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Fig.l The geographical range and permafrost borehole distribution in the source area of the Huanghe

River (The permafrost distribution on the upper right corner quoted from ref.21 )

TAL (& 1), H 100 mEFL 14, 30 mEAL 14,
LR 10 AL IR 20 m, 3 448 ¥ 44 538 5 2 100 m Al
WAL MEHRE SR T e i 2 0% L.
fr T FoRIE S 2 454 - 14 BSK.BSKN.CLP-1.
CLP-2.CLP-3.CLP-4.K445 .MDB & 8 f|,, fit J-Z=
F%E W H YNG-2. YNG-3. XXH-1 % 3 4L, {7
BRI NS Y ol TS i/ e sp U - : L el U E ]
YNG-1fLo BbAh, ARSI ) iz e WL SCHk (1)
R BRI, ok B 16 Ab/K SCHUTTFL(E 1) AT6 AbHE
DR, FLVR 4= R e A J5E R 24 il 447
R 25 56 F1 W
22 MRAE

2010 48 A1 ¥ R T ALRHCGH & 100 L &5 LT
B, JFALALAE B 127 mm, 3F I 4ERE 0.5~1.0
m URE, P62 50 AT R 1 28 B R UK bR
KZEDL . BhER 5E BUG AL 22 BRI A (FLIR
20 m LAPY) BB (FLERK T 20 m), 5 rp [ERFA i
U TR 5 TS 5 AT DR k=
0.05CHIHEIRKLE T4 W . K H Fluke 287/289

T RS JBE T 2 LB, 28 85 HRSk A e 2 B0k
P, BEL {400 450 A i B2 AL, S 3 H Aol — .
45 R, MR B B0 A0 B PR 58 BT AR R SR AR K
HHMRIRES . il f R, R 2011 4 5~10 J1Hb
W72 5 /N T 20.1°C R BEAE A Ml AF A IR, 4F
ARAYIR 5 A it B A AR B

S SCHR[ 11,127 A9 7K SC b 5 FL AR H 095 -+
PRI T Z ARV LS A A . AEARE R LR
AT G S0 5 B I 00, AR B AR AR AR 2 LA H
TR S AL, T AL R R

H:(TM_Tf)/gT+HZ_Ht (1)

XL, H gl 4 5 B (m); T N AR (°C)s T4 1
TR ARG HLE(C), b 0°C s H A AR S
(m); H AR+ E R (m), g A AR AR BE DL R AR5
S TR P TF e (R, BB ™, 28 CLP-2
FIYNG-1 LK 56 +H 5 CLP-2 L% 15 71.9 m, Lt
SEIMER /S 2.1 m; YNG-1 L% 15 16.5 m, E szl
w71 0.5 m, (H TSR ZEH/N T 3%



900 HWoooo#m R 324
x®1 24FAHERFEREFELIL—KR
Table 1 New (setup in 2010) and original permafrost boreholes in the Source Area of the Huanghe River
Hifl G214 i 745 2353 i W BT R BEE MRS MAGT  SERU TR
G HR ©N) CE) (masl) (m) (m) (m)  #WE(m)  (C)  GEJD
BSKN K604 il T Rg 34°06' 24" 97°38'43" 4754 20 1.6 54 12 112 2010/8
BSK K601 uAlis] 34°07' 44" 97°39'18" 4833 30 0.5 71 13 -1.75  2010/8
CLP-1 K575 34°15'29" 97°50'53" 4727 20 0.7 78 10 -1.81 2010/8
CLP-2 - 34°15'23" 97°50'59" 4723 100 0.5 74 11 -1.72 2010/8~9
SR
CLP-3 K573 34°16' 14" 97°52' 04" 4663 20 1.1 53 10 -125  2010/8
CLP-4 K567 34°18'53" 97°54'13" 4564 20 0.5 35 10 -0.70  2010/8
YNG-1 K555 34°24" 05" 97°57'17" 4452 20 1.8 17 10 -0.22  2010/8
YNG-2 K550 LG Zee0a| 34°26'25" 97°56'23" 4395 20 A 15 +1.34  2010/8
YNG-3 K543 34°29'47" 97°58'29" 4333 20 F 11 +1.01 2010/8
XXH-1 K523 Y T 0 34°38'50" 98°26' 14" 4231 20 N5+ 9 +0.52 2010/8
MDB K461 SEE 34°50"45" 98°33"15" 4225 20 1.8 37 13 —-0.73  2010/9
K445 K445 SITE &/ 34°57'57" 98°33"15" 4288 20 2.7 45 15 -0.96  2010/9
Zk5 / % LA g BT b 34°52'59" 98°11'00" 4220 89 / 10 / / 1988
7k6 /o EREEMIMR 2, B 123.9m 35°06700” 97°46' 04" 4272 201 / 6.5/4.45 / / 1988
k7 / SR 4 i 35°12'02" 97°43'05" 4472 80 / 44.27 / / 1988
7k8803 / PRBEHIAL 25 km LB 35°10'05" 97°42'02" 4400 171 / 18.2 / / 1988
7k8804 / SR T G 4% W ) T 4 35°01'07" 97°42'01" 4275 187 / 8.25 / / 1988
ZK8805 / SRR 7 162 6 km 35°08'00" 97°45' 04" 4300 201 / 6.5 / / 1988
No5 / AT N 35°04'00" 98°05'00" 4239 221 / 26.5 / / 1988
No8 / EZ15 34°55'00" 98°31'02" 4253 78 / 19.2 / / 1988
No9 / i 300 o R AR 34°50" 00" 98°08" 00" 216 64 / 5.1 / / 1988
Nol0 / 2 AT IS A b 34°49'00" 98°22'02" 4218 155 / 17.8 / / 1988
K1 / K HhdE 34°53'58" 96°20' 00" 4583 28 / 1.7 / / 1988
K2 / RHE 34°53'00" 96°20'00" 4507 66 / 3.3/15.0 / / 1988
K4 / g Ak 34°44'00" 96°09'03" 4557 30 / 26 / / 1988
K5 / g i A 34°43'00" 96°09' 03" 4569 92 / 19.8 / / 1988
K10 / AN 34°01'02" 98°08' 00" 4294 92 / 235 / / 1988
K14 / EUE AN 1] 34°53'58" 98°11'00" 221 47 / 8.5 / / 1988
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Fig.2 The temperature at depth of zero annual amplitude (MAGT )and altitude along the National Highway No.214
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Table 2 Temperature records between October 2010 and October 2011 in borehole CLP-2 with depth 100 m

R T H A/ H/4E)
(m) 10/22/2010 11/23/2010 1/17/2011 4/26/2011 6/16/2011 7/21/2011 8/11/2011 10/14/2011
0 2.53 -4.48 -6.97 2.01 2.27 12.74 10.34 1.72
0.5 0.01 -1.20 -9.84 -1.74 -0.34 0.72 1.50 0.04
1 -0.01 -0.05 -6.36 -2.64 -1.14 -0.76 -0.52 -0.25
1.5 -0.05 -0.15 -4.11 -3.18 -1.56 -1.15 -0.96 -0.61
2 -0.20 -0.44 -2.64 -3.45 -1.87 -1.44 -1.26 -0.89
2.5 -0.48 -0.66 -1.74 -3.51 -2.06 -1.64 -1.47 -1.10
3 -0.71 -0.84 -1.29 -3.47 -2.21 -1.81 -1.64 -1.29
3.5 -0.81 -0.95 -1.11 -3.30 -2.28 -1.90 -1.74 -1.40
4 -0.92 -1.07 -1.12 -3.09 -2.32 -1.99 -1.84 -1.52
4.5 -1.04 -1.17 -1.19 -2.86 -2.33 -2.04 -1.91 -1.62
5 -1.14 -1.26 -1.26 -2.63 -2.31 -2.07 -1.95 -1.69
6 -1.28 -1.39 -1.40 -2.18 -2.20 -2.07 -1.99 -1.80
7 -1.37 -1.47 -1.50 -1.84 -2.03 -2.00 -1.96 -1.83
8 -1.43 -1.53 -1.57 -1.69 -1.89 -1.92 -1.91 -1.85
9 -1.46 -1.57 -1.62 -1.66 -1.78 -1.84 -1.85 -1.84
10 -1.50 -1.61 -1.67 -1.68 -1.75 -1.80 -1.82 -1.84
11 -1.48 -1.58 -1.64 -1.64 -1.68 -1.71 -1.73 -1.76
12 -1.47 -1.52 -1.64 -1.65 -1.67 -1.68 -1.70 -1.73
13 -1.48 -1.57 -1.63 -1.65 -1.66 -1.66 -1.67 -1.70
14 -1.51 -1.59 -1.65 -1.67 -1.67 -1.67 -1.68 -1.70
15 -1.50 -1.57 -1.62 -1.64 -1.64 -1.64 -1.65 -1.66
16 -1.49 -1.56 -1.62 -1.64 -1.64 -1.64 -1.64 -1.65
17 -1.46 -1.54 -1.60 -1.62 -1.62 -1.62 -1.63 -1.63
18 -1.43 -1.52 -1.58 -1.61 -1.61 -1.61 -1.61 -1.62
19 -1.42 -1.51 -1.58 -1.60 -1.61 -1.60 -1.61 -1.62
20 -1.34 -1.47 -1.55 -1.57 -1.58 -1.58 -1.58 -1.59
25 -1.16 -1.16 -1.46 -1.50 -1.51 -1.50 -1.51 -1.51
30 -1.06 -1.06 -1.38 -1.41 -1.42 -1.42 -1.42 -1.43
35 -1.12 -1.12 -1.28 -1.30 -1.31 -1.30 -1.30 -1.31
40 -1.11 -1.11 -1.21 -1.21 -1.22 -1.21 -1.21 -1.22
45 -0.98 -0.98 -1.07 -1.08 -1.08 -1.07 -1.07 -1.08
50 -0.78 -0.78 -0.87 -0.87 -0.87 -0.87 -0.87 -0.87
60 -0.44 -0.44 -0.51 -0.51 -0.51 -0.51 -0.51 -0.51
70 -0.15 -0.15 -0.20 -0.20 -0.21 -0.20 -0.20 -0.21
80 0.22 0.22 0.19 0.20 0.20 0.20 0.20 0.20
90 0.62 0.62 0.60 0.61 0.60 0.61 0.61 0.61
100 1.14 1.14 1.13 1.14 1.14 1.14 1.14 1.14

Wb &5 5 R AR 1 R DX, AT 4l R - A
W78 5 B 0T N 2 R T A v R A K IR v
DX, A1 5 21 AR ST B 11 AR 8 s o6 LR R
DL MR BE TR, A A3 R 1 b PRI
4 ¥ w

WY X AL T B RRIE S 2R+
(3 3 (X, A EL i BRI, 2 4R R+ B AT IR
Fa SRR R IR A TSR, S 2 B
WA 2 2 M 1970 AR AR S 2 AR 1, 1990 474K
TR PR R 2 ARV O CO Rl R A A
SR ol PR R b . 2010 4 EALETRE

WY A ) L S o M A5 s PR R R AR AR ER
FFUHR 1, YK i FEAE A A 5 R R R L
Wi (R 32 J2 1 5 AR AT 5%, X Ml I AL B K
A HTOA B (1S 2 SRR R Rl SO RS
KA PS8 B R AT IR, i 2 5 L 5 A
T 20 JZE SR (R S TR, IR [ S5 i 3 R K
SCHEI R TT i, IEANGFE 18 . Ji14h, 2 A+
SRR R AT REANR T I X H 2 ™ R S, A
AURAR I AR VR AR R R 1 R A, G
L2 (MR AR T DA IE ey st DX PR 24k
DR R AT I 58 DX, A RTBAAT A R e 9
O, SRR B AT AR W A TR AR



734 MR SR X 2 AR LR R S EERIT 0k 903
¥R (m) R (m)
4200 4300 4400 4500 4600 4700 4800 4900 4200, 4300, 4400 4500 4600 4700 4800 4900
T T T T T T T , T :
X 0 X y X
1.5 X
20 X
1.0F X
~ 30
3 £ H=0.093h-384. 3
= 0.5 = 40 R=0.556
2 T=-0. 003k+14. 81 iy X
" o0r R*=0. 501 +j 50 X
¥ |x %
% 60
_0‘5.
70 X
X
-1.0f %0 X
a BRELEFRLEHHENHERER §< b ERSEFHRLIERENMHERXXER
-15 90

T2 M HR R bR
B3 S DR 2 A0 R AR R AN R SR A SRR &

Fig.3 The correlation of the MAGT, permafrost thickness and altitude in the source area of the Huanghe River
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New Progress on Permafrost Temperature and Thickness
in the Source Area of the Huanghe River

LUO Dong-liang, JIN Hui-jun, LIN Lin, HE Rui-xia, YANG Si-zhong, CHANG Xiao-li

(State Key Laboratory of Frozen Soils Engineering, Cold and Arid Regions Environmental and
Engineering Research Institute, Chinese Academy of Sciences, Lanzhou, Gansu 730000, China)

Abstract: Based on data and information from newly set-up and original permafrost boreholes, the permafrost
temperature and thickness in the Source Area of the Huanghe River were analyzed. The lowest permafrost tem-
perature at depth of zero annual amplitude (DZZA) (so-called the MAGT) in-situ is =1.81°C, and deepest per-
mafrost is 74 m, both are located on the north slope of the Bayan Har Mountains. Most permafrost along the
National Highway No.214 (K445-K604) is warm permafrost (with the MAGT>-1C). However, with altitude
higher than 4 520 m in the north slope of the Bayan Har Mountains, and higher than 4 300 m in the Buqing
Mountains, the MAGT is lower than —0.5°C. With altitude higher than 4 610 m in the north slope of the Bayan
Har Mountains, and higher than 4 420 m in the Buqing Mountains, the MAGT is lower than —1°C. In the Bay-
an Har Mountains, the MAGT decreases with altitude at rates of 0.47-0.75°C/100 m, and permafrost thickness
increase 16-25 m/100 m. Besides, the MAGT decreases with latitude at rates of 0.85°C and permafrost thick-
ness increase about 20-30 m per degree.

Key words: permafrost; the source area of the Huanghe River (SAHR); National Highway No.214; permafrost
temperatures at zero annual amplitude(MAGT); permafrost thickness



