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Author responses (and description of revisions) to review comments 

Article “Interactive comment on “Reevaluating the black carbon in the Himalayan and 

Tibetan Plateau: concentration and deposition” by Chaoliu Li et al. 

Dear reviewer: 

We are grateful for your constructive suggestions and questions, which greatly 

improve this MS. Despite some critical comments from both reviewers, you give us the 

overall positive assessments. You provided not only detailed overview but also lots of 

detailed and important questions and suggestions to the MS. Meanwhile, we also 

modified some mistakes that found by ourselves during the modification. In addition, 

the English of the MS has been improved by the professional English editor of Springer 

nature (Receipt code: GOTRE-F49-0710225832). According to suggestion of English 

editor, the title of the MS was modified to “Reevaluating black carbon in the Himalayas 

and the Tibetan Plateau: concentrations and deposition” and all the English of the MS 

was greatly improved. 

 We show our great thanks to all the questions and suggestions and have answered 

all of them. Our answers and modifications in the revised MS were marked in blue. The 

sentence added in the revised MS was marked in red and italic. 

 Because new experiment has been conducted by help of other researchers from 

Shandong University, three more researchers were invited as co-authors of this MS. 

 If you have more questions or suggestions please let us know. 

 Best wishes！ 

                            Chaoliu Li on behalf of all the co-authors 

                                                            

2017/7/20 

 

Point-by-point response to reviewer’s comments 

Anonymous Referee #1 

Received and published: 2 June 2017 

Comments on Â ń Reevaluating the black carbon in the Himalayan and Tibetan Plateau: 

concentration and deposition Â˙z by Chaoliu Li et al :This paper describes a 

reevaluation of the black carbon content mostly at two sites in the Himalayan and the 

Tibetan plateau, the Everest and Nam Co stations. The authors consider that the BC 

concentrations were overestimated due to an underestimation of the carbonates from 

mineral dust. They also compare various BC measurement methods (in snow and 

glacier, in lakes and in the atmosphere) to test the coherence of deduced BC 

concentrations. They found that the BC concentrations measured in lake cores are 

mainly driven by river sediments and not atmospheric deposition. The adjusted BC 

concentration is then estimated as ranging from 10-25 mg m-2 a-1. 

Thanks a lot for the detailed overview of the main points of the MS. 

Main comments: The introduction is very long and could be better structured to obtain 

a clear view of the already published results, the problems related to the estimation of 

BC concentration and the analysis presented in this study.  

Answer: Thanks a lot for the suggestion. The other reviewer also show the similar 
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feeling of the introduction. The introduction has been cut to short and those not very 

related the topic of the MS were deleted in the revised MS. 

- Several species containing carbon are described (IC, CA, BC, OC, EC, TCA: : :) and 

one subject of this study concerns the wrong estimate of BC. BC is however not the 

only carboneous compound that absorbs -and therefore contributes to atmospheric 

warming- and that modify the surface albedo – and therefore modifies the glacier 

persistence. Can you please describe the effect of these various carboneous compounds 

on the climate ?  

Answer: Thanks a lot for this question on the different climate forcing effects of 

different components of the carbonaceous matter. These expressions were double 

checked in the MS. It need to point out that “EC” is the common chemical/mass 

definition of “BC”. CA contains BC and OC. Therefore, we added the climate forcing 

of OC because light absorption of BC has been shown in the MS. Climate forcing of IC 

discussed in the following question. Meanwhile, replaced “TC” by “CA” in the revised 

MS and related figures. The sentence “Organic carbon (OC) is generally considered to 

scatter sunlight. However, some components of OC also absorb sunlight and warm the 

atmosphere (Andreae and Gelencser, 2006). Therefore, the contributions of IC to the 

OC and BC values in the HTP aerosols must be quantitatively evaluated.” was added 

into the revised MS. 

- For example, you mention (§3.1.2) that the presence of carbonate led to an 

overestimation of the HTP TC levels. TC= total carbon. Is IC not comprised into “total 

carbon” ?  

Answer: Thanks a lot for the question and sorry of confused expression. “total carbon” 

contains IC and we changed the description in the revised MS. To make it clear, that 

sentence was modified to “IC can also emit CO2 in response to increasing temperature 

during measurements, thus causing an overestimation of the total carbon (TC) in 

carbonaceous aerosols (CAs) (Karanasiou et al., 2010)”.  

Is the effect of IC (once it is converted in equivalent BC) is air different than BC 

regarding the light absorption and warming of the air?  Is the effect of IC different 

than the BC one regarding the surface albedo of glacier with deposited dust ? It is really 

important to have a clear discussion of these various effects to demonstrate that your 

main results (the BC concentration is partially due to the presence of carbonates) is 

important for climate analyses. 

Answer: Thanks for the question. It is better to compare albedo reduction caused by 

mineral dust (including IC) and BC because both of them belong to light absorption 

particles. Previous study has shown that BC had higher light absorption ability than that 

of mineral dust in atmosphere. For instance, Dust particles are more weakly absorbing 

per mass (about 0.009 m2 g-1 at 550nm for Asian dust) (Clarke et al., 2004). The 

corresponding value for BC is 5 m2 g-1 at 550 nm (Bond and Bergstrom, 2006). 

Therefore, BC has higher albedo reduction ability than that of mineral dust at the 

surface of glacier (Qu et al., 2014). A sentence “Because MD has lower influences on 

light than BC in the atmosphere (Bond and Bergstrom, 2006; Clarke et al., 2004) and 

on glacier surfaces (Qu et al., 2014), considering IC as BC will overestimate the BC-

driven climate forcing.” was added into the revised MS. 
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- It seems (§3.2.1) that the fact that BC in lake core is largely influenced by catchment 

inputs was already demonstrated in several publications. Please specify clearly what is 

the new input of your research ! 

Answer: Thanks a lot for the suggestion. A sentence “although the influence of sediment 

focusing on BC deposition in lake cores has been noted in other areas (Blais and Kalff, 

1995; Yang, 2015), it has not been pointed out and evaluated in the HTP.” was added 

into the revised MS and some not important sentences were deleted. 

Does the IC content depend on the mineralogical composition of MD? If yes, what are 

the difference between various minerals? Does it change between the various deserts 

around the world ? 

Answer: Yes, IC content of different minerals are different, because IC is mainly 

contained in carbonate minerals. Spatially, the dryer the desert, the highest 

concentration of IC. But for the HTP, the mineral dust is transported mainly from the 

local sources of itself (Li et al., 2012). Because aerosols are well mixed when 

transported in atmosphere (Sun et al., 2007), the IC concentration of collected 

atmospheric particles should be varies little. 

- Lines300-305: at this place you mention for the first time that the acid-treated samples 

transfer OC to BC components. Depending of the rate of this process (that perhaps also 

depends on temperature), the discussion of figure 2 and §3.1.1 has to be changed. 

Moreover, this information is really necessary to be explained under §3.1.1  

Answer: Thanks a lot for the suggestion, and the other reviewer has pointed out the 

similar suggestion. The uncertainty of this method has been moved ahead and related 

explanations have been modified in the revised MS. 

- English should really be improved! 

Answer: The whole MS has been improved by the professional English editor of 

Springer nature (Receipt code: GOTRE-F49-0710225832). 

 Minor comments: - Line 45: please check the language  

Answer: The sentence was changed to “Correspondingly, BC deposition derived from 

snowpits and ice cores agreed well with those derived from models, implying that the 

BC depositions of these two methods reflect the actual values in the HTP.”. 

- Lines 71-73: 

please rephrase + are you sure that all these studies have methodological limitations 

bounded to the mineral dust underestimation and the impact of catchment inputs? – 

Answer: Thanks a lot for the question, which was also pointed out by the other reviewer. 

Sorry that there are inconsistences between two sentences and incorrect references 

adopted between lines 67-73. Therefore, all of those references not related to aerosol of 

the HTP were deleted. To make the total expression consistent, the sentence was 

modified to “numerous studies have been conducted on the BC concentrations in the 

atmosphere (Cong et al., 2015; Marinoni et al., 2010; Ming et al., 2010; Wan et al., 

2015; Zhao et al., 2013) and atmospheric BC deposition as determined from lake core 

sediments (Cong et al., 2013; Han et al., 2015). However, all of these studies exhibit 

limitations because of certain special environmental factors in the HTP (e.g., high 

concentrations of mineral dust (MD) in aerosols and catchment inputs to lake core 

sediment).” In the revised version. 
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Line98-99: there is probably other species which concentration depends on particle size. 

Please mention them (see also further comment on BC content as a function of 

size distribution). 

Answer: Yes, other species such as carbonates and related major elements (e.g., Ca, Fe 

and Mg) are closely connected to MD and particle size distribution. Because we mainly 

discuss IC in this MS, that sentence was modified to “Because TSP samples contain 

more MD and carbonates than PM2.5, they should have higher concentrations of IC”. 

Lines 118-121: It is obvious that the MD content during dust storm is high !+ Please 

add the reference for this results  

Answer: Thanks for the suggestion. Because this part is not very important in the 

introduction and the reviewer suggest that we cut the introduction. This part was cut in 

the revised MS. Therefore, the related reference was not added. 

-line 142: : : : than the values measured in lake cores at Nam Co and Qinghai lakes: : :  

Answer: Suggestions accepted and that part was modified in the revised MS. 

- Line 143-144: Do you mean that the HTP BC content is “measured” outside the 

plateau or that BC content comes from other regions that the HPT plateau ?  

Answer: Thanks for the question. The cut the introduction, this part was deleted from 

the revised MS. 

- Line 156: which kind of values? Other measurements? other kind of data? Other 

analysis and methodologies ? 

Answer: Here reliable values is BC deposition value, which was added into the revised 

MS.  

- Line 159-160: which quantity is then measured if they did not report BC deposition 

directly ?  

Answer: Sorry for the confused expression. The mean here is BC deposition can be 

“calculated out” not “measured”. Therefore, this sentence was modified to “in those 

articles” was added to the end of that sentence. 

What do you mean by “deposition pattern” ?  

Answer: Thanks a lot for the question. “patterns” is an extra word and need to be deleted. 

In addition, because the other reviewer thought that part of comparison between the 

HTP and other regions was useless, that part was totally deleted from the revised MS.  

- 172: please delete (Nam Co station)  

Answer: “Nam Co station” deleted. 

- 204: I suppose the blank concentrations were subtracted from the measured 

concentrations?  

Answer: Yes, your assumption is what described. Therefore, a sentence “All the 

reported values in this study were corrected based on the values of the blanks.” was 

added into the revised MS. 

- 213: “previously reported BC deposition data were adopted”: what is the meaning of 

this sentence ?  

Answer: Sorry for the confused description. This sentence was modified to “To 

determine the actual BC deposition in the HTP, previously reported data were compiled 

and evaluated (Table 1)”. 

- 225-226: CBC-TSP is then the equivalent BC (usually reported as eBC) concentration 
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in the atmosphere ?, From where do you take the dry deposition velocity and the particle 

washout? 

Answer: Thanks a lot for the question. CBC-TSP is the abbreviation of BC concentration 

of the total suspended particle (TSP) for a given region, not equivalent BC. The values 

of dry deposition velocity and the particle washout were taken from reference of (Fang 

et al., 2015), which was added in the revised MS. 

- 231: the values used in the BC deposition calculations for these two areas are shown: : :  

Answer: This sentence was modified according to suggestion. 

- 236: this is probably your main results. You have first to present the measurements 

and then to give the main conclusion. At this place, I can only say that up to now you 

have not given any proof for this statement.  

Answer: Sorry of not good expression. A sentence “after compared with BC and OC 

concentrations of original and acid treated TSP samples,” was added in front of results. 

- 239-246: I do not really agree with your statement “BC concentrations are more 

heavily influenced than OC and TC”: the ratio BCa/BCo is lower than for the one of 

OC or TC, but the uncertainties are really high (0.37 and 0.26) leading to a much more 

nuanced conclusion! Is it possible that the uncertainty differences between Nam Co and 

Everest is bounded to another kind of carbonate dissociated at various temperatures ? 

Answer: Thanks for the suggestion. This sentence was deleted from the revised MS. 

We think the uncertainties were because of the different mineral dust concentrations in 

different aerosol samples at two stations, which was added to the revised MS.  

        In addition, the other reviewer think those samples with BCa/BCo higher than 

1 cannot be simply considered as 1. Therefore, the exact ratio were recalculated used 

the new database. 

- Figure 2: since the acid treatment is supposed to remove the IC, how is it possible to 

obtain values greater than 1 ? It should be really informative to add error bars for both 

TC and BC ratios. 

Answer: Thanks a lot for the suggestion. The other reviewer also pointed out this 

question. The main reason of the ratios higher than 1 at both stations is that sometimes 

the treatment of ambient samples by acid make some components of OC easily be 

pyrolyzed and transferred to BC (Jankowski et al., 2008). However, so far, no perfect 

method can deal with this problem. Therefore, those samples with ratios above 1 were 

deleted and the final results were recalculated. Meanwhile, a sentence “Nevertheless, 

the ratio of BCA/BCO was considered to be slightly overestimated as some portion of 

OC was considered BC in the acid-treated samples (Jankowski et al., 2008) ” was added 

in the revised MS to point out the uncertainties. Because each point of Fig. 2 represented 

only one sample, so that no error bar was shown on the figure. Furthermore, to make 

the figure more clear. The ratios for TC and BC during monsoon period and non-

monsoon period were added on Fig. 2. 

- 254: I suppose that you consider only MD and TCA as components of your sample, 

leading to MD+TCA=100%. The mention of percentage in the text (and not only in the 

figure) will clarify this point. Could you also give the uncertainty on dust and TCA 

percentages in order to estimate if the difference between non-monsoon and monsoon 

seasons are significant or not ?  
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Answer: Thanks a lot for the suggestion. “TCA” should be “CA” in the revised MS. 

The samples contain other components other than MD and CA. Here we study only the 

relative ratio of MD and CA. To make it clear, a sentence “To evaluate the relative ratio 

of MD and CA, MD/(MD+ CA) values were calculated (Fig. 3)” was added in the 

revised MS. Difference of MD/(MD+ CA) between non-monsoon and monsoon 

seasons of samples of two stations were checked. The results showed that the difference 

at Nam Co station was significant (p<0.01), but at Everest station was insignificant 

(p>0.05), which was also added into the revised MS. 

- 258: it seems to me that the NCO-P station was not mentioned before, is not in Figure 

1 or in Table 2 ?  

Answer: Sorry that location of NCO-P station is not mentioned in both of them. 

Therefore, location of this station (27.95°N, 86.82°E, 5079 m a.s.l) was added in the 

revised article when it first appeared. 

 - 262: does it mean that the NCO-P station measures PM10 and not TSP ? Was the 

method applied at NCO-P the same as at Nam Co and Everest station ? 

Answer: Yes, that research only reported data of PM10 and PM1. Therefore, data of 

PM10 was adopted for the comparison with this study.  

The methods used in that study was different from this MS. For instance, Ca 

and Mg concentrations of that study were only water-insoluble fraction, which will 

cause underestimate of mineral dust (Decesari et al., 2010). Meanwhile, EUSAAR_2 

temperature program of Thermo-Optical Transmission (TOT) method was used in that 

study for OC and EC measurement, which was also different from method in this article. 

Therefore, a sentence “because the measured particle size (PM10) and the measurement 

methods of Ca, Mg and EC at the NCO-P station differed from those in this study 

(Decesari et al., 2010), uncertainties exist in such a direct comparison” was added into 

the revised MS. 

- 265: do you have a reference estimating the contribution of local surface soil to total 

MD contribution? How is it possible to distinguish between local and desert 

contribution to MC ? by the carbonate types ? 

Answer: Yes, according a previous study at this station, even those fine particle in the 

atmosphere was derived mainly from local source soil (Liu et al., 2017). This reference 

has been added into the revised MS. Rare earth element ratios can be potential indexes 

to distinguish local and desert sources. For instance, in our previous research we found 

MD of the Tibetan soil itself is the main sources of particles loaded at glacier of the 

Tibetan Plateau by these indexes (Li et al., 2012). Sorry that we do not find related 

knowledge on how to use carbonate types to distinguish MD sources. 

-267-268: please rephrase - 269-272: you compare precipitations at Nam Co and 

Everest during one year (January 2014-January 2015), that do not correspond to the 

unique monsoon period. I suppose that most of the precipitation occurs during monsoon, 

but this should be specified.  

Answer: Thanks a lot for the suggestion. The precipitation of two station were modified 

to that of monsoon period in the revised MS. Accordingly, the sentence was modified 

to “the precipitation level recorded at the Everest station (172 mm during the monsoon 

period between 2014 and 2015) is much lower than that of the Nam Co station (258 
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mm), causing high MD concentrations in the atmosphere of the Everest station during 

that period”. 

- 275: you mentioned under §2 that you measured soil samples. The PH is however 

taken from a reference. Were the same samples used for both studies?  

Answer: Not the same samples for two stations. Data of one study at Nam Co region is 

taken from our previous article (Li et al., 2008), therefore the reference was adopted. 

Correspondingly, pH of soil sample collected around Everest station was newly 

measured, which was mentioned in method part (last paragraph of the 2.1). 

- 279-282 + Figure 4 : The slope of Ca versus IC is smaller (about 0.25) for Nam Co 

than for Everest station (0.30). Does it mean that there is different carbonates types at 

both stations ? 

Answer: Yes, you assumption is correct and the corresponding explanation was added 

into the revised MS. Therefore, a sentence “The ratio of Ca/IC was higher in the Everest 

station samples than that of Nam Co station, possibly reflecting different types of 

carbonate at these two stations.” was added into the revised MS. 

 - 289-292: here again, it is not possible to ignore the very high uncertainties in the 

conclusion of the impact of IC on BC concentration.  

Answer: The exist of uncertainties for this conclusion was added into the revised MS. 

Therefore, a sentence “Moreover, because of the large variations in the above values, 

the corrected BC concentrations at the two stations have large uncertainties.” was 

added into the revised MS. 

- 294-292: was the BC concentrations measured by Ming and Cong estimated with a 

similar method that your method described in this paper ? 

Answer: Yes, this MS used the same method (Thermal-Optical method, IMPROVE-A) 

with those of two studies, which was added in the revised MS.  

- 294-292: please report the uncertainties of BCa/BCo to the estimated concentration in 

ng/m3. 

Answer: Thanks for the question. The RSD of BC concentrations of the two stations 

were shown based on that of BCa/BCo. 

 - 296: does the decomposition temperature of carbonate depends on the size of the 

particle ? If yes, you have to put a reference.  

Answer: Related studies were double checked and did not find the direct proof. 

Therefore, this sentence was deleted in the revised MS. Nevertheless, previous study 

showed that IC of carbonates could influence both OC and BC of aerosols (Karanasiou 

et al., 2015). 

Therefore, this sentence was modified to “The OC concentrations in the treated samples 

used in this study also decreased, indicating that carbonates can also decompose at low 

temperatures (Karanasiou et al., 2010)”. 

- 296-300: you mixed several notion if this sentence: please clarify if you want to link 

the particle size distribution with the decomposition temperature, the BC and OC 

overestimation with the size distribution or the BC and OC overestimation with the 

temperature!  

Answer: Thanks for the suggestion. This sentence has been rewritten and the part on 

fine particle size was deleted. The new sentence has been shown in the answer to the 
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above question. 

- 308-310: it seems obvious that carbonate contribute to TC since it was stated before 

that it contributes to BC.  

Answer: Yes, it is just repeat the issues have been pointed out in the MS. Therefore, 

this sentence was deleted in the revised MS.  

- 312: where: not grammatically correct 

Answer: Thanks a lot for the suggestion. That sentence was changed to “Since the 

influence of carbonate carbon on TC has been observed in PM2.5 samples from Qinghai 

Lake, Northwest China (Zhao et al., 2015), this phenomenon should be clear in the TSP 

samples in this study.”. 

- 311 -315: could you please mention where are the station of Zhao and Karamasiou so 

that the reader can estimate why the dust storms are more severe at the studied stations. 

Please provide the same information for used stations in Cao and Ho  

Answer: Study of Zhao et al., (2015) was conducted at Qinghai Lake, West China, 

where is near to numbers of deserts. Study of Cao et al., (2005) was conducted at city 

Xi’an, Middle west China, where dust storm happened frequently during Spring. Study 

of Ho et al., (2011) was conducted at Tongyu, Northeast China and focused mainly on 

dust storm events. Study of Karamasiou et al., (2015) is a review that discussed the 

influence of carbonate on OC and BC, so that no station can be pointed out and this 

reference was deleted here. 

Therefore, the locations of the first three stations were added into the revised 

MS. 

- 319: you have to explain why you estimate the overestimation of “at least 45%” 

Answer: Sorry of not expressing it clear and making a mistake. As our newly calculated 

value, the correct expression should be 52%, which was the newly calculated value. 

Therefore, that sentence was modified and the reason of 52% was added in the revised 

MS. 

 - 320-321: please see the main comment concerning the effect of carbonate or BC on 

climate analyses.  

Answer: Thanks a lot for the suggestions. The reply has been shown in the answer to 

previous question. The relative climate forcing has been added in the revised MS. 

- 318-330: if you mention the name of the stations, the reader will take much less time 

to understand your comparison and to find them in Table 2.  

Answer: Thanks a lot for the suggestion and the station names have been added at 

related positions to make it clearer.  

- 331-336: the conclusion is too simple since you have no real correlation between 

measured BC in the atmosphere and in the lake core and no proof of the polluted east 

asia and less polluted area in Europe! Moreover §3.2.1 shows that lake core are 

influence by catchment area and rivers so that you cannot here make some conclusion 

about Sweden lake core or about deep ocean sediment samples without taking the other 

results of your paper into account. 

Answer: Sorry about the not exact expression and thanks a lot for the suggestions. The 

other reviewer also suggested that data of Europe and East Asia are not closely related 

to the HTP. Therefore, we will just use the data of East Asia to prove that BC deposition 
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of lake sediment of this area can reflect actual atmosphere deposition, but not classify 

them as “polluted” or “less polluted” areas. 

 

- 340: re much ?  

Answer: Sorry about this mistake. It should be “were much” and modified in the revised 

MS. 

- 338-344: a usual structure for a paper is not to propose an interpretation at the 

beginning, but to describe the results and then to draw conclusion! Do you think that 

you have to take into account some other parameters such as the evaporation of the lake 

that depends on temperature, surface and depth ?  

Answer: Thanks a lot for the suggestion. A sentence “although the influence of sediment 

focusing on BC deposition in lake cores has been noted in other areas (Blais and Kalff, 

1995; Yang, 2015)” has been added as the first sentence to change the structure. 

- 343: what is NMC09 ?  

Answer: NMC09 is a lake core named by the adopted reference (Wang et al., 2011). 

Therefore, “Fig. 5” was added to the end of the sentence to show its location and 

reference. 

- 347: why the BC concentration in PM2.5 should be lower than in TSP? is this 

statement is clear for MD due to their large size, it is not directly applicable to BC, soot 

being usually quite small particles. The following conclusion has therefore to be more 

seriously validated. 

Answer: Thanks for the valuable question. It is natural that BC is emitted from 

combustion activities and large amount of BC exist in PM2.5. However, BC will absorb 

on the large particle during transportation so that some part of BC will also exist in 

particles large than PM2.5. For instance, BC concentration of PM10 of urban cities of 

Helsinki, Finland (Viidanoja et al., 2002) and Lhasa, China (Li et al., 2016) are higher 

than those of PM2.5. Therefore, this phenomenon must exist in remote area like studied 

stations. Therefore, a sentence “Because PM2.5 does not include all particles in the 

atmosphere, the actual BC concentration in the atmosphere should be higher than that 

of PM2.5 (Li et al., 2016; Viidanoja et al., 2002)” was added into the revised MS. 

 - 352-355: how can you conclude that the atmosphere and the lake core should have a 

similar concentration of BC ? This is based on 2 not proved inputs. Moreover 65% «< 

100%!  

Answer: Sorry about the incorrect expression. “concentration” should be “deposition” 

and was modified in the revised MS. 

- Figure 5: the axes are not readable.  

Answer: The axes of Figure 5 have been modified. 

- 407: you probably want to compare BC in ice with BC in atmosphere ? please change 

the sentence. 

Answer: Thanks a lot for the suggestion. This sentence was modified to “BC deposition 

rates derived from ice cores and snowpits are proposed to be closer to the actual 

atmospheric values in the HTP.” 

- 418: the values of BC in remote areas depend on the sources and long range transport 

processes and cannot be compared without caution. 
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Answer: Thanks a lot for the suggestion, which the other reviewer also pointed out. 

Therefore, comparison between BC deposition of the HTP and other remoter areas were 

deleted from the revised MS. In addition, the last sentence of the paragraph was 

modified to “In summary, despite some uncertainty associated with the remote study 

area, the atmospheric BC deposition rate of 17.9±5.3 mg m-2 a-1 in the glacial region 

of the HTP is proposed.” in the revised MS. 

- 423: it is perhaps better to give the discrepancy in % instead of in mass concentration 

Answer: The value was modified to “17.9±5.3 mg m-2 a-1” in the revised MS. 

- 466: if the lake are smaller, the catchment inputs are probably also smaller of the flow 

through the lake is larger involving a smaller deposition into the lake core. It is therefore 

not obvious that smaller lake with have a higher BC concentration due to catchment 

inputs. 
Answer: Thanks a lot for the suggestion. To reduce the uncertainty the sentence “The 

lake cores examined in this study were drilled from the two large Qinghai and Nam Co 

Lakes, and lakes of this size should only be slightly influenced by catchment inputs. 

Therefore, the catchment inputs into smaller HTP lakes should be more intense, which 

should be considered in future studies. ” was deleted from the revised MS. 
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Author responses (and description of revisions) to review comments 

Article “Interactive comment on “Reevaluating the black carbon in the Himalayan and 

Tibetan Plateau: concentration and deposition” by Chaoliu Li et al. 

Dear reviewer: 

We are grateful for your constructive suggestions and questions, which greatly 

improve this MS. Despite some critical comments from both reviewer, you give us the 

overall positive assessments. You asked several important questions on the MS and 

even suggest the adjustment of MS structure. Meanwhile, we also modified some 

mistakes that found by ourselves during the modification. In addition, the English of 

the MS has been improved by the professional English editor of Springer nature 

(Receipt code: GOTRE-F49-0710225832). According to suggestion of English editor, 

the title of the MS was modified to “Reevaluating black carbon in the Himalayas and 

the Tibetan Plateau: concentrations and deposition” and all the English of the MS was 

greatly improved. 

 We show our great thanks to all the questions and suggestions and have answered 

all of them. Our answers and modifications in the revised MS were marked in blue. The 

sentence added in the revised MS was marked in red and italic. 

 Because new experiment has been conducted by help of other researchers from 

Shandong University, three more researchers were invited as co-authors of this MS. 

 If you have more questions or suggestions please let us know. 

 Best wishes！ 

                            Chaoliu Li on behalf of all the co-authors 

                                                            

2017/7/20 

 

Point-by-point response to reviewer’s comments 

Anonymous Referee #2 

Received and published: 9 June 2017 

The authors address an important and underappreciated issue: the effect of mineraldust, 

more precisely inorganic carbonatic carbon, on black and elemental carbon 

measurements. The authors present some data on this, but the issue is in the current 

state of the manuscript not discussed thoroughly enough. Secondly, the authors discuss 

the role of catchment area influx of BC to lake sediment records, causing potentially 

flawed inferred atmospheric BC deposition results for the studied area. This second 

hypothesis of the manuscript is poorly   justified and unnecessary for the manuscript. 

Answer: Thanks a lot for the very detailed review on the MS and the totally positive 

attitude to the MS. We divided the comments into different parts for the purpose of 

answering suggestions and questions more clearly. 

- The study discusses two quite separate issues, which should be clarified notably in the 

introduction: First, it is discussed that (apparently mostly) atmospheric measurements 

of BC (more specifically EC) may be overestimated for the HTP due to mineral dust 

interfering the measurements. Secondly, a quite unrelated issue of lake sediment 

records being affected by riverine influx of BC and not only atmospheric BC deposition. 
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These both factors may result in over-estimations of BC or EC concentrations in these 

records. These two study premises should be clearly pointed out. While the hypothesis 

on atmospheric measurements may be justified, the authors show rash and quite poorly 

grounded critique on the HTP lake sediments as records of atmospheric BC deposition, 

as discussed below. 

Answer: Thanks a lot for the suggestion. First, the sentence “Therefore, in this article, 

we discuss the actual concentrations and deposition of BC in the HTP in order to 

present basic input data for other important studies on the sources, radiative forcing 

patterns and chemical transport of BC in this region.” was shown at last sentence of 

the first paragraph.  

Sorry for not showing very clearly the reason we discuss BC deposition 

achieved from the lake core sediments in the HTP in this study. The premise of that 

study of Nam Co lake was declared that the result reflected the atmospheric deposition 

(The title: “Historical Trends of Atmospheric Black Carbon on Tibetan Plateau as 

Reconstructed from a 150-Year Lake Sediment Record”), which was incorrect and 

widely adopted by other researches, so that it is need to be pointed out. More 

importantly, the actual BC deposition of the HTP are still poorly constrained so far and 

also need to be discussed. Therefore, a sentence “although the influence of sediment 

focusing on BC deposition in lake cores has been noted in other areas (Blais and Kalff, 

1995; Yang, 2015), it has not been pointed out and evaluated in the HTP” Was added 

in the revised MS. 

- The language in general is not of the required high quality (particularly in the 

beginning of the manuscript), and in some places even poor leading to possible 

misunderstandings. 

Answer: The other reviewer has also pointed out the poor English of the MS. The 

English of the whole MS has been improved by professional English editors. Please 

check whether the English has reached the level of the ACP this time. 

The word “BC deposit” is used incorrectly as a noun (e.g. line 61). It is BC causing the 

climate impacts, not the environmental record or matrix (i.e. “deposit”, as the authors 

incorrectly use the term) itself. 

Answer: Sorry about the carelessness expression. “BC deposit” should be “BC”, which 

has been modified in the revised MS. 

- The statements on lines 71-74: “However, the above studies present limitations 

because of unique environments found in the HTP (e.g., high mineral dust (MD) 

concentrations in aerosols and catchment inputs to lake sediment). Therefore, the above 

studies should be re-investigated to better define the actual BC values.” are key to the 

manuscript but very poorly justified by the authors. For instance, the authors cite 

Kaspari et al., 2011 as being one of the studies that has limitations due to e.g. high 

mineral dust concentrations in the HTP. However, Kaspari et al. specifically use a BC 

quantification method (SP2, i.e. single-particle soot photometer) which is specifically 

NOT influenced by dust. Furthermore, Kaspari et al. (2011) measured mineral dust 

separately in the same study by using iron as a proxy for mineral dust. Therefore, these 

statements by the authors are unjustified, and questions also the other citations by the 

authors. Significantly higher accuracy is required by the authors before making such 



3 

 

bold statements. 

Answer: Thanks a lot for your careful review and instructive comments. Study of 

Kaspari et al. (2011) does not related the influence by dust, which is connect 

“transportation” that mentioned in the sentence. Sorry for the imprecise reference 

citation. All of those references not related to aerosol of the HTP were deleted. To make 

the total expression consistent, the sentence was modified to “numerous studies have 

been conducted on the BC concentrations in the atmosphere (Cong et al., 2015; 

Marinoni et al., 2010; Ming et al., 2010; Wan et al., 2015; Zhao et al., 2013b) and 

atmospheric BC deposition as determined from lake core sediments (Cong et al., 2013; 

Han et al., 2015). However, all of these studies exhibit limitations because of certain 

special environmental factors in the HTP (e.g., high concentrations of mineral dust 

(MD) in aerosols and catchment inputs to lake core sediment).” In the revised MS. 

 

- The authors are correct in stating (lines 78-85) that inorganic carbon (IC) may 

influence the total carbon (TC), particularly organic carbon (OC), and even elemental 

carbon (EC, thermal optical proxy for BC) concentrations. However, this applies 

ONLY for OC/EC measurements with the thermal optical transmittance/reflectance 

(TOT/R) method. Furthermore, it depends on the used protocol for the measurements. 

Cavalli et al. (2010) have studied this issue thoroughly: “Natural calcite evolves in the 

He-mode with the EUSAAR_2 and the NIOSH protocol, and will be detected as OC, 

whereas it evolves in the He/O2-mode with the IMPROVE protocol and will possibly 

be detected as EC. Neither the NIOSH protocol nor the IMPROVE protocol address 

definitely this issue of CC. The NIOSH method 5040 recommends fumigation of the 

aerosol samples with HCl prior to thermal-optical analysis to eliminate any contribution 

of CC to OC and/or EC signal. However, fumigation with HCl has been shown to cause 

artificial loss of volatile organic acids (Chow et al., 1993) and to induce intense charring 

phenomena in ambient aerosol samples (Jankowski et al., 2008). The authors have not 

addressed these issues appropriately in the beginning of the manuscript. These issues 

are discussed at the very end of the manuscript which is too late, as readers familiar 

with these issues may have stopped reading the manuscript after this insufficient 

introduction. 

Answer: Thanks a lot for the suggestions and sorry of not mention those articles 

mentioned by the reviewer in the MS. Therefore, those three articles (Cavalli et al., 

2010; Chow et al., 1993; Jankowski et al., 2008) were added to the introduction part of 

revised MS. Meanwhile, although fumigation with HCl has been shown to cause 

artificial loss of volatile organic acids (Chow et al., 1993), the significant relationship 

between TCO-TCA and Ca (Fig.4) showed this potential loss is weak and IC of mineral 

dust is the dominating factor. Therefore, a sentence “Although fumigation with HCl can 

cause the loss of volatile organic acids in treated samples (Chow et al., 1993), this 

potential influence is not important because of the significant relationship between 

TCO-TCA and Ca (Fig. 4)” was added into the revised MS. 

- One of the main hypotheses of the manuscript is presented on lines 139-155. The 

authors claim that modelled BC deposition and observed BC deposition in e.g. lake 

sediments should be of comparable size. As the observed BC deposition in lake 
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sediments is ca. 10 times higher than the modelled value, the authors claim that the 

discrepancy should be caused by the lake sediments not representing only BC influx 

from the atmosphere but also from the catchment area. This is the second main premise 

of the manuscript, but is unfortunately totally unjustified and false. The statement of 

the authors that the modelled and observed values should at least be comparable, is 

false. Previous studies have shown several times models to underestimate observed BC 

concentration and deposition values (2-5 times or even more than by a magnitude) e.g. 

in the Arctic and China (e.g. Koch et al., 2009; 2011; Bond et al., 2013 and references 

therein). These under-predictions by models often relate to difficulties in 

parameterizing, for instance, BC properties, aging, transportation and scavenging 

efficiencies properly. Moreover, the authors make a major error: observational data is 

data that is used to validate modeling results that are based on estimations of BC 

emission strengths, and not the other way around. Modeling data is validated to be 

reliable based on observations, and the models are tuned accordingly. Furthermore, the 

authors make bold presumptions without any scientific evidence of the higher observed 

BC fluxes in sediment being caused by catchment influx of BC to the sediment cores.  

Answer: Thanks for the suggestion. We admit that there are some unreasonable 

expressions at this part because lots of uncertainties occur in the model results of BC 

deposition, which cannot be considered as the standard value for comparison. 

Meanwhile, we will not draw the conclusion in the introduction part that the higher BC 

deposition derived from lake cores is because of catchment inputs. The reviewer must 

notice that numbers of other strong evidences were provide at 3.2. part of the MS to 

prove the catchment inputs of BC to the lake core sediment. 

Therefore, large part of that paragraph was cut and modified to the following 

expression. “Thus far, only three studies have directly reported on BC deposition in the 

HTP. One model indicated that the BC deposition in the central HTP was 9 mg m-2 a-1 

(Zhang et al., 2015), which is approximately thirty times lower than the values 

measured in lake cores at Nam Co and Qinghai lakes (270-390 mg m-2 a-1) (Fig. 1) 

(Cong et al., 2013; Han et al., 2011). Although considerable uncertainties exist in 

atmospheric BC deposition estimated from models (Bond et al., 2013; Koch et al., 2009) 

and lake core sediments (Cohen, 2003; Yang, 2015), these large differences need to be 

thoroughly investigated. ”. 

As a reviewer, I strongly suggest that the authors should consider getting familiar with 

basics of paleolimnology before making bold accusations about lake sediments as 

records of BC deposition, e.g.“Paleolimnology” by Andrew S. Cohen (2003, Oxford 

University Press). Basically, there are lakes that are well suitable as BC repositories as 

they mainly collect atmospherically deposited material. Crucial is, where the sediment 

core is collected, at the deepest point of the lake and preferably from a lake with very 

smooth bathymetry. In such a case the sediment core is not at all affected by 

redistributed sediment e.g. from the catchment area. So the coring site selection is 

crucial.  

Answer: Thanks a lot for the providing of references, which were added to the revised 

MS. Yes, as you said, some lake cores are totally not affected by the catchment input. 

However, as we have proved at 3.2 part, lake core of Nam Co was significantly affected 
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by catchment input (focusing factor). 

Additionally, the lake sediments are dated based on lead210 deposition. As the amount 

of lead 210 is known for the present, and its halflife time is known, lead210 

measurements vertically in a sediment core present a robust dating technique. 

Subsequently, the amount of lead210 in the sediment samples will also inform the 

researcher whether the coring site is affected by sediment redistribution or not. If not, 

then the amount of lead210 is the same in the surface sediment sample as in the 

atmosphere. If there is less or more, this is an indication of the coring spot losing or 

gaining additional sediment and thereby also BC (e.g. Blais & Kalff, 1995). This can 

be studied by the sediment focusing factor of the sediment core (Blais & Kalff, 1995). 

So have the authors checked what the sediment focusing factor of the studied HTP lakes 

is? According to their suggestion of the lakes recording 30 times too high BC deposition 

flux values compared to the modelled values due to sediment influx from the catchment 

area would mean that the sediment cores would have to receive 30 times more sediment 

influx from the catchment area than what they accumulate naturally. Such values are 

unheard of in these types of research. Consequently, the authors need to get a basic 

understanding of paleolimnology and lake sediments as records of contam-inants before 

making any such suggestions. Basically, this unfounded premise greatly undermines 

the half of the manuscript discussing this issue. 

Answer: Thanks a lot for the valuable suggestion. However, because the suspended 

sediment transported by rivers to lake might include both surface soil and old soil. We 

do not know the exact 210Pb value of that river sediment reach the site of lake core, so 

that it is hard to use 210Pb of surface lake core sediment to estimate the contribution of 

river sediment to lake core. 

In addition, the following proofs that we have mentioned in the MS have shown 

strong evidence that lake core sediment was contributed by river sediments.  

Firstly, previous study on lake core have revealed that rivers in Nam Co basin 

transport large volumes of suspended allochthonous sediments into Nam Co Lake 

annually (Doberschütz et al., 2014). Secondly, previous studies on the accumulation 

rates of lake cores have revealed significant contributions of riverine particles. For 

instance, the accumulation rates of Nam Co Lake cores (core NMC 08-1) are consistent 

with the precipitation variations recorded in the Nam Co Basin over the last 60 years 

(Fig. 5A) (Wang et al., 2011), which indicates that heavy precipitation promotes the 

transportation of large riverine particles to the lake, thus increasing the accumulation 

rates in the lake cores. In addition, the mean grain size of another lake core (core 

NMC09) showed a significantly positive relationship with precipitation (Fig. 5B), also 

reflecting the same phenomenon that catchment inputs cause lake core accumulations 

(Li et al., 2014).  

- On lines 156-168 the authors present that other studies made based on ice core records 

show lower BC concentrations and deposition values than the lake sediment and that 

ice cores are more suitable than lake sediments to record only atmospherically 

deposited BC. Yes, ice cores record more reliably only atmospherically deposited BC, 

but when taking into account the sediment focusing factor, input of BC to the sediment 

cores from the catchment area can be eliminated and values more reliably presenting 
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atmospheric deposition can be achieved (Blais & Kalff, 1995). Secondly, the authors 

make a mistake in comparing directly lake sediment and ice core BC records. This is 

because BC has been mostly analyzed with different analytical methods from these 

archives resulting in different types of BC particles being quantified (e.g. Hammes et 

al., 2007). Subsequently, even from same samples considerably different BC 

concentrations can be detected (e.g. Watson et al., 2005). Sure, many HTP ice core and 

lake sediment records measure BC as elemental carbon with thermal-optical methods 

from the samples so that the values should basically be comparable. However, the 

thermal-optical measurements of the sediments undergo extensive chemical 

pretreatment before the actual BC analysis and this may partly result in different BC 

particles being quantified. The comparison is not as straight-forward as the authors try 

to convey. Please, also remember to consider the different protocols in the TO-

measurements as the authors have pointed out themselves. This issue is, again, 

discussed at the very end of the manuscript, which is not a proper structure for this. 

“Because glaciers are generally located at the highest altitudes of a given region, they 

only receive wet and dry depositions of BC from the atmosphere.” This is a very 

confusing statement (line 161-162) that needs clarification. Low-elevation glaciers can 

be found around the world. The key is to collect the ice core from the accumulation 

area of the glacier, not e.g. ablation zone. 

Answer: Thanks a lot for the detailed suggestions. The potential influence of focusing 

factor to the BC deposition of lake core sediments in the HTP (Blais and Kalff, 1995) 

was added to of revised MS. For suggestion on the different BC concentrations derived 

from different methods even for the same materials, detailed explanations were shown 

in your following question of lines 323-324, please check it. 

        Sorry for the misleading and confused expression of lines 161-162, which 

was modified to “Because the cols of glaciers where the snow and ice samples were 

collected are generally located at the highest altitudes of a given region, BC is only 

deposited via wet and dry deposition from the atmosphere. Therefore, these data need 

to be comprehensively evaluated.” 

 

- I disagree with the comment by the authors (lines 165-168) that “In addition, because 

the HTP is situated in a remote region, BC deposition patterns in the HTP must be 

compared to those of other areas (e.g., the Arctic, Europe and eastern China) to better 

understand the patterns.” Europe and especially the Arctic have different sources and 

deposition processes for BC and comparison of HTP BC deposition with Arctic BC 

deposition seems unjustified. 

Answer: Thanks a lot for the suggestion. The purpose of this sentence in the MS is a 

little misleading. The original purpose of adopting data of Europe and eastern China is 

to prove whether the lake core sediments accept BC mainly deposited from the 

atmosphere. Therefore, the data of East China was kept in the revised MS to prove this 

idea but not to compare with that of the HTP. Meanwhile, those of deep ocean and 

Arctic were totally deleted from the revised MS. 

- Line 204-205, I hope blank values were subtracted from reported values and not the 

other way around as suggested in the text. 
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Answer: Thanks a lot for the suggestion. This expression was modified in the revised 

MS. 

- The tests of the authors to remove carbonates from the atmospheric sample filters by 

fumigation are valuable and interesting. However, most useful results could have been 

achieved if these measurements were conducted using all the appropriate different 

temperature programs available (e.g. NIOSH, IMPROVE and EUSAAR_2), because 

all these have been used in literature, and carbonatic carbon evolves at different analysis 

stages during these protocols. 

Answer: Thanks a lot for the valuable suggestion. New experiment has been conducted 

on sixteen acid-fumigated samples to measure BC concentrations with NIOSH and 

EUSAAR_2 protocols in School of Environmental Science and Engineering, Shandong 

University to compare with those measured by IMPROVE. BC concentration of 

transmission signal of these methods were compared. The results showed that firstly, 

TC concentrations of three methods for the same sample were comparable (Figure R1), 

which is a normal phenomenon and has been found by previous research (Chow et al., 

2001). Secondly, it is obvious that BC (EUSAAR_2) > BC (IMPROVE) > BC (NIOSH) 

(Figure R2) for studied samples. Ratio of BC(IMPROVE)/BC (NIOSH) of the HTP 

was 1.36 ± 0.35, which loaded within the range of previous reported ratio of 1.2-1.5 

(Chow et al., 2001; Reisinger et al., 2008). Meanwhile, ratio of BC(EUSAAR_2) / BC 

(NIOSH) was 1.88 ± 0.60, which was also close to that of 2 found by previous research 

(Cavalli et al., 2010). Therefore, despite of remote area, the differences of BC 

concentrations derived from the different methods are similar to that of other regions. 

Therefore, A sentence “To investigate the BC concentration measured by 

different methods, sixteen acid-fumigated aerosol samples were measured following the 

EUSAAR_2 and NIOSH protocols for comparison with the results of the IMPROVE 

protocol. The results showed that the TC concentrations of three methods for the same 

sample were similar, as suggested by previous research (Chow et al., 2001). The ratios 

of BC(IMPROVE)/BC(NIOSH) and BC(EUSAAR_2)/BC(NIOSH) for the studied samples were 1.36 ± 

0.35 and 1.88 ± 0.60, respectively, both of which agreed with the previously proposed 

ratios of 1.2-1.5 (Chow et al., 2001; Reisinger et al., 2008) and 2 (Cavalli et al., 2010), 

respectively ” was added to the method part of the revised MS. 
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Figure R1. Close TC concentrations between IMPROVE and EUSAAR_2 (A), 

IMPROVE and NIOSH (B). 
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Figure R2. BC ratio of IMPROVE/NIOSH and EUSAAR_2/ NIOSH. 

 

The discussion on lines 301-310 indicates that the authors aren’t really sure what 

happens to carbonates after the acid fumigation. Does carbonate affect the OC or the 

EC quantification? Seemingly both, and varyingly from sample to sample. To me, this 

causes high uncertainties in the interpretations of the data. This procedure: “samples 

with BCA/BCO above one was set as one in calculation of the average value at two 

stations” sounds quite artificial and there is a lot of room for intense charring being 

caused by the fumigation (Jankowski et al., 2008) obstructing the kind of analysis the 

authors are attempting. 

Answer: Thanks a lot for the valuable suggestions and questions.  

       Yes, the existence of carbonates affects the concentration of both OC and EC 

because carbonates can be decomposed at both high and low temperature (Karanasiou 

et al., 2010). The treatment of those aerosol samples “with BCA/BCO above one” in the 

MS is not good. Therefore, those samples with BCA/BCO was just shown in Fig.2 but 

not included in the final calculation. Therefore, the adjusted ratios of BCA to BCO for 

Nam Co station and Everest station were 0.48±0.35 and 0.61±0.24, respectively. 

Correspondingly, previous reported BC concentrations at two stations were 

overestimated by approximately 52±35% and 39±24%, respectively. All of these data 

were added into the revised MS. Finally, the actual BC concentration of these two 

stations were estimated of 61 ng m-3 and 154 ng m-3, respectively. It need to point out 

that BC concentration (127 ng m-3) at Nam Co station of a new reference (Zhao et al., 

2013a) was used this time due to its longer sample collecting time that that old one.  

   Meanwhile, we admit that even those with BCA/BCO ratio below 1 may influenced 

by charring of OC during measurement, as suggested by the reviewer (Jankowski et al., 

2008).Therefore, a sentence “Because BCA cannot be higher than BCO, the samples 

with BCA/BCO values greater than one were not included in the above calculations. 
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Nevertheless, the ratio of BCA/BCO was considered to be slightly overestimated as some 

portion of OC was considered BC in the acid-treated samples (Jankowski et al., 2008).” 

was added into the revised MS. 

    Furthermore, to make it more clear. The ratios for TC and BC during monsoon 

period and non-monsoon period were added on Fig. 2. It is obvious that ratios for both 

BC and TC during monsoon period were higher than those of non-monsoon period, 

implying less contributions of mineral dust during monsoon period for both stations 

due to relatively heavy precipitation. 

- The statement on lines 323-324 “In general, the BC deposition levels measured via 

different methods should be consistent for a given region.” is false for even within 

environmental matrix, e.g. sediments (Watson et al., 2005; Hammes et al., 2007; Han 

et al., 2011) or snow samples (e.g. Lim et al., 2014) let alone between different 

environmental records (e.g. Rose & Ruppel, 2015). It is absolutely inappropriate to 

compare BC deposition values measured using different analytical methods as these 

measure different BC particle types, as the previously cited work clearly reveals. By 

suitable selected work with one another on lines 324-336 the authors were able to 

compare some similar values recorded with different methods for some regions, but at 

the same time neglected a huge amount of data available which did not suit this 

statement. 

Answer: Thanks a lot for these valuable suggestions.  

We think despite of large uncertainties in comparing BC deposition achieved 

by different methods, it is still acceptable to do this attempt if high cautions are 

mentioned. 

Although those articles you mentioned discussed the large difference of BC 

concentrations from different methods, those conclusions were drawn under some 

conditions that do not fit for this study.  

First, it is found “BC or EC concentrations are found to differ by up to a factor of 

7 among different methods; factor of 2 differences are common (Watson et al., 2005). ” 

Accordingly, BC deposition of Nam Co lake core in our study is over 20 times higher 

than those of glacial area and model result in the HTP. This ratio is still around 3 times 

of the above result of (a factor of 7) Watson et al., (2005).  

Second, although article Hammes et al., (2007) also found the large differences on 

BC concentration among different methods (i.e., HCl+HF treatment, K2Cr2O7/H2SO4), 

it did not include the method on lake core sediments that we adopted (HCl+HF 

treatment, IMPROVE-A) (Hammes et al., 2007). BC measurement theories of these 

two methods were totally different. 

Third, while Han et al., (2011) suggested that high-temperature thermal protocols 

(IMPROVE-A) are suitable for differentiating between soot and other carbon fractions, 

the purpose of which just prove the advantages of IMPROVE-A method on doing study 

of lake core sediment (Han et al., 2011).  

Fourth, in article of Lim et al., (2014), it was found BC concentration measured 

from SP2 method was far lower than that of thermal–optical method (Lim et al., 2014) 

because the former can only measure BC in fine grain size of less than 500 nm (Kaspari 

et al., 2011). For instance, BC concentrations reported from SP2 (0.6 ng.g-1) (Kaspari 
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et al., 2011) is far lower than that of thermal–optical method (20 ng.g-1) for the ice cores 

of the same glacier (East-Rongbuk glacier) (Ming et al., 2008). To avoid this influence, 

we did not adopt any BC data from SP2 for comparison in this study. 

Although the reviewer pointed out that “it is false to compare BC deposition within 

the same environmental matrix”, but according to our results in this study, the BC 

deposition data achieved from different periods and derived from three different 

articles/groups using the same method (thermal-optical analysis) agree very well with 

each other. In detail, BC deposition of East Rongbuk (10.2 mg m-2 a-1, the Ströhlein 

Coulomat 702C and Sunset, the exact method was not shown in the article.) (Ming et 

al., 2008), Zuoqiupu glacier (12 mg m-2 a-1) and Muztagh Ata (18 mg m-2 a-1, DRI, 

IMPROVE-A) (Xu et al., 2009b) and five glaciers in our previous studies (14.4-25 mg 

m-2 a-1, Sunset, NIOSH-5040) (Li et al., 2016a; Li et al., 2016b) are close with each 

other (Table.2 in the revised MS). Therefore, we think it is fitful of comparing the BC 

deposition data at glacial region measured by the same method from different studies. 

   In addition, we also think it is acceptable to compare the BC deposition data of lake 

core sediments with that of glaciers, despite that the lake core samples experience 

pretreatment (HCl+HF) before being measured by the same method (IMPROVE-A) 

with that of glacier samples because the much high recovery (97.6±2.2%) of reference 

material (marine sediment, NIST SRM-1941b) of pre-treatment method used for lake 

core sediments (Cong et al., 2013). Similar recovery was also provided by study of 

Qinghai Lake. For instance, the authors of that study declared that “EC (BC) 

abundances were only 7% lower as a result of the treatment” for the references tested 

(3.2 part of (Han et al., 2007)). Therefore, the BC deposition data of lake core sediments 

and snow samples can be compared despite of large uncertainties. For instance, BC 

deposition data of Nam Co lake core is over 20 times higher than that of glacier region, 

which cannot be simply explained by uncertainties of different measurement methods 

but the catchment input.  

   Based on the above evidences, the last paragraph of the introduction part was 

added to show the potential uncertainties of comparison. “Notably, some uncertainty 

exists in the comparison of BC data among different studies. Despite recent 

technological achievements, accurately measuring BC concentrations in ambient 

samples remains a challenge in atmospheric chemistry research (Andreae and 

Gelencser, 2006; Bond et al., 2013; Lim et al., 2014). Because the methods used to 

measure BC concentrations and determine BC deposition levels are not the same, 

uncertainties will be introduced when directly comparing the results from different 

studies. For instance, different thermal-optical methods with different temperature 

increase protocols (e.g., NIOSH vs. IMPROVE vs. EUSAAR_2) will produce different 

BC concentrations for the same sample (Andreae and Gelencser, 2006; Karanasiou et 
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al., 2015). In general, BC concentrations derived from the IMPROVE method are 1.2-

1.5 times higher than those derived from the NIOSH method (Chow et al., 2001; 

Reisinger et al., 2008), and BC concentrations from the EUSAAR_2 temperature 

protocol are approximately twice as high as those derived from the NIOSH protocol 

(Cavalli et al., 2010). Furthermore, lake core samples need be pretreated with HCl and 

HF several times prior to measurements with the thermal-optical methods (Han et al., 

2015). However, because of the complex chemical properties of ambient samples, the 

"best" thermal-optical protocol has not been identified (Karanasiou et al., 2015), and 

an exact ratio for BC produced from different methods is difficult to determine. 

Therefore, although the direct comparison of BC concentrations and deposition levels 

across different studies presents certain uncertainties in this study, the comparison 

between lake core and snowpit data is still reliable. For instance, although large 

uncertainties exist for BC concentrations within the same environmental matrix 

(Hammes et al., 2007; Han et al., 2011; Watson et al., 2005), the similarity of the BC 

deposition values among different glaciers (Table 1) in different studies implies that 

comparing BC deposition data is feasible for the glacial region in the HTP. In addition, 

because BC concentrations measured via the SP2 method are far lower than those 

measured via thermal–optical methods (Lim et al., 2014) (the former can only measure 

BC in grain size finer than 500 nm (Kaspari et al., 2011)), SP2-based BC data were 

avoided in this study. Furthermore, BC concentrations among different methods have 

been found to vary by up to a factor of 7 (Watson et al., 2005). Accordingly, the BC 

deposition in the studied lake core (Nam Co) in this study is estimated to be 20 times 

higher than those in snowpit and ice core studies in the HTP, providing strong evidence 

of their differences.” 

- Section “3.2.1. Overestimated BC deposition from lake cores of the HTP” contains a 

lot more promising discussion that expected on the false presumptions presented in the 

introduction. This section could be clarified and made more convincing with inclusion 

of the sediment focusing factor calculation and discussion from the respective lakes. 

However, it is unclear why the authors want to compare in Table 2 BC deposition 

results from all around the world to HTP values? It’s inappropriate and it seems that 

the authors have simply selected sites that support their points and are not presenting 

all available data. For instance, all Greenland ice core data is neglected, although there 
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is a lot of data available, but it just happens to show almost a magnitude lower BC 

deposition (e.g. McConnell 2010) than other Arctic results, for which reason it seems 

not to have been presented here. I strongly suggest leaving away the discussion and 

data of other areas that HTP and Asia. Particular attention should be paid to the fact 

with how different methods the results in the different articles are produced. - Also in 

Section 3.2.2., please remove any comparison of HTP values to e.g. Arctic or European 

BC deposition values. Such comparisons are inappropriate due to different 

methodologies and very different sources and BC deposition processes in these areas. 

Furthermore, these comparisons are not necessary for this manuscript and don’t lift its 

significance in any way. 

Answer: We agree with the suggestion and deleted all the BC deposition data of Arctic, 

Europe and deep ocean, which have little relationship with the topic of this study. 

Accordingly, data of East Asia were kept in the revised MS to provide supporting 

evidence for conclusion in the HTP in the MS. Meanwhile, the related data of Arctic, 

Europe and deep ocean were also deleted in Table.2. 

- Surprisingly then, the last paragraph of 3.2.2. discusses the possible uncertainties in 

comparing the BC deposition results between different methods and environmental 

archives. Good! Unfortunately, this discussion comes too late in the manuscript and 

is not thorough enough. Things mentioned earlier in this review should be carefully 

considered. 

Answer: Thanks a lot for the suggestion and this part has been moved to the front part 

of the revised MS. In addition, more related information of references (Hammes et al., 

2007; Lim et al., 2014; Watson et al., 2005) mentioned by reviewer was added to this 

part to make the discussion and the MS stronger. In detail, this part was modified to the 

last paragraph of introduction part (have been shown in the above question) and new 

information from question of lines 323-324 was also merged into this paragraph. 

 

All in all, the manuscript contains some important perspectives and a little new data on 

carbonatic carbon in atmospheric BC samples, but it is questionable whether this is 

enough data to constitute sufficient scientific novelty for a publication. The amount of 

carbonatic carbon is measured in some atmospheric samples, but it is not estimated 

whether or how this would have affected e.g. previous snow and ice core measurements 

in the HTP, where dust is frequently present. This discussion is majorly hampered by 

the fact that dust, and therefore carbonate, concentrations vary substantially from 

sample to the next and will have variable influence accordingly. Much more discussion 

on these issues is required for the manuscript and even after that, it’s maybe enough to 

publish only as a technical note. 

Answer: Thanks a lot for the suggestion on the deeper discussion and the implications 

of the results of this study. As the reviewer assumed, we also think the contribution of 

carbonates to BC of snowpit and ice core samples should exist, even larger than that of 

aerosols at some areas of the THP (e.g., north part of the HTP). Therefore, the following 

part is added to the discussion part. “Therefore, the overestimation of BC values is likely 

greater in the northern and western parts of the HTP than near Nam Co, as we noted 

previously. MD concentrations have been shown to be much higher than BC 
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concentrations in snow and ice core samples from the HTP (Li et al., 2017; Qu et al., 

2014). However, numerous studies have measured BC concentrations without using an 

acid pretreatment step (Ming et al., 2009; Qu et al., 2014; Wang et al., 2015; Xu et al., 

2009a; Xu et al., 2009b). Therefore, the contribution of carbonates in MD to the BC 

concentrations in snow and ice core samples is likely considerable and needs to be 

quantitatively evaluated in a future study. Similarly, related HTP studies on other issues, 

such as BC radiative forcing and atmospheric transport models, based on in situ BC 

concentrations must be adjusted.” 

The discussion on BC deposition values reported for the HTP in lake sediments not 

reliably representing atmospheric BC deposition, and that the BC concentrations and 

deposition should be re-evaluated in the HTP, is unjustified and poorly researched. The 

fact that two lake sediment records show different deposition values than for instance 

ice cores and atmospheric observations is ultimately not surprising. If the authors 

wish to further study this issue they should first try to deeply understand the factors 

controlling BC deposition in lake sediments and the importance of different analytical 

methodologies for the interpretations. All discussion on other than HTP, or Asian, BC 

deposition results should be removed from the manuscript. In my personal opinion, 

this lake sediment discussion should be completely removed from the manuscript. It 

is unrelated to the carbonate issue, and there is so much other, e.g. ice core, BC  

deposition data available from HTP, that it is unnecessary to try to re-evaluate the whole 

HTP BC deposition patterns based on these two sediment records showing different 

results than other records in the larger area. 

Consequently, the authors present too little own new data and their discussion on 

literature data is mostly inadequate and not presented in a clear structure in the 

manuscript. 

Answer: We have tried to add data and discussion in the revised MS according to the 

suggestions of reviewers. We think the scientific significance of the revised MS are 

enriched and reach the levels of the journal. The innovative idea of this MS is we 

pointed out two simple but important issues (BC concentration and deposition in the 

HTP that are overlooked by many previous articles), which will cause rethink of BC 

research in the HTP for all the related researchers. 
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Abstract: Black carbon (BC) is the second most important warming component in the 

atmosphere after CO2. The BC in the Himalayas and the Tibetan Plateau (HTP) has 

influenced the Indian Monsoon and accelerated the retreat of glaciers, resulting in 

serious consequences for billions of Asian residents. Although a number of related 25 

studies have been conducted in this region, the BC concentrations and deposition rates 

remain poorly constrained. Because of the presence of arid environments and the 

potential influence of carbonates in mineral dust (MD), the reported BC concentrations 

in the HTP are overestimated. In addition, large discrepancies have been reported 

among the BC deposition derived from lake cores, ice cores, snowpits and models. 30 

mailto:lichaoliu@itpcas.ac.cn
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Therefore, the actual BC concentration and deposition values in this sensitive region 

must be determined. A comparison between the BC concentrations in acid (HCl)-treated 

and untreated total suspected particle samples from the HTP showed that the BC 

concentrations previously reported for the Nam Co station (central part of the HTP) and 

the Everest station (northern slope of the central Himalayas) were overestimated by 35 

approximately 52±35% and 39±24%, respectively, because of the influence of 

carbonates in MD. Additionally, the organic carbon (OC) levels were overestimated by 

approximately 22±10% and 22±12% for the same reason. Based on previously 

reported values from the study region, we propose that the actual BC concentrations at 

the Nam Co and Everest stations are 61 ng m-3 and 154 ng m-3, respectively. 40 

Furthermore, a comprehensive comparison of the BC deposition rates obtained via 

different methods indicated that the deposition of BC in HTP lake cores was mainly 

related to river sediment transport from the lake basin as a result of climate change (e.g., 

increases in temperature and precipitation) and that relatively little BC deposition 

occurred via atmospheric deposition. Therefore, previously reported BC deposition 45 

rates from lake cores overestimated the atmospheric deposition of BC in the HTP. 

Correspondingly, BC deposition derived from snowpits and ice cores agreed well with 

those derived from models, implying that the BC depositions of these two methods 

reflect the actual values in the HTP. Therefore, based on reported values from snowpits 

and ice cores, we propose that the BC deposition in the HTP is 17.9±5.3 mg m-2 a-1, 50 

with higher and lower values appearing along the fringes and central areas of the HTP, 

respectively. These adjusted BC concentrations and deposition values in the HTP are 

critical for performing accurate evaluations of other BC factors, such as atmospheric 

distribution, radiative forcing and chemical transport in the HTP. 

Key words: the Himalayas and the Tibetan Plateau; black carbon; concentration; 55 

deposition; glacier region 

 

1 Introduction  

The Himalayas and the Tibetan Plateau (HTP) region is the highest mountain-

plateau system in the world and is the source of approximately ten large rivers in Asia. 60 
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This region is also sensitive to climate change (Bolch et al., 2012; Kang et al., 2010; 

You et al., 2010). Black carbon (BC) in and around the HTP have been found to play 

key roles in climate change patterns in the HTP and Asia, including causing atmospheric 

warming (Lau et al., 2010; Ramanathan and Carmichael, 2008; Xu et al., 2016), 

promoting HTP glacial retreat (Qu et al., 2014; Xu et al., 2009b), altering monsoon 65 

system evolution (Bollasina et al., 2008) and affecting the fresh water supplies of 

billions of residents across Asia. To date, numerous studies have been conducted on the 

BC concentrations in the atmosphere (Cong et al., 2015; Marinoni et al., 2010; Ming et 

al., 2010; Wan et al., 2015; Zhao et al., 2013b) and atmospheric BC deposition as 

determined from lake core sediments (Cong et al., 2013; Han et al., 2015). However, 70 

all of these studies exhibit limitations because of certain special environmental factors 

in the HTP (e.g., high concentrations of mineral dust (MD) in aerosols and catchment 

inputs to lake core sediment). Therefore, the above studies should be reinvestigated to 

better define the actual BC values in the HTP. In this article, we discuss the actual 

concentrations and deposition of BC in the HTP in order to present basic input data for 75 

other important studies on the sources, radiative forcing patterns and chemical transport 

of BC in this region. 

At present, the thermal-optical method is a widely used method for measuring 

BC concentrations in aerosols from the HTP (e.g., Cong et al., 2015; Li et al., 2016d; 

Ming et al., 2010; Zhao et al., 2013b). An important factor influencing the accurate 80 

measurement of BC concentrations via this method is the presence of carbonates 

(inorganic carbon (IC)) in MD. IC can also emit CO2 in response to increasing 

temperature during measurements, thus causing an overestimation of the total carbon 

(TC) in carbonaceous aerosols (CAs) (Karanasiou et al., 2010). Hence, IC is generally 

excluded in CA studies (Bond et al., 2013). However, few studies of the HTP have 85 

considered the contributions of IC to TC and BC because one study concluded that IC 

can be neglected in studies of the TC and BC in mid-latitude aerosols because the IC 

exists at far lower concentrations relative to TC and BC (Chow and Watson, 2002). 

This conclusion cannot be blindly applied to other areas because of the 

complexities of mid-latitude environments around the world (e.g., arid areas and deserts 90 
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with intense dust storm events). For example, previous studies in Xi’an, Middle west 

and Northeast China showed that IC accounts for approximately 8% (Cao et al., 2005) 

to 10% (Ho et al., 2011) of the TC in particles with diameters less than 2.5 μm (PM2.5) 

during dust storm events. Similar phenomena have also been found for both PM2.5 and 

total suspended particle (TSP) samples in southern Europe (Perrone et al., 2011; 95 

Sillanpää et al., 2005). Because TSP samples contain more MD and carbonates than 

PM2.5, they should have higher concentrations of IC. 

The above phenomenon should also be taken into consideration in the study of 

CAs of the HTP. Similar to northern China, large sand dunes and deserts are widely 

distributed across the western HTP (Liu et al., 2005), and dust storms occur frequently 100 

in winter and spring (Wang et al., 2005). Thus, IC may account for a large portion of 

the CAs in the HTP. Unfortunately, the potential contributions of IC to the TC and BC 

in HTP aerosols have been overlooked (e.g., Aiken et al., 2014; Cao et al., 2010; Cong 

et al., 2015; Li et al., 2016b; Ming et al., 2010; Wan et al., 2015; Zhao et al., 2013b). 

Additionally, IC contributions may be high because almost all of the reported data on 105 

CAs are based on the TSP content, which includes large volumes of coarse particles 

derived directly from MD. Therefore, the TC and BC concentrations in the HTP are 

likely overestimated. In fact, some published articles on aerosols collected from remote 

areas of the HTP have identified MD components (Cong et al., 2015; Zhao et al., 2013b), 

although none of these studies have directly discussed this issue or evaluated the effects 110 

of IC (Fig. 1).  

Because MD has lower influences on light than BC in the atmosphere (Bond and 

Bergstrom, 2006; Clarke et al., 2004) and on glacier surfaces (Qu et al., 2014), 

considering IC as BC will overestimate the BC-driven climate forcing. Organic carbon 

(OC) is generally considered to scatter sunlight. However, some components of OC also 115 

absorb sunlight and warm the atmosphere (Andreae and Gelencser, 2006). Therefore, 

the contributions of IC to the OC and BC values in the HTP aerosols must be 

quantitatively evaluated. In this study, TSP samples from two remote stations in the 

HTP were collected to evaluate the contributions of IC to the TC and BC. Additionally, 

seasonal variations in the extent of the overestimations of TC and BC and possible 120 
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causes were also examined. Finally, previously published TC and BC concentrations at 

these two stations were adjusted (Cong et al., 2015; Zhao et al., 2013a).  

BC deposition is closely related to the BC transport processes, lifetime and 

radiative forcing. Depositional value can be measured from historical media, such as 

sediments (Gustafsson and Gschwend, 1998; Han et al., 2016) and ice cores (Ming et 125 

al., 2007; Ruppel et al., 2014), estimated from BC concentrations in the atmosphere 

(Jurado et al., 2008) or calculated using models (Zhang et al., 2015). At present, the BC 

deposition process remains poorly quantified in the HTP because of its complex terrain 

and dynamic regimes (Bauer et al., 2013; Bond et al., 2013). Thus far, only three studies 

have directly reported on BC deposition in the HTP. One model indicated that the BC 130 

deposition in the central HTP was 9 mg m-2 a-1 (Zhang et al., 2015), which is 

approximately thirty times lower than the values measured in lake cores at Nam Co and 

Qinghai lakes (270-390 mg m-2 a-1) (Fig. 1) (Cong et al., 2013; Han et al., 2011). 

Although considerable uncertainties exist in atmospheric BC deposition estimated from 

models (Bond et al., 2013; Koch et al., 2009) and lake core sediments (Cohen, 2003; 135 

Yang, 2015), these large differences need to be thoroughly investigated. 

 For instance, although the influence of sediment focusing on BC deposition in 

lake cores has been noted in other areas (Blais and Kalff, 1995; Yang, 2015), it has not 

been pointed out and evaluated in the HTP. Consequently, adopting and correcting for 

this process might result in incorrect data and explanations. Therefore, additional 140 

studies must be performed to provide more reliable BC deposition values. For instance, 

other researchers have reported BC concentrations and water accumulation rates in ice 

cores and snowpits from the HTP (Fig. 1) (Li et al., 2016a; Li et al., 2016c; Ming et al., 

2008; Xu et al., 2009b). Although these studies did not report BC deposition values 

directly, BC deposition rates could be easily calculated from the data reported in those 145 

articles. Because the cols of glaciers where the snow and ice samples were collected are 

generally located at the highest altitudes of a given region, BC is only deposited via wet 

and dry deposition from the atmosphere. Therefore, these data need to be 

comprehensively evaluated. 

Notably, some uncertainties exist in the comparison of BC data among different 150 
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studies. Despite recent technological achievements, accurately measuring BC 

concentrations in ambient samples remains a challenge in atmospheric chemistry 

research (Andreae and Gelencser, 2006; Bond et al., 2013; Lim et al., 2014). Because 

the methods used to measure BC concentrations and determine BC deposition levels 

are not the same, uncertainties will be introduced when directly comparing the results 155 

from different studies. For instance, different thermal-optical methods with different 

temperature increase protocols (e.g., NIOSH vs. IMPROVE vs. EUSAAR_2) will 

produce different BC concentrations for the same sample (Andreae and Gelencser, 2006; 

Karanasiou et al., 2015). In general, BC concentrations derived from the IMPROVE 

method are 1.2-1.5 times higher than those derived from the NIOSH method (Chow et 160 

al., 2001; Reisinger et al., 2008), and BC concentrations from the EUSAAR_2 

temperature protocol are approximately twice as high as those derived from the NIOSH 

protocol (Cavalli et al., 2010). Furthermore, lake core samples need to be pretreated 

with HCl and HF several times prior to measurements with the thermal-optical methods 

(Han et al., 2015). However, because of the complex chemical properties of ambient 165 

samples, the "best" thermal-optical protocol has not been identified (Karanasiou et al., 

2015), and an exact ratio for BC produced from different methods is difficult to 

determine. Therefore, although the direct comparison of BC concentrations and 

deposition levels across different studies presents certain uncertainties in this study, the 

comparison between lake core and snowpit data is still reliable. For instance, although 170 

large uncertainties exist for BC concentrations within the same environmental matrix 

(Hammes et al., 2007; Han et al., 2011; Watson et al., 2005), the similarity of the BC 

deposition values among different glaciers (Table 1) in different studies implies that 

comparing BC deposition data is feasible for the glacial region in the HTP. In addition, 

because BC concentrations measured via the SP2 method are far lower than those 175 

measured via thermal–optical methods (Lim et al., 2014) (the former can only measure 

BC in grain size finer than 500 nm (Kaspari et al., 2011)), SP2-based BC data were 

avoided in this study. Furthermore, BC concentrations among different methods have 

been found to vary by up to a factor of 7 (Watson et al., 2005). Accordingly, the BC 

deposition in the studied lake core (Nam Co) in this study is estimated to be 20 times 180 
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higher than those in snowpit and ice core studies in the HTP, providing strong evidence 

of their differences. 

2 Methods 

2.1 Collection of aerosols, surface soils and river sediments 

TSP samples were collected from the Nam Co Station for Multisphere Observation 185 

and Research and the Qomolangma Station for Atmospheric and Environmental 

Observation and Research (Everest station) (Fig. 1) from 2014 to 2016. The Nam Co 

station is located in the center of the HTP. The Everest station is located on the northern 

slopes of the Himalayas. Both of these two stations are generally considered to be 

located in remote areas of the HTP that receive BC transported over long distances from 190 

South Asia, and several BC studies have been conducted in these areas (Chen et al., 

2015; Cong et al., 2015; Li et al., 2016a; Ming et al., 2010). In detail, TSP samples were 

collected using 90 mm pre-combusted (550°C, 6 hours) quartz fiber filters (Whatman 

Corp) with a vacuum pump (VT 4.8, Germany). Because the pump was not equipped 

with a flow meter, the air volumes passing through each filter could not be determined 195 

(Li et al., 2016d); however, this did not influence the objectives of this study (e.g., 

relative concentrations of TC and BC in the original and acid-treated samples). Four 

field blank filters were also collected from each station by exposing the filters in each 

sampler without pumping. 

To compare the BC concentrations of the Nam Co Lake cores, two surface soil 200 

samples and four suspended particle samples from four rivers in the Nam Co Basin 

were collected during a period of peak river flow in 2015. The <20 μm fraction of these 

samples was extracted (Li et al., 2009) and treated (Han et al., 2015) to measure the BC 

concentrations. In addition, ten surface soil samples around the Everest station were 

collected to study the pH values. 205 

2.2  Measurement of BC and elemental concentrations 

The carbonates of the collected aerosol samples were removed via a fumigation 

process involving exposing a subset of samples to a vapor of 37% hydrochloric acid 

(HCl) for 24 hours. Then, the treated samples were held at 60°C for over 1 hour to 

remove any acid remaining on the filter (Bosch et al., 2014; Chen et al., 2013; Li et al., 210 

http://cn.bing.com/dict/search?q=vacuum&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=pump&FORM=BDVSP6&mkt=zh-cn
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2016a; Pio et al., 2007). The OC and elemental carbon (EC, the common chemical/mass 

definition of BC) concentrations of both the original and treated samples were measured 

using a Desert Research Institute (DRI) Model 2001 Thermal/Optical Carbon Analyzer 

(Atmoslytic Inc., Calabasas, CA, USA) following the IMPROVE-A protocol (Chow 

and Watson, 2002). The OC and BC concentrations were determined based on varying 215 

transmission signals. To investigate the BC concentration measured by different 

methods, sixteen acid-fumigated aerosol samples were measured following the 

EUSAAR_2 and NIOSH protocols for comparison with the results of the IMPROVE 

protocol. The results showed that the TC concentrations of three methods for the same 

sample were similar, as suggested by previous research (Chow et al., 2001). The ratios 220 

of BC(IMPROVE)/BC(NIOSH) and BC(EUSAAR_2)/BC(NIOSH) for the studied samples were 1.36 

± 0.35 and 1.88 ± 0.60, respectively, both of which agreed with the previously proposed 

ratios of 1.2-1.5 (Chow et al., 2001; Reisinger et al., 2008) and 2 (Cavalli et al., 2010), 

respectively. To evaluate the concentrations of MD, the concentrations of Ca, Fe, Al, 

and Ti in the aerosol samples were measured by inductively coupled plasma optical 225 

emission spectroscopy (ICP-OES) following method of Li et al., (2009). All the 

reported values in this study were corrected based on the values of the blanks. The 

contributions of MD (Maenhaut et al., 2002) and CA (Ram et al., 2010) of the collected 

samples were calculated using the following equations: 

MD= (1.41×Ca+2.09×Fe +1.9×Al+2.15×Si+1.67×Ti)×1.16  (1) 230 

where Si is calculated from Al assuming an average ratio of Si/Al=2.5 (Carrico et 

al., 2003), and 

 CA=OC×1.6 + BC                                    (2) 

2.3 Adoption and calculation of BC deposition data 

To determine the actual BC deposition in the HTP, previously reported data were 235 

compiled and evaluated (Table 1). In addition, BC deposition rates from the Nam Co 

station and Qinghai Lake Basin were estimated from the average BC concentrations in 

the atmosphere and average precipitation levels using the method described in detail in 

other studies (Fang et al., 2015; Jurado et al., 2008) (Table 2). In brief, the annual 

atmospheric deposition rate of BC (μg m-2 a-1) was calculated as follows: 240 
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FBC = FDD + FWD                                        (3) 

FDD= 7.78×104 · VD · CBC-TSP                             (4) 

FWD= 10-3 · P0 · Wp · CBC-TSP                                              (5) 

where FDD and FWD are the seasonal dry and wet deposition (μg m-2), 245 

respectively; VD, P0 and Wp are the dry deposition velocity of aerosol (0.15 cm s-1), the 

precipitation amount (mm) in a given season and the particle washout ratio (2.0×105), 

respectively (Fang et al., 2015); and CBC-TSP is the BC concentration of the TSPs (μg m-

3). The seasonal BC concentrations at the Nam Co station were monitored with an AE-

31, and the average precipitation levels at the station were recorded from 2014-2015. 250 

The BC concentrations in Qinghai Lake are reported in Zhao et al., (2015), and the 

average 1961-2010 precipitation levels recorded by the China Meteorological 

Administration from the Huangyuan station in the lake basin were used. The values 

used in the BC deposition calculations for these two areas are shown in Table 2. 

3 Results and discussion 255 

3.1 Actual BC concentrations in the atmosphere over the HTP 

3.1.1 Contribution of carbonate carbon to both TC and BC 

In this study, after compared with BC and OC concentrations of original and 

acid treated TSP samples, we found that carbonate carbon significantly contributes to 

the BC, TC and OC concentrations of the aerosols at the Nam Co and Everest stations, 260 

especially during non-monsoon periods (winter and spring) when dust storms occur 

frequently at the Nam Co station. The ratios of the TC, OC and BC levels of the aerosols 

treated with acid (TCA, OCA and BCA) to those of the original samples (TCO, OCO and 

BCO) were 0.81±0.13, 0.78±0.10 and 0.48±0.35, respectively, for the Nam Co 

station and 0.76±0.12, 0.78±0.12 and 0.61±0.24, respectively, for the Everest station. 265 

Meanwhile, because of heavy precipitation during monsoon period, influence of IC to 

both BC and TC during this time were lower than those of non-monsoon period at two 

studied stations (Fig. 2). As proposed in previous work (Chow and Watson, 2002), BC 

concentrations are more heavily influenced than OC and TC concentrations because 

carbonates are more prone to decomposition at high temperatures during OC and BC 270 
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analyses. The OC concentrations in the treated samples used in this study also decreased, 

indicating that carbonates can also decompose at low temperatures (Karanasiou et al., 

2010). Clear seasonal variations, i.e., low TCA/TCo ratios during non-monsoon periods 

and high TCA/TCo ratios during monsoon periods, were observed in the aerosols at the 

Nam Co station (Fig. 2). This pattern is consistent with the intense dust storms that 275 

occur during non-monsoon periods. However, clear seasonal patterns in the TCA/TCo 

ratio at the Everest station were not observed, in accordance with the relatively stable 

seasonal variations in the Ca2+ content recorded at this station (Cong et al., 2015). To 

evaluate the relative ratio of MD and CA, MD/(MD+CA) values were calculated (Fig. 

3). The MD/(MD+ CA) levels recorded at the Nam Co station during non-monsoon 280 

periods were significantly higher than those recorded during monsoon periods (p<0.01), 

whereas the corresponding values at the Everest station were not significantly different 

between the two periods (p>0.05) (Fig. 3). Compared with those of other areas, the 

MD/(MD+ CA) values recorded at the two stations were higher than those recorded at 

the NCO-P station (27.95°N, 86.82°E, 5079 m.a.s.l) (70% and 73% for the pre-monsoon 285 

and monsoon periods, respectively) located on the southern slope of the Himalayas 

(Decesari et al., 2010). This difference may be related to the serious levels of South 

Asian pollutants at the NCO-P station and the relative ease with which polluted clouds 

are transported to this station. However, because the measured particle size (PM10) and 

the measurement methods of Ca, Mg and EC at the NCO-P station differed from those 290 

in this study, uncertainties exist in such a direct comparison. 

The Everest station is located in a dry river valley with sparse vegetation cover 

(a typical barren site), and the MD derived from the local surface soil contributes 

considerably to aerosols collected during monsoon periods (Liu et al., 2017). However, 

the Nam Co station is located in a typical grassland region with limited amounts of 295 

locally sourced dust during monsoon periods. Additionally, the Everest station is 

located in the rain shadow of the Himalayas; thus, the precipitation level recorded at 

the Everest station (172 mm during the monsoon period between 2014 and 2015) is 

much lower than that of the Nam Co station (258 mm), causing high MD concentrations 

in the atmosphere of the Everest station during that period. Potential carbonate-induced 300 

http://cn.bing.com/dict/search?q=rain&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=shadow&FORM=BDVSP6&mkt=zh-cn
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biasing of aerosol samples has been proposed to occur in arid areas with alkaline soils 

(Chow and Watson, 2002). Because of the dry weather conditions, the pH values of the 

soil around the Nam Co and Everest stations are as high as 8 (Li et al., 2008) and 8.3, 

respectively, implying considerable carbonate contributions. During non-monsoon 

periods, MD is mainly transported by westerlies from the arid western HTP, where MD 305 

is distributed across large deserts with sand dunes; thus, the aerosol samples were 

influenced by MD with high concentrations of carbonates. Finally, the significant 

positive relationship (p<0.01) between Ca and IC (TCO-TCA) for the aerosols of these 

two stations further demonstrates the contributions of CaCO3 to aerosol IC (Fig. 4). The 

ratio of Ca/IC was higher in the Everest station samples than that of Nam Co station, 310 

possibly reflecting different types of carbonate at these two stations.  

3.1.2 Actual BC concentrations at the two stations and implications 

In summary, we clearly showed that the presence of carbonates in MD led to the 

TC levels in TSP samples in the HTP being overestimated by approximately 19±13% 

and 24±12% at the Nam Co and Everest stations, respectively. These overestimates 315 

were higher than the corresponding value of 10% found for coarse particles in the 

central Mediterranean region of Europe (Perrone et al., 2011). In addition, the related 

BC values were overestimated by approximately 52±35% and 39±24%, respectively, 

thus implying that the actual BC concentrations at these two stations were lower than 

previously reported values. Although fumigation with HCl can cause the loss of volatile 320 

organic acids in treated samples (Chow et al., 1993), this potential influence is not 

important because of the significant relationship between TCO-TCA and Ca (Fig. 4). 

Moreover, because of the large variations in the above values, the corrected BC 

concentrations at the two stations have large uncertainties. Therefore, based on 

previously reported BC concentrations measured via the same method as in this study 325 

(Cong et al., 2015; Zhao et al., 2013a), the actual BC concentrations at the Nam Co and 

Everest stations were estimated to be 61 ng m-3 and 154 ng m-3, respectively.   

Carbonates can decompose at relatively low temperatures during measurement, 

leading to overestimation of both BC and OC concentrations (Karanasiou et al., 2010). 

In addition, sometimes the acid-treated ambient samples transfer some components of 330 
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OC to BC, leading to higher BC concentrations (Jankowski et al., 2008). However, this 

phenomenon was not common in the aerosol samples examined in this study, although 

several samples from both stations showed higher BC concentrations in the acid-treated 

samples (Fig. 2). Because BCA cannot be higher than BCO, the samples with BCA/BCO 

values greater than one were not included in the above calculations. Nevertheless, the 335 

ratio of BCA/BCO was considered to be slightly overestimated as some portion of OC 

was considered BC in the acid-treated samples (Jankowski et al., 2008). 

Since the influence of carbonate carbon on TC has been observed in PM2.5 samples 

from Qinghai Lake, Northwest China (Zhao et al., 2015), this phenomenon should be 

clear in the TSP samples in this study. Because dust storms in the northern and western 340 

parts of the HTP are more severe than those near the two studied stations during the 

non-monsoon periods, the effect of carbonates on the concentrations of OC and BC 

should be more pronounced in such areas and must be seriously considered in future 

studies. Therefore, the overestimation of BC values is likely greater in the northern and 

western parts of the HTP than near Nam Co, as we noted previously. MD concentrations 345 

have been shown to be much higher than BC concentrations in snow and ice core 

samples from the HTP (Li et al., 2017; Qu et al., 2014). However, numerous studies 

have measured BC concentrations without using an acid pretreatment step (e.g., Ming 

et al., 2009; Qu et al., 2014; Wang et al., 2015; Xu et al., 2009a; Xu et al., 2009b). 

Therefore, the contribution of carbonates in MD to the BC concentrations in snow and 350 

ice core samples is likely considerable and needs to be quantitatively evaluated in a 

future study. Similarly, related HTP studies on other issues, such as BC radiative forcing 

and atmospheric transport models, based on in situ BC concentrations must be adjusted. 

3.2 Actual BC deposition in the HTP 

3.2.1 Overestimated BC deposition in lake cores from the HTP 355 

In general, the BC deposition levels measured via different methods should be 

consistent for a given region. For instance, in the severely polluted region of eastern 

China (Chen et al., 2013; Yan et al., 2015), the BC deposition rate recovered from a 

Chaohu lake core was 1,660 mg m-2 a-1 (Han et al., 2016), which was close to the values 

of northern China calculated from the BC concentrations in aerosols (Fang et al., 2015) 360 
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and determined via in situ monitoring on the Northern China Plain (Tang et al., 2014) 

(Table 1). However, this consistency was not the case in the HTP, where large 

discrepancies were found among the reported HTP BC deposition values. Catchment 

inputs have been shown to significantly influence the chemical deposition values 

reconstructed from lake cores (Yang, 2015). For instance, BC deposition rates derived 365 

from lake cores of Nam Co Lake (NMC09) and Qinghai Lake were 260 mg m-2 a-1 and 

270-390 mg m-2 a-1, respectively, which were much higher than those derived from ice 

core and snowpit samples from the HTP (Fig. 5, Table 1). We proposed that the BC 

deposition in the lake cores of Qinghai Lake mainly reflected atmospheric deposition 

followed by catchment inputs. However, the NMC09 value of Nam Co Lake was mainly 370 

influenced by catchment inputs.  

Lake core-derived BC deposition in Qinghai Lake was only 2-3 times higher 

than that estimated from the BC concentrations of PM2.5 in the atmosphere (Zhao et al., 

2015). Because PM2.5 does not include all particles in the atmosphere, the actual BC 

concentration in the atmosphere should be higher than that of PM2.5 (Li et al., 2016b; 375 

Viidanoja et al., 2002); therefore, the atmospheric BC deposition should be more 

similar to that of a lake core. In addition, a previous study showed that approximately 

65% and 22% of the surface sediments in Qinghai Lake result from atmospheric 

deposition and catchment inputs (Wan et al., 2012), respectively, further demonstrating 

the significant effects of atmospheric deposition on lake core sediments. Therefore, if 380 

the BC deposition from atmospheric particles and that of lake core are the same, then 

the atmospheric BC deposition based on Qinghai Lake core data is overestimated by 

approximately 35%. 

Correspondingly, catchment inputs account for a large proportion of the NMC09 

samples. BC is widely distributed throughout environmental materials (e.g., soil and 385 

river sediments) because of its inert characteristics (Bucheli et al., 2004; Cornelissen et 

al., 2005). Therefore, river inputs contribute sediments as well as BC to lakes. For 

instance, in the Nam Co Basin, BC concentrations within the <20 μm fraction of surface 

soil and sediment reach 0.78±0.48 mg g-1, which is close to the Nam Co Lake core 

concentration of 0.74 mg g-1 (Cong et al., 2013). In addition, several findings have 390 
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demonstrated the contributions of catchment inputs to Nam Co Lake cores because of 

focusing factor, which was shown in the following sections. 

First, a large glacial area (141.88 km2) is present within the Nam Co Basin (Fig. 

5), and large volumes of glacier meltwater and sediment flow into the lake annually 

(Wu et al., 2007). Due to recent increasing temperatures and precipitation in the Nam 395 

Co Basin, glacier meltwater accounts for approximately 50.6% of the lake’s volume, 

which has increased over the last 30 years (Zhu et al., 2010). Originating at high-

elevation glacier terminal, these rivers flow are at a steep angle, and large volumes of 

suspended allochthonous sediments are transported into Nam Co Lake annually 

(Doberschütz et al., 2014). A similar phenomenon was also observed in lake cores of a 400 

glacier-fed lake as a result of glacier meltwater effects (Bogdal et al., 2011). Second, 

previous studies on the accumulation rates in lake cores have revealed significant 

contributions of riverine particles. The accumulation rates in a Nam Co Lake core 

(NMC 08-1) are consistent with the precipitation variations recorded in the Nam Co 

Basin during the last 60 years (Fig. 5A) (Wang et al., 2011), indicating that heavy 405 

precipitation promotes the transport of large riverine particles to the lake, thus 

increasing the accumulation rates in the lake cores. Interestingly, the mean grain size of 

the lake core (NMC09) that reported BC atmospheric deposition showed a significant 

positive relationship with precipitation (Fig. 5B), thus reflecting the same relationship 

between catchment inputs and lake core accumulation rates (Li et al., 2014). Because 410 

these two lake cores were drilled from different sites (Fig. 5), their similar catchment 

input characteristics reflect a common feature of Nam Co sediment. As shown above, 

the BC concentrations in the fine fraction of the river sediments are nearly equivalent 

to those in the lake cores; thus, additional catchment inputs will increase the BC 

deposition rates within lake cores. Third, the atmospheric BC deposition rate calculated 415 

from BC concentrations in the atmosphere is much lower than the BC deposition rate 

recorded in the Nam Co Lake cores (Fig. 6), further reflecting the dominant 

contributions of catchment inputs relative to atmospheric inputs in lake cores. 

The above evidences demonstrate that variations in the BC deposition in Nam Co 

Lake mainly reflect variations in catchment inputs rather than in atmospheric inputs; 420 
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thus, atmospheric deposition plays a minor role relative to catchment inputs. Because 

most lakes in the HTP have increased in area over the last 20 years (Zhang et al., 2016), 

this phenomenon likely occurs in many other lakes in the HTP. 

3.2.2 Actual atmospheric BC deposition and potential uncertainties 

BC deposition rates derived from ice cores and snowpits are proposed to be closer 425 

to the actual atmospheric values in the HTP. This hypothesis is supported by two lines 

of evidence. First, BC deposition levels in the snowpits of different glaciers are 

consistent. For example, the estimated BC deposition rates of Laohugou, Tanggula, 

Zhadang, Demula and Yulong are 25, 21.3, 20, 14.5 and 20.2 mg m-2 a-1, respectively 

(Table 1), which reflects a homogeneous spatial distribution in BC deposition. The 430 

above values are also similar to those of ice cores described in other articles (e.g., 18, 

12, and 10.1 mg m-2 a-1 for the Muztagh Ata, Zuoqiupu, and East Rongbuk glaciers, 

respectively (Bauer et al., 2013; Ming et al., 2008; Xu et al., 2009b) (Table 1). Second, 

these values are nearly equivalent to those of atmospheric BC deposition rates derived 

from completely different methods (e.g., Community Atmosphere Model version 5 435 

(Zhang et al., 2015) and other models (Bauer et al., 2013) (Table 1). In summary, despite 

some uncertainties associated with the remote study area, the atmospheric BC 

deposition rate of 17.9±5.3 mg m-2 a-1 in the glacial region of the HTP is proposed. 

4 Conclusions 

The BC concentration and deposition in the HTP region, which features the largest 440 

glacial area in the middle latitudes, were investigated and reevaluated in this article. 

Our findings indicated that carbonate carbon contributions from MD have led to 

overestimations of approximately 52±35% and 39±24% in previously reported BC 

concentrations in TSP samples at the remote Nam Co and Everest stations, respectively 

in the central and southern HTP. After omitting the contributions of carbonate carbon, 445 

the actual BC concentrations at the Nam Co and Everest stations should be 61 ng m-3 

and 154 ng m-3, respectively. In addition, the levels of OC and TC in TSP samples were 

also overestimated by 22±10% and 22±12%, respectively, at the Nam Co station and 

by 19±13% and 24±12%, respectively, at the Everest station. Large arid areas that 

receive little precipitation are distributed across the western and northern HTP; thus, 450 
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the effects of carbonates on BC measurements are expected to be greater in these areas 

and must be considered in future related studies. In addition, TSP samples must be 

treated with acid to eliminate the effects of carbonates prior to measuring BC. A 

comparison among BC deposition values based on different methods and materials 

showed that, because of catchment inputs, the BC deposition rates derived from HTP 455 

lake cores were higher than the actual atmospheric deposition values. Correspondingly, 

the BC deposition values measured from snowpits and ice cores in glacial regions were 

similar to those obtained via models; thus, these data reflect the actual atmospheric BC 

deposition values. Although the HTP is located adjacent to seriously polluted regions 

in South Asia and East China, the HTP BC deposition rates are relatively low because 460 

of the high elevation. Finally, our results indicate that the atmospheric BC deposition 

rate in the HTP is approximately 17.9±5.3 mg m-2 a-1, with lower and higher values 

appearing in the central and peripheral areas of the HTP, respectively. 
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Table 1 Monitored or recovered BC deposition (mg m-2 a-1) from the HTP and other 

regions of the world. 475 

Region Sites Deposition Period References 

Tibet 

Zuoqiupu glacier 12 1970-2005 1 

Muztagh Ata 18 1970-2005 1 

East Rongbuk ice core 10.2 1995-2002 2 

Laohugou glacier 25 2013-2014 3,4 

Tanggula glacier 21.2 2013-2014 3,4 

Zhangdang glacier 22.8 2013-2014 3,4 

Demula glacier 14.4 2013-2014 3,4 

Yulong glacier 20.3 2013-2014 3,4 

Model results of central TP 9 2013-2014 5 

Nam Co Lake core 260 1960-2009 6 

Qinghai Lake core 270-390 1770s-2011 7 

Aerosol of Nam Co station 10.5 2005-2007 8 

Aerosol of Qinghai Lake 92.7 2011-2012 8 

East China 

Chaohu lake core, East China 1160 1980-2012 9 

Northern China 1660 Around 2010 10 

Northern China Plain 1500 2008-2009 11 

Note: 1: (Bauer et al., 2013); 2: BC concentration (20.3 ng g-1) and snow accumulation (500 mm) 

were adopted from (Ming et al., 2008) and (Li et al., 2016c), respectively; 3: (Li et al., 2016c); 4: 

(Li et al., 2016a); 5: (Zhang et al., 2015); 6: (Cong et al., 2013); 7: (Han et al., 2015); 8: calculated 

in this study; 9: (Han et al., 2016); 10: (Fang et al., 2015); 11: (Tang et al., 2014). 

 480 
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Table 2 Precipitation (mm) and BC concentration (ng m-3) values used for the 

BC deposition calculations for Nam Co Lake and Qinghai Lake. 

  Nam Co Lake Qinghai Lake 

  precipitation BC concentration precipitation BC concentration 

Spring 29.65 135.86  77.51  1000  

Summer 190.05 90.97  244.02  530  

Autumn 79.72 86.58  89.78  690  

Winter 2.95 93.55  3.81  1050  

 

 485 

  



19 
 

Figure Captions 

Figure 1 Selected study sites, including the HTP stations, lakes and glaciers. 

Figure 2 Seasonal variations in the BC and TC concentrations in the original and 

acid-treated aerosol samples collected at the Nam Co and Everest stations. 490 

Figure 3 Percentage of MD and CA relative to their sum during both non-monsoon 

and monsoon periods at the Nam Co and Everest stations. 

Figure 4 Relationship between aerosol IC and Ca at the Nam Co and Everest stations. 

Figure 5. Similar variations in precipitation and mass accumulation rates (A) (Wang 

et al., 2011) and significant relationships between mean precipitation and mean grain 495 

size (B) (Li et al., 2014) in the Nam Co Lake cores. 

Figure 6 Comparison of atmospheric BC deposition rates derived from the glacial 

region, models, lake cores and values calculated from BC concentrations in the 

aerosols of the HTP. 

  500 



20 
 

Figure 1 

 
  



21 
 

Figure 2 

 505 

 
  



22 
 

Figure 3 

 
  510 



23 
 

Figure 4 

 

 
  



24 
 

Figure 5 515 

 

  



25 
 

Figure 6 

 
  520 



26 
 

References 

Aiken, G.R., Butler, K., Spencer, R.G.M., 2014. Dissolved organic matter as an indicator of watershed 

processes. Abstracts of Papers of the American Chemical Society 247. 

Andreae, M.O., Gelencser, A., 2006. Black carbon or brown carbon? The nature of light-absorbing 

carbonaceous aerosols. Atmospheric Chemistry and Physics 6, 3131-3148. 525 

Bauer, S.E., Bausch, A., Nazarenko, L., Tsigaridis, K., Xu, B., Edwards, R., Bisiaux, M., McConnell, J., 2013. 

Historical and future black carbon deposition on the three ice caps: Ice core measurements and model 

simulations from 1850 to 2100. Journal of Geophysical Research: Atmospheres 118, 7948-7961. 

Blais, J.M., Kalff, J., 1995. The Influence of Lake Morphometry on Sediment Focusing. Limnology and 

Oceanography 40, 582-588. 530 

Bogdal, C., Bucheli, T.D., Agarwal, T., Anselmetti, F.S., Blum, F., Hungerbühler, K., Kohler, M., Schmid, P., 

Scheringer, M., Sobek, A., 2011. Contrasting temporal trends and relationships of total organic carbon, 

black carbon, and polycyclic aromatic hydrocarbons in rural low-altitude and remote high-altitude lakes. 

Journal of Environmental Monitoring 13, 1316-1326. 

Bolch, T., Kulkarni, A., Kääb, A., Huggel, C., Paul, F., Cogley, J.G., Frey, H., Kargel, J.S., Fujita, K., Scheel, 535 

M., 2012. The state and fate of Himalayan glaciers. Science 336, 310-314. 

Bollasina, M., Nigam, S., Lau, K.M., 2008. Absorbing Aerosols and Summer Monsoon Evolution over 

South Asia: An Observational Portrayal. Journal of Climate 21. 

Bond, T.C., Bergstrom, R.W., 2006. Light absorption by carbonaceous particles: An investigative review. 

Aerosol Science and Technology 40, 27-67. 540 

Bond, T.C., Doherty, S.J., Fahey, D.W., Forster, P.M., Berntsen, T., DeAngelo, B.J., Flanner, M.G., Ghan, S., 

Kaercher, B., Koch, D., Kinne, S., Kondo, Y., Quinn, P.K., Sarofim, M.C., Schultz, M.G., Schulz, M., 

Venkataraman, C., Zhang, H., Zhang, S., Bellouin, N., Guttikunda, S.K., Hopke, P.K., Jacobson, M.Z., Kaiser, 

J.W., Klimont, Z., Lohmann, U., Schwarz, J.P., Shindell, D., Storelvmo, T., Warren, S.G., Zender, C.S., 2013. 

Bounding the role of black carbon in the climate system: A scientific assessment. Journal of Geophysical 545 

Research-Atmospheres 118, 5380-5552. 

Bosch, C., Andersson, A., Kirillova, E.N., Budhavant, K., Tiwari, S., Praveen, P., Russell, L.M., Beres, N.D., 

Ramanathan, V., Gustafsson, Ö., 2014. Source‐diagnostic dual‐ isotope composition and optical 

properties of water‐ soluble organic carbon and elemental carbon in the South Asian outflow 

intercepted over the Indian Ocean. Journal of Geophysical Research: Atmospheres 119, 11,743-711,759. 550 

Bucheli, T.D., Blum, F., Desaules, A., Gustafsson, Ö., 2004. Polycyclic aromatic hydrocarbons, black 

carbon, and molecular markers in soils of Switzerland. Chemosphere 56, 1061-1076. 

Cao, J., Tie, X., Xu, B., Zhao, Z., Zhu, C., Li, G., Liu, S., 2010. Measuring and modeling black carbon (BC) 

contamination in the SE Tibetan Plateau. Journal of Atmospheric Chemistry 67, 45-60. 

Cao, J.J., Lee, S.C., Zhang, X.Y., Chow, J.C., An, Z.S., Ho, K.F., Watson, J.G., Fung, K., Wang, Y.Q., Shen, Z.X., 555 

2005. Characterization of airborne carbonate over a site near Asian dust source regions during spring 

2002 and its climatic and environmental significance. Journal of Geophysical Research-Atmospheres 110. 

Carrico, C.M., Bergin, M.H., Shrestha, A.B., Dibb, J.E., Gomes, L., Harris, J.M., 2003. The importance of 

carbon and mineral dust to seasonal aerosol properties in the Nepal Himalaya. Atmospheric 

Environment 37, 2811-2824. 560 

Cavalli, F., Viana, M., Yttri, K.E., Genberg, J., Putaud, J.P., 2010. Toward a standardised thermal-optical 

protocol for measuring atmospheric organic and elemental carbon: the EUSAAR protocol. Atmospheric 

Measurement Techniques 3, 79-89. 

Chen, B., Andersson, A., Lee, M., Kirillova, E.N., Xiao, Q., Krusa, M., Shi, M., Hu, K., Lu, Z., Streets, D.G., 



27 
 

Du, K., Gustafsson, O., 2013. Source Forensics of Black Carbon Aerosols from China. Environmental 565 

Science & Technology 47, 9102-9108. 

Chen, P., Kang, S., Bai, J., Sillanpää, M., Li, C., 2015. Yak dung combustion aerosols in the Tibetan Plateau: 

Chemical characteristics and influence on the local atmospheric environment. Atmospheric Research 

156, 58-66. 

Chow, J.C., Watson, J.G., 2002. PM2.5 carbonate concentrations at regionally representative Interagency 570 

Monitoring of Protected Visual Environment sites. Journal of Geophysical Research-Atmospheres 107. 

Chow, J.C., Watson, J.G., Crow, D., Lowenthal, D.H., Merrifield, T., 2001. Comparison of IMPROVE and 

NIOSH carbon measurements. Aerosol Science and Technology 34, 23-34. 

Chow, J.C., Watson, J.G., Pritchett, L.C., Pierson, W.R., Frazier, C.A., Purcell, R.G., 1993. The dri 

thermal/optical reflectance carbon analysis system: description, evaluation and applications in U.S. Air 575 

quality studies. Atmospheric Environment Part a-General Topics 27, 1185-1201. 

Clarke, A.D., Shinozuka, Y., Kapustin, V.N., Howell, S., Huebert, B., Doherty, S., Anderson, T., Covert, D., 

Anderson, J., Hua, X., Moore, K.G., McNaughton, C., Carmichael, G., Weber, R., 2004. Size distributions 

and mixtures of dust and black carbon aerosol in Asian outflow: Physiochemistry and optical properties. 

Journal of Geophysical Research-Atmospheres 109. 580 

Cohen, A.S., 2003. Paleolimnology: The History and Evolution of Lake Systems. Oxford University Press. 

Cong, Z., Kang, S., Gao, S., Zhang, Y., Li, Q., Kawamura, K., 2013. Historical Trends of Atmospheric Black 

Carbon on Tibetan Plateau As Reconstructed from a 150-Year Lake Sediment Record. Environmental 

Science & Technology 47, 2579-2586. 

Cong, Z., Kang, S., Kawamura, K., Liu, B., Wan, X., Wang, Z., Gao, S., Fu, P., 2015. Carbonaceous aerosols 585 

on the south edge of the Tibetan Plateau: concentrations, seasonality and sources. Atmospheric 

Chemistry and Physics 15, 1573-1584. 

Cornelissen, G., Gustafsson, Ö., Bucheli, T.D., Jonker, M.T., Koelmans, A.A., van Noort, P.C., 2005. 

Extensive sorption of organic compounds to black carbon, coal, and kerogen in sediments and soils: 

mechanisms and consequences for distribution, bioaccumulation, and biodegradation. Environmental 590 

Science & Technology 39, 6881-6895. 

Decesari, S., Facchini, M.C., Carbone, C., Giulianelli, L., Rinaldi, M., Finessi, E., Fuzzi, S., Marinoni, A., 

Cristofanelli, P., Duchi, R., 2010. Chemical composition of PM 10 and PM 1 at the high-altitude 

Himalayan station Nepal Climate Observatory-Pyramid (NCO-P)(5079 m asl). Atmospheric Chemistry 

and Physics 10, 4583-4596. 595 

Doberschütz, S., Frenzel, P., Haberzettl, T., Kasper, T., Wang, J., Zhu, L., Daut, G., Schwalb, A., Mäusbacher, 

R., 2014. Monsoonal forcing of Holocene paleoenvironmental change on the central Tibetan Plateau 

inferred using a sediment record from Lake Nam Co (Xizang, China). Journal of Paleolimnology 51, 253-

266. 

Fang, Y., Chen, Y., Tian, C., Lin, T., Hu, L., Huang, G., Tang, J., Li, J., Zhang, G., 2015. Flux and budget of BC 600 

in the continental shelf seas adjacent to Chinese high BC emission source regions. Global 

Biogeochemical Cycles 29, 957-972. 

Gustafsson, Ö., Gschwend, P.M., 1998. The flux of black carbon to surface sediments on the New 

England continental shelf. Geochimica et Cosmochimica Acta 62, 465-472. 

Hammes, K., Schmidt, M.W.I., Smernik, R.J., Currie, L.A., Ball, W.P., Nguyen, T.H., Louchouarn, P., Houel, 605 

S., Gustafsson, O., Elmquist, M., Cornelissen, G., Skjemstad, J.O., Masiello, C.A., Song, J., Peng, P.a., Mitra, 

S., Dunn, J.C., Hatcher, P.G., Hockaday, W.C., Smith, D.M., Hartkopf-Froeder, C., Boehmer, A., Lueer, B., 

Huebert, B.J., Amelung, W., Brodowski, S., Huang, L., Zhang, W., Gschwend, P.M., Flores-Cervantes, D.X., 



28 
 

largeau, C., Rouzaud, J.-N., Rumpel, C., Guggenberger, G., Kaiser, K., Rodionov, A., Gonzalez-Vila, F.J., 

Gonzalez-Perez, J.A., de la Rosa, J.M., Manning, D.A.C., Lopez-Capel, E., Ding, L., 2007. Comparison of 610 

quantification methods to measure fire-derived (black/elemental) carbon in soils and sediments using 

reference materials from soil, water, sediment and the atmosphere. Global Biogeochemical Cycles 21. 

Han, Y., Wei, C., Bandowe, B., Wilcke, W., Cao, J., Xu, B., Gao, S., Tie, X., Li, G., Jin, Z., 2015. Elemental 

carbon and polycyclic aromatic compounds in a 150-year sediment core from Lake Qinghai, Tibetan 

Plateau, China: influence of regional and local sources and transport pathways. Environmental science 615 

& technology 49, 4176-4183. 

Han, Y.M., Cao, J.J., Yan, B.Z., Kenna, T.C., Jin, Z.D., Cheng, Y., Chow, J.C., An, Z.S., 2011. Comparison of 

elemental carbon in lake sediments measured by three different methods and 150-year pollution history 

in eastern China. Environmental science & technology 45, 5287-5293. 

Han, Y.M., Wei, C., Huang, R.J., Bandowe, B.A.M., Ho, S.S.H., Cao, J.J., Jin, Z.D., Xu, B.Q., Gao, S.P., Tie, 620 

X.X., An, Z.S., Wilcke, W., 2016. Reconstruction of atmospheric soot history in inland regions from lake 

sediments over the past 150 years. Scientific Reports 6. 

Ho, K.F., Zhang, R.J., Lee, S.C., Ho, S.S.H., Liu, S.X., Fung, K., Cao, J.J., Shen, Z.X., Xu, H.M., 2011. 

Characteristics of carbonate carbon in PM2.5 in a typical semi-arid area of Northeastern China. 

Atmospheric Environment 45, 1268-1274. 625 

Jankowski, N., Schmidl, C., Marr, I.L., Bauer, H., Puxbaum, H., 2008. Comparison of methods for the 

quantification of carbonate carbon in atmospheric PM10 aerosol samples. Atmospheric Environment 

42, 8055-8064. 

Jurado, E., Dachs, J., Duarte, C.M., Simo, R., 2008. Atmospheric deposition of organic and black carbon 

to the global oceans. Atmospheric Environment 42, 7931-7939. 630 

Kang, S., Xu, Y., You, Q., Flügel, W.-A., Pepin, N., Yao, T., 2010. Review of climate and cryospheric change 

in the Tibetan Plateau. Environmental Research Letters 5, 015101. 

Karanasiou, A., Diapouli, E., Viana, M., Alastuey, A., 2010. On the quantification of atmospheric 

carbonate carbon by thermal/optical analysis protocols. Atmospheric Measurement Techniques 

Discussions. 635 

Karanasiou, A., Minguillón, M.C., Viana, M., Alastuey, A., Putaud, J.P., Maenhaut, W., Panteliadis, P., 

Močnik, G., Favez, O., Kuhlbusch, T.A.J., 2015. Thermal-optical analysis for the measurement of 

elemental carbon (EC) and organic carbon (OC) in ambient air a literature review. Atmospheric 

Measurement Techniques Discussions 8, 9649-9712. 

Kaspari, S.D., Schwikowski, M., Gysel, M., Flanner, M.G., Kang, S., Hou, S., Mayewski, P.A., 2011. Recent 640 

increase in black carbon concentrations from a Mt. Everest ice core spanning 1860-2000 AD. 

Geophysical Research Letters 38. 

Koch, D., Schulz, M., Kinne, S., McNaughton, C., Spackman, J.R., Balkanski, Y., Bauer, S., Berntsen, T., 

Bond, T.C., Boucher, O., Chin, M., Clarke, A., De Luca, N., Dentener, F., Diehl, T., Dubovik, O., Easter, R., 

Fahey, D.W., Feichter, J., Fillmore, D., Freitag, S., Ghan, S., Ginoux, P., Gong, S., Horowitz, L., Iversen, T., 645 

Kirkevag, A., Klimont, Z., Kondo, Y., Krol, M., Liu, X., Miller, R., Montanaro, V., Moteki, N., Myhre, G., 

Penner, J.E., Perlwitz, J., Pitari, G., Reddy, S., Sahu, L., Sakamoto, H., Schuster, G., Schwarz, J.P., Seland, 

O., Stier, P., Takegawa, N., Takemura, T., Textor, C., van Aardenne, J.A., Zhao, Y., 2009. Evaluation of black 

carbon estimations in global aerosol models. Atmospheric Chemistry and Physics 9, 9001-9026. 

Lau, W.K.M., Kim, M.-K., Kim, K.-M., Lee, W.-S., 2010. Enhanced surface warming and accelerated snow 650 

melt in the Himalayas and Tibetan Plateau induced by absorbing aerosols. Environmental Research 

Letters 5, 025204. 



29 
 

Li, C., Bosch, C., Kang, S., Andersson, A., Chen, P., Zhang, Q., Cong, Z., Chen, B., Qin, D., Gustafsson, Ö., 

2016a. Sources of black carbon to the Himalayan–Tibetan Plateau glaciers. Nature Communications 7, 

12574. 655 

Li, C., Chen, P., Kang, S., Yan, F., Hu, Z., Qu, B., Sillanpää, M., 2016b. Concentrations and light absorption 

characteristics of carbonaceous aerosol in PM2.5 and PM10 of Lhasa city, the Tibetan Plateau. 

Atmospheric Environment 127, 340-346. 

Li, C., Chen, P., Kang, S., Yan, F., Li, X., Qu, B., Sillanpää, M., 2016c. Carbonaceous matter deposition in 

the high glacial regions of the Tibetan Plateau. Atmospheric Environment 141, 203-208. 660 

Li, C., Kang, S., Wang, X., Ajmone-Marsan, F., Zhang, Q., 2008. Heavy metals and rare earth elements 

(REEs) in soil from the Nam Co Basin, Tibetan Plateau. Environmental Geology 53, 1433-1440. 

Li, C., Kang, S., Zhang, Q., Wang, F., 2009. Rare earth elements in the surface sediments of the Yarlung 

Tsangbo (Upper Brahmaputra River) sediments, southern Tibetan Plateau. Quaternary International 208, 

151-157. 665 

Li, C., Yan, F., Kang, S., Chen, P., Hu, Z., Gao, S., Qu, B., Sillanpää, M., 2016d. Light absorption 

characteristics of carbonaceous aerosols in two remote stations of the southern fringe of the Tibetan 

Plateau, China. Atmospheric Environment, 79-85. 

Li, Q., Kang, S., Zhang, Q., Huang, J., guo, J., Wang, K., Wang, J., 2014. A 150 year climate change history 

reconstructed by lake sediment of Nam Co, Tibetan Plateau (in Chinese). Acta Sedimentologica Sinica 670 

32, 669-676. 

Li, X., Kang, S., He, X., Qu, B., Tripathee, L., Jing, Z., Paudyal, R., Li, Y., Zhang, Y., Yan, F., Li, G., Li, C., 2017. 

Light-absorbing impurities accelerate glacier melt in the Central Tibetan Plateau. Science of the Total 

Environment 587, 482-490. 

Lim, S., Faïn, X., Zanatta, M., Cozic, J., Jaffrezo, J.L., Ginot, P., Laj, P., 2014. Refractory black carbon mass 675 

concentrations in snow and ice: method evaluation and inter-comparison with elemental carbon 

measurement. Atmos. Meas. Tech. 7, 3307-3324. 

Liu, B., Cong, Z., Wang, Y., Xin, J., Wan, X., Pan, Y., Liu, Z., Wang, Y., Zhang, G., Wang, Z., Wang, Y., Kang, 

S., 2017. Background aerosol over the Himalayas and Tibetan Plateau: observed characteristics of 

aerosol mass loading. Atmos. Chem. Phys. 17, 449-463. 680 

Liu, Y.-h., Dong, G.-r., Li, S., Dong, Y.-x., 2005. Status, causes and combating suggestions of sandy 

desertification in qinghai-tibet plateau. Chinese Geographical Science 15, 289-296. 

Maenhaut, W., Schwarz, J., Cafmeyer, J., Chi, X., 2002. Aerosol chemical mass closure during the 

EUROTRAC-2 AEROSOL Intercomparison 2000. Nuclear Instruments and Methods in Physics Research 

Section B: Beam Interactions with Materials and Atoms 189, 233-237. 685 

Marinoni, A., Cristofanelli, P., Laj, P., Duchi, R., Calzolari, F., Decesari, S., Sellegri, K., Vuillermoz, E., Verza, 

G.P., Villani, P., Bonasoni, P., 2010. Aerosol mass and black carbon concentrations, a two year record at 

NCO-P (5079 m, Southern Himalayas). Atmospheric Chemistry and Physics 10, 8551-8562. 

Ming, J., Cachier, H., Xiao, C., Qin, D., Kang, S., Hou, S., Xu, J., 2008. Black carbon record based on a 

shallow Himalayan ice core and its climatic implications. Atmospheric Chemistry and Physics 8, 1343–690 

1352. 

Ming, J., Xiao, C., Cachier, H., Qin, D., Qin, X., Li, Z., Pu, J., 2009. Black Carbon (BC) in the snow of glaciers 

in west China and its potential effects on albedos. Atmospheric Research 92, 114-123. 

Ming, J., Xiao, C., Sun, J., Kang, S., Bonasoni, P., 2010. Carbonaceous particles in the atmosphere and 

precipitation of the Nam Co region, central Tibet. Journal of Environmental Sciences 22, 1748-1756. 695 

Ming, J., Zhang, D., Kang, S., Tian, W., 2007. Aerosol and fresh snow chemistry in the East Rongbuk 



30 
 

Glacier on the northern slope of Mt. Qomolangma (Everest). Journal of Geophysical Research 112, 

D15307. 

Perrone, M.R., Piazzalunga, A., Prato, M., Carofalo, I., 2011. Composition of fine and coarse particles in 

a coastal site of the central Mediterranean: Carbonaceous species contributions. Atmospheric 700 

Environment 45, 7470-7477. 

Pio, C.A., Legrand, M., Oliveira, T., Afonso, J., Santos, C., Caseiro, A., Fialho, P., Barata, F., Puxbaum, H., 

Sanchez-Ochoa, A., Kasper-Giebl, A., Gelencser, A., Preunkert, S., Schock, M., 2007. Climatology of 

aerosol composition (organic versus inorganic) at nonurban sites on a west-east transect across Europe. 

Journal of Geophysical Research-Atmospheres 112. 705 

Qu, B., Ming, J., Kang, S.C., Zhang, G.S., Li, Y.W., Li, C.D., Zhao, S.Y., Ji, Z.M., Cao, J.J., 2014. The decreasing 

albedo of the Zhadang glacier on western Nyainqentanglha and the role of light-absorbing impurities. 

Atmospheric Chemistry and Physics 14, 11117-11128. 

Ram, K., Sarin, M.M., Tripathi, S.N., 2010. A 1 year record of carbonaceous aerosols from an urban site 

in the Indo-Gangetic Plain: Characterization, sources, and temporal variability. Journal of Geophysical 710 

Research 115, 9-12. 

Ramanathan, V., Carmichael, G., 2008. Global and regional climate changes due to black carbon. Nature 

geoscience 1, 221-227. 

Reisinger, P., Wonaschütz, A., Hitzenberger, R., Petzold, A., Bauer, H., Jankowski, N., Puxbaum, H., Chi, 

X., Maenhaut, W., 2008. Intercomparison of Measurement Techniques for Black or Elemental Carbon 715 

Under Urban Background Conditions in Wintertime: Influence of Biomass Combustion. Environmental 

Science & Technology 42, 884-889. 

Ruppel, M.M., Isaksson, E., Ström, J., Beaudon, E., Svensson, J., Pedersen, C.A., Korhola, A., 2014. 

Increase in elemental carbon values between 1970 and 2004 observed in a 300-year ice core from 

Holtedahlfonna (Svalbard). Atmos. Chem. Phys. 14, 11447-11460. 720 

Sillanpää, M., Frey, A., Hillamo, R., Pennanen, A.S., Salonen, R.O., 2005. Organic, elemental and inorganic 

carbon in particulate matter of six urban environments in Europe. Atmos. Chem. Phys. 5, 2869-2879. 

Tang, Y., Han, G.L., Xu, Z.F., 2014. Atmospheric black carbon deposit in Beijing and Zhangbei, China, in: 

Gaillardet, J. (Ed.), Geochemistry of the Earth's Surface Ges-10, pp. 383-387. 

Viidanoja, J., Sillanpaa, M., Laakia, J., Kerminen, V.M., Hillamo, R., Aarnio, P., Koskentalo, T., 2002. 725 

Organic and black carbon in PM2.5 and PM10: 1 year of data from an urban site in Helsinki, Finland. 

Atmospheric Environment 36, 3183-3193. 

Wan, D.J., Jin, Z.D., Wang, Y.X., 2012. Geochemistry of eolian dust and its elemental contribution to Lake 

Qinghai sediment. Applied Geochemistry 27, 1546-1555. 

Wan, X., Kang, S., Wang, Y., Xin, J., Liu, B., Guo, Y., Wen, T., Zhang, G., Cong, Z., 2015. Size distribution of 730 

carbonaceous aerosols at a high-altitude site on the central Tibetan Plateau (Nam Co Station, 4730 m 

a.s.l.). Atmospheric Research 153, 155-164. 

Wang, J., Zhu, L., Wang, Y., Gao, S., Daut, G., 2011. Spatial variability of recent sedimentation rate and 

variations in the past 60 years in Nam Co, Tibetan Palteau, China (in Chinese). Quat Sci 31, 535-543. 

Wang, M., Xu, B., Cao, J., Tie, X., Wang, H., Zhang, R., Qian, Y., Rasch, P.J., Zhao, S., Wu, G., Zhao, H., 735 

Joswiak, D.R., Li, J., Xie, Y., 2015. Carbonaceous aerosols recorded in a southeastern Tibetan glacier: 

analysis of temporal variations and model estimates of sources and radiative forcing. Atmospheric 

Chemistry and Physics 15, 1191-1204. 

Wang, S., Wang, J., Zhou, Z., Shang, K., 2005. Regional characteristics of three kinds of dust storm events 

in China. Atmospheric Environment 39, 509-520. 740 



31 
 

Watson, J.G., Chow, J.C., Chen, L.W.A., 2005. Summary of organic and elemental carbon/black carbon 

analysis methods and intercomparisons. Aerosol & Air Quality Research 5. 

Wu, Y., Zhu, L., Ye, Q., Wang, L., 2007. The response of lake-glacier area change to climate variations in 

Namco Basin, Central Tibetan Plateau, during the last three decades (in Chinese). ACTA GEOGRAPHICA 

SINICA-CHINESE EDITION- 62, 311. 745 

Xu, B.-Q., Wang, M., Joswiak, D.R., Cao, J.-J., Yao, T.-D., Wu, G.-J., Yang, W., Zhao, H.-B., 2009a. Deposition 

of anthropogenic aerosols in a southeastern Tibetan glacier. Journal of Geophysical Research-

Atmospheres 114. 

Xu, B., Cao, J., Hansen, J., Yao, T., Joswia, D.R., Wang, N., Wu, G., Wang, M., Zhao, H., Yang, W., 2009b. 

Black soot and the survival of Tibetan glaciers. Proceedings of the National Academy of Sciences 106, 750 

22114-22118. 

Xu, Y., Ramanathan, V., Washington, W.M., 2016. Observed high-altitude warming and snow cover 

retreat over Tibet and the Himalayas enhanced by black carbon aerosols. Atmospheric Chemistry and 

Physics 16, 1303-1315. 

Yan, C., Zheng, M., Sullivan, A.P., Bosch, C., Desyaterik, Y., Andersson, A., Li, X., Guo, X., Zhou, T., 755 

Gustafsson, Ö., Collett Jr, J.L., 2015. Chemical characteristics and light-absorbing property of water-

soluble organic carbon in Beijing: Biomass burning contributions. Atmospheric Environment 121, 4-12. 

Yang, H., 2015. Lake Sediments May Not Faithfully Record Decline of Atmospheric Pollutant Deposition. 

Environmental Science & Technology 49, 12607-12608. 

You, Q., Kang, S., Pepin, N., Fluegel, W.-A., Yan, Y., Behrawan, H., Huang, J., 2010. Relationship between 760 

temperature trend magnitude, elevation and mean temperature in the Tibetan Plateau from 

homogenized surface stations and reanalysis data. Global and Planetary Change 71, 124-133. 

Zhang, G., Yao, T., Piao, S., Bolch, T., Xie, H., Chen, D., Gao, Y., O'Reilly, C.M., Shum, C.K., Yang, K., 2016. 

Climate change drives extensive and drastically different alpine lake changes on Asia's high plateaus 

during the past four decades. Geophysical Research Letters. 765 

Zhang, R., Wang, H., Qian, Y., Rasch, P.J., Easter, R.C., Ma, P.L., Singh, B., Huang, J., Fu, Q., 2015. 

Quantifying sources, transport, deposition, and radiative forcing of black carbon over the Himalayas and 

Tibetan Plateau. Atmospheric Chemistry and Physics 15, 6205-6223. 

Zhao, S., Ming, J., Sun, J., Xiao, C., 2013a. Observation of carbonaceous aerosols during 2006-2009 in 

Nyainqntanglha Mountains and the implications for glaciers. Environmental Science and Pollution 770 

Research 20, 5827-5838. 

Zhao, Z., Cao, J., Shen, Z., Xu, B., Zhu, C., Chen, L.W.A., Su, X., Liu, S., Han, Y., Wang, G., Ho, K., 2013b. 

Aerosol particles at a high-altitude site on the Southeast Tibetan Plateau, China: Implications for 

pollution transport from South Asia. Journal of Geophysical Research-Atmospheres 118, 11360-11375. 

Zhao, Z.Z., Cao, J.J., Shen, Z.X., Huang, R.J., Hu, T.F., Wang, P., Zhang, T., Liu, S.X., 2015. Chemical 775 

composition of PM2.5 at a high-altitude regional background site over Northeast of Tibet Plateau. 

Atmospheric Pollution Research 6, 815-823. 

Zhu, L., Xie, M., Wu, Y., 2010. Quantitative analysis of lake area variations and the influence factors from 

1971 to 2004 in the Nam Co basin of the Tibetan Plateau. Chinese Science Bulletin 55, 1294-1303. 

 780 

 

 


	Author responses to RC1
	Author responses to RC2
	MS with no endnote with blue marker new

