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Tab.2 Distribution of monthly mean SCFs with elevation zones over Tibetan Plateau from 2000 to 2014
g [ iR SCF YE / % AR RA
1 000 m 1A 2 A 3H 4 1 5H 6 H 7H 8 H 9 104 11H 12H
1 <1 6.2 2.3 0.6 0.2 0.2 0.5 0.3 0.6 1.5 0.7 0.6 2.7 1.3
2 [1,2) 15.7 7.5 2.2 0.4 0.4 0.4 0.5 0.8 1.2 1.3 3.8 11.8 1.3
3 [2,3) 10.2 8.2 5.5 1.7 0.8 0.6 0.5 0.7 1.1 2.4 5.4 8.2 0.9
4 [3,4) 19.6 20.2 18.7 10.8 5.8 1.1 0.8 1.0 2.4 8.7 16.1 15.7 0.8
5 [4,5) 21.8 23.9 24.3 21.4 16.5 6.7 1.7 2.3 6.3 21.5 25.5 19.7 0.6
6 [5,6) 23.1 27.6 32.7 35.0 351 23.1 8.7 10.0 19.1 35.1 31.2 22.4 0.4
7 =6 48.0 52.2 76.9 90.0 90.8 84.2 76.6 77.8 84.7 90.6 83.7 60.4 0.2
Ty 20.8 22.8 23.8 21.2 17.9 9.3 3.4 4.1 8.4 20.9 23.5 18.8 —
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Tab.3 Distribution of monthly and seasonal mean SCFs with aspect zones over Tibetan Plateau

SCF {8/ %

BRI/ C) ST S a0 s 6 A 70 sA 9 10Ul UA A AFE & # % X
[315°,45°) 23.9 24.8 25.9 23.3 20.2 10.8 3.8 4.6 10.1 25.2 27.8 22.3 18.5 23.0 6.2 20.9 23.5
[45°,135°) 20.5 23.2 24.8 21.9 18.1 9.5 3.7 4.3 8.5 20.7 23.8 18.7 16.4 21.5 5.7 17.6 20.6
[135°,225°) 16.7 19.1 19.3 17.1 14.8 7.9 2.7 3.2 6.7 16.6 18.1 14.2 12.9 17.0 4.4 13.7 16.5
[225°,315°) 22.2 24.3 25.5 22.9 18.8 9.3 3.5 4.2 8.6 21.7 25.0 20.0 17.1 22.3 5.5 18.4 22.0
—l(i‘zi’@) 16.9 17.6 17.2 13.8 8.3 2.8 0.6 0.7 1.1 2.7 8.3 14.5 8.6 13.0 1.3 4.0 16.2
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Tab.4 Distribution of monthly and seasonal mean SCFs with different slope zones over Tibetan Plateau

SCF Y18/ %

B/ ) U0 3 A 4R sH oA 7A sH oA 10A 1A 2A & H K X
[0,5) 16.9 23.0 16.8 14.8 14.4 8.0 1.0 2.6 7.1 19.4 19.2 14.3 12.7 15.3 4.0 15.1 16.2
[5,10) 21.6 19.8 27.7 25.5 21.3 10.6 2.0 5.0 9.6 23.7 26.9 19.9 18.4 24.7 6.4 20.0 21.8
[10,20) 25.6 24.2 32.7 29.5 22.3 11.0 3.0 5.9 10.2 22.9 28.9 24.2 20.6 28.1 7.2 20.6 26.0
[20,90] 30.1 28.7 34.3 29.0 19.5 9.8 4.0 5.9 9.6 18.9 28.3 28.7 21.0 27.4 6.9 18.8 30.4
M AR R, S LTI R 1 A SCF

16.9% 2 AKBENIE —ANIEM(23.0%); 2 4 b

Ja 02 Ay SCF ZA80/0 7 A B1EAE NI KA
10 AHPBLT 19.4% W SCF YRIG(E , 4 NSk 5 XL
W RI A4, 5oL B 3 AN BEATAE N AR (L AR S
UEAHZSARL, 359 2 R TR0 53 A {FL UG A 300 %) B[] 0 4
RT 1A O3 AR H), 20000 B3
FERY 1 H SCF 4 30.1% ,3 HI&(H1k 34.3% , &%
FEZRIY 3 4 H RS 4341 HA 3 e PR S5 7 o
Fi e, A A 3 X A RSN L, B
G R RS N 3 H a7 H B AR
RS R T 7 — 11 3 BB S5 78 o 1 o ke
RN I 2 () A B 25 5, RS /NF
5O o3 A A B AR T R 1

SUAESEIIM T, 5° LA I3 EE () SCF 7E 4 3R
Iy /N AR 12.7% , B FEOK SCF
5 5 ~ 10 BEAT B AFF- 34 SCF 2 18. 4% ; 20° LA
L 21% 5 R E AR R

LA PRI S, WEAE 5O LU R (19 SCF A%, &
Z10° ~20° B B I B S5 K (SCF =28.1% ),
FKZE SCF S R HIBLTE 5° ~ 20° 1 2 43 (5
ATE20% fe i) , 25 SCF H KA H B 10° ~
20°,4Z% SCF S/ fEI H A 20° LA 3BT (SCF =
30.4% ), FHEAT G, 7E = JEAS [ BE AT 50 LA
B RE RO AESE Y R 25 34 SCF B /i, i HANAE A&
AR R SCF R 57 19 4 a5, At 245 U AS B
T,

1) 7 6 e D AU 7 o LA v D] L AT S
KNP T 5 SCF &, P i 2t F 45 o A5 2D
SCF ARAYHRE AL, &7 B Ll B g S80Rn el ik R &
J el B L P B L R Y S R L 2 A
JE PG 0 A RS 5 e v ) R DX, T 28 3k K 4
Hiu v R R e T A b AR T A D b X
A SCF R 15.7% o BHZE 4 2= SCF
Nt m (B0 21% ), ORI (17.5% ),
BN 5.4% ) .

2) TR e Do ) TR A R B T R () 3 ] oy A B
A E BRI RS SCF s | F RSt ja) i K
AENAR L AR E, WEPR 3 000 m LR SCF AN 2
4% |4 6 000 m L) I SCF ik 76. 8% , £k
4 000 m DAF DXHl, A AR 3 A0k S B R H
PR RAIG | SR R R LR WA 1 IRAE 44 25 TEIK
4 000 m DA I X35, FHUEE 7 35 B AT N 40 A 2 RLIG 7R
VPR B XU TR R f |2 AN (R S M B E R R
Wiz, 7R 6 000 m LI T X3k, SCF AR E H B
FEE 2 AE 6 000 m DAL DXk ] H B AE 4 2

3) fo J LU AN [] 39 1) 308 3 7K 2R A P T 5
Ml BT (RN 25 A AR RE A, TR 4 DS [R]3 m v ) R
(AR 6 ey, AUERAR, AR AP 3 J v TG
I ] (- HBR 5 2 55 BN T B 1 Y 1 HUGAR
PR b St BRI TR 3 A A A



Br 2,4 T MODIS B i 75 s S AR I i 28 20 AR AR 20 A

- 123 -

4) Wi BE S 52 W g SRR S I s 0 A A S — B

M B, 754 DY S T, 50 LU 3B 2 4
Y SCF £ (S 12.7% ) ,20° L) W FEHF 1421, 0% .,
AN TR B A N FH 5 5 o 70 A 52 UG Y | g 3 K

T

T T R AU B 12 H— RS AL

TEHABH By AW

2% 3L #K ( References) :

(1]

[10]

Armstrong R L, Brodzik M J. Recent Northern Hemisphere snow
extent; A comparison of data derived from visible and microwave
satellite sensors [ J ]. Geophysical Research Letters, 2001, 28
(19) :3673 -3676.

Hall D K. Assessment of polar climate change using satellite tech-
nology[ J]. Review of Geophysics,1988,26(1) :26 —39.
Robinson D A,Dewey K F,Heim R R. Global snow cover monito-
ring: An update[ J ] . Bulletin of the American Meteorological Socie-
ty,1993,74(9) :1689 —1696.

Yao T D, Thompson L, Yang W, et al. Different glacier status with
atmospheric circulations in Tibetan Plateau and surroundings[ J].
Nature Climate Change,2012,2(9) :663 —667.
Xz U, B 1 22, T - Bl B 2 S 0l 3 IR A A R Y R
[M]. bRt SR AL, 20051 - 193.

Liu Y M,Qian Z A. The Impact of Sea — land Interaction on Chi-
nese Climate Change [ M ]. Beijing: China Meteorological Press,
20051 -193.

Immerzeel W W, Droogers P,de Jong S M, et al. Large — scale mo-
nitoring of snow cover and runoff simulation in Himalayan river ba-
sins using remote sensing[ J]. Remote Sensing of Environment,
2009,113(1) :40 —49.

AL, 4, T 2%, A BT MODIS PUARE LU X BT A 43
AEACRFAELJ]. PRI ,2009,31(6) 1028 - 1036.

Cai D H,Guo N, Wang X, et al. The spatial and temporal variations
of snow cover over the Qilian Mountains based on MODIS data
[J]. Journal of Glaciology and Geocryology,2009,31(6) :1028 -
1036.

B NARLL A0, 4520022011 4F BB AL S A 45 3 A
FHERTFE[I]. vk L ,2013,35(5) 1095 - 1102.

Lou M Y,Liu Z H,Lou S M, et al. Temporal and spatial distribu-
tion of snow cover in Xinjiang from 2002 to 2011 [ J]. Journal of
Glaciology and Geocryology,2013,35(5) :1095 - 1102.

MR A S0 S5, LT MODIS K40 1 2 40y 3 37 1
XL T2 A 04 [ 1] SRR S R, 2011,26 (4) 2469 —
475.

Lin J T,Feng X Z, Xiao P F et al. Spatial and temporal distribution
of snow cover in mountainous area of Manasi River Basin based on
MODIS[ J]. Remote Sensing Technology and Application,2011,26
(4) :469 -475.

Pt BREAE AR 0, 45, BT MODIS 4 1911 P9 AR 35 i ==
AT [T]. P E R (HERFEAE) ,2011,41 (12) 11743 -
1750.

Yang C J, Zhao Z J,Ni J, et al. Temporal and spatial analysis of
changes in snow cover in western Sichuan based on MODIS images

[J]. Science China Earth Sciences,2012,55(8) :1329 - 1335.

[11]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

F MR AR5 2000 - 2006 4R E L LD X B
O ARHERTTEL )] . vK% 42,2010,32(1) 28 - 34.

Dou Y,Chen X,Bao A M, et al. Study of the temporal and spatial
distribute of the snow cover in the Tianshan Mountains, China[ J].
Journal of Glaciology and Geocryology,2010,32(1) :28 - 34.
MR b2 B0 A5 R Ly AR X TR T 3 N S AR T
FE[J]. vk 1 ,2011,33(5) 971 - 978.

Lin J T,Feng X Z,Xiao P F et al. Spatial and temporal character-
istics of satellite snow cover in a typical area of Tianshan mountains
[J]. Journal of Glaciology and Geocryology,2011,33(5) :971 —
978.

Duo C,Xie H J,Wang P X, et al. Snow cover variation over the Ti-
betan Plateau from MODIS and comparison with ground observa-
tions[ J]. Journal of Applied Remote Sensing,2014,8 (1) :84690.
Zhang G Q,Xie HJ,Yao T D, et al. Snow cover dynamics of four
lake basins over Tibetan Plateau using time series MODIS data
(2001—2010) [ J]. Water Resources Research,2012,48 (10);
W10529,doi:10.1029/2012WR011971.

EntaE 5, A5 2000—2005 AF R FAN T A AR L
ST PRI £,2007,29(6) 855 - 861.

Wang Y T,He Y, Hou S G. Analysis of the temporal and spatial
variations of snow cover over the Tibetan Plateau based on MODIS
[J]. Journal of Glaciology and Geocryology,2007,29 (6) :855 —
861.

FRERS IR T, B BT R S S AT ] bR
5¢,2002,21(1) ;1 -8.

Zhang Y L,Li B'Y,Zheng D. A discussion on the boundary and ar-
ea of the Tibetan Plateau in China[ J]. Geographical Research,
2002,21(1):1 -8.

INGEL S BE. T R OB AL 5 R I M . TN T RE
H At 1998 :231 - 296.

Sun H L,Zheng D. Formation , Evolution and Development of Qing-
hai—Xizang( Tibetan) Plateau [ M ]. Guangzhou: Guangdong Sci-
ence & Technology Press,1998:231 —296.

Hall D K, Riggs G A,Salomonson V Vet al. MODIS snow — cover
products[ J]. Remote Sensing of Environment,2002,83(1/2) ;181 —
194.

XUFE 1 IR MODIS 1 g Bk R S 55 g [ M) bt
Bl AL, 2001 187 - 192.

Liu Y J,Yang Z D. Processing Principle and Algorithm of MODIS
Data[ M ]. Beijing; Science Press,2001:187 —192.

Klein A G, Barnett A C. Validation of daily MODIS snow cover
maps of the Upper Rio Grande river bas in for the 2000 - 2001
snow year[ J |. Remote Sensing of Environment,2003,86(2) :162 —
176.

Liang T G,Zhang X T,Xie H J,et al. Toward improved daily snow
cover mapping with advanced combination of MODIS and AMSR - E
measurements [ J ]. Remote Sensing of Environment, 2008, 112
(10) ;3750 -3761.

WA, k¥, 2 &, % JLEE K X MODIS B 7= i
MOD10A1 HI MOD10A2 fR4E BE 73 M S 2R [J]. k) L,
2007,29(5) :722 -729.

Huang X D,Zhang X T,Li X, et al. Accuracy analysis for MODIS
snow products of MODIOA1 and MOD10A2 in Northern Xinjiang
area[ J |. Journal of Glaciology and Geocryology,2007,29(5) ;722 —



<124 - E + ® W B & 2017 4

729. 1513.

[23] Wang X W,Xie H J,Liang T G. Evaluation of MODIS snow cover [24] PuZ X,Xu L, Salomonson V V. MODIS/Terra observed seasonal
and cloud mask and its application in Northern Xinjiang, China variations of snow cover over the Tibetan Plateau[ J]. Geophysical
[J]. Remote Sensing of Environment, 2008, 112 (4): 1497 - Research Letters,2007 ,34(6) :1.06706.

An analysis of spatial — temporal distribution features of snow cover
over the Tibetan Plateau based on MODIS data

CHU Duo'*, DA Wa’, LABA Zhuoma®, XU Weixin*, ZHANG Juan®
(1. Lhasa Campus of Chengdu Institute of Plateau Meteorology, CMA, Lhasa 850000, China; 2. Tibet Institute of Plateau Atmospheric
and Environmental Sciences, Lhasa 850000, China; 3. Meteorological Service Center of Tibet Meteorological Bureau
Lhasa 850000, China; 4. Qinghai Institute of Meteorological Sciences, Xining 810001, China)

Abstract ; In this paper, the spatial — temporal distribution of snow cover and the impact of topographic factors such
as elevation, aspect and slope on snow cover distribution over the Tibetan Plateau were analyzed based on
MODI10A2 acquired from 2000 to 2014 and the digital elevation model ( DEM ) using GIS spatial analysis
techniques. The results are as follows (D The snow cover over the Tibetan Plateau is characterized by rich snow
and high snow cover fraction( SCF)in the surrounding areas and interior high mountains but less snow and low SCF
in inland basins and valleys. 2 Snow cover over the Tibetan Plateau exhibits the feature the higher the altitude,
the higher the SCF, the longer the snow cover duration and the more stable the intra — annual variations. (3 Intra —
annual snow cover distribution below 4 000 m is characterized by single — peak type, and that above 4 000 m is
characterized by double — peak type. @ The lowest SCF below 6 000 m occurs in summer while SCF above 6 000 m
occurs in winter. (3 In different aspects, SCF is the highest in north aspect, the lowest in south aspect, and the
middle between them in east and west aspects.

Keywords: snow cover fraction( SCF) ; spatio — temporal distribution; MODIS; DEM; Tibetan Plateau
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