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Abstract Based on the quality control of daily meteorological observation data of frozen soil in China, the spatial
and temporal variations of frozen soil have been investigated. The seasonal change of the frozen soil, the change of
the frozen soil depth, the beginning dates and the ending dates are mainly analyzed.

The results show that frozen soil occurs in most of the territory in China, including the north of the Yangtze
River, Northwest China and the Tibetan Plateau. The monthly variation of seasonal frozen soil is significant. The
freezing process generally began in autumn, and reached the maximum of depth and area in the end of winter. In
spring the frozen soil began to thaw and finished in the summer. The thawing and freezing processes of {rozen soil
demonstrated different characteristics and the thawing process persisted longer and more complicatedly than the
freezing process. This has a very close relationship with soil characteristics and topographic factors. In the back-

ground of global warming in the last few decades, the frozen soil showed a degradation in China. The maximum of
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frozen depth decreased, the beginning dates of soil freezing occurred later and the ending dates of soil freezing oc-

curred earlier and the persisting of soil freezing shortened, as well as the soil base rose. It is in the mid 1980s that

the significant abrupt change of the frozen soil happened.

Key words frozen soil, spatial and temporal distribution, tendency, interdecadal variation
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Fig. 1 The stations distribution of frozen soil in China. The

stations have observation records more than or equal to 50 years
(@), 45 years (A), 40 years (A), 25 years () and less than
25 years (O)
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Fig. 2 The spatial distribution of monthly mean depth of frozen soil in China. The dotted lines mean the region of no data records (the same

below)
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Fig. 4 The linear trend of (a) the maximum frozen soil depth.
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in China (1965 - 2004). Areas with 95% significance level are
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the Tibetan Plateau

H (&) By X33 i b AL A P 8] X3
SFIIEERORT » AR BRI, P DR 7 R S
X RE IR H AR LTS RESZ H i ZEHR



3 W4 . 3T 50 4Rk b E 2

TR 5 R R b I s AR AR A

No. 3 CHEN Bo et al. Characteristics of Spatial and Temporal Variation of Seasonal and Short-Term Frozen .. . 441
1.2 1.2
(a) )
1.0 0.9 1
0.8 061
0.6 /\ N\ /f\./\
0.31
0.4
02 /\ 0 Y ~
0 —0.31
_0‘2 V\/\/ \Z —0.61
—0.4 —0.9-
—0.6
—1.21
—0.8
—1.51

—

965 1970 1975 1980 1985 1990 1995 2000
0.91 (b)

gl Al
P

(=]

—0.3

—0.6

—0.9

1965 1970 1975 1980 1985 1990 1995 2000
(©

0.9
0.6
0.3
| f\/\/\/\

N

—0.3

—0.6

—0.9

1.2
1965 1970 1975 1980 1985 1990 1995 2000
Year

K7 [ 6. R RE iR
Fig. 7 Same as Fig. 6, but for the beginning dates of soil freezing
SRS UIR LRSS H A KHER , R H
BIRWTRRT . X 5P BT as R —2
ATLAE R, URabhh H AL H i RUAER e K
TR TR, — M s BEAE 80 AR . R IG H
MAH LB A AR, 2 H 2R
YL R G BT A 2R A DX PG b b DX

1965 1970 1975 1980 1985 1990 1995 2000

0.8

A,

—02
—04
—0.6
—0.8
—1.0
715965 1970 1975 1980 1985 1990 1995 2000
1.0
0.8
0.6

gg\/\/\ﬂv\[\xmf\
VN

—0.2
—04
—0.6
—0.8
—1.0

1.2
1965 1970 1975 1980 1985 1990 1995 2000
Year

K8 [FIE 6. H A L RYIRESZH

Fig. 8 Same as Fig. 6, but for the ending dates of soil freezing
A W T SO AT R e e Ry SR U e —
NS TR AR H ik, BR T AR X A A
BN T ey BROMTPG G M DR A Rt A %
TUAEAY s TR IR B — E KAy a3, iy
Jes DI 52 B A A R .l T ORGSR I H R
2 H BRI R GEANR] > X 46 25 553 0] BEJE I 3R



P 32 %

442 Chinese Journal of Atmospheric Sciences

Vol. 32

G AR AR T R B .
5 ING

AR SC A 0 R G R R B, AT T
H R B 23 AR AL RRAE D) b SR A A, T
S5 AERE IR

(D WEE A2, FEEE e
AR 5% ) 1 T AR Y v [ e B TR 7004,
TEFR A DX 35, MBIt ) K /N %2 08 b [X 3]
TLIRIERA R o040 AEA B I Y
WYL, WIRE AR A 0 s FEPE b IX, 759
JE Hb X AR A 12 1) 2248 VR = R 2R R R = 14 40 A
Hh ) AR X R A 00 TR RO B A R Ak
G3AT TR R e SR 0 A 3R BRIy Bl T R
LA FHA R A3 DI DX D S A

(2) P E ZE PR B B AR AR fh Ry
fE . ZEA AR I . RS EEN 9 AJFHA. it
0] e A T, AR AR AR [ 1) R - 1o REURI R 3
HOIREN B A0 b X LA B 75 9 e S 4 s [X.
PREETRERELE T 100 cm, FR4HX LT T 200 cm,
FERZ, AR BRI, 8 A ik 3l i
Ao TRKZE . BEREME R, KRR A
TREE R, FFZ2NAH R

MIREE IS A FE R R4S | /NDL s
DX AR o it DX P 2% R 45 DX 17 45 ) (] B i
Koo HmbE Kok R, V0 0 i 4 )
[ fesd . A 2~3 A H A4 E .,

(3) TERFRAERE T, EILT4k, FEMb
DX VR B AR R I B R UR - TR EE DN URES B[R]
R, G e AT, RESFR L H 480, 2485+
AR, LU+ R R BT SRR S,
B AR A R A AE 20 4 80 AR A, W)
B, FE— S X A A AN R AR R BN AR
JERDLZEUEER A3 HIX . 75K o D 1) S 2R K 2 b AL 3
WX . FEAS R RIR A H X s 5 AR S i Y
.

WL LA BT, W LA BN XA AR L A
AR S T R R R A AR A ] B 2 3 5
F O &AL, XA 2 K AN AR T M X
b2 WA b= I B 3 L R R f o
AR, R — R e n] RE R WA B, 4T
XA EA Ff T i — 2 1 RESE .

Bif ERGEIOIRYOR R R T P EZ H R R YOR . Rt
B

S22 HE (References)

(1] JAghE. 34 FE. BEK. & PEEL den: BEdiR
#, 2000
Zhou Youwu, Guo Dongxin, Cheng Guodong, et al. Geocry-
ology in China (in Chinese). Beijing: Science Press, 2000

[ 2] Zhang T, Barry R G, Knowles K, et al. Statistics and char-
acteristics of permafrost and ground ice distribution in the
Northern Hemisphere. Polar Geography, 1999, 23 (2). 147
~149

[ 3] Williams P J, Smith M W. The Frozen Earth. Cambidge:
Cambridge University Press, 1989. 306pp

4] k5, B, INBOF. R B AE CCM3 B i Sk
R SRR, 2004, 23 (2): 192~199
Zhang Yu, Lii Shihua, Sun Shufen. Climatic effects of frozen
soil process in CCM3. Plateau Meteorology (in Chinese),
2004, 23 (2): 192~199

[5] 20, REEMR MmO RBAIER. vk % £, 2002, 24
(3): 315~321
LI Xin, Cheng Guodong. Review on the interaction models
between climatic system and frozen soil. Jowrnal o f Glaciolo-
gy and Geocryology (in Chinese), 2002, 24 (3): 315~321

[6] Jorgenson M T, Racine C H, Walters J C, et al. Permafrost deg-
radation and ecological changes associated with a warming climate
in central Alaska. Climatic Change, 2001, 48; 551~579

[ 7] Osterkamp T E. Establishing long-term permafrost observa-
tories for active-layer and permafrost investigations in Alas-
ka: 1977 = 2002. Permafrost and Periglacial Processes.
2003, 14. 331~342

[8] Camill P. Permafrost thaw accelerates in boreal peatlands
during late-20th century climate warming. Climatic Change .
2005, 68: 135~152

[ 9] Jorgenson M T, Shur Y L, Pullman E R. Abrupt increase in
permafrost degradation in Arctic Alaska. Geophys. Res.
Lett. , 2006, 33 1.02503, doi: 10. 1029/2005G1.024960

[10] Anisimov O A, Nelson F E. Permafrost distribution in the
Northern Hemisphere under scenarios of climatic change.
Global Planetary Change, 1996, 14. 59~72

[11] Anisimov O A, Nelson F E. Permafrost zonation and climate
change in the northern hemsphere: Results from transient
general circulation models. Climatic Change, 1997, 35. 241
~258

[12] Lawrence D M, Slater A G. A projection of severe near-sur-
face permafrost degradation during the 21st century. Geo-
phys. Res. Lett., 2005, 32. 124401, doi: 10. 1029/
2005G1.025080

[13] Moosavi S C, Crill P M, Pullman E R, et al. Controls on

CH, flux from an Alaskan boreal wetland. Global Biogeo-



3
No.

RIS : 3 50 A [ A PR 5 J P R - 9 B 23 A2 A e

3 CHEN Bo et al. Characteristics of Spatial and Temporal Variation of Seasonal and Short-Term Frozen . ..

443

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

chem. Cycles, 1996, 10; 287~296

Zimov S A, Schuur E A G, Chapin F S III. Permafrost and
the global carbon budget. Science, 2006, 312: 1612~1613
Zhao Lin, Cheng Guodong, Ding Yongjian. Studies on frozen
ground of China. Journal of Geographical Sciences, 2004,
14 (4): 411~416

I ARG TR G TG O R
2003

Jemt: AR A

China Meteorological Administration. The Norm of Surface
Meteorological Observation. Beijing: China Meteorological
Press, 2003

Wang Shaowu, Zhu Jinhong, Cai Jingning. Interdecadal vari-
ablity of temperature and precipitation in China since 1880.
Adv. Atmos. Sci. , 2004, 21 307~313

FERRIG, A, 1951~1990 48 b E M i S B AL 43 B, K
SRR, 1998, 22, 217~227

Ren Fumin, Zhai Panmao. Study on changes of China’s ex-
treme temperatures during 1951 - 1990. Chinese Jowrnal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in
Chinese), 1998, 22. 217~227

AbRAR, SEETE L XK. TR AR R R AR A PR
4. 1995, 17 (2): 120~124

Zhu Linnan, Wu Ziwang, Liu Yongzhi. Permafrost degrada-
tion in the east of Tibetan Plateau. Journal of Glaciology
and Geocryology (in Chinese), 1995, 17 (2): 120~124
FG4 TR R IR ALY, s IRALE R, 1997, 12
(2): 164~167

Wang Shaoling. Study of permafrost degradation in the Qing-
hai-Xizang Plateau. Advance in Earth Sciences (in Chinese) ,
1997, 12 (2): 164~167

R, FEIOR, A5 AN R TR R AR PR AR AL Y
SERERAE. HUEEAAHR . 2001, 56 (5): 523~531

Wang Chenghai, Dong Wenjie, Wei Zhigang. The feature of
seasonal frozen soil in Qinghai-Tibet Plateau. Acta Geo-
graphica Sinica (in Chinese), 2001, 56 (5). 523~531
o, HAEN, TESCA, S 20 {48 T S A AL A
HAR R S SEAIOC R, FRAR4E. 2003, 22 (2): 191
~196

Gao Rong, Wei Zhigang, Dong Wenjie, et al. Variation of
the snow and frozen soil over Qinghai-Xizang Plateau in the
late twentieth century and their relations to climatic change.

Plateau Meteorology (in Chinese), 2003, 22 (2): 191~196

(23]

[24]

[25]

[26]

[27]

[28]

[29]

MR, RVUE, EHE, & BB R LR T H
R, vkE L, 2005, 27 (3): 320~328

Li Ling, Zhu Xide, Wang Qingchun, et al. Mapping and ana-
lyses of permafrost change in the Qinghai plateau using GIS.
Journal of Glaciology and Geocryology (in Chinese), 2005,
27 (3): 320~328

o, AW, SO TR R IR IR H ORI H AR
PrAsfk. vk, 2003, 25 (1) 49~54

Gao Rong, Wei Zhigang, Dong Wenjie. Interannual variation
of the beginning data and the ending data of soil freezing in
the Tibetan Plateau. Journalof Glaciology and Geocryology
(in Chinese), 2003, 25 (1): 49~54

TR, 23, FEEM, S5, 40 SRRV X A9 S 6 A8 AL 4
IE B HAAFREEAON. KR+, 2001, 23 346~352
Wang Genxu, Li Qi, Cheng Guodong, et al. Climate change
and its impact on the eco-environment in the source regions of
the Yangtze and Yellow Rivers in recent 40 years. Jowrnal of
Glaciology and Geocryology (in Chinese), 2001, 23. 346~
352

A, BN, Hac, & RR EdE T TR AR
LI BURFAE. KRR, 2005, 29 671~681

Ma Zhuguo, Huang Gang, Gan Wengiang, et al. Multi-scale
temporal characteristics of the dryness/wetness over northern
China during the last century. Chinese Journal of Atmos-
pheric Sciences (in Chinese), 2005, 29 671~681

R AR, XK. R T R AR ARR R AE 5 R
ST RZR. KR, 2006, 30 277~284

Li Xinzhou, Ma Zhuguo, Liu Xiaodong. Inter-decadal char-
acteristics of aridification over northern China associated with
the variation of atmospheric circulation during the past 50
years. Chinese Journal of Atmospheric Sciences (in Chi-
nese), 2006, 30, 277~284

F . AR LTS BIHS MAGTHR MR . T E TR
4iit, 1999, 16 (2). 79~81

Wang Tong, He Dawei. Comparison of M-estimator and LTS
estimator in regssion. Chinese Journal of Health Statistics
(in Chinese), 1999, 16 (2). 79~81

SR, 2Rk, i hEAL X 50 R LR
fiE B H AR E, TR I, 2005, 28 (2): 176~182

Guo Zhimei, Miao Qilong, Li Xiong. Change characteristics
of temperature in North China since recent 50 years. Arid

Land Geography (in Chinese), 2005, 28 (2).: 176~182



