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Table S1. Dates in the fall and spring when the solar zenith angle is less than 90°, 70°, and 80° at time of 

the MODIS Terra pass (10:30 AM local time)* 

Season 

Solar Zenith 

Angle 

Ordinal (Calendar) Date 

at Latitude 

 66 °N 68 °N 

Spring 90 ° 8 (Jan 8) 20 (Jan 20) 

Spring 80 ° 50 (Feb 19) 55 (Feb 24) 

Spring 70 ° 76 (Mar 17) 81 (Mar 22) 

Fall 70 ° 268 (Sep 25) 264 (Sep 21) 

Fall 80 ° 295 (Oct 22) 290 (Oct 17) 

Fall 90 ° 337 (Dec 3) 325 (Nov 21) 

*Computations by [1]. Latitude 66°N is representative of BELA and 68 °N is representative of NOAT and GAAR 

(Figure 3). Spring dates are the first day in the year when the the solar zenith angle is less than the value indicated. 

Fall dates are the last day in the fall when the solar zenith angle is less than the value indicated. 

 



150°W

150°W

155°W

155°W

160°W

160°W

165°W

165°W

68°N

68°N

67°N

67°N

66°N

66°N

65°N 0 50 100 150 20025

Kilometers ¯

Hillshade

80° solar zenith angle

70° solar zenith angle

Arctic Circle

Figure S1. Terrain shadowing in the study area under different solar zenith angles. Shadows under solar
zenith angles of 80° and 70° (10° and 20° above horizontal and azimuth of 158° (corresponding to 10:30
AM local time, the time of the MODIS Terra satellite pass) were computed using the hillshade
geoprocessing tool in ArcGIS 10.2 [2]. Black areas are in terrain shadow with 70° solar zenith angle and
gray areas are the additional terrain shadow at 80° solar zenith angle. Dates when these sun angles occur
in the study area are given in Table 1.



Figure S2. An example automated camera frame with analysis window outlined in red. Pixels within the
analysis window were analyzed quantitatively for greenness and snow cover [3].



Figure S3. Median for 2001-2016 of the ordinal date of the end of the continuous snow season (CSS).

150°W

150°W

155°W

155°W

160°W

160°W

165°W

165°W

68°N

68°N

67°N

67°N

66°N

66°N

65°N

±
0 50 100 150 20025

Kilometers

Median End of CSS
April

May 1 to 15

May 16 to 31

June



Figure S4. Median date of midpoint of spring green-up for years 2000-2015
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Figure S5. Coefficient of variation in maximum NDVI, 2000-2015.
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Figure S6. Significance (Mann_Kendall test) of trend in maximum NDVI in BELA, 2000-2015 (upper) and a
2002 Landsat image, color-infrared color scheme (lower). Patches with high significance (p < 0.05)
correspond to perimeters of lakes that drained during the years indicated. The two lakes that drained in
the 1990s (visible as bright red areas in the Landsat image) had a significant decrease in NDVI from 2000 to
2015. The remaining lakes drained in the 2000 decade. They appear dark and water-filled on the 2002
Landsat image and had significant NDVI increases between 2000 and 2015.
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Figure S7. Trend of maximum NDVI in southwestern GAAR, 2000-2015. The upper map is Theil-Sen’s
slope of maximum NDVI (times 1000) vs. year. Brown indicates decreasing and green an increasing NDVI over 
time. The lower map is the Mann-Kendall test of significance of the trend (two-tailed test). Perimeters Figure S8. 
Median date of the midpoint of senescence, 2000-2015. of wildfires with the indicated years are provided.

1969

1991

1991

1959
1959

1971

2005

2004
1997

1971

1991

1997

1986

1999

2012

1974
1978

1999

1972

2010

1990

2013

154°W155°W

67°N 67°N

0 10 20 30 405

Kilometers

¯

1969

1991

1991

1959
1959

1971

2005

2004
1997

1971

1991

1997

1986

1999

2012

1974
1978

1999

1972

2010

1990

2013

154°W155°W

67°N 67°N

±
0 10 20 305

Kilometers

p-value
< 0.05
0.05 to 0.1
0.1 to 0.2
> 0.2

Slope: 1000 x
ndvi units/year

< -30
-30 to -15
-15 to 0
0 to 15
15 to 30
> 30



Figure S8. Median date of the midpoint of senescence, 2000-2015.
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Figure S9. Trend in the date of the midpoint of fall senescence for 2000-2015 The upper map is Theil-Sen’s
slope for ordinal day of the midpoint of spring green-up vs. year. The lower map is the Mann-Kendall test
p-value for this trend (two-tailed test). Both maps had 250 m resolution, smoothed for display with a 5-by-
5 median filter.
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Figure S10. Median date of the start of the continuous snow season (CSS), 2000-2015.
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Figure S11. Trend in the date of the establishment of the continuous snow season (CSS) 2000-2015. The upper 
map is Theil-Sen’s slope for ordinal day of the end of the CSS vs. year. The lower map is the Mann-Kendall test 
p-value for this trend (two-tailed test). Both maps had 500 m resolution, smoothed for display with a 3-by-3 
median filter.
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