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General comments:

| believe high-resolution hydroclimatic records during the last millennium in Tienshan
Mts will be welcomed by both paleoclimatologists and archeologists. This study made
a good attempt. In general, the manuscript is properly organized and well written. The
scientific topic is significant and main conclusions are convincing. It is suitable for the
scope of this journal. Therefore, | recommend acceptance of the manuscript for
publication after some minor revisions.

We thank the reviewer very much for reviewing the manuscript. All suggestions are
careful and insightful, which will help us improve the manuscript. Accordingly, we have
prepared detailed point-by-point responses below. Our responses to the comments
have been made in blue. Line numbers that refer to the changes in the revised

manuscript version have been marked in red.

1. There are still some records suggesting a humid MWP around Tianshan Mts (e.g.,
Zhang et al., 2009[doi: 10.1029/2009gl037375]). Could you please provide some
discussions?

Thanks for the comment. Yes, a humid climate during the MWP was documented by
the tree ring of Sabina przewalskii Kom, the Lop Nur, and the Daxigou profile in the
Tianshan Mountains, etc. in the earlier studies (Zhang et al., 2009; Ma et al., 2008;
Zhang et al., 2003). However, a growing body of studies based on the variety of
paleoclimate records show a general climate pattern of a relatively dry MWP and a wet
LIA (Chen et al., 2006; Song et al., 2015; Lan et al., 2018; Lan et al., 2019; Zhao et al.,
2009; He et al., 2013; Ma and Edmunds, 2006; Gates et al., 2008; Rousseau et al., 2020;
Chen et al., 2015; Chen et al., 2010; Chen et al., 2019). We have provided relevant
discussions in sections of “Introduction” and “Discussion” according to the above two
respects. (Lines 49-58, 207-212)

2. Previous studies have already proposed "an unstable hydroclimate during the LIA
over the ACA" (e.g., Chen et al., 2009 [doi: 10.1007/s11434-009-0201-8], 2019[doi:
10.1007/s00382-019-04685-5]) on multi-decadal to centennial timescales, which
should not be neglected in the relevant discussion part.

Good suggestion! The research of the unstable hydroclimate during the LIA is an

important reference, but it is not clear how the specific unstable wet and dry climate



fluctuated during the LIA. Our reconstruction provides new evidence for the unstable
hydroclimate variability during the LIA. More relevant discussions have been added in
“section 5.2”. (Lines 220-232)

3.1In "5.3 Linkage to ENSQ", the significance of ENSO variance for hydroclimate in ACA,
or Asia, should be firstly pointed out. It is also notable that the referred work (Huang
et al., 2017) could not be used as evidence for the influence of ENSO variance on
extreme rainfall events in this region - It focuses on ENSO itself rather than ENSO

variance.

Thanks for the comment. The significance of ENSO variance for hydroclimate in ACA
has been added in the discussion in “section 5.3.3 Linkage to ENSO” of the revision.
The influence of ENSO on the extratropical climate has been shown to be modulated
by ENSO variance at multidecadal timescales, and the calculated 31-year running
correlations between the reconstructed ENSO variance and other records of ENSO
teleconnections shows that the ENSO teleconnection is robust over Central Asia
during the past seven centuries only except for the Maunder minimum (Li et al., 2013).
(Lines 338-339, 360-366)

Moreover, the ENSO variance is the calculated 21-yr running biweight variance derived
by the ENSO variability, reflecting changes in ENSO itself (Li et al., 2011). In other words,
the changes of ENSO itself contribute to the multidecadal-timescale ENSO variance. In
the manuscript, we suggest that the ENSO variance effect on the hydroclimate changes
in ACA might be through modulating the extreme precipitation. Previous studies
indicate that the water vapor from the Arabian Sea may be transported to the Xinjiang
region and cause heavy precipitation, although the water vapor fluxes mostly come
from the west transported by the prevailing westerlies (Huang et al., 2015; Huang et
al., 2013). Observational reanalysis data show that water vapor in ACA also comes from
the Indian Ocean and cause heavy precipitation, which gives us a good theoretical and
data support, although the driving mechanisms of ENSO variance for the hydroclimate
changes in ACA require further exploration through high-resolution records and
simulation experiments. We have added more relevant discussions in the section
“Linkage to ENSO” of the revised manuscript. (Lines 364-377)

Technical comments:

1. The contour lines should be further smoothed in Figure 1c.

Thank you. We have further smoothed the contour lines in Figure 1c.

2. In Figure 3b, | know what you mean, but where are the "black dots"?



Thanks for this comment. We have revised “black dots” to “Black dotted lines”.

3. It would be better to use "centennial" timescale when "multi-decadal" timescale
was used.

Thanks for the comment. Yes, the "centennial" is a good choice, but it was also usually
referred to as “multi-centennial”. The aim we used “century” in this manuscript is to
correspond to cycles of solar activity from 88 to 146 years because the Glasberg cycle
is also known as the century-type cycle (Gleissberg, 1958; Ogurtsov et al., 2002). Thus,

III

the “multi-decadal, century, and multi-centennial” were used to correspond different

forcing at different timescales.

4. P5L140, "Positive and negative Z-scores indicate dry and wet climatic conditions". It
seems to me that positive Z-scores indicate dry conditions, and vice versa. Please
revise it.

Thanks! We have revised the manuscript accordingly. (Line 198)

References.

Chen, F,, Huang, X., Zhang, J., Holmes, J. A., and Chen, J.: Humid Little Ice Age in arid
central Asia documented by Bosten Lake, Xinjiang, China, Science in China Series
D: Earth Sciences, 49, 1280-1290, 10.1007/s11430-006-2027-4, 2006.

Chen, F., Chen, J., Holmes, J., Boomer, I., Austin, P., Gates, J. B., Wang, N., Brooks, S. J.,
and Zhang, J.: Moisture changes over the last millennium in arid central Asia: a
review, synthesis and comparison with monsoon region, Quaternary Science
Reviews, 29, 1055-1068, 10.1016/j.quascirev.2010.01.005, 2010.

Chen, F,, Chen, J., Huang, W.,, Chen, S., Huang, X, Jin, L., Jia, J., Zhang, X., An, C., Zhang,
J., Zhao, Y., Yu, Z., Zhang, R., Liu, J., Zhou, A., and Feng, S.: Westerlies Asia and
monsoonal Asia: Spatiotemporal differences in climate change and possible
mechanisms on decadal to sub-orbital timescales, Earth Science Reviews, 192,
337-354, 10.1016/j.earscirev.2019.03.005, 2019.

Chen, J., Chen, F., Feng, S., Huang, W., Liu, J., and Zhou, A.: Hydroclimatic changes in
China and surroundings during the Medieval Climate Anomaly and Little Ice Age:
spatial patterns and possible mechanisms, Quaternary Science Reviews, 107, 98-
111, 10.1016/j.quascirev.2014.10.012, 2015.

Gates, J. B.,, Edmunds, W. M., Ma, J., and Sheppard, P. R.: A 700-year history of
groundwater recharge in the drylands of NW China, The Holocene, 18, 1045-1054,
10.1177/0959683608095575, 2008.

Gleissberg, W.: The eighty-year sunspot cycle, J. Br. Astron. Assoc., 68, 148-152, 1958.

He, Y., Zhao, C., Wang, Z., Wang, H., Song, M., Liu, W., and Liu, Z.: Late Holocene

coupled moisture and temperature changes on the northern Tibetan Plateau,



Quaternary Science Reviews, 80, 47-57, 10.1016/j.quascirev.2013.08.017, 2013.

Huang, W., Feng, S., Chen, J.,, and Chen, F.: Physical Mechanisms of Summer
Precipitation Variations in the Tarim Basin in Northwestern China, Journal of
Climate, 28, 3579-3591, 10.1175/jcli-d-14-00395.1, 2015.

Huang, W., Chen, F.,, Feng, S., Chen, J.,, and Zhang, X.: Interannual precipitation
variations in the mid-latitude Asia and their association with large-scale
atmospheric  circulation, Chinese Science Bulletin, 58, 3962-3968,
10.1007/s11434-013-5970-4, 2013.

Lan, J., Xu, H., Sheng, E., Yu, K., Wu, H., Zhou, K., Yan, D., Ye, Y., and Wang, T.: Climate
changes reconstructed from a glacial lake in High Central Asia over the past two
millennia, Quaternary International, 487, 43-53, 10.1016/j.quaint.2017.10.035,
2018.

Lan, J., Xu, H., Yu, K., Sheng, E., Zhou, K., Wang, T,, Ye, Y., Yan, D., Wu, H., Cheng, P,
Abuliezi, W., and Tan, |.: Late Holocene hydroclimatic variations and possible
forcing mechanisms over the eastern Central Asia, Science China, 62, 1288-1301,
10.1007/s11430-018-9240-x, 2019.

Li, J., Xie, S.-P., Cook, E. R., Huang, G., D'Arrigo, R., Liu, F., Ma, J., and Zheng, X.-T.:
Interdecadal modulation of El Niflo amplitude during the past millennium, Nature
Climate Change, 1, 114-118, 10.1038/NCLIMATE1086, 2011.

Li, J., Xie, S.-P., Cook, E. R., Morales, M. S., Christie, D. A., Johnson, N. C., Chen, F,
D’Arrigo, R., Fowler, A. M., Gou, X., and Fang, K.: El Nifio modulations over the
past seven centuries, Nature Climate Change, 3, 822-826, 10.1038/nclimate1936,
2013.

Ma, C., Wang, F, Cao, Q., Xia, X., Li, S., and Li, X.: Climate and environment
reconstruction during the Medieval Warm Period in Lop Nur of Xinjiang, China,
Science Bulletin, 53, 3016-3027, 10.1007/s11434-008-0366-6, 2008.

Ma, J. and Edmunds, W. M.: Groundwater and lake evolution in the Badain Jaran Desert
ecosystem, Inner Mongolia, Hydrogeology Journal, 14, 1231-1243,
10.1007/s10040-006-0045-0, 2006.

Ogurtsov, M. G., Nagovitsyn, Y. A., Kocharov, G. E., and Jungner, H.: Long-Period Cycles
of the Sun's Activity Recorded in Direct Solar Data and Proxies, Solar Physics, 211,
371-394, 10.1023/A:1022411209257, 2002.

Rousseau, M., Demory, F., Miramont, C., Brisset, E., Guiter, F., Sabatier, P., and Sorrel,
P.: Palaeoenvironmental change and glacier fluctuations in the high Tian Shan
Mountains during the last millennium based on sediments from Lake Ala Kol,
Kyrgyzstan,  Palaeogeography, Palaeoclimatology, Palaeoecology, 558,
10.1016/j.palaeo.2020.109987, 2020.

Song, M., Zhou, A., Zhang, X., Zhao, C., He, Y., Yang, W., Liu, W., Li, S., and Liu, Z.: Solar



imprints on Asian inland moisture fluctuations over the last millennium, The
Holocene, 5, 1935-1943, 10.1177/0959683615596839, 2015.

Zhang, Q.-B., Cheng, G., Yao, T,, Kang, X., and Huang, J.: A 2,326-year tree-ring record
of climate variability on the northeastern Qinghai-Tibetan Plateau, Geophysical
Research Letters, 30, 10.1029/2003gl017425, 2003.

Zhang, Y., Kong, Z., Yan, S., Yang, Z., and Ni, J.: “Medieval Warm Period” on the
northern slope of central Tianshan Mountains, Xinjiang, NW China, Geophysical
Research Letters, 36, 1-5, 10.1029/2009GL037375, 2009.

Zhao, C., Yu, Z., and Ito, E.: Possible orographic and solar controls of Late Holocene
centennialscale moisture oscillations in the northeastern Tibetan Plateau,
Geophysical Research Letters, 36, L21705, 10.1029/2009GL040951, 2009.



