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Evaluation and Improvement of Snow Cover
Detection from MODIS Images
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Abstract

Information from snow cover as one of the major resources of
the groundwater, drinking, and agriculture water has a
significant importance in water resources management. One
of the important sources of data for snow cover detection are
the MODIS satellite images, from which the snow products
are routinely produced. This research aims to improve the
snow cover detection algorithm of MODIS using topography
correction and Land Surface Temperature (LST)
thresholding. In this regard, Northwestern part of Iran was
selected as a pilot area. Because of the lack of field snow area
data the Landsat 8 images were chosen as ground truth. Five
appropriate simultaneous MODIS and Landsat 8 images in
years 2014 and 2015 were prepared and 5 samples with
10000 pixels in each MODIS image were selected. Three
algorithms were then implemented. The first one with
MODIS snow product method achieved the mean absolute
relative error of 3.44 percent. In the second algorithm
topographic correction was implemented which reduced the
error to 2.25 percent. The third algorithm investigated land
surface temperature thresholding effect, which in the best
value of LST with considering 278 K threshold yielded to
mean absolute relative error of 2.58 percent. Hence, results
indicated the proficiency of the provided algorithms in the
study area, comparing with the standard method.

Keywords: MODIS images, Landsat 8 images, Snow cover
area, Land Surface Temperature, Topographic correction.
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Fig. 1. General reflectance curves for dominant land covers and MODIS land Landsat TM band passes
(Klein et al., 1998)
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Fig. 3. Result of implementing the first algorithm on
MODIS image of 26 February 2015 (right), and
equivalent Landsat 8 image (left)
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Table 2. Snow cover results of first algorithm (implementing NDSI) on samples with 10000 pixels
SV o oo v diged 59, (NDSI ad L Jlos!) Syl ot 55! & by yo by b gl ¥ Jgo>

Sample  Image date  MODIS sample MODIS sample Landsat-8 Relative error (%)  Snow cover
Number pixels with pixels with  sample pixels (MODIS with fraction
NDSI>0.3 NDSI>0.4 with NDSI>0.4 NDSI>0.4) (%)

1 10 February 2084.00 2067.00 2041.00 1.27 82.68
2 2014 1853.25 1833.75 1764.50 3.92 73.35
3 1228.00 1203.75 1124.50 7.05 48.15
4 14 January 895.50 826.25 806.00 2.51 33.05
5 2015 381.25 370.50 388.25 -4.57 14.82
6 1020.75 958.50 942.50 1.70 38.34
7 6 February 1186.75 1167.75 1128.75 3.46 46.71
8 2015 1010.75 943.75 927.50 1.75 37.75
9 981.50 917.75 848.00 8.23 36.71
10 26 Feb 1385.75 1311.75 1333.25 -1.61 52.47
11 ol6 . 43125 367.25 398.50 7.84 14.69
12 785.75 758.25 729.00 4.01 30.33
13 15 Feb 1633.75 1593.25 1587.00 0.39 63.73
14 oors ) 49725 473.75 462.00 2.54 18.95
15 519.25 498.25 502.00 -0.75 19.93
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Table 3. Snow cover results of second algorithm (topographic correction and NDSI) on samples with 10000
pixels

SV e e e v sladiged g9, (NDSI asld g ()5 g5 guonal) @93 w0 yoNl 1 bgypo By b gl - ¥ Jgu>

Sample  Image date MODIS sample MODIS sample Landsat-8 sample Relative error (%) Show cover
Number pixels with pixels with pixels with (MODIS with fraction
NDSI>0.3 NDSI>0.4 NDSI>0.4 NDSI>0.4) (%)

1 10 February 2072.50 2055.50 2043.75 0.57 82.22
2 2014 1809.00 1790.00 1780.25 0.55 71.60
3 1205.25 1181.50 1135.75 4.03 47.26
4 14 January 881.25 813.25 817.50 -0.52 32.53
5 2015 381.25 370.50 388.75 -4.69 14.82
6 1010.75 949.25 949.25 0.00 37.97
7 6 Feb 1172.25 1154.50 1136.50 1.58 46.18
8 o015 99250 932.50 941.50 -0.96 37.30
9 916.25 864.00 891.50 -3.08 34.56
10 26 February 1380.50 1306.75 1334.00 -2.04 52.27
11 2016 436.25 367.00 400.50 -8.36 14.68
12 783.25 755.75 729.00 3.67 30.23
13 15 February 1630.75 1590.50 1587.00 0.22 63.62
14 2015 497.25 473.75 462.00 2.54 18.95
15 518.50 497.50 502.00 -0.90 19.90
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Table 4. Snow cover results of third algorithm (Thresholding on LST and NDSI) on samples with 10000

pixels
S Y e oo v glrdiged g3, (NDSI yad L g LST ailiw] Jlos!) pows ats ;0501 4 bgs o o o gl gl —F Jgu
Sample Image date LST filter ~ MODIS sample MODIS sample  Landsat-8  Relative error ~ Snow
number temperature pixels with pixels with  sample pixels (%) cover
(K) NDSI>0.3and NDSI>0.4 and with (MODIS with  fraction
LST filter LST filter NDSI>0.4 NDSI>0.4) (%)

278 2084 2067 2041 1.27 82.68

1 283 2084 2067 2041 1.27 82.68
288 2084 2067 2041 1.27 82.68

10 February 278 1850.25 1831.25 1764.5 3.78 73.25

2 2014 283 1853.25 1833.75 1764.5 3.92 73.35
288 1853.25 1833.75 1764.5 3.92 73.35

278 12175 1193.25 11245 6.11 47.73

3 283 1228 1203.75 11245 7.05 48.15
288 1228 1203.75 11245 7.05 48.15

278 884 821.75 806 1.95 32.87

4 283 884.5 821.75 806 1.95 32.87
288 895.5 826.25 806 251 33.05

14 January 278 380.75 370.5 0 - 14.82

5 2015 283 380.75 370.5 0 - 14.82
288 381.25 370.5 0 - 14.82

278 1014.25 957 942.5 1.54 38.28

6 283 1014.75 957 942.5 1.54 38.28
288 1020.75 958.5 942.5 1.70 38.34

278 1172.75 1160 1128.75 2.77 46.40

7 283 1183.75 1166.25 1128.75 3.32 46.65
288 1186.75 1167.75 1128.75 3.46 46.71

6 February 278 992.75 938 927.5 1.13 37.52

8 2015 283 1003 942.75 927.5 1.64 37.71
288 1010.75 943.75 927.5 1.75 37.75

278 938 887.25 848 4.63 35.49

9 283 974.75 913.25 848 7.69 36.53
288 981.5 917.75 848 8.23 36.71

278 1385.5 1311.75 0 - 52.47

10 283 1385.75 1311.75 0 - 52.47
288 1385.75 1311.75 0 - 52.47

26 February 278 408.75 352.25 0 - 14.09

11 2016 283 417.25 356 0 - 14.24
288 437.25 367.25 0 - 14.69

278 785.75 758.25 729 4.01 30.33

12 283 785.75 758.25 729 4.01 30.33
288 785.75 758.25 729 4.01 30.33

278 1633.75 1593.25 1587 0.39 63.73

13 283 1633.75 1593.25 1587 0.39 63.73
288 1633.75 1593.25 1587 0.39 63.73

15 February 278 493.5 471.5 462 2.06 18.86

14 2015 283 497.25 473.75 462 2.54 18.95
288 497.25 473.75 462 2.54 18.95

278 5115 4955 502 -1.29 19.82

15 283 516.75 497.75 502 -0.85 19.91
288 519.25 498.25 502 -0.75 19.93
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Fig. 6. Sample MODIS subimage of 2hgtelgebruary 2015 with LST<2EB_KﬁdN—DSI>h8(.ZS (right), and NDSI>0.3
left
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20-Hierarchical Data Format
21-Digital Elevation Model
22-Shuttle Radar Topography Mission
23-Raw Data

24-Radiance

25-local Solar Illumination Angle
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