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Response to the Comments by Kossobokov, Le Mouéldagourtillot

(corrected and updated version; corrected sentencese underlined; updated sentences
are underlined and in blue)

1/ Issues on the correlation with solar forcing

In our paper, we criticized the oversimplified uselLe Mouél et al. (2010) and Kossobokov
et al. (2010a), hereafter LMKC and KLMCa, of theaxspot number (SSN) as a proxy for solar
forcing. In response, Kossobokov et al. (2010byeéker, KLMCb state thatthe international
sunspot numbers are the only and therefore, theaweslable proxy of solar activity in the last 250
years". This statement is wrong because other solar psaoeer this time period such as records
of aurorae (e.g. Silverman 1992), cosmogenic issafe.g. Delaygue & Bard 2010) and the aa
geomagnetic index (over 240 yr, e.g. Lockwood &ngiar 1999).

In addition, it has been shown by many authorshat observations on sunspots can be used
to derive better solar forcing records than the &SN used by LMKC & KLMCaFor example,
there are alternative solar irradiance curves based variety of properties of sunspots including
the envelope of the sunspot number cycle, the heoftthe cycle, the structure and decay rate
of individual sunspots, the average sunspot nunaipe¥or the group sunspot number the solar
rotation and diameter, sunspot group areas, Grednsunspot maps and p-mode amplitudes
estimated from sunspot numbers (see reviews by Bardl. 2000 and Gray et al. 2010 and
references therein).

Lean et al. (1995) proposed that the solar forciegord could be divided into two
superimposed components: an 11-year cycle basdatieoparameterization of sunspot darkening
and facular brightening and a slowly-varying backgrd. Solanki and Fligge (1998) reconstructed
a solar irradiance record back to 1874 AD by udiifferent relation active regions (quadratic
calibration between the SSN and the spacecraftré&ird over a decade) and to the long-term
component (linear calibrations between brightness ehromospheric emission or length of the
activity cycle). LMKC & KLMCa could also refer todkanki (2002) who published solar forcing
curves over the past 150 years.

Consequently, in clear contrast with the staterbgriLMCDb, there is indeed a full literature
of works describing solar forcing curves beyond sheellite era of the past 30 years. This is the
reason why Judith Lean (2010) introduced her repmnew paper on the subject with this general
statementWith newly available modeled reconstructions aftdmical solar irradiance (albeit with
large uncertainties), terrestrial studies are nadr relegated to using geophysically meaningless
sunspot numbers as a proxy for solar irradiance] direct comparisons of solar and other climate
forcings are possible.'Lean's remark directly applies to the papers KC and KLMCa.

KLMCb cite Le Mouél et al. (2009) for the evidenaea correspondence between long-term
SSN changes, the aa-index and some geomagnetiepi@xch as the geomagnetic components at
the Eskdalemuir ESK observatory also used by Le&letial. 2005 and Courtillot et al. 2007).

The fact that the long-term sunspot number and ggoetic activity are tightly correlated is
indeed known since decades (e.g. Bartels 1932pamticular with the aa geomagnetic index
(Mayaud 1972, Cliver et al. 1998a,b). However, @svshown by Bard & Delaygue (2008) that the
correlation with the single station local record BSK (or SIT) is much poorer, because the
geomagnetic activity levels reached in the 1920i8@smilar with those of the 1960-70s, in strong
contrast with the large systematic differences okeskfor the two periods in the SSN and aa index
records. This poor correlation is obvious when ¢hexe series are compared over the full 20th
century (see Fig. 1 in Bard & Delaygue 2008 whaoected an incomplete plot published by Le
Mouél et al. 2005 and Courtillot et al. 2007).

Unlike their previous papers, Le Mouél et al. (208plitted the comparison in two panels:
Fig. 3a includes the smoothed SSN and aa indexrand3b the ESK H and Z components. Had
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they tried to plot these curves as they publishedtin 2005 and 2007, a strong discrepancy would
have appeared for the 1960-70s.

In their attempt to respond to our criticism thia¢y forgot to take into account multiple
forcings, KLMCDb state that the effects of a vol@aeruption last only a few years. Indeed, a major
explosive event occurring in the tropics, such les 1991 Pinatubo eruption, generates sulfate
aerosols directly in the stratosphere, rapidly ilegqdo significant impacts on the global climate
(Robock, 2000, 2003, Shindell et al. 2004; N.B. thelandic eruption of the Laki, cited by
KLMCb, was mostly confined to the troposphere amdly diad regional impacts in Europe and
North America, Thodarson & Self 2003). However, teeurrence of large stratospheric eruptions
can lead to cooling over decades (e.g. Gao eDaB,Xole-Dai et al. 2009), which could indeed be
confused with other forcings such as the solaradity (11-yr and longer) and internal oscillatgn
such as the ENSO variability.

Numerous climate model simulations clearly suggiest solar and volcanic forcings were
collectively responsible for some extended coldqolsr of the past few centuries (e.g. Wagner &
Zorita 2005, Ammann et al. 2007 , Gao et al. 2008jagner & Zorita have shown that climate
variations during the Dalton Minimum, 1790-1830hwat be understood without taking into
account the volcanic forcindmmann et al. specifically refer tocumulative volcanic cooling » ...

« simulated in the [mid-13th], mid-15th, 17th, #mrly 19th, and (to a lesser degree) the late 19th
to early 20th century.»These authors further state thawolcanically active periods occur
contemporaneous to solar induced cooling (e.g., Miana Minimum) and thus make a clear
separation of climate response at the low frequendifficult. » This statement fully applies to the
early 19th century with the superposition of thet@®a solar minimum and some of the largest
volcanic eruptions, notably the cataclysmic Tambemaption in Indonesia (Cole-Dai et al. 2009).
By using a suite of ocean-atmosphere GCM, Gleckeal.e(2006a,b) further demonstrated the
persistence over decades of the ocean heat cqegantbation by large volcanic eruptions such as
that of the Krakatoa in 1883.

We are happy that the importance of the volcamicifig is now acknowledged by KLMCb
in their response when they say tkahree major eruptions occurred in the second bathe 20th
century which LMBY note is a period of High (mdkieadal) solar activity »However, KLMCb
still fail to grasp the full complexity of this sed half of the 20th century which is characterized
by a third significant forcing linked to greenhougses of anthropogenic origin, which cannot be
forgotten in the attribution analysis.

While discussing about the solar irradiance redzasked on satellite data and the difficulty in
detecting a baseline evolution over the last 30sy@& precise data, KLMCb refer tongoing
controversies, such as that between Scafetta 8&dYill(2009) and Krivova et al. (2009)This
statement is misleading because there is no “ogfaiebate between these two particular studies:
Scafetta & Willson (2009) used the model developgdSolanki et al. (2005) and Krivova et al.
(2007). These authors (Krivova et al. 2009) simgliscovered that Scafetta & Willson had made
fatal mistakes in using Krivova et al.'s model, It its correct use leads to a stable irradiance
baseline. Hence, the study by Krivova et al. (20@8)stitutes a clear-cut and definitive refutation
of the previous claim by Scafetta & Willson (2009).

2/ Issues on the use of multi-century long time siers

Obviously, the authors of LKMC and KLMCb are sdisits of geomagnetism data, and
have no idea of what is homogenization (referretheacomment as "blind correction”), and why
homogenization is necessary prior analysis of lolimgate data series, as it is recommended in
WMO publications. We kindly suggest to the authofsthis comment to have an eye at the
bibliography provided in our article. "Blindly" usy raw data leads to false results. We wonder
what conclusions can be drawn about climate evautir climate interactions when working on
data exhibiting artificial changes of 1°C or mor€he fact that some teams have used
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inhomogeneous data to produce results does not thisas a good practice.

Homogenization of early data is problematic, andnisny cases dealing with this implies to
replicate older measurements with old instrumeatéime (and money) consuming task. Please
refer to Brunet et al. (2006) and Bransdma & VanMeulen (2008): you shall see that this is not
an "automatic" "blind" correction.

Concerning the Bologna series, the artifact isasgd (the authors of LMKC themselves had
guoted it) and the fact that there was no attempinderstand its causes is so obvious that we will
not even argue. We note that it corresponds fasly to the maximum of an intense solar cycle
and makes a spurious contribution to the solat.shif

KLMCb are confounding quality control (QC) and hayeaeity checks. Individual flags just
refer to testing whether each daily data is presentissing, and may be considered as an outlier or
not, as individual spurious data can occasionatiyuo in the records. This is only a preliminary
step. Once QC is performed, homogeneity of thesesithen tested. It turns out that most of series
are not homogeneous on longer period, which issmoprising for climate data scientists. The
simple fact that we have to explain this reveadt the authors of KLMCb do not know the nature
of the data they are using.

3/ Issues on the application of statistical tests:

KLMCb pretend to have found an error in our reasgrhat would invalidate our criticism of
LMKC and KLMCa. This error would be to have sphietaverage into an average of averages and
to have missed in this way the true number of ey freedoms in the system, resulting into an
overestimate of the standard error by a factd21

This argument is only displaying that the authdr&loMCb still persist in misunderstanding
the basis of mathematical statistics. Let us erpidiy.

There is nothing wrong in using an average of ayesand it is indeed beneficial to proceed
in this way in the present case. It is perfecthitlenate to use our formula (3), which can be found
in any standard text book, including Press et292) miss-quoted by KLMCb, to estimate the
variance of the solar shift. The only assumptioth& daily 21-day averages for a given day of the
year are uncorrelated over successive years. |y damperature fluctuations were themselves
uncorrelated, the variance of 21-day averagesavost be the variance of daily fluctuations (up to
bias) divided per 2&nd in this case the standard error shown by LMiRG KLMCa would be
recovered. We have checked this result by perfagraimandom redistribution of temperatures for
each day of the year among the ensemble H andtlLptieaerves the solar shift but generates a
totally uncorrelated dataset (see p. 781). Thisontgmt point that invalidates their reasoning has
been totally missed by KLMCb.

Hence, our estimate of the confidence interval daesneglect by construction a factor31
because it is able to get the standard error ofKCMand KLMCa when an uncorrelated series is
employed. This factor is obviously hidden in theiamace of 21-day filtered data as explained
above. The crucial advantage of our approach isittieastill valid when the data are correlated an
when the ratio of the variance of 21-day averagdhe variance of daily fluctuations is larger than
21, which is indeed the case for daily temperaturegice also that the validity of formula (3) has
been checked by random permutation tésée p. 780). All our results fit perfectly togetrand
lead to conclude that those of LMKC are void of aignificance.

It can be added that this conclusion does not depenthe 21-day filtering. The solar shift
has been calculated without filtering, or with Jdydor 41-day filtering (see the electronic
supplement) and the conclusion is always thatgbantity does not display any significance once
the period where solar forcing overlaps anthropagyimcing is removed.
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KLMCb also discuss a secondary point which is based curve shown in the electronic
supplement (p.20 of the PDF version). This curvewshthe autocorrelation function for daily
fluctuations and provides a rough estimate of Sday the correlation time. This time is only used
on p.780 to illustrate our reasoning and to inteathe rigorous demonstration which follows on
p.780 and 781 (also discussed above) without imwghthis time at all. This time is anyway
interesting. It is not influenced by seasonal dftex pretended by KLMCb for the reason that it is
based on a data series from which the mean seasgtalhas been removed. There is no usage of
any 90- or 150-day interval in the calculation bé tautocorrelation as can be checked from the
supplementary material. We consider our calculatisrperfectly valid even if this value, 9 days,
does not pretend to be more than a rough estimadedide how many degrees of freedom are in
the temperature series. This rough estimate isaoellirmed by the statistical analysis which shows
a year-average underestimate of 2.7 in the staretemdby LMKC and KLMCa.

KLMCb show in their figure 1 three curves from whithey conclude that the correlation
time is about 3 days and not 9 days. We note isipgghat 3 days would still mean a factor 1.7 in
the standard error with respect to LMKC and 2.&¢t the proper 90% confidence interval, but
KLMCb fail to reach this conclusion. It is imposkhto figure out what is really shown in this
figure since the only indication provided by KLM@bthat it shows « autocorrelations of the daily
temperatures in 21-day intervals ». We may infat some sort of high-pass filtering at 21-day
period has been applied and this obviously leadstartificial reduction of the autocorrelation. We
will not comment further on this figure until KLMCprovide a full description that allows to
reproduce their curves. We have ourselves provastedlectronic supplement with all the data and
methods needed to reproduce and check our reshitsis very easily performed by simply playing
a documented Mathematica notebook. We challengerdias to be fair and to do the same. We do
not intend, in any case, to enter a discussion ondocumented curves.

Our conclusion is that there is nothing in theigstm of KLMCb that can challenge our
refutation of LMKC and KLMCa but enough to show ttitheir description of our work as
irrelevant or erroneous is mere gesticulation.
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