55 44 3% 55 2 1 oo %+ Vol. 44, No. 2
2022 4F 4 H JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Apr. , 2022

DOI: 10. 7522/j. issn. 1000-0240. 2022. 0052

ZHOU Bao, WEI Gang, ZHANG Yongyan, et al. Study on the diversities of thermal impacts of Qinghai-Tibet Highway on permafrost under
different surface conditions[J]. Journal of Glaciology and Geocryology, 2022, 44(2):470-484. [ JE{#, 2N, skiicHa, 5. REHFESZME T 7
FRA BT ZAETR T PG R 22 S5 (1], vk L, 2022, 44(2):470-484. |

TR S T ERAR S 5L
AP

ISP S ([ A

KA,

mAEAA, A

(1. TR 3 TS W 50ty , 7V VY 7° 8100085 2. TV SR B L S A5 &y , 7% V6 77 8100085 3. HH Rl 27 bt
PUAbA ASPREE SRS B R TR R S0, i 221 730000)

B B R R TR B AR L A G (EAR TR R AT B9 2 AR R L i
SRR MR B4 S 053 22 57 1 AN S i 2 o AR BIRSERE T 7 RO B T T AR 0 7 M ) 2 A R Rl
FE T AR R ST T 15 N B AR08 - B G R 22 57 . S5 SRR, 35 02 NS 2247 U5 - B P2 i A
WA RIAN R AE 22 57 -5 HE WU S 3 2 1 M DN S R L, A I i A (R i s 7, 2
A VR AP X Ml B | 20 A R 3 B2 TR TR, L A 0 22 AR b A 7K P RS 1 L AR X B
Ko WM, TERLHRE 5 3R BRI 7 3 b S AT S R A o B A o T MR AR P R[], HR R L )
RSN, S EOZAE )R e 5 AN A PSS HRAR A S T A 7 B, X RE AR T O A i
I3t Z2 A7 - B RS AP AR 22 5 B D o T, 79 70T R B P9 2 2 v TR A, TR 8] B9 R EL R i)
T H5 2o AR VR AT 56 3 B BN 255 SE AR TR AL, ARSI T T 7 s S 2 A O X TR R P 2
P TR 2 18] 5 BRIAL R B RE , LS RIS 8 B ) 7 B e S 2 O ) ) ) LR B B TR T St 2%

LIRS E b TR BY , P B TR s B H Y
R : ZAFVR 5 MORARIE s TN s IR 5 70 I
NERHS:

FESZES: Po42. 14 ERARERD: A

0 35

TR B AR A VG T, P LR TP YR
DXF7 =TT, 28 HR 24 550 2 L i i B 34 42 2 4R 1
X, Rt A R R R IR K R A B
PN IR T 1950 4F, T 1954 453 42, I T 1974—
1986 4F- ] FF 4 55 — WK 4 T $12 T ek e, Il o 5
o X 2R 6= RS0 T, 165 i 5
BT A IR AW 2R TR - S A B
MEAEHFE AT &, e A BTl 2 8 2 5
HF 28 0 AR S BN MR E A R . ARk,
T e R I RE S R SR R TE 2 1A S 2 B B, W)
BF o) 3 % A5 LA e 1 2 AR bR R T R

T

fm HE: 2022-02-22; &iTHHA: 2022-03-18

1000-0240(2022)02-0470-15

AR X WA 38 % TR 5 20 47 o - [ A AH ELAR
PR AR R o

FURT, AR E ST, B 2 AR R L
IR, FOR Th s 5 SRR R S kT
TR SRR, B 25 iR
15 I AR VR A XA P AT i 9%, %) 1 245
R b X AR B A A 12 8 R By, It i 4+
ot R S A 17 7 T AR v, DAY/ ) 22 4R
LY sh, PRBE TR AR E o (R AR VR L X
AL T S N G P R R 5 A R TR 2, T DAY
R0 T A AR Z AR A Z (R A AR il n
SR TR A e 03 XU R 2 o A i
FIK VTR BE L BRI 045 . b, 7RI e i 72

BEEWE : il JLEN TRET B B 00 H “ 2 4R 1B 1k K H T 9 FRLM ST 7 (E1490604) ¢ Bl
PEE I JEAL, IE S TR, 322 A TR MG Hb 5T 9% 5 PRI A A 5% . E-mail : 41448053 @qq.com
BIEEE : BN, IE TR, 32 A 5 2 B2 S 5T . E-mail: 158213989@qq.com



24 JilRAE AR R AR T 5 TR0 B0 24 R R B G IR 22 ST Y 471

B DR A B A e 2 MUK O B T, L R LA AR
D TR IR TR SR 7R R A
ZRT TREE S AR 0K = A2 A T, X
WFFEMIEE T TR AN 2 AR AR E b, B — 5 ]
AOAREAR 2 DIPTSR T, R 20 245
VR IR B R, OB . SR, Bl
R SRR, TR Sl 248K - 3RE 1 5E 0
WA A AR, ik 2 2 K O 3R 26 1, U2 A
A, 5 2 AR R I BROIR 25 22 8] A7 A 2 D) Y
KR,

ANTR] B Ml AR SR AT 3 R R AR 2 AR
5 R AUNB A R RS B, 2 — 20 i 450 il 2 i
PR BE B 1A 7 A 22 5, 00 8 35 S A 2 AR R A
AR KA B 2K PGS FRRFAE > AR e AR S
RYET , 2R LRIl 3 3 2 5 AR R4 R
BRANARTA]" 5 My AW o BE B/ | 22 47 U b Y TR 4
RO P R T ST T R R A AR | R 5 TR ) R
oy B)N , EL A A T 2k RN A0 3] 8] B9 1E (B AR R Y
RRAZATREE B BRI = eoh  7E AN ] B 2
FEREASAE T L 3 b 2 J2 1) - 398 55 7K AT il R 3 2 f
RAFWHRAANE > SRS ZARE L HRES
MEAE BB L, BOF 5T 8N 7805 (HAE A )
B FRAR AR T A R TR B, JE R 3 o T
BN XS 2241 VR (4 A e 77 £ i b 22 5 g )
AR B A D

TEZ AR R 1 IX, T8 B TR Bt 2 1 3 e 3k
FIOR A0 B RS 4G, BT 22 4F- 25 - i) BOIR 2552
BN BEE AR L XA 2 R E SR H 47
BB T e D TR A R N A L TR A
EARWOA B0 TARRTT TR, DA 18 B TR it
5 2405 £ Z BRI AH L OC R TT ST, JCie 2 Xl
TR R 2 18 8, I X R 2 AR R L3RI
FROAR O AR , R A0 B H AT B SR SO o AEiX —
B 58 T, i % A ] M 2 2% 1 22 S i A 1L, A7 Bl
TINGRRS 22 A7 U5 L RS 1 i, 1t el DU 4 s
S TRRSEE, BN, xf 2405+ X4 TR Z &
PRIAIEE B E | DA S BIRE 1 ) 757 760 i 2 i X [m] %
L W] B A BELEE B BT AR AT USRS B . HAT, G T
TR BN [ M 3R 2 PF N 24 U8 R SR AT T, B
BT AR A Ak A AR B AT =2 8] Y AR A
PR XTI TN AR RS T 24805+
F18 R R W 114 DR 22 O 5 8 e 1  A A T el S A
U 3 e S e B AT ORISR

SRR B T 15 B AT A B s (02583 B
S DAY S 2R, T AT D S e B 3 e 0 A ok T
RO o R, 7 7 s SO el 22 47 R £ X, 3RAT
T PN B 1 AN [ Ml 2 25 PR A 3 A, A i
I, DI FEA [ M A5 22 AR R 3 7 i
O AR W) B W O 25 5

1 3R

(E 7 e SR b, R ATV T RS SR BE T A
FLAT AT 1 2 45 14 0 b e bR AT AL BT A R
WISz o 33 A W 37 s 1) 457 s 2 PR AN 1R 1R
AN IS W 7 M b B b TR LT A B
VAR A B T A G, R SR R
ARE KA S0 37 b 1) 2 6 A ] 249 2 P T 30°, JE R TR]
W) S5 b 8 2 5 ) 29 R PR RS 60° ., AR 1 TR, T
L2 B 35 P T ) — AR Ry 220 (L), et 1 A — 0]
FRAAM(R)

ARk K TAT W T 7 el A A FRE T 0 3 b 205
FET B IX, WK 4 500~4 700 m, 4RS00 N
—5~=3 C, A F-HFE/K 5 25 300 mm. 4> W37
JITAE X5 22 47 VR 1 S R R 2 KR & TR -
ARV R B2 50~80 m T, AR YE H AL A,
AREZK T W5 0 A7 1l 1 Y 7 2RI T 20% . L
T W 7 b, b S TR Sy o FE R AR R H A
JE A, LA B 5 R R 70%~90% (1K 2) , Tt 34
o Ay e v R v o JE O T, 6T W I 3
Hi (A B /N T 15 eme AR PR A FLECE , A
N7 M ) b 22 R0 4 5 K N 1B 3 i, R
FEANZR 1 R .

2 M3 A iR A AR IR EX

PR W 0 S b 1 A% B A T CME ) AL
VLT 2N 65 vty FE 28 B WX B 0 Af , B 6
ASTEBE A 15 m AL AL, Bl FL A B K 8] BB 4 & 4
o IEDR 2 AT T A B AL, R AR RN
LYK 15 m, &5 g5 AN 1E] 4 PR 5 2% 18
T2 A5 1 1 A MR B RSk 0 S TR B N 3R 2
N o AT W) A7 Ml T 2 I 1) S R R A 3 m,
AT VAT 0 37 e T 2 B %) S R v N 2 m

FERRA W 7 1, 75 98N B 2 A PN 45 A — A
ARER L M A+ e HGE B . Rk TR
AL3 Fl AR3, 28 1% /= B B B3 M ifii 2 m, 49 0 o7 F L3
FIR3 L3R 248 [ J7 . g2 1 1 3R £ M ol



472 7K Ji| 7 + 44 35

(a) BRI WD it (b) ALTE ML 4
90°E 95°E 100°E

R
35°N [
-35°N

~ I

AL

100 200 km

1 1 )
90°E 95°E 100°E
(c) B 37 b B or
ORI 7B R A

Fig. 1 Locations of monitoring sites

(a) UK I T3 (b) ALz i 7
P2 i b b st A

Fig.2 Surface conditions of monitoring sites

B om AR AR, AR R LT 5 em FI10 em I ZE {002 B SBOIA 2 18] ) B B 28 SO IEEL, W12 m 7 m,
JE o AR PRGBS wT DE s AR e, 67 m, A DN B9 A R BB X UM
i PGl A S S APGERRNH S W-2m T m, 67 m M 4R, HIEEI AT

HL1.HL5 HR1 fTHRS, 455 L1 L5 .R1FIRS 1+ JEVA AR S A R O m, A% AT X 43 K 2 A3 Ak

SN AR TR AR . DA TRGE R LIRS AEEESARIC Y LO m, ZE MR A BE S ARIC N RO m.



2 4 JilRAE AR R AR T 5 TR0 B0 24 R R B G IR 22 ST Y 473
BHIRERI% HIRERI%
0 20 a0 R 0o 30 e MR supm
) 0 — T
bikA
3t 3t
Vay 3= Q
. o MHit
£°0 S £°f
= = T
¥l Bl
RALTeA it
12 F 12 f
15 % — 15 %= =
(a) AR 0 7 Hh (b) ALHE D7 4
K3 s 2 s S IS KR
Fig. 3 Stratigraphy and soil water contents of monitoring sites
1 Wi T MR Rk ph R e TR KT S

Table 1  Soil bulk densities of monitoring sites I %, HokS BE 0. 05 °C. RIBEHR3L K Campbell
AR g Scientific 23 7] (USA) () HMP45C-L11, #H 2 4
WEmM  HETEE/(g-om™) || ®E/m  TETHFE/(g-cm™) 4 Hukseflux /A & (Netherlands ) i HEPO1sc. W5 i
— — 0.50 1. 41 o \ RSN
5 %0 e 5 50 s 4 N 2014 4F 9 H I IR W4 |, IF i FCR A (Camp-
315 166 310 170 bell Scientific 7y F] , USA, CR3000) % 30 4348 H 5l
4.40 1.65 4.50 2.07 FRAE—IK . HVEBME S Y R £ (E i F AR
4.90 1.74 5.40 2.02 HIE,
POEEARHLS  SJIFSKALS . RARIRLARS FE B ARHRS
TR B g \
L + ::\ == b =
T RARHL /
E 30m 20m | 10m | 5m|2 AERMHRI
Y
L6 L5 L4 I3 12 1i RI R2 R3 R4 RS R6
TR Rk
El4 W7k A s 2 R
Fig. 4 Layout for sensors in monitoring sites
#2 TR AR E
Table 2 Depths for soil temperatures sensors
(S ke 1 2 3 4 5 6 7 8 9 10 11 12 13 14
T /m 0.1 0.3 0.4 0.8 1.2 1.6 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
S i) 15 16 17 18 19 20 21 22 23 24 25 26 27 28
T /m 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 100 11.0 120 13.0 140 15.0
3 RS 2015—2021 4 B4R 240 (i D 37 4 1) iR N
e A5 PN SR T 8D o TR E RS Gu
=23 Ar N
31 SRR 30 A W 0 B ) R BB O 9 R %
F3WR TN A OE P EER R uh e BdE B, ACRE RN b (4 AR Y SR



474 7K JI

7 + 44 %

#£3APTHH
Table 3 Mean annual air temperatures for monitoring sites

and Wudaoliang National Weather Station

WA W 375 e 5 m 115 m Y BEAb Y H ST 4 3
TR FE I, 76 2015 4F 2 2021 4E /A [a] , A4~ Wi 3%
b 2 00 S O % e 0T Y L (L) R ot Y A

gy (PRI BRI BEEEE (Le) A IR SRR (D S) . RIS
— AU BT ENE i (LA H LL R A ALK T
T B W L6 (0 B AL 1) 5 mVREE 3 HI4E 2019 4F (IE7E
2017 -3.58 ~4. 40 -3.80 ML 5 m) (& 5~6) 12016 4F (4K L6 5 m) ¥
2018 S0 w0 SEVRA 1026 45 S RO 0 7 302
o o B o Pl 6 7% T A 0 37 2 ML 5 e BT 19
o oo e oo B (L1 AL 0T ) IR AR L . Bt 4t

BT FE ARGl (AR L, w5 T AR KT

TS T W 1000 37 34 1 955 B 2 R B /N T AR K YT W 3
H M 2015 4F 21 2021 4F |, 33 5 A W 37 M 1) 22 4F- 17k

%iﬂ%ﬂ’ﬂ@ﬂﬁi’% R + 1 FRAZ TR R
20r
—x=JbEEWL1 Sm  —+—AKIL] Sm +
15F - JLEWL6 5Sm  —o-RPKILE 5m %
1.0 | A
® 05
b} n
2 0
-0.5 N
-1.0
] 5 1 1 1 1 1 1 1
2015 2016 2017 2018 2019 2020 2021
A
(a) 5 mi
05
[SeetReen ++‘+‘+-+‘+‘+‘++‘++‘+‘+++‘++‘+‘+‘+‘++‘+‘++‘+++‘+++‘+‘+‘++‘++‘+‘++‘+++‘+‘+‘+‘H‘++‘++‘+‘++‘+‘+‘+‘++‘+‘+'+‘+++‘+++++++++‘+
-0.6 T
o 0.
|
.
0.9 F = JLBEALL 15m  ——AbKIALL 15m
| | | | - JLHEALG 15 I —0‘$47J(iﬂ]~6| 15m
-1.0
2015 2016 2017 2018 2019 2020 2021
Ay
(b) 15 miEx &

K5 WA L1 Ak 2015—2021 4F 5 m A1 15 m R Pyl 8 A i
Fig.5 Mean monthly soil temperature variations at 5 m and 10 m in L1 for both sites from 2015 to 2021

3.2 BRI EITEE

Rl ik W AT, VA W 3 b 1) 22 A R
ENZ B R TE 10 A ha) 8200 e KA iR B, B
REATE BN R AL T AR s 78 3 A h Aj ik ) i
KUREEARA RGN ZEEA T 2RSS . T —
BEH, PR 2015 A1 2021 4EAY 10 H 1S H A3 A 15
H ke Eb 2858 W 0 37 b ) = SR RACIR S, LG 402 16 7y 4
= IFENFA]S

B 7 R T WA W 3 fE 2015 45 F1 2021 48

10 H 15 H , 2405 1 3 )2 Rl 08 B 52 30 oK Rk
TR JBE IS 7 R YR A, AR P61 o A R B A 1
A, 0] LA T i B G2 i Bl . H AT, e
FEE AT W 37 M, T N BRI ) KT E R A A
PRI 29 A 15 m; 78 &K W I 37 4b | 75 9802 3% 7
] By ARG M) K S-S R 2494 37 m 783X A W T 37
M, Bt P E] AR RS | 75 802 B 1) 7K P A i 3
EZHY K. 8 /R T 20154 /1202143 H 15
H A W00 37 b TR A I B A 335 B0 J2 B AR 5



24 JilRAE AR R AR T 5 TR0 B0 24 R R B G IR 22 ST Y 475

TYYYYYN;

g
=
S 0
10 F
-13
15 1 1 1 1 1 1
2015-01-01 2016-01-01 2016-12-31 2017-12-31 2018-12-31 2019-12-31 2020-12-30  2021-12-30
HEIEE-A-H)
(a) ALREMRLL
0
A LAE A WA Bae B AR BAR N
iR/ C
17
o
S S (=) (e}
51 )
£
=
i 0
10 b
-13
15 1 1 1 1 1 1
2015-01-01 2016-01-01 2016-12-31 2017-12-31 2018-12-31 2019-12-31 2020-12-30  2021-12-30
HEIEE-A-H)
(b) BHKIAILL

Fl6 WA~z L1 Ak 2015—2021 4715 )1 J2 5 AR AL A5 10
Fig. 6 Active layer thickness variations in L1 for both sites from 2015 to 2021

UREE . NI A] LU B, S0 I 00 o7 5 b Ui A
1R, I A I Y T ) bR e A AR
BT b R B0 o A IS SRR, AE G TR
Y Hb , 75 RN 5 AR ) A K ST B A2 A AN 24
15 m; 7E R K AT W 37 b | 75 582N I 118 7K S 3R )
IR BB FE 22 A AN 24 4 37 m, 5 & 7 i I ke ) 15
U N
3.3 FEMEMENEEELLE

AP35y b U RN Bl )2 R RV 2 4R R R
BWEBESH -9 ME 10, XFF A4
M R PSSR T T A, B9 R T 2015
AF 28 2021 4F AN W I 37 M 2 8% 79 0 AS ] B 2 Y
A7 247 4 A 0 (AR P b i R 15 m IR B Ak 1
) o B AR W e bR AT W 3 b b B RN I

FT A 287 b i B v 5 () A6 A 0 (A g )
) A S 25 Ml = A e At ) o A AT W
I 37 b, , 6 2 B e O (s ) 000 ) B85 6 A
AP 247 Ml R R, LK R OGP ol B s (B A
AN CAe b Ty ), R B AT S X Mgl 2 (8] ) AR OGP
AN — 2 B R R B R K I 3
Hby 1 A7 SF- 24 b VL 0 T LR W g .t
A, B9[] st S e 7 A W 0 37 b S [ HE Ak )
AR MR AR AE R 2T R o DA 2015 4F & 2021 4F,
I 7 T 0 7 e TR 0 8- 5 A %) 4 ST 249 i LK 24
T T 0. 10~0. 14 T ; Ak 07 Wi 0 37 My A2 ) 45 BE
B AL AR X R R 29 FE T 0. 04~0.06 C L A7
M 2% B B A 0 4R - B s R K A TR T 0,03~
0.04 C.



476

10 Lo

RO

BB /m
(a) dL#EW2015-10-15

YR E/m

10 Lo

RO

BB /m
(b) JLAEIM2021-10-15

YR EE/m

10 Lo

RO

BB /m
(©) ﬁuﬂkﬂzms 10-15

YR E/m

10

Lo

RO

BB /m
(d) fKk§2021-10-15

F7 20154 R12021 4 10 A 15 H B Wil i b IR A4S
Fig. 7 Soil temperature on October 15th of 2015 and 2021 for both sites
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Fig. 8 Soil temperature on March 15th of 2015 and 2021 for both sites
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Fig.9 Comparison of mean annual ground temperatures from 2015 to 2021
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Fig. 10 Comparison of annual maximum active layer thicknesses from 2015 to 2021
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Study on the diversities of thermal impacts of Qinghai-Tibet Highway
on permafrost under different surface conditions

ZHOU Bao', WEI Gang®, ZHANG Yongyan', WEI Sailajia'’, JIANG Guanli’

(1. Qinghai Geological Environment Monitoring Station , Xining 810008, China; 2. Qinghai Bureau of Environmental Geology
Exploration, Xining 810008, China; 3. State Key Laboratory of Frozen Soil Engineering, Northwest Institute of

Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: In permafrost regions, road infrastructures have thermal impacts on adjacent permafrost, but the di-
versities of the feedback of permafrost under different surface conditions from road thermal impact is not totally
understood. Based on the monitoring data of two monitoring sites along the Qinghai-Tibet Highway, this work
studies the diversities of thermal impact of Qinghai-Tibet Highway on adjacent permafrost under different surface
conditions. The results show that the Qinghai-Tibet Highway has a significant thermal impact on the permafrost
on both sides, but the feedbacks from the thermal impact are different due to different surface conditions. Com-
pared to the site with higher vegetation coverage, the mean annual ground temperature as well as the active layer
thickness are respective greater, along with a wider horizontal thermal impact in the site with lower vegetation
coverage. In addition, for the site with lower vegetation coverage, at the slope foot of the embankment, because
of its bare surface, the topsoil is more susceptible to external disturbances, leading to form a thermal exchange
pattern differing from other positions, and this may be a reason causes the different thermal states between the
two sites. In present, there are many linear projects in the Qinghai-Tibet Engineering Corridor which makes it
necessary to take into account the interactions between projects and their relationships with permafrost. This
work can provide references for the setting of reasonable distance between linear projects in the Qinghai-Tibet
Engineering Corridor in the permafrost region of the Qinghai-Tibet Plateau as well as for the reasonable distance
arrangement between bidirectional roadbed of the Qinghai-Tibet Expressway to be built, so as to reduce mutual
disturbances and ensure the operational safety of the them.
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