


the climate dominating this phenomena? 
6. It was mentioned that the area-averaged weathering rate of the Tibetan Plateau is calculated at 41.7 t km-2 a-1 in Line
107, doubled of the global value. However, the authors argued later in the Line 116 that the SW rate in the Tibetan Plateau
is not enhanced as previous thought. Does that implicate a much stronger accelerating of CW on the plateau? As I point out
in the above comment, SW will be largely accelerated downstream when the rivers flowing into the plain, what’s the situation
of carbonate weathering? 
7. Line 129-133, why silicate weathering in Palong Tsangpo river basin has not been largely enhanced by high erosion rate
there as carbonate weathering. 
8. Line 149-151, it is argued that the major river basins take up to 1% of the basin area of the global value, but contributed
4.17% of the OWP fluxes. I think it would be necessary to explicate the reasons and explore its implications. 
9. I suggest that some contents in the Supporting Text Information need to be removed to the main text to make the MS more
easily follow for readers. e.g., I think it would be better to put the content of “Quantification of Riverine Sulfate Source
Contribution” and “Calculations for the CO2 Consumption Rates by Silicate and Carbonate Weathering Considering the
Sulfuric Acid Involvement” to the method section. 
10. Similarly, some figure in the SI should be removed to the main body of the MS, e.g. Fig. S3 is actually very important as it
is the basic of the chemical weathering rates calculation and the quantitative estimation of H2SO4 involvement in chemical
weathering. 
11. Line 180-182, pls rephrase this sentence to make it more readable. 
12. I would recommend a language polishing of the MS by an English native speaker. 

Reviewer #2 

(Remarks to the Author) 
Please see the attachment for my comments. 

Reviewer #3 

(Remarks to the Author) 
In this manuscript, Liu and colleagues present a comprehensive dataset on stream water chemistry in the Tibetan Plateau,
with a focus on sulfate flux. Using several mixing models, referred to as forward models, the authors quantify the flux of
silicate and carbonate weathering driven by CO2 and pyrite oxidation. The main conclusions are: 

1. The area-averaged silicate weathering flux is slightly lower than the global mean, while the area-averaged carbonate
weathering flux is twice the global mean. 
2. The acidity generated through pyrite oxidation contributes to approximately 1/5 of the carbonate weathering flux,
potentially reducing the CO2 consumption flux through silicate weathering by about 60%. 

There is no doubt that the authors have collected a valuable dataset, which could greatly benefit the geological community
once published. However, I have some concerns about the manuscript: 

Sampling Conditions: Based on the map in Fig. 1, the sampling locations cover the Tibetan Plateau well, which is
commendable. However, it is unclear when and under which hydrological conditions (e.g., discharge) the samples were
collected. Without this information, it is difficult to determine how the fluxes were calculated. Different discharge-
concentration relationships could lead to significantly different flux values, making the flux values representing the whole
basin questionable. 

Mechanistic Understanding: The manuscript lacks sufficient interpretation of the observed patterns. For instance, to what
extent can the variation in weathering fluxes among basins be explained by differences in erosion/uplift rates, climate, or
lithology? More detailed discussion on these aspects is needed to enhance the mechanistic understanding. 

Mixing Model Constraints: The mixing models (forward models) are not well constrained. Their validity largely depends on
the accuracy of the endmembers. The uncertainties of the endmembers (e.g., Ca/Na, Mg/Na ratios, sulfur isotopic
compositions) should be accounted for to estimate the uncertainties of the results (fraction of endmembers). 

Version 1: 

Reviewer comments: 

Reviewer #1 

(Remarks to the Author) 
The authors replied to the comments accurately. I yhink it can be accepted. 

Reviewer #2 

(Remarks to the Author) 
After reading the revision, I have no further comments and suggest to accept the manuscript. 



Reviewer #3 

(Remarks to the Author) 
I believe the authors have not fully addressed the issue of solute flux estimation. It is difficult to accept that the concentrations
from samples collected at a specific time of the year can represent the average values for the entire year. While I understand
that it may be challenging to obtain multiple samples in Tibet, the manuscript should mention this sampling limitation and
discuss how it may impact the flux calculation. 
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bdRW!Pb!V[PRXP[!T]eXa^]\T]c!P]S!KPXfP]!^a^VT]h*!A^fTeTa(!_aTRXbT!`dP]cXcPcXeT!

TbcX\PcX^]! ^U! A.JF0! X\_PRc! ^]! RWT\XRP[! fTPcWTaX]V! P]S! aT[PcTS! <F.! QdSVTcb!

R^]bcaPX]TS! Qh! \d[cX_[T! Xb^c^_T! bhbcT\b! Xb! [X\XcTS(! _PacXRd[Pa[h(! aT[PcTS!

TbcX\PcX^]!P]S!R^]ca^[[X]V!\TRWP]Xb\!bcdSh!Xb!\XbbX]V!U^a!cWT!KXQTcP]!G[PcTPd(!

fWXRW! ^QbcadRcb! cWT! d]STabcP]SX]V! ^]! cWT! Pc\^b_WTaXR! <F.! TUUTRc! P]S! aT[PcTS!

R[X\PcT!X\_PRc!^U!_[PcTPd!U^a\PcX^]*

JdRW!f^aZ(!Tb_TRXP[[h!`dP]cXcPcXeT!TbcX\PcX^]!Xb!eTah!SXUUXRd[c!c^!QT!aTP[XiTS!

Pb!Xc!Xb!cWT!c^_!WXVWTbc!P]S![PaVTbc!_[PcTPd!fXcW!c^_!R[Pbb![PaVT!aXeTa!]Tcf^aZb!

X]! cWT! f^a[S*! NWPc k b! \^aT(! bca^]V! WTcTa^VT]TXch! ^U! VT^[^Vh! P]S! R[X\PcT!

R^\_[XRPcTS! Q^cW! cWT! fTPcWTaX]V! _PaT]c! a^RZ! P]S! fTPcWTaX]V! U[dXSb! WTaT*! KWXb!

\P]dbRaX_c!R^]SdRcTS!\d[cX_[T!Xb^c^_XR!X]eTbcXVPcX^]b!^]!aXeTa!b^[dcTb!^U!P[[!

cWT! \PY^a! aXeTa! bhbcT\b! &X]R[dSX]V! cWTXa! \PX]! RWP]]T[! P]S! \PX]! caXQdcPaXTb'!

SaPX]X]V! ^]! cWT! KXQTcP]! G[PcTPd(! fWXRW! VXeTb! cWT! ^__^acd]Xch! c^! aTP[XiT! cWT!

_aTRXbT! _PacXcX^]! ^U! _[PcTPd! aXeTa! b^[dcT! b^daRX]V! Ua^\! SXUUTaT]c! PRXS)a^RZ!

aTPRcX]V! bhbcT\b(! P]S! cWdb! cWT! TbcX\PcX^]! ^U! <F.! b^daRT! P]S! bX]Z! TUUTRc! ^U!

RWT\XRP[!fTPcWTaX]V!X]!cWTbT!bhbcT\b!X]!cWT!_[PcTPd*!Bc!Xb!RP[Rd[PcTS!cWPc!]TPa[h!

WP[U!^U!cWT!<F.!U[dg!R^]bd\TS!Qh!bX[XRPcT!fTPcWTaX]V!^]!cWT!_[PcTPd!WPb!QTT]!

R^d]cTaPRcTS! Qh! <F.! aT[TPbT! Ua^\! RPaQ^]PcT! fTPcWTaX]V! fXcW! A.JF0! &^aXVX]PcTS!

Ua^\! bd[UXST! ^gXSPcX^]'*! K^! \h! Z]^f[TSVT(! cWXb!Xb! cWT! UXabc! `dP]cXcPcXeT! P]S!

bhbcT\PcXR!RP[Rd[PcX^]!^]!R^]caXQdcX^]!^U!bd[UXST!^gXSPcX^]!^aXVX]PcTS!bd[UdaXR!

PRXS!P]S!Xcb!SXbcdaQP]RT!^]!fTPcWTaX]V!^U!cWT!KXQTcP]!G[PcTPd!Pb!P!fW^[T(!cWdb!

cWT! ]Tc! <F.! QdSVTc! ^U! RWT\XRP[! fTPcWTaX]V! ^U! cWT! _[PcTPd! R^d[S! QT! ^QcPX]TS*!

:]^cWTa! ]Tf! R^]caXQdcX^]! ^U! cWXb! f^aZ! Xb! cWT! PaVd\T]c! cWPc! _[PcTPd! d_[XUcX]V!

_^bTb!bXV]XUXRP]c[h!T]WP]RTS!RPaQ^]PcT!fTPcWTaX]V!Qdc!]TV[XVXQ[T!T]WP]RT\T]c!^]!

bX[XRPcT!fTPcWTaX]V(!fWXRW!Xb!RaXcXRP[!c^!b^[eT!cWT!]TVPcXeT!UTTSQPRZ!_dii[T!^U!

Pc\^b_WTaXR!<F.!QdSVTc!X]!<T]^i^XR*

K^!bd\!d_(!B!cWX]Z!cWT!c^_XR!^U!cWT!DJ!Xb!fT[[!fXcWX]!cWT!TPacW!P]S!T]eXa^]\T]c!

bR^_T!^U!E<*!IT[XPQ[T!WhSa^)VT^RWT\Xbcah!SPcP!P]S!Xb^c^_XR!\TcW^Sb!PaT!T\_[^hTS!

U^a!cWT!X]cTa_aTcPcX^]*!KWT!]Tf!UX]SX]Vb!P]S!PaVd\T]cb!WPeT!QTT]!fT[[!_aTbT]cTS!

X]!cWT!DJ*!B!f^d[S!aTR^\\T]S!cWT!_dQ[XRPcX^]!^U!cWT!bdQ\XccTS!\P]dbRaX_c!^]!E<!

PUcTa!P!\X]^a!aTeXbX^]*

FcWTa!cWP]!cWT!VT]TaP[!R^\\T]cb!PQ^eT(!B!P[b^!WPeT!b^\T!b_TRXUXR!R^]RTa]b!P]S!
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cWT\!QT[^f6

-*! =XUUTaT]c!ZX]Sb!^U!Tg^VT]^db!PRXSb!TgXbc!X]! cWT!TPacW!bdaUPRT*!>gRT_c!U^a!

bd[UdaXR!PRXS(!P]^cWTa!X\_^acP]c!bca^]V!]^])RPaQ^]XR!PRXS!PVT]c!X]!P!QPbX]!Xb!

AEF/*!A^f!Xb!cWT!bXcdPcX^]!^U!E!ST_^bXcX^]!P]S!Xcb!X\_PRc!^]!RWT\XRP[!fTPcWTaX]V!

^U!cWT!_[PcTPd9!NX[[!cWT!_PacXRX_PcX^]!^U!AEF/!P[b^!\^Sd[PcT!cWT!QPbX]!fTPcWTaX]V!

c^!P![PaVT!TgcT]c9

Response: MSa) eS OU`SS bVOb E RS^]aWbW]\ [WUVb PS O\ W[^]`bO\b a]c`QS ]T Sf]US\]ca

OQWRa W\ O `WdS` POaW\) Sa^SQWOZZg T]` bV]aS eWbV W\bS\aS Ob[]a^VS`WQ E RS^]aWbW]\+

@]eSdS )̀ Wba W\^cb W\ bVS KWPSbO\ GZObSOc aV]cZR PS [W\] +̀ KVS ^ZObSOc Wa ]\S ]T bVS

[]ab `S[]bS O\R ^`WabW\S O`SO W\ bVS e]`ZR+ G`SdW]ca e]`Y VOa PSS\ Q]\RcQbSR T]` bVS

MO`Zc\U KaO\U^] IWdS` :OaW\ ]\ bVS ^ZObSOc b] SdOZcObS bVS E RS^]aWbW]\ aWbcObW]\ W\

bVS POaW\ &CWc Sb OZ+) /-//) B@'+ Ab eOa QOZQcZObSR bVOb bVS Ob[]a^VS`WQ E RS^]aWbW]\

OQQ]c\bSR T]` ]\Zg i2% ]T bVS `WdS`W\S EF0
* W\ bVS MO`Zc\U KaO\U^] IWdS +̀ :SaWRSa) bVS

^ZObSOc `WdS`a VOdS [cQV Z]eS` EF0
* Q]\QS\b`ObW]\ `O\US bVO\ UZ]POZ [OX]` `WdS`a

&Table S3. 9 bOPZS Q][^WZW\U bVS \Wb`ObS Q]\QS\b`ObW]\ O\R Wa]b]^S QVO`OQbS`WabWQa ]T bVS

MO`Zc\U KaO\U^] IWdS` O\R UZ]POZ `WdS`a) W\ CWc Sb OZ+) /-//) LI'+ J]) bVS Ob[]a^VS`WQ

E RS^]aWbW]\ W[^OQb ]\ QVS[WQOZ eSObVS`W\U eOa Oaac[SR \SUZWUWPZS W\ bVS ^ZObSOc+

Liu, W., et al. (2022). "Driving forces of nitrogen cycling and the climate feedback loops

in the Yarlung Tsangpo River Basin, the highest-altitude large river basin in the world."

Journal of Hydrology 610: 127974.

Liu, W., et al. (2022). "Time-series monitoring of river hydrochemistry and multiple

isotope signals in the Yarlung Tsangpo River reveals a hydrological domination of

fluvial nitrate fluxes in the Tibetan Plateau." Water Research 225: 119098.

.*!CX]T!3,)3-(!SXbRdbbX^]!]TTS!c^!QT!bcaT]VcWT]TS!U^a!cWXb!PaVd\T]c*

Response: KVO\Ya T]` g]c` acUUSabW]\+ KVS ^Z]ba ]T 54J`,53J` O\R QObW]\ `ObW] W\RSf ]\

>WU J0 T]` S\R[S[PS` WRS\bWTWQObW]\ aV]e bVOb []ab aO[^ZSa RWab`WPcbS []`S QZ]aS` b]

QO`P]\ObS RWaa]ZcbW]\ S\R[S[PS`a) Sa^SQWOZZg T]` bVS [OW\ab`SO[ aO[^ZSa+ @S`S W\ bVS

dS`g PSUW\\W\U ]T bVS TW`ab aSQbW]\ ]T l`SacZba O\R RWaQcaaW]\am) bVS VgR`]*US]QVS[Wab`g

Q][^]aWbW]\ O\R bVS J` Wa]b]^S RObO O`S S[^Z]gSR b] _cOZWbObWdSZg USb O US\S`OZ ^WQbc`S

]T eSObVS`W\U a]ZcbS ]`WUW\+ D]`S _cO\bWbObWdS SabW[ObW]\a ]\ a]ZcbS ]`WUW\S O`S UWdS\

W\ bVS T]ZZ]eSR*c^ aSQbW]\a+ A\bS`^`SbObW]\a O\R RSbOWZa OP]cb VgR`]*QVS[Wab`g O\R J`

Wa]b]^S W[^ZWQObW]\a ]\ bVWa O`Uc[S\b VOdS PSS\ ORRSR O\R bVS Z]UWQ VOa PSS\

ab`SO[ZW\SR W\ bVS `SdWaW]\ W\ CW\S 40i46+

/*!CX]T!33)34(!_[b!b_TRXUh!cWT!aTPb^]b!^U!cWT!PaVd\T]c!^U!P]!X]RaTPbX]V!_^acX^]!

^U!FNG!^aXVX]PcTS!aXeTaX]T!bd[UPcT*

Response: IOW\eObS )̀ Ug^ac[ RWaa]ZcbW]\ O\R ]fWRObW]\ ]T ^g`WbS O`S bVS [OW\

Q]\b`WPcb]` ]T `WdS`W\S acZTObS+ KVS T]`[S` be] VOdS ^]aWbWdS u01JJF1 dOZcSa \]`[OZZg

O`]c\R 2r O\R VWUVS` bVO\ .-r Oa `S^]`bSR W\ ^`SdW]ca abcRWSa+ LVWZS bVS ]fWRObW]\

]T ^g`WbS \]`[OZZg VOa \SUObWdS u01JJF1 dOZcSa+ <SbOWZSR S\R[S[PS` Q]\TW`[ObW]\

^`]QSaa Q]cZR PS T]c\R W\ bVS lHcO\bWTWQObW]\ ]T IWdS`W\S JcZTObS J]c`QS ;]\b`WPcbW]\m

aSQbW]\ W\ bVS ac^^ZS[S\bO`g W\T]`[ObW]\ aSQbW]\+ J]) bVS RSQ`SOaW\U b`S\R ]T u01JJF1



R]e\ bVS [OW\ab`SO[ ]T bVS abcRWSR `WdS`a &KOPZS J.' W[^ZWQObSa O\ W\Q`SOaW\U W\^cb

T`][ bVS S\R[S[PS` eWbV Z]eS` u01JJF1 dOZcS bVO\ bVS `WdS` eObS`) acUUSabW\U O\

W\Q`SOaW\U Q]\b`WPcbW]\ T`][ FLG eWbV \SUObWdS 01JJF1+ CW\S 52i54 W\ bVS `SdWaW]\+

0*!CX]T!40(!fWPc!S^Tb!cWT!U_haXcT!\TP]9!Bc!Xb!]TRTbbPah!c^!QT!Ud[[h!STUX]TS!fWT]!

Xc!Xb!\T]cX^]TS!cWT!UXabc!cX\T!X]!cWT!DJ*

Response: KVO\Ya T]` bVS `S[W\RW\U+! T Wa bVS ^`]^]`bW]\ ]T bVS acZTObS RS`WdSR T`][

`OW\eObS`) Ug^ac[ RWaa]ZcbW]\ O\R ]fWRObW]\ ]T ^g`WbS+ J]) T^g`WbS \]bSR bVS T`OQbW]\ ]T

`WdS`W\S JF1
/* ]`WUW\ObSR T`][ ]fWRObW]\ eSObVS`W\U ]T ^g`WbS+ Ab VOa PSS\ QZO`WTWSR W\

CW\S ... W\ bVS `SdWaSR [O\caQ`W^b+

1*!CX]T!---)--0(!KWTbT!bT]cT]RTb!PaT!ZX]S!̂ U!R^]UdbX]V!c^!\T*!K^!\h!d]STabcP]SX]V(!

cWT!PdcW^ab!\TP]!cWPc!cWT!JN!U[dg!^U!cWT!bcdSXTS!aXeTa!QPbX]b!Xb!,*3-%!^U!cWT!

V[^QP[!JN!U[dg(!P]S!cWTXa!PaTP!_TaRT]cPVT!Xb!-%!^U!cWT!R^aaTb_^]SX]V!V[^QP[!aXeTa!

QPbX]! PaTP*! NWX[T! cWT! cf^! eP[dT! Xb! -,*41%! P]S! 2*2%! aTb_TRcXeT[h(! fWT]! cWT!

S^f]bcaTP\!QPbX]!PaTP!Xb!R^]bXSTaTS*!BU!Xc!Xb!R^aaTRc(!cWT!bT]cT]RTb!]TTS!c^!QT!

aT_WaPbTS!c^!\PZT!Xc!\^aT!aTPSPQ[T*!?dacWTa\^aT(!S^Tb!cWPc!\TP]!S^f]bcaTP\!^U!

cWT! [PaVT! aXeTab! ^aXVX]PcTS! Ua^\! cWT! KXQTcP]! G[PcTPd! WPeT! WXVWTa! RWT\XRP[!

fTPcWTaX]V! U[dgTb! ^U! bX[XRPcT!fTPcWTaX]V9! Bb! Xc! cWT! [XcW^[^Vh! ^a! cWT! R[X\PcT!

S^\X]PcX]V!cWXb!_WT]^\T]P9

Response: J]``g T]` bVS Q]\TcaW]\+ MSa) bVWa Wa eVOb eS [SO\ W\ bVS [O\caQ`W^b+ KVS

abObS[S\ba VOdS PSS\ `S^V`OaSR b] [OYS Wb []`S `SOROPZS O\R bVS Q][^O`Wa]\ VOa PSS\

a^SQWTWSR W\ bVS `SdWaSR [O\caQ`W^b W\ CW\S ./0i./3+LS Obb`WPcbS bVS S\VO\QS[S\b ]T

aWZWQObS eSObVS`W\U b] bVS Z]\US` `SaWRS\QS bW[S O\R []\a]]\OZ QZW[ObS W\ bVS TZ]]R

^ZOW\ R]e\ab`SO[ ]T bVS ZO`US `WdS`a ]`WUW\ObSR T`][ bVS ^ZObSOc+ GZa TW\R bVS RSbOWZa W\

CW\S ./6i.04 W\ bVS `SdWaSR DJ+

2*!Bc!fPb!\T]cX^]TS!cWPc!cWT!PaTP)PeTaPVTS!fTPcWTaX]V!aPcT!̂ U!cWT!KXQTcP]!G[PcTPd!

Xb! RP[Rd[PcTS! Pc! 0-*3! c! Z\).! P)-! X]! CX]T! -,3(! S^dQ[TS! ^U! cWT! V[^QP[! eP[dT*!

A^fTeTa(!cWT!PdcW^ab!PaVdTS![PcTa!X]!cWT!CX]T!--2!cWPc!cWT!JN!aPcT!X]!cWT!KXQTcP]!

G[PcTPd!Xb!]^c!T]WP]RTS!Pb!_aTeX^db!cW^dVWc*!=^Tb!cWPc!X\_[XRPcT!P!\dRW!bca^]VTa!

PRRT[TaPcX]V!^U!<N!^]!cWT!_[PcTPd9!:b!B!_^X]c!^dc!X]!cWT!PQ^eT!R^\\T]c(!JN!fX[[!

QT![PaVT[h!PRRT[TaPcTS!S^f]bcaTP\!fWT]!cWT!aXeTab!U[^fX]V!X]c^!cWT!_[PX](!fWPck

b!cWT!bXcdPcX^]!^U!RPaQ^]PcT!fTPcWTaX]V9

Response: KVO\Ya T]` bVS W\aWUVbTcZ Q][[S\ba+ MSa) bVS QOZQcZObSR b]bOZ eSObVS`W\U

`ObS ]T KG Wa beWQS ]T bVS UZ]POZ dOZcS) Pcb JLI W\ bVS KWPSbO\ GZObSOc Wa \]b S\VO\QSR

Oa ^`SdW]ca bV]cUVb+ Ab Wa US\S`OZZg bVS aO[S ZSdSZ ]T bVS UZ]POZ dOZcS RSa^WbS bVS VWUV

S`]aW]\ `ObS bVS`S) eVWZS QO`P]\ObS eSObVS`W\U VOa PSS\ OQQSZS`ObSR Q][^O`SR eWbV bVS

UZ]POZ [SO\) OZbV]cUV bVS ^ZObSOc VOa [cQV Z]eS` [SO\ O\\cOZ bS[^S`Obc`S W\ bVS

^ZObSOc+ KVS VWUV S`]aW]\ `ObS Wa Oaac[SR Oa bVS TW`ab ]`RS` ]T Q]\b`]ZZW\U TOQb]`a

OQQSZS`ObW\U bVS QO`P]\ObS eSObVS`W\U bVS`S Q]\aWRS`W\U Wba TOab*`SOQbW\U `ObS eWbV

eSObVS`W\U TZcWRa+ :cb bVS ^`][]bW\U ]T aWZWQObS eSObVS`W\U `SOQbW]\a Wa `SZObWdSZg

ZW[WbSR T]` Wba [cQV aZ]eS` eSObVS`W\U `ObSa &\]`[OZZg .-0 ]`RS`a Z]eS` bVO\ QO`P]\ObS'+

;O`P]\ObS eSObVS`W\U Wa OZa] S\VO\QSR W\ bVS TZ]]R ^ZOW\ O`SO) Pcb bVS [OW\ Q]\b`]ZZW\U



TOQb]` Wa bVS VWUV bS[^S`Obc`S O\R eObS` OQQSaaWPWZWbg bVS`S RcS b] bVS []\a]]\OZ QZW[ObS+

3*!CX]T!-.5)-//(!fWh!bX[XRPcT!fTPcWTaX]V!X]!GP[^]V!KbP]V_^!aXeTa!QPbX]!WPb!]^c!

QTT]![PaVT[h!T]WP]RTS!Qh!WXVW!Ta^bX^]!aPcT!cWTaT!Pb!RPaQ^]PcT!fTPcWTaX]V*

Response: GOZ]\U KaO\U^] `WdS` POaW\ Wa Z]QObSR Ob bVS =OabS`\ @W[OZOgO\ ag\bOfWa) O

V]ba^]b T]` VWUV S`]aW]\ `ObS ]\ bVS =O`bV ac`TOQS+ Ab Wa O bg^WQOZ OZ^W\S dOZZSg O`SO eWbV

OPc\RO\b `OW\TOZZ O\R eWRSa^`SOR [O`W\S UZOQWS`a+ GOZ]\U KaO\U^] `WdS` POaW\ Wa

QVO`OQbS`WhSR Pg ab`]\U bSQb]\WQ O\R UZOQWS` OQbWdWbg) W\bS\aS ^`SQW^WbObW]\ S`]aW]\ Pcb

Z]e bS[^S`Obc`S &D9K Ob 5+3 É) NS\U Sb OZ+) /-.68 NVO\U Sb OZ+) /-/0'+ KVS OP]dS

a^SQWOZ Q][PW\ObW]\ ]T S`]aW]\ O\R QZW[ObS POQYU`]c\R ^`][]bSa bVS ]PdW]ca VWUV

QO`P]\ObS eSObVS`W\U `ObSa) Pcb bVS S\VO\QS[S\b ]\ aWZWQObS eSObVS`W\U `ObSa O`S

`SZObWdSZg ZW[WbSR T]` aV]`b eObS` `SaWRS\QS bW[S O\R Z]e bS[^S`Obc`S bVS`S+ A\ O\]bVS`

e]`R) aWZWQObS eSObVS`W\U Wa W\bS\aSZg YW\SbWQ*ZW[WbSR bVS`S+

Zeng, X. et al. Characteristics and Geneses of low frequency debris flow along

ParlungZangbo River Zone-take ChaoBulongba gully as an example. Sci. Tech. Eng.

19, 103-107 (2019).

Zhang, G. The controlling effect of structure and climate on the distribution of debris

flow in Palong Zangbu Basin 1-69 (Xizang Univ., 2023).

4*!CX]T!-05)-1-(!Xc!Xb!PaVdTS!cWPc!cWT!\PY^a!aXeTa!QPbX]b!cPZT!d_!c^!-%!^U!cWT!

QPbX]!PaTP!^U!cWT!V[^QP[!eP[dT(!Qdc!R^]caXQdcTS!0*-3%!^U!cWT!FNG!U[dgTb*!B!cWX]Z!

Xc!f^d[S!QT!]TRTbbPah!c^!Tg_[XRPcT!cWT!aTPb^]b!P]S!Tg_[^aT!Xcb!X\_[XRPcX^]b*

Response: KVO\Ya T]` g]c` acUUSabW]\+ GVgaWQOZ S`]aW]\ `ObS Wa bVS TW`ab*]`RS`

Q]\b`]ZZW\U TOQb]` T]` ]fWRObW]\ eSObVS`W\U ]T ^g`WbS+ 9a O `SUW]\ eWbV W\bS\aS bSQb]\WQ

OQbWdWbg O\R bVS eWRSab RWab`WPcbW]\ ]T Z]e*ZObWbcRS UZOQWS`a) bVS KWPSbO\ GZObSOc aS`dSa

Oa ]\S ]T bVS V]ba^]ba T]` ^g`WbS Sf^]ac`S) eVWQV ZSOR b] bVS RWa^`]^]`bW]\ObSZg VWUV

FLG ]`WUW\ObSR acZTObS TZcf+ ISZObSR Sf^ZO\ObW]\ eOa ORRSR W\ bVS `SdWaSR [O\caQ`W^b

W\ CW\S .4-i.4/+

5*!B!bdVVTbc!cWPc!b^\T!R^]cT]cb!X]!cWT!Jd__^acX]V!KTgc!B]U^a\PcX^]!]TTS!c^!QT!

aT\^eTS!c^!cWT!\PX]!cTgc!c^!\PZT!cWT!DJ!\^aT!TPbX[h!U^[[^f!U^a!aTPSTab*!T*V*(!B!

cWX]Z! Xc! f^d[S! QT! QTccTa! c^! _dc! cWT! R^]cT]c! ^U! lHdP]cXUXRPcX^]! ^U! IXeTaX]T!

Jd[UPcT!J^daRT!<^]caXQdcX^]m!P]S!l<P[Rd[PcX^]b!U^a!cWT!<F.!<^]bd\_cX^]!IPcTb!

Qh!JX[XRPcT!P]S!<PaQ^]PcT!NTPcWTaX]V!<^]bXSTaX]V!cWT!Jd[UdaXR!:RXS!B]e^[eT\T]cm!

c^!cWT!\TcW^S!bTRcX^]*

Response: KVO\Ya T]` g]c` acUUSabW]\+ MSa) eS OU`SS b] `S[]dS l;OZQcZObW]\a T]` bVS

;F/ ;]\ac[^bW]\ IObSa Pg JWZWQObS O\R ;O`P]\ObS LSObVS`W\U ;]\aWRS`W\U bVS

JcZTc`WQ 9QWR A\d]ZdS[S\bm b] bVS [SbV]R aSQbW]\ W\ bVS `SdWaW]\ W\ CW\S /4-i/60 T`][

bVS JA+ 9a T]` bVS lHcO\bWTWQObW]\ ]T IWdS`W\S JcZTObS J]c`QS ;]\b`WPcbW]\m aSQbW]\) Wb

Q]\bOW\a []`S RWaQcaaW]\ ]\ bVS S\R[S[PS` W\dSabWUObW]\ O\R Q]\TW`[ObW]\) eVWQV Wa

bVS ^`S[WaS ]T Q]\b`WPcbW]\ QOZQcZObW]\) bVS `SacZba ]T `WdS`W\S JF1
/* Q]\b`WPcbW]\ O\R

bVSW` W[^ZWQObW]\a) W\abSOR ]T ]\Zg bVS ^`]QSRc`S ]T `WdS`W\S acZTObS a]c`QS QOZQcZObW]\+

J]) eS e]cZR ZWYS b] ZSOdS bVWa aSQbW]\ W\ bVS Jc^^]`bW\U KSfb A\T]`[ObW]\+



-,*!JX\X[Pa[h(!b^\T!UXVdaT!X]!cWT!JB!bW^d[S!QT!aT\^eTS!c^!cWT!\PX]!Q^Sh!^U!cWT!

DJ(!T*V*!?XV*!J/!Xb!PRcdP[[h!eTah!X\_^acP]c!Pb!Xc!Xb!cWT!QPbXR!^U!cWT!RWT\XRP[!

fTPcWTaX]V!aPcTb!RP[Rd[PcX^]!P]S!cWT!̀ dP]cXcPcXeT!TbcX\PcX^]!̂ U!A.JF0!X]e^[eT\T]c!

X]!RWT\XRP[!fTPcWTaX]V*

Response: KVO\Ya T]` g]c` acUUSabW]\+ KVS ]`WUW\OZ >WU+ J0 VOa PSS\ `S[]dSR b] bVS

[OW\ P]Rg ]T bVS `SdWaSR DJ b] WZZcab`ObS bVS a]ZcbS a]c`QS Q]\b`WPcbW]\a T`][ RWTTS`S\b

S\R[S[PS`a) eVWQV Wa bVS \Se >WU / W\ bVS `SdWaW]\+

--*!CX]T!-4,)-4.(!_[b!aT_WaPbT!cWXb!bT]cT]RT!c^!\PZT!Xc!\^aT!aTPSPQ[T*

Response: J]``g T]` bVS Q]\TcaW]\+ KVWa aS\bS\QS VOa PSS\ `SdWaSR W\ bVS `SdWaW]\ W\

CW\S /.3i/.5+

-.*!B!f^d[S!aTR^\\T]S!P![P]VdPVT!_^[XbWX]V!̂ U!cWT!DJ!Qh!P]!>]V[XbW!]PcXeT!b_TPZTa*

Response: KVO\Ya T]` g]c` acUUSabW]\+ KVS ZO\UcOUS ]T bVS `SdWaW]\ VOa PSS\ ^]ZWaVSR+!

ITeXTfTa!$.!&IT\PaZb!c^!cWT!:dcW^a'6

G[TPbT!bTT!cWT!PccPRW\T]c!U^a!\h!R^\\T]cb*

=TPa!>SXc^a(!

B!WPeT!aTPS!cWa^dVW!cWT!\P]dbRaX_c!T]cXc[TS!lITUX]TS!fTPcWTaX]V!<F.!QdSVTc!^U!

cWT! KXQTcP]! G[PcTPd! bca^]V[h! \^Sd[PcTS! Qh! bd[_WXST! ^gXSPcX^]m! Qh! CXd! Tc! P[*!

KWXb!_P_Ta!aT_^acTS!aTUX]TS!bd[UXST!^gXSPcX^]!fTPcWTaX]V!U[dg!fXcW!RPaQ^]PcT!P]S!

bX[XRPcT! a^RZb*! KWT! QXVVTbc! RWP[[T]VT! U^a! cWXb! cWT\T! X]! \h! ^_X]X^]! Xb! cWPc!

_aTeX^db!bcdSXTb!dbTS!\^ST[!RP[Rd[PcX^]!Qh!bTccX]V!cWT!\PY^aXch!^U!JF0!b^daRTS!

Ua^\!bd[UXSTb(!P]S!cWTaTU^aT!d]PQ[T!c^!PRRdaPcT[h!Xb^[PcT!cWT!_haXcT!fTPcWTaX]V!

U[dg(!SdT!c^!d]PePX[PQ[T!J!Xb^c^_XR!SPcP!U^a!\P]h!aXeTa!QPbX]b!&T*V*(!K^aaTb!Tc!

P[*(!.,-3(!GE:J'*!CXd!Tc!P[*!dbTS!<)J!Xb^c^_Tb!U^a!cWT!UXabc!cX\T!PRRdaPcT[h!

R^]bcaPX]TS!cWT!bd[UXST!^gXSPcX^]!U[dg!P]S!<F.!R^]bd\_cX^]!X]!cWT!T]cXaT!KXQTcP]!

G[PcTPd!&KG'(!P]S!UX]P[[h!U^d]S!cWPc!cWT!KG!Xb!P]!X\_^acP]c!RPaQ^]!bX]Z*!KWXb!Xb!

P! eP[dPQ[T! R^]caXQdcX^]! U^a! d]STabcP]SX]V! cWT! RPaQ^]! b^daRT! P]S! bX]Z! X]! cWT!

T]cXaT!KG(!Pb!X]SXeXSdP[!aXeTa!QPbX]!X]!cWXb!aTVX^]!bW^fTS!TXcWTa!P!]Tc!b^daRT!

^a! bX]Z*! KWTXa! UX]SX]Vb! PaT! _PacXRd[Pa[h! dbTUd[! c^! PbbTbb! cWT! RPaQ^]! RhR[T!

_a^RTbbTb!P]S!U[dgTb!X]!cWT!cTRc^]XRP[[h!PRcXeT!KG(!P!W^c!_^X]c!aTVX^]!cWPc!WPb!

[^]V!QTT]![X]ZTS!c^!cTRc^]XR!d_[XUc!P]S!cWT!<T]^i^XR!R^^[X]V*!

KWT!\P]dbRaX_c!Xb!VT]TaP[[h!fT[[)faXccT]*!KWT!SPcP!bd__^ac!cWT!R^]R[dbX^]b*!B!

WPeT!\PST!b^\T!R^\\T]cb!U^a!cWT!SPcP!X]cTa_aTcPcX^]!cWPc!B!cWX]Z!cWT!PdcW^ab!RP]!

QT! b^[eTS! Pc! RdaaT]c! eTabX^]*! FeTaP[[(! B! aTR^\\T]S! cWT! _dQ[XRPcX^]! ^U! cWXb!

\P]dbRaX_c!PUcTa!\X]^a!\^SXUXRPcX^]b*!

<^\\T]cb6!

CX]T!/26!<WP]VT!cWT!lV[PRXP[m!c^!lV[PRXTabm!

Response: ISdWaSR W\ ZW\S 03+

CX]T! 3,)3-6! l;^cW! cWT! aXeTa! WhSa^)RWT\Xbcah! P]S! Ja! VT^RWT\Xbcah! bdVVTbc! P!

WXVW[XVWcTS!RPaQ^]PcT!S^\X]PcTS!fTPcWTaX]V!aTVX\T!^]!cWT!_[PcTPd*m!NWh!cWT!Ja!

VT^RWT\Xbcah! bdVVTbc! P! RPaQ^]PcT! S^\X]PcTS! fTPcWTaX]V9! :aT! cWTaT! \TcP\^a_WXR!



RPaQ^]PcT9!KWT!PeTaPVT!43Ja+44Ja!U^a!cWT!KG!Xb!,*3-.01(!fWXRW!Xb!\dRW!WXVWTa!

cWP]!cWT![X\Tbc^]T!,*3,5!^a!V[^QP[!TeP_^aXcT!,*3-,),*3--*!B!PVaTT!fXcW!cWT!WhSa^)

RWT\Xbcah!X]cTa_aTcPcX^]!cWPc!bW^fX]V!<P)DV)A<F/)!S^\X]PcTS!X^]XR!R^\_^bXcX^]b(!

Qdc!B!RP]!]^c!U^[[^f!cWT!43Ja+44Ja!bcPcT\T]c*!B!bdVVTbc!cWT!PdcW^ab!c^!R[PaXUh!

Xc!WTaT!U^a!Ja!Xb^c^_XR!STbRaX_cX^]*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ DSbO[]`^VWQ QO`P]\ObS ]`WUW\ObSR VWUV

`ORW]US\WQ J` Wa]b]^S VOa PSS\ eSZZ R]Qc[S\bSR W\ bVS abcRWSa W\ a]cbVS`\ aZ]^S ]T bVS

^ZObSOc &>WU J/') Pcb VOa \]b PSS\ T]c\RSR ]\ bVS ^ZObSOc `WdS` POaW\a+ @cV O`UcSR bVOb

bVS O\OZgaSa ]T RObO T]` bVS @W[OZOgOa O\R bVS KWPSbO\ GZObSOc acUUSab bVOb bVS VWUV

`ORW]US\WQ J` TSObc`S Wa Z]QOZWhSR b] bVS @W[OZOgO\ T`]\b R`OW\W\U bVS @WUV @W[OZOgO

;`gabOZZW\S &@@;' O\R CSaaS` @W[OZOgO &C@' O\R VOa \]b PSS\ ]PaS`dSR W\ ]bVS`

^S`W^VS`OZ `SUW]\a ]T bVS KWPSbO\ GZObSOc ]` W\ bVS be] ag\bOfSa &@cV) /-.-') OZbV]cUV

bVS 54J`,53J` `ObW]a O`S VWUVZg dO`WOPZS T]` b`WPcbO`WSa W\ W\RWdWRcOZ `WdS` POaW\+ K] Od]WR

bVS VSbS`]US\SWbg O\R UOW\ O US\S`OZ c\RS`abO\RW\U Ob bVS eV]ZS ^ZObSOc aQOZS) eS Z]]Y

Ob bVS [OW\ QVO\\SZ RObO) O\R bVS OdS`OUS 54J`,53J` T]` [OW\ab`SO[ ]T ZO`US `WdS`a W\ bVS

KG Wa -+4...) eVWQV Wa aZWUVbZg VWUVS` bVO\ bVS dOZcS `O\US ]T QO`P]\ObS O\R SdO^]`WbS

S\R[S[PS`) Pcb aWU\WTWQO\bZg Z]eS` bVO\ eSZZ R]Qc[S\bSR \]`[OZ aWZWQObS S\R[S[PS`

dOZcS `O\US &-+4/i-+40) FZWdS` Sb+OZ+) /--08 LO\U Sb+OZ+) /--48 ;VSbSZOb Sb+OZ+) /--5'+ A\

ORRWbW]\) bVS ^Z]ba ]T 54J`,53J` O\R QObW]\ `ObW] W\RSf ]\ >WU J1 aV]eSR bVOb []ab

aO[^ZSa O`S RWab`WPcbSR []`S QZ]aS` b] QO`P]\ObS RWaa]ZcbW]\ S\R[S[PS`a+ A\ bVS dS`g

PSUW\\W\U ]T bVS TW`ab aSQbW]\ ]T l`SacZba O\R RWaQcaaW]\am) bVS VgR`]*US]QVS[Wab`g

Q][^]aWbW]\ O\R bVS J` Wa]b]^S RObO VS`S O`S S[^Z]gSR b] _cOZWbObWdSZg USb O US\S`OZ

^WQbc`S ]T eSObVS`W\U a]ZcbS ]`WUW\+ D]`S W\bS`^`SbObW]\a O\R RSbOWZa OP]cb VgR`]*

QVS[Wab`g O\R J` Wa]b]^S W[^ZWQObW]\a ]\ QO`P]\ObS eSObVS`W\U R][W\ObSR eSObVS`W\U

`SUW[S VOdS PSS\ ORRSR W\ bVWa aSQbW]\ O\R bVS Z]UWQ VOa PSS\ ab`SO[ZW\SR W\ bVS `SdWaW]\

W\ CW\S 40i46+

Wang Z.-L., Zhang J. and Liu C.-Q. (2007) Strontium isotopic compositions of dissolved

and suspended loads from the main channel of the Yangtze River. Chemosphere 69(7),

1081–1088.

Chetelat, B., et al. (2008). "Geochemistry of the dissolved load of the Changjiang Basin

rivers: Anthropogenic impacts and chemical weathering." Geochimica et

Cosmochimica Acta 72(17): 4254-4277.

Huh, Y. (2010). "Estimation of atmospheric CO2 uptake by silicate weathering in the

Himalayas and the Tibetan Plateau: a review of existing fluvial geochemical data."

Geological Society, London, Special Publications 342(1): 129-151.

Oliver L., Harris N., Bickle M., Chapman H., Dise N. and Horstwood M. (2003) Silicate

weathering rates decoupled from the 87Sr/86Sr ratio of the dissolved load during

Himalayan erosion. Chem. Geol. 201(1–2), 119–139.

CX]T!4-)416!B!bdVVTbc!c^!\^eT!cWTbT!cf^!bT]cT]RTb!lIXeTaX]T!bd[UPcT!^aXVX]b!PaT!

RP[Rd[PcTS!fXcW!JF0.)!R^]RT]caPcX^]!P]S!j/0JJF0!eP[dTnWXVWTa! _haXcT!U^a!cWT!

bcdSXTS! aXeTa! bhbcT\! X]SXRPcTb! bXV]XUXRP]c! bd[UdaXR! PRXS! X]e^[eT\T]cb! X]! cWT!



_[PcTPd! fTPcWTaX]V*m! c^! PUcTa! cWT! CX]T! -,/! ^a! ^cWTa! bTRcX^]b! fXcW! bd[UXST!

fTPcWTaX]V!SXbRdbbX^]b*!KWT!PdcW^ab!bcPacTS!cWT!`dP]cXUXTS!RP[Rd[PcX^]!aTVPaSX]V!

RPaQ^]PcT!P]S!bX[XRPcT!fTPcWTaX]V!R^]caXQdcX^]!Ua^\!CX]T!42)-,/(!fWXRW!_a^eXSTS!

QPbXR!X]U^a\PcX^]!U^a!T]S\T\QTa!X]_dc*!:c!cWXb!QPbXb(!cWT]!R^]cX]dT!c^!RP[Rd[PcT!

cWT!bd[UXST!R^]caXQdcX^](!P]S!SXbRdbb!cWT!X\_^acP]RT!̂ U!bd[UdaXR!PRXS!X]e^[eT\T]c!

fTPcWTaX]V!Qh!bd[UXST!^gXSPcX^]*!

Response: KVO\Ya T]` g]c` Q][[S\b+ MSa) eS OU`SS bVOb bVS acUUSabW]\a eWZZ VSZ^ b]

ab`SO[ZW\S bVS Z]UWQ+ KVS Q]\bS\b VOa PSS\ `S]`UO\WhSR W\ CW\S .-2 b] CW\S ..0 W\ bVS

`SdWaW]\+

CX]T!5-)5.6!KWXb!Xb!P![Xcc[T!QXc!d]R[TPa!U^a!VT]TaP[!aTPSTab*!O^d!\Ph!R[PaXUh!

cWXb!Pb!lnPaT!\^aT!R^\_[XRPcTS!cWP]!aXeTab!X]!̂ cWTa!V[^QP[!VT^\^a_W^[^Vh!d]XcTb(!

QTRPdbT!cWT!KG!PaT!RWPaPRcTaXiTS!Qh!P[\^bc!WXVWTbc!d_[XUc!aPcTb(!fXSTb_aTPS!\XS)

[PcXcdST!V[PRXTab(!R^]caPbcX]V!R[X\PcT!&PRa^bb!Ua^\!8.,,,!\\+ha!_aTRX_XcPcX^]!X]!

b^dcWTa]!AX\P[PhP]!c^!TgcaT\T!Sa^dVWc!X]!_[PcTPd!X][P]S!aTVX^]b'!P]S!eTVTcPcX^]b(!

P]S!R^\_[Tg![XcW^[^VXTb(!

_PacXRd[Pa[h!cWT!\TcP)RPaQ^]PcT!fTPcWTaX]V*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ ;]\aWRS`W\U bVS T]ZZ]eSR*c^ Q][[S\b T`][

bVS `SdWSe /$ &CW\S .13*.157 KVWa aS\bS\QS lGO`bWbW]\W\U bVS `WdS`W\S acZTObS a]c`QSak

Oa O eV]ZSm Wa aW[WZO` T`][ W\ bVS ZW\S 6-*6/ l@]eSdS )̀ bVS `WdS` kOa `SdSOZSR OP]dSm+

A acUUSab b] [S`US bVSaS be] ^ZOQSa W\ a][SeVS`S+') eS VOdS `S]`UO\WhSR bVSaS Q]\bS\ba

W\ CW\S 60i.-0 W\ bVS `SdWaSR [O\caQ`W^b) O\R bVS Y\]eZSRUS UO^ ]\ a]ZcbS

WRS\bWTWQObW]\ T]` bVS KG `WdS`a O`S QZO`WTWSR W\ bVS W\b`]RcQbW]\ aSQbW]\ &CW\S 12i16'+

CX]T!50)526!OTb(!cWXb!Xb!]^eT[!c^!PbbTbb!cWT!bd[UXST!fTPcWTaX]V!Qh!bhbcT\PcXRP[[h!

PSSX]V!]Tf!bd[UXST!T]S\T\QTa(!b^!cWPc!RP]!QTccTa!R^]bcaPX]!cWTXa!R^]caXQdcX^]b!

X]!cWT!fW^[T!KXQTcP]!G[PcTPd*!

Response: KVO\Ya T]` g]c` `SQ]U\WbW]\+ F\S ]T ]c` []bWdObW]\a ]T bVWa e]`Y b]

_cO\bWTgW\U bVS acZTc`WQ OQWR RWabc`PO\QS W\ bVS ^ZObSOc eSObVS`W\U ^`]QSaa+ Ab Wa Q`WbWQOZ

b] Q]\ab`OW\ bVS FLG S\R[S[PS` O\R Q]\b`WPcbW]\a b] bVS `WdS`W\S acZTObS bVS`S+

CX]T!-,36!<WP]VT!c^!lcWT!PaTP)PeTaPVTS!c^cP[!RWT\XRP[!fTPcWTaX]V!aPcTnm(!b^!

cWPc!WTaT!Xb!R[TPa!]^c!aTVPaSX]V!_WhbXRP[!fTPcWTaX]V!aPcT*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ MSa) eS [SO\ lb]bOZ QVS[WQOZ eSObVS`W\U `ObSm

VS`S+ ISdWaSR W\ bVS `SdWaW]\ W\ CW\S ..5+

CX]T!--/6!<WP]VT!lPcm!c^!lTgcT]SX]V!c^!2*2%m*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ lSfbS\RW\Um VS`S Wa W\RSSR O PSbbS` Sf^`SaaW]\+

LS VOdS `SdWaSR bVS Q]\bS\b ]T bVWa aS\bS\QS W\ CW\S ./0i./2 W\ bVS `SdWaW]\ b] [OYS Wb

[]`S `SOROPZS+

CX]T--06!:SSX]V!l:![PaVT!b_PcXP[!R^\_PaXb^]!X]SXRPcTb!cWPc!cWT!_[PcTPd!aXeTa!

QPbX]bnm!

Response: KVO\Ya T]` g]c` acUUSabW]\+ LS R] \SSR O abObS[S\b VS`S b] [OYS Wb []`S

SOag T]ZZ]eW\U T]` `SORS`a b] abO`b bVS Q]\bW\S\bOZ aQOZS Q][^O`Wa]\+ LS VOdS `SdWaSR



bVS aS\bS\QS W\ CW\S ./2i./6 W\ bVS `SdWaW]\+

CX]T! --0)-.16! B! cWX]Z! cWXb! R^\_PaXb^]! Xb! eTah! X]cTaTbcX]V(! fXcW! fWXRW!

ST\^]bcaPcX]V!cWPc!P[cW^dVW!cWT! WXVW[h)Ta^STS!d_bcaTP\!_[PcTPd!_a^SdRTS![PaVT!

P\^d]cb!^U!STQaXb!fXcW!UaTbW!\X]TaP[!bdaUPRT(!cWT!bX[XRPcT!fTPcWTaX]V!aPcTb!fTaT!

bcX[[! \dRW! [^fTa! cWP]! S^f]bcaTP\! PaTP(! bdVVTbcX]V! P! RT]caP[! a^[T! ^U! R[X\PcT!

&_aTRX_XcPcX^](!ad]^UU(!cT\_TaPcdaT'!c^VTcWTa!c^!T]WP]RT!cWT!bX[XRPcT!fTPcWTaX]V!

aPcT*!KWXb!Xb!P]!PSSXcX^]P[!bd__[T\T]cPah!c^!Tg_[PX]!cWT!d_[XUc!Wh_^cWTbXb*!

Response: KVO\Ya T]` g]c` `SQ]U\WbW]\+ KVWa Wa W\RSSR ]\S ]T ]c` O`Uc[S\ba ]T bVWa

e]`Y bVOb bVS aWZWQObS eSObVS`W\U W\ bVS ^ZObSOc Wa ZW[WbSR O\R W\QW^WS\b W\ bVS ^ZObSOc

`SUW]\ &]` bVS ]`]US\g O`SO' OZbV]cUV bSQb]\WQ O\R UZOQWS` OQbWdWbg ^`][]bS bVS RSP`Wa

US\S`ObW\U O\R bVca bVS T`SaV `SOQbWdS ac`TOQS T]` aWZWQObS [W\S`OZa+ KVS aWZWQObS

eSObVS`W\U `SOQbW]\a Wa \]b S\VO\QSR Oa ^`SdW]ca bV]cUVb Oa bVS eSObVS`W\U `SUW[S T]`

aWZWQObS Wa YW\SbWQ ZW[WbSR T]` bVS aV]`b eObS`*[W\S`OZ `SaWRS\b bW[S O\R Z]e bS[^S`Obc`S

]\ bVS ^ZObSOc+ A\ O\]bVS` Oa^SQb) bVS Tc\QbW]\ ]T QZW[ObS Q]\b`]ZZW\U ]\ aWZWQObS

eSObVS`W\U Q]cZR PS aSS\ W\ bVS R]e\ab`SO[ ]T bVS ZO`US `WdS`a ]`WUW\ObW\U T`][ bVS

^ZObSOc+

CX]T!-//)-/26!B!PVaTT!fXcW!cWT!X\_PRc!Ua^\!_WhbXRP[!Ta^bX^](!Qdc!WTaT!B!cWX]Z!Xc!

\PhQT! Ydbc! cWT! bd[UXST! ^gXSPcX^]! SaXeT]! Qh! aP_XS! Ta^bX^]! PRRT[TaPcTb! cWT!

RPaQ^]PcT!fTPcWTaX]V(!P]S!UX]P[[h!aTbd[cb!X]!WXVWTa!<NI*!KWXb!P[b^!PVaTT!fXcW!

h^da!bd[UXST!fTPcWTaX]V!^QbTaePcX^]b(!P]S!cWT]!h^d!R^]cX]dT!c^!X]ca^SdRT!cWT!<F.!

R^]bd\_cX^]!Ua^\!CX]T!-/3*!!

Response: KVO\Ya T]` g]c` acUUSabW]\+ KVS abObS[S\b VOa PSS\ `SdWaSR b] Sf^Z]`S bVS

[SQVO\Wa[ ]T OQQSZS`ObSR FLG O\R Wba Tc\QbW]\a ]\ QO`P]\ObS eSObVS`W\U b] W\ CW\S

.16i.21 W\ bVS `SdWaW]\+

CX]T!-/56!Bckb!QTccTa!c^!PSS!aTUTaT]RTb!U^a!cWT!V[PRXTa!PRcXeXch!P]S!Ta^bX^]!

P]S!FNG(!Pb!cWXb!Xb!cWT!UXabc!cX\T!c^!\T]cX^]!cWT!V[PRXTa!TUUTRcb!^]!FNG!X]!cWT!

\PX]!cTgc*!O^d!\Ph!

RXcT!<P^!Tc!P[*(!.,./(!5,-(!-2140.JKFK>E*!KWTXa!_P_Ta!aT_^acTS!TgcT]bXeT!bd[UXST!

^gXSPcX^]!X]!P!ch_XRP[!V[PRXP[!RPcRW\T]c!X]!cWT!E>!KXQTcP]!G[PcTPd*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ MSa) []`S `STS`S\QSa R] VSZ^ b] WZZcab`ObS bVS

`SZObW]\aVW^ PSbeSS\ UZOQWS` OQbWdWbg) S`]aW]\ O\R FLG+ LS RWR []`S W\dSabWUObW]\ O\R

VOdS ORRSR a][S `S^`SaS\bObWdS e]`Y VS`S+ GZa TW\R bVS[ W\ CW\S .24 W\ bVS `SdWaW]\+

CX]T!-0,)-0/6!OTb(!cWXb!Xb!^]T!^U!cWT!ZTh!TeXST]RT!cWPc!bW^fX]V!\^bc!PaTPb!PaT!

PUUTRcTS!Qh!bd[UXST!fTPcWTaX]V!X]!cWT!fW^[T!KXQTcP]!G[PcTPd!aTVX^]!fWT]![^^ZX]V!

Pc!cWT!j-/<=B<!eP[dTb*!

Response: KVO\Ya T]` bVS Q][[S\b+ KVS KWPSbO\ ^ZObSOc Wa W\RSSR eWbV Q][^ZWQObSR

QVS[WQOZ eSObVS`W\U agabS[ Q]\aWRS`W\U Wba PSR`]QY O\R eSObVS`W\U OQWR OUS\ba+

;][PW\W\U caS ]T [cZbW^ZS Wa]b]^WQ agabS[a e]cZR VSZ^ b] UOW\ W\RS^S\RS\b

SdWRS\QS ZW\Sa b] bSab bVS Vg^]bVSaWa O\R [OYS _cO\bWbObWdS SabW[ObW]\+

CX]T!-02)-046!KWXb!bT]cT]RT!lGPacXcX^]X]V!cWT!aXeTaX]T!bd[UPcT!b^daRTbn!Pb!P!



fW^[Tm!Xb!bX\X[Pa!Ua^\!X]!cWT![X]T!5,)5.!lA^fTeTa(!cWT!aXeTa!nPb!aTeTP[TS!

PQ^eTm*!B!bdVVTbc!c^!\TaVT!cWTbT!cf^!_[PRTb!X]!b^\TfWTaT*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ KVS abObS[S\ba W\ CW\S 6-*6/ W\ bVS ^`SdW]ca

acP[WaaW]\ eOa W\bS\RSR b] ^`SaS\b bVS RWTTS`S\QS ]T a]ZcbS WRS\bWTWQObW]\ PSbeSS\ bVS

^ZObSOc `WdS` O\R `WdS`a W\ ]bVS` US][]`^V]Z]Ug c\Wba+ 9TbS` aS`W]ca Q]\aWRS`W\U ]\ bVS

Q][[S\b O\R bVS Q]\QWaS\Saa ]T bVS Q]\bS\b) eS RSQWRSR b] RSZSbS bVWa aS\bS\QS) O\R

ORRSR bVS abObS[S\ba lKVS `WdS` a]ZcbS a]c`QS WRS\bWTWQObW]\ O\R _cO\bWTWQObW]\ T]` ZO`US

`WdS`a W\ bVS KWPSbO\ GZObSOc O`S \]b eSZZ Q]\ab`OW\SR Oa aWU\WTWQO\b dO`WObW]\a SfWab ]\

eSObVS`W\U PSR`]QY O\R eSObVS`W\U OQWR OUS\ba) O\R agabS[ObWQ RObOaSb b] QOZQcZObS bVS

`WdS`W\S W]\ Q]\b`WPcbW]\ T`][ RWTTS`S\b eSObVS`W\U `SOQbW]\a O`S W\ ZOQYW\U+

A\dSabWUObW]\ ]T bVS TZcdWOZ US]QVS[Wab`g Wa \SSRSR b] UOW\ _cO\bWbObWdS SabW[ObW]\ ]T

bVS QVS[WQOZ eSObVS`W\U O\R Oaa]QWObSR ;F/ TZcfSa T]` bVS ^ZObSOc Oa O eV]ZS+m W\ bVS

W\b`]RcQbW]\ aSQbW]\ W\ CW\S 12i16 W\ bVS `SdWaW]\+

CX]T!-20)-226!Bckb!QTccTa!c^!PSS!b^\T!SXbRdbbX^]!PUcTa!cWT!RP[Rd[PcX^]b*!KWT!

aTbd[c!Xb!eTah!X]cTaTbcX]V!X]!\h!^_X]X^]*!O^d!\Ph!bPh!PUcTa!lnbd[UdaXR!PRXS!

fTPcWTaX]V! TUUTRc! Xb! XV]^aTS*m! CXZT! cWXb6! lKWTaTU^aT(! P[cW^dVW! bd[UXST!

^gXSPcX^]!X]e^[eTS!fTPcWTaX]V!X]!P!bX]V[T!QPbX]!X]!cWT!KXQTcP]!G[PcTPd!aT_^acTS!

TXcWTa!]Tc!<F.!b^daRT!^a!bX]Z!&aTUTaT]RTb'(!fWXRW!Xb!P[[!aTPb^]PQ[T(!ST_T]SX]V!

^]!cWTXa!bd[UXST!^gXSPcX^]!aPcTb!P]S!\XVWc!P[b^!QT!cWT!_a^_^bXcX^]b!^U!RPaQ^]PcT!

P]S!bX[XRPcT!a^RZb(!Xc!Xb!bcX[[!P]!X\_^acP]c!]Tc!<F.!bX]Z!Ua^\!cWT!R^\_aTWT]bXeT!

aTbd[cb!^U!cWT!T]cXaT!KXQTcP]!G[PcTPd*!NT!UdacWTa!UX]S!cWPc!cWT!bd[UdaXR!PRXS!

SXbb^[dcX^]!nm!

Response: KVO\Ya T]` g]c` W\aWUVbTcZ O\R Q]\ab`cQbW]\ Q][[S\b" MSa) eS b]bOZZg OU`SS

bVOb []`S RWaQcaaW]\ VS`S eWZZ VSZ^ b] VWUVZWUVb bVS TW\RW\Ua+ LS VOdS ORRSR []`S

O`Uc[S\ba VS`S POaSR ]\ bVS acUUSabW]\a+ GZa TW\R bVS[ W\ CW\S.62i.66 W\ bVS `SdWaW]\+

CX]T! -23)-246! <WP]VT! lFda! bcdShn`dP]cXUXTbnm! c^! lFda! bcdSh(! QPbTS! ^]!

\TPbdaTS! P]S! R^\_[X[TS! j/0JJF0! P]S! b^[dcT! R^\_^bXcX^]b(! U^a! cWT! UXabc! cX\T!

PRRdaPcT[h!`dP]cXUXTbnm!

Response: KVO\Ya T]` g]c` acUUSabW]\+ LS VOdS `SdWaSR bVS abObS[S\ba O\R ^]W\bSR bVS

b]]Za ]T bVS abcRg W\ CW\S /-.*/-1+

CX]T!-3.)-326!B!PVaTT!fXcW!cWXb!QTRPdbT!V[PRXP[!RPcRW\T]c!VT]TaP[[h!WPb!WXVWTa!

Ta^bX^]! aPcTb! P]S! cWdb! _haXcT! Tg_^bdaT! P]S! ^gXSPcX^]*! Bckb! QTccTa! c^! PSS! P!

aTUTaT]RT!bPhX]V!cWPc!

V[PRXP[!QPbX]b!aT_^acTS!WXVWTa!Ta^bX^]!P]S!bd[UXST!^gXSPcX^](!b^!cWPc!RP]!fT[[!

bd__^ac!h^da!bcPcT\T]c!WTaT*!

Response: KVO\Ya T]` g]c` acUUSabW]\+ JSdS`OZ `SQS\b abcRWSa VOdS PSS\ QWbSR O\R

UWdS\ Q`SRWba W\ bVS `SdWaW]\ W\ CW\S /.- b] ac^^]`b bVS O`Uc[S\ba VS`S+

CX]T!-5,)-526!B!cWX]Z!cWT!QXVVTbc!R^]caXQdcX^]!^U!cWXb!_P_Ta!Xb!cWPc!cWT!PdcW^ab!

PaT!PQ[T!c^!`dP]cXUh!cWT!bd[UXST!fTPcWTaX]V!U[dg!Qh!dbX]V!<!P]S!J!Xb^c^_Tb!X]!

cWT! cTRc^]XRP[[h! PRcXeT! KXQTcP]! G[PcTPd(! fWXRW! Xb! P! RWP[[T]VT! U^a! _aTeX^db!

bcdSXTb!Qh!dbX]V!\^ST[!RP[Rd[PcX^]!fWXRW!RP]!]^c!SXbcX]VdXbW!bd[UXST!^gXSPcX^]!



P]S!Vh_bd\!SXbb^[dcX^]!SdT!c^!]^!PePX[PQ[T!J!Xb^c^_Tb!U^a!\P]h!aXeTa!QPbX]b(!P]S!

cWTaTU^aT!TgXbcX]V![PaVT!d]RTacPX]cXTb!&bTT!SXbRdbbX^]!Qh!K^aaTb!Tc!P[*(!.,-3(!

--0(!43-2)43.-(!GE:J(!Wcc_b6++S^X*^aV+-,*-,3/+_]Pb*-3,.51/--0!'*!KWXb!RP]!QT!PSS!

b^\TfWTaT!c^!WXVW[XVWc!h^da!R^]caXQdcX^]b*

Response: KVO\Ya T]` g]c` `SQ]U\WbW]\+ LS aS`W]caZg Q]\aWRS`SR bVS `SZObSR Q][[S\ba

O\R acUUSabW]\a ]\ VWUVZWUVbW\U bVS TW\RW\Ua ]T bVS [O\caQ`W^b+ KVS aWU\WTWQO\QS)

`SaSO`QV []bWdObW]\ O\R TW\RW\Ua ]T bVWa abcRg VOdS PSS\ VWUVZWUVbSR aSdS`OZ ^ZOQSa W\

bVS `SdWaSR [O\caQ`W^b W\ CW\S 11i15) CW\S .-0i../) CW\S .62i/-1) O\R OZa] bVS \Se

dS`aW]\ ]T ZOab ^O`OU`O^V ]T bVS [OW\ bSfb+

ITeXTfTa!$/!&IT\PaZb!c^!cWT!:dcW^a'6

B]!cWXb!\P]dbRaX_c(!CXd!P]S!R^[[TPVdTb!_aTbT]c!P!R^\_aTWT]bXeT!SPcPbTc!^]!bcaTP\!

fPcTa! RWT\Xbcah! X]! cWT! KXQTcP]! G[PcTPd(! fXcW! P! U^Rdb! ^]! bd[UPcT! U[dg*! LbX]V!

bTeTaP[!\XgX]V!\^ST[b(!aTUTaaTS!c^!Pb!U^afPaS!\^ST[b(!cWT!PdcW^ab!`dP]cXUh!cWT!

U[dg!^U!bX[XRPcT!P]S!RPaQ^]PcT!fTPcWTaX]V!SaXeT]!Qh!<F.!P]S!_haXcT!^gXSPcX^]*!

KWT!\PX]!R^]R[dbX^]b!PaT6

-*!KWT!PaTP)PeTaPVTS!bX[XRPcT!fTPcWTaX]V!U[dg!Xb!b[XVWc[h![^fTa!cWP]!cWT!V[^QP[!

\TP](!fWX[T!cWT!PaTP)PeTaPVTS!RPaQ^]PcT!fTPcWTaX]V!U[dg!Xb!cfXRT!cWT!V[^QP[!\TP]*

.*!KWT!PRXSXch!VT]TaPcTS!cWa^dVW!_haXcT!^gXSPcX^]!R^]caXQdcTb!c^!P__a^gX\PcT[h!

-+1!^U!cWT!RPaQ^]PcT!fTPcWTaX]V!U[dg(!_^cT]cXP[[h!aTSdRX]V!cWT!<F.!R^]bd\_cX^]!

U[dg!cWa^dVW!bX[XRPcT!fTPcWTaX]V!Qh!PQ^dc!2,%*

KWTaT!Xb!]^!S^dQc!cWPc!cWT!PdcW^ab!WPeT!R^[[TRcTS!P!eP[dPQ[T!SPcPbTc(!fWXRW!R^d[S!

VaTPc[h!QT]TUXc!cWT!VT^[^VXRP[!R^\\d]Xch!^]RT!_dQ[XbWTS*!A^fTeTa(!B!WPeT!b^\T!

R^]RTa]b!PQ^dc!cWT!\P]dbRaX_c6

JP\_[X]V!<^]SXcX^]b6!;PbTS!^]!cWT!\P_!X]!?XV*!-(!cWT!bP\_[X]V![^RPcX^]b!R^eTa!

cWT!KXQTcP]!G[PcTPd!fT[[(!fWXRW!Xb!R^\\T]SPQ[T*!A^fTeTa(!Xc!Xb!d]R[TPa!fWT]!P]S!

d]STa!fWXRW!WhSa^[^VXRP[!R^]SXcX^]b!&T*V*(!SXbRWPaVT'!cWT!bP\_[Tb!fTaT!R^[[TRcTS*!

NXcW^dc! cWXb! X]U^a\PcX^](! Xc! Xb! SXUUXRd[c! c^! STcTa\X]T! W^f! cWT! U[dgTb! fTaT!

RP[Rd[PcTS*! =XUUTaT]c! SXbRWPaVT)R^]RT]caPcX^]! aT[PcX^]bWX_b! R^d[S! [TPS! c^!

bXV]XUXRP]c[h! SXUUTaT]c! U[dg! eP[dTb(! \PZX]V! cWT! U[dg! eP[dTb! aT_aTbT]cX]V! cWT!

fW^[T!QPbX]!`dTbcX^]PQ[T*

Response: KVO\Ya T]` g]c` `S[W\RW\U+ MSa) eS OU`SS bVOb P]bV bVS aO[^ZW\U Z]QObW]\

O\R aO[^ZW\U ^S`W]R [ObbS`a O Z]b T]` bVS TZcf QOZQcZObW]\a+ KVS aO[^ZW\U O\R ^O`O[SbS`

RSbOWZa T]` TZcf QOZQcZObW]\ VOdS PSS\ ORRSR W\ CW\S 22i26) CW\S ..2i..4 W\ bVS `SdWaW]\+

9P]cb bVS `S^`SaS\bObWdS\Saa ]T TZcf dOZcSa) ]\S ]T bVS ORdO\bOUSa ]T ZO`US `WdS` eObS`

abcRg Wa bVOb `WdS`a O`S \Obc`OZ W\bSU`Ob]`a ]T RWTTS`S\b eSObVS`W\U ^`]QSaaSa O\R TZcfSa

]dS` bVSW` dOab R`OW\OUS O`SOa) eVWQV Q]cZR ^`]dWRS O \Obc`S b]]Z OdS`OUW\U bVS

VSbS`]US\SWbg ]T QVS[WQOZ eSObVS`W\U W\ O POaW\+ KVS TZcfSa O\R O`SO*OdS`OUSR gWSZR ]T

QVS[WQOZ eSObVS`W\U O\R c^bOYS ]T Ob[]a^VS`WQ ;F/ ]T bVS abcRWSR `WdS` POaW\ QO\ PS

QOZQcZObSR T]` bVS `WdS` POaW\a eWbV bVS `SacZba T`][ bVS a]ZcbS a]c`QS _cO\bWTWQObW]\

aSQbW]\) bVS POaW\ O`SO O\R bVS OdS`OUS O\\cOZ RWaQVO`US RObO ]T RWTTS`S\b VgR`]Z]Ug

abObW]\a ]\ bVS [OW\ QVO\\SZ &VgR`]Z]Ug abObW]\ Z]QObW]\ O\R W\T]`[ObW]\ Q]cZR PS

T]c\R W\ >WU+ . O\R KOPZS . W\ bVS `SdWaSR [O\caQ`W^b+'+ KVS VgR`]Z]Ug abObW]\a caSR T]`

bVS TW\OZ eSObVS`W\U TZcf QOZQcZObW]\ T]` SOQV ZO`US `WdS` POaW\ O`S bVS Tc`bVSab ]\Sa



R]e\ bVS [OW\ab`SO[ Ob bVS SRUS ]T bVS ^ZObSOc) eVWQV Wa Ob bVS SfWb ]T bVS ^ZObSOc)

`S^`SaS\bW\U bVS eSObVS`W\U TZcfSa ]T bVS `WdS` POaW\a ]\ bVS ^ZObSOc+

DTRWP]XbcXR!L]STabcP]SX]V6!KWT!\P]dbRaX_c![PRZb!bdUUXRXT]c!X]cTa_aTcPcX^]!^U!cWT!

^QbTaeTS!_PccTa]b*!?^a!X]bcP]RT(!c^!fWPc!TgcT]c!RP]!cWT!ePaXPcX^]!X]!fTPcWTaX]V!

U[dgTb!P\^]V!QPbX]b!QT!Tg_[PX]TS!Qh!SXUUTaT]RTb!X]!Ta^bX^]+d_[XUc!aPcTb(!R[X\PcT(!

^a![XcW^[^Vh9!D^aT!STcPX[TS!SXbRdbbX^]!^]!cWTbT!Pb_TRcb!Xb!]TTSTS!c^!T]WP]RT!cWT!

\TRWP]XbcXR!d]STabcP]SX]V*

Response: KVO\Ya T]` bVS W\aWUVbTcZ Q][[S\ba+ MSa) S`]aW]\,c^ZWTb `ObSa) QZW[ObS) O\R

ZWbV]Z]Ug ^ZOg b]USbVS` b] Q]\b`]Z bVS eSObVS`W\U `ObS O\R TZcfSa) Oa eSZZ Oa bVS

Oaa]QWObSR ;F/ TZcfSa ]T QVS[WQOZ eSObVS`W\U+ KVS KWPSbO\ GZObSOc Wa W\RSSR ]\S ]T bVS

US][]`^V]Z]Ug c\Wba eWbV []ab VWUVZg dO`WSR US]Z]Ug O\R QZW[ObS POQYU`]c\R) eVWQV

Q][^ZWQObSa bVS eSObVS`W\U ^`]QSaaSa bVS`S+ KVWa Wa OZa] bVS `SOa]\ T]` RWTTS`S\b ]` SdS\

Q]\b`]dS`aWOZ `SacZba O\R TW\RW\Ua VOdS PSS\ `S^]`bSR ^`SdW]caZg T`][ RWTTS`S\b

QObQV[S\ba Ob a[OZZS` aQOZS+ J]) bVWa e]`Y eOa [OW\Zg RSaWU\SR T`][ bVS ^S`a^SQbWdS ]T

OZZ bVS ZO`US `WdS` agabS[a R`OW\W\U ]\ bVS ^ZObSOc) eVWQV ^`]dWRS ca O\ ]^^]`bc\Wbg b]

UOW\ bVS QVS[WQOZ eSObVS`W\U TZcfSa O\R Oaa]QWObSR ;F/ PcRUSba T]` bVS eV]ZS ^ZObSOc

aQOZS+ KVca) eS QO\ Od]WR bVS VSbS`]US\SWbg ]T eSObVS`W\U Q]\RWbW]\a b] UOW\ OQQc`ObS

SabW[ObW]\a ]T eSObVS`W\U [ObS`WOZ TZcfSa ]T bVS ^ZObSOc) Oa eSZZ Oa O\ ]dS`OZZ SdOZcObW]\

]\ bVS `]ZS acZTc`WQ OQWR ^ZOgW\U O\R c\RS`abO\RW\U ]\ bVS eSObVS`W\U `SUW[S ]T bVS

eV]ZS ^ZObSOc+ LWbV bVSaS STT]`ba) eS QO\ OZa] [OYS Q][^O`Wa]\ PSbeSS\ bVS `WdS`

R`OW\OUSa ]\ bVS ^ZObSOc O\R R]e\ab`SO[ W\ bVS TZ]]R ^ZOW\+ 9QZW[ObS R][W\ObW]\ Q]cZR

PS `SQ]U\WhSR T]` aWZWQObS eSObVS`W\U W\ bVWa Q][^O`Wa]\ PSbeSS\ bVS c^^S` `SOQVSa O\R

R]e\ `SOQVSa &CW\S ./6i.04'+ KVS S`]aW]\ Q]\b`]ZZW\U [SQVO\Wa[a ]\ eSObVS`W\U

TZcfSa O`S Sf^Z]`SR W\ CW\S .16i.21 W\ bVS `SdWaW]\+ KVO\Ya T]` bVWa Q]\ab`cQbWdS

acUUSabW]\) bVS Q]\b`]ZZW\U TOQb]`a ]\ a^ObWOZ dO`WObW]\ ]T eSObVS`W\U PSbeSS\ `WdS`

POaW\a ]\ bVS ^ZObSOc VOa OZa] PSS\ ab`S\UbVS\SR W\ bVS `SdWaSR [O\caQ`W^b W\ CW\S

.46i.56 b] VSZ^ bVS [SQVO\WabWQ c\RS`abO\RW\U+

DXgX]V! D^ST[! <^]bcaPX]cb6! KWT! \XgX]V! \^ST[b! &U^afPaS! \^ST[b'! PaT! ]^c! fT[[!

R^]bcaPX]TS*!KWTXa!eP[XSXch![PaVT[h!ST_T]Sb!^]!cWT!PRRdaPRh!^U!cWT!T]S\T\QTab*!

KWT!d]RTacPX]cXTb!^U!cWT!T]S\T\QTab!&T*V*(!<P+EP(!DV+EP!aPcX^b(!bd[Uda!Xb^c^_XR!

R^\_^bXcX^]b'! bW^d[S! QT! PRR^d]cTS! U^a! c^! TbcX\PcT! cWT! d]RTacPX]cXTb! ^U! cWT!

aTbd[cb!&UaPRcX^]!^U!T]S\T\QTab'*

Response: KVO\Ya T]` bVS Q]\ab`cQbWdS Q][[S\ba+ KVS T]`eO`R []RSZ aS_cS\bWOZZg

acPb`OQba Q][^]\S\ba eWbV ^`S*OaaWU\SR Q][^]aWbW]\a T`][ bVS b]bOZ `WdS`W\S Z]ORa T]`

SOQV SZS[S\b+ MSa) bVS OQQc`OQg ]T bVS S\R[S[PS`a Wa Q`WbWQOZ T]` bVS [WfW\U []RSZa+

KVS bg^Sa ]T S\R[S[PS`a T]` bVS `WdS` a]ZcbSa eS`S QO`STcZZg Q]\aWRS`SR POaSR ]\ bVS

^`SdW]ca abcRWSa ]\ POaW\ eSObVS`W\U Oa eSZZ Oa bVS a^SQWTWQ POQYU`]c\R ]T bVS KWPSbO\

GZObSOc+ KVS OR]^bSR SZS[S\b `ObW]a O\R acZTc` Wa]b]^WQ Q][^]aWbW]\ T]` bVS

S\R[S[PS`a caSR W\ bVS QOZQcZObW]\ ]T QObW]\WQ Z]OR Q]\b`WPcbW]\ O\R `WdS`W\S acZTObS

T`][ RWTTS`S\b `SaS`d]W`a O`S QO`STcZZg W\dSabWUObSR O\R RWabW\UcWaVSR Pg W\bS\aSZg

Q][^WZW\U ]T OZZ bVS OdOWZOPZS RObO ^cPZWaVSR+ >]` bVS ;O/(,EO( O\R DU/(,EO( `ObW]a

eVWQV eS`S caSR b] QOZQcZObS bVS ;O O\R DU Q]\b`WPcbW]\ T`][ aWZWQObS eSObVS`W\U b]



bVS `WdS` eObS`) Q]\aWRS`W\U bVS ZO`US aQOZS ]T bVS abcRWSR `WdS` POaW\a) Wb Wa RWTTWQcZb b]

aSZSQb O^^`]^`WObSR dOZcSa T`][ PSR`]QY RObO RcS b] bVS Q][^ZWQObSR ZWbV]Z]Ug Sf^]ac`S

W\ acQV ZO`US aQOZS `WdS` POaW\a W\ bVWa abcRg+ J]) eS bS\R b] caS bVS dOZcSa ]T UZ]POZ

[OX]` `WdS` POaW\a `S^]`bSR Pg ?OWZZO`RSb Sb OZ+ &.666') eWbV KVS ;O/(,EO( O\R DU/(,EO(

`ObW] Ob -+02j-+.2 ]T -+/1j-+./) `Sa^SQbWdSZg) eVWQV eS`S eWRSZg `STS`S\QSR W\ ZO`US

`WdS` POaW\ aQOZS abcRg W\ RWTTS`S\b POaW\ eSObVS`W\U abcRWSa Ob Q]\bW\S\b aQOZS) O\R OZa]

W\ bVS `STS`S\QSa eWbV eVWQV eS eS`S [OYW\U bVS Q][^O`Wa]\a+ :OaSR ]\ bVWa W\aWUVbTcZ

Q][[S\b) eS VOdS R]\S bVS c\QS`bOW\bg ^`]^OUObW]\ T]` bVS S\R[S[PS` dOZcSa+ KVS

S``]` ]T bVS aWZWQObS eSObVS`W\U Q]\b`WPcbW]\ ^S`QS\bOUS b] bVS QObW]\WQ Z]ORa eOa

QOZQcZObSR Q]\aWRS`W\U bVS ;O/(,EO( O\R DU/(,EO( `ObW] c\QS`bOW\bg) O\R bVS `SacZb Wa

PSbeSS\ -+2 b] 4+5% &OdS`OUW\U Ob .+5%' T]` bVS [OW\ab`SO[ aO[^ZSa) O\R PSbeSS\ -+.

b] 5+.1% &OdS`OUW\U Ob .+50%' eVS\ W\QZcRW\U bVS b`WPcbO`g aO[^ZSa+ >]` bVS ^`]^]`bW]\

]T bVS acZTObS RS`WdSR T`][ `OW\eObS )̀ Ug^ac[ RWaa]ZcbW]\ O\R ]fWRObW]\ ]T ^g`WbS) bVS

u01JJF1 T]` `OW\eObS )̀ Ug^ac[ RWaa]ZcbW]\ O\R ^g`WbS ]fWRObW]\ O`S OaaWU\SR b] PS 1j/r)

.4+2j.+2r O\R *5j0r &RSbOWZSR W\ bVS ac^^ZS[S\bO`g W\T]`[ObW]\ :Ê' O\R bVS

^`]^OUObSR c\QS`bOW\bWSa T]` T^`gWbS &bVS ^S`QS\bOUS ]T `WdS`W\S acZTObS ]`WUW\ObSR T`][

]fWRObW]\ eSObVS`W\U ]T ^g`WbS' O`S PSbeSS\ 1+-3 b] .-+44%+ ;]\aWRS`W\U bVS QOZQcZObSR

Q]\b`WPcbW]\ `O\USa) bVS S``]`a P`]cUVb OP]cb Pg bVS S\R[S[PS` dOZcS O`S `SZObWdSZg

Z]e) eVWQV eWZZ \]b []RWTg ]c` [OW\ TW\RW\Ua O\R TZcfSa SabW[ObW]\+

Gaillardet, J., et al. (1999). "Global silicate weathering and CO2 consumption rates

deduced from the chemistry of large rivers." Chemical Geology 159(1-4): 3-30.



Point-by-point response to the reviewers’ comments

REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

The authors replied to the comments accurately. I think it can be accepted.

Reviewer #2 (Remarks to the Author):

After reading the revision, I have no further comments and suggest to accept the manuscript.

Reviewer #3 (Remarks to the Author):

I believe the authors have not fully addressed the issue of solute flux estimation. It is difficult

to accept that the concentrations from samples collected at a specific time of the year can

represent the average values for the entire year. While I understand that it may be challenging

to obtain multiple samples in Tibet, the manuscript should mention this sampling limitation

and discuss how it may impact the flux calculation.

Response: Yes, solute flux estimation is largely dependent on the sampling time and

discharge variation. The ideal situation is to do the calculation with high frequency

samples through a whole hydrological year (preferably, 40 temporal chemical data

points with synchronous discharge from each river are necessary suggested by Moon et

al., 2014). However, it is challenging to do such observations for all the large river

systems in this work at the same time due to field logistics in the plateau and lacking of

discharge data. We use single time sampling strategy and average discharge data for the

flux estimation here. The uncertainty could be discussed based on a high-frequency

study for a hydrology station at the mainstream of Nujiang we conducted before (Liu

et al., 2023). It was estimated that the silicate weathering flux was 7.4×109 mol/yr

and 15.9×109 mol/yr for the high flow (calculated with the daily concentration data

from July, August and September) and low flow season (calculated with the daily

concentration data from April to June, and from October to November), respectively,

averaging at 12.5×109 mol/yr for the whole year estimation, when using the average

discharge data of the year. While the value is 17.7×109 mol/yr and 12×109 mol/yr,

averaging at 14.3×109 mol/yr, when using the daily discharge data. The perfect situation

is the latter one, to use daily concentration and discharge data. Based on the Nujiang

dataset and recognition, the silicate weathering flux calculated from sampling in the

high flow season adopted in this study is estimated to be averagely 48% lower than the

value calculated by daily dataset. In all, the silicate weathering flux and the associated



CO2 consumption calculation is assumed to be a lower limit while the sulfuric acid

involvement is an upper limit in this work, leading to a lowest estimation of CO2

sequestration capability for the plateau weathering. We have clarified the sampling

limitation and its impact on the flux calculation in Line 208~ 218.

Moon, S., et al. (2014). "New estimates of silicate weathering rates and their

uncertainties in global rivers." Geochimica et Cosmochimica Acta 134(0): 257-274.

Liu, W., et al. (2023). "Hydrochemistry and carbon isotope characteristics of Nujiang

River water: Implications for CO2 budgets of rock weathering in the Tibetan Plateau."

Science China Earth Sciences 66(12): 2953-2970.



;OK\ <NS^Y\'

? RK`O \OKN ^R\Y_QR ^RO WKX_]M\SZ^ OX^S^VON fEOPSXON aOK^RO\SXQ :C- L_NQO^ YP

^RO GSLO^KX DVK^OK_ ]^\YXQVc WYN_VK^ON Lc ]_VZRSNO YbSNK^SYXg Lc @S_ O^ KV) GRS] ZKZO\

\OZY\^ON \OPSXON ]_VPSNO YbSNK^SYX aOK^RO\SXQ PV_b aS^R MK\LYXK^O KXN ]SVSMK^O \YMU])

GRO LSQQO]^ MRKVVOXQO PY\ ^RS] ^ROWO SX Wc YZSXSYX S] ^RK^ Z\O`SY_] ]^_NSO] _]ON WYNOV

MKVM_VK^SYX Lc ]O^^SXQ ^RO WKTY\S^c YP FC/ ]Y_\MON P\YW ]_VPSNO]' KXN ^RO\OPY\O _XKLVO

^Y KMM_\K^OVc S]YVK^O ^RO Zc\S^O aOK^RO\SXQ PV_b' N_O ^Y _XK`KSVKLVO F S]Y^YZSM NK^K PY\

WKXc \S`O\ LK]SX] %O)Q)' GY\\O] O^ KV)' -+,2' DB8F&) @S_ O^ KV) _]ON :(F S]Y^YZO] PY\ ^RO

PS\]^ ^SWO KMM_\K^OVc MYX]^\KSXON ^RO ]_VPSNO YbSNK^SYX PV_b KXN :C- MYX]_WZ^SYX SX ^RO

OX^S\O GSLO^KX DVK^OK_ %GD&' KXN PSXKVVc PY_XN ^RK^ ^RO GD S] KX SWZY\^KX^ MK\LYX ]SXU)

GRS] S] K `KV_KLVO MYX^\SL_^SYX PY\ _XNO\]^KXNSXQ ^RO MK\LYX ]Y_\MO KXN ]SXU SX ^RO OX^S\O

GD' K] SXNS`SN_KV \S`O\ LK]SX SX ^RS] \OQSYX ]RYaON OS^RO\ K XO^ ]Y_\MO Y\ ]SXU) GROS\

PSXNSXQ] K\O ZK\^SM_VK\Vc _]OP_V ^Y K]]O]] ^RO MK\LYX McMVO Z\YMO]]O] KXN PV_bO] SX ^RO

^OM^YXSMKVVc KM^S`O GD' K RY^ ZYSX^ \OQSYX ^RK^ RK] VYXQ LOOX VSXUON ^Y ^OM^YXSM _ZVSP^ KXN

^RO :OXYdYSM MYYVSXQ)

GRO WKX_]M\SZ^ S] QOXO\KVVc aOVV(a\S^^OX) GRO NK^K ]_ZZY\^ ^RO MYXMV_]SYX]) ? RK`O

WKNO ]YWO MYWWOX^] PY\ ^RO NK^K SX^O\Z\O^K^SYX ^RK^ ? ^RSXU ^RO K_^RY\] MKX LO ]YV`ON

K^ M_\\OX^ `O\]SYX) C`O\KVV' ? \OMYWWOXN ^RO Z_LVSMK^SYX YP ^RS] WKX_]M\SZ^ KP^O\ WSXY\

WYNSPSMK^SYX])

:YWWOX^]5



@SXO .15 :RKXQO ^RO fQVKMSKVg ^Y fQVKMSO\]g

@SXO 2+(2,5 f9Y^R ^RO \S`O\ RcN\Y(MROWS]^\c KXN F\ QOYMROWS]^\c ]_QQO]^ K RSQRVSQR^ON

MK\LYXK^O NYWSXK^ON aOK^RO\SXQ \OQSWO YX ^RO ZVK^OK_)g HRc ^RO F\ QOYMROWS]^\c

]_QQO]^ K MK\LYXK^O NYWSXK^ON aOK^RO\SXQ7 8\O ^RO\O WO^KWY\ZRSM MK\LYXK^O7 GRO

K`O\KQO 32F\*33F\ PY\ ^RO GD S] +)2,-/0' aRSMR S] W_MR RSQRO\ ^RKX ^RO VSWO]^YXO +)2+4

Y\ QVYLKV O`KZY\S^O +)2,+(+)2,,) ? KQ\OO aS^R ^RO RcN\Y(MROWS]^\c SX^O\Z\O^K^SYX ^RK^

]RYaSXQ :K(AQ(>:C.( NYWSXK^ON SYXSM MYWZY]S^SYX]' L_^ ? MKX XY^ PYVVYa ^RO

32F\*33F\ ]^K^OWOX^) ? ]_QQO]^ ^RO K_^RY\] ^Y MVK\SPc S^ RO\O PY\ F\ S]Y^YZSM NO]M\SZ^SYX)

@SXO 3,(305 ? ]_QQO]^ ^Y WY`O ^RO]O ^aY ]OX^OXMO] fES`O\SXO ]_VPK^O Y\SQSX] K\O

MKVM_VK^ON aS^R FC/
-( MYXMOX^\K^SYX KXN o./FFC/ `KV_OeRSQRO\ fZc\S^O PY\ ^RO ]^_NSON \S`O\

]c]^OW SXNSMK^O] ]SQXSPSMKX^ ]_VP_\SM KMSN SX`YV`OWOX^] SX ^RO ZVK^OK_ aOK^RO\SXQ)g ^Y

KP^O\ ^RO @SXO ,+. Y\ Y^RO\ ]OM^SYX] aS^R ]_VPSNO aOK^RO\SXQ NS]M_]]SYX]) GRO K_^RY\]

]^K\^ON ^RO [_KX^SPSON MKVM_VK^SYX \OQK\NSXQ MK\LYXK^O KXN ]SVSMK^O aOK^RO\SXQ

MYX^\SL_^SYX P\YW @SXO 31(,+.' aRSMR Z\Y`SNON LK]SM SXPY\WK^SYX PY\ OXNWOWLO\ SXZ_^)

8^ ^RS] LK]S]' ^ROX MYX^SX_O ^Y MKVM_VK^O ^RO ]_VPSNO MYX^\SL_^SYX' KXN NS]M_]] ^RO

SWZY\^KXMO YP ]_VP_\SM KMSN SX`YV`OWOX^ aOK^RO\SXQ Lc ]_VPSNO YbSNK^SYX)

@SXO 4,(4-5 GRS] S] K VS^^VO LS^ _XMVOK\ PY\ QOXO\KV \OKNO\]) IY_ WKc MVK\SPc ^RS] K] feK\O

WY\O MYWZVSMK^ON ^RKX \S`O\] SX Y^RO\ QVYLKV QOYWY\ZRYVYQc _XS^O]' LOMK_]O ^RO GD K\O

MRK\KM^O\SdON Lc KVWY]^ RSQRO]^ _ZVSP^ \K^O]' aSNO]Z\OKN WSN(VK^S^_NO QVKMSO\]'

MYX^\K]^SXQ MVSWK^O %KM\Y]] P\YW 6-+++ WW*c\ Z\OMSZS^K^SYX SX ]Y_^RO\X >SWKVKcKX ^Y

Ob^\OWO N\Y_QR^ SX ZVK^OK_ SXVKXN \OQSYX]& KXN `OQO^K^SYX]' KXN MYWZVOb VS^RYVYQSO]'



ZK\^SM_VK\Vc ^RO WO^K(MK\LYXK^O aOK^RO\SXQ)

@SXO 4/(415 IO]' ^RS] S] XY`OV ^Y K]]O]] ^RO ]_VPSNO aOK^RO\SXQ Lc ]c]^OWK^SMKVVc KNNSXQ

XOa ]_VPSNO OXNWOWLO\' ]Y ^RK^ MKX LO^^O\ MYX]^\KSX ^ROS\ MYX^\SL_^SYX] SX ^RO aRYVO

GSLO^KX DVK^OK_)

@SXO ,+25 :RKXQO ^Y f^RO K\OK(K`O\KQON ^Y^KV MROWSMKV aOK^RO\SXQ \K^Oeg' ]Y ^RK^ RO\O

S] MVOK\ XY^ \OQK\NSXQ ZRc]SMKV aOK^RO\SXQ \K^O)

@SXO ,,.5 :RKXQO fK^g ^Y fOb^OXNSXQ ^Y 1)1$g)

@SXO,,/5 8NNSXQ f8 VK\QO ]ZK^SKV MYWZK\S]YX SXNSMK^O] ^RK^ ^RO ZVK^OK_ \S`O\ LK]SX]eg

@SXO ,,/(,-05 ? ^RSXU ^RS] MYWZK\S]YX S] `O\c SX^O\O]^SXQ' aS^R aRSMR NOWYX]^\K^SXQ

^RK^ KV^RY_QR ^RO RSQRVc(O\YNON _Z]^\OKW ZVK^OK_ Z\YN_MON VK\QO KWY_X^] YP NOL\S] aS^R

P\O]R WSXO\KV ]_\PKMO' ^RO ]SVSMK^O aOK^RO\SXQ \K^O] aO\O ]^SVV W_MR VYaO\ ^RKX

NYaX]^\OKW K\OK' ]_QQO]^SXQ K MOX^\KV \YVO YP MVSWK^O %Z\OMSZS^K^SYX' \_XYPP' ^OWZO\K^_\O&

^YQO^RO\ ^Y OXRKXMO ^RO ]SVSMK^O aOK^RO\SXQ \K^O) GRS] S] KX KNNS^SYXKV ]_ZZVOWOX^K\c ^Y

ObZVKSX ^RO _ZVSP^ RcZY^RO]S])

@SXO ,..(,.15 ? KQ\OO aS^R ^RO SWZKM^ P\YW ZRc]SMKV O\Y]SYX' L_^ RO\O ? ^RSXU S^ WKcLO

T_]^ ^RO ]_VPSNO YbSNK^SYX N\S`OX Lc \KZSN O\Y]SYX KMMOVO\K^O] ^RO MK\LYXK^O aOK^RO\SXQ'

KXN PSXKVVc \O]_V^] SX RSQRO\ :HE) GRS] KV]Y KQ\OO aS^R cY_\ ]_VPSNO aOK^RO\SXQ

YL]O\`K^SYX]' KXN ^ROX cY_ MYX^SX_O ^Y SX^\YN_MO ^RO :C- MYX]_WZ^SYX P\YW @SXO ,.2)

@SXO ,.45 ?^h] LO^^O\ ^Y KNN \OPO\OXMO] PY\ ^RO QVKMSO\ KM^S`S^c KXN O\Y]SYX KXN CHD' K]

^RS] S] ^RO PS\]^ ^SWO ^Y WOX^SYX ^RO QVKMSO\ OPPOM^] YX CHD SX ^RO WKSX ^Ob^) IY_ WKc



MS^O :KY O^ KV)' -+-.' 4+,' ,103/-FGCG<B) GROS\ ZKZO\ \OZY\^ON Ob^OX]S`O ]_VPSNO

YbSNK^SYX SX K ^cZSMKV QVKMSKV MK^MRWOX^ SX ^RO B< GSLO^KX DVK^OK_)

@SXO ,/+(,/.5 IO]' ^RS] S] YXO YP ^RO UOc O`SNOXMO ^RK^ ]RYaSXQ WY]^ K\OK] K\O KPPOM^ON

Lc ]_VPSNO aOK^RO\SXQ SX ^RO aRYVO GSLO^KX DVK^OK_ \OQSYX aROX VYYUSXQ K^ ^RO o,.:;?:

`KV_O])

@SXO ,/1(,/35 GRS] ]OX^OXMO fDK\^S^SYXSXQ ^RO \S`O\SXO ]_VPK^O ]Y_\MO]e K] K aRYVOg S]

]SWSVK\ P\YW SX ^RO VSXO 4+(4- f>YaO`O\' ^RO \S`O\ eK] \O`OKVON KLY`Og) ? ]_QQO]^ ^Y

WO\QO ^RO]O ^aY ZVKMO] SX ]YWOaRO\O)

@SXO ,1/(,115 ?^h] LO^^O\ ^Y KNN ]YWO NS]M_]]SYX KP^O\ ^RO MKVM_VK^SYX]) GRO \O]_V^ S]

`O\c SX^O\O]^SXQ SX Wc YZSXSYX) IY_ WKc ]Kc KP^O\ fe]_VP_\SM KMSN aOK^RO\SXQ OPPOM^ S]

SQXY\ON)g @SUO ^RS]5 fGRO\OPY\O' KV^RY_QR ]_VPSNO YbSNK^SYX SX`YV`ON aOK^RO\SXQ SX K

]SXQVO LK]SX SX ^RO GSLO^KX DVK^OK_ \OZY\^ON OS^RO\ XO^ :C- ]Y_\MO Y\ ]SXU %\OPO\OXMO]&'
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