced fluxes of solar radiation. A more relevant
point is the direct criticism of the previous research on the
Earthshine measurements of Pallé et al. (2004, 2005) by Loeb et al.
(2007:587-588):

“The results presented in this study are in stark contrast to
those of Pallé et al. (2004, 2005), who claim to have observed a
6 Wm�2 increase in annual mean reflected solar radiation be-
tween 2000 and 2003 based on Earthshine measurements. As
noted by Wielicki et al. (2005), an increase of 6 Wm�2 is a
factor 2.4 times larger than the anomaly caused by the Mount
Pinatubo eruption. Since there is no evidence of a significant
event (such as a volcanic eruption) between 2000 and 2003
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large enough to produce such a dramatic change in the earth's
reflectance, it is unclear why the Earthshine anomaly is so
large. When the global monthly anomalies in CERES Terra SW
TOA flux in Fig. 9b of Loeb et al. (2007) are averaged annually,
the difference between the minimum and maximum yearly
anomalies is 0.6 Wm�2, an order of magnitude smaller than
the change found in the Earthshine data. Given the remarkable
consistency shown here between data records from CERES,
MODIS, MISR, SeaWiFS, and ISCCP, none of these additional
data records support a 6 Wm�2 change between 2000 and
2003”.

In the context of this quote, note that even Pallé et al. (2009:3)
admitted that “while the deseasonalized CERES data has a small
year to year variability (Fig. 2 of Pallé et al., 2009), the Earthshine
data seem to present overly large interannual anomalies, along
with a large size of the error bars associated to the yearly means
[which] is mostly due to sampling issues, as Earthshine mea-
surements are taken from a single station.”

To put this in a different way, the relatively short duration of
Earthshine or satellite-borne measurements of global albedo is
unable to provide the necessary information on how this im-
portant quantity may vary on multi-decadal timescales as studies
by Soon and Legates (2013). We note that efforts to ‘reconstruct’
Earth albedo over a 120-to-130 year period have been discussed by
Zavalishin (2014) but we stress that such research requires non-
independent information regarding surface temperatures and
some unproven assumptions about the thermal inertia of the
hydrosphere.
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