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ARG FEZRFA T LUF B . 1D MODIS 3 8 &5 R 25 [ [ 5 vk %5 806 .0 (National Snow and Ice Data
Center, NSIDC) [ 3™ T # MODIS/ TERRA 4§ H #1535 43 25 72 5 MODI0AL, i} [8] 3 Bk 2002 4E 11 H 1 H —
20054F 3 H 31 HI9 3 MR, B HW XWEBRA 2 i, 4k h23v04 Al h24vod, BFFEIX 3 MRH EH
MODI0AT 7=, 241 888 . 2002 — 2004 4F MODIS 4 + # 4 35 3088 MODI12Q1 77 f, 5 4F 2 g, 965 K
h23v04 Fil h24v0o4, 331 6 iF . 2) AMSR-E & H 25 7Kk 24 & 77 5 . 3l 5f NSIDC #3171 T 25 AMSR-E/AQUA
)35 7K 24 (snow water equivalent, SWE) = i AMSR-E SWE, i} [a] 7 Fil 5 MODIS %4 4 [/ » 505 B A% 1 #% =X
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448 M7, 3G R AL HE L X 20 A Hiu TG 00 0 Y H RS U IR SO, O Rl B AR R . B
A AR DX AL T B X B UL i S R 3T
1.3 7 *

FIH ENVI 4.2 Fil ArcGIS 9. 1 #44 . %F MODIS £ H 155432577 i MOD10AT K& f AQUA ik AM-
SR-E SWE # H & /K Y 7= i A7 A 3 BAAR P3R40 R, 1D MODI0AT 8 H B35 43 287 i R PF 35 5 A A A8 46k -
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WA 5 5 A5 U A5 A R R B T 8 AR v i B e i R i B <<50 (i 0,25, 37) B L TN R 7E AR R A A
T3 A A R b . 4) 25 MODI0AT B — MR R FIW A = if . #5 AMSR-E SWE &8 5] W 4y il . 0]
TR ABE Hh s 57 AMSR-E SWE [EI{G ] W Sy KA, W Ry 7K 44 s 75 AMSR-E SWE EUZR Jo i . WA = s 457 AMSR-
E SWE & A8 A2 i MODI10AL EURFIK R = - 9F HLAE 4% R S H A 1B 8 1% 3% Hp Hh B0 36 e K 1 40 =50
BF s D05 8 AR R 255 5 0 A S R BGRB8 M MB R P B 3R i R A BT X I B LR . 5) 2
MODI0AT FE A — A5 A B R K R BUSS sl B 35 78 36 A 89 0K, 1 AMSR-E SWE L J W7 A AT — sh 2K B, &
AL R L MODI0AT B AH B b 28 A HS (5 D .

® 1 HHE& MODAEL T & # 1
Table 1 Compositing rules of MODAEI] image

MODI0A1 {1 (35 30 AMSR-E SWE
Code (Mean) 0 i Land 0~240 T2 Snow 254 KK Water 255 TLH#E No data
O\I\A\11\254\255 (o X No data) 25 200 37 0
25 (Jfi#s Land) 25 200,k=>200;25,k<25 25 25
37 (k4K Water) 37 37 37 37
50 (& Cloud) 25 200,k=>=200;25,k<25 37 50
100 (PR =AY 7K Snow-covered lake ice) 100 100 100 100
200 (F1Z5 Snow) 200 200 200 200

{E -k 78 MODI0AL EIR Y 33 {8 Z e v h BU AR e B Rl

Note:k means the majority number of 3X3 pixels that correspond to MODI10A1 image.

2 ZR55H
2.1 AMSRE &8 ERELF >0 ESH

JegE X 2002 4 11 A 1 H —2005 4 3 J 31 H® 3 AFLEHE ZH A A 448 P HFA 9 AMSR-E £ H 25K
7 R 23 H GO0 K DO CPE 2450 1 3 T <5 B il I i RE A KOO S8 A 7 758 XPWLINAE . SEit
SHT AL A WX N AMSR-E SWE 7= 52 70 i B SRR B L 25 R B, AMSR-E 4 H 25K 24 5 7=
I EKERE N 69. 49% , BT R BIKE N 66.59% . £ 3 MREFH, IR EK AT 66.42% ~71.06% , £l
BN 15.2%~30. 2% IR 2E N 32.4% ~34.4% . H,2003 4F 11 4 —2004 4F 3 A BUEH MBS 50K
J3E R AR 22 T 15 26 AR OG0 15 25 0 i e (3R 2) o XoF 2% WL I ol K540 114 % LU 3 M R W L AMSR-E 4 H 357K 24 88 77 i 43 2K
G 22 0358 22 B AR AL g 5. 01 %0 o AF U D00 42 25 0 05 . ik 25. 49 % LR R4 MU T & ol U RS AR T 40 %0, ndb gl
Wy E T R ) 2% (3R 3) . BN T RIS BEAR A EEFE R G TR AR T 0.5 em B KRB Z . i 5| E2 45
IR IR 25 . O3 Ah, AMSR-E B H 357K S 67 5t i 25 [ 43 B R 25 km, 1AM SR ML IR | 625 km® )
T H X AR (SWE=0) 8l (SWE=0~240)2 R, 11755 4 o 00 00 I %5 4 A% it 1) 55— 4>l 5 |
P TR 2S (B RO EAFE IR R 28 S R s R B R NG BEAR I B2 ] . (R s AMISR-E 377K 2 4 7 i il 7E 38
RORUBE S il N B 98 AR ES A B 25 43 A o B KSR AR 5 43 A 3l 25 F 5 o 520 B AR R 28 i) 43 B3 /N U AT 24
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Table 2 Errors and accuracy of AMSR-E SWE products in the different snow cover seasons

2 1E B[] Time

(4-H-H Year-month-day)

KRG

Climate station

AMSR-E

I Snow

JEFE No snow

Bt Total

1% Snow 1 316(66.6%) 661(33.4%) 1977

JoFH No snow 98(15.2%) 548(84.8%) 646
2002-11-01—2003-03-31

Mt Total 1414 1209 2623

BEURS EE Overall accuracy 71.06%

12 Snow 1 373(65.7%) 717(34.3%) 2 090

THE No snow 136(30.2%) 314(69.8%) 450
2003-11-01—2004-03-31

il Total 1509 1031 2 540

EURS B Overall accuracy 66.42%

T Snow 1 254(67.6%) 600(32.4%) 1854

T HE No snow 155(20. 9%) 586(79.1%) 741
2004-11-01—2005-03-31 A

i3t Total 1409 1186 2595

BKG B Overall accuracy 70.91%

T Snow 3 943(66.6%) 1978(33.4%) 5921

JeFRE No snow 389(21.2%) 1 448(78.8%) 1837
2002-11-01—2005-03-31

it Total 4 332 3426 7758

BEURS EE Overall accuracy 69.49%

*x3

AE&EWH AMSR-EEXREEFRNRAEBEERRE
Table 3 Errors and accuracy of AMSR-E SWE products in the different stations

AMSR-E Tk 44 AMSR-E SWE WRERE B Overall BUEHSE Snow
H5 AR BIWEAK B AR A
— 5Pk Agreement JE — Pk Disagreement Days in accuracy accuracy
Code Climate station name Land cover type
AT Snow JEAR T No snow £l Extra il Missed record (d) 0 0
1 4 9] Habahe 4 M Croplands 49 57 0 300 406 26.11 14. 04
2 K Jy Jimunai E i Grasslands 293 36 10 58 397 82. 87 83.48
3 15 #F Fuhai HHb Grasslands 292 57 25 41 415 84. 10 87.69
4 Py ¥y 2% Aletai EH Grasslands 122 38 0 246 406 39.41 33.15
5 2 2% Fuyun EH Grasslands 283 38 27 44 392 81. 89 86. 54
6 B Tacheng i Grasslands 148 82 13 148 391 58. 82 50. 00
7 A FLFE IR T Il F 9 DA 192 90 18 91 391 72.12 67. 84
Hebukesaier Open shrub lands
8 H 7 Qinghe EH Grasslands 345 28 7 32 412 90. 53 91.51
9 [IERAIINS] il o 2 S 139 103 99 56 397 60. 96 71. 28
Alashankou Urban and built-up
10 FEH Tuoli HiHh Grasslands 276 48 45 16 385 84.16 94.52
11 Jt 111 Beitashan i Grasslands 34 60 34 262 390 24.10 11.49
12 Wi R Wenquan KL Grasslands 234 82 3 71 390 81.03 76.72
13 5 Jinghe 4 1l Croplands 86 181 7 116 390 68. 46 42,57
14 A F Shihezi I T SR b 210 87 11 70 378 78.57 75.00
Urban and built-up
15 385 Caijiahu il Grasslands 246 91 5 35 377 89. 39 87.54
16 #F 6 Qitai i Grasslands 199 73 0 91 363 74.93 68.62
17 7 Yining 4 M Croplands 218 98 37 32 385 82.08 87.20
18 8 75 Zhaosu 4 1l Croplands 179 61 0 123 363 66.12 59. 27
19 L& RS T SR H 162 75 3 127 367 64.58 56. 06
Urumchi Urban and built-up
20 595 Wusu H i Grasslands 236 63 45 19 363 82. 37 92.55
Bt Total 3943 1448 389 1978 7758 69. 49 66.59
‘B 43t Percentage of total (%) 50. 82 18. 66 5.01 25.49
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2.2 4R B4 MODAEL #5 & 5 #F

fEJLER X 3 A FHE R, G ag 438 ASBFAHA MODAETL E4 X N 1 1l 115 6 0 W00 ) FF A 5 3L o
8 028 Xf . X & AR AR IT [R5 & i WL A 1 43 6 3l X B 43 B R W] MODAET B8 643 K5 E
76.36 %, FUF PUGIRG BE Ik 76. 4320 (£ 4, X H AMSR-E 57K 2 57 fh . &4 6 5l i BUS U0 AR 4 v
R Al W E i KA A I L YR ol L BT LIRS N 14, 04 %0 $E F 75. 56 % . MODAEL H AMSR-E SWE [
BRSP4 e 1000, HARE BT & BRI 43 80 BE T LR B, 3 RS 2R 10 SRS B2 174,96 %%
~79.96% ,FUFH KK BE N 76. 2% ~T76. 7% , MR K 18. 3% ~31. 0%, IR 2 K 23. 3% ~23. 8% , H,
2003 4F 11 4 —2004 4F 3 H S R BLEH PUNKS B I3 5) . Xt H AMSR-E 5K 5=, ZIRZMA L
T U 0 5% 2 s/ e B AR 3k 1006
2.3 AR KA SR BB R

XF b A3 AT A s X 3 AN BT ZR ) 4 A [F] b B 55 28 T 0 A B TR B 2 B AE AR TR D i 1 R A
FUI T B AR b b A R S A B R IS B4 Bl 74, 4% .77, 6% ,72. TY% F 75. 1% , Baoks B 4y B3k 78.12% ,
76.58% ,73. 77 % M1 75. 65 %  Z MR E 4 F K 12.9%,27. 5% ,23. 4 W F1 28. 4% (5 6), A MEBRIEHR X MRS
PUMRG B f 18 3917 8 500 Pt R R 22 T ] T A 1 R S JDRS B eI . 10 R A A 3 0 P b 1y 22 0 5%
eI K TETF FETE N b 0 T iR 22 Je kG

R4 TREHERBEGHNREBERRE

Table 4 Errors and accuracy of composite image MODAEI in the different stations

A e B MODAEL IGEPN SRS 2 AT RS 2

455 SR
—#E Agreement JF—# 1k Disagreement  Days in Overall accuracy Snow accuracy
Code Climate station name
19 Snow JEAH T No snow £l Extradiiill Missed record (d) P 0

1 W5 B Habahe 272 61 2 88 423 78.72 75.56
2 K Jy Jimunai 331 30 15 34 410 88.05 90. 68
3 f&¥ Fuhai 305 60 25 32 422 86.49 90. 50
4 fif & 7% Aletai 218 39 0 157 414 62.08 58.13
5 & % Fuyun 316 41 28 27 412 86. 65 92.13
6 I Tacheng 162 92 14 142 410 61.95 53.29
7 A 765 /K Hebukesaier 216 85 26 81 408 73.77 72.73
8 77 Qinghe 346 28 8 25 407 91. 89 93. 26
9 BTHL L H Alashankou 175 122 95 20 412 72.09 89. 74
10 FLH Tuoli 292 35 64 12 403 81. 14 96. 05
11 Jt¥5 1l Beitashan 54 47 48 241 390 25.90 18. 31
12 Wi R Wenquan 249 85 4 64 402 83.08 79.55
13 KW Jinghe 130 184 11 71 396 79.29 64.68
14 177 F Shihezi 232 96 11 63 402 81.59 78. 64
15 £ R Caijiahu 249 89 10 33 381 88.71 88. 30
16 &6 Qitai 229 75 3 75 382 79.58 75.33
17 B Yining 234 101 45 23 403 83.13 91.05
18 I 75 Zhaosu 222 67 3 113 405 71.36 66. 27
19 £ K 5% Urumchi 179 72 9 111 371 67.65 61.72
20 95 Wusu 240 70 43 22 375 82. 67 91. 60
it Total 4651 1479 464 1434 8 028 76.36 76.43

H 43 It Percentage of total (%) 57.9 18.4 5.8 17.9
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Table 5 Errors and accuracy of composite image MODAEI in the different snow cover seasons

2 (1 ] Time KL aH MODAE]1
(4-H-H Year-month-day) Climate station 195 Snow JToE No snow Bl Total
T Snow 1595(76.7%) 4 842(23.3%) 2079
JEME No snow 124(18.3%) 555(81.7%) 679
2002-11-01—2003-03-31
it Total 1719 1039 2 758
SKG B Overall accuracy 77.96 %
19 Snow 1572(76.3%) 487(23.7%) 2 059
T No snow 149(31.0%) 332(69.0%) 481
2003-11-01—2004-03-31
T Total 1721 819 2 540
SR Overall accuracy 74.96 %
E Snow 1484(76.2%) 463(23.8%) 1947
TE No snow 191(24.4%) 592(75.6%) 783
2004-11-01—2005-03-31
#it Total 1675 1 055 2 730
SR E Overall accuracy 76.04%
FE Snow 4 651(76.4%) 1434(23.6%) 6 085
FE No snow 464(23.9%) 1479(76.1%) 1943
2002-11-01—2005-03-31
EiF Total 5115 2913 8 028
K Overall accuracy 76.35%

R6 EFRIMAAFHTEREGHNREBEMRE

Table 6 Errors and accuracy of composite image MODAEI under the different land cover conditions

i A S A KA MODAEI Bt
Land cover type Climate station 195 Snow JERE No snow Total
% Snow 858(74.4%) 295(25. 6 %) 1153
JHE No snow 61(12.9%) 413(87.1%) 474
4% H Croplands
it Total 919 708 1627
SR EE Overall accuracy 78.12%
197 Snow 2 991(77. 6%) 864(22.4%) 3 855
TE No snow 262(27.5%) 691(72.5%) 953
E i Grasslands
T Total 3 253 1 555 4 808
SR B Overall accuracy 76.58%
T Snow 216(72.7%) 81(27.3%) 297
- FRE No snow 26(23.4%) 85(76.6%) 111
JF [ 9 #E P\ Open shrub lands
ET Total 242 166 408
EURS B Overall accuracy 73.77%
1 Snow 586(75.1%) 194(24.9%) 780
Ik T R e JFE No snow 115(28. 4 %) 290(71.6%) 405
Urban and built-up it Total 701 484 1185
K EE Overall accuracy 75.65%

2.4 RERLASRBERT RIS L0 Y0

AL 3 BT 01T 20 /M0 5 3 UL 60 550 15 4600 45 P 1950 226 R L e 1 6 5 R AR T
10 cm B AT R BER A DU I AR . BT VREE )y 110 om B . 2 B MODAET Ry BT L1 5
B 60. 6625 45 BN 31~40 em B BU PLHIRFEEIE] 90. 1990 HBUTRREERT 41 cm B . BU SUHRRE T
TR G 7) BT At FE AR A BN S8 . TN LT 5 5 R AR LS R
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Table 7 Errors and accuracy of composite image MODAEI under the different snow depth conditions

B IR — (M Agreement 4k —H#t Disagreement SR R RN
Station snow depth (cm) 1% Snow T E No snow £l Extra W Missed Days in record (d) Snow accuracy (%)
0 0 1479 464 0 1943 —

1~10 1152 0 0 747 1 899 60. 66
11~20 1 815 0 0 378 2193 82.76
21~30 1128 0 0 226 1 354 83.31
31~40 432 0 0 47 479 90. 19
41~50 101 0 0 23 124 81.45
51~60 23 0 0 13 36 63. 89

B Total 4651 1479 464 1434 8 028 76.43

A6 G 58 H X MODI10AL % H B 48257 5V AMSR-E 4 H 55 7K 24 8 7= 5 DL R — 3% i A iR % MO-
DAEL fyXf Eb 43 B & B, Bk AMSR-E 5 H 55 7K 24 5 7 i 2 JCECHE (255) 19 X384 A BB AT DUAR B b 35 B = 1
S 5 Ml S B FR S e R S [l . T AMSR-E % H 257K 2 577 5 19 25 [ 43 BE o 25 km, [/ — MME R
PNE AL Z R ) . 7 MODI0AT & H LS 43 2877 5 A K6 1 = 81 35 09 X8R, & B A8 B IR 3R B — e &
7 TR R B 5SS 1 A A KB D, ORISR 0 A B TR T R — 25 0 5 O Y 1]

3 4ig

Je g X AMSR-E 257K 24 5 7= 5 (1 7 4 B R BIRE JE 66. 59 %0 B 43 K5 E N 69. 49 %, B+ AMSR-

E K Y 577 23 ) 43 BER AR, W — MR R N E AR Z Ry W H AN T 0.5 em MBS HIRE Ty 25 Rt

| | HiHh Land .
I P9 B K R BRI 9 Water or lake 3 $\ A ’ F

1 | = Cloud . ‘ _ “%}r \ |l fh Land ) : 1

. ] ) L
Bl REsnow [ L e ¥R W Show -
¥ wE /
’ & s L) ‘
- 5 |

iRy

I g |

055110 220 "
a — i = b

|k H Land
- M |3$7J<17$j/$)§ /EI Water or lake
i = Snow e W,

£ i} B 1 20024 11 A 1 B MOD10A1 £& (a) ,AMSR-E

G0N =

K - SWE 1% (b) f & B B 1% (c)
oW, . ' Fig.1 MODI10A1 (a), AMSR-E SWE (b) and composite

image MODAE1 (c) on November 1, 2002
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FRE B IR BE AR AN I8 A X IO ) A H AR 43 A1 0 A 3 28 W . AR A B 52 42 s i 3 kL 5 R EIR
MODAEL 7] Lh4545 MODIS A8 (1923 [0 43 BE £ fl AMSR-E & H K 5577 A Z = TH A0 8 4 KA
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Dynamic monitoring of snow cover based on MOD10A1 and AMSR-E
in the north of Xinjiang Province, China
FENG Qi-sheng, ZHANG Xue-tong, LIANG Tian-gang
(College of Pastoral Agriculture Science and Technology, Lanzhou University; Key Laboratory of
Grassland Agro-ecology System, Ministry of Agriculture, Lanzhou 730020, China)

Abstract: Accurate monitoring of snow-covered areas plays a significant role in dynamic studies and prevention
of snow-caused disasters and of sustainable development in pastoral areas. Using snow cover products and
climatic station data, the snow classification accuracy was analyzed for AMSR-E daily SWE (snow water equiv-
alent) products and composite images using AMSR-E SWE and MODI10A1 daily snow cover products in the
three snow seasons of November 1 to March 31 from 2002 to 2005 in the north of Xinjiang Province. Results
suggested that the snow classification accuracy for AMSR-E daily SWE products is 66. 59% and the overall
accuracy is 69. 49%. The composite images (denoted MODAE1L), calculated by the user-defined composite
algorithm, combined the advantages of AMSR-E SWE products that are not affected by weather and of
MODI10A1 daily snow cover products with higher spatial resolution so that the snow classification accuracy
reached 76.43%. The snow depth and land cover have an important effect on the accuracy of snow classification
for the MODAET composite images. The snow classification accuracy for the composite images increased when
the snow depth (SD) was between 1 and 40 cm, reached 90. 19% when SD was 31 —40 cm; but started to
decrease when SD was more than 40 cm. The snow classification accuracy in the pastoral areas reached 77. 6% ,
but declined to 72. 7% in open shrub land areas.

Key words: MODIS; AMSR-E; snow water equivalent; snow composite product; accuracy analysis



