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Fig. 4 Snowmelt process photos (a) and their orthographic projection maps (b) in a small watershed
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Table 1 Calculated and measured projection center projection centers
/m /m /m
X’ Y’ A X Y, Zs AX AY NZ
IMG 1529 577807.60  4238430.92 3133.68 577793.0 4238422. 45 3150 14. 60 8.47 —16. 32
IMG 1535 577801.04  4238412. 54 3147.72 577793.0 4238422. 45 3150 8. 04 —9.91 —2.28
IMG 1546 577781.91 4238408. 92 3139. 65 577793.0 4238422. 45 3150 —11.09 —13.53 —10. 35
IMG 1556 577784.78  4238393.12 3152.61 577793.0 4238422. 45 3150 —8.22 —29. 33 2.61
IMG 1562 577786.78 4238392.51 3151.18 577793.0 4238422. 45 3150 —6.22 —29.94 1.18
IMG 1573 577788.59  4238385. 45 3156. 46 577793.0 4238422. 45 3150 —4.41 —37.00 6. 46
IMG 1580 577772.57 4238398.71 3128.01 577793.0 4238422. 45 3150 —20.43 —23.74 —21.99
IMG 1587 577850.76  4238452.10 3149. 00 577793.0 4238422. 45 3150 57.76 29. 65 —1.00
IMG 1603 577788.05 4238388.17 3154. 29 577793.0 4238422. 45 3150 —4.95 —34.28 4.29
IMG 1608 577788.26  4238385. 23 3157.17 577793.0 4238422. 45 3150 —4.74 —37.22 7.17
IMG 1629 577783.69  4238407. 87 3138. 96 577793.0 4238422. 45 3150 —9.31 —14.58 —11.04
IMG 1657 577750.92  4238422. 46 3117.79 577793.0 4238422. 45 3150 —42.08 0.01 —32.21
IMG 1663 577785.87  4238406. 39 3138.21 577793.0 4238422. 45 3150 —7.13 —16. 06 —11.79
IMG 1687 577754.99  4238380. 26 3151. 40 577793. 0 4238422. 45 3150 —38.01 —42.19 1.40
IMG 1692 577775.66  4238422.52 3109. 41 577793.0 4238422. 45 3150 —17. 34 0.07 —40.59
IMG 1696 577783.62  4238407.01 3139. 97 577793.0 4238422. 45 3150 —9.38 —15. 44 —10.03
IMG 1702 577786.56  4238408. 09 3140. 23 577793.0 4238422. 45 3150 —6. 44 —14. 36 —9.77
IMG 1713 577770.22 4238422.53 3116.18 577793.0 4238422. 45 3150 —22.78 0.08 —33.82
IMG 1717 577783.61 4238407.58 3139. 28 577793.0 4238422. 45 3150 —9.39 —14.87 —10.72
IMG 1744 577774.51  4238422. 48 3111.12 577793.0 4238422. 45 3150 —18. 49 0.03 —38. 88
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2
Table 2 The check points of the orthographic projection of snow cover, together with their errors
/m /m /m
X, Y, Zy X7 Y’ AN AX AY NZ
1 576325.00 4236808. 80 3160. 00 576350.51  4236819. 00 3157. 36 25.51 18. 20 —2.64
2 575477.30  4236346. 10 3407. 23 575471.90  4236352.70 3403. 90 —5.40 6. 60 —3.33
3 575744.15 4236514, 20 3305. 00 575734.88 4236518. 50 3307. 38 —9.27 4.21 2.38
4 575155.32  4236022. 00 3552. 22 575146.93  4235988. 30 3561.53 —8.39 —33.53 9.31
5 576261.89 4236491. 30 3272.00 576253.51 4236480. 10 3276. 00 —8.38 —11.18 4. 00
, 30 a s 15 m
’ 4
A H ’
2670 m, s s
45°, N N N N
° b A N Ll(jj . b
, , ,
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3.3.2 s N
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—3.33~9m s s
1 s 4 ,
s AX, AY ., AZ
2551, 18 2 m 9. 31 m, 2,3 5 s
s AX., AY ., AZ 15 m. , s s
, , s s
> N N s
5 m, )

30 m



623

’

20 AX —9.27~25 51
m , AY —33.53~18 2 m, AZ
—3.33~9m
s X
Y s
4 GB/T12979 — 2008 )
[17] s
MODIS
[18—23] ,
1 17 km®
s MODIS
500 mX500 m

(References) :

[1] Wang Jian Li Wenjun.
snowmelt runoff for large scale basin in western Chinal J].

Journal of Glaciology and Geocryology, 1999, 21(3): 264 —

Establishing simulated model of

(2]

(3]

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

268. [ s
[J]. , 1999, 21(3): 264—268. ]
Rango A. Spaceborne remote sensing for snow hydrology ap-
plications[]J]. Hydrological Sci J, 1996, 41(4); 281—292.
Fu Guobin, Liu Changming. Advances in applications of re-
mote sensing data to hydrology[ ]J]. Advances in Water Sci-
ence, 2001, 12(4) . 547—558. [ , .
0l . 2001, 12

(4): 547—558. ]
Liu Junfeng, Chen Rensheng. Validation of MODIS snow
covered days by the combined using of MODIS Aqua and Ter-
ra snow cover products and in-situ observations all over China
[J]. Journal of Glaciology and Geocryology, 2011, 33(3):
504—511. [ . MODIS

1. , 2011, 33(3):
504—511. ]
Xu Xinkui. Spatiotemporal variation and regional distribution
characteristics of snowfall in China from 1970 — 2000 [ ] ].
Journal of Glaciology and Geocryology, 2011, 33(3). 497 —
503. [ . 1970—2000

[J]. . 2011, 33(3): 497—503. ]
He Liye, Li Dongliang. Classification of snow cover days and
comparing with satellite remote sensing data in west China
[J1. Journal of Glaciology and Geocryology, 2011, 33(2):
237—245. [ s .
[l , 2011, 33(2): 237—
245. ]
Feng Wenhao.
Wuhan University Press, 2002; 1—16. [
[M]. , 2002: 1—16. ]

Zhang Xiuping, Zou Zhengrong, Yu Jiayong, et al. Applica-

Close-range Photorammetry [ M]. Wuhan;

tion of digital close-range photo grammetry in measuring
growth of plants[J]. Journal of Geomatics, 2008, 33(4); 24
—26. [ , , P

LIl , 2008, 33
(4, 24—26.]
Feng Zhongke, Yin Jianjian, Jia Jianhua. et al. Forest meas-
urement in fixed sample plot by digital close-range photogram-
metric survey [ J ]. Journal of Beijing Forestry University,
2001, 23(5): 15—18. [ s s s

[Jl.
, 2001, 23(5): 15—18. ]

Wan Youchuan, Zhang Yongjun. Progresses and trends of
photogrammetry and remote sensing[ J]. Geotechnical Inves-
tigation & Surveying, 2009, 19(6): 6 —12. [ ,
. [J]. ,
2009, 19(6): 6—12. ]
Corripio ] G. Snow surface albedo estimation using terrestrial
photography[ J]. Int. J. Remote Sensing, 2004, 25(24):
5705—5729.
Farinotti D, Magnusson J, Huss M, et al. Snow accumula-
tion distribution inferred from time-lapse photography and
simple modeling[ J]. Hydrological Processes, 2010, 24 2087
—2097.
Tong Qingxi, Zheng Lanfen, Wang Jinnian Wang Xiangjun et
al. Study on imaging spectrometer remote sensing information
for wetland vegetation[ J]. Journal of Remote Sensing. 1997,
1(1): 40—57. [ s s s



624

34

L1l , 1997, 1(1): 40—57.]

[14] Peng Yongchao. Data processing and error analysis of low al-
titude areo-photographic measurement[ J]. EPG, 2008, 18
(2): 78—81L. [

[1]. , 2008, 18(2): 78—81.]

[15] Li Deren, Wang Shugen. Zhou Yueqing. An Introduction to
Photogrammetry and Remote Sensing[ M]. Beijing: Survey-
ing and Mapping Press, 2008, 146—148. [ . ,

. [M]. : ;
2008, 146—148. ]

[16] Yang Zhaohui, Li Hao, Yang Lin. Research on measurable
digital camera[ J]. Engineering of Surveying and Mapping.
2003, 12(2): 34—37. [ , s .

L1l , 2003, 12(2): 34—37.]

[17] Song Yaodong, Duan Yihong. Xu Zhuoyou, et al. Specifica-

tions for close-range photogrammetry ( GB/T 12979-2008)

[S]. Beijing: China Standards Press, 2008: 1—23. [ ,
s y . (GB/T 12979-2008)
[s]. : ., 2008; 1—23. ]

[18] Dery SJ. Salomonson V V, Stieglitz M, et al. An approach
to using snow areal depletion curves inferred from MODIS and
its application to land surface modeling in Alaska[]]. Hydro-
logical Processes, 2005 19, 2755—2774.

[19] Brown L, Thorne R, Woo M K. Using satellite imagery to
validate snow distribution simulated by a hydrological model
in large northern basins[J]. Hydrological Processes, 2008,
22. 2777—2787.

[20] Immerzeel W W, Droogers P D, Jong S M, etal. Large-scale
monitoring of snow cover and runoff simulation in Himalayan
river basins using remote sensing[ J]. Remote Sensing of En-
vironment, 2009, 113: 40—49.

[21] Shamir E, Georgakakos K P. Distributed snow accumulation
and ablation modeling in the American River basin[J]. Ad-
vances in Water Resources, 2006, 29. 558 —570.

[22] Li Hongyi, Wang Jian. The snowmelt runoff model applied in
the upper Heihe River Basin [ J]. Journal of Glaciology and
Geocryology, 2008, 30(5): 769—775. [ . . SRM

(1l .
2008, 30(5); 769—775. ]

[23] Liu Junfeng, Yang Jianping, Chen Rensheng, et al. The
Simulation of snowmelt runoff model in the Dongkemadi River
Basin, Head water of the Yangtze River[J]. Acta Geographi-
ca sinca, 2006, 61(11); 1149—1159. [ s s

, . SRM
[J]. ., 2006, 61(11); 1149—1159.]

Mapping Snow Cover Based on Digital Photogrammetry
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Abstract: Spatial and temporal distribution of snow
cover is complicated and greatly affected by topog-
raphy, land cover, radiation and snow drifting.
Snow cover information with high spatial and tem~
poral resolution is hard to obtain by in-situ meas-
urements or satellite image. In this paper, a small
watershed of Hulugou River was selected as a con-
ventional photography experiment field. It was
tried to use photos by using photogrammetry to
obtain spatial distribution information of snow cov-
er through orthographic Projection system. It was

found that between the measured and the calculat-

ed projection centers there was a difference AX of
—9.27~25 51 m, a difference AY of —33.53~
18 2 m and a difference AZ of —3.33~9 m. Error
analysis of single snow cover map shows that the
differences in X, Y and Z are —9.27~25. 51 m,
—33.53~18 2 m and —3.33~9 m, respectively.
Further analyses indicate that the precision of snow
cover mapping depends on precision of DEM , pho-
tographic distance and photographic angle. How-
ever, with the improvement of basic topographic
data, snow cover map derived from photogramme-

try will be advanced.

Key words: photogrammetry; snow cover; error analysis



