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Abstract: Mapping the spatial and temporal dynamics of cropland is an important prerequisite for
regular crop condition monitoring, management of land and water resources, or tracing and
understanding the environmental impacts of agriculture. Analyzing archives of satellite earth
observations is a proven means to accurately identify and map croplands. However, existing maps
of the annual cropland extent either have a low spatial resolution (e.g., 250-1000 m from Advanced
Very High Resolution Radiometer (AVHRR) to Moderate-resolution Imaging Spectroradiometer
(MODIS)); and existing high-resolution maps (such as 30 m from Landsat) are not provided
frequently (for example, on a regular, annual basis) because of the lack of in situ reference data,
irregular timing of the Landsat and Sentinel-2 image time series, the huge amount of data for
processing, and the need to have a regionally or globally consistent methodology. Against this
backdrop, we propose a reference time-series-based mapping method (RBM), and create binary
cropland vs. non-cropland maps using irregular Landsat time series and RBM. As a test case, we
created and evaluated annual cropland maps at 30 m in seven distinct agricultural landscapes in
Xinjiang, China, and the Aral Sea Basin. The results revealed that RBM could accurately identify
cropland annually, with producer’s accuracies (PA) and user’s accuracies (UA) higher than 85%
between 2006 and 2016. In addition, cropland maps by RBM were significantly more accurate than
the two existing products, namely GlobaLand30 and Finer Resolution Observation and Monitoring
of Global Land Cover (FROM-GLC).

Keywords: Central Asia; Xinjiang; Aral Sea Basin; cropland mapping; Google Earth Engine;
Landsat; reference time series
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Figure. S1 Cropland distributions of two sub-regions in Bole (BL).
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Figure. 52 Cropland distributions of sub-regions in Manas (MNS). Note: The NDVI images were
composed by R, NDVI in September, G: NDVI in July, B: NDVI in May.
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NDVI Image RBM Result
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Figure. S3 Cropland distributions of sub-regions in Luntai (LT). Note. The NDVI images were
composed by R, NDVI in September, G: NDVI in July, B: NDVI in May.

2006

Figure. S4 Cropland distributions of sub-regions in Yining (YN). Note: The NDVI images were
composed by R, NDVI in September, G: NDVI in July, B: NDVI in May.
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Figure.S5 Some of Cropland, Bareland and Grass & Shrub NDVI time series. Note: The NDVI images

were composed by R, NDVI in September, G: NDVI in July, B: NDVI in May.
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Table S1 Gini Importance score for different time phases and features (BL).

Time Blue Green Red NIR SWIR1 SWIR2  NDVI NBR NDMI VIG NDWFI Sum
Apr 7.26 6.9 14.28 1.82 12.34 6.94 25.55 2.96 1.69 1.54 1.08 82.36
May 14.86 26.4 17.65 28.72 1.9 9.19 25.13 22.63 15.14 19.15 19.59 200.36
Croplan June 18.47 11.97 10.14 157.62 6.39 24 229.87 25281  127.89 82.79 0.29 922.24
d July 23.1 17.13 16.94 101.75 1 5.06 307.61 32.9 13.72 22.2 1.03 542.44
/Barela Aug 21.83 16.04 21.71 111.41 1.34 14.64 170.03 80.41 60.12 41.29 1.58 540.4
nd Sep 19.08 7.48 6.4 71.3 1.8 1.82 149.65 18.27 9.59 10.95 6.26 302.6
Oct 3.57 421 6.35 1.15 0.6 0.42 54.92 1.98 0.54 6.16 0.44 80.34

Sum 108.17 90.13 93.47 473.77 25.37 62.07 962.76 41196  228.69  184.08 30.27
Apr 2.44 3.52 6.95 3.37 8.34 3.11 4.56 2.58 2.33 5.43 16.45 59.08
Croplan May 14.33 15.21 15.46 9.79 4.89 18.1 9.46 13.6 11.46 11.47 9.75 133.52
q June 19.77 13.34 5.15 96.83 4.74 22.76 54.02 120.55 82.55 53.96 2.87 476.54
IArtifici July 22.46 4.43 114 46.08 3.4 4.66 24.92 26.54 12.13 10.38 14.05 180.45
al Aug 35.27 2.52 6 56.83 4.63 9.32 76.44 62.62 28.89 42.18 6.73 331.43
surface Sep 9.74 2.68 7.46 123.54 11.08 6.58 36.93 19.43 14.02 9.79 4.06 24531
Oct 1.07 0.94 1.29 8.92 4.78 151 6.89 4.57 15 1.28 3.27 36.02

Sum 105.08 42.64 53.71 345.36 41.86 66.04 21322  249.80  152.88  134.49 57.18
Apr 21.9 24.97 10.95 3.24 9.06 13.3 17.06 1.15 2.55 2.95 21.26 128.39
May 43.32 21.02 16.6 4.39 2.05 7.58 11.77 6.38 5.79 5.59 5.6 130.09
Croplan June 24.39 8.02 15.1 9.82 3.01 249 7.45 7.93 10.77 2.78 112.81  204.57
d July 14.48 13.66 7.07 4.22 2.62 8.56 5.41 3.97 3.85 5.51 12.29 81.64
/Grass& Aug 37.3 3.1 411 3.3 4.36 5.79 5.57 7.06 9.97 2.57 4.58 87.71
Shrub Sep 57.1 9.13 5.16 10.71 2.81 231 4.16 6.84 7.01 271 2.68 110.62
Oct 12191 13468 174.59 4451 231 3.39 12.71 31.62 110.75 13.88 4.8 675.94

Sum 320.4 21458  233.58 80.19 47.01 43.42 64.13 64.95 150.69 35.99 164.02
Apr 0 0 0 63.23 72.98 53.07 67.95 0 0 0 0 257.23
May 0 0 0 68.08 92.04 102.58  102.72 0 0 0 0 365.42
Croplan June 0 0 0 82.4 78.15 101.93 48.94 0 0 0 0.01 311.43
q July 0 0 0.02 102 73.17 2.7 4.87 0 4.82 0 0 257.58
Water Aug 0 0 0 58.23 97.41 82.8 0 0 4.8 0 0 243.24
Sep 0 0 0 78.45 87.86 97.24 4.87 0 0 3.07 0 271.49

Oct 0 0 0 0 0 4.86 59.14 0 0 0 0 64
Sum 0 0 0.02 45239 501.61 515.18  288.49 0 9.62 3.07 0.01
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Table S2 Gini Importance score for different time phases and features (MNS).
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Time Blue Green Red NIR SV\ilR SV\éIR NDVI NBR NDIM VIG NEIW Sum
Apr 1.61 0.27 1.65 0.49 2.04 2.55 212 2.75 3.51 0.92 0.43 18.34
May 9.83 16.6 23.44 1.16 6.24 19.18 30.44 19.07 6.08 15.57 7.47  155.08
Cropla  June 6.88 14.04 14.88 4,99 11.01 13.35 14045 9152 82.09 88.7 1.82  469.73
nd July 116.06 57.69 3059 1191 6.57 3159 4566 4493 1279 13.99 438 376.16
/Barel  Aug 37.05 1491 25.15 14.99 2.61 1052 50.74 32.8 23.7 25.95 5.8 244.22
and Sep 1.12 0.81 0.63 6.36 0.26 1.35 8.54 3.33 4,93 2.1 1.34 30.77
Oct 0.73 0.43 0.49 4,59 0.37 0.45 3.9 0.26 0.93 0.18 0.22 12.55

Sum 173.28 104.75 96.83 4449 29.1 78.99 281.85 194.66 134.03 147.41 21.46
Cropla Apr 1.01 0.82 1.26 3.59 5.97 2.99 1.2 2.42 3.1 1.85 2.34 26.55
nd May 2.44 5.01 6.19 23.59 414 6.94 6.34 3.83 6.42 2.83 3.71 71.44
IArtifi June 11.73 2.93 3.84 62.2 2.35 3.61 61.29 47.4 26.12 23.84 1.64 246.95
cial July 50.37 9.84 3.79 23.45 1.73 1.91 37.23 10.13 9.12 454 165 153.76
surfac Aug 11.64 2.02 3.01 34.42 2.26 0.63 2219 1915 1043 7.58 1.22 11455
o Sep 1.75 0.53 0.7 58.68 15.35 1.4 4.63 3.43 0.91 0.48 4.43 92.29
Oct 0.84 0.25 0.71 21.11  19.89 1.72 3.9 0.55 0.87 1.16 2.08 53.08

Sum 79.78 21.4 195 227.04 51.69 19.2 136.78 86.91 56.97 4228 17.07
Apr 4.01 8.38 3.9 70.68 30.74 7.64 21.69 4.06 4.01 12.18 5.04 172.33
Cropla  May 11.08 6.93 9.52 4431 1452 1067 2035 1341 1091 14.72 8.21 164.63
nd June 4.96 5.52 5.01 7.72 12.32 6.57 1549 1221 10.63 4,57 2151 106.51
/Grass  July 2.2 3.53 3.81 2761 32.76 7.27 9.62 6.68 8.15 4,52 6.7 112.85
& Aug 4.2 3.3 7.16 34.01 7.76 3.52 14.02 5.18 7.54 3.38 421 94.28
Shrub Sep 8.99 5.02 3.58 21.6 8.39 5.66 11.79 4.65 47 3.41 13.01 90.8
Oct 37.16 12.16 7.13 2.04 2.21 7.92 11.22 3.43 2.48 3.1 2.82 91.67

Sum 72.6 4484 4011 207.97 108.7 49.25 104.18 49.62 48.42 45.88 61.5
Apr 0 0 0.08 4227 66.74 59.47 40.38 0 0.02 0.03 151 210.5
May 0.01 0 0 55.62 38.67 52.84 4214 0 0 0 0 189.28
Cropla  June 0 0 0 52.35 40.53 57.58 9.89 0.13 2.96 0 0 163.44
nd July 0 0 0 49.67 15.72 6.61 13.69 0 0.04 0 0 85.73
/Water  Aug 0 0 0 20.82 5.13 3.32 5.02 0.02 0 0.01 0 34.32
Sep 0 0 0 3.11 3.12 4.43 1.66 0 0 0 0 12.32
Oct 0 0.03 0 1.45 1.67 0.02 0 0 0 0 0 3.17

Sum 0.01 0.03 0.08 22529 17158 184.27 112,78 0.15 3.02 0.04 1.51
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Table S3 Gini Importance score for different time phases and features (LT).

Time Blue Green Red NIR SWIR1 SWIRZ2  NDVI NBR NDMI VIG NDWEFI Sum
Apr 5.76 6.28 6.23 0.22 5.9 3.37 9.73 8.35 3.1 1.66 3.18 53.78
May 0.76 1.43 4.15 0.73 1.88 1.94 25.3 6.66 12.25 414 4.14 63.38
June 3.35 3.73 2.62 2.46 0.16 2.64 129.43 4291 42.22 74.87 0.35 304.74
Cropland July 84.36 75.88 79.65 4 4.55 8453 17798  50.58 32.68 3.15 0.79 598.15
/Bareland Aug 2.68 7.24 17.24 5.39 0.52 5.04 179.75  34.69 49.9 26.32 0.54 329.31
Sep 18.03 5.68 7.59 0.32 0.75 1.87 81.48 8.15 4.9 391 1.37 134.05
Oct 76.5 23.83 18.9 0.23 0.48 0.34 23.99 20.33 6.08 0.52 0.92 172.12
Sum 19144 124.07 136.38 13.35 14.24 99.73 62766 171.67 151.13 114.57 11.29
Apr 2.92 1.49 1.85 0.47 0.62 1.72 2.69 2.25 3.56 1.56 2.01 21.14
May 8.39 8.87 14.15 59 3.17 11.87 20.39 28.04 21.48 13.28 7.99 143.53
Cropland June 5.47 5.6 4.87 6.12 2.06 7.17 9.89 24.45 22.64 15.04 0.77 104.08
/Artificial surface July 22.71 1.88 3.28 17.56 1.36 4.57 22.6 25.66 14.81 10.97 1.28 126.68
Aug 2.08 1.64 2.29 65.89 3.3 3.87 34.66 18.76 8.74 20.37 2.94 164.54
Sep 4.09 2.77 3.87 24.81 5.66 3.05 17.56 15.17 10.8 6.69 3.27 97.74
Oct 3.11 1.28 1.43 12.13 1.22 1.06 11.52 13.44 12.36 2.89 2.03 62.47
Sum 48.77 23.53 31.74 132.88 17.39 33.31 11931 12777  94.39 70.8 20.29
Apr 9.7 15.04 11.15 14.49 6.85 9.23 235 3.04 10.43 1441 3.98 121.82
May 36.83 20.94 7.85 130.55 13.39 18.06 48.46 20.95 39.54 32.47 23.07 392.11
Cropland June 29.04 17.14 12.03 58.45 8.84 10.89 43.55 9465 120.19 27.07 5.94 427.79
/Grass& Shrub July 16.62 20.19 37.88 170.9 30.44 16.36  136.38 1451 15.22 15.18 23.42 497.1
Aug 5.89 4.61 5.43 298.01 11.81 3.65 55.12 18.85 29.06 8.46 6.45 447.34
Sep 21.05 25.24 32.81 257.15 141.91 37.95 27.96 30.37 33.16 17.38 42.66 667.64
Oct 11.84 13.51 15.79 190.89 27.68 24.79 28.03 39.26 86.52 5.86 41.09 485.26
Sum 130.97 116.67 122.94 1120.44 240.92 120.93 363 221.63 334.12  120.83 146.61
Apr 1.58 3.48 3.84 0.44 2.64 1.16 3.71 0.29 0.11 0.14 0.54 17.93
May 0.59 1.34 0.38 0.53 0.37 1.39 16.41 0.27 0.35 0.11 1.65 23.39
Cropland June 1.18 2.8 2.83 0.17 2.61 7.15 32.72 22.2 153 3.71 1.53 92.2
\Water July 2.83 11.45 11.38 19.75 1.15 7.13 69.43 4.47 4.54 1.83 1.45 135.41
Aug 2.93 3.77 4.57 27.49 36.76 0.38 94.5 1.02 1.54 1.19 0.41 174.56
Sep 6.98 9.35 4.45 112.13 58.56 49.5 78.93 65.36  150.49 1.08 3.42 540.25
Oct 2.07 1.37 2.98 19.12 1.33 0.18 64.14 0.4 3.09 1.07 2.82 98.57

Sum 18.16 33.56 30.43 179.63 103.42 66.89 359.84 94.01 175.42 9.13 11.82
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Table S4 Gini Importance score for different time phases and features (YN).

Time Blue Green Red NIR SWIR1 SF\gI NDVI NBR NDMI VIG NDIWF Sum
Apr 0.45 0.73 0.73 1.96 0.64 0.98 1 0.94 1.13 0.98 1.83 11.37
May 4.83 343 5.58 0.53 2.81 3.33 11.76 4.15 12.43 7.34 2.33 58.52
June 47.8 42.64 23.83 0.86 12.08 4495 87.42 77.07 80.33 26.7 0.16 443.84
Cropland July 1.95 0.84 0.8 1.14 0.88 3.39 8.91 5.74 5.01 1.71 0.26 30.63
/Bareland Aug 5.53 3.18 5.71 6.18 1.02 9.52 24.28 41.54 23.98 10.43 0.86 132.23
Sep 0.93 0.64 1.05 1.53 0.73 0.5 3.13 3.08 2.01 0.8 0.87 15.27
Oct 0.19 0.01 0.08 0.1 0.11 0.02 1.02 0.37 1.09 0.08 0.15 3.22
Sum 61.68 51.47 37.78 12.3 18.27 62.69 137.52 132.89 125.98 48.04 6.46
Apr 2.1 6.12 6.72 10.48 1.22 2.75 431 3.22 3.47 1.32 1.27 42.98
May 12.68 6.71 11.75 9.71 6.45 15.65 28.11 26.03 23.27 12.57 3.01 155.94
Cropland June 23.4 3.43 0.57 3.76 0.47 7.91 28.92 67.99 449 8.79 0.82 190.96
/Artificial surface July 3.77 1.01 2.7 7.66 0.51 4.87 7.41 9.3 8.44 5.99 2.28 53.94
Aug 8.17 1.07 11.28 15.96 0.89 7.13 29.8 38.92 29.05 26.66 1.33 170.26
Sep 2.85 4.67 8.93 10.73 3.43 3.47 5.62 1.76 2.52 2.15 1.96 48.09
Oct 0.27 1.15 1.89 1.19 2.72 1.35 25 0.38 0.37 0.75 14.98 27.55
Sum 53.24 24.16 43.84 59.49 15.69 43.13 106.67 147.6 112.02 58.23 25.65
Apr 2.55 2.73 3.91 0.73 0.97 1.25 6.47 2.49 2.13 1.66 2.06 26.95
May 2.69 3.08 2.89 0.58 6.91 2.58 4,05 7.94 7.68 2.39 2.32 43.11
Cropland June 6.45 5.49 1.77 0.09 16.32 17.42 461 33.36 39.47 1.18 1.26 127.42
/Grass& Shrub July 0.26 1.71 0.56 0.76 1.46 1.94 1.57 6.11 9.9 0.75 0.9 25.92
Aug 0.31 3.12 1.54 0.37 1.46 4.15 2.18 9.65 8.15 0.56 1.41 32.9
Sep 0.9 0.83 1.16 0.35 1.83 2.78 4,93 3.8 5.47 1.31 0.38 23.74
Oct 14.89 18.19 11.38 11.85 0.53 0.66 0.25 81.9 61.81 0.52 0.19 202.17
Sum 28.05 35.15 23.21 14.73 29.48 30.78  24.06 145.25 134.61 8.37 8.52
Apr 0.01 0.01 0.01 3.48 6.1 0.43 5.71 0.02 0.03 0 0.01 15.81
May 0.01 0.02 0 0.01 0.01 0.01 0.74 0.01 0.47 0 0.04 1.32
Cropland June 1.53 0.92 1.07 27.49 20.46 6.14 46.59 0.09 0.91 0.05 0.03 105.28
Water July 0.82 0.9 0.83 28.84 25.53 8.67 17.2 0.04 4.6 0.01 0.01 87.45
Aug 0.14 0.38 0.32 125 8.68 2.08 33.33 1.64 4.02 0.2 0.07 63.36
Sep 0.48 0.53 0.03 6.46 0.53 1.24 22.01 0.02 0.11 0 0.03 31.44
Oct 0.06 0.03 0 1.58 0.29 0.06 3.1 0 0 0.08 0 5.2
Sum 3.05 2.79 2.26 80.36 61.6 18.63 128.68 1.82 10.14 0.34 0.19




Remote Sens. 2018, 10, 2057

Table S5 Gini Importance score for different time phases and features (KYZ).
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Time Blue Green Red NIR SWIR1T SWIR2 NDVI NBR NDMI VIG NDWFI  Sum
Apr 1.00 2.00 3.00 4.00 1.78 291 0.93 0.90 0.79 0.86 0.64 94.87
May 1.23 1.36 0.88 1.66 1.24 1.21 3.28 1.76 0.13 0.84 0.99 40.1
June 3.08 2.53 3.95 1.00 1.28 2.54 8.09 6.20 0.4 3.96 1.57 14.68
Cropland July 11.04 9.74 7.49 1.11 0.7 0.6 10.15 3.66 0.23 1.38 0.53 13.6
/Bareland Aug 4.96 3.10 150 0.61 0.47 0.63 6.78 10.10 3.66 227 0.91 17.62
Sep 3.87 1.38 1.48 1.17 6.89 16.34 4.33 1.52 0.64 0.66 0.71 59.99
Oct 3.17 1.94 098  0.52 10.03 45.78 2.18 2.53 5.77 0.10 0.25 127.1
Sum 3.05 1.49 0.77 042 22.39 70.01 35.76 26.66 11.62 10.07 5.61
Apr 0.36 0.32 0.43 1.47 0.41 6.20 5.32 0.33 0.73 0.81 0.31 6.5
May 0.28 0.16 042 286 8.74 10.63 4.57 24.66 2.35 291 0.42 76.66
Cropland June 1.47 1.36 0.41 1.08 6.44 8.22 5.05 1.41 0.11 0.37 0.3 27.13
/Artificial surface July 3.39 1.97 20.86 1.07 9.5 8.82 14.41 7.88 25 14.8 10.65 86.86
Aug 1.32 3.71 7.01 7.52 0.68 5.59 14.70 1.67 1.73 7.74 8.21 46.94
Sep 0.32 1.04 227 216 0.21 4.17 10.96 0.15 0.65 0.18 7.88 16.06
Oct 0.62 0.27 0.64 1.7 1.11 7.66 7.48 0.45 1.11 0.07 2.25 9.46
Sum 7.76 8.83 32.04 17.86 27.09 51.29 62.49 36.55 9.18 26.88 30.02
Apr 0.03 0 0 0 0 6.30 0 0.01 4.82 0 0 0.24
May 0.64 0.62 1.9 0 8.02 6.73 0.03 0.61 4.15 0 1.12 20.3
Cropland June 30.87 224 19 0 30.41 9.63 17.85 7.39 4.26 6.52 1.23 179.28
/Grass& Shrub July 2.1 1.41 0.11 0 2.55 4.75 30.73 2.63 3.95 0 0.18 63.89
Aug 4.65 0.01 0.01 0.04 0.6 4.56 16.22 24.6 9.15 0.04 0.04 91.21
Sep 0.8 0.01 0 0 0 13.24 5.21 0 6.14 0 0 12.82
Oct 1.97 0 0.02 0 0.04 21.33 0.2 0.16 7.54 0 0 9.36
Sum 41.06 2445 21.04 0.04 41.62 66.55 70.24 354 40.00 6.56 2.57
Apr 0.03 0.01 0 0.03 0.09 2.29 0.04 0.01 0.07 0 0.03 0.5
May 0.28 0.5 0.21 0.04 0.26 4.27 0 0.05 0.17 0.01 0.2 2.33
Cropland June 1.54 1.14 0.78 0 0.64 3.51 8.38 0.06 0 0.04 0.2 12.98
Water July 0.17 0.02 0.06  3.65 2.57 3.89 19.38 0.32 0.24 0.3 0.1 28.55
Aug 0 0.01 0.12 14.61 16.55 8.16 11.06 0 1.65 0.01 0.1 53.44
Sep 0.07 0.13 024 7.88 8.91 6.23 12.76 0.17 2.02 0.45 1.41 39.43
Oct 0.08 0.01 0 0.16 0.02 3.06 5.98 0.02 0.34 0.12 0.06 7.23
Sum 2.17 1.82 141 26.37 29.04 31.41 57.6 0.63 4.49 0.93 2.1
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Table S6 Gini Importance score for different time phases and features (KKP).
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Time Blue Green Red NIR  SWIR1 SWIR2  NDVI NBR  NDMI VIG NDWFI Sum
Apr 1.62 5.54 1.39 0.2 2.62 4.48 0.47 1.72 1.63 0.13 0.79 20.59
May 3.38 3.47 3.52 1.85 4.23 3.57 4.31 5.11 5.57 2.7 1.24 38.95
June 12,66  5.58 0.86 0.07 3.18 21.64 0.43 79.54 49.56 0.49 0.71 174.72
Cropland July 14.01 3.78 1.58 0.13 0.67 1.94 0.17 27.67 1.8 0.46 0.61 52.82
/Bareland Aug 3059 23.76 19.9 0.24 7.68 15.48 0.53 56.42 40.28 11.66 0.58 207.12
Sep 27.89 2337 7.36 0.29 5.14 16.02 0.32 9.67 5 0.76 0.22 96.04
Oct 0.08 0.95 0.53 0.14 1.43 8.32 0.3 4.55 1.77 0.31 0.11 18.49
Sum 9023 6645 3514 292 24.95 71.45 6.53 184.68 105.61 16.51 4.26
Apr 10.14  4.84 9.03 0.08 12.59 15.45 1.59 7.08 7.34 6.25 4.8 79.19
May  10.02 10.7 8.16 0.05 8.97 17.08 10.46 19.62 17.32 15.83 3.22 121.43
Cropland June 3272 1586  10.58 0.44 4.22 23.95 0.15 1.63 19.08 0.52 0.4 109.55
I Artificial surface July 6.92 4.61 4.13 0.45 1.24 5.33 1.07 3.87 3.02 0.79 2.61 34.04
Aug 39.2 21.76  14.39 1.26 28.23 30.17 3.67 78.39 56.18 15.27 0.96 289.48
Sep 2.54 5.64 1.39 245 2.04 0.28 224 4.1 3.77 0.86 0.63 25.94
Oct 0.42 0.33 0.73 0.44 0.34 0.33 0.67 1.37 0.23 0.25 0.72 5.83
Sum 101.96 63.74 4841 5.17 57.63 92.59 19.85 116.06 10694  39.77 13.34
Apr 4.18 1094  3.81 15.89 6.05 2.21 1.89 1.49 1.81 0.25 0.75 49.27
May 5.13 3.86 8.64 0.96 0.48 1.42 54.38 0.49 1.01 4.21 6.06 86.64
Cropland June 11.87 2021 4154  8.86 5.44 7.54 106.51 2.04 0.93 50.01 100.69 355.64
/Grassé& Shrub July 4.65 3.38 3.96 0.99 6.92 10.13 7.06 4.5 3.83 12.84 11.51 69.77
Aug 7.39 1.02 5.51 0.75 1.01 2.61 1.13 39.34 76.3 8.49 9.67 153.22
Sep 5.99 1.95 4.24 0.69 0.73 0.97 2.32 0.26 1.52 1.77 7.64 28.08
Oct 1733 39.64 2335 0.22 1.98 19 22.85 3.78 1.95 0.59 5.24 135.93
Sum  56.54 81 91.05 28.36 22.61 43.88 196.14 51.9 87.35 78.16 141.56
Apr 0.98 0.58 0.81 24.08 18.67 5.19 69.34 0.18 2.24 0.21 1.09 123.37
May 1.68 3.53 1.42 0.65 0.13 0.15 59.87 0.2 0.62 0.13 0.56 68.94
Cropland June 3.99 3.95 0.9 0.67 0.04 1.41 35.84 25.61 14.8 0.14 0.46 87.81
Water July 4.49 0.72 0.18 213 0.09 0.09 59.28 0.97 0.32 1.21 0.53 70.01
Aug 1121 2037  6.03 3.72 0.15 1.03 68.65 8.32 3.59 1.48 1.19 125.74
Sep 8.33 8.87 2.39 6.23 3.1 3.63 93.23 2.85 1.41 0.23 1.04 131.31
Oct 0.31 0.53 0.02 2326 14.53 8.11 101.36 0.77 0.45 1.04 2.14 152.52
Sum 3099 3855 11.75 60.74 36.71 19.61 487.57 38.9 23.43 4.44 7.01




Remote Sens. 2018, 10, 2057 11 of 12

Table S7 Gini Importance score for different time phases and features (ALM).

Time Blue Green Red NIR SWIR1 SWIR2 NDVI NBR NDMI VIG NDWEFI Sum
Apr 0.2 0.45 0.2 0.26 0.75 0.18 0.36 0.43 0.31 0.12 0.39 3.65
May 1.69 1.01 5.89 3.63 9.05 9.39 9.38 7.56 13.74 7.53 5.84 74.71
June 1.3 1.02 0.94 16.23 2.37 2.34 8.62 8.67 22.06 4.58 0.3 68.43
Cropland July 1.03 0.8 2.71 24.62 2.05 9.27 9.61 14.49 13.93 0.97 0.39 79.87
/Bareland Aug 0.78 0.33 1.28 47.94 1.65 2.46 27.29 23.26 16.83 3.91 2.14 127.87
Sep 2.38 2.44 3.49 21.42 0.7 1.57 5.46 11.98 16.64 0.71 5.07 71.86
Oct 0.38 1.46 1.43 1.21 0.21 0.69 0.55 0.53 10.77 0.22 2.84 20.29
Sum 7.76 7.51 15.94 115.31 16.78 25.9 61.27 66.92 94.28 18.04 16.97
Apr 0.5 0.42 0.49 9.36 18.28 1.48 1.9 0.83 1.12 0.88 3.72 38.98
May 2.56 0.64 1.41 6.75 1.95 1.68 4.14 3.59 3.44 4.98 4.26 354
Cropland June 242 0.67 0.66 6.85 2.47 0.86 3.89 7.64 2.64 5.19 5.98 39.27
/Artificial surface July 11.93 0.97 1 14.18 091 0.67 2.08 3.06 2.07 1.69 1.65 40.21
Aug 3.18 0.8 1.13 30.71 1.65 111 7.61 451 5.83 2.29 0.96 59.78
Sep 0.87 0.78 111 32.83 12.67 24 3.15 6.18 8.74 2.14 9.27 80.14
Oct 1.06 0.94 0.89 1.88 34.21 24 1.26 1.54 6.2 3.37 16.44 70.19
Sum 22.52 5.22 6.69 102.56 72.14 10.6 24.03 27.35 30.04 20.54 42.28
Apr 3.18 4.81 1.02 414 2.72 1.05 2.49 2.03 2.78 25 1.18 27.9
May 4.23 6.97 6.67 0.82 2.08 1.38 16.93 4.78 6.29 3.06 1.53 54.74
Cropland June 2.03 6.55 29.21 1.08 2.49 8.86 63.02 1.98 1.32 4.19 37.78 158.51
/Grass& Shrub July 1.48 0.61 1.16 0.76 2.04 3.01 4.3 2.52 1.38 0.67 3.21 21.14
Aug 1.33 6.07 0.54 0.9 1.04 1.43 20.12 1.43 1.18 0.73 5.75 40.52
Sep 1.13 23.94 3.34 1.73 0.86 1.9 68.17 1.32 151 1 0.98 105.88
Oct 4.32 6 1.55 0.41 1.26 1.41 23.83 3.82 0.69 0.44 0.55 44.28
Sum 17.7 54.95 43.49 9.84 12.49 19.04 198.86  17.88 15.15 12.59 50.98
Apr 0 0 0 5.54 8.49 6.3 12.51 0 9.53 0 0 42.37
May 0 0 0 4.8 7.71 13.37 14.24 0 0 0 0 40.12
Cropland June 0 0 0 11.13 7.58 11.05 6.87 0 0 0 0 36.63
\Water July 0 0 0 11.75 10.39 5.35 11.13 0 0 0 0 38.62
Aug 0 0 0 6.19 10.4 11.23 4.18 0 0 0 0 32
Sep 0 0 9.6 8.47 4.9 9.76 13.68 0 0 7.31 7.91 61.63
Oct 0 0 0 8.21 8.26 5.59 9.31 0 0 0 0 31.37
Sum 0 0 9.6 56.09 57.73 62.65 71.92 0 9.53 7.31 7.91

@ © 2018 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative
@ Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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