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Referee #1 provided a complete and very constructive review, including some of the
most important topic address in our original manuscript. The Referee raised 4 major
points. Here are point-by-point responses to these issues:

1.1. Little discussion of the Chungará chronology

Response: According to Referee #1 more information is required to evaluate the
chronology of our record. We partially disagree with this suggestion because -as
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indicated in the manuscript (lines 160-162)- the radiocarbon chronology used in our
study was explained and discussed in detail in a peer-reviewed publication (Giralt et al.,
2008). In fact, this chronology has subsequently been used in multiple peer-reviewed
studies from Lago Chungará (e.g. Bao et al., 2015; Hernández et al., 2013) with ref-
erences to the Giralt et al (2008) article. For that reasons we decided not to include
any table or diagram in the main text, although the main features of the chronology are
explained throughout lines 202-210. Nonetheless, we agree with Referee #1 that more
supporting information might be desirable. Hence, we add the details of the radiocar-
bon dates, the estimated reservoir correction, and the age-depth curve in the form of a
new table and figure in the Supplementary Material (see Figure S1 and Table S1 and
attached doc file to this response).

1.2. No reliability in comparing Lago Chungara and Sajama and Huascarán records

Response: Referee #1 comments that a comparison with the Sajama and Huascarán
ice records is not appropriated since these records have significant uncertainties in
their chronologies. Although we agree with the limitation of these ice records, we note
that the Sajama ice cap is the closest paleoclimate site to Lago Chungará, less than
35 km apart from each other (Fig 1 in the original manuscript). Thus, a comparison
between these two records is relevant to explore the spatial extent of the climate infer-
ences of our manuscript. In addition, we content that there is reliability in comparing
these two records based on stratigraphic evidence. For instance, Giralt et al. (2008)
clearly demonstrate that the onset of the Holocene volcanic activity of the Parinacota
volcano is recorded at both side at around 7500 cal yr BP (Fig. 8 of that article).
Furthermore, there is an excellent correlation between the main eruptions of the Pari-
nacota volcano present in Lago Chungara and the dust peaks recorded in the Sajama
ice core for the 4500-1000 cal yr BP period, as it was explained in Sáez et al., (2015).
These studies support the idea that both climate reconstructions are perfectly compa-
rable, despite their potential chronological uncertainties. For all these reasons we de-
cided to include a comparison of the δ18O record of the Sajama ice record in the main
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text and in Fig. 6. On the other hand, we agree with Referee #1 that a comparison with
the Huascarán record-located several thousand kilometres away from Chungará- does
not represent a real contribution to our discussion, and therefore we have removed that
record from the text and from Fig. 6. Additionally, Referee #1 suggests that it might
be better to compare our record with reconstructions depicting higher resolutions more
accurate chronologies. We have followed this constructive advice, adding a direct com-
parison with the δ18O record from the Huagapo cave (lines 392-394 and Fig. 6g). As
mentioned by Reviewer #1, this record is consistent with our interpretations from the
Chungará record, providing additional support for our paleoclimate inferences.

1.3. Regional temperature variability presented in the manuscript is too low

Response: Referee #1 agrees with us that precipitation is the main driver of the ob-
served pollen changes, although she/he considers that our estimation for the magni-
tude of Holocene temperature change is too low. We used the values presented in
Marcott et al. (2013) for the 4500-1000 cal yr BP period, which are lower than 0.8◦ C in
magnitude for the whole low-latitude band (30◦ N-30◦ S). We agree with Referee #1 that
this is a broad estimation and that glacier reconstructions from the Tropical Andes pro-
vide a more accurate regional constrain that should also be discussed. Consequently,
we have added new estimations for the amplitude of Holocene temperature fluctuations
in lines 261-266, following the referee’s suggested literature. Here we provide a justi-
fication of the specific temperature values selected: The Jomelli et al. (2011) article
mentioned by Referee #1 uses a climate-glacier model to suggest that temperatures
during the Little Ice Age (600-100 cal yr BP) could have been as much as 2.1 ± 0.8◦C
lower than pre-industrial means, a value considerably higher than our initial suggestion.
However, the application of this estimation to the Chungará record should be taken with
caution for two main reasons. First, because our record does not cover the LIA inter-
val, and therefore this climate event and associated temperature decline should only
be used as referential values. Secondly, this estimation was made using precipita-
tion values corresponding to the early- and mid-Holocene periods (prior to 4000 cal
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yr BP), which are considerably lower than late Holocene estimations. Critically, the
model does not provide with a unique solution for past temperatures reconstruction,
as there are several temperature/precipitation combinations than can reproduce the
observed glacial fluctuation. In particular, the magnitude of the LIA cooling declines
rapidly if precipitation increases in the model. This is a relevant point because there
is evidence from multiple independent records across the Tropical Andes indicating
that LIA was a humid interval with precipitation significantly above pre-industrial values
(e.g. Vuille et al., 2012). Therefore, we content that -if considering- the value of 2.1 ±
0.8◦C should be taken as a maximum for the magnitude of thermal variability for the
Chungará record. Referee #1 also mentioned the more recent review of past glacial
fluctuations in the Central Andes presented by Rabatel et al. (2013). Interestingly, the
authors of this article also agree that conditions were more likely wetter during the LIA,
which could have increased glacier accumulation rates, driving glacial advancement
along with colder temperatures. According to these authors, temperature could have
drop as much as 3.2 ± 1.4◦C in the Andes of Venezuela (8◦ N), although this is hardly
a local constrain for Lago Chungará. The closest climate-glacial reconstruction cited
in Rabatel et al. (2013) corresponds to the records from the Bolivian Andes (Rabatel
et al., 2008), which reconstructs a LIA temperature decrease of about 1.1-1.2◦C. We
consider this could be in fact a better estimation than the one presented in Jomelli et
al. (2011), since it assumes a precipitation input 20-30% above the present. Based
on all this information, we the range from 1.1 to 2.2◦ C a reasonable estimation for the
magnitude of temperature change during the interval of the Chungará record.

1.4. Inappropriate comparison between well-dated records and ice core

Response: Referee #1 notes that a direct comparison between highly resolved, well-
dated records such as Laguna Pumacocha and the less well-dated Sajama and Huas-
carán ice records is problematic due to the high chronological uncertainties inherent
to the ice reconstructions. Refereee #1 further challenge our interpretation that differ-
ences between δ18O records from lake and ice cores in the Central Andes could result
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from the fact that ice-based reconstructions are probably sensing temperature fluctua-
tions instead of SASM variations. We consider this a valid and constructive suggestion.
We also acknowledge that discussing the climate sensitivity of ice core records is be-
yond the scope of our manuscript and clearly very difficult to explain. Therefore, we
have removed the discussion that led to the suggestion that the δ18O signal in ice
core record could be responding to temperatures from our original manuscript in page
12 (lines 370-394). Instead, we have indicated that these differences are more likely
resulting from chronological uncertainties based on: (1) a good agreement between
lake, speleothem and ice record during period of strong chronological control, and (2)
a trustable SASM signal in δ18O record from ice cores.

Minor edits of Referee #1: Line 43: ‘period of instrumental’ Response: CORRECTED
Line 45: ‘makes is difficult’ Response: CORRECTED Line 66: ‘of exploring’, ‘and as-
sessing’ Response: CORRECTED Line 79: ‘have produced’ Response: CORRECTED
Line 95: ‘originating’ Response: CORRECTED Line 121: ‘plants’ Response: COR-
RECTED Line 122: ‘cactus’ Response: CORRECTED Line 123: ‘representative’ =
CORRECTED Line 145: ‘has no’ Response: CORRECTED Line 179: ‘superimposed
on’ Response: CORRECTED Line 211: ‘based on’ Response: CORRECTED Line
245: ‘values for’ Response: CORRECTED Line 280: ‘vegetation cover’ Response:
CORRECTED Line 321: ‘trends indicate’ Response: CORRECTED Line 326: ‘notable
rise’ Response: CORRECTED Line 344: ‘notable strengthening’ Response: COR-
RECTED Line 342: ‘ discussed in Sect. 5.1’ Response: CORRECTED Line 348”
replace ‘turns out clear’ with ‘is evident’ Response: REPLACED Line 349” ‘seem at
odds’ Response: CORRECTED Line 369: ‘south of’ Response: REMOVED Line 437:
‘Keimig’ Response: CORRECTED Line 446: ‘southeastern’ Response: CORRECTED
Line 460: ‘reflecting a’ Response: CORRECTED Line 479: ‘requested from’ Response:
NOT CONSIDERED Line 485: ‘they have no’ Response: CORRECTED Line487: ‘was
funded by’ Response: CORRECTED Line 689: ‘wind fields’ Response: CORRECTED
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Please also note the supplement to this comment:
https://www.clim-past-discuss.net/cp-2019-13/cp-2019-13-AC1-supplement.pdf
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Fig. 1. Figure S1
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Fig. 2. Table S1
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