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Water Vapor Transport and its I nflue
Dongting Lake Basin
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ABSTRAUOmMder standing water vapor sources an
assessing the water cycle and predicting p
d agnosis and cal culddthieomwsa,t etrhiva potrudy ud etees
paths | eading to precipitation in the Dong
by January, April June, and October) . [
priegi tation originated from the Arabian Pel
the westerlies over the @abtonlgetmhesinde tdfern
the I ndian Peninsula throogdg ishoakteh wBest Chi
Apirl , two transport paths emertgreadns pmret ag dtg
but t heshliobctaetdhtotmityhwar d by one adnedg raeneo tohfe rl aw
driven by the weak subtropical high over t
from the western Pacific via the South Chi

the vapor sourced from t he nnorstuhbetrrno pbircaanlc hh
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crossed the equator and transported througt
finally baaclk®cng@bthe saw a water vapor tran
Pacific, crossing the Songgha kBshs inmf |Sieean c each d

by the East Asilann dmofnfseoroenn ts yssetaesno.ns, t he ve

i sotopes al ong water vapor transpor't pat h

fractionation and water bal dncse nurliandiomlse se

obser atidohderent—seasons—the—variations
vapofr—transport—paths adhered to Rayl ei gh
These findings highlight theriemppct adbf oat
i sotopes, providing a framework for wunders
and reconstructing past atmospheric condit
Keywobdsgti BgsMWaker vapor s ourkcreesc;i pTirtaantsipoon
i sot;Ppeci pitation amount .

Significance Statement

This research explored how water vapor trar
in the Dongting Lake Basin in representat:i
water fwaopmrits source —regions, wsec at eveal e

at mospheric circulation on the transportat:i

The changes in water stable isotopes along
the | gatcapiomafti on and water vapor exchange
while the isotopic changes in the precipitea

vapor transport on the |l ocal precipitation



t heg liurences of atmospheric circulation on
i sot opaerschuandssential for predicting regi ol
1. Il ntroducti on

Di agnosing water vapor sour cesr oauntdi naenal y

and foundational tasks, particularly withirt
202 @et Xal ., 2020). A wadvearpaecrnt souwWrecesd aamdd ntgr
cruci al for accurately evaluayipgedihet ihryd
precipitation. For instance, in weather for

condition for the occurrence of precipitat
moi st air frBarkew |lati aud2643501%Hu )eanaqlet,
Mor eover, the primary cause of met eorol ogi

region is often attributed to an anomal ous

—h

Bay o Bengal (He et al ., 2022; Liu et al

Ov e

]

tbew pdastdés, the employment of dive
been the cruci al approach to tracking and
and transporttapat h20Q8i; meRwmoapri ncdilta e€t02atl .
Lekshmy et iahsta6&2)Pr &oirndita et al. (20:
tracking thbdgkr WAMo trace back the water v
in northern, westetrtmegeagmomhssbdorhemre Eedaumgd,
precipitatitoend ctamm @esiadgrirfiibwmant reduction i
North Atlantic due to anticyclonic patterns

from eastern Eurasia and | ocal regi ons. Ut
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v9. O ,-AIP®rezn (@028 i1identified precipitation
with the devel opment of I ndian Ocean tropi ¢
vapor sources and transport mechani sms wer ¢
of tr opniecsal Acnyocnlgo numer ous met hods, the use

vapor sour ceswhi e mwl waewséprrd atdr, aj ect ory cal cu

atmospheric wind field information to deri\
heights dupi hgtaoprevent, making it common
duringdushadrn ton precipitand omMexwv,entl®9§;Dr &%

Hern8ndez adatanal .Sun2029;22N . However, due to

and trackiagrvpditeci plapgoyr transport paths &

vary or even be opposite. Moreover, this m
water vapor i ndeed <causes precipitation,
magnitude of wdt\Wer evaptat, ta2l®4,5p2o0W&2; Deng e

With the continuous i mprovement of obse
met hods, utilizing reanalysis dataude det
pr eci phiatsa tbiecrome a C®&wmoal pradilde Hoff mann
Guo et al ., 20)1.9;FoSrhii nestt aanlc.e,, 2S0u2n2 et al
climatic characteristics and decadal wvari at
based on NCEP/ NCARn rleQarma ltys i290 0d®at a hfer r es ul

variability in water vapor transport in the

of the I ndian summer monsoonZlamd dthealEas(t2 @

analyzed the coeceéebitboamdbetaveen vapor tran




88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

the wayemaha(April to September) in China wu
reanal ysis datasets. Their study found a
preci phikk aatnido nwat eans@eprotr from the sout hwest
that the southwest monsoon, which brings w
cruci al rol e i n precipitation formati on.
precipitation andomattlea narptohrwestandsiproaadt ifor
and even shows an inverse relationship in

ansport from the nort hwest has a mi ni mal

ChangshaSirnecge otnhe @it eectviagppmoroftranspor:t h a
infl uence on regi onal precipitation, it i
atmospheric circulation such as the water
transport paths, which dditreganiineen.t he water

Water vapor transport controlled by at mo
precipitation events but also directly ir
analyzing the water vapor sources iand wat e
influences on stable isotopes under differ
influencing the atmospheric stable isotope
Zhan et al ., 2023). For instancer, WRapor et
and precipitatahbarla@iodmplkeys domidihrei ng water
wat er vapor transport calcul ations, revee
precipitation and atmospheric watietry voafpor i

ai

r dehydrati on anSd nti HSsennggepsp tian ecto navle.c t (i 200n0. 6
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the influences of different water vapor so

Il ndi an monsoon region, findingtitboaati hhehes
region is influenced by changes in water va
Il ndia. Moreover, Zhou et al. (20189 separ at

val ues of precipitation at different sites
summer monsoon (April to September) and wi
key upstream regions influencing the precig

locai 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 |
transponr the isotopic composition of region

ob] e¥erwbgi+ng—whether—the stable—+sotopic
changes const+stent—with Rayleirgh disti | [ ati
ofthis —transport—on the t+sotopitec—compositi
s+gntiiecant—rExsiesatricnhg osbtjuedciteisveisndi cate t hat
regi on, i ncluding the Dongtingstakee®8aamna,
transport direction during different seas
variations i n pAreacgiup8ist aAtriaognu Sidshaetnagpagts ,(@all1.9,9 &

We i et al ., 2018; Chiang et al ., n2020) .



132 prevailing southeast or southwest winds dor

133 water vapor for prectpmpmittidtuideen oacreiagiisn g tBiam k et

134 Wu et al ., 2015; Tang et al ., 2@b5%)y whil
135 depleted influenced by intense rainout eff
136 during this period (Zhou et al ., 2019; Wu
137 monsoon, northwest or northeast wi ntdlse prev
138 precipitation isotopes should be more enric
139 by westerlies or originates from the evapor
140 Wu et al ., 2015; Shi et al .ns 2f0r2dm .t Heo welve
141 Net wor k of | sotopes in Precipitanabmined GNI |
142 Gener al Circul ation Models (i soGCMs) consi

143 t he summer or winter monsoon, sbhepsepatnath

144 East Asian monsoon region exhibi tdd hsaitgni f i c

145 i ¢.he precipitation isotopes become more de
146 di stance from the ocean (Fenngg eet adl..,, 220001¢
147 Consequently, the observed water vapor tra
148 with the spatial di stribution of precipita
149 and continent al effects andl asi comnprshenpl
150 water stable isotopes, however, water vapo
151 not follow the above spatial distribution :
152 2015; Zhou et al., 2019; Wu et al., 2022).

153 Based wmrmdetrké amding outlined above, a th
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seasonal wvariations in water vapor sources

and isotopes in the East Asian monsoon r e
significanturaerdfyi unfdemr sa@andi ng regi onal h
elucidating regional climate characteristi
within tshenEamstnsAon ar ea, and drawing up
met eorology, wataend veagptoer dv ampobhsocaldeyl spiaod
understanding of the scientific issues surr
This study aims to (1) identifgomnthrei watiemng\
tohe Dongting@)lLakeal Basi hhe(variations in r
water stable iIisotopes along tdhee ewanemre vap:

i nfl uefincdesfferent wahdr t vwaps p o rstoeugpi aoenkasl on

precipitatepoepsalambbpatanechanisms—by— which w

transport—paths —+a—the monsoon—+egi on I nfl |

2. Met hods and materi al s
2.1 Study site

Dongting Lake Basi-mentsrialuartegi am afheChsioru

basin characterized by a subtropical mons o
and moderate humidity. Wi nters are wet and
Baserd historical meteorol oPoogiLatkkagt Bafsi om
experiences an average annual precipitatiol
(October to March of the following year),
i nfleueodfc continent al air masses. However, f



176

177

178

179
180

181

182

183

184

185

186

187

188

189

190

191

192

oceanic monsoons, precipitation increases
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Fig. 1 Map showing the | ocation of the Do

sampling site in the East Asian Monsoon Re

arrow in subplot waphdrepekdeat 85@ hFRarinage

respegcecti vel

The prevailing wind refers to the wind ¢

frequently in a region during a specific p

changes i n t he average at mospheric circul

di ffeease bet ween | and and sea. I n the East

t he Dongting Lake Basiessutbkbesgstemgiobl deh

season, resulting i n prevailing northerly

nort hwe dtserplryevwiin i ng i n tave rwaigned nf iaesl ds haotwn

850 hPa in Dbamckr ya,r riowd.nntthhee g s ufnmer , i nfl

Western Paci fic Subtropical Hi gh and the
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tropospherenaltgy poestdbemrhg in the East As i
sout hwesterly winds prevailing iawetrlageDong
wind field at t he r8é&d arPrao w Mo aJ ufiiemgn eidl aea.t i
convergence of rtlhye wirredvsa,i Ipirnegv aniolritrhge sout he
wi nds, the Dongting Lake Basin experience
di fferent precipitenisomsamonadnwsatien diafpfoer &
This compl exi tryi arbeisluilttys iinn thhieghprveaci pi tati o
Xi ao et al ., 2024) .
2.2 Water samples collection and measur emet
From January 1, 2010 to December 31, 202
been conducted at t HHau nMent eNoorrariad g iUma lv eGasri d g/r
(28A116N, 112A5606E). The sampling protocol
standards of Chinads meteorol ogical depart
20: 00 Beijing time oncippietcatppiomatwasn diaysct |
sealed 30 ml polyethylene bottles after me:
precipitation watsi gfhitr sptl acsalilce cbtaegds ,i nt haeinr me
vol ume after naturread tmeltthengsamendsitze npsdleye
the collected water samples were stored in
Precipitation sample analysis from 2010
Water | sotopdO0O®AnalMpod@DBOBOBos Gatos Resear
subsequentl vy, a new gehNedat SbablLequsdt aped

(I WVAAS EP, Mo@@EAD® OO L2from the same company Wwe
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2022. The oxygen and hydrogen sst abdree i sot

expressed in per mil (a) deviations relati\
(MBMOW) , cal cul ated using the equation:
UPH or (0 = “?Fy 1 2300¢ 1
g R/—SMOW U ( )

| n t he ReagniRlasivévwoenpr esent t he oxygen (or hydro
1Ht0 (M) in the water sample and ifn Vienna
SMOW), respectively. Thied tGsa.idt Om@&i si on
durin@o02@1bdandd 0. P4 @n@. 6a d2u0r2i2n.g 120 1t4her e
t wo presamptaesi bn one day, the precipitatioc
were representwed ghht edheaveoslagme I n total,
O ) data were obtained over the past 13
2.3 Ancillary dat a

ERAS5, produdedyander &€lug ape aRna n(yeen tWeea t fhoerr |

Forecasts (ECMWHR), aits otnh g | foibfatth at mospheric

from the center. Complanrteedr itno, iBERSA 5p riendceocrepsosr:
oft haert i ntegratseae mf,oned &@gtriangssynore histor
and reprocesses a | arge amount of assi mil at
accuracy (Al bergel et al ., 2018; Hof f mann
substanti al empooaskmantdsspatt al resol ution
has increased flrmotme r6i nnotuor s1 imo uerRA whi |l e t h
has i mproved from 79 km to 31 km, and the I

|l evel . These bdreh&mRRAAémde ot €« aprnare finer at mo:
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the number of variables providedl byeERAS5 ha
to the current 240, and the releas3® del ay
mont hs -limt eeRAN Alob e5r gdedy set( al . |, 2018; Hof fn

reanal y(sliashudatya 1979 to Decembese@Oiln, thos

(7))

tudy i ncl udepss uprPfaapcoet epnrtei saslutdbesi (oot eo) , 588ad

peci ficgk@ulddttiyt udimi)sl awich dmer mi)s oantal wi I

(7))

1000/850/700/600/500/400/300 hPa. The hor
temporal step of 1 hour. V¥barsi datwvaasstedrewnal L
vapor fluxes im,t oi mt rspplewcdedd eidn rssegadtoi on 2. 4.

Since the direct observation of the isotoc
is extremely <challenging, analyzing the v
requires t he application hebrytabbaeg i wot o)
fundamental principles and methods of mete
introduction of atmospheric circulation mo(
i SOGCMs, provides a Aumoingu e uiasead H@NsS e cit 3 ¥ @S WM
(! soitnocpeer por ated Gl obal Spectr al Model ) e >
performance in the East Asian region (Zha
i soGSM is a stable isotope GCM developed
integrated water isotope cycling and fractd.i
Model at the Scripps Experimental Climate I
sea surface temperature, sea ice, and tem

vetical |l ayers. This model addresses the Gi
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model s and performs better in simulating w

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

i sSoGSM2 has a higher tempor al and spati al
precipitation i s o tgoepneesr actoinopna r(eGh itaon gt heet failr.
t he MNMRERCH Nati onal Centers for Enviriomment al

dataset and abanidoearrsattihen-NDIShelngNoaannagli a n )

advection scheme used in the previous gener
out put using reanal ysi s dat a, i sSoGSM20s S
at mesphc conditions, thereby i mproving t h
precipitation isotope simulations (Bong et

The water stable isotope simulation dat a

(January 1979 t o Decembet hs20171i nctloutdailnign g
precipitafPi omm)amosunathll (athis oit m ptelse (Uds. eci pi t a

IOt heanviertical i ntedrsalt (ks walterfl 7vapor

pressur ér tl@WE| sh Pa (e8P, aah®l), and the

cal culeautteed | unvadxae svysa piomr @Enxdyamieedg).i pTheaeati on

spatial scale ranges from 30AS to 70AN and
1AT 1A (Chiang et al., 2020; Liu et al., 20
2.4 Calculation of the VerQ®i cal I ntegr al o

The water vapor transport flux serves a:
direction of water vapor transport, represe

a uni-sectiogist poeefdutuinme )@l The28pEci fic cal cul
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is as foll ows:

1.

Q:amv@p (2)

Whet e meri di o@:malndc anmpeo nleantti tQdafi nahe comp e n «

vapor transport flux are given by:

_1l.»
Qa—gq ucd p ( 3)

_1.»
Qa—gqujp (4)

HerQ@r,epresents the vertic@tm@Y)nt egchiudohgwat
mer i di on alQsacnodmptohnee nitat i QuVd enrad t ecso nmtphoen evnetc t o
speea@) ( i nclluatiintgu dishpea &) d vafmedd i di orfuylg wi nd
represents sbk@didiisc thwemiacictey e(rm@)ipeins due t o
the | ower boundapysptbesuppef(hPabndang pre
actual at mosphere, water vapomi Sondtentto add
hPa when <calculating the verticalrentegra
at mospheric col umn.

3. Resul ts

3.1 Seasonal Vari ation Characteristics of
Regi on
The monthly weighted average and tot al m

the W@®,j | gid), y andPcidilleyco mdt he Hunan Nor mal
and the Changsha National, Mgiebdohoggit bal sE

variatioypeanfmmut hliy wW&i gmoeand hdawemwaedgeght ed
14



‘302 Exdp, and monPhhyt hgeeChgrg6thiadgids Bad),. aThhde

exhibited dstihgantihfeiscnaanxti msuema svoanl au

Changsha

n

Pi

303

aovrr

@ad Bptidjdbabh

Mar cB8.

n

ofitC,appeared i

304

amou

preci pit aitd,on

mont hs wi t h t he | owe st

305

S5dB,d9 Seapadéber, r

Augusig.

Jul vy,

n

occurred i

306

h

t

(0]

t

a%.i 3d mewhicolavaelongedipd nrd

simpl e

a

wi t h

307

T

precipitatiboxd, (dafhotlaj s.

hi ghest

he

t

‘308 wi t h

mi ni mum value

he

t

and

January,

n

appeared i

309

ntowdipfrfeen oend eag

relatively

mont hs with

wer e

310

and

i sotopes

precipitation

phases of

h e

t

311

stabl e

precipitation

| ocal

n

variations i

312

i nsuffici

S

on amounts i

precipitatdi

| ocal

n

313

_____
000000000
F e oA aoa = =

314

o

seasondl®d By jations

2i Comp abet ween

g.

Fi

315

precipitationEsddgut eamidumrexdiRps sna@saoanedmatunt

316

si MRAatredamyl y Si0s

and

(a)

station

Changsha

317

(b)

grid

corresponding

dat aset he

318

average cal cib®pbandon was

wei ghted

Mont hly

319

Changsha

i soGSM2 at t he
15

by

Exdysi mul at ed

320




321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

calcul ation waPfpemf BRABd ynel thieomrgs tdfe s e a

S

t

Ch

ob

t

h

c h

t

h

mul ated mont hitP,ame&lixdygdn & dERARrmg®tatl y aver

e Changsha grid (Fig. 2, Exd,hednsdi mul at e

angsha all effectively reproduced the s
servations. The root mean square errors
|l ues were 0.5a, 2.8a, and 59.7 mm, respe
asanalatvons, the two madbjowmuwalewes no fMatr|

d ApiBi. Ba tanda, respectivel vy, with very s
served values. The thit®al sowestcuvakdes n
gust, embhdng&.eqrd,. 9a,19a0& , respectivel vy, Wi
ithmeti d9 .a¥ée,r awkei oof was consi stent wi t h
Xi mum valuéexdfl6.i ) aappeared in January
lue (8.0a) apgoeablbd, i boAbguesns{Btent wit
i g. 2a). These comparisons indicated tha
mul ating the temporal variations of at mo:
To analyze the seasoniat watreamatvapornttae:
fluences on the regional precipitation i
i matic characteristics of the study reg

cluding January, Aprield, a3unde andd@Pctselsn:

ese representative mont hs, January in t
aracterized by the | owest temperatures a
e year. April signifiescigpprtiartg,onwiatmp umna

16



343

344

345

346

347

348

349

350

351

352

353

354

frequent

fluctuati ons

bet ween warm and col

the summer monsoon season, with the highest

October represents

| owest precipitation

Subtropical High

3.2 Water

3.2.1 Average

Basedth

di stribut

Vapor Transport

@RAS5 reanalysis

i on of t he

mu tyteiar &PYEIi gge 3b) i

dat a, we

Exd( Fi g.

pl otted the

Bxay)(,Fiagnd 3f)

17

n

aut umn, heharaanat etrhiez esde ch

throughout the year

I n the Dongting L

Wa tPeart hVa pno rt hTer kaBnosBpgosmitanrgyi n J a n

dat a, w e cal cul at

50 OHs §)oP aa nadv @fveegea.ge8ap ot

January. BbMoOomaebuerirpnba

s ptdt (i Fail g GH®BEE)r,g buddpns

n

January.



Distribution of H500 and Q In Jan. Distribution of mean precipitation In Jan.

40E 50E 60E 70E 80OE 90E 100E 11

o

30S
E 120E 130E 140E 150E 160E 170E 180 40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 180

%00
50 100 150 200 250 300 350 400 450 500 550
Distribution of mean d180 in precipitation in Jan.
(c
[ 4
-
F = :
E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 1
-27 -24 -21 -18 ~-15 —12 -9 -6 -3 0 3
Distribution of mean deuterium excess Iin vapour in Jan. Distribution of mean deuterium excess in precipitation in Jan.
60N ——

30s, 3
40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 180

0S
40E 50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E 170E 180

355 6 8 10 12 14 16 18 20 22 24 26 6 8 10 12 14 16 18 20 22 24 26

356 Fig. 3 Mean vapor transport path to the

357 di stri RQutiiHduoxaP@QBY O ( cif B ( dExd( e) ExadO @) i n

358 JanuQHsyP it O, O, Exd, &Ewdhr epr esveenrtt itchad i ntegr e
359 water vapor flux, 500 hPa averag® geopoten
360 at mospheric water vapor and precipitation
361 water vapor and precipitation, respect
362 Ath élsobi el d of East Asia, the deep East As

363 the East coast, and t-lhieglstboaftnight OWdEs RioR i9DAAE i

18



