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Hydrothermal processes of thermokarst ponds in the Tibetan Plateau and its thermal im-
pact on the underlying permafrost
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Abstract: A thermokarst pond (40 mx50 m, the maximum depth is I m) in the Chalaping of Tibetan Pleatu was regarded as a re-
search object. Based on the measured data, the temperature variations and characteristics of thermokarst pond and natural ground at
the same depth were analyzed. The results indicated that, compared with the natural ground, the thermokarst pond had a longer
thawed time, a shorter frozen time, and a special time with water temperature being about 4°C. Due to the solar short radiation and
convective heat transfer, the water temperature gradient in vertical was large during the surface temperature being decreasing from
4°C and in the frozen stage, and other stages the water temperature gradient in vertical was almost zero. The annual average temper-
ature at the bottom of pond was higher about 6.4°C than that at the same depth of the natural ground. Besides, there was a talik be-
ing about 14 m depth under the bottom of pond being developing with time, and the heat absorbed and released of soil under the pond
were increased and decreased, respectively. The heat absorbed from the depth of 2.5 to 3.0 m under the thermokarst pond was about
19592.0 kJ/m? being about 230 times of that under the natural ground , the heat absorbed was 1.4 times of the natural ground, but the
heat released was only 8.7% of the natural ground. So, the talik was the main heat resource to the deeper permafrost, and the thermal
impact of thermokarst pond on the permafrost underlying was due to the decrease of heat released from the soil.
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Fig.1 Distributions of permafrost and thermalkarst ponds and location of the experimental field
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Fig.2 Distributions of boreholes and soil layers

TREE N 2 [ i AR P (6 4 AR 2).
211 AR A 0.2 m W R B B Xl A T A3 B SE B URES B BT , e IBCAT LA S0 4 o 1t 2
AFIESERALS VRES W F) B, HEAT 45 A R BE B B 2y (11 3)

D) VRESHERIAL BT BL : BEE R TITH, 2014 42 4 H 9 HApuiafL 0.2 m AR THS 2 0°C KR A AR AR , 525



828 J. Lake Sci.(#:a#2) ,2018,30(3)

HHE 2 29 d. 2014 4E 5 H 27 H RAAHIESL 0.2 m HIR&AEARAS, BB IET 0.2 m fHCafL, RREERTR 25 5 d.

2) FlALRY B 2014 4 5 H 8 H, HulfL 0.2 m KR 0°C FHR, #2229 175 d;7 A 15 H 0.2 m 7K
FHZE IR &R 14.34°C  BlALBYBUG 109 37 d KIRAE 4°CREEAE{E. 2014 4F 6 3 1 HRARMEASL 0.2 m L&
O°C FHE, F5&enta1 2y 132 d,7 A 18 H 0.2 m +iREFHEAMEH(8.19C).

3) AEFERZS MY B 12014 4F 10 F 30 HZJ5 /9 25 d 0.2 m /KR HT 4°C ] 0°C . RARHIFRFL 0.2 m +
10 H 11 Bt AT 29 24 d RbAR URES O ARAS 1, 13397 0.2°C 2 0°C Z [ 48 k.

4) TREEM B - P FL 2014 4E 11 B 24 H—2015 464 A 13 H,0.2 m AKRBEF 0°C , ZRE5HT AU 141 d;
0.2 m 7K 38 (14 55 A AR /IME 45 - 0.07°C F1-11.86°C , 43 B BIAE 2015 4E 4 H 1 HFN120154F 1 H 18 H.
KIRHFRAL 2014 47 11 J] 4 H—2015 45 J] 24 H 0.2 m HIRKT 0°C , VRE5 T[] £ 202 d;0.2 m iR A K
TR/ MESY 31 -0.33 F1=9.11°C , 23 5 BIAE 2014 4F 11 1 4 HF 2015452 [ 16 H. fuefl 0.2 m (%
S5 R] LR T R O°C LU BRIl 1773 1A LERAR ISR 0.2 m UREEIEZY 20 d.

R, 55 R SR 3 2= L, 2RI ) Ak B B A T R 465 B B, R 4G S Rl kA B AL B B L BRI
BAFHE— B R R K IR 4°C A AR 0.2 m 7K Bl =0 5 14 5P Shak e o7 BB T 3 T AR 1) e i o7 B

VRak et ik e vRas VR4,
\

15 T I I | O FLIBRE I B 43
1or Pi4C
5 -
0 M i h ﬂ\' AN_/ OOC
£ S
e
E T
Br — SR
——hu L
—20r — RRHETL
o5t L L | | fﬁkiﬂ?\?ﬂ
IR RME Rk Rlb G VR4 R4k B Bl oy

-3
2014-03-01 2014-06-01 2014-09-01 2014-12-01 2015-03-01 2015-06-01

3 WA FRAAET 0.2 m REEIOIEE A fb BT A
Fig.3 Variations of air temperature and temperatures at the depth of 0.2 m

under the two kinds of ground surface conditions
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Tab.1 Temperature stages of the two kinds of ground surface conditions
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Fig.4 Variations of temperature in the vertical depth of 1 m under the two kinds of ground surface conditions

during four temperature stages
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Fig.5 Variations of ground temperature under the two kinds of ground surface conditions

(a: centre of the thermokarst pond; b: the natural ground) for one year
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Tab.3 Average temperatures at the same depth below 1.0 m under the two kinds
of ground surface conditions during four temperature stages and one year

/T

WG ML WMLERA R4 A RGEE mie mikESR % Y

1B B BB 4B B Bt Wik fRRBE KBt SERBL 153 Hi I

1.5 0.40 5.50 4.09 3.06 3.80 -1.60 0.07 0.02 -2.11 -1.50

3.0 0.96 3.02 3.54 2.78 2.67 -2.13 -0.68 -0.62 -1.38 -1.52

5.0 1.22 1.76 2.58 2.21 1.90 -1.91 -1.12 -1.06 -1.14 -1.38

7.0 1.18 1.10 1.64 1.61 1.34 -1.55 -1.21 -1.19 -1.07 -1.24

10.0 0.66 0.46 0.56 0.65 0.57 -0.94 -1.24 -1.30 -1.28 -1.17
20.0 -0.35 -0.38 -0.38 -0.34 -0.36

2.3 HEBEKTEARARMCENTREL

2014 4F 10 73l FREZ OCRUTR AR 1 3 RS B B A% (181 3) , AR 40 BT A 0003 FL A s 00 58l , 745 %1
2014 4£ 10 H 15 H—2015 4 1 H 15 F A s 00 i 1 /K- i F) Bl 7 A (161 6) . ML 6 Fhml R o
T BRI i X, it -5 A Rl T80 398 1] P ) 38 0, A2 w0 7 8 0 555 , A B 7 b A A A AT R )
ATl B2 I TR K AR BB o SRR Y. DAL R R R TREE 2R 14 m, KF 7 67 K T
B B R A A LA (7], AR AR K P 05 ) PR A2 2 43 m (18] 6a) . 2015 4F 1 J1 15 HART 1
A AR R AR A IR BE , G IR W 0 37 b 3t 36 90 )22 52 4 R 5 (16 6b)  (H ARG E T SR AF7E 2 14 m AURELIX, 5
Pl 6b AL, ARLIEIIE T #E 2°C K 1.5°C i A5 IR X IR /N, 17 0.5°C B 0°C Y 4 R 2k AR A B -2, Bl X S m LA
I RRTRASAT T2 -5 R R T 7 P D7 1) A A £ 43 5 A% B T A X /N, DR R R ) T S e e X
IEIZAR R P BRI R A 2=, AN B T2 AR T A A 1 R, EL v 2 AT A W 1) 3 D7 1) S K- 5 1 L i BE AR A
P A PR (AR e SR R S R 18] T ARl T A7 kT 15 R A, R Ak A .

3 iip

3.1 AR KA R XA MR T Ep e 2
VRAS T Rl AL I BE « AR T 10030 B TC 70 2, 2 AR 0°C (18T da-1) , 1T R 3 38 3 1 it B2 2 3% (1]



832 J. Lake Sei. (#a#+5) ,2018,30(3)

4a-2) , XS R R 1 AR BALE HLHIR R AR HIECE th R IB T, W O e S iS4 )2 1R
T7AE W AT 2 57 5 T /K AR A PR AL 4 /I R T PR S A P 0 4 2 32 A TR A s i 3R (%6 3) 10,3
A B[R] s 7 RS R R R 7K 2 o B SR R B VE T, K RIS FAE 7 2014 4E 5 H 6 H 2Z R4 H
Frlvk S Lt ) P AR AE i R AR LA TRl O°C . (H2 5, 1.0 m AY/KIRARPFH 2 0.5°C (&
da-1 {9 A B , RIIZHIEE A KR L 0.2 12 0.5 m AbAY /K IRAR AT IX S 0°C L b, 3 2 R g T80 39 s SR A 1
14 m (Rl Ie 2 (B 7)), B VA 2 HAG Rl T 308 JES 3 A0 SRTRL , 1) 422 35 WA RS J B X T 0°C 22 T, %ﬂﬂ%ﬂﬁﬁw
BV DA T 2 1A B RS 18] FR Lo Ak, AR R 4a-1 H1 0.2 K 1.0 m AR FHE R KT 0.5 m Kb RT3, W
EmF 0CZ)E (F 4a-1 1 a B) I A  — T8 4k 82 F Rk, 53— 40 A F IR 2 ﬁzlwkﬂﬁ
B TR, B STHS B T TRE L 00IRE (B 4a-1 19 B &), oWl 216 F 35 Lt e i T
T[] AR PEAB R M S M K235 A AL 2.5~ 3.0 m BBV 55 B 4R R AR PR ) IE 1R (8
8) IR AR FA R B4 R GG S TR A

0 TG R FL 218 FL 3¢ 6" TR IR FAL HiL i/ °C
5
5 3
£ 1
= 10
IS 0
15 4
20 -2
ﬁﬁﬁjbr/m
A O OFL 24 i FL 3% TS M/ C

1

0 10 20 30
T 10) 9 & /m

P17 Wil kP 0 M 2014 46 10 F1 15 H 3b:2015 4 1 A 15 )
Fig.7 Variations of ground temperature along the horizontal direction of experimental field monitored

(a:October 15th, 2014;b.January 15th, 2015)
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Fig.8 Heat flux from the depth of 2.5 to 3.0 m of the thermokast pond and natural ground
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Tab.4 Heat exchange from the depth of 2.5 m to 3.0 m of the thermokast pond and
natural ground during the four temperature stages
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