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Table 1  Annual mean snow depth, maximum snow

depth and minimum snow depth in Northeast China
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Table 2  Change tendency of annual mean snow depth
in Northeast China

ﬁiﬁiﬁfﬁ? RSN RS /%
<-0.1 A 5 8 29 1.24
>-0.1~-0.05 R 304 13.05
> -0.05~ -0.01 R 594 25.48
> -0.01~0.01 AR AF 630 29.17
>0.01 ~0.05 RN N 571 24.50
>0.05 ~0. 1 HRE A 153 6.56

>0.1 A g 38 Jim 0 0

M2 AT DIARHT, ARG+ XA R
AL LI R 32, RGBS 39. 7T % , AR
URFEARANAR DI 5 R = X AR 29. 17% , S5
RSB IK A X 31.06% . SRS, R
+ AT/ L AR | R0 DX R A 25 5
AK o Horpr, BRI XU & T AR, A 4
XTEARIY 1. 24 % o FEAAE KBTS AR K, h
29.17% o X A T BB S R B B 34 in
X3 IWARAGTR £ X P 2Rt R 34 bR AR (L [ ok
., MRHIN AL -0.18 ~0.09 cm - a~'
5118

K S 25t T 1979 - 2014 4E R bk + X AR 4R

A

KYeie il itk £

EPRZ A X

0 230

460 km

B s O s ] e
COsARE A s

K5 1979 -2014 AEARJLTR b IX AR AL (B A 43 7] 4341
Fig.5 Spatial distribution of change tendency of annual mean

snow depth in Northeast China during 1979 -2014

N

HUELAC S 2 W A oL, BB ElE 2 B
SRR, ARACR £ X E AT AL W Y X S 22
Stk ZA R L XA B BT TR R R LR
AIHREERE IO 32, DX A S RIAR G B3 i e o 1
o BARVR X LI EE S, XX R H
Tl DX 12 I S D R A, 32 DX et S AR G R DX
DB WA R BRI o X T B PR O DX R 4
[17 EBURER 8 AR | Py AN 7Y LS I 2 B S e
SOV, M, A TR .
AR IR A, BB R RUIX . R E SR
EXHBEUN, S RE AN RE, 2
B ad . MEREMNBD 2 SHLFRE
X i T DR P A IS5, 0 - ) 22 4 S B S G2 A
e
2.2.3 Rk

W S SF NPT, RS TR AL Y R
WHEZARTE o MRAEAF RS TR Ml KRS TR B
PR TTIRIRE o, BRILFE L X FRTH 2N S
ANEEG ., F 3 AT, ARALTR L XA RS 5
ERLRES R N E, 5 XK 65.3% . o5
W DT o Ee i de N, AR 0.3% o VR EIK A
FAEE R X, SRS, R XS
TREE S 1 R B A, U PR B, BN AR E
kb DX A [F) 2R B - ARV I R AR A S R
WA—FE 186 0 1979 - 2014 AEAR LK - XA
PR TR B AR R 22 Y 23 AL 0 1 00 o 210 T
H XGRS e R DR W 8 T, %
DA U IX, ST E . AR E
BURESHENE, HAFENTTERE X 5
REFH X ERRE RN E, (AAERTHX
FEAE I HP RE S DX 3

BREZAEG LA RIETE O ChAf, il
WATEZHFH LI, K XN 2Ry
BRI, 52 TMRRMAER . 72 TARAZ R ) K
B, AR, SR Z AR XS

3 RAK L XAEHEREE LG
Table 3 RSME of anomaly of annual mean snow depth
of the five abnormal levels in Northeast China
SR BOPHIIRIRE/em BOTEL hi b/ %
JoSH 0 8 0.3
B >0~1 654 28.1
RS >1~2 1520 65.3
R >2-3 146 6.3
HLEE >3 0 0




266 7K I

73 + 40 &

\ T N
Ko S A
. 'Jp.
gt ek R
‘ : “ -
. ;

3 ERXSIERAING AL

AR I A 2 5 DE RS R R AL
e, SRl RBUT IR AR ol 23 % Joy o 5 7 AR
Wi o 245 PR AR AR AL B 2 R A L R OK
W R . KBRS AE, X 28 ] 73 B AL
Pt 2N . BRGNS R AR K SCER R AT e
P Raa o kN5 AL RN PURY o [ e A7 o

‘ 35 ANyl 1979 — 2014 A B FBUE IR 5 0 SRR K
- mynr PR PR, TR AR H B
o rRRs B 5 AP IR , FRTT IS VR ALY
& 20~1 .,
te o P 3 0 28 ARSI A 3
D o ssomm s FEIRTE AT RS RIE | FEKS 4% W5 1979 - 2014
AR H B RGBT 4 R R A 2R (12
K6 1979 2014 4E AR b L XA E IR Y AU 2 A)FX%8E, fa ol s 4R 3R 25 800

BEP- 207 MR R 22 23 8] G0 A1
Spatial distribution of the RSME of anomaly of mean
snow depth in Northeast China during 1979 -2014

Fig. 6

TR BE AR A S R 1R 32 X S AL B B
PRI T Z 4R L BRI AL, %X IR 2 45
R E AR, R T Z4E 0 LR k. i
6 AT, AR AR S DX Ik A T
DLW L1 R 22 45 U X R BT B 4k 22
AETR A X DL R R 4220 AR S IR AR X X
B SRR AR, R R, AR
SRAL, R R R T L KR AE RN %2
I 3 X8 T A BT IX IR, &2 I, S5
SO R 5 R AR ) A TR R AR RE L fir
Ti% X B i b S B R o [0. 66 C -
(10a) ~'], XA TN B, R
BEISECT RSB E , HAZ X AR
R P 2 B S A R R RS

&R EAR S BT BRI o AEXAS R £ X
AT IRE 55 SRR E R AT, TR
PO R+ Xl i b, BT RSS2 2 405 1
X 58K 2GR X G R —A XK, 24 %+
X,

%4 "] %1, i id Pearson AH G 73 #T, FEAR
AR, AR, N, H RS R IR
JER DG, W SR ERE R IEA I, LN
FH BB AR R R A OG, & ZERRK
AN SEP S RE R IEMEX, D EREE
RYE T 0.01 KO EERT . BEarm, <
B AR R WEN R E, NEFk
B, FRGEZ GV T A et MK
WR A > TR > X > H BREE > Bk E . 7E
A2 R AR > TR > H BB AL ~ XGHE > [k
o XGHAFIREES G BT B ST A A,
IR AR TR ) s e A AR AR

#4 BERESTEERMRIT
Table 4  Correlation analyses of snow depth with meteorological elements
LG X TR IX ARALH X
ABER
LAE X LAE &% LAE K7

Rk 0.154* 0.266* * 0.153* " 0.360 " * -0.023 0.212**

Sl -0.514 -0.353"* -0.615"" -0.673"" -0.805" " -0.789

W -0.359" " -0.375** -0.140" " -0.112** -0.260" " -0.369 " "

R 0.452"* 0.124 0.550 " * 0.648 " 0.546" " 0.643 "
H HE B 5L -0.161" -0.029 -0.379" " -0.503 " -0.214"" -0.369 " "

TE: = FoRilid 0.05 KB FMGLE; + « FoRilid 0.01 /K BFMRTE



24 X AE - ARE R o DR 5 TR L I 2 A8 A i S A 267

PE— BT R B, A ZR F KR B TR L AT
KMUAEFNHRE LR BT 2R LXK, XATaEZE T
AR BT AR o JRBEAE A R K R R
R, WAFHEIE T — A FHRERHER
JEH TR LA SRR E] 0.648, 3i@id 1 0.01 /K
S E TR, T AR £ XA TR X
SRS IREE R . H RO SRR R I TR B Y
SEMATEZ AT R £ KPR T ZARR L X i Rt 2
TR IEN, AMERA T a4, gk
T ZAER X S KA T AR L
DAL, AR IR A Sy — P A R I 55 s 1) 52
Wi R, WG AR R AR . BRI, R
AR RS TR AL S TR BRI A
W, RARERXEME N RE,

4
AR SOM A S5 TR Bh Sl e 3 A 1 AR LR

1 IX 1979 - 2014 4E R VR B 1 25 AR AL RRAE, 75
VAN 458 .

(1) 1979 -2014 4%, ZRIbiR + X H IR E RO
D IRRAT, R E R R 0.07 cm - (10a) ~' Hi,
R 22 247 1 X RS R AR R+ AR S
TRRE R B, WA R 4 & 0. 17 em -
(10a) "' f10.46 cm - (10a) ~', MEFETH X,
AR B R AR AL 5 2R U R X AR T R A
B, S, s %k 0. 11 cm -
(10a) 7',

(2) ZRAGVR - XA I VR BEAE 1986 4F &
A5, TR B ke, HAE 1991 A HEA
BB

(3) RIHE LR ZAEFFER N 2.92 em, 4
SERE VR A 11,69 cm, AL 4 KAE Y
TR AR LD, ek 39.77% o 4
BRRAA R DRE S R E, & X RY
65.3% o SR E, KIS R E AL O B
o HAESREZEG L XER T KEPEFHX
B, A — IR B R AR . %X I
ZARR AR IR R P E A X, P IR AR e —
FERREEX AR B R R, R XIS —
Bk

(4) Bk & AN R 5 4R X B IR B 2 EAH
X, AR KUHR IR R AR S B R
&, SRS RACE L X AR Y R S R B A e 1
MR REER, MREK RS BV IR BE A A D& 5

AEE . WA RS A, SRER
FEMIARSCERE i TRk R o 1R KRR S IR RS
AR 5 2 AT R e DX O RURE, U AR 2
TR b CRR S TR BE R e S W

(5) SZHIERLM, K/NELUE o XTI
AL IR IR IX . AR BE XA 3 BUZ B X
R, B TR I i o W R X, B
RIE AL > FRARRELS ZARR £ MR L0 4k
—3, BEMIEAEBEAEG H T,

22 3Lk ( References) :

[1] Li Peiji. Dynamic characteristic of snow cover in western China
[J]. Acta Geographica Sinica, 1993(6) ; 505 -515. [ Z=i53L.
FPIE PR S A RRAE [T]. Pz 4L, 1993 (6): 505 -
515. ]

[2] Stocker T F, Qin Dahe, Plattner G-K, et al. Climate change
2013 the physical science basis: Contribution of working group
I to the fifth assessment report of the intergovernmental panel on
climate change. New York: Cambridge University Press, 2013.

[3] Jin Huijun, Wang Shaoling, Lii Lanzhi. Features of permafrost
degradation in “Hinggan” Mountains, Northeastern China[ J].
Scientia Geographica Sinica, 2009, 29 (2): 223 —228. [ 44>
%, ERA, B2 MNRIESFEHETBARELT]. IR
2%, 2009, 29(2) . 223 -228. ]

[4] Zhou Mei, Yu Xinxiao, Feng Lin. Analysis of the driving force
of the permafrost degeneration in Daxinganling[ J]. Journal of
Arid Land Resources and Environment, 2002, 16(4) ; 44 —47.
[JElft, AR, 1A, OSZIARIX 245 R R AL ) 3R 3l
SrFTLY]. TRXBE SR, 2002, 16(4) ; 44 -47. ]

[5] Zhao Zongci, Luo Yong. Projections of climate change over
Northeastern China for the 21st century[ J]. Journal of Meteorol-
ogy and Environment, 2007, 23(3).: 1 —-4. [¥52%, ¥ 5.
21 AR EAR I X AE TG [T]. KR 5Bk,
2007, 23(3):1-4.]

[6] Li Yuting, Liu Jinbao, Wang Zengwu, et al. Study of spatio-
temporal dynamics and climate response of snow cover in Sichuan
Province from 2003 to 2012[ J]. Journal of Glaciology and Geo-
cryology, 2016, 38(6) : 1491 —1500. [ Z=E &, Miknss, F
W, 4F. 2003 -2012 4701145 FRE B 45 3 A28 Ak 5 S5 R
WgE[T]. W%, 2016, 38(6) : 1491 —1500. ]

[7] Osterkamp T E. Characteristics of the recent warming of perma-
frost in Alaska[ J]. Journal of Geophysical Research; Earth Sur-
face, 2007, 112(F2) . 488 -501.

[8] Liu Xun, Jin Xin, Ke Changging. Accuracy evaluation of the
IMS snow and ice products in stable snow covers regions in Chi-
na[ J]. Journal of Glaciology and Geocryology, 2014, 36(3) .
500 -507. [, 48, PIKE. PERERSX IMS FHik
PR BEPET [T]. kIR, 2014, 36(3) : 500 -507. ]

[9] Chen Chunyan, Li Yi, Li Qihang. Snow cover depth in Uriimgi
region, Xinjiang: evolution and response to climate change[ J].
Journal of Glaciology and Geocryology, 2015, 37 (3) . 587 -
594. [WRFRHE, 2%, Eafl. BTEi s B RSl XRS5 R B
AR SR AR AR AL B R BE [T T vk 1R A, 2015, 37(3) ¢
587 -594. ]

[10] Laternser M, Schneebeli M. Long-term snow climate trends of
the Swiss Alps (1931 —=99)[J]. International Journal of Clima-



268 7K I

F + 40 &

tology, 2003, 23 733 —-750.

[11] Foster J L, Hall D K, Kelly R E J, et al. Seasonal snow extent
and snow mass in South America using SMMR and SSM/T pas-
sive microwave data (1979 —2006) [J]. Remote Sensing of En-
vironment, 2009, 113(2): 291 -305.

[12] Che Tao, Li Xin, Jin Rui, et al. Snow depth derived from pas-
sive microwave remote-sensing data in China[ J]. Annals of
Glaciology, 2008, 49(1) : 145 - 154.

[13] Li Xiaolan, Zhang Feimin, Wang Chenghai. Comparison and a-
nalysis of snow depth over China, observed and derived from re-
mote sensing [ J ]. Journal of Glaciology and Geocryology,
2012, 34(4): 755 -764. [Z/h2, kKR, EEH. PIEH
DXt T SR 25 8 R B SRR S TR R BT B A BT [T ] vk
%+, 2012, 34(4) . 755 -764. ]

[14] Ke Changging, Li Peiji. Research on the characteristics of distri-
bution and variation of snow cover on the Tibetan Plateau by u-
sing EOF analysis[ J]. Journal of Glaciology and Geocryology,
1998, 20(1) : 64 -67. [#IKH, ZHHE. JH EOF Jiikiot i
o e IR R A A 522 A [T ] uk)IgR L, 1998, 20(1) : 64
-67. ]

[15] Ma Lijuan, Qin Dahe. Spatial-temporal characteristics of ob-
served key parameters for snow cover in China during 1957 -
2009 [ J]. Journal of Glaciology and Geocryology, 2012, 34
(1): L-11. [ ThEidH, ZEKM. 1957 2009 4F =] & ufi WL
SRR EE S 2 AR RRIE T ] WK1 L, 2012, 34(1):
1-11.]

[16] Tang Zhiguang, Li Hongyi, Wang Jian, et al. Reconstruction of
snow depth over the Tibetan Plateau based on multi-source data
[J]. Journal of Geo-information Science, 2016, 18(7): 941 —
950. [R50, ZEobgk, Tg, 55 FET U Y5 s IR
LWEE[T]. HER(F BRI, 2016, 18(7) : 941 - 950. ]

[17] Bai Shuying, Wu Qi, Shi Jianqgiao, et al. Relationship between
the spatial and temporal distribution of snow depth and the terrain
over the Tibetan Plateau[ J]. Remote Sensing for Land and Re-
sources, 2015, 27(4): 171 —178. [ {3, =7, L EMF,
. FRGE RS W A SHOE MR [T]. B LR
&R, 2015, 27(4) : 171 -178. ]

[18] Chen Guangyu, Li Dongliang. Temporal-spatial characteristics of
cumulative snow depth in Northeast China and its vicinity [ J].
Meteorological Monthly, 2011, 37(5): 513 - 521. [ 65,
TR, AR B AR DX AR S T BE e s AR AL B[ T
K%, 2011, 37(5): 513 -521. ]

[19] Zhao Wenyu, Liu Hailong, Wang Hui, et al. A study of spatial
distribution of snow cover days in the Tianshan Mountains based
on MODIS snow products[ J]. Journal of Glaciology and Geo-
cryology, 2016, 38(6): 1510 — 1517. [ ®& X7, Xk, T
i, 4F. FET MODIS FUE 7 il i R ILAEFRE H $0as 6] 431 4
FERFFELI]. W% L, 2016, 38(6) : 1510 —1517. ]

[20] Zheng Hongxing, Liu Jing. Long-term trends of aridity index and
its sensitivity to climate factors in Northeast China: 1971 —-2008
[J]. Geographical Research, 2011, 30(10) ; 1765 —-1774. [ %}
ZLRE, XUER. ARALHE DKL 40 4 TR R HOL b i 3 M A iR i
BMELT]. MUFRBESY, 2011, 30(10) : 1765 - 1774. ]

[21] Wei Zhi, Jin Huijun, Zhang Jianming, et al. Prediction of per-
mafrost changes in Northeastern China under a changing climate
[J]. Science China: Earth Sciences, 2011, 54(6) : 924 —935.
(B, &%, ke, & [EAAG TR X 24F
GRAERAEBIN[T]. i ERRE . hERRL, 2011, 41(1) 2 74 -
84. ]

[22] Dai L, Che T, Wang J, et al. Snow depth and snow water equiv-
alent estimation from AMSR-E data based on a priori snow char-
acteristics in Xinjiang, China[J]. Remote Sensing of Environ-
ment, 2012, 127, 14 -29.

[23] Dai Liyun, Che Tao. Cross-platform calibration of SMMR,
SSM/T and AMSR-E passive microwave brightness temperature
[ C/OL]// Proceedings of Sixth International Symposium on
Digital Earth; data processing and applications. [2018-04-05].
http.//westgis. ac. cn/wp-content/uploads/2011/01/Cross-plat-
form-Calibration-of-SMMR-SSMI-and-AMSR-E-Passive-Micro-
wave-Brightness-Temperature. pdf.

[24] Che T, Li X, Gao F, et al. Study of snow water resources by
passive microwave satellite data in China[ C]// Proceedings of
2004 IEEE International Geoscience and Remote Sensing Sympo-
sium. New York: IEEE, 2004 . 3674 - 3676.

[25] Che Tao, Li Xin. Spatial distribution and temporal variation of
snow water resources in China during 1993 —2002[J]. Journal
of Glaciology and Geocryology, 2005, 27(1) ; 64 —-67. [ Zi%,
ZEHr. 1993 — 2002 4F v [ B 7K B I A 45 43 A 5 AR AL RRAE
[J]. vk, 2005, 27(1) : 64 -67. ]

[26] Dai Shengpei, Zhang Bo, Cheng Feng, et al. The spatio-tempo-
ral variations of snow cover in China from the snow depth time
series dataset based on passive microwave remote sensing [ J].
Journal of Glaciology and Geocryology, 2010, 32(6) . 1066 —
1073, [HEHIR, sk, Feig, 5. T3 pE B S
TRIGET IR 51 43 B B 1 AR 25 B s AR AR RRAE [ D). ok R &,
2010, 32(6): 1066 —1073. ]

[27] 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. [MARfE, EHL, SR, % RIT/NEEE ST+
Sy LI, vk, 1981, 3(3): 1-9.]

[28] Ding Yihui, Zhang Li. Intercomparison of the time for climate
abrupt change between the Tibetan Plateau and other regions in
China[ J]. Chinese Journal of Atmospheric Sciences, 2008, 32
(4):794 -805. [T, TR HES  EHABHLIX
oGS[ 1 FLAE L T]. RARLAF, 2008, 32(4) : 794 - 805. ]

[29] He Wei, Bu Rencang, Xiong Zaiping, et al. Characteristics of
temperature and precipitation in Northeastern China from 1961 to
2005[J]. Acta Ecologica Sinica, 2013, 33(2) : 519 -531. [ %%
i, M-, BB, 4. 1961 -2005 4R AR bl X <l Ak K
BABEHLT]. AR, 2013, 33(2) : 519 -531. ]

[30] Xi Ying, Li Dongliang, Wang Wen. Study of the temporal-spa-
tial characteristics of snow covers days in Hetao and its vicinity
[J]. Journal of Glaciology and Geocryology, 2009, 31 (3):
446 -456. [ HIE, HREE, E3C WERHBEARERS
DXARDT F R 2 AR (R TE LT vk, 2009, 31(3)
446 - 456. ]

[31] Hu Liequn, Li Shuai, Liang Fengchao. Analysis of the variation
characteristics of snow covers in Xinjiang region during recent 50
years[ J]. Journal of Glaciology and Geocryology, 2013, 35
(4):793 -800. [HAZIRE, 20, ZERGH. Bl X BT 50 a 1
TAMERHE AT [I]. PKIINVR T, 2013, 35(4) : 793 -800. ]

[32] Liu Shibo, Zang Shuying, Zhang Lijuan, et al. Estimation of
land surface temperature from MODIS in Northeast China[ J].
Geographical Research, 2017, 36(11) ; 2251 —2260. [ X1,
JEBE, BRINAE . 45, ZRALVR 11X MODIS s iR B[ T].
HUFRFST, 2017, 36(11) . 2251 -2260. ]



24 X AE - ARE R o DR 5 TR L I 2 A8 A i S A 269

Analyzing the spatial-temporal variations of snow depth in the Northeast
China by means of remote sensing in consideration
of frozen ground zonation

LIU Shibo, ZANG Shuying, ZHANG Lijuan, NA Xiaodong, SUN Li,
LI Miao, ZHANG Xiaowen

( Heilongjiang Province Key Laboratory of Geographical Environment Monitoring and Spatial Information Service

in Cold Regions, Harbin Normal University, Harbin 150025, China)

Abstract; Snow cover is an important component of the cryosphere, which has an insulating effect on the
ground. When snow melts, heat absorbing would reduce land surface temperature. Therefore, snow affects the
growth of frozen ground, and is sensitive to climate change. Spatial and temporal variations of snow depth in fro-
zen ground regions of Northeast China were analyzed by using spatial and statistics analysis function of GIS,
based on the daily dataset of snow depth from 1979 to 2014. The results showed that the annual snow depth was
2.92 cm averaged from 1979 to 2014, with the maximum annual mean snow depth in the patchy permafrost re-
gions and the minimum one in the seasonally frozen ground regions. Snow depth had decreased with the rate of
0.07 cm - (10a) ~', and the decreased area accounting for 39.77% of the total. The annual mean snow depth
mutated in 1986 and then followed a decreasing, which was in accordance with the air temperature mutation. Af-
fected by the terrain and the air temperature changing, the reduction of annual mean snow depth and the sensitive
range mainly appeared in the patchy permafrost regions. Air temperature is main controlling factor to the annual
mean snow depth in Northeast China. Precipitation, wind speed, humidity and sunshine duration can also influ-
ence the depth of snow cover. The snow depth in seasonally frozen ground regions is more sensitive than that in
permafrost regions.

Key words: snow depth; Northeast China; frozen ground; microwave remote sensing; Mann-Kendall test; sen-

sitivity
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