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Referee #1 gives a number of useful suggestions for improving the manuscript. We
address his specific comments in the same order as in the review:

1. It is mentioned briefly that the usually proxy for temperature, d180 and dD are
affected not only by temperature but also by other environmental parameters. The
ice-core gas-content is proposed as a physically proxy for temperature. Would be
very helpful to mention here what are the main advantages of such a temperature
proxy relative to d180 and dD. Is the ice-core-gas-content less influenced by other
parameters than temperature relative to d180 and dD?

Water isotopes in mountainous regions have been shown to be a complex mixture of
temperature and accumulation rate effects, during transportation of the water vapor
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from its source to the deposition area. In addition, source effects can also alter signifi-
cantly the temperature interpretation from such proxy. Our gas content record provides
an independent dataset which is directly influenced by local climatic parameters. Be-
sides temperature, the ice core gas content might be influenced by other boundary
layer parameters including humidity. Furthermore, firnification processes may also af-
fect the eventual gas content. At present, a quantitative evaluation of each mechanism
involved at East Rongbuk is impossible, which is also a reason why we focus only on
the trend of the gas content record, not on the absolute values.

2. It is argued that some air is lost by cut-bubbles at the sample surface. For this
reason a cut-bubble correction coefficient is calculated. Is this correction introduced
here for the first time or this is a common technique to correct gas-content lost due to
ice-cutting?

The cut-bubble correction is a common technique to correct gas-content lost due to
ice-cutting. A full description of the method can be found in Martinerie et al., J. Glaciol.
36, n°124, 299-304, 1990.

3. Dating It is not very clear to me what is the min, max and average time resolution
of the temperature reconstruction. A more detailed description of the dating procedure
would be very useful when the variability of this reconstruction is investigated with more
sophisticated statistical tools for time series analysis.

The dating procedure involves a combination of ice flow modeling and gas control
points. In the new version of the manuscript, we describe in more detail the procedure,
in addition to the explanations given in Hou et al. (2004).

The time resolution of our air content record depends on the thickness of the annual
layers and of the length of each sample. The larger variability around the mean gas
content value in the upper part of the ice cores reflects the thinning of annual layers
with depth, as shallower samples partly depict the seasonal variability of air content
(Fig. 3a) whereas the deepest samples integrate this variability through multi-annual
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resolution per sample. For that reason, the summer temperature trend reconstruction
based on the gas content record makes sense when considering the values averaged
over time, not by considering each sample independently.

4. Itis argued that during dry season, the negative latent heat generate strong sublima-
tion which mentain the glacier cold. During wet season, the reduced short-wave radia-
tion does not compensate the increase long-wave radiation and the humidity gradient
is reduced. This last process, together with higher temperatures increased the proba-
bility of summer melting and therefore of less air content in the ice-core is recorded. A
guantitative estimations of the anomalies related to ice-melt process (i.e. radiation flux
anomalies, temperature anomalies, etc) would be useful to relate the gas-content-ice-
core to specific climate phenomena.

4.1 Due to lack of field observation at the ice core drilling site, a quantitative estimation
of the respective role of changing summer temperature and changing cloudiness and
precipitation on the present-day snow structure is impossible. On the other hand, there
is an argument which favors our interpretation of the gas content changes as being
related to summer temperature and not to cloudiness and precipitation. From detailed
chemistry measurements on the East Rongbuk core, and taking into account the thin-
ning of ice layers with a simple ice flow model, Susan Kaspari (University of Maine,
personal communication) could estimate changes in accumulation rate along the core.
The maximum change reaches about a factor of two over the last 400 years and is not
correlated with the trend that we depict in the air content record.

It is unlikely that a possible increase in summer cloudiness over East Rongbuk during
the 20" century would have taken place without being accompanied by an increase
in accumulation rate. Such increase is absent from the record at times when the air
content decreases. Therefore we are left with the most probable explanation that the
air content decrease reflects an increase in summer temperature.

We modified the manuscript to take into account this recent work on the accumulation
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rate at East Rongbuk. This complements the other argument already written on the
same subject, that observations on the Xixibangma glacier points toward a very good
correlation between snow/ice melt and air temperature (Aizen et al., 2002).

4.2. The transition from the very detailed description of local physics of ice-core-
gascontent to investigation of large-scale climate teleconnections related to the vari-
ability in this temperature reconstruction is too abrupt. A discussion of the physics of
the gas content in the ice core in one subsection followed by a discussion about the
possiblelarge-scale climate teleconnections during the last two millennia as suggested
by the variability of this temperature proxy in other subsection will be useful. In this
way the the detailed description of the experimental results is separate from the highly
speculative discussion about the large-scale climatic teleconnections as suggested by
this reconstruction.

We have divided the previous section “ Results and discussion” into two sections as “
Factors controlling gas content” and “ Summer temperature trend”.

4.3. The reconstruction of Cobb et al. (2003) supports a cool MWP and a warm
LIA which better fit the Himalayan temperature as derived from this gas-contentent ice
core temperature proxy. The two time series (Fig 3 b and c) suggest a tendency of the
temperature to increase both in central Pacific and Himalayan region. These positive
temperature trends seems to be out of phase with the northern Hemisphere temper-
ature trend (Fig. 3c). The out of phase variations of tropics-extratropics temperature
trends during the Holocene, as authors suggest here is supported by other tempera-
ture reconstruction (e.g. Lorenz et al. 2005 and the reference therein). The fact that
temperature pattern during LIA and MWP is not uniform is also discussed in the review
paper of Jones and Mann, 2004. However, the time scale of the variations of the re-
constructions represented in Figure 3 are very different and a simple visual inspection
of them is not enough to conclude about their common or uncommon variations. A
separate analysis of the long-term trends and centennial variations will be very useful
when compare the variability of these time series.
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We thank the reviewer for citing more references and for reminding the different time
scale of temperature variations from these different reconstructions. Though it would
be relevant to study the centennial variations of the gas content record to complement
its long-term trend, it is currently infeasible due (1) to the coarse resolution of the gas
content record, and (2) to the lack of a quantitative estimation of the link between gas
content and summer temperature.

4.4 1t is argued that the primary impact of solar activity is to change thermal gradients
rather than direct solar heating. The Sun influence the climate via various processes,
like the excitation of dominant modes of extratropical variability, modification of the
tropical convection and related surface circulation (Waple et al. 2002) or many other
mechanisms. The temperature proxies considered here suggest only that the connec-
tion between solar forcing and tropical and extratropical climate may be different. While
the signature of the solar forcing is evident in the northern Hemisphere temperature re-
construction (Fig. 3d and e) it is not evident in Himalayan temperature reconstruction.

The impact of solar activity on climate is a complex topic. We do not claim that our
summer temperature trend reconstruction bears any common feature, nor direct rela-
tionship with the solar irradiance anomalies. The text is thus slightly changed to avoid
any possible misunderstanding.

5. Conclusions

In my opinion the proxies considered in this study suggest that only the long-term
trends of tropical and extratropical temperatures are out of phase. The centennial
variations are more complex and seems to be different in the tropics and extratropics.

We agree with the reviewer and again, we do not attempt to discuss short-term trends
in our records.

5.Figures

5.1. While the unusual 20th century warming is evident in the original time series the

S186

1, S182-5188, 2006

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper


http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/1/S182/2006/cpd-1-S182-2006-print.pdf
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005-discussion.html
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005.pdf
http://www.egu.eu

filtered version (Fig. 3b) does not show clearly this unusual warming. Therefore |
suggest to modify a little the filter parameters in order to better emphasize the unusual
20th warming.

The filtered line changed little when employing different filter parameters. As indicated
in the paper, the increased “noise” in the shallower part of the gas content record
comes from the fact that each sample can then correspond to a single season of ac-
cumulation instead of several years for the deeper samples. A better filtering would
require that we start from a continuous gas content record, which is currently unavail-
able.

5.2. It is difficult to compare the time series of radiative forcing associated to volcanic
eruptions with the other time series represented in Figure 3. Therefore | suggest to use
a linear plot also for this time series.

We have revised the figure 3 according to the reviewer’s comment.
References

Aizen, V. B., Aizen, E. M., and Nikitinb, S. A.: Glacier regime on the northern slope of
the Himalaya (Xixibangma glaciers), Quat. Int., 97-98, 27-39, 2002.

Hou, S., Qin, D., Jouzel, J., Masson-Delmotte, V., von Grafenstein, U., Landais, A.,
Caillon, N., and Chappellaz, J.: Age of Himalayan bottom ice cores, J. Glaciol., 50(170),
467-468, 2004.

Landais, A., Chappellaz, J., Delmotte, M., Jouzel, J., Blunier, T., Bourg, C., Caillon,
N., Cherrier, S., Malaizé, B., Masson-Delmotte, V., Raynaud, D., Schwander, J.and
Steffensen, J. P.: A tentative reconstruction of the last interglacial and glacial inception
in Greenland based on new gas measurements in the GRIP ice core. J. Geophys.
Res., 108 (D18), 4563, 10.1029/2002JD003147, 2003.

Martinerie P., Lipenkov V.Y. and Raynaud D. : Correction of air-content measurements
in polar ice for the effect of cut bubbles at the surface of the sample. J. Glaciol. 36 (n°

S187

1, S182-5188, 2006

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper


http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/1/S182/2006/cpd-1-S182-2006-print.pdf
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005-discussion.html
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005.pdf
http://www.egu.eu

124), 299-304, 1990.

Interactive comment on Clim. Past Discuss., 1, 155, 2005.

Full Screen / Esc
Printer-friendly Version

Interactive Discussion

Discussion Paper

S188



http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/1/S182/2006/cpd-1-S182-2006-print.pdf
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005-discussion.html
http://www.clim-past-discuss.net/1/155/2005/cpd-1-155-2005.pdf
http://www.egu.eu

