
Dear editors and reviewers: 

On behalf of my co-authors, we thank you very much for giving us an opportunity 

to revise and modify our manuscript, we appreciate you and reviewers for their 

constructive comments and suggestions on our manuscript entitled “A tree-ring 

perspective on the past and future mass balance of a glacier in Tien Shan (Central Asia): 

an example from the Tuyuksu glacier, Kyrgyzstan” (Ms. No. hess-2022-329). 

We have studied reviewer’s comments carefully and have made revision and 

modification. Please find below a detailed responses to all the raised points, which we 

would like to submit for your kind consideration. 

We would like to express our great appreciation to you and reviewers for 

comments on our paper. Looking forward to hearing from you. 

Thank you and best regards. 

Yours sincerely, 

Feng Chen 

On behalf of all authors 

  



Reviewer #1: Specific comments 

L 32: ‘geosphere layers’ is not clear, please clarify the meaning 

Response: Yes, you are right, we have corrected it to "biosphere and hydrosphere". 

L 45: what is the meaning of ‘comprehensive’? Worldwide? Century-long? Others? Please clarify 

Response: The "comprehensive" here mainly refers to the long time scales of interannual and 

interdecadal periods. We have changed the loose expression "comprehensive" to "long-term". 

L 52: finding that the loss of mass (remove ‘balance’) 

Response: Yes, we have removed "balance". 

L 57: huge = large glaciers? Or maybe long series of mass balance? Please clarify 

Response: We have removed the incorrect expression "huge". 

L 58: Two long-term mass balance programs exist (where?): one at the Urumqi…….. It is not clear 

if these series are ongoing or have been demised 

Response: We supplemented the longitude and latitude information (86.82° E, 43.08° N) of 

Urumqi No. 1 Glacier., and the observation sequence of this glacier is still being updated. 

L 60: …for reconstructing past changes 

Response: Yes, we have corrected 

L61: The mass balance of the Tuyuksu Glacier was analysed by Zhang et al. (2019), who 

employed…… (remove the first sentence) 

Response: Yes, you are right, we have corrected it. 

L 69: and to compare the spatial and temporal characteristics of our reconstruction with other glacier 

mass balance and runoff reconstructions based on tree-ring 

Response: Thank you for your suggestion, we have corrected it as requested. 

L71: predictions are always hard to do, especially of the future! Please replace with ‘project’, or ‘try 

to understand the possible future evolution’ 

Response: Yes, the description here is not rigorous, thank you for your suggestion, we have 

corrected it to "try to understand the possible future evolution". 



L 74: long-term time scales? Long -term variations? 

Response: We have corrected to "long -term variations". 

L 89: coring sites are 100 km west of the glacier, not really ‘around’ it 

Response: Yes, you are right, we have corrected the misstatement there. 

L 90: human ‘agencies’? Please clarify 

Response: We corrected it to "human activities". 

L 107: maybe better ‘Based on the threshold values, the RC starts in 1635 CE (figure 2).’ 

Response: Thank you for your suggestion, we have corrected it to read "the RC starts in 1635 

CE". 

L 111: we retrieved annual balance data from the WGMS database….. The data are average annual 

values at 100 m elevation bands comprised between 3400 and 4200 m, and cover the period between 

1969 and 2016. 

Response: Thank you for your suggestion, we have corrected it according to your request. 

L 133: I do not understand the meaning of the sentence ‘Calculations show that fluctuations in the 

glacier mass balance at various elevations are quite constant’ 

Response: Sorry for our incomprehensible expression here. What we want to express here is: 

the correlation analysis shows that the change trend of glacier mass balance at different 

altitudes is very consistent during 1969-2016. 

L 115: what are ‘simulation parameters’? Simulated/reconstructed (or maybe measured?) 

meteorological variables? Air temperature and precipitation? In addition, it is unclear whether the 

authors simulated the mass balance of the glacier in the past/future with these meteorological data, 

or maybe they only did statistical analyses… 

Response: Sorry, we didn't express as well as we wanted here. "Simulation parameters" refer 

to simulated values of the mass balance of the glacier. This simulated value is based on the 

mean temperature and precipitation ensemble means of the 3 models (CanESM, CESM2, 

CESM2-WACCM, 33 ensemble members) of Phase 6 of the Coupled Model Comparison 

Project and scaled by a linear model, which were built from instrumental glacier mass balance 

and instrumental temperature and precipitation. We have made corresponding modifications in 



this section. 

L 125 and following: please make more explicit which period these statistics are referred to 

Response: Thanks for pointing out the deficiencies, we have added the period "1969-2016". 

L 128: please do not mix annual with monthly data. 

Response: Yes, we have corrected it. 

L 137-140: this part is poorly written, please rephrase. In addition, why Pearson and not e.g. 

Spearman correlation analyses? Are the frequency distributions of analysed variables normal? Are 

the relationships linear and outliers absent? And what about the sample size? Please check e.g. 

https://doi.org/10.2307/2346598 and justify the choice of Pearson vs. Spearman correlations. 

Response: Sorry for the poor writing here. We have rewritten it. Instead, we choose Pearson 

analysis because it is mainly used to evaluate the linear relationship between two variables. 

And in other studies on the correlation between tree-ring and climate and hydrology, Pearson 

analysis is basically used. 

What is the ‘altitude combination of glacier mass balance’? Is it the mass balance averaged for 

different elevation bands? 

Response: Yes, as you understand, it is the average mass balance of different altitude bands. 

L 141: bases on the correlation analysis in the period between (1969 to 2016 I guess…), a 

linear…..employed in the period between (1635 and 1969?) to reconstruct….. mass balance based 

on tree-ring (and/or meteorological data?). Hard to follow here… 

Response: We apologize for being unclear here. As you said, we first analyzed the significant 

positive correlation between tree-ring and glacier mass balance from 1969 to 2016, and then 

further based on this significant correlation, used a linear model to reconstruct the glacier mass 

balance sequence from 1635 to 2016 . We have supplemented the corresponding period in the 

manuscript. 

L 145: why 31-year and not other lengths? Following period requires rewriting because it is poorly 

written. 

Response: Our choice to use 31-year low-pass values is based on reference to several similar 

papers that reconstruct past climate change based on tree-ring (eg. Fowler et al., 2012). At the 



same time, the comparison shows that the results of using 31-year low-pass values or using 21-

year low-pass values are similar. 

L 152: why is Oscillation Period uppercase? 

Response: We have corrected it to lowercase. 

L 153: why ‘meanwhile’? Please remove it. 

Response: Yes, we have removed it. 

L 160-167: it would be interesting to know whether the maximum correlation matches with the zero-

balance ELA or is just above it, as it looks like in Fig. 4.8.4 page 77 in: WGMS 2021. Global Glacier 

Change Bulletin No. 4 (2018–2019). Zemp, M., Nussbaumer, S.U., Gärtner- Roer, I., Bannwart, J., 

Paul, F., and Hoelzle, M. (eds.), ISC(WDS)/IUGG(IACS)/UNEP/UNESCO/WMO, World Glacier 

Monitoring Service, Zurich, Switzerland, 278 pp., publication based on database version: 

doi:10.5904/wgms-fog-2021-05. 

Response: Yes, the idea is novel. Correlation analysis showed that there was a significant 

negative correlation between ELA and tree-ring index from 1969 to 2016 (r = -0.361, p < 0.05). 

We further analyzed the correlation between annual precipitation and temperature and ELA, 

the results showed that ELA was significantly positively correlated with the average 

temperature from April to October (r=0.473, p < 0.01), and significantly negatively correlated 

with the average precipitation from July to September (r = -0.584, p < 0.01). 

In the following, the authors work mainly with mass balance data above 3800 m, which mean they 

reconstruct the mass balance in the accumulation area of the glacier. This should be state more 

explicitly in the manuscript. 

Response: Yes, thanks for your suggestion. We have made this clear in the corresponding 

section of the manuscript. 

L 168: aided -> positively correlated? 

Response: We have corrected to "Both tree radial growth and glacier mass balance can be 

affected by precipitation". 

L 176: I suggest being less categorical, e.g. ‘Overall, our findings indicate that fluctuations in the 

Tuyuksu Glacier's high-altitude mass balance are influenced by meteorological conditions during 



spring and summer. In particular, precipitation during spring and summer looks comparatively more 

important than air temperature in the same period of the year. 

Response: Thanks for your suggestion, we have corrected the imprecise statement here. 

L 184: it is unclear from the text and the figure whether the correlation for precipitation is highest 

for the period going from the previous july to the current june (as I understand). Please report always 

the same number of decimals (2 or 3), both in figures and text. 

Response: Thanks for your suggestion, we have modified the number of decimal points for 

the highest correlation coefficient in the text to 3 digits, consistent with the figure. 

L 186: Figure 4 presents also correlations with runoff, which are not reported in the text. In my 

opinion it should be also interesting to se the relationship between precipitation and temperature, 

because from the Figure 4 it looks like they are negatively correlated, i.e. high runoff corresponds 

with low temperature and high precipitation in spring and summer. This could suggest that 

anticyclonic weather is associated with high temperature and low precipitation, and vice versa…. 

Response: Yes, you are right. Regarding the runoff-climate response, we place it in the third 

paragraph of the Discussion (4.1). In the first paragraph of the Results section (3.1), we first 

detected a significant positive correlation between glacier mass balance and tree-ring. 

Precipitation is a common influencing factor of glacier mass balance and tree-ring. Therefore, 

logically, we further explored the response relationship between glacier mass balance and tree-

ring and precipitation respectively, and inspired the following reconstruction of glacier mass 

balance based on tree-ring. In the Discussion section, we first demonstrate that it is reasonable 

to reconstruct glacier mass balance based on tree-ring, because precipitation is a common 

driver of tree-ring and glacier mass balance. Then, based on the significant positive correlation 

between runoff and precipitation, we further conclude that precipitation is the main driving 

factor of tree-ring, glacier mass balance and runoff, that is, precipitation is the main driving 

factor of biosphere, cryosphere and hydrosphere. Therefore, for the sake of logic, we put the 

response relationship between runoff and precipitation in the Discussion section. 

L200: please specify that these statistics are related to the leave-one-out validation. These statistics 

are ok, but I would suggest using RMSE (expressed in mm or m water equivalent) and/or the Nash 

and Sutcliffe index, which are more commonly used in the scientific literature (and therefore ease 



comparisons with it). 

Response: Yes, thanks for your suggestion, we have included a description of leave-one-out 

validation and model validation in the Methods section of the manuscript. In addition, we also 

added the RMSE parameter, which is 333.999. 

L 218: a significant ‘mass loss’ trend during… Again, the authors should stress that they are dealing 

with the accumulation area of the glacier, which is only half of the story (the glacier had prevailing 

negative mass balance since the late 1970s, WGMS (2021)). 

Response: Yes, thanks for your suggestion, our description here is not rigorous, and the 

description of the glacier accumulation area has been added here. 

L 221: what is MTM? Please introduce acronyms 

Response: Yes, we have corrected it to "Multi-Taper Method". 

L 226: remove ‘highly’ 

Response: Yes, we have corrected it. 

L 229: correspond to SST (introduce acronym) anomalies linked to NAO and ENSO occurrences. 

Please state more explicitly what is the relationship and what are the SST anomalies linked to 

positive/negative ENSO and NAO phases (for the non-specialist readers). 

Response: We added the full name of SST "sea surface temperature". In addition, we 

supplemented the definitions of NAO and ENSO and the relationship between their positive 

and negative phases and SST in the "2.3 Glacier mass balance and meteorological data" section 

of the manuscript. The content is as follows: “Among them, NAO is the inverse relationship 

between the Icelandic low pressure and the Azores high pressure over the North Atlantic Ocean, 

and its interdecadal atmospheric variability has a good consistency with the North Atlantic sea 

surface temperature (Deser and Blackmon, 1993). ENSO is an oscillation of wind field and sea 

surface temperature that occurs in the equatorial eastern Pacific region. El Niño in ENSO refers 

to the sea temperature in the central and eastern Pacific region, while Southern Oscillation 

refers to the sea temperature in the Western Pacific-Indian Ocean region. They are anti-

correlated (Bamston et al., 1997).”. 

L 241: what are the ‘regional climatic inputs’? Please explain 



Response: Sorry for the misexpression here. We have corrected to "a composite of climate 

inputs". 

L 244: I suggest removing the sentence ‘which contributes to the build-up of the mass balance of 

high-altitude glaciers’ 

Response: Yes, you are correct, we have removed this sentence. 

L 246-247: poorly written and hard to understand, please rephrase. 

Response: We apologize for the lack of clarity here. We have corrected it to "A similar high-

altitude glacier mass balance-precipitation response has also been reported in the Tien Shan 

Mountains (Yang et al., 2021)". 

L 250-267: I am a non-specialist of these arguments and had to read three times this part to grasp 

what the authors mean. This means that, probably, the authors should clarify this part of the paper. 

Moreover, I suggest a more consistent use of verb tense, probably present is more suitable to 

describe the growth behaviour of analysed tree species. 

Response: Sorry for the poor expression here, we have corrected it as follows: "On the other 

hand, the radial growth of Picea schrenkiana and Juniperus turkestanica is also mainly affected 

by precipitation during the pre-growing and growing seasons. Physiological explanations are 

as follows: First, July–September of the previous year was the middle and late period of tree 

radial growth, accompanied by an average temperature of 13.8°C and a total precipitation of 

62.0 mm (Fig. 3b). Such hydrothermal conditions are conducive to trees growing larger leaves, 

accumulating photosynthetic substances, and further benefiting photosynthesis and 

precipitation absorption in the next year (Fritts, 1976). Secondly, previous October-April is the 

non-growing season for trees, accompanied by an average temperature of -5.3°C and a total 

precipitation of 193.7mm (Fig. 3b). Adequate snowfall during this period allows the trees to 

absorb more water during the early growing season of current year (Díaz et al., 2002). Finally, 

May-June of current year is the critical season for radial tree growth, accompanied by an 

average temperature of 10.9°C and a total precipitation of 101.9 mm (Fig. 3b). Increased 

rainfall during this period is conducive to increasing soil moisture and further producing 

cambium cells (Liu et al., 2011).". 



L 269: this is the first time such a high correlation coefficient is presented. Among which variables 

is it calculated? Not clear 

Response: We apologize for not being clear here. The correlation here represents to the 

correlation between the total precipitation from April to September and the total precipitation 

from previous July to June during 1969-2016. 

L 282: I agree with these considerations but I wonder why there is a significant positive correlation 

with temperature in the winter months. It would be interesting to read what the authors think (or 

better, propose as possible explanation) about that. 

Response: This may be due to higher altitudes and cooler climates where cooler winter 

temperatures delay snowmelt and thus store sufficient moisture for the growing season. Such 

responsive relationships also appear in other parts of Central Asia. For example, the tree-ring 

chronology in northern Kyrgyzstan developed by Zhang et al. (2020) is also positively 

correlated with the temperature from previous November to March. 

L 286-290: poorly written, please rewrite e.g. ‘Since precipitation has a strong link with RC and 

GMB3800-4100, we investigated the spatial correlation between GMB3800-4100 (RC is not 

presented….) and gridded precipitation from 1969 to 2016. A large geographic area showing 

significant correlation up to (up to….?) was found, encompassing eastern Kyrgyzstan and south-

eastern Kazakhstan (figure 8).’ 

Response: Thanks for your suggested correction. We apologize for the poor writing here and 

have corrected it as you suggested. 

 L294: our reconstruction of what? 

Response: Yes, we have corrected it to "Reconstruction of mass balance of Tuyuksu Glacier". 

L 296: were matched to a high degree -> correlates well (or are highly correlated) 

Response: Yes, you are correct, we have corrected it. 

L 298: were relatively negative -> were characterised by negative mass balance. 

Response: Yes, you are correct, we have corrected it. 

L 299: confirm the robustness of our model approach (is this the intended meaning?) 

Response: Yes, you are correct, we have corrected it. 



L 302: I suggest writing explicitly that the paper presents results for the accumulation area of the 

glacier. Is it the same in the paper of Zhang et al., (2019)? Measurements clearly show that the mass 

balance of the glacier, in its entirety, was negative in the last decades (WGMS, 2021) and these 

considerations are important while discussing the results. I suggest linking better the sentence ‘We 

extended the reconstruction of this glacier's mass balance sequence back to 1635, which is 216 years 

longer (than what?)’. E.g. ‘even if our reconstruction regards only the accumulation area of Tuyuksu 

Glacier, the added value of our work is that we reconstructed mass balance in a longer period etc…’ 

Response: Thank you for your pertinent suggestion. You are correct that the overall mass 

balance of glaciers has been negative over the past few decades, including the study by Zhang 

et al. (2019), which also showed that the mass balance of glaciers has shown a melting trend 

since 1968. But as you said, the study by Zhang et al. (2019) is based on the entire glacier 

(3400-4200 altitude), while our study area is the accumulation area above the glacier (3800-

4100 altitude). Therefore, we correct the discussion to "The reason may be that the mass 

balance sequence we reconstructed is for the accumulation area above the glacier, where the 

cold air temperature and more snowfall offset the melting effect of temperature on the ice and 

snow, while Zhang et al. reconstructed the mass balance of the entire glacier. However, it is 

worth noting that even though our reconstruction only considers the accumulation zone of the 

Tuyuksu Glacier, the added value of our work is that we reconstruct the mass balance over a 

longer period”. 

L 304: compared is actually better than ‘contrasted’ (in my opinion) 

Response: Yes, we used "compared". 

L 312: our glacier reconstruction sequence were negative -> our glacier reconstruction show 

negative mass balance between 1760 and 1779 (this is an example; I suggest rephrasing accordingly, 

or similarly, the rest of the paper). Sequence should be replaced with ‘time series’ in my opinion 

Response: Yes, thank you for your correction, we have corrected it according to your 

comments, including other similar places in the full text. 

L 322: here the authors present the periods when their model agree with other reconstructions. Are 

there only agreement period or also disagreement periods? The second ones are interesting as well! 

Response: Only the agreement period is included here. 



L 328: How were they scaled to zero? 

Response: Sorry for the inaccurate expression here. We calculated the z-score for each series 

based on its mean and standard deviation. 

L 335: in Figure 9 there are also periods with disagreement, see comment L 322 

Response: Yes, we only emphasized agreement period in these comparisons. 

L 350: it would be nice to see a figure depicting mean geopotential height anomalies (and dominant 

winds/storm tracks) associated to the positive/negative NAO phases in this geographic area (or 

northern hemisphere), and positive/negative ENSO as well 

Response: Yes, thanks for your suggestion, we have added corresponding water vapor flux 

composite maps in Figure 6. The corrected figure as follow: 

Figure 6: Spectral signal of the glacier mass balance reconstruction from 1635 to 2016, with blue and red lines 

indicating the 95% and 99% confidence limits (a). Comparison of low frequency signals of the reconstructed 

glacier mass balance and ENSO, NAO based on singular spectrum analysis (b). Composite maps of sea surface 



temperature and vapor flux for the 10 highest glacier mass balance (c, e) and 10 lowest glacier mass balance 

(d, f) years. The red squares represent the approximate location of the Tuyuksu Glacier (c-f). 

L 376-405: this is an appreciable attempt to model the future response of the (accumulation area of 

the) glacier. However in my opinion this approach should be improved because it is clear that it is 

unable to reproduce historical mass balance variations (Figure a) and therefore there is low 

confidence on it skills in future projections. In particular, I suggest i) checking the model accuracy 

(comparing modelled and measured temperature and precipitation in the 1850-present period) and 

if necessary correct model outputs, ii) trying a multiple correlation analysis between reconstructed 

mass balance (from tree-ring) and CMIP6 temperature and precipitation (corrected if necessary). 

This approach should better account for mass balance variability, which is influenced by 

precipitation and temperature (the second governs ablation but also accumulation through rain/snow 

partitioning). 

Response: Thanks for your suggestion. As you say, we also note that the variance of the model-

simulated glacier mass balance is quite different from the variance of the reconstructed glacier 

mass balance, so caution should be exercised in interpreting simulated past and future glacier 

mass balances. In the manuscript, one of the key points we focus on is: previous studies have 

shown that the three models we selected can simulate climate change in Central Asia better 

than other models in CMIP6 (Guo et al., 2021). On the other hand, we also use the method of 

multi-member ensemble averaging to eliminate the uncertainty of random coupling (33 

ensemble members; Krishnamurti et al., 1999; Palmeret al., 2000). In addition, we also noticed 

that since the CMIP6 simulation method is given the baseline climate and hydrological 

conditions, it uses the free coupling method of sea, land and air to make predictions, which has 

great randomness. Therefore, it is not exactly the same as reality on the interannual scale and 

cannot reproduce historical climate changes (Tian et al., 2015). Finally, previous similar studies 

have shown that data uncertainties in model simulations arise from internal variability in the 

climate system (Hessl et al., 2018 and Rao et al., 2020). 

L 425-426: this sentence is misleading and generalizes too much. See previous comments 

concerning the analyses focused only in the accumulation area.   

Response: Yes, you are correct, we corrected to "The reconstructed history shows that the mass 

balance of the accumulation zone in the upper part of the glacier has remained stable recently" 



L 430: intricate? I suggest removing or replacing with ‘complex’ 

Response: Yes, we corrected to "complex". 

Figure 1: this figure could be improved e.g. making text and symbols more visible, adding political 

boundaries and nations names 

Response: Yes, We adjusted the color of the background layer to make the text and symbols 

stand out. However, adding political borders and country names will clutter the image. The 

modified image is as follows: 

Figure 1: Distribution map of Tuyuksu Glacier and its surrounding main rivers in the Tien Shan Mountains 

of Central Asia (a). Location of tree-ring sampling sites, Karaoy hydrological station and CRU meteorological 

grid dataset around Tuyuksu Glacier (b). 

Figure 3: caption: at different ‘elevations’ (also in the following e.g. Figure 4 caption…). Monthly 

mean temperature and precipitation in the period from 1969 to 2016 from….. 

Response: Yes, we have corrected the title as you suggested. 

Figure 8: it is unclear whether the colored areas represent statistically significant (at which p level?) 

correlations or not. ‘The yellow and blue triangles represent the TREE-RING sampling point and 

the location of the Tuyuksu Glacier.’ 

Response: Colored areas do not represent statistically significant correlations. We have 

supplemented descriptions in figure legends and modified titles as requested. 

Figure 10: yellow lines are almost invisible 

Response: Yes, we have corrected it to purple. The modified image is as follows:  



Figure 10: Reconstructed annual Tuyuksu Glacier mass balances from 1635 to 2016 and precipitation-

derived glacier mass balances based on multi-model ensembles under the SSP126, SSP245 and SSP585 

scenarios. The thick and dashed lines represent the 31-year low-pass filtered curve and the multi-year 

average (a). Probability density estimates for the multimodal simulated glacier mass balance for three 

periods: the instrumental (1969-2016), historical (1850-2016), and future SSP126, SSP245, and SSP585 

(2017-2100), showing an increased trend of the positive annual mass balance under future high 

greenhouse gas emission scenarios (b). Comparison of the glacier mass balance series derived from 

temperature simulations (solid line) and the difference between the glacier mass balance series derived 

from precipitation simulations (dashed line) under different scenarios (c-e). 
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