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Abst.uTa&aet MongoliieamarPd catteeraiuzed by weltd tardde @rried i wiir tae
(sndéw, Istronngs osloaltairo B,utand tdrl ye tahier .K e wimorkd b ocdet
i ececover ealnd atklessi r r e s pyemgadnedr oc Itihma tdeé sitn ntchti,s r egi on.

shall ow | agpeoc@cceedasrd)o wcckert her ms d ywea m tdfoa r four
wi nti @r0dl250 1He a r a msf etrfvat ecei nt aktabewandvaegei gat ed.
The rreswdddisat per siodtiBrbtprrar®ie? 5% eof i ncident sol ar r

getranseidnt o t heeummrecevritdhierogy f oe -uoareerfdwavnd
causing/maintainingupi d8TCs#aliiegh t lednpte ma tweax e r to ic
(@aver age4ss oW)immi-di malkong with higher heat conduction
freezheqh bahawlxat the transtnhheetae @8 fd mdkivatagent andce
t hdeo mhtead hi ghllyeatorfrled w8 @idh bhé k|l whée ere nipeempaetruarteur e
struazitseerhestve sol ar t roamcarssindomanlenes@icdko nvecti ve mi Xi ng
does not nebessaarsielr ywtf o £ € @lait miontyhef whB¢$ pe c ibaldlyy, sal
excl wdirerezi ng changes bioohd ¢alei mipllya yEagddiaihlied ytnaatd

t hset abainidi xy ng of theaihwadataét owol ake. in

1l ntroducti on

Lakes are i mportant water resources and provide Vi
ofworllkles are | ocat ed\Nibbehheo ® & ime MiOs (avhedr g rt er et al .,
and have potential to.fr2ete2)seaspeaal byl ¢yKini Atchi e
climandce high moubDweaitho raigstoonfsct copropmpaired to wat e
formati on and hdaetcraeymeonf ohp acsét hbesovee rwa t 2a n gy uzadl L6t ly. ,(
physical and chemig¢ga22l0cCadaltiioemes dW¥adnBaelta,a] 2018;
aquatic 6Gcosystoadm et al . ,)) ahdlaAd MmBepherce mass aMdAdo9
i nt er Wantgi oent (al . , 201pThemrafnar ee,p ncackmmpesn2 i ad e del y
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smdon mapping | ake ice physics annd tihtes euvnod eurtliyoinn go
seasons

Field and modeling investigationsoonhémket émpempatoe
borealgi ons, Femmnoisacaemd r al n &rutr rogren Canadaakseand t he
Short emciengv eorf hpaesr i lnpelen documentgd i nhdsakesorthern r
(BernhardtlLeit el 2dr2e201nZ ;k ov, ePtt akl .¢,H o2ak N #irg2koe2 0

i ce rheagsiemad ess dtuedited | -aekmobbsemagamd aardld cl i mat e
regjossich as centrals Awitearsch b @ eatiug h e mé amtdasic@a p e
regionalandl| ihmatre,Jsogmpal etdhyewk Ehern temperat e, bor ea
environment

L a khee rtma | s tirsa toiff igcreetaitoynd mpdynameéest and transport of
anmri mary ,prwhliuch iiomfl uence | i mnol bge efari ensphavbaitteart s a
| akes,i nwteaahsdaema | stratification wusual lwitfhortmse and

temperature smaller than (3t.h9é8AMCA e ® md énte dnegh, s nsetyrtotnegmp e r
soliamadi ancet bani giennteob vtahtee wat er and (dBroiuvfef atrudr bew!l er
al ., 2019; Vou rktoivl etthealbuyl ROBaAmpearsatesr ¢ hree arcalxd smu m
tempepnpanbirée akviapng et.Haweye2D2Dh s-loantibts ladkd lsdvs mi d

t his st oboyi nd epmerlitwahrgm mi dmafpotddmeget o salinity stra
andepathéee ovienlgtiheegrantal at i fi cati on and t he under |y
stratiTheeampieom&t uthé s avagrom tubpa ype @nedf olr0e t he. gr eakup
Huang ethb Kilr.ieltl2ianl)9T, h w2s0Res | i he uni quenegs®vefedeason
| akes-lian i miudle ari d r egitohnesi fafnedr ietnitadt @i énpaoi rntsa nucnec | cefa r
how this stratifianadt ihoonw fiotr msnnaewdaoceteso | wietsh t he
After -uppredazhee i ce cover shelters the | ake from at.
boundangsaftnultye the ice cover on the top and sedi me
gover meadvigaypwd sdénsaxelsesswdteeerdianent (Lepeffaoctasa, et @
201BYt these fluxes, trhebiudhicerge xhowHagaamge addameoh heat
release, have noitn bieéethiatmiediel Ir sgkifitaspre icti ine-Wayt er heat

flux, a key factor affecting thehmasbeanddemengiyr é
torkeemarkiabh@s ntihgatl @an i n Ar ztoineeMalinho b&obrekbket 1997; J
al ., 2009; Huang et ®8lut, th@l 3e,gh;meLwnaterdli nni 2201}
unknown.

To f il the kmwowltedget hgampmodynami cs Acfiamlddhlees i n co

background ,eewepgyfad bmavast er opsegwfams oow/ i ce proces
sol ar radi antdenmp etiraatndsiféeda swead-$eerd ii me n ti @mc otl ydpmanc ¢ é

s hal | otwh al sackées o n-& lo v ¢fr aeidd edmo,nt hec & h e d esribmotrid erh eo f
Mongol i aBePloawt, e @lb.s er v aad ieo T ®» mim cremvo el @l st he seasonal
dynasmit ét e mpesatat efi cattihoenldathidtew d e ,casmr ditad? rud a mtait fey
and balance the involvedehteadefr Mahie slsaaktdeat det er mi n

2Dat a athHotds
2.1 Study site

The Hetao Bas?linméam.alot D) Dabkklee dl, 08t mand sl argest i
in China, i sehsoat deér hn Mbhgol i an Plateau control | ¢
2
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cl i nmant et.the Hetao Basin, thei3annOuhlch , ammsal@ilneaidut &mpe
i siBABIi th the | oweosltyhampe bilgli edE Jan) i2ad@J @12) ,

the ffrreoestperil®@ d,s dB8®relé piesh aduGe0b nmme o b n athed

warm sedMopen parts of the badéesehtvEi bdenndeseent f de
Laké angquiDag 08, AQBOBME al tit didae tily, poilch lan!llaakvey e

in desé@éesésbvmitehgiaont ot al df RiagldaBl meoyt | PGBk mnt par
irrigation and hdat aBoanseagndtmsay wdarteenr og osfi r @ éfex rommlea n d
irrigation dr siewalgee amalx idnounme san d@ ride On mdigaptdh d, O
respedhé vahmyual air temperature, hours of sunshine,
frdstee aprdeaACod, 185 h, 224 mm,and 5D22emiynete, Spenc tsi v
2011)The B8sobermaal tiithudva mMededi1mi and\l4 respectively. The
cover is wusually f rsenescwoV edsited» wo o csansbnaelwleamp ar sealdy
strong winds.

The lakesurface elevatiors regulated through pumping water froine Yellow River via the main

inflow canalatthe westerrshore The total annual water supply is approximately 4 %,

equivalent tahe lakevolume But in winter (Nov Mar), very littlesurface inflow/outflow exists

exceptpossibleminor wastewater inflow (Sun et al., 2013and thesubsurfacénflow is also negligible
(Zhuetal.,2004For mor e det ai |l edon ©udeldtr mAR. | amd0 pe fearsences t h
According to our sanmpd awmat dre sickweasak wywistaedr i 20 17, t
sal iniity50PSU. b efno raen dt yen aidmgosiRy & dPuSeU t o excl usi on ¢

saslwhen the ice grows to its annual maxi mum

Due woiiQue anldi mat e ophi catumder tthleied iaker ywaae toigwe wi t
hi gh rates of primary production and resmgieration. T
sol ar i r teapieamcteuraeendnd the key role of ice and sno
et all)Our2®@2 bseouatbons revealed the mass and heat |
the i mpacts of warm water under the ice cover (Lu &€
per f carnnde dc o mbt o &ldaotmé¢ et ma l stratification regi mes.
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Figure 1. Locations of Lake Ul ansuhai 6ajJlcnand study
each winter, a thermistor chain was refrozen into i

ai-ireveat-eedi mentwictohh uaan est alkl iwsehna ch eau tsamatiion ( AWS) ;
3 radiation sensors over photosynthesis active radi
incident, reflected and transmitted solar radiation

2. ata acquisition

During wineOrn®, offi eDds5campuadciigmpen ,\Wwemeaeedas of Lake
Ul anqgWFhgidrd.l B each winter, an automatic weather st
ice domverifcnddspeed and dier ecntd omymcaddra nyt,e mmar ateurl e
gl obati a8IBOMO, nmnd the skin temper aAnumdaieomd the i«
up!l ooska magiNU UL/ 2, Wuhan Uniwaer suisteydd t@himagsure the i
evolutitcthecovut dcy Sodw 2t hminttk ness was meassta#lemanual
eveizy dlays. The tempe+i atcatrserdp mefnit| e¢e obfumhhevaai mbser
thermi s(BTWDhlRRdinnSunshine Techabtil6ggy mCepathtedg @ht he
accurac)ACDrfi S 0Spectr al t raacdci uornaet yidd aOf6 w itAtWwhriitm

( RAMSAGY/I S, Tri OSwerCer mard t o measur e t he i nci c
phot osiyaadteiyve radiation (PAR) oV diecceohelre cwdtsemrow su
l evemowiatws i ng a Pperpesuavcuamggeracy( b edDYPger ,
Solinst, Canada) placed ROl ctmhabaleve hearsieabhimesntwesn
10 nrindf.or ma haecoghud afteabsaitmamar i z e ds dagh sbatHlueanly et al . 20:
Int hvei nt er of 20deg , wather ualdect ri c conductivity (EC)
conductivity |l oggers (HOB®®0 U2, ,aldods €d5p0 WS )f raotm dleam
to Mar( Tlabl@onlcurrentl y, i ce ancdi nwga tveerr es acnopll leesc tweidt h
this winter to measure their EC and salinity using
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AL AWS: wind,

/ air temperature and

humidity at 1.5m and 6m

Incident and Infrfared
reflected . sur acet
global radiation .e'.nPCra ure |
Reflzeted BAR | | Incident PAR

Thermistor Chain |

Fi gure 2. Field setup of apparatus deployed and cor
2019
TablRata ra ceqsud u reidinf gp-wi nad kes e r praotgir camm
Winter 2016 2017 2018 2019
Avail abl e JaniMat JaniM2at JaihFe® 2 JaniFe0 2
Water de| 220 <c¢n 170 <c¢n 143 <c¢n 140 cr
Il cel/ snow t a a a a
5 spaci 5 cm sp. 5 cm sp.5 cm sp
Ai-irevea tseerdi n i ceil51@ i cé&l0 5¢c i cé&l0 5¢ ice, 1
temperat spacing spacing spacing spacing
and sed and sed and sed and sed
o . 65 cm,
Undiede r adi 175 c¢cn 8 ¢ln8 0 80 c¢cm,
120 <c¢n
Undiece upw
. . 105 <c¢n 100 <c¢n
radi atic
Water | e a
- 60 cm,
El ectric C
150 <c¢n
Not e: t he obser v eikr rdaedaitnddtsi wipavre | U nchgr r adi ati on and e
denbhe di stances below the ice surface.

2 . Heat flux dhbhtahati on an

I'n freshwtaher wdtakrest emper atAiQwe talwe ak ok chardes mah 3. O
strat idfuird antgie@Winngs ¢ ygkdrygpi cally a convective mixing
the top cold interfacial |l ayer Wamd eft hey éWKamrm |l duine d
al ., Thelx)t.ratification structureteéempaeédarg&ktadrild rath s u h a
following Kirillin et al. (2018).

Aft er-ufpase eizlel us 31t dtteleedr manl Frigggi me of t he water col umi

i rragiemrede ating thRpauaglhaat hemadiabsoobed by the
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(Rs9gash eat f | uxewsa ttlehyr cdungdls et eBg)n ti (t er f aces, and horizo
by advecti ofFy)andd odsiftgfhudsa roinn ¢ hwebetreerf ebfoedaye B f or heat |
defined as the heat ciond ehtedZimpeg,qhmd idmdfarte §cho ntaet netr
wa tieprcuTwhw, dhned heat abatdgretcolfumn i s

Y Y O OO0 "o — T®eaY— 1 (

w h e Jr, &, anwadrtehne dempeci fyi cobrulkdeamiper at ur er eosfp ewcdti evre | y . (0}
variabl es ar3Theef ianedalmhiag!l i piamlbepsr shall ow | ake
bot t(Pinck et al ., 20 14T;h eKitrwiol Itienr Amsa natnl sti, lde2 Ordisgh tt h e
content changes induced by dédpthnihyespEmnwdtherlvwht er t e
|l ogger indicated that theofiakeel sbkOwklBmadedbodohhgugh
i ce saatdlbmsheat | oss due to the bottom WwWaBer seepac
m?antdhwas i @gsome thicnooap & tehostotheerat f | uxes.

Undiece sol arThier rlaidgihatnceext i ncti-ooe cweaeriedda scav@end of t he
mlundacrl ear sky oUsihapnbtsiee ve0dl 8i.rr-adeaspechbynhedensor
soliamadi aneweateatr ti(Rpwearsd edceea | ve-damd oenx pomeret i al dec a)
l'ight transf drolilmwiantger col umn,

R, = Rexpk,(z -h). 2 (

wheRd s the observed dowanpWwarsdtiher adieajtidse Icdgeletspt lan d
extinction coefficient of water.

Sedi ment.Thhee alt e &tl uexx c h an g e -sfel duixmetnhtrFai ypgths rtfchae¢ ewma(t aetre d
wi t hgrtahdei ent met hod,

1)

_ M,
Fsed - 'ksed sed ° k_sed Ed, (3)
UZ bottom =

whead s t he ndweatmavi tcyant@fd s etdih enemmlis er ved Ishehdei ment t e
winter of 2018, four thermistors wer e bledroiwed hien t h
sedi ment surface) to measuRAesmihneg stehde meeat ttermgpres fadr
sedi ment i st hgeo vteympd iecasei o yn a | vertical haat oppbpnhaktti ol
controwasmodep!| oy ¢hde teof freecttdiiifedvesth etiineyl sedi ment was e
based on tslkeai memeev aduF e@r pdoatfl@eéplés ma | control mo d e |
refer to ShiThettlmér mal2a0deinduct @K0tW M&nwikbherh det erm
measured density and speaecOf bcWEmas uvsedci hyEQf sedi
Wat-tew ce heTatvaftterce heat fl ux caeabebdéniwadadcatr omet
interface

F=Q Q =L Ry

z=h [
whemQean@® artehe condufcltuixveeohat@dt ent hferad e zdiuneg /tme | t i ng
respectiapliygrtehenddensi ty aunsdiooinat eat fHekpeefmiel y.
dendtheesat conduction into the ice interior, which ¢
the bott olnhgiece plbamy etrh-eand gbht de denotes the heat r el
freezing/ meltingyowmwmhicle othdsnecvendd eorni ved f
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The heatlueonbentempér,ather € i ¢hlsdng-leanmd ostiqd)eh éoafisi g h't

calcul ated using

the observed water

temperature p

Di tease-hoofursiegmiobser ved -fdrad calseert csy bfelswagtimeaatédjd drhsu xi n

antdhdai ly means

Solar radiation R o
Long-wave radiations

were used for further analysis on

* O O Turbulent
Reflection heat fluxes
UR’. ﬂ U Qirr lee
£\
\ W 4
Absorption Ice thicknch
Rsf h
Transmission
R, Heat flux to ice
Water thickness £, =)
h, Lateral heat flux Fj,
Heat flux from lake sediment
7 sedﬂ
4]

Fi gB8Heat bcuodngpeotroefnttshe water colmadnf uedefr omeHuaeg

2 0 )9

2.4 Potenti al eesrtriomast iionn heat flux

Potenti al errors

ra

S

e

in the above meaatertdt cur elsg i snfat i on

deployed dappamakusmes. error for each
mi stor adeadady ieslr&x ge ddamd tt dan

accu(f BalylTee 29 her

Frwand the tcaasdensitprWw ®oelk.sOtthrean hk.al t minl ye s

negligible(<xunt.ed

flux was det e

itrPad uncteide sby isnElirwirdgudlir osnosrever al S
accumul ateFgspaci alclcy muhFadg reau led rloea sl dsns t han 8 %.

Tabl@¥n?ert ad anltd ueda tihmoant f | uxes

Err oresti(rfW Rrx
Error so dT
Ry Fe Fu F.=r.c.h,—~
dt
Radi ati on 0. 0 I T I
Ther mirsd mir¢ T 0. 2 1.1 1.7
lce thickne 0.1 I ) 0.01
|l ce growth T I . 3 I
lcedensity T I 1. 2! i
Water dens T I I 0.2
* Dasg)heisngghappeki cabl
3 Results
3.llake ice and temperature

Our oabtsieornvs wer e

comd nctewck r dangi nde

tiwcren igtrgo wa chi nt

mel tThhg .air tempeasasteat WMgCblubwetstHanl § amplitude
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(Lol ACand the peak at nooOA/Caf(#FdMgmalo s peeul dvalse gelneg
| owe r4mt teaxnc @ @ ¢ a sgiuodntlashdétdo snow orTHdestedaiifvéenhbumi dit
2m above the iceamuifieaoe di sonshowgdl e between 40%
Thpeak inciadeinaadasanahharday 1B8OOgH®M yan5d00i t s daily aver ac
200 ™ hmwag i ncrteafsridnng the beginning teperiBedend of ¢
the daily average wa¥ #adluepywsevsadadidndgy drhamv elrODa st s
wint erOcxz®ls9.onal snowfalls wusually brought thin sno
due t o wi ndnel ltaonwdig nsgu balnieinva tsinmone oaidndemrease t he surface
up otver 0. 80 b ugtr atdhdiask ki pnpceraerneedn tivo t ho Wieow@ s owé a k |
Thmaxi mumi atemiuald a elEetdween 35 ,amcandt 6 86g0c¥noorf 3t0Ohoe
mean | ake dept h. The bul k waasit78iIC taemp esrhatwerde du rud enra |
and syheomprsdas d oswidnagk Ve retvs ,denhb@éeagr efsdransmitted so
radi dheosedurmeadva sl aayemays war mer than the water col
per,sbodowi nghet rsaetdi ment workeves!| gi hgatvaseurce to the

— 2 : = : - .
5w ‘ 5 * ‘ ' ‘ ‘
5 0 e U R A g Lo o
g g
Enl W WM«}MM ity MoE L MWLW H ) l
= 40 ‘ L Z a0
L 300 — : ‘ ‘ : L 300 :
= (0) — Tncideht mem Transmitted I () — Tncident == Transmitted'
£ 200 H E 200 |- W =
=
= g | 2 L |
2 100 ~ L\ o a .@ 100 \/«\/\/“
Z 0 . = LA R R
T W s . = 20
5 c i 2]
2 0 ( ,,,,,,,,,,,,,,,,,,,,,,,,,,, R=h 0 ((i) _______________________________ e —
_‘%3-20 - T _0‘2 20 - . Snow-
2 -40 — Ice 1 o 40 - \m_ Iee
£ 60 . | . I . 1 . = 60 . L . ! L .
10 . . : ; . ; ; 10 : ‘ . ‘ . ‘
o g (d) —— — Water Sediment - O og 4 — Water *
P R L N'“L i 6 N -
g . L Mo, W g A g [ 4
2 4 MWJA\WJWW‘WH - WW w N | WWW’”‘; WM"W
2 2 L L L ol L
22/12/2015 11/01/2016 31/01/2016 20/02/2016 11/03/2016 16/12/2016  05/01/2017 25/01/2017 14/02/2017 06/03/2017  26/03/2017
Date [dd/mm/yyyy] Date [dd/mm/yy/yy]
— 20 T — 20 T
2 @ e (@)
P S TR SR B R | R Tee WVM{\J ------
E fb\Mj\f “W’\N\(\[ WJ\ \’\(W‘M & I i NMV i
5 20 Ww\ ‘ NW\NW\(\MU f |1<E’ 20 - “ N’VJU\’W 'lf\,, lN\
= =
=40 = 40 !
T 300 . —— £ 300 — — . ‘
= (b) = Incident Transmitted = ©) l'ransmiued
= 200 — = 2000 -
g 100 - g 100 —
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g 0 2 0
= 20 — T 1 T 20 T — [ —
5 © 4B g — N
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%20 - £20 P lee T
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S -40 | 1 = % .40 |- mm Snow A
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10 I e P 10 — —
T g LD — Water —— Sediment _ o og L(d) e Pt B P NI PN I 4
= AP z° e
g 6 - N w““ww 1 g 6 ——— Water =
£ . e g
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Date [dd/mm/yy] Date [dd/mm/yy]

Fi guyr eObservationalTa(aadrai i ¢ mpneraantsu raefr ainrsasiiadléaaetd and
radi atsoow(adhnhd ice thickness (c), temperature of wa
left: winterwi2otlér 20p77ryilgbttom | eft: winter 2018;

3.T2her mal starad irhii wiamg @wi nt er
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| mi~@i nt etrhe | akwas sedilmenvery warm ACthssaFrfwuceatemp
temper at ur es ihiihgeh elro wetratne adr AdB.ilB)glnin i s hypothesized t
stratification was supporitsedredgcidaexdusgraieingti tsy rptofik
data available, but thPSPBuérkr isahe dAd ywi seomdeadhead ric
t hwei nt er of 28Ble7al(ifiig.y 6s)t,r ag itfhfer &@teizo mge piest od , d amid
was cont i nudoutsd yweetxecrl uwdéer enughnt aef ace during water
salinity increased and the salinity structure apprc
ice melting began on Mar 7, t hye sbturlakt isfailciantiitoyn dfeocrrr
due t o mél eswibneterrurshieonsensi ti vity of density to temp
nei ghborhood of 4AC so that qufidre tshmaldbsear vedttye m(
structur e fyors tnreautAirfaihoadtgimosmo.tir o b s & hwehaotlieo nisc ed i sdenadst o nc
evident seasvoaralatanodh sanweawrael observed.

Acommbimi n l|i89ecmftrafng i nver(siei estterraftapcfee vladyieerd) |j ust
beneath the ice due to the | aragtehediffrfecezaidncgt hpeani ntte m
bul k wat,ere.cgo.l uimn winters 2016, 2018 and 20109. But
show uppearssdittsdagi ck | nv edewe |l sotprewdc ttuhrreough Bkth)e. wat er <
Underneath itnhteetthqaeecoltdhe temperature iwarmased sl
sedi wermtk i nveldisre witmtuen u2@19 and pr(iFdsm .85dH 3 Mar i n
After 3 Mar in winter 2@l@é hendallDy FRbmdage wa mus=rc @r
guickly developed after the bul k w@aFiég . dbeinper at ur e
Stri kbienfgolrye, t he f or matgionn woifn {adwa v@edcit@ihvee3d QOrhicxman

maxi mum t ewiptelr at emgéeér ature decreasipgr bosdedownwar

cm beneat h Thies i alen obrassaene tlgaayledae tliosx a l temperature m
(Mironov eta ailt.emp2e0Ca2t)uircedd,cohbeympad ucCed i n oceanoq
(e. g., Kir i |l RQioatectr atlempe2@®Ilur e cont oatrts t(metbwslhlown
t emper att uir ek maedkisc cotfh eéyheeal show si gn:i fiitcant enmdp aar antadr &
thickness take up and increase following the sol ar

duriimg ghheéevel opmentenamdrs dfayert hael stoh eirmtarle agsreadi ent
overlying interface | ayer.

Occasional s nowfeadqlutibeuvklelnd lail matghgea lelnyt i r e water temper .
duet hhe gh refl ection of new sThew skdemiptoan steh eifr wsameel
temperature to snow events (actudlalrygyecthaemdesf |liux g
water to ice and the dominance of solar radiation i
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Fi gbreDai |l evpt aftilo@m of water column during ice seas:c
(c) 2018, dndaghtd)bb2ewtandonéesedeonchtmet t amd sedi ment
respechAsitweaslijpkenot e snowf-abVer adhdpemioavds. TPl us ( +)
denotherowth and melt stage of the ice cover
UmonventiodAaalel yconwreccdri on did not take place in a
observational wintperja)stamdhesnedrmse thal kerlelt.ee T hti smper
temperature threshold is higher than(3he8m@mper atu
sal ing <Bat9BMeyreaddvyari abl e convections are believed
| a-kpecifically -wedhmentopéempartaetrurVeheand healwantietry
temperature is | arge enough, its densityusffect ov

trigdgakeng winter of a2et7sampanngxampdieatwd that, i
t hsea ltyii ncrdeaisies prtofuictl@r e changed si mul6jAnebhbhsely as

i eoen , the salinity showddwrWwxrndmd ei tps of mpact(i oor wa!
owteiegghhe i mpact of concurnin,eomt JtadkimpI)r ather  ogl @advi eyt
gr owthhep!l k sal i nbiuttyhhei sal eams e ,anddit apt tdepereasade ¢
decreased. Consequently, t he weakweieglh saaflfisneitt yt hger ¢
i mpact of temperature profile on wate®Otlemwi $eg, thr
i f the weakénismd i i oJifssarbte |l egeer at ure effect, t he

takes place across Thies diesisvearyy-ilnisk amibx i wit et ager ed
winters of Wodr tame 20dB8stastédnméeltigngdi ent turnec
me | t watl efrarsoem tthhee twoapt,®mr ¢ dleubtecpa mea yneorr e st abl e (on M
We ocaomct hlleew t he water temperature and salatmei ty pro
freeziimg tarmd mes$wh entgh edre {iteheamicuoadveepcl taiicsen e tiafl €tl hye

sedi ment tbmpmladattiree tiransmatdgreidng afdri ed 2iomg,i st he se
bottom water btee nmmpaerinmatcanneda seamapi dl y, i haodeépatshng t he
convectionhwa mdahreras oifn 2016 and 2018.
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FWbyY26% i n2Wk@®tmeprar d¢ddbevfidrhe t he con
ef fsettconvection.
During t hebadtche higadttiesrtth 0 @)r eaenzdi ncgon(duct i ve FRleat fr om
be taken outQ)Eywm44.Revapcedomhdaatbygntdlkéeéart mi ne
ice thichimd ac ea m(etLaclip pmd lag n &&d HH)Me ant Qaonwdergr owt h
raocfe . $pgeci fRitcad 8a%p Qfpri or to the
VYO0O% in the E@gwmjhniterisumfsi20Be ameQnRi0OMid9ng of

to take thaet
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Figur e HeEhtxes -atatethei (@ ercfomdascti ve heat @l ux in th

|l atent heat flux due trawbbtitstate i bedthiekzoyhty/ mebyi ag
bl ue zones denote periods of c otnhMenccftalar remomi Ixa ynegr an o
(Fig. 4), respectively.

34Ener gett he swater col umn

Theemper at wfe vmaelegirmat er s goveFn@shdoal It hteh eh etaga tb u
fluxes involved alnmi-dihret be | saoR¢wa 280G Wumber bare
ice abopdiregetdo TMBW5 thu n dieacre agintodw v ewr a royf ihn ¢ KLni&bs £ m)

and @mlaynl 4 i W)afR,(i,Re)df eached the 6E@dy mawhi chui hace
turn rel(Rfadsedt heaovemliwi ngBwawWeirhei heat flux from w
i cBwal so dmawamcdald seasonali6OvaWimanodnwag 1enerally
undercemewed ice than that under bare siuamé, ght kel y
The heat comjoefmdat erahanger esul t ants ohueracte sc haanrgdg es i fnrkosm
typicalibiyt4sWhdnhriing freezidnlgs bRdtmrg rnegw mbgettioni t i al
Evidently, t he tr &Rp s muintdtt edda e&sebht eaanlfS,)r @adla mitn @atned t he h
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| ntaemmu al

Heat f |l owscagmavbdegddiarse ce i chisfifgehrrtiemges he freezing
winter 2017, the bulk water temperature kept dec
negat iRkMEsdfw<.)@onti nuous heat | os salosfioewdarnt vveer steo t he
t her mal gradi ent and decrease i n water temperatu
in other winters (especially WwW&ddods iadmdvteh®kl 8Va,t etrh e
temperature had an increasing trend, which incre.
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solar radiatikun ‘baytoesred ihm@dit ;fhlevaxt; r el easerfds from sed
sensi ble heat caused byRewatrersi deat 06 nthdemtt hbmdraqe;
supposed to be zero whepn) all heat fluxes balance id
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4 Discussion
41Comparsws®Bub) Arcti c canidhatleemmp er at e

Prior +{om tdlafdresa,xctewat er | akes f all mi x(i antgA%autaB t o t her
continuous avgaidnsstt iwe alk g uasluiadileyly & eggrdaédbitichntwser t i c al
i sot hsetrrnuaglit tulr et e mp er atttuhree fqrue dszdi entgeo®e@ignt  (

Af ter t-hg d-orepeldiecset rati fication evolves as a joi
cond,stoiloar radi at nba,hpeaante t fr laubi cothhtr omMm & ehcki men't and h
advwea@amd dilfduAiotni c, boreal, asdchomashé&éemnbsesmpedate
Amer,i caand cenwirmtle rEuproecei,pictka tcioaomir A k a d soc ldy t& H ce

suUun ghnh penetrate throwmhd hdrcesnowadamhide waeglcoxted di mn
The wat eme csdileeann from t he bottom sedi memn .tamm r el ec
Thembehbl uxmsana(lild WY, mantder etfloer el ake awattshere freezing poi
i n ttchpe daa eveesky iwever s@Euslyteircawghe t he enafdis e gr owt h
montAfst er the melting onset, warm air andndtrengt he
more sol ar radi at i par iegeote sa ntdiptr beuagths d enrel yti rnaga sw antge r
deepecnonnvgect i (sa almlibeifmgachi ng the temper aigure of ma
(stadgedsuattlHey,i ce cover breaks sutpadgBdromse itrh ema shte r dread
boreal and Arctic | akes (Yang et al., 2020).

In mWiadti tude cold and arid redsamocsovaelrhbewnsmiove sol ar
enetgwnasntied he water fodl adanmen gundete h@i n gThiabPeltat eau
(QTP), the wat agst esitllaussmndgdea ns tkaemnetpwar,mengetd @ €

just foll owipng nt leeefdh ¢ ek & al, |sdtraegda rwign tmird (oFviegr.t ur n
db)Afterwardel astradbahi oenwdumstoonti nuo(sdglayget he t o]
'Y which -6xiwetk& shfrteeafkidirpei | 1 i n et al ., Hewever ,Laizthu e
shall ow phhlihdseassageoht dflflomssvagg skhotdhe (watemweek)
col umn roughl yallsmoasyts cavte rs ttahgee Té i toil rl eo wfi rnegglaffarr gn d earyiea
can deepen to near -otfhfe 9lFa k§eH ubaont gtb)oent baelf.o,r e2 O 1c%

Lake Ul ansuhai weadlalgneahal i oowuamdt he s$sbleamalt adi at
strati fi catdieane rdmy maemiecsynchronous profile evolutio
Al t houaghths eoriscatvieare d mo-ail it étkhee r ma l prloési eepettedpat t
prvwei nter-candgjiedc¢dbd ef fsetcitramidbnfeg awli inMButy Hrlagweledhthe
very,asmdrtthe bul k temper at uiranoi rsldlraagkes edsipdr atpa dtl hye a n o
solrardi at i bhaamshmd Imhackwve Kewed fWheer ,octcurcomeanveet ofVe mi Xi ng
(We usstedighch e e r brackisskowdt ¢i ocheap e radpadbnntma hel ysal i ni t
evol duetolfes e eezxicnlgusi on laiff eaxltso Sexagected since meltw

top | ayer thaene oinftr e sthreatf,or mi ng Irleigh mei foff e rsetnatg ei n
brackish | ake <cbmprar £6desviwat esrt algek e s, which are p
temper at ur élpvaiptphr osacclharngheat coguv elcrt i bvrea cmkii xsihnd akmayg, b
by ahdr mat | ayer( Fiing atnlbec fmil ddlceonvection is possi
bottom water is warm enough to conquer the salt
Salinity structure plays a more importantheole in

t emper abtruarcekd isthhe and evewi tfhr esdlwian ietr Kil iklelsiwn Oadd py
Ter zhev)iTkh,e 2pOlelsent resshdxscliodndri icaq efdr e n@att hg hehange:
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otsal t content and salinity @ameaotdreet hFof ilnHt amc

sal isreigtryegatef d6hci ent is assumed 0.15 (Pieters and
formation of 0.5 m ice cWwverthkanwatasesalni nintcy.e mem
t he siaddrndawewatr d-oe wiceth a | ar.geAfstadriwmdrtd/s ,graaditemd
al t exclusion gradually decreases t he salinity C

s
convectively.

Fi gO@mepi cal ther mal st rcaotviefriedadl)m&k @ stAw pcalsadnk(i liac e

et al).,, (20)09deep | akes i rna@QmhR (eKi raill.l,i n20etl)al .(,c)2 0a2
QTP (Huang ®t alnd, (2019 Bke dé¢fainsiuthimons of Roman n
presented in the text.

42Wh alteads t o-thiicgeh hweaatte rf | ux ?

The wtad ee heFapl| dyuea omionanti ngt bwtnldasmel ti ng of | a ke
c ovbeurtquiisthea | | ea bbb agvse r uBegrst al(4lpr camidd e tewsot iwraaytse t o
Fwi ndi ridcttlhye 1 ce t hipckonoefd sd, twel tesBaqoed rmeetnur ec ol u mn and
irradcieame observed (acweuafi fosbnsteln i @dt ev d rhieadmad sirceegi me
progy.ams

By deflkymist itdhhre, cofllact ose hkatvery thin diffusive w
i ceh.eemiper gt atlaerech t hi ckness of t hi savtalmiired| &axdarenar éy

ther malr ati ficati on(,Fié&an@)adtviewdRii mikx ie@ladli.l | i n et al
20135)and sei c(hkei raslcliilnl Aaétti otnhesebd@§ligpmblceands | ead t
nost ati ospayi anhgampygi(aWCi nters .et al ., 2019)

| fr es hlwaltewewsdiece convective mixing is observed to i
bottom by increasing the ther mal gradient of the i/
et al ., 2002; Kirillin et al . , uRaib8ipce Howreweat, i vien
mi xi ng does not necessarily take place every winte
di ffers &ahwiunatlelry.ofl n2016, the convective mixing deyv
col ummnd t hheend etnhcer oacer | yi ng i nterfattheal badt fédmsi v

temperature of thisafdageiena $téhieg t5hae)r,marl e sgurlatdiinegnti no f
enhancing the heat Fdi f Hosviedveirn(ti eire taohfei 200dr@yaesci tnigon t C
pl ace only in the | ower half of the water col um
ovem@g ydi f f yssndveelliamierat ed t he dicot her mal l ayer t
prior to the convection onsFgt I[(nFitgh dbded)tud ivllreeadi ng
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