
1 General Comments

As explained in this comment on the answer of Lüdecke et al. [2012] on my initial comment,
this is the extended reply to their answer in general, and to their submitted manuscript
in particular. Again, I would like to thank the authors for their reply. However, as al-
ready done in the short comment, a few points deserve clarification before I introduce
the methodology of my analysis. I apologize for the reiteration, but it may help other
interested readers to catch up.

With respect to their reply to my comment, the problem I see is not that one needs
to look for a distinct periodic forcing mechanism (which might merely be intrinsic system
variability), but to make sure that well known non-periodic forcing mechanisms (solar
cycle, volcanic eruptions) aren’t messing up the applied statistics to begin with. It has
already been shown by Bertrand et al. [1999], using the multi-taper Thomson spectral
analysis method, that the spectral component of the random timing of volcanic eruptions
can very well produce a quasi-periodic oscillation in the temperature record. Lean and
Rind [2008] note, using FFT filtering, that over the NCEP epoch decadal power in solar
irradiance and volcanic aerosols is approximately in phase during two of the last five solar
cycles. In addition, Mann and Lees [1996] have demonstrated at length how various signals
can be detected from background noise at any relevant climate time scale. I am taking the
liberty to also point you to the work of Goosse and Renssen [2004], Taricco et al. [2009],
Thompson et al. [2009], and Scholz et al. [2012] who all used spectral methods to identify
cyclic natural climate variability.

Without having seen an elaborated analysis which attempts to estimate the potential ef-
fect of such random forcing mechanisms upon the results of the applied method in Lüdecke
et al. [2012], I am afraid I still have to object its validity. By disregarding the attribution
problem, in my point of view their analysis is lacking the required physical underpinning
and is essentially bound to lead to a fundamentally wrong conclusion. This is particularly
worrisome, as the authors have chosen to ignore alternative instrumental measurement
data as well as to not test their methodology against a variety of available paleoclimate
records. As it stands, none of my concerns regarding the publication of this manuscript
have been dispelled yet, not even remotely.

2 Methodology of my analysis

Without further ado, let me first put their results in a broader physical context and let
me then compare them with other surface temperature data sets. I am sure this helps the
reviewers as well as the authors to tackle the raised problems.

In Fig.1, I now plotted the 6 stations used in the study and the corresponding aver-
age (red thick line). The filtering (lowess smooth) of the average is such that it roughly
compares with their Fig.5 (SM6) [Lüdecke et al., 2012]. As before, sunspot numbers and
NH volcanic eruptions (in terms of emitted aerosols) are indicated complementary (the
latter now extended to the recent past). The black curve is the modeled forcing based on
the forcing agents shown in Fig.2 (volcanoes, total solar irradiation (TSI), GHGs, sulfate
aerosols, black carbon aerosols (BC)). Following, I am briefly introducing the methodology.
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Figure 1: Europe 6 versus dust from NH volcanic eruptions versus sun spot number (1750-2010).

Please note, that this analysis is not meant to be perfect, rather then to provide a rough
estimate of the known forcing mechanisms over the last 250-500 years or so. Further work
would be required to optimize this analysis. However, as such it is supposed to provide a
reasonable ballpark-estimate which relies exclusively on well established knowlegde, based
on solid physical grounds.

Since volcanic eruptions are known to exert a forcing at two characteristic time scales (land
and ocean response), it is useful to apply an energy-balance model (EBM) which takes the
exponential response of a step-forcing at those timescales into account (e-folding power
law). I follow Geoffroy et al. [2012], assuming a fast (3 years) and slow response time
(50 years) after which the climate system returns to its equilibrium state ([e.g. Stenchikov
et al., 2009, Brovkin et al., 2010] and references therein). The equilibrium climate sensi-
tivity parameter (ECS) is chosen to be 0.8K/Wm2 for the volcanic forcing. The sunspot
numbers are converted into equivalent radiative forcing units according to Gray et al.
[2010], though at the high end of their estimate. While the 11-year cycle can be omitted
for our purposes (high pass filtering), the Gleissberg-cycle is considered in my analysis
with the same ECS parameter as used before (0.8K/Wm2). Time-scale dependent radia-
tive imbalances are considered to be negligible due to the gentle solar forcing changes.

Anthropogenic sulfate and black carbon (BC) aerosol emission estimates are taken from
Smith et al. [2011] and Skeie et al. [2011a], respectively. Skeie et al. [2011b] provide the
corresponding direct radiative forcing numbers. As the first indirect aerosol effect (Cloud
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Figure 2: Final forcing function estimate and considered individual contributors (1750-2010).

albedo or Twomey effect) is fairly strong, the total sulfate radiative forcing almost doubles.
To simplify matters in my calculation, I increased the climate efficacy (CEF) of sulfates to
1.8 which would otherwise be slightly above 1.0 [Jones et al., 2007]. For BC, the indirect
effects are rather small (though very uncertain), such that I omit them here. The weaker
BC surface forcing with regard to the TOA forcing is reflected in the reduced climate
efficacy (CEF=0.7) [Jones et al., 2007]. ECS remains the same again (0.8K/Wm2). I did
not consider OC and nitrate aerosols. Their negative forcing is counterbalanced by the
positive forcing of tropospheric ozone. Similarly, land use changes (weak negative forcing)
and snow albedo reduction (weak positive forcing) cancel each other fairly well. Despite
the large uncertainties involved when it comes to the estimation of the direct and indirect
radiative aerosols effects, I consider the introduced approximations applicable. The cur-
rent total TOA aerosol forcing in my analysis is -0.7W/m2 or -0.57K at the surface.

Kulmala et al. [2011] presented the results from the most comprehensive concerted ef-
fort to explore the impacts and properties of atmospheric aerosols to date. Their best
estimate for the current total radiative forcing of the anthropogenic aerosol fraction is
-0.9W/m2. They expect the corresponding aerosol surface temperature response to be in
the range of 1K, which is indicative of a high efficacy (CEF=1.4). My estimated (nega-
tive) aerosol forcing response is thus likely to be an underestimate, even after accounting
for tropospheric ozone. As already mentioned before, this work only aims to illustrate the
current forcing wisdom in a simplified way. On top of that, we are focusing on Europe, an
area which experienced a very strong brightening trend after 1980 ([e.g. Wild, 2012] and
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references therein). As we will see in Fig.3, the surface temperatures in Europe increased
disproportionate to the rest of the NH owing to this brightening effect. Note the corre-
sponding sulfate aerosol dimming over Europe prior to that in the 1950s and 60s (causing
for example the serious acid rain problem in its wake back then).

The TOA radiative forcing of the entirety of the well mixed GHGs (WMGHGs) is cur-
rently 3W/m2. In the light of the steep increase in atmospheric WMGHG concentrations
after the 1950s, one has to properly account for the thermal inertia of the oceans. For
this, the transient climate response (TCR) can be calculated either via an EBM approach,
or deduced from the available Ocean Heat Content Anomaly (OHCA) estimates [Levitus
et al., 2009, 2012]. The OHCA is indicative of the current planetary energy imbalance.
It is in the order of 0.6W/m2 which would be the corresponding offset between the net
forcing (in terms of ECS) and the TCR (see also Stephens et al. [2012], who recently
confirmed this number). Both methods lead to the same conclusion and provide a decent
ballpark estimate for the transient forcing. Given that I use the GISS NH instrumental
record to validate the forcing response function, a somewhat higher TCR of 0.55K/Wm2

(a TCR of 0.46K/Wm2 would be the corresponding global number) is chosen in order to
take the lower thermal inertia of the NH into account. I am happy to provide more details
upon request. After having summed everything up, it turns out that the major climate
drivers are volcanoes in the 19th century and WMGHGs in the late 20th century (Fig.2).

3 Results and conclusion

In Fig.3, I plotted the response function (black) versus the Europe 6 average (red) from
Fig.2. Superimposed, the famous Baur temperature serie [Baur, 1975, Pelz et al., 1996]
which reaches as far back as the record of the 6 stations chosen from the authors. Only
recently, the BEST data became available [Rohde et al., 2012], which go back as far as
1753 for Europe and the NH (though with gaps). The blue dashed line is a typical paleo-
reconstruction [Hegerl et al., 2007] and the GISS NH temperature is plotted in light blue
as reference starting in 1880. The purple dashed line which starts in the 1950s illustrates
the adjusted OHCA. Note that it increases in lockstep with the response function forc-
ing after 1960, indicating that the TCR approach yields plausible results. After 1980,
the Baur and BEST EU temperatures are literally skyrocketing as a results of the strong
regional brightening plus WMGHG trend. While the variability of the central European
temperature is clearly higher than the NH response function, the Europe 6 values not only
appear to be particularly variable but also tend to be at the very high end as far as the
values prior to 1850 are concerned. They can hardly be reconciled with alternative data.

It might be worth mentioning, that the temperature upticks in Europe in the early in-
strumental record appear to follow major volcanic eruptions (though with a timing issue
for Tambora 1816) which seems to confirms the results of Fischer et al. [2007]. In turn,
and this brings me to Fig.4, the fast volcanic response tends to be slightly underestimated
even in the unfiltered paleo data. In this context, I may recall Mann et al. [2012], who
argued that tree-ring reconstructions tend to miss the strongest volcanic signals. The
main point however is the astonishingly good principal agreement between the tree-ring
reconstructions and the response function over the 1750-2010 time period.
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Figure 3: Instrumental surface temperature records versus forcing response function (1750-2010).

Figure 4: Filtered and unfiltered paleoclimate reconstructions versus forcing function (1750-2010).
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Figure 5: Extended and smoothed forcing function versus GISS and tree-ring data (1550-2010).

This is also true for the time period between 1550-1750, as shown in Fig.5. The forc-
ing function as well as the three chosen data sets are heavily smoothed in Fig.5 in order to
highlight the long-term temperature trends rather then the short-term noise. Note that
the little ice age (LIA) is more pronounced in the forcing function then in the tree-ring
data. Either the reconstructions are too insensitive to forcing changes, the assumed slow
volcanic response is too strong, or the applied high end solar forcing is an overestimate
indeed. For the period after 1750, with Moberg et al. [2005], D’Arrigo et al. [2006], and
Hegerl et al. [2007], there are three typical NH paleo reconstructions that agree well with
each other and can be reproduced almost entirely by the known external forcings. The
Speleothem reconstruction [Smith et al., 2006], as well as the recently proposed LOC
method [Christiansen and Ljungqvist, 2011] show substantially less agreement. Evidently,
the strongest disagreement emerges between the LOC method and the Europe 6 data.

You may have noticed that I never made mention of any known internal forcing mechanism
(namely AMOC strength- or Pacific Decadal Variability). Obviously, they do not seem
to be required to explain the surface temperature evolution of the past 250-500 years.
This is not to say they are not relevant. In fact, the opposite is true in many regards,
but my analysis clearly shows that external forcing parameter dominate or even dictate
the climate at least at a century scale. PDV and AMOCV can certainly help to optimize
the agreement between observations and external forcing where gaps are remaining [e.g.
Emile-Geay et al., 2008]. So does a sustained sea-ice/ocean feedback [Miller et al., 2012].
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To conclude, I have demonstrated, that there is plenty of reason to assume that the
method presented in Lüdecke et al. [2012] is not as cogent as suggested. Without having
tested it, I wonder whether the introduced forcing response function would show similarly
distinct spectral peaks which may imply periodic behavior where no such behavior exists.
Furthermore, I would like to emphasize that their Europe 6 data almost certainly contain
one or two outlier (especially Prague stands out). In actual fact, it seem to matter a great
deal if their analysis is limited to a few station data only. Why not using all the available
data? After all, I hope I could make the authors as well as the reviewers aware of the
additional difficulties involved if one applies only maths where the consideration of com-
plex state-of-the-art physics is indispensable. I would like to stress again, that I am not
making any claim to present a complete or particularly sophisticated study. It is neither
conclusive, nor has everything which I thematically touched upon been said and done. I
am fully aware of the inevitably high intrinsic uncertainties, upon which the accuracy of
any such research effort crucially depends. Eventually, it is a semi-advanced condensed
synopsis of the current understanding of the climate system as I see it and as it is endorsed
by the preponderance of the scientific literature. Thereby, opposite to van Hateren [2012]
or Lean and Rind [2008], I strictly refrained from any fitting procedure whatsoever in my
analysis. It is up to others to decide whether it is a valid approach and whether or not it
has merits on its own. Yet one thing can already be concluded with virtual certainty: No
matter what else may have caused periodicities in the temperature history, without the
assumption of forcing by CO2, the recent past can definitely not explained ...

Calculations are performed with R software and all the scripts and data are available
for the authors upon request. External data sources are listed below.

Data sources:

NOAA NODC Upper Ocean Heat Content Anomaly data
NOAA NCDC paleoclimate reconstruction data archive
Berkeleyearth BEST EU temperature time serie
Berkeleyearth BEST NH temperature serie
Baur temperature time serie
NASA GISS zonal temperatures
NASA GISS WMGHG forcing data to present
Historic Carbon Dioxide concentration data
Historic sun spot number time serie
Sun spot number time serie to present
Historic NH volcanic dust index
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