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Wat Garpdranspor tnfa nude WetésStoand Iseot ope i n
Dongting Lake Basin
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2Key Laboratory of Geospatial Big Data Mining
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ABSTRAUOmMder standing water vapor sources an
assessing the iwattiemg cpyrce i minttlaiplriezmdi ag cwa @ ¢ €
di agnosi s and cal cudtatweadres svmalpioesatwgpyrdet
pad hl eading to DPoregt iprBg Kilt i toe asnontshe( represe
by January, April Juntehe awdt eOcd oadatpion g g e |
preci irtiagtiinat ed from the Arabian Peninsul a
the westerlies over the ,sloung etrne sn aret hoer nt
the I ndian Peninsula thr ®@og g isbvakieh wBest Chi
Aprtiwtor angptolmd de memg ad loisged vy withabnhpaetolanuar
but t hes hliobctaetdnhotmlt yh wa rdde ghryé ectnmpednudd eawa s her
driven by the weak subtropical high over t

from the western Pacific via the ISouddhnehi

t hveapor sobewrsepréHhgiom—taftridie snortckern branc
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South Indian Ocean subtropical thhmgdhyghcr os:
vari ous wada esro uwtohdweesst e nal Chb ansddand losbaesg t h e
watertvapppfomdm the western Pacifjacn,d cr ossi
ent er i DoggtliokeBasi nfl uenced by the Edxnt Asi an
di fferenhe swarsioatsi,orns | mlwatge rwadteab Ivea piog o tt
patabdsher ed to Rayl eigh fracti.ohaeseohi addn gs
hi ghlight the i mpact of atmospheric circul e
a framework for wunderstanding water vapor
pasmosappheri c conditions.

Keywobdsgti mBgs;MWaker vapor spauslicreesc;i pTirtaantsipoon

i sotPpeci pmintoaitnito n

Significance Statement

complex i+nteractions between the atmospher ¢
of  how seasonal shifts I megtowspherieci pi

pattlTehrinss research explored how watéeobnvapor
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|l sotopes in the Dongting Lake Basin in rep

tracking water vapor from its sowurccad eregi o

at mospheric circulation on the tkreamBsaparnt.at i

The changes in water stable isotopes along

the 1 &€pbdopionation and water vapor,exchang

whitlthtes ot opiichlmpdi®&@cge®s t ati on refl ecwattehre ¢ u mt

vapor tornanshpeorltocal precipitation. These co
the influences of atmospheriacmplcieccpli &t oon
il sotopes, and thus essential for predictin:
1. I ntroduction

Di agnwaifegsvapoes amwdtamdlvapiep®rt are ro
and foundational tasks, partce@ilnmernloy ewi tali.r
202 @et Xal). ,A20®r0r ect wantdearpssotuarncdeisn ganodf t r ans
cruci al for accurately evaluating the hyd
preci popFathnehance, in weather forecasting f
condition for the otbtbeepenmce ofywagume G@indi eat
moi st air fr&8ar kew, | jaltaingl deets i 1t 2p011.5; 202
Mor eolwver pritmary cause of trheda o rnmdrosgaoccm | dr
regie®noften attributed wtad eams ovapemal o uso md & d
BayBenhgiel ¢2022;u et3d addi,t+R2OR2altlty,—studies h
the abundance of stable +sotopes I n speleo

al ., 2
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Over tfhedvepcaasdtees , e mmitd yovher se mat hamati cal
beencr thap parl otaec ht nagrcdke - e el lnegt mos pheri c water
sources amak h(rGaemsdmar t2020; PXwanetndalt.a, e20 A0 ;.
Lekshmy etFoal .i ,nPsradathzned,i t a et alwat@202apoe mg
tracking hbdgkr WAMowat acsobhpokstideri ng hea
in northern, we st etr hmee a & wodr srseotuatcht el ronn Eoufr otphee,
preci giatnatbteomw busedni fi caat ersd@etoiyol riom t h
North Atl antic duealtoon ga hwenitchyecal soerdif dv apaetst er n <
from eastern Eurddgiidiamagl obel Laggiaomgs an
v9 P®rrlelzar ¢ - n 3gtdeanlt.i f(i2e0d2 apt ree cigmipto®tsi @as soci a

with the devel opment of. elRnudlitasn sChbeeasend rttrhoapti ¢

vapsoorur ces and traewese@oddd imemd adii fsfmesr ent | i f o
of tropical cyclones. Among numerwatsemet hooc
vapoources | swhwiednpd pyw&d d t rcagleccutloartyi ons a

at mospheric wind fwal e&r itrml@gematti dgni atjeom cd eorrii
heisgutr i ng a precipitation evenwat evakvamori t
duringdushadrn ton precDpaxdared oie sEsmtud 9 & |
Hern8§ndez ;Ntanal .Sun2i0uR®®2 2.;alHowev0e23 due t o |
model structure depdiwaeaakivimppps hartaingsilpfefgetr e n
heisghntay vargpposeWweanvdr, this method canno
t he twatckreidmdped causes precipitation, nor

the magwiatedé vap@port 200adt aM;. ,De2n0g2 2et al
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Wit h the icromrtdweunoeurst of observational t €
met hods, utilizing reavadleysdvsaptchebshu S0 det
pr eci phiatsa tbieccro mepraa cGambmeo a(l Hof 2maan et al .,
Guo et ;alShi 2@yYParl . i, nSuna nete, al . (2011) I nv
climatic character i swaitcesr tavnmady sdpeocratd a In VEaarsit aet
based on NCEP/ NCAR reanalhgsiresdatas frrereomal @
var i alwialtietry viam stploe trn equiadth r i but eidn ftla eenhcee c o r

of the I ndian summer monsoon Bade & theen East
dat aset farnadm o ERX®M2a,0 et al . (submitted) f ou
correlation bepweani saawmanals bmumeygeeial i n t he
Changsha region. Theywantoetretdv @& phesagt o rsto ud chnersit
signi fiwaaretrliymatpabr i n al | seasomwxa,t eand apmlry
flux exhibits a vhei ghlry ediagniofni ova atnho yretyii toin a

Despite the presence mdr twhaweesrt wiaproelr dienogpnet n

correl ation bet ween the transport of water

water vapor bucdagmotundrn psroencei pintsa &ainiocoenss, hiapn i

i s even @preakeonsthpidpst northwesterly winds

direct infl uencageparidanhietcchmeA-b-bhpviat&t ovmpor

tnpput from the northwest direcwatoer ewdEdrs,

shows—a—hnegatnvseam®isncee atthheondi recti on of wa
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has an i mportant i nfluemncda somecegheng!| tpr
i nf |l apeéantcneo s pher iscuah nveeat ldalteavamp e gsa@amn u wa e er
vapor tpragrhswhoircth deaeemi mapohet.ransport dir
Water vapaeontraatmasohyer i ¢ circulsati on n¢
preci paveahtiton al so digtelcgrieyci ipn$ tati e pieteu s
anal yziwag etrhseo apaocnesiat er tvapepdhtas wel | as t
influences omndéenbldefifenbonpéseadans, t he me
infl ueme i agnmotsgpthlea iZihisoout oepte Baalfi.i, e d2e0all9.; , 2021
Zhan et) .alFqgr 203t ance, Risi etwadler vVa@b0)
and precsptionp &ahbearl @ pinon by combining water
water tvrapnosrpor t cal cul ati ons, revealing t
precipitatiowaaedi atambephegion is control |
air dehydration anSd nti HSsenmggepsp tian ecto navle.c t (i 200n0. 6

t hienfnlclees diwdteersvapoe ompegicamps tation in th

Il ndi an monsoon region, finding that the s
region is influenced baynadt masgd® ciut awd toenrs wa
| ndMoar.e &Zvheoru, et al . (2019) separatéby comput

values of precipitation at different sites
summer monsoon (April to SeptemMdar ¢hl)andt hwe
key upstriermafm utehgg emg pi t ati on i sotopes in tl
| oc atne dscoeuntthr ad+ve@htidnea Bay of Bengal ,and sou

respectilowdwer, as the critical regions inf
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may not necewstaari Isypappaere tthheegsieonst udi es ar e

definitivelwatdeertseaoampengsi otnlad er t v a p gdo.In t

Verifying whether the stable isotopic <c
changes consistent with Rayleigh distillat:i
of this transpor't on the isotopic composi
siganfircesearkxh ssthiunggt esveandi cate that 1 n t|
regi on, | Dhocnl gutdii MBggs, Lt dckeef f erwatcerss o mp dehse and

trandgdpoetwuiromg di fferentarsypeadonsgeragy eoft hee
variations i n pAreacgiup8ist aAtriaognu Sidshaetn @ iadkd ,(all1.9,9 &
We i et adh.i,ang01e8);. alfy pdiucg®I2l@y ,t he summer m (
prevailing southeast or southwest winds dor
waterfomapprecipitatidmtdrtiug{Bea kceerag sé r oanl | ,0\
Wu et alTang2e6éiljalwpid2aDpbt ati osni ginsdticmaeag | §
deplienfelduenced by intense rainoutpadfhfsect s
dur itrhg s (Pleouodt ;Wul .e;t 20.L9Co2%¥22 sel vy, dur i ng
monsoon, northwest or northeasn rwdlgaydosn pr ev
s+mpte—dddcku ptrieccri ,pi t at imoneal rsiacdfinagides f smewlird b
preci piist acdaromi edoiby owiegit e ladaveaspsofr racd mloann do f

regileo.ngsi yu et ;aWu, e2Bhl . et2G®1 Hpoweoet, both
observations from the Gl obal Net wor k of I
simul ati entanfabdmd General (iICSo6GOQMa) i oon Mogte

demonstrate that, whet her during atlhe sum
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di stribution of precipitation isotopes i n
significant | atit udti heatlhpeéas,di po b ald ememmeas ot df
more dwplt@teed nclretaisteasd afi st ancd&efregomlt.h,e o
2009; Zhang et al .), . 2@dms e Zuheamiglayed r talt @ p @ I12s0e
transport during t he summer monsoon alig
precipitation isotopes under theanidd | uence
consistent with tphhrd nRawdltesdtrgio | @i ©twielvleateisg n h
water tvamemport duri ng tnhoet wionltleorw mohnes oaobno vt
di stri bRiatyiloeni gaghnddi st{iThhgt eonapri B9 pHpbEWU Zhou
et al., 2022)

Based on the wunder sat atnhdd rnogu gdu til n vneesdt | aghbaa \
seasonal varviagptoiro s uirrc e@uwadtdehrd r t p meaopumitt at i o
and i siont otplees | EawOSNts oA N i s e piec ® S srearyy , p rwhvii cdhe
signi f efdfaonrtu ralecre | vy u nglieorsd la nldy dhrgo Ir @auidc a | me ¢
elucidating regional cl i mdtoen gt h aRpasditakrei st i

within tshenEamstnsAon ar ea, and drawing up

met eorol ogy, wat erwaviaepocra adpi aat@antioiscbnise s, amat |

understanding of the scivapordfi ¢r assperst s

achi;etvleiissst udy ai ms t wa( &)y swdpoeisf mntdhe r an

pagsdhontritboubhPoamggt i n@aslake) anal yze the va
met eor ol ogi cals tfasbs teb 0 p & Bwaadt | ewr &t Gvearp B godo;in t

and (3) reveal t hweatmreachhamiosemns apwd Wirmaotshpeo r t
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mom® n riengiilounemfclemmeci pi t s&andni smbapeés.
2. Met hods and materi al s
2.1 Study site

Dongti mgs,,sakeat eductehn ttrhad r e(gh iogn. io¥) €hi n.

basihmracterized by a subtropical monsoon ¢
and moderate humeitdi & we+Wod-hthemdislcenrd ®€u mmer s a
war m arnd Breosksids toor i c al met e o6 @&loolgZtdhheel dat a

DongtLiamBpserRperiences an aver algBer.5armmu a l pr e

During the colder months (October to March

relatively | ow due to the influence of <con
onward, | mblkueamemdinBpons, precipittaltyy,on i n
accompanied by a notable rise in temper at
occurring fremuAgODRZbaXt @oJ®Hneal ., 202
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Fig. 1 Map showing thaké oBasiomn amdtthlee DG
sampling site in the East Asian Monsoon Re
arrow in subplot wapdrepekdeat 85@ hFRParinge
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The prevailing winddr dfigrexctti@nt idhawi magp pec
frequently in a region during a speéeéeific p
changes i n t he averageonaitdnoesmpdh er itchecitrhceul

d fferences

s jatl bne |trheeg | Eoans t

Asi an monsoon r egibDom, twhmigc L hikrecsiIBadbenq , tclod d
pressure system influences the winter seas

Aeat heower t rsapd awleethenorthwesterbgsiwnnds ¢

as showav é&na dndd eafti etlhde i @850 ahBalbrlyachk . &rr dwei
Fig. la the summer, influenced by the West

| ndi an bewo+ftwhiened® he | ower atrreo pporsepdioemien ant

southerly in the East Aséemhymensosnpregaohi
Dongting dskseh8aavdanmagde field at the 850 h
t reed arr owoisn tRiogheniYatgemee of the prevail
prevailing southerly B®ondsingnédapwesBasd gs w
compl ex precipitation processes a@masamdg f er e
and water vapor. tTrhainss pcoormp |deixrietcyt iroenssul t s i r
preci pi t adtyinesn(dbseout oepte al . | 2019; Xiao et al
2.2 Water samplmes sauockhmesrtson and

From January 1, 2010 to Decemmet i B, hae?2
been conducted at the Meteorological Garder

(28A116N, 112A5606E). The sampling protocol
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236

standards of Chinab6s meteorol ogi:clr0 aredar t
20: 00 Beijing time on precipitation days. |
sealed 30 ml polyethylene bottles after me:
precipitation watsi gfhitr sptl acsalilcesddtaehde ri nmbaeinrw ant
vol ume after natur al mel ting, and transfer:
the collected water samples were stored in

Precipitation sample analysisafbtoqpquiz®10
Water | sotopdO0OAnalMpod@®@m8)PBDOBom Los Gatos Re
subsequentl vy, a new gehNedat SbablLequsdtaped
(I VAAS EP, Mo@@EAD® OO L2from the same company Wwe

2022 .0xTyhgeen and hydrogen stable isotope r

expressed in per mil (a) deviations relati\
(MBMOW), calcul ated using the equation
tPH or (°0 = é?'y 1 2300 1
6 IQ\/—SMOW g ( )

| n t he ReagnRlasivowoerpr esent the oxygen (or hydro
1HtO (M) in the water sample and ifn Vienna
SMOW), respectively. Thied tGsa.idt m@&i si on
dur iom@®oaA3.,itdandd 0. P4 @n@. 6a d2u0r2i2n.g 120 1t4her e
t wo precipitation samples in one day, the ¢
were representwed ghhyt edheaveoslagme I n total,
it i) data were obtained over the past 13

2.3 Ancillary dat a
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ERAS5, produced and releasedR&iyge hwe &tulremp ¢
Forecasts (ECMWHR), aits otnh g | foibfatth at mospheric

from t hGo ncpeanrteedr .t 0 I t-enpeedmceBERAS ERAOrpor

oft haert i ntegrated forecasting system, I nt e
and reprocesses a | arge amount of assi mil at
accurbbgr ¢al et al ., 2018; Hof f mann et al

substanti al I mprovements in tempor al and s
has increased fIrmtme r6i nnotuor s1 imo uErRA whi |l e t h

has 1 nmprroomerdd km to 31 km, and the highest
att+|l eudfFhese enhancements enable ERA5S5 to c¢
Mor eover, the number of wvariables provided

ERA nt erhiem ctuor rte n tdaz €0 e aasdedydichdd#byhsa b e e n

reducedd fnmoonmh hAd nitrerERAt o 5 days (Al bergel e
al ., 2019) . The reanal ysis dataps,ushePda i n ¢t}

specifiec humidity at 1006at/i356D#I7ROHF G600/ 500

meri+diomatle mtiineadb O O e(AsB.R t me t esmpce ci fi cg humi di t

k®d, | atitudinéad/)s avndmderi di onal(m/)swatnd

1000/ 850/ 700/ 600/ 9@/ 4h0c0r/i3z000nt laPa resol uti ol

tempor al sThips odatlad@turwaveudsedadivatoaldlegulaadt
vapor fluxes into a speci.fied region, intr.

Sincheer dct observation of the ispheoepec fr

Is extremelthechahleenonagtron process of w a
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at-mosphebe damaelll anabyeingdt he variations

i so

S
—

Mo d

vap

rea
Lag
cor

clo

and

topes requires the application of stabl
dament al principles and methods of met e
roduction dfatdtomo anwhderl isc foirr sviat er st abl

GCMs, provides a Aummingu e uanred oaifsf @ stoiGLCaVst,
oitrocpoer por ated Gl obal Spectr al Model ) e >
formance in thengeastt &AISi an202@; oKatl Zaw:
GSM is a stable isotope GCM developed
egrated water isotope cycling and fract
el at the Scripps Exeretrarme nfihaet-tddxtiavmantge |

l ude sea surface temperature, sea ice,

vertical |l ayer s. This model addresses
culation model s and pveapfoorr nisr abnrestpoerrt ipar
d aaldt ihtigche r egions (Yoshimura et al. 2 C
eration i soGSM2 has a higher tempor al a
or and precipitati ogeadrsattiogpre s( Choimprag edat |
uti |l i zZR&2s (tNhae idVEOHGR Centers for Environme
nal ysis dataset and eal@dn daonssp i tmeer SDNB B |
rangi an) advection scheme Biysedynamitclaé |
recting the model out put using reanal ys
ser to actual atmospheric conditions, tI

precipitation isotope simulations (Bon:
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The vsataebrl e 1 sotope simulation data wused
(January 1979 to December 2017, totaling
precipitaPri onmasnoatgii((iasgt®) opn the amdeci pit.

verticadf iwdatedead ®pdHy— andd, ’H,and®), and

the cadewt eanriedmwae ec e vigqpioa c iaphiBtxaatdido gex _ d
The spatial scale ranges f rhoow i3200ASt d@lo 17&Adl
of 1AT 1A (Chiang e3. al., 2020; Liu et al .,

2 ModAadal-€xslicsul at Veomt lod aelg hWéalt ¥arp d-Ir ucx

Theater vapor serwmaspast aflmexric for bot|
direction of water vapor transport, represe
a uni-secrioesmtpeBaimnet )@ahe, spoOd&lfic calcul at

is as foll ows:
1,
Q== Vaip (2)
g t

Whet Be mer i di oQs:aaln dclaatipsotcwednprodefit t he water

vapor tramepagrntveml by :

_1.p

Qa_émqup (3)
1 .n

Q=) valp (4)

HerQr,eprasheeet si cal wathere gv gi@o'®@) f liuonxc | udi ng t |
mer i di on alQsacnodmptolinéetow dnipro@de/ia & n o t \e e ¢\t idwned
speea@) (ncl uadieagi twidisdp a@dcanher i di offualg wi nd

represents skbh@d)idgiisc thwemiacictey e(rm@)ipoins due t o
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the | ower bo(umRlapmyd pt Besupper (bhoRuan)drmrtyher e
actual at mospherabowat 8300vhpPampmii sosnd tantm@a | 3 0 (
hPewhen calcubkntiogl wheeegrvalpobf thexenbnhthroae
at mospheric col umn

3. Resul ts

31Seasonal Vari ation Characteristics of Pr e
Regi on
The monthly weighted average and tot al m

the W&, | ggaiyjy aBxiPcdbdilleyco mdt he Hunan Nor mal

andhe Changsha National Met o red Ido qrigc a@ lh eR esfe
variatioypyeanfmmut hliy wW&i gmoeand hdawemwaedgeght ed
Expd and monPhhyt hee€hgegsha g giExn dinRli g. 2
Pin Chanegsgshibited si gnidftihcaanmte ssreaaxsi omuam vvad ru
ofif®Cpappeared in Marc3dssandbaAapridld bot hcatres
mont hs with the | owest precipitatfdhon amou
occurred in July, August J194&n,d8 S ptember ,

1928, with a simpl eil9&42a ,t hwnleit d dc m@advie o caohier eosfp o 1
to the months with the highest pregipitat:i
(20%a) appeared in Januar®9 )amgep ptelae erdi ninmAm
both of which were months withegel @it g wviefl iyc
di fferences in the phases of precipitatiol

explaining the variations in | ocal preci p
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