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ally beaacli®cng@bthe saw a water vapor tran
ific, crossing the Sonuggha kBz g inmf |Sieean c each d
the East Asian monsoon system. I n diffe
topes along water vapor transport path
ctionation and water bal dncse nurliandiomlse se
ervations. These findings highlight t h
cipitation and i sotopes, providing a f

tope mechanisms and reconstructing past

KeywobDdarmrsgti nBasiWaker vapor s ourkecreesc;i pTirtaantsipoon

tPpesci pitation amount .
ni ficance Statement

s research explored how water vapor trar

the Dongting Liake mBarst ms i oif reipfrfesreantats
wat er vapor from its source regsoalse we
mospheric circulation on the transportat:i
changes i n watlee wdtadrl ev d pmwrt otpreasn sad arntg
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1. Il ntroducti on

Di agnosivnagpowatseorur ces and analyzing water
and foundational tasks, particularly withirt
202 @et Xal ., 2020). A wadvearpcecrit souwWrecead aamdd ntgr
crucial attelry aecalruating the hydrological (
precipitation. For instance, in weather for

condition for the occurrence of precipitat

moi stramrl|l owBhaket uydes al ., 2015; Jang et
Mor eover, the primary cause of met eor ol ogi
region is often attributed to an anomal ous
Bay of (Bengtal al ., 2022, Liu et al ., 2023) .
Over the past few decades, the empl oymen
been the cruci al approach to tracking and

and transporttapat h20Q8i; meRwoaprit ndilta €t02al

Lekshmy et al ., 2022) . For instance, Prani
tracking hbdgkr WAMo trace back the water v
in northern, west etrmeceasomhes d @eiddlhueert n olBu rod p & ,t
precipitation can be attributed to a signi
North Atlantic due to anticyclonic patterns
from eastern Eurasi a heaend algogcaalgiraeginomdse.l Ut
v9. O0,-AIP®rezn et al. (2023) identified preci

with the development of I ndian Ocean tropi ¢
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vapor sources and tramdpawutri mgcllamife&menwe ¢
of tropical cyclones. Among numerous met hoo
vapor sour ceswhi e mwl waewéprrd atdr, aj ect ory cal cu
atmospheric wind field rintfroarnnsaptoirotn ttroa jdeecrti o
heights during a precipitation event, ma K i
duringdushadorn ton precipitand omMe®wv,entl®9§;Dr &%
Hern8ndez atanal .S, un20 29;2 2Ni.n hHorweenvte rmo ddeule sttor
and trackicogr ippaégdci plapgoyr transport paths &
vary or even be opposite. Moreover, this m
water vapor i ndeed <causes impifeaimaitti atni oon,
magni tude of water vapoat tala.n,sp2o022;( Wue reg e
With the continuous i mprovement of obse
met hods, utilizing reanalysis thaaudge det
pr eci phiatsatbiecrome a commoal pra@ilde HBOGHAmMann
Guo et al ., 20)1.9;FoSrhii nestt aanlc.e,, 2S0u2n2 et al
climatic characteristics andide€&€adalerwnaircCihart
based on NCEP/ NCAR reanalysis data from 197
variability in water vapor transport in the
of the I ndian summer monsoonZlond e¢thealEas(t2 @
analyzed the correl @bi amdbeiavwveen vapeci pirtaa
the wayemaha(April to September) in China u

reanal ysis datasets. Their st udyb eftomeredh a
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plitk aatnido nwat er vapor transport from thi
the sout hwest monsoon, which brings w
al rol e i n precipitation f oeamat i on.
pitation and water vapor transport fr
ven shows an inverse relationship in
port from the northwest has tahemi ni mal
sha region. Since the direction of v
ence on regi onal precipitation, it [
pheric circulation such as the water
hertwhath determine the water vapor t
er vapor transport controlled by at mo
pitation events but also directly ir

zing the watewateapowrapournoceansapmort pa:

ences on stable isotopes wunder differ
encing the atmospheric stable isotope
et al ., 2023). aKor (i2slt0Ogdnceo,ndRiics ed an

recipitatahbarlea@inodmpley daombdihrei ng water
vapor transport calcul ations, revee
pitation anpdoratimo stphhee rriecg iwant eirs vcaont r o
ehydrati on anSd nt HSsaendggepsp ti an ecto navle.c t(i 200n0. 6
nfl uences of different water vapor so

n monsoowg tlkgiohhefiadtopic compositdi



110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

region is influenced by changes in water va
|l ndia. Moreover, Zhou et al. (20189 separ at
values of precipitation at different sites
summer monsoon (April to September) and wi
key upstream regions influencing the precig

locatit ead scoeuntthr aweICédi nhe Bay of Bengal and

‘N

respectively. However, as the critical regi
may not necessarily be the water vapor S (

defveaelyidetermine the water vapor source r ¢

Assessing whether the stable isotopic co
consistent with Rayleigh distillation duri:
transmponr the isotopic composition of region
obj ecHxivsetsiing studies indicate that in the
t he Dongting Lake Basin, differences in the

during different seasons are the primary dr
i sotApagug§s Aragu8lsheaerng adMe |alé®982016 2018; (
al ., 2020) . Typically, during the esummer m
winds dominate the East Asian monsoon regi
originat i-lngt iftruodre lmoveans (Barker, et al ., z
2015) , whil e precipitation isotoprese are Si
rainout effects along the water vapor tran

2019; Wu et al ., 2022). Conversely, during
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winds prevai l i n the East Asian rthansoeon re

more enriched i f water vapor for precipitat
the evaporation of inland regions (e.g., Li
However, both actual obser vtaotpieosns nf rPo ne ctihpei

( GNI' P) and si muieataibd resd fGreommriadotCopeul ati on

consistently demonstrate that, whet her dur
spati al di stribution of precirpdgiaadn oenx hishoitt
significant | ati t udti maatlh eéaspdr eccoi nptiitnaetnitoanl i esfof
more depleted with the increases of |l atitu
2009; Zhang et al ., 2012;h&Zhamgerevedlwagt €r0
transport during t he summer monsoon alig
precipitation isotopes under the influence

consistent with the Rayleighidiosbiplklkat  homwe
water vapor transport during the winter m ¢
di stribution and Rayleigh distillation pri.:
et al ., 2022).

Based on the wunderstandug@ ouvkeshedatbon
seasonal wvariations in water vapor sources
and isotopes in the East Asian monsoon r e
significant benefit for drccluocqitedly mendhlearsits
elucidating regional climate characteristi

within tshenEamstnhsAon area, and drawing up
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met eorology, water vapor di agnbmatdecs spahda
understanding of the scientific Iissues surrtr
This study aims to (1) identifgomnthrei watiemng\
tohe Dongting Lake Basin; o(rad) ognalayzd atcher
water stable iIisotopes along the water vap:
influences of di fferent water vapor sourc

precipitation

2.

2 .

Met hods
1 Study
Dongting

and

S

amount s.

materi al s

i te

Lake

basin character.i

and

Basemd hi

moder at e

storic

al

Basi-megntsrialuartegli am afheChsionu

zed by a subtropical

humi dity. Winters are

monsao

wet and

meteorol oPoogiLakkagt Bafsi om

experiences an average annual precipitatiol
(October to March of the following year),

i nfleuemdfc continent al air masses. However, f
oceani c monsoons, precipitation increases
in temperature, with precipitation predomi
al .2,3;20Xi ao et al , 2024).
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Fig. 1 Map showing the | ocation of the Do
sampling site in the East Asian Monsoon Re
arrow in subplot wapdrepekdecatbrybe@anbrPrduiage

respectivel y.

The prevailing wind refers to the wind ¢
frequently in a region during a specific p
changes i n t he average atdoes pher itchecitrhceu!
di fferences between | and and sea. I n the E

t he Dongting Lake Basiessutbkbesgstemgioabl deh
season, resul ting i n prevailinge,nowthéarly
northwesterly winds prevaavieirmaggel nf it dled bat i
850 hPa in Dbamckr ya,r riowd.nntthhee g s ufnmer , i nfl
Western Paci fic Subtropical Hi gh and the
troposphere are predominantly southerly i)
sout hwesterly winds prevail i nbgy ianhetr megeDong

wind field at t he r8eéd arPrao w Mo 8Ji UFiemyn eidl aea.t  ti
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convergence of the prevailing northerly wir
wi nds, the Dongting Lake Basimesspgsr iaenmc e
di fferent precipitenisomsamondnwatien diafpfoer &
This complexity results in high variability
Xi ao et al ., 2024) .
2.2 Water samples ceontl ection and measurem
From January 1, 2010 to December 31, 202
been conducted at the Meteorological Garder
(28A116N, 112A5606E). The sampling protocol
standar &€sinads meteorol ogical depart ment s,
20: 00 Beijing time on precipitation days. |
sealed 30 ml polyethylene bottles after me:
prce pitation was-tiighs$st ptaltect ddadgisn aihen me
volume after natural melting, and transfer|
the collected water samples were stored in
Precipitation sample analysis from 2010
Water | sotopdO0OAnalMpdfi@®&d8)BOBom Los Gatos Re
subsequentl vy, a new gehNedat SbablLequsdt apd
(1 WAS E P, MA@ 00O0) from the same company Wwae
2022, The oxygen and hydrogen stable isot
expressed in per mil (a) deviations relati\

(MBMOW), <calcul atiech:using the equat
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{?H or ulsozg%_mw 1 gfooc (1)

| n t he ReagniRlasivévwoenpr esent t he oxygen (or hydro
1Ht0 (M) in the water sample and ifn Vienna
SMOW), respectipweelcyi.si bhiebategtaigighal On @ a
durin@0281bHand 0. A @n@. 6 a d2ulr2i2n.g 120 1tdher e
two precipitation samples in one day, the ¢
were representwed glaw edfagevollimmd ot al | 1668 |
O ) data were obtained over the past 13
2.3 Ancillary dat a

ERAS5, produced and releasedR#&iyge hWwe &tulremp ¢
Forecasts (ECMWH)e, ait sadtmhoes Ipfhilefatihc r eanal ysi s
from the center. Complanrteedr itno, iBERSA 5p riendceocrepsosr:
ot haert i ntegrated forecasting system, I nt e
and reprocesses a |ladagae, amouwnltt iomg aissi sni ¢ @it
accuracy (Al bergel et al ., 2018; Hof f mann
substanti al I mprovements in tempor al and s
has increased flrmotner6i nhotuar s whi ERAt he hori z
has i mproved from 79 km to 31 km, and the I
|l evel. These enhancements enabl e ERA5 to ce
the number of vari ablescrgracweidd ¢ d-lolmy oeERMK5 1104

to the current 240, and the releas3® del ay

mont hs -limt ee&eRANM t o 5 days (Al bergel et al .,

11



234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

reanalysis data (Januat gl il®go946® Merctembler u
study incl udepss unrPfaapcoet epnrtei sasluldbeari (bt eo) , 5a6ad

specificghk@®@mi,diltayti(tmds,nadndwimedr iMths oantal  wi I

1000/ 850/ 700/ 600/ 51007 4DONBAOI0 hé&sol uTthieon i S
temporal step of 1 hour. V¥barsi datwaastedrewnal L
vapor fluxes into a specified region, intr:

Since the direct oOobser v aotciesrs dafn tthhe iags anoc

is extremely <challenging, analyzing the v
requires t he application of stabl e i sot o]
fundamental principles and melh hmaeltsh @d s mett lee

introduction of atmospheric circulation mo(

i soGCMs, provi des a Aumpoingu en uaned oalfsf @ stoiGWCaVist,
(! soitnocpeer por ated Gl obal Spectral | Moideth ) e >
performance in the East Asian region (Zha
i soGSM is a stable isotope GCM developed
integrated water isotope cycling and fract
Modat the Scripps Experimental Climate Prec
sea surface temperature, sea ice, and tem
vertical | ayers. This model addresses the (
modealngd performs better in simulating water

hi@htitude regions (Yoshi mura egte naelr.a t2i000m ;

i sSOoGSM2 has a higher tempor al and spati al
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pretcatpiion i sotopesgemenpatriean t@OChihandg iegtstal
t he MNMRERCH Nati onal Centers for Environment al

dataset and abanidoearrsattihen-NDIShelngNeoaannagli a n )

advectsicheme used in the previous generatio
out put using reanal ysi s dat a, i SoGSM20s S
at mospheric conditions, thereby I mproving
precipitamubati sosofp&8ownig et al ., 2024).
The water stable isotope simulation dat a
(January 1979 t o December 2017, totaling

precipitafi omm)amosunathll(aths oit m ptedste i@y, eCci pi t
m®), the vertical i nt ety alaiu)f ovatle® pragpgu
| evierld®m 00 hPa to 10 hdPaaut earnidu wdéece cas cspidmt e
preci didmd).i dhhe spatial sca0OANramdgeBATftT @ m2 8
with a horizontal resolution of 1AT1A (Chi
2.4 Calculation of the VerQ®ical I ntegr al o

The water vapor transport flux serves a:
direction of water vapor transport, represe
a uni-stectrioes peSumnett )adlfThea2ndp¥ci fic cal cul
is as foll ows:

1.

— 2y 2
Qgr;tqip (2)

Whet e meri di o@saalndc anhpeo nleantti tQuafi nahe comp e n «

vapor transport flux are given by:
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Qa_gmqup ( 3)

_1l.e
Qa—aQVoﬂp (4)

HerQ@r,epresents the vertic@tm@Y)nt egchiudohgwat
mer i di on alQsacnodmnptohnee nlitat i tQuVd enmad t ecso ntphoen evnetc t o
speea@) ( i nclluatiintgu dishpea &) d vaimedd i di orfuylg wi nd
represents sbk@didiisc thwemiacictey e(rm@)ipeins due t o
the | ower boundapysptbhbesuppef(hbBPaundang hper e
actual at mosphere, water vapomi Sondtentto add
hPa when <calculating the vertical i ntegr a
atmospheric col umn.

3. Resul ts

3.1 Seasonal Vari atiiomi tCahtairarctlesotsapes oM 1
Regi on
The monthly weighted average and tot al m

the W&, | ggai laynd®chbdillexdo mdt he Hunan Nor mal Ur
t he Changsha Nat iRenfaelr e NMe,ee gStealtdigonng alt he s e
vari ati oynearofmanutl iliy wWwH,j gmoewdhhyewadgeght ed a
and monthPynavheaddangsha i®gipadnaPidi g. 2a
Changsha exhibited sisigtnhafti teaanmasiemsmnad!| vea
iOpappeared i n Marigh 6and bAigr idli,d motth catrr esp

with the | owest precipitat t*go camauretds .i nT e |
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square errors (RMSE) between simulated and
59. 7 mmyvelgspe€otriresponding to the observe
maxi mum val ues r&®fo ctchuer rseidmuilna t a8 .cha aardd Apr |
13.3a4, respectively, with very small differ
l owest valuesbafssimutateed in July, Augus
18. 81®,. 9a,19a0d, respectively, witi®.8asi mpl e
which was consistent with the obsepved val

(16.1a) appearediinm mbann vald w,e 4rBd Otahe appear

2b) , both consistent with the observed val
t hat i soGSM2 exhibited strong capabilities
at mospheric water stable isotopes.

To laynwmae t he seasonal variation in the atn
influences on the regional precipitation i
climatic characteristics of the study reg
inclunuagy JaApril, June, and October were s
these representative mont hs, January in t
characterized by the | owest temperatures a
the yeagni Apesl spring, with rapidly 1incre

frequent fluctuations between warm and col
t he summer monsoon season, with the highest
October rudpmrmensemncthsaraacteri zed by cl-ear and

| owe st precipitation throughout the year
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3.2.1 Aver age WatPart hVa pnort hTer abnosnpgotmuitanrgy Lak e |
Basedt h@eRA5 reanalysis dat a, we <calcul at

di stribution of the 500Hs§Pa@andawg@iveege. g8apot

mu tyteiar &Y Ei gge3b) i n January. Moreover, ba

data, we plotted the spdt(iFailgUtd®dBE)r,gbusddpns

dw(Fig. 3€eBhi,g.anldif)d in January.
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