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Fig. 6 Spatial distribution of extreme value of monthly maximum frozen soil depth in Northeast China from 1964 to 2017
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Fig. 7 Spatial distribution of extreme value of monthly maximum snow depth in Northeast China from 1964 to 2017

BB TP A il g T T I, AR R A H
YD H A2 (), AR 4l UL 2] 18 AR 25 AR 14
P, KIEVE LT B BE<S em B, Bl 25 B35 R 18 ke
T B IREE TR BRI, M AT VR EE >S5 em B R 1 R FE
FEATE 55 cm DAR 43 5 243kt AR i sl AH [m], FRES
WS cm N — AR, HR O 10 em L 15 cm £ 20
cm, Fifi FR S5 TR IR - TR EE U8/ )

TR B Sl 7 T 3L 7 R S I, 7R 1~15 em 3
BRI N, B AR S5 R B G R R R BE S I, R R IR
FEARLE 120 em L) | 5 15~30 ecm B 58 — X [A], 24 fRES
REE>30 em, R TR B HEACTE 60 cm DU R o Hi 22
BT I T ARF L, J& TR B2 1 X3k 25, 10 em 2y
RS20 R 55— FLBR L 10~30 em 55 — AN IX
B, U BRBE>30 em DL, 7R B IR BEAC IR B AR
i AV TP R Hu X, 10 cm DL R L
JEE 95 B N R R BE JEARAE 140 em DA B, B B>

10 em ZR BRI/, HREERE>TS em T R E
A=A 2R R AR 40 eme AT, R[]
Ak LB TR B A AN R A e
KA S BOR T X R 1 R 0 - ARt A B
[l o A PG b F i o] 280y 2 s DX 5 06 R IR T
8 R -5 2R ALl DA BT AN [A], A7AE = i P, 24
TR JEE 3 20 em, 1R B A% O PR IRV T o
40 cm Ji , R URES RS TARE B 70 em i, R
BERIE 2 PR AR

i 1ot 8 Al i B R 5 VR TR R R )
B, B TR BRI, R L TR B3 I e W) s Bt o AR
TREE RGN, 5 RSB/ . Xl BERE
PR R 2 A, S 32 52 3 R S RO
Y2 BN 25 SR I VR b TR B 2 R A i 5 2 AR
FIRR|—E RS, i T T R R s AL &
0 A DA o S T R AR A /0N, o T AR R



1034 7K Jil R + 43 %
or 2002 N 2002
— 240
- gk —206  _j0f —200
: S 1or
150 |-
K 20F Biot
o d oot
&b 2 o)
—J'_‘l—/rr\\\ SO
0 1 1 l L 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1
1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121 151 181 211 241 271 301 331 361
i IR AL B fjAE AL
() REIRIE (b) Y iR
40
30
20
10
0
5 -10
20
-30
40 1 1 1 1 1 1 1 1 1 1 1 1
1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121 151 181 211 241 271 301 331 361
i IR AL nplag i
(c) PR (d) H PR
B8 35 ARAS ki 2002 4F (2002 4F 8 H 51 2003 4 7 H ) .2006 4 (2006 4F- 8 H £ 2007 4 7 7 ) AL TR (a) |
PR TR (o) SPFEAE (o) MR AR (D 22 L
Fig. 8 Annual variation of snow depth (a), frozen soil depth (b), average temperature (c) and average surface temperature (d)

in Donggang Station in 2002 (from August 2002 to July 2003) and 2006 (from August 2006 to July 2007 )

30r 270
——1996 uo0F  —199
= —1997 g2l0f 1997
é 20 F é 180 |
150 |
X B 120 F
o el
= = 6ot
h 30 F
0 1 1 1 1 1 1 1 L 1 1 1 1 0 1 1 1 L 1 1 1 1 1
1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121 151 181 211 241 271 301 331 361
i T AE 4k i s Ak
(a) BB (b) Gt
30
20
o 10
E 0
r
E3y
& -20
-30
_40 1 1 1 1 1 1 1 1 1 1 1 1 o 0 1 1 1 1 1 1 1 1 1 1 1 1
1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121 151 181 211 241 271 301 331 361
i fE)AE 4k B i AE 4k
(c) FH<IR (d) TR
E9  PRIBVTIFIG S 1996 4F (1996 4F 8 H ) 1997 4F- 7 H ) #1997 4F- (1997 4F- 8 H £ 1998 4F- 7 H ) IR E (a) |

R TR (b) AP El (e

) AP E T () ARl

Fig.9 Annual variation of snow depth (a), frozen soil depth (b), average temperature (c) and average surface temperature (d)

in Huma Station in 1996 (from August 1996 to July 1997) and 1997 (from August 1997 to July 1998)

AR PR P X R 2 B 1 PR AR R TR T
W AR S BT AR, R e TR A B —
SE R E I 31 3 A9 R 2 PR S L Bt B AG K Rl A T
MR, FER RN

VR TR BR 2 BT O P 3 3R 2 R
Wi, 055 ARAR | MR E A T | IR B 1) K o> 45

WEA K. BRMEPSRTA LA RS R
TERRE T2 B R4l , 98 107 08 42 )2 4 Ik 7 % it AR
F S SR - ORI [ A, VRES TR BE IR . Bedh, &5
TERII VR TR 9P 00 23 Tt 2 3 B RR 5 % b I )
PRIRAEFIARAL ™o 8 ut i rh, 2k I i AT
Xt VR ) Pl S BRAE B /INFE 5 em 26 A, T At



4 JEIR AT AR AU X AR AR R 5 AR AR = 15 i) 1035
360 280
320 240 fes.
E280 =i .-.._: g - g
3 240 5 200 5
2 200 # 160 =
% 160 K 190 bl K
120 3 %0 H
¥ g0 ® %
40 40 e ™
0 y 0 = —
0 5 10 15 20 25 30 35 40 45 50 55 0 5 1015202530 3540 45 50 55 60
BERE/cm B /cm B /cm
(a) AR Rl (b) M3y (c) FhENY
120
100 s ="
E LR N I
S gsoH ..
= H
& €0 II“I Yewg, o '
i HTEC S
£ I“
e w04y gL LI FLT : i i Lw 1 g
0 5 10 15 20 25 30 35 40 0 5 0 15 20 25 0 5 10 15 20 25 30 35 40
EERE/cm B E/em AT E/cm
(d) Ktk (e) Pkl (f) VeRHS
160 180 -
140 160 F. .
g 120 g 10 il
i 100 P I
2% 2100 |Ii|"' "
® B go H|H! . -
4 60 el || B s
¥ 40 £ 4 |.,.| hee - ee
20 i
0 w my B 1 ! 28 IllIIIlI- 2 =3 = 1l
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30
MERE/cm TR E/cm
() Hizey (h) FP4EE

P10 ARAEH ARl SRR TR SR LRI G R
Fig. 10 Relationship between snow depth and frozen soil depth in representative stations in Northeast China: Donggang (a),

Huma (b), Sunwu (c), Dalian (d), Xingcheng (e), Shenyang (f), Xinbin (g) and Jianping (h)

IAE 15~20 cm, 3% 0] GEJE o1 T 243005 R E v AL T
T T M DX VAR R B AR R AR L R
R, BORE SR, T H U S TR RE A S
FEAE ORIV o) 10 T DXty i ) Rl R BRABL ARG
2.4 BEXETHFIME
2O HFAT TR PR UBR S ROR
R BRI A T, y o 121 TR i R PR L IR
JEE B (L, i 2P 2R -5 R R R TR A G
Bk -0, 707, B RO —0. 623, HELF
PR P RIRE TS 1T, KR IR BE 43 5
/IN8. 4 em A110. 6 emj T B 248 X EL 58 > 100 C-
K2 ROR LR SRR PR
FARRAR R
Table 2 Correlation of maximum frozen soil depth against

average surface temperature, average temperature and

negative accumulated temperature

- mIEpy A RER
AR (x) y==8. 4065x,+123. 7341 -0.707
AR (x,) y=—10. 597x,+112. 7918 -0. 679
R (x,) y=—0. 049x,+57. 2339 -0. 623

d, R R 4. 9 cm . XTI - AOBFSE
F T, B L B2 100 C - d e KR L IR E
/N 4. 6 em™ AR b M X R = X6 SRR A T 107 2
RT3 b X b P 38 S0 %) T e o 25 5 R
T S 2R G, A R I, 1956—1990 4
% i b X IR T = S B0 I s 2 R i T
20 cm, MR MRS IREEV /D T 34 em™,

GYHT 121 A3k s A e KR R R 5 3R 1
AR AR AN SRR A 2R [R1H R A5 2045
Hi -2 R PSSR A R R AR AR R R
A2 (B 11) o PR AT 1 °C, 121k
HA 95. 9% (A3 S i R R IR IED A0 FE 0. 1~
18. 8 cm Z[1], L 5~10 em Ry £, K% ra #Bd /> A 10~
15 cm, =JT VR BN 10~18. 8 cm, il TFHE 5k
R R VT PG AR A S X s AN E] S em.,
YIS THE 1 °CLH 97. 5% i 5 B K% + IR
W/DTE 0. 1~28. 7 cm Z ], 5 ARPGHF IS /D 3~5 em, &
JEVTRIEL T R 53 Mo DX /D 5~10 em, 10 752 5 1l
TR 2R 5 Ml X 82 10~20 em, 3L T8 AR B b
28. 7 cm, AME—Jl /DR 20 em s AL URLE B

=4
7



1036 K N 3 + 438
SI°N |- SI°N |-
48°N |- 48°N |-
45°N |- 45°N |-
Hifif:cm-C! BAfE:em-°C!
. %70 -18.8~-10.0 . ¥’ 5-28.7~-10.0
42°N I 0-100~50 [ 42°N |- 0-10.0~-5.0
0 -5.0~-3.0 0-5.0~-3.0
o 63.(1)~0 ° 63.?~60
on L Lo ° 0~15 on L 0<% .« 0~1.
3N [ 1 L L L 3°N 1 1 1 1 1 1
117°E  120°E 123°E 126°E 129°E 132°E 135°E 1I7°E 120°E 123°E 126°E 129°E. 132°E I35°F
(a) HIZR PR (b) P34/
51°N Ffii:em-(100°C)"-d!
48°N |-
45°N |-
. %0 -13.4~-10.0
42°N = 0-10.0~-5.0
0-5.0~-3.0
° 63.O~10
oN |- ® 0~I.
SN L 1 1 1 1 1
117°E 120°E  123°E  126°E  129°E 132°E 135°E
(o) FAR
El11 1964—2017 4FZRILHL X A4 3 3 P 20 () PR (b) BRI AR Ak () X5 KR - VR S 1 52 )
4733 0. 05 15 BEAG 50 143k 50
Fig. 11  Effects of variations of surface average temperature (a), average temperature (b) and negative accumulated temperature

(¢) on the maximum frozen soil depth in Northeast China in the winter half year from 1964 to 2017

(+ denotes the trend significant at the 95% confidence level )

I/ 100 C-d, 97. 5% 113k 15 5 KR 4 IR B ik 2 7
0.1~13.4 cm Z [0 , K i&E H X 3 2> & £ 8~
13. 4 cm, 1L 77 P4 &R AN 5B it X 9k 20> 5~8 em, 1T
TAREBLLX 5 MRVG AR e VTS 53 Hl DX ik
/1 2~5 em, FAR A XU D AR A DA I 2 em,
CRAORE AR AU I IX A AT i KR TR B X
FOF XA T IR 4 e N B O B (RO R BN
=0.707) ABAEZS (8] |, P 3 SR A5 5 R VR T IR
/N 2 Be Z2 0] 1K 28. 7 ecm.

3 4ig

(1) AR b X A AR | Kk IR E 53R
T H AR B Y B L O O MR R
BN-0. 679.-0. 707 F1-0. 623, 4 iR 12 T2
A T R A FRRL g 5 R A R R A TR B U
/INe 20 28 60 AR T34 P2 SRR

AR, e KR R BE A D AR IR, B A A A8 2
B RUR IR EEAR ¥ o e RVR IR EE L 6. 15 cm-
(10a) ™" #2320/, Fe KRS IREELL 0. 75 cm-
(10a) ™" AR I Z 38 0, P 240 b 387 1 <l L B
YR L1 0. 34 T+ (10a)™.0. 88 T+ (10a)' fl144. 08 C-
d- (10a)™" iy 258 i 2 FH o B 7K X o - R B2 5 il
AR

(2) 22 PAF - B KR IR 0 123 em(46. 6~
248.1 cm), HILAR & ) K242 0 AL ER e 1, ma b
22 55 L s A AR b3 1, 90% LA 1 Bl i e kK
IR REE R s KRR R RIS IR
12,9 em(5.5~32.9 cm) , mE O TR E LAY
R R 33 em. Bl 2 BE IR SR R BE B HE I, A& AR
S 25 SR R Ml 2P S SR PR AR, BRI, = A
BLZ AL 2253 07E 14 C .15 T 1600 TLA, H
F At ) p b - 38 RO 5 AR IR 25 K



414

JRIBETAF « AR X AR AR T 5 R VR - B B2

1037

(3) Z5 AU b IX 15 A A 5 40 ) ) it 25 38 T o i 44
i, AR VR BRI R TRV IRE, —E
BIAE3 AN A SRR . RS X b I 0 AR R
YRR IO R R 20 T ORI E A E R A 5 %)
— i JEBE Z A, Bl A RV VR A 3G IR 4 R b
i, MRS R B RS LS A BN P b
e TR R BN, A7 AR B R I L, I
DL b R R B0 ORI AE P o X T R 20 R DX A
30 em 2247 AR A DR TR A BRAE X I vl s, AR
AR R IREAE S em Z2 47 s GE MR HUE R, % 4
TR 5 e DX IR 25 1 P i 5 IR A PRV 4 s B
(FZET=NIE;

(4) M Z - ¥ R AP R BT 1 CL R
R A R EE 4y /N 8. 4 cm F110. 6 cm, 71 FH I 45 U8
A100C-d, e KT B RERD 4.9 cm, HIFRFR
EEETHE 1 C, KA [X 95. 9% (13 5 2908 /L | 7
0. 1~18. 8 em Z [] ; - ¥ & = 1 C,97. 5% 1Y
Sl S B KR R IR D 7 0. 1~28. 7 em Z i) 5 i A
TR /D 100 °C-d, 97. 5% Y il 15 f5c K 4 IR B ik
D LTEO0. 1~13. 4 em Z[A] o R TR B G M TR
T 1T P o 7 Ay

SARAR W 5% ) Z24F R - AL , 22450 L ik R
SR A BRACHR IR R A BR AR ARRE o T AL
FEV W X AR P W B N 65% R4 L ar A R
FER S AR AR AL AR B T, £ 2080 4R A LA 2 4 i1 [X.
M 240k B 35 T BE S D 65% T FE% 40% , £ 21
2R R AR AR R (1 52 0, A7 T U A b X A P A
FI s X A4 H =5 2 — B ZAR 0 BRI R R R A
i A5 A X AR At b X 22 4F R 1 52 4] 7 B2 Ak
WAL o BEAN AR AN )3 B 3 1) AN ) AR DS T 45
XF ARl 1l X TR A s ), DA KRR 35 R M i TR
JERIBLIRATY 5 AR SR A5

2 2% 3k (References) :

[1] China Meteorological Administration. Specification for ground
meteorological observation [M]. Beijing: China Meteorologi-
cal Press, 2003. [EIS LR . HiiE LWL M]. 4t
I AR, 2003. ]

[2]  Zhou Youwu, Guo Dongxin, Qiu guoging, et al. Geocryology
in China[M]. Beijing: Science Press, 2000. [ JH %15, ¥4
&, BERR, 4. fEG LML dest: B2, 2000.

[3] Zhou Youwu, Guo Dongxin. Principal characteristics of perma-
frost in China [J]. Journal of Glaciology and Geocryology,
1982, 4(1): 1-19. [, AR . REZEE LA FE
FRIELT]. v+, 1982, 4(1): 1-19. ]

[4] Cheng Guodong, Zhou Youwu. State of the art and prospect of
Geocryology in China[J]. Journal of Glaciology and Geocryol-
ogy, 1988, 10(3): 221-227. [FEEM:, F4hE . HEE L%

[5]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

BIBURFRERLT]. k)L, 1988, 10(3): 221-227. |
Dai Jingbo, Li Enying. Influence of snow cover to the ground
temperature in the permafrost region in the northern part of the
Great Xin’ an Mountain[J]. Journal of Glaciology and Geocry-
ology, 1981, 3(1): 10-18. [HFull, =A% . K24 LB AL
ZAE R L X S X MR s ma [T ], vk R -, 1981, 3
(1): 10-18. ]
Guo Dongxin, Wang Shaoling, Lu Guowei, et al. Division of
permafrost regions in Daxiao Hinggan Ling Northeast China
[J]. Journal of Glaciology and Geocryology, 1981, 3(3): 1-
9. [#84AM5, EHL, SRR 5. KIEKRPMRIEZF L
SrXLT). vk, 1981, 3(3): 1-9. ]
Guo Dongxin, Li Zuofu. Preliminary approach to the history
and age of permafrost in Northeast China[J]. Journal of Glaci-
ology and Geocryology, 1981, 3(4): 1-16. [Z84& (5, 2=1E
A TR AR b DX ST T LR 22 AT R A 4 D sl AR RO
BERLT). vk, 1981, 3(4): 1-16. ]
Gu Zhongwei, Zhou Youwu, Liang Fengxian, et al. Perma-
frost features and their changes in Amur area, Da Hinggan Ling
Prefecture [J]. Journal of Glaciology and Geocryology, 1993,
15(1): 34-40. [, FAhE, JRAN, 5. K4S ZIE A
IR DX R 2248 R R AR SR [T ] vk R A, 1993, 15
(1): 34-40. |
Zhang Yan, Wu Qingbai, Liu Jianping. Distribution character-
istics of the permafrost in the section from Heihe to Bei’ an in
the Xiao Hinggan Mountains [J]. Journal of Glaciology and
Geocryology, 2001, 23(3): 312-317. [3kiHi, R ¥FH1, X2
S N U i DR - U BEZ AT VR L AR LT ] ok
#2001, 23(3): 312-317. ]
Jin Huijun, Yu Shaopeng, Lii Lanzhi, et al. Degradation of
permafrost in the Da and Xiao Hinggan Mountains, Northeast
China, and preliminary assessment of its trend [J]. Journal of
Glaciology and Geocryology, 2006, 28(4) : 467-476. [ 44>
F, TS, B2, S RUNSER 2 IR
BBEATAGLT]. PKINTRE, 2006, 28(4) : 467-476. ]
Gu Zhongwei, Zhou Youwu. The effects of climate warming
and human turbulence on the permafrost in the northward slope
of Mt. Da Hinggan Ling: take a sample from Amur area [J].
Acta Geographica Sinica, 1994,49(2): 182-187. [JE4Hi, J&
EE N VT S IDNGSE o p R | ) & A e WIS AL
[J]. iF£4, 1994, 49(2): 182-187. ]
Lu Guowei, Weng Binglin, Guo Dongxin, et al. The geo-
graphic boundary of permafrost in the Northeast of China[J].
Journal of Glaciology and Geocryology, 1993, 15(2) : 214-
218. [ FpE, STAR, SR . AR 240 5
HRRLT] W+, 1993, 15(2): 214-218. ]
Zhou Youwu, Wang Yinxue, Gao Xingwang, et al. Ground
temperature, permafrost distribution and climate warming in
Northeastern China [J]. Journal of Glaciology and Geocryolo-
gy, 1996, 18 (Suppl 1) : 139-147. [JH4hE, FH¥%, 5%
M, &5 FRIE A AR R BRI A 5 sz [T . ok vk
+, 1996, 183 T 1) : 139-147. ]
Stocker T. Climate change 2013: the physical science basis:
Working Group I contribution to the Fifth assessment report of
the Intergovernmental Panel on Climate Change [M]. Cam-
bridge University Press, 2014.
Wang Chenghai, Jin Shuanglong, Shi Hongxia. Area change
of the frozen ground in China in the next 50 years [J]. Journal
of Glaciology and Geocryology, 2014, 36(1): 1-8. [ L& iff,
BRRUE, HELLRT . Ak 50 47 o R DX b AU A A8 AL [T
UK, 2014, 36(1): 1-8. ]



1038 K JI

N
7N

+ 43 %

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Li Jia, Zhou Zuhao, Wang Hao, et al. The spatial-temporal
distribution of maximum depth of frozen soil and its response to
temperature change in the Songhuajiang River basin [J]. Re-
sources Science, 2017, 39(1): 147-156. [ 41, %R, £
T, A ARAE VLU SR R A TR B A I 5 43 A R SRR AL
PIMRRELT ], BEIERM:, 2017, 39(1): 147-156. ]

Chao Hua, Xu Hong, Wang Dang, et al. Characteristics of
spatial and temporal variation of frozen soil in Liaoning Prov-
ince in recent 50 years [J]. Meteorological Science and Tech-
nology, 2017, 45(1): 115-120. [ 548, &4, £, % . i
SOAFERILT A R M2 BALRRIELT ] RRFHE, 2017, 45
(1): 115-120. ]

Zhang Wei, Ji Ran. Response of maximum seasonally frozen
depth and duration of soil frozen to climate change in Chaoyang
Prefecture of Liaoning Province[J]. Journal of Glaciology and
Geocryology, 2018, 40(1) : 18-25. [ 5k, 224k . LTIk
b X755 R S VR - VR B RS R 5 B [ 5 A AR fR fry
RiWFELT]. v+, 2018, 40(1): 18-25. ]

Sha Li, Zhang Yimeng, Ma chengzhi, et al. Automatic obser-
vation methods for frozen soil in Liaoning Shenyang region[J].
Meteorological, Hydrological and Marine Instruments, 2019
(2): 56-59. [VVF0, sk 20, D, & LT HIX A L
BRI A SN 7 e (], KGR SCR AL, 2019(2)
56-59. ]

Zong Yanwei, Zong Yingfei. Frozen soil depth change charac-
teristics of the western region of Liaoning[J]. Ningxia Journal
of Agriculture and Forestry Science and Technology, 2013, 54
(3): 56-58. [SHuAh, S33E76 . 1L 7 VG il DX VR L PR L AP AIE
ARE[T]. TEARMAHE, 2013, 54(3): 56-58.

Liu Chunsheng, Liu Henan, Zhang Hongling, et al. Seasonal
frozen soil in Heilongjiang: climatic characteristics analysis
[J]. Chinese Agricultural Science Bulletin, 2019, 35(16): 126-
132 [RIFRA:, XURYS , skibse, &5 MIEVTAR S Rk
SURRFAE T LY ], A E AR, 2019, 35(16): 126-132. ]
Sun Junjie, Yu Xibin, Guo Songlin, et al. Effect of different
snow depths on ground temperature[J]. Chinese Journal of Ag-
rometeorology, 1995, 16(6): 49-49. [FINEA, TIRE, B
M, A ASTRI RS T o s IR E AR AN [T ], Al
KA, 1995, 16(6): 49-49. ]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

ZhuLing, Gu Zhenggiang, Gong Qiang, et al. Effect of snow
cover on ground-air temperature difference observed by auto-
matic weather stations in Liaoning Province[J]. Journal of Gla-
ciology and Geocryology, 2019, 41(2) : 293-303. [R¥%, Jifl
IS, 280, A5 1T XS A B0 R G WL e SO 25 1
s [T]. vk L, 2019, 41(2): 293-303. ]

Gao Rong, Wei Zhigang, Dong Wenjie. Analysis of the cause
of the differentia in interannual variation between snow cover
and seasonal frozen soil in the Tibetan Plateau[J]. Journal of
Glaciology and Geocryology, 2004, 26(2): 153-158. [ =%,
BN, TEICA. TR AT S R AR A 22
SRR AT ], VYR, 2004, 26(2) : 153-158. ]

Wang Guoya, Mao Weiyi, He Bin, et al. Changes in snow
covers during 1961-2010 and its effects on frozen ground in Al-
tay region, Xinjiang[J]. Journal of Glaciology and Geocryolo-
gy, 2012, 34(6): 1293-1300. [ EEW, M, B0k, 5.
T 5L BT ) % 4 DX AR AR AR B H O R i s [T ). vkl
YR, 2012, 34(6): 1293-1300. |

Li Yang, Li Jiangang, Liu Yan, et al. Preliminarily analysis
on the characteristics of depth variation of snow accumulation
and frozen soil in Northern Xinjiang [J]. Research of soil and
water conservation, 2015, 22(5) : 342-348. [ 247, A2 @M,
XU, A5 JLsEH XTS5 R AR AR IE BT (T ). K AR
FF5T, 2015, 22(5): 342-348. |

Meng Xiangjun. Thermal effect of land cover and snow cover
on the underlying middle-thick seasonal frozen ground in the ac-
tive layer in the Changbai Mountains[D]. Changchun: North-
east Normal University, 2014 83-84. [ tFF . L HbiE ok -
TR L X PR R A R SE I BF R (D], KA R
JLIERS, 2014: 83-84.

Zhang Shanqing, Pu Zongchao, Li Jinglin, et al. Response of
the maximum depth of seasonal freezing to cumulated negative
temperature in Xinjiang[J]. Journal of Glaciology and Geocry-
ology, 2013, 35(6): 1419-1427. [k 1L, S 558, 2500k,
A . 1961-2010 4F 37 it 25 1 4k dre KR 1 T4 B2 X 46 2 6 B g
WiRz[3]. KN, 2013, 35(6): 1419-1427. ]

Frauenfeld O W, Zhang T, Barry R G, et al. Interdecadal
changes in seasonal freeze and thaw depths in Russia[J]. Journal
of Geophysical Research: Atmospheres, 2004, 109: D05101.



414 JRIBETAF « AR X AR AR T 5 R VR - B B2 1039

Influence of snow and temperature on the depth of frozen soil in
winter half year in Northeast China

ZHOU Xiaoyu', ZHAO Chunyu', LINa’, LIU Mingyan', CUI Yan', AO Xue'
(1. Regional Climate Center of Shenyang , Shenyang 110166, China; 2. Shanxi Meteorological Observatory , Taiyuan 030006, China)

Abstract: Based on the daily data of frozen soil depth, snow depth, average temperature, average surface tem-
perature and precipitation of 121 meteorological stations in Northeast China, the variation characteristics of fro-
zen soil and the influence on frozen soil by meteorological elements in winter half year of 1964 to 2017 were ana-
lyzed. The results show that: the correlation coefficients between snow depth, average temperature, and surface
average temperature with frozen soil depth are relatively high, but the correlation with precipitation is small. In
the 1960s, the average temperature, average surface temperature and negative accumulated temperature are the
lowest, and the maximum frozen soil depth is the deepest; while the climate warming, the maximum frozen soil
depth decreased significantly at the rate of 6. 15 cm-(10a)™". In winter-half year, the average maximum frozen
soil depth is 123 cm, showing a significant latitudinal distribution, increasing from Liaodong Peninsula to the
north of Greater Khingan Mountains; with the increase of latitude and altitude, the average temperature and sur-
face temperature decrease, the negative accumulated temperature increase, and surface-air temperature differ-
ence increases from north to south. The maximum depth of frozen soil decreases in more than 90% of the sta-
tions, and the decreasing rate is mainly 0. 1~10 cm-(10a)". The duration of frozen soil increases with the in-
crease of latitude; the monthly maximum depth of frozen soil and snow appear in March and January respective-
ly, and the increase of maximum frozen soil depth lags behind that of snow. Due to the heat preservation effect
of snow on surface temperature, the frozen soil depth increases obviously, when the snow depth is shallow,
while with the increase of snow depth, the frozen soil depth changes little, snow has played role in insulation on
frozen soil. For stations in high latitudes, limit value of snow for heat preservation is about 30 cm; for coastal
stations, the limit value of snow for heat preservation is about 5 cm; in the same terrain, the value of snow for
heat preservation in shallow frozen soil area also varies with the characteristics of altitude and climate. The re-
sponse of the maximum frozen soil depth to the rising of the average surface temperature is more significant, the
maximum frozen soil depth will decrease by 8. 4 cm and 10. 6 cm when the average surface temperature and aver-
age temperature increases by 1 C, and the maximum frozen soil depth will decrease by 4. 9 cm when the nega-
tive accumulated temperature decreases by 100 C-d.

Key words: Northeast China; frozen soil; snow; thermal insulation; surface average temperature; negative ac-

cumulated temperature
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