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Variation and analysis of lake ice under snow and sand cover in Lake Qinghai *
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Abstract: Lake ice is an indicator of climate change, and global warming has a profound effect on the growth and decay processes
of lake ice. Numerous lakes on the Tibetan Plateau, where freezing phenomenon is common, and the response to climate change
is the most sensitive. However, there are few research on the thermal process of lake ice in the plateau, and the interaction
mechanism between atmosphere-ice-water remains unclear. As the largest lake on the Tibet Plateau, Lake Qinghai has a particularly
important impact on the plateau climate and water resource balance. Based on the in-situ observation of air-ice-water in Lake
Qinghai during the ice-covered period on February 5, 2022, the differences of lake ice variation process in Lake Qinghai under
snow, dust, and bare ice conditions were analyzed. The results show that the lake ice development was stable in February, the
maximum ice thickness was 36.5cm, the maximum snow depth was 10.4cm, the increase of snow depth will reduce the ice thickness
growth rate. The albedo of lake ice was higher in the morning and evening and lower at noon. The albedo of the snow-covered

was the largest, with the average value of 0.61, and the albedo under dust and bare ice conditions respectively decreased to 0.27

*2024-07-17 efi: 2024-12-30 Wets ek
&K | AR EFE 4 T H (U23A2012) 53 B)
** {EVEH; E-mail: lizhijun@dlut.edu.cn



and 0.16. The net solar radiation also changed with the change of albedo. With the increase of depth, the ice temperature increased,
the daily variation decreased and the sensitivity of ice temperature to air temperature gradually decreased . The snow cover reduced
the correlation between air temperature and ice temperature, with the correlation coefficient decreasing from 0.93 in the bare ice
stage to 0.34 in the snow cover stage. Snow cover amplifies the hysteresis effect of surface ice temperature response to air
temperature, and the lag time was 73-169 min. The surface ice temperature reached its maximum 97 min earlier than the air
temperature under the strong effect of solar radiation during the bare ice stage. The variation of vertical conduction heat flux in the
lake ice was consistent to that of ice temperature. The heat flux decreased and the daily variation decreased with depth increased.
In the bare ice stage, both the value and the daily variation amplitude of the conducted heat flux were greater than that in the snow-
covered stage. The diurnal alternations of solar radiation affected the upper ice temperature, and the direction of conduction heat
flux reversed accordingly. The water to ice heat flux showed an increasing trend, with the average of 8.43 W/m? in the snow cover
stage and 20.14 W/m? in the bare ice stage. The latent heat flux of the ice bottom fluctuates between -10-10 W/m? during the
equilibrium period of ice. This study has enriched the measured data of lake ice changes during the freezing period of Lake Qinghai,
and provided the foundation for the refinement and parameterization improvement of lake models.
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Fig. 1 Research area(The map elevation data sourced from data set[33])
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Tab. 1 Introduction of observation instrument

XL 5 W& TS (I ) &5y R = HERR M W3
R—IK—IKIR & PTWD-2A(JST, China) 0.1°C +0.1°C -40~150°C
i i 0.1°C/ +0.2°C/ -40~80°C/
AR PTS-3(JST, China)
0.1%RH +2%RH 0~100%RH
KH EC-9S(JST, China) +0.1 m/s +0.3 m/s 0~70 m/s
280—3000 nm
TBQ-2(JST, China) 1 W/m? <2% W/m? 0~2000 W/m>
K P A AR A
) PA500/6(Tritech,
VKB 1 mm 2.5 mm 0.1~10 m
England)
. SR50A(Campbell
ETPA 0.25 mm +1 cm 0.5~10 m

Scientific, USA)

N L R ?ﬂﬁ 'Tﬁ
= o
= |
il 5 |
‘50“"§ RS | {150cm
| I% [ IS()cmg [
# !‘L AR MR } 50cm (v()cmé |
& 280-3000nm ‘% A | 1 ] v v
o AMEH i | KTER 10em
1 ] Jv-' l ‘:‘ l M( =< 5cm K
,-; ' ‘**i 5 1 = 20cm
Z.EH]-JOOOnm" } ?gj% X ‘ t 70cm < 40cm
[RAs AT R ko g s sl>m+,1<;g‘
7K — 60cm
WKE
(a) RIS A7 (b) BRI A A7

B2 A — ok — KM (a: RIS b WA AR AG E)
Fig. 2 Lake Qinghai air-ice-water observation

(a: experimental observation site; b: experimental instrument layout)
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Fig. 4 Ice thickness and snow depth development process, and the temperature field of ice and water
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Fig. 6 The daily variation scopes of air, ice and water temperature (a: air temperature; b: 5 cm; ¢: 10 cm; d: 15

cm; e: 20 cm; f: 40 cm (water))

B7x2H11H.2H 1382 A 25 HMUKOKERERL, B 3 ASAFEE D BIIK— KR
HAR R FASE R T, S0 20K IR R AR BRI 2R 1 0 A . KPR T, vk BB REIZL, AR,
K PRARST A G5, ORI E, BRI G, KAEEEERE, #ENTMKE, FEKREE,
B8R 53 K BAFRS BER Z R, N EUKIR M THRIE 2T R 2, KA R BC B, 16: 00 £Z
UKIRIE B RAAE . FRER, RPRERSHE KA F R T, REBUKRGE TR, TREKR&T LE, K
PR RE RS B 3 A o Zid — KRR, DK PR EER S 2R 2341, E 8: 00 DK PR BE i B B ARAE - [
UKTHZE 2 DR 2%, A A5 0 R PRAR ST RENUKZ T 757K A8, 512 40—50 em Ab 7K IR s, H AN,
2 A 13 H 40 cm /KT & 0.4°C, 1£F]0.1°C. 2 A 25 H, REUKRMHEKEN-0.5°C, =T HHK
PREE VK TR £9-0.7°C, X2 B T UK 2 FE AL IR FE b ARl BRI R, 3R BE I BRAIG, (450K 2 AlUSCH Bt
X5 R B 1 UK AT AR AR,

0 — 0 —— . ‘ . —
b BRI bo o X Wk
-10F 3 -10+ L — - ]
— _ 1 _ ~—
T=11.0°C T=8.4°C ' T=8.3°C Q\A i
200 {0t ! - ‘ 1
AT,=6.9°C AT,=6.8°C ! w AT=12.9°C ! %
£.30F h=0.6cm 130} h=104cm i 1-30} h=0cm 8
o Tgtm T N7 oom T T T T T [V B B e - = =
40 o o 1 40T o pan 1 K 140 o o I K
—A—08h ! —A—08h ! — ORh !
S50 O 120 ! 50F < 12n : 4500 o 1om ! b
L6h : 16h Y I 16h :
wf , e | oo} =2 £
—— FliiR @211 —— Ll (b213 —— HiarE () 225 |
70 R S 70 R S S 70 : ‘ X ‘ .
6 -5 -4 3 2 - 6 -5 -4 2 a1 0 1 210 8 -6 -4 2 0 2
i /eC EEreC M PC

7 VKAKIEERTEE S i(a: 2/11; b 2/13; c: 2/25; AR ARRIIKIFELEIEE-0.7C)

Fig. 7 Vertical distribution of ice and water temperature (a: 2/11; b: 2/13; c:

represents the freezing temperature of the lake water -0.7 °C)

2/25; The red dashed line



S VA (U0 B oA S T UK A IR SR A N, T T AN RIB B S UK A IR (5—20 em UK
JEWFER A S R E, W 8(a)s (b)s (o). SR H, 3B, RS KAVKIRIAEC R E 5N
0.52, 0.34 f10.93, #IKTRE T, RS KARERME R R, ERSE SN BACHEH BRI, B
TUREEN, AOCHEE— B R . B 8(d)s () (DIHE— PR B ZUKIRR AR BB R ma B e sk, AR
PR, BEEREERIIIN, SR MR ZRERTS, A0 M BT

(a) 2/8-2/11 LAE (b) 2/12-2/14 BRI RRE | () 2/23-2/26 Bk
a1t 4 -t . r 1
5 ASTACYZ i AN
2 = |
P2 s 2 =0.93 =
% 3 ) I ﬂTI'_.T-TJ—?r 3 -
IE - s Ema NS s 2y {1 -3t
= Sl oL O 6l A
%4t _ {1 -4t 1 3 o
sl h;=0.6 cm 1 sl h=8.2 cm { 1o =0 cm
-6 . . . . n . ’ -6 . . ‘ ’ . ’ -12 P I
-22 -20 -18 -16 -14 -12 -10 -8 -6 -16 -14 -12 -10 -8 -6 -4 -2 -18 -16-14-12-10 -8 -6 -4 -2 0
il Sif/eC Silkec
-1 T T ; R -6 -1 T \ T 4 ‘ T T 0
(d) 2/11 I 1 (e) 2/13 I I (f) 2/25 !
1 | I ~y 1 1
25 ! ! f\8-2- : ’ Al 16 ~ 14
I : 0.24 f/;lJ\ ;’ : ! &
Q-U\ -~ T e 4-10
ZE 1 ’ | 18
= , '
= ! h=0cm
|
5em —— 10 em]-12
15 cm : 20 cm
R T,, |
L i L L L L L R L L PR B -16
00 04 08 12 16 20 00 04 08 12 16 20 00 04 08 12 16 20

B ] H 3 BEj
B8 UKIEAH IR AL (a: 2/8—2/11; b: 2/12—2/14; c: 2/23—2/26; d: 2/11; e: 2/13; f: 2/25)
Fig. 8 The response of ice temperature to air temperature changes (a: 2/8-2/11; b: 2/12—2/14; ¢: 2/23—2/26; d:
2/11; e: 2/13; £: 2/25)
3.3 MESibAxtk/ KR E NN SR EE AR 0
P 8t s e 1 DRI P J82 I AR A P A — 5 3 SR 28082, 5 e )R TR DKL Ul A2 A foe 9 BRURK

BEor AIHEE 3 AN B 5 om VKGRI T8 PP F1AH X SRR 18] 5 50 BRI Jo AH R, S RAH DG R B I AT AR 2 22
i e ()04, g SO

RT(0).T ()] = —2ale &) T OIN ) -T(L)]

— (D

O -T,OF M E) -TG)P
Romex[Ta (1), T, ()] = MAX {R [T, (t,). T, (t,) 1} @
At =t,—t At ={1,2,3..(min)} 3)

X, Tu(tr), T2 B R F 59 SR E S 0K E: 1 RRUKNIRE, XA i=5em; 6, o AR—KZ)
(RO TR 30, THEL FE R 6 AR, o SRHTAE S 300, TH A BUR O R AL R Tu(t1), Ti(t2)], K Remax[ Talt1)
Ti(t2) 1 T 06t o2 B At i Ji B 1] o

WE 9@, 0.6cm HE, 5cm HKRARAXN TR G 73 min, HAAHKRZECN 0.873, 8.2 cm I
LRV DR T, ZEKIEA G 169 min, HRAARECH 0.824, TEMVKIHBT B, 220K U ) 1 i
SRR K, A ZI KIS SR RIS R B RN 0.892. 40 em /K500 2 A AR S ME R 55, (IS
RS AR A S KR — 30 AN R S5 8 35 B B s J B 1) 435310 9 230 min AT 270 min,  #RVKTE T [FAFE

9

i/eC

i



T JE IS O o BRVKTHT Y BLOKIRAR X R TG B R S IR, 5 I X R SR B K B4 o6 LA O, &
TOVKIR R I AR . Gk LTSN FEH 5 om UKIE SRR P48 55 B35 B R I 18], Bk iE
JE£ 5 85 R S 0 F 20 W AR 22 SR o SRS A i A B e PR S I ), LB 9(b), £ R, BRKRIR
I ZIAE 0] B KT P 3403 S5 270 min,  UKIRUT¥93S 173 min, UKIR LR TEYOA R BE, FIYIRET
97 min. HUKIIAEFER TN, TS AR TR R, S0/, BEHRRIE RN, i e I )
Bl MM EEERT, UKZ TR KRR G s iR, KBRS S B E KT, S8R EvKiR P
There TR DX IR i, NS AR A B 2 S AL R At DX 33 i, A IO 4 St e K R P S B R R

1.0 ‘ : : . : ; : 400 . : : : ; 400
@ =0.6 cm f.=8.2 cm h=0 ¢ R 28-2/11 (®) w5 emikift-ok BB SR S B )
0.9£0892 ,° : : . 202214 4 s | . o UR-KIEFEETEE | 55
- 2232026 W i S e ] 22 1
0.8 F S emiif- iR .
= IEAL 00, . 1300 _
0.7+ _ 40 emAR- SR - L s .- =
IR A g ; §
206 i ] E 250 }-270min e . 250 @
[ = " ] i
05 - 200 - . 4200 =
% E e t =
0.4‘ L ~ -
- $E 150 u . 150 i
03 e e N 100 | 97min 100 *
02F A - .
0.1k 50 50
0.0 [~ L 1 I ) | 1 I el 0 0
0 60 120 180 240 300 360 420 480  2022/2/18 2022/2/20 2022/2/22 2022/2/24 2022/2/26 2022/2/28

it 7 I [ /min 3
B9 UK/ UL 7S IR 8 A R 5 20K () 5 9K AR A I A O 4 S5 4090 J 80 (b)
Fig. 9 Hysteresis effect of ice/water temperature in response to air temperature change (a) and the hysteresis effect

of'ice/air temperature in response to net solar radiation change (b)

JAMRESALTIKEESHRBEENF
T H 7 A _E oK EAE S ARGl R IR KA K I R E R B 80, Rl E TUKI R 5—10cem. 10—
15 em. 15—20 cm 1 20 em—yKE MR [F4E Sl s, 2 530 2 10T SOG4 B e 410, /i,
oT.

F=—k — 4

C 1 ahl ( )
R, FoikBERAESHRERE, BN Wm?, LR FNIE; kAKISHREE, BACH Wim-°C;
OT/ohi NIEFEREREE, BANCC/m. FHFNINRUKET, K SHRAKEIRE. BEH L, Untersteiner*!]
et L Y /N W

T

i & AR T IR ki AAEKI AR EL, KB 2.03 W/m-°C; g ONHEI, L 0.1172; Si
KUK, B2 ppt, X HLIE SIS RN 2.1 ppts T UK AGIRLEE, FRA2A°C.

SUKIRARCARAL, 0K % T Pl B R 22 A S I B A e s () 10), T e 2 AR Bl AR AL
B KR E (I35 BIZ TR (R A% 3 2 B 2 50D o UK R JR A% T OB EARXS 5 b R A7 A Ja R
A B o KT 1 B 74 i 7 e sl P /N T RROKTET B B . AEAR T 2 f B, -15—-20 em UKJZ 1% &
AOE R ET-10—-15 cm, RHTREMEEER-, ST 15 cm LR RE2 KR, R AT EN
(B 4), VKRS, -15—-20 cm FIRERE R T-10—-15 cm, 514 SRGEREIHR, MAEKE, WKik—
BURFFERGIRE, BRI/, 0 5—8 °C/m, HIE-20 en—IKJE (11 4% S B EAR /D, £E 13 Wim? if7 .
BROKTIEOL N, AT DK RS2 ) SR VKR A, R 2 AR UKIR BRI, -15—-20 em HOIREEREEE B8N T
FIZ, A% TR Bt 2 S, AR T UK, IR K, 20— VKR A& T AOs BN, {EDY 22 W/m?,

S
ki = kpi + A=) (5)

10



SZOKBHER SR FEME , BRUKIER M VK2 ) e Sl s i th L Ul , B Rk & T R 2, a1 TES,
KARAEHEKZ AR ) EZERE BRI, 17 R A% 2Rl BN 24 R BRI AR ST 92 BEAR 5 (8] 5(b)), AR
HRTECR, ) ML S HGE RN, ERE, ToOKBIARSHER, RURESUKIRMAAL, LR KR EE TR,
IR 1A LA TG B G0, T UK JZ (-5—-10 cm) ¥ 7] 77 17 ) £ 3 i 2 4 FT LK E] 100 W/m? BL L,
VK2 A Pl B H A .

150 2/12 2/19
T T LI B T A |
MERE SRR HRIK
1 [
1 |
100 | | : .
-g 1 1
= I I
= ! |
! |
HJ%'I 50 | ) -
= | 1
5 !
U]’P 1
’ 1
Y I oS 41 R Y (g
= I I
| 1 1
g 1 1
1 1
= 50+ | | i
wE A : |
. | -5—-10cm -10—-15cm 1
F v 1 -15—-20cm 20— UKIE
_100....I....I....I.I..I....I....
2022/2/2  2022/2/7 2022/2/12 2022/2/17 2022/2/22 2022/2/27 2022/3/4

H 1
10 DK P92 [ % S il
Fig. 10 Vertical conductive heat flux of ice layer
3.5 MESPAk—KkFEHREFENIMN
UR—7K FIHI P B ST e 28 H1) S W DR S PR AR A 1921, K —K St ) A D R R 131,

F,=F —F -k

oh
— 1 _ H 1 6
i ahI IOILf 6t ( )

K, Fo RUK—/K ARGl &, FOUKIRERES /AL i B &, PIITERALEY 08 Wim?; Le UK IR 5 /R
A, AN KI/kg; oot RUKIRIIVRES R ST R REAAL . [FIRERIBIK & 3R, Le ZEEGBOKUKAN, Ly
PO T UKIR AN B A 2 Bk 7 S i R 14,

L, =4.187(79.68—0.505T, —0.0273S, +4.3115%—O.00088iTi —0.009Ti2) (7)
IK—/K AR A RIE 11 ERERREHINN £ T 28 m a1 n KK
05 45 ARG B AL R A A, (HIEARZE-10—10 W/m?2 [B)%5h. RS ERMBL, Fo 4EFERRKT, 1
fE9 843 Wim?. 2 16 HY5 17 HFH BTG/ UK #E 1, RBAFRST#E UK, 5HERIKEA &,
e RHGER Fo M, TR H KR H I 0.1 cm WAL, 8UE Fo & T Feo EHEABUKEHBE, 250
MIVER, UKRIREEREERG R, FoI8n, SEZ MRS KA, (KR, A, R B Ay
BUE S 20.14 Wim?, ZPRFAEE S BUN 2.9 . BEE RS RBIAR S FFSER, UKR. KR &, P
BHiE T Fo, VKIREMMAGES, TURZEWVKZET R .

11



40 T T T T T T T 1.0
% @  WELEXR : FRHE A 55 : FRUK
i | |
i &4yA—#4kéﬁﬁﬁ}{PAA&JPA#&AL%rﬁﬁ&%FA
g L H0 %
v ME ! N
?‘E I I I 1\:
= | ] || m_ v
=1 i | | e g == 100 %
L I I
2k | |
I I I —O— PR R S I KA
0 1 I 1 1 I 1 " L L L " " L 0.5
40 — : . : —
(b} I I —O0—F, —O0—F—%—F, ]
r I I . 1
Wk : - --waﬂeﬂcﬁi% ]
—_— [ | 1
= I
S 20F |
g 10} A
® 0
of
[ I I
[ I I
-10 . " " 1 2 | N 1 N . . 1 | N N 1 N N . 1 N . :
2022/2/6 2022/2/10 2022/2/14 2022/2/18 2022/2/22 2022/2/26 2022/3/2
H
B 11 KRR AR A (a) S5 UK —7K ST A &P (b)
Fig. 11 Changes of ice bottom (a) and the heat balance at the ice-water interface (b)
4. Zhig

1)2022 42 A 5 H—3 A | B THEHHKERE, SAUKE 36.5 cm, B AEHIR 104 cm. HEHH
FETESIA VKRN, HIRERK, UKIERKIRENS, S S KE A KRN 031 cm/d, 15 VR &
BN E UK EAE KR A FE R 0.07 em/d,

2) WIvK) BB B R, AR H ARG . R EIKR I 2 B R R R, S 58K
(F-F 13 S SR 43 500 0.61 F10.16, Vb AP 1 SR A6 T W3 8] 0.27 . J IR 6 (1) 5038 B s ) B 4
TR IR, VO AR ST, DI AR AR AR AR, AT (B R IR DU AR R

3) ARV AR ) R 2R, RZ VKIS SRR A e S5 A B, BEVKZ VR EE s,
RISz fE R SS . AT AR S P BT O R — KA e i1y, HUS50KIR S5 R AR COG R, BRARUKIR I
HASRE, #ROKTHE 5L R SRS VKR IE] A ¢ R AR KN 0.93, 0.6 em MR REAHOC REPFIK S 0.52,
THIEINZE 8.2cm, AHIKREU/NE] 0.34,

4) P BELASF KRN SR AR A e B, KL AR R AR 0 i 5 2808 B 2 ], 0.6 em ARV A 3% 2 VKRL(S cm)
i JER 73 min, 8.2 em AR S AV AR 5 I A1 G AN 2 169 min; 7K (40 com) AN =R [FRE A LE AT 5 2L
B2, 2 ANAS IR 5 7 55 B B A I F 11405909 230 miin A1 270 min 7543 i XOJHURY 14 5 A FF 4 SRR AL (R A
PEHIE VKR AR R, (BRI BLF R ZVKIEL(S om) 52 18] 17 5 28080 2K, 3R 2 UK AR X T <
il 97 min 7 3¢ H ORI AE .

5) VKPR R S RGBS KR — 80 BRI N, Rl S 3 H ARSI N . K PHAE
SIS B B RC UK P 3 ) A% S RGBT 0 AR, ) T A S Rl RO R EEBIK R SR R . AR
iS5 SRR R PR S AR, (UK A A% 5 308 AN K — /K ST i 0 BN FAROKTH I B B E FIY
VKK BGEERIE N 8.43W/m?, UK FHIBIME R 20.14 Wim?, RS IFEHAME K 2.9 5. mkKREREE
/N HAE-10—10W/m? [B %3 -

Bt Bt BAS I B Al A A IR RAT R I 69 XA AR K U B A9 B AT R T B AR Ie i AR P 88
R X HAedioh!

12



5. &k

[1]

[2]

(3]

[4]

[5]

6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Zhang YL, LiPY, Zheng D. A discussion on the boundary and area of the Tibetan Plateau in China. Geographical Research,
2002, 21(1): 1-8. [FREEH, 20, FEL. WG EEE S AR, BT, 2002, 21(1): 1-8]

ChenY, LiYQ, FanGZ etal. Study on temporal spatial distribution characteristics of latent heat over the Qinghai-Tibetan Plateau.
Plateau Meteorology, 2019, 38(3): 460-473. [FFH, ZEWRHS, VI IS, T R AL E VRN 22 0 AT RHIEWT 7. )i
KK, 2019, 38(3): 460-473.]

Ma RH, Yang GS, Duan HT et al. China’s lakes at present: Number, area and spatial distribution. Science China Earth Sciences.
2011, 54(2): 283-289.DOI: 10.1007/s11430-010-4052-6.

ZhuLP, PengP, Zhang GQ et al. The role of Tibetan Plateau lakes in surface water cycle under global changes. J Lake Sci, 2020,
32(3): 597-608. DOI: 10.18307/2020.0301. [ZK32°F, 33, FREPREE. BR85S I A 2E R KB EA T 1 AE . i1
HEEE, 2020, 32(3): 597-608.]

Wang DD, Huang YF, Yang HJ. Seasonal differences of lake bacterial community structures and their driving mechanisms in the
northeastern of the Qinghai-Tibet Plateau. J Lake Sci, 2023, 35(1): 267-282.DOI: 10.18307/2023.0121. [ES}S}, #&EL &, #
V. TR SRR AL 0 1 B R A MR AE T 2 S S IR L. IIA R, 2023, 35(1): 267-282.]

Kirillin G, Leppéranta M, Terzhevik A et al. Physics of seasonally ice-covered lakes: a review. Aquatic Sciences, 2012, 74:
659-682. DOIL: 10.1007/s00027-012-0279-y.

Imrit MA, Sharma S. Climate change is contributing to faster rates of lake ice loss in lakes around the Northern Hemisphere. Journal
of Geophysical Research: Biogeosciences, 2021, 126: ¢2020JG006134. DOI: 10.1029/2020JG006134.

Yang K, WuH, QinlJ etal. Recent climate changes over the Tibetan Plateau and their impacts on energy and water cycle: A review.
Global and Planetary Change, 2014, 112: 79-91. DOI: 10.1016/j.gloplacha.2013.12.001.

Huang WF, Zhao W, Zhang C et al. Sunlight penetration dominates the thermal regime and energetics of a shallow ice-covered

lake in arid climate. The Cryosphere, 2022, 16(5): 1793-1806. DOI: 10.5194/tc-16-1793-2022.

Adrian R, OReilly CM, Zagarese H et al. Lakes as sentinels of climate change. Limnology and Oceanography, 2009, 54(6,
part2): 2283-2297. DOI: 10.4319/10.2009.54.6_part_2.2283.

Magnuson JJ, Robertson DM, Benson BJ et al. Historical trends in lake and river ice cover in the Northern Hemisphere. Science,
2000, 289(5485), 1743-1746. DOI: 10.1126/science.289.5485.1743.
Austin JA, Colman SM. Lake Superior summer water temperatures are increasing more rapidly than regional air temperatures: A
positive ice-albedo feedback. Geophysical Research Letters, 2007, 34(6), L06604. DOI: 10.1029/2006GL029021.
Xie F, Lu P, Leppdranta M et al. Heat budget of lake ice during a complete seasonal cycle in lake Hanzhang, northeast China.
Journal of Hydrology, 2023, 623: 129461. DOI: 10.1016/j.jhydrol.2023.129461.
Xie F, Zhang YW, Lu P et al. Characteristics and influencing factors of lake ice growth and decay in a shallow lake from a cold
region. J Lake Sci, 2021, 33(5): 1552-1563. DOIL:10.18307/2021.0523. [f# K, 3K, foM8&E. FEXHRKBIVKA W IFAE b
MR R, AR, 2021, 33 (5): 1552-1563.]
OhataY, ToyotaT, Fraser AD. The role of snow in the thickening processes of lake ice at Lake Abashiri, Hokkaido, Japan. Tellus
A: Dynamic Meteorology and Oceanography, 2017, 69 (1): 1391655. DOI: 10.1080/16000870.2017.1391655.
Petrov MP, Terzhevik AY, Palshin NI et al. Absorption of Solar Radiation by Snow-and-Ice Cover of Lakes. Water Resources,
2005, 32(5): 496-504. DOI: 10.1007/s11268-005-0063-7.
Shi XG, Yang Q, Zhou C et al. Spectral characteristics and influencing factors of lake ice in Lake Chagan during frozen season.
JLake Sci, 2023, 35(4): 1491-1501.DOI: 10.18307/2023.0444. [fiB%), #fl, M. BT HIVKE G RRAE K ssm A
. WAEEE, 2023, 35(4): 1491-1501.]
Cao XW, LuP, Leppéranta M, et al. Solar radiation transfer for an ice-covered lake in the central Asian arid climate zone. Inland
Waters, 2020, 11(1): 89-103. DOI: 10.1080/20442041.2020.1790274.
Han YX , Xi XX, SongLC et al. Spatio-temporal Sand-dust Distribution in Qinghai-Tibet Plateau and Its Climatic Significance.
Journal of Desert Research, 2004, 24(5): 72-76. [k, RIRE, RKEFH. Bl AR RIAER . PEY
B, 2004, 24(5): 72-76.]

13



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

371

[38]

[39]

LiuY, Shi ZG, Xie XN ef al. Seasonal changes in East Asian monsoon-westerly circulation modulated by the snow-darkening
effect of mineral dustAtmospheric Research, 2022, 279: 106383. DOI: 10.1016/j.atmosres.2022.106383.

Li XF, KangSC, ZhangGS etal. Light-absorbing impurities in a southern Tibetan Plateau glacier: Variations and potential impact
on snow albedo and radiative forcing. Atmospheric Research, 2018, 200: 77-87. DOI: 10.1016/j.atmosres.2017.10.002.

Zhang YL, Gao TG, Kang SC et al.Albedo reduction as an important driver for glacier melting in Tibetan Plateau and its surrounding
areas. Earth-Science Reviews, 2021, 220: 103735. DOI: 10.1016/j.earscirev.2021.103735.

Che T, Li X, Jing Y. Monitoring the frozen duration of Qinghai Lake using satellite passive microwave remote sensing low frequency
data. Chinese Science Bulletin, 2009, 54(6): 787-791. [%:¥%, Z5¥7, T8, FI B SR8 BARAT iR 250 I D 75 Vv s
RS, BEEIR, 2009, 54(6): 787-791.]

Qi MM, Yao XJ, Li XF et al. Spatial-temporal characteristics of ice phenology of Qinghai Lake from 2000 to 2016. Acta
Geographica Sinica, 2018, 73(5): 932-944. [A[ 1T, BEBRZE, ZEWedEss. 2000-2016 i HIBIVK D) ERFEAS (b, Hh 2T 2
%, 2018, 73(5): 932-944.]

CaoJ, YaoXJ, Jin HA et al. Spatiotemporal variation of ice thickness of Lake Qinghai derived from field measurements and model
simulation. J Lake Sci, 2021, 33(2): 607-621.DOI: 10.18307/2021.0225. [H 41, BhBR7E, Hraieeds. BTl 50N S
TR AR RHE. WIAENE, 2021, 33(2): 607-621.]

Zhao YX, Wen LJ, Wang MX et al. Application of the analytic model based on energy balance into the lake ice simulation of
Qinghai Lake. Plateau Meteorology, 2023, 42(3): 590-602.[BX{Cik, CHIME, TAWES:, LT HEE THM T A 7 i
WK R IR . SRS R, 2023, 42(3): 590-602.]

Tang H, Zhao YX, Wen LJ et al. Modeling climate characteristics of Qinghai Lake ice in 1979-2017 by a Quasi-Steady
Model. Remote Sensing, 2024, 16: 1699. DOI: 10.3390/rs16101699.

Shi FZ, Li XY, Zhao SJ et al. Evaporation and sublimation measurement and modeling of an alpine saline lake influenced by
freeze-thaw on the Qinghai-Tibet Plateau. Hydrology and Earth System Sciences, 2024, 28(1): 163-178.DOI: 10.5194/hess-28-
163-2024.

NiuRJ, WenLJ, Wang MX et al. Effects of snow and dust on radiation and temperature in Qinghai Lake during ice-covered period.
Plateau Meteorology, 2023, 42(4): 913-922. [/FHifE, SCHIME, EAWE. FUEFIVD AT vkt 75 110 e S R 5 1 52
BRA R, 2023, 42(4): 913-922.]

Wang GX, Zhang TJ, Li XD et al. Detecting changes of ice phenology using satellite passive microwave remote sensing data
in Qinghai Lake. Journal of Glaciology and Geocryology, 2021, 43(1): 296-310. [{EKA(5, K%, ZEBRARZE. FIH# 3R
TR K AR, VK%L, 2021, 43(1): 296-310.]

Li XD, Xiao JS, Li FX et al. Remote sensing monitoring of the Qinghai Lake based on EOS/MODIS data in recent 10 years.
Journal of Natural Resources, 2012, 27(11): 1962-1970. [Z=B8 4, M, Z=RES. HT EOS/MODIS ML 10a
HEFIREIR . B ARBHIESAIR, 2012, 27(11): 1962-1970.]

CaiY, Ke CQ, Duan Z. Monitoring ice variations in Qinghai Lake from 1979 to 2016 using passive microwave remote sensing
data. Science of The Total Environment, 2017, 607-608: 120-131.DOI: 10.1016/j.scitotenv.2017.07.027.

Zhang YL. Integration dataset of Tibet Plateau boundary. Beijing: National Tibetan Plateau/Third Pole Environment Data Center,
2019. DOI: 10.11888/Geogra.tpdc.270099. [Tk44H. Hiim il A EHE B4, dbat: ERH e REHFEE .0, 2019.]
Xie F, LuP, LiZJetal. A floating remote observation system (FROS) for full seasonal lake ice evolution studies. Cold Regions
Science and Technology, 2022, 199: 103557.

LiY, KangSC, Zhang XL et al. Dust dominates the summer melting of glacier ablation zones on the northeastern Tibetan Plateau.
Science of The Total Environment, 2023, 856: 159214. DOI: 10.1016/j.scitotenv.2022.159214.

Li ZG, Ao YH, Lyu SH et al. Investigation of the ice surface albedo in the Tibetan Plateau lakes based on the field observation
and MODIS products. Journal of Glaciology, 2018, 64(245): 506-516. DOI: 10.1017/jog.2018.35.

Wang EL, FuX, Han HW, et al. Analysis of thermal conductivity and temperature variation characteristics of seasonal snow in
Northeast China. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(1): 275-285. [VERK, EH, ¥4
BAE i ERAH X RS SR BOAR AR AT, AOWAUEER, 2021, 52(1): 275-285.]

Ménégoz M, Krinner G, Balkanski, Y et al. Snow cover sensitivity to black carbon deposition in the Himalayas: from atmospheric
and ice core measurements to regional climate simulations. Atmospheric Chemistry and Physics, 14(8): 4237-4249. DOI:
10.5194/acp-14-4237-2014, 2014.

LeiRB, LiZJ, ZhangZH et al. Comparisons of thermodynamic processes between lake ice and landfast sea ice around Zhongshan

station, East Antarctica. Chinese Journal of Polar Research, 2011, 23(4): 289-298. [, ZEEZ, ik 5. Kegtkd

14



[40]

[41]

[42]

[43]

[44]

L3 BT IR S B e UK A ) S R L. AR 9T, 2011, 23(4): 289-298.]

Aslamov IA, Kozlov VV, Kirillin GB et al. Ice—water heat exchange during ice growth in Lake Baikal. Journal of Great Lakes
Research, 2014, 40(3): 599-607. DOI: 10.1016/j.jglr.2014.06.004.

Untersteiner N. Calculations of temperature regime and heat budget of sea ice in the central Arctic. Journal of Geophysical Research,
1964, 69(22): 4755-4766. DOI: 10.1029/JZ069i022p04755.

Jakkila J, Leppédranta M, Kawamura T et al. Radiation transfer and heat budget during the ice season in Lake Padjérvi,
Finland. Aquatic Ecology, 2009, 43: 681-692. DOI: 10.1007/s10452-009-9275-2.

Huang WF, Zhao W, Zhang C et al. Sunlight penetration dominates the thermal regime and energetics of a shallow ice-covered
lake in arid climate. The Cryosphere, 16(5): 1793-1806. DOI: 10.5194/tc-16-1793-2022.

Fukusako S. Thermophysical properties of ice, snow, and sea ice. International Journal of Thermophysics, 1990, 11(2), 353-

372.DOI: 10.1007/BF01133567.

15



