
Effects of bedrock lithology and subglacial till on the motion of Ruth Glacier, Alaska, 

deduced from five pulses from 1973-2012 
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Table 1.

Image date Sensor 
Spatial resolution 
(meters) 

24 Sept. 1973 MSS 1 60 
27 July 1974 MSS 1 60 
23 Sept. 1975 MSS 2 60 
7 July 1976 MSS 2 60 
1 July 1977 MSS 2 60 
2 Aug. 1978 MSS 2 60 
22 July 1980 MSS 2 60 
4 Aug. 1981 MSS 2 60 
3 July 1982 MSS 3 60 
18 Aug. 1983 MSS 4 60 
28 Aug. 1984 MSS 5 60 
16 Sept. 1985 MSS 5 60 
16 Sept. 1985 TM 5 30 
17 July 1986 TM 5 30 
21 Aug. 1987 TM 5 30 
29 June 1991 TM 5 30 
26 Aug. 1992 TM 4 30 
9 Sept. 1994 TM 5 30 
8 June 1995 TM 5 30 
19 June 1999 TM 5 30 
16 Aug. 2000 ETM+ 7 30 
2 July 2001 ETM+ 7 30 
21 July 2002 ETM+ 7 30 
9 Aug. 2003 ETM+ 7 30 
10 July 2004 ETM+ 7 30 
14 Aug. 2005 ETM+ 7 30 
10 Sept. 2006 TM 5 30 
28 Aug. 2007 TM 5 30 
5 July 2008 ETM+ 7 30 
8 July 2009 ETM+ 7 30 

20 Aug. 2010 TM 5 30 

6 July 2011 TM 5 30 
18 Oct. 2011 ETM+ 7 30 
20 Oct. 2012 ETM+ 7 30 



Table 2

Image pair 
Sensor 
types 

Georef. Error 
(pixels) 

Georef. Error 
(meters) 

Residual Error 
(pixels) 

Residual Error 
(meters) 

Image Geolocation 
RMSE (pixels, 
image year) 

24 Sept. 1973, 27 July 1974 MSS 0.50 ± 0.21 36.8 ± 15.4 0.26 ± 0.14 19.4 ± 10.4 0.386, 1973 

27 July 1974, 23 Sept. 1975 MSS 0.44 ± 0.15 23.1 ± 8.1 0.20 ± 0.12 10.9 ± 6.4 0.396, 1974 

23 Sept. 1975, 7 July 1976 MSS 0.41 ± 0.61 14.7 ± 21.7 0.35 ± 0.59 12.5 ± 20.9 0.397, 1975 

7 July 1976, 1 July 1977 MSS 0.38 ± 0.10 22.8 ± 6.2 0.14 ± 0.07 8.8 ± 4.7 0.428, 1976 

1 July 1977, 2 Aug. 1978 MSS 0.33 ± 0.13 18.5 ± 7.3 0.16 ± 0.07 9.0 ± 4.2 0.391, 1977 

2 Aug. 1978, 22 July 1980 MSS 0.50 ± 0.24 30.2 ± 14.6 0.26 ± 0.12 15.8 ± 7.2 0.357, 1978 

22 July 1980, 4 Aug. 1981      MSS 0.50 ± 0.22 30.5 ± 13.2 0.26 ± 0.15 15.7 ± 9.4 0.682, 1980 

2 Aug. 1981, 3 July 1982 MSS 0.87 ± 0.87 28.4 ± 28.5 0.36 ± 0.34 21.5 ± 21.2 0.747, 1981 

3 July 1982, 18 Aug. 1983 MSS 0.42 ± 0.19 23.2 ± 10.4 0.32 ± 0.17 17.4 ± 9.6 0.430, 1982 

18 Aug. 1983, 28 Aug. 1984 MSS 0.26 ± 0.12 15.8 ± 7.3 0.16 ± 0.09 10.1 ± 5.9 0.564, 1983 

28 Aug. 1984, 16 Sept. 1985 MSS 0.35 ± 0.16 21.1 ± 10.0 0.24 ± 0.18 14.6 ± 11.1 
0.496, 1984,  
0.470, 1985 

Average for MSS imagery 0.45 ± 0.15 24.1 ± 6.7 0.25 ± 0.07 14.1 ± 4.2 0.47 ± 0.12 

16 Sept. 1985, 17 July 1986 TM 0.45 ± 0.25 16.5 ± 9.1 0.38 ± 0.24 13.9 ± 8.8 0.228, 1985 

17 July 1986, 21 Aug. 1987 TM 0.44 ± 0.13 12.2 ± 3.7 0.21 ± 0.15 5.7 ± 4.3 0.184, 1986 

21 Aug. 1987, 29 June 1991 TM 0.20 ± 0.14 6.2 ± 4.4 0.16 ± 0.09 5.0 ± 2.8 0.155, 1987 

29 June 1991, 26 Aug. 1992 TM 0.28 ± 0.18 7.8 ± 5.0 0.21 ± 0.13 5.9 ± 3.5 
0.191, 1991,  
0.132, 1992 

9 Sept. 1994, 8 June 1995 TM 0.24 ± 0.16 8.8 ± 6.1 0.19 ± 0.13 7.1 ± 5.0 0.143, 1994 

8 June 1995, 19 June 1999 TM 0.21 ± 0.09 6.5 ± 2.8 0.13 ± 0.03 4.0 ± 1.1 0.154, 1995 

19 June 1999, 16 Aug. 2000 TM/ETM+ 0.22 ± 0.16 6.0 ± 4.5 0.15 ± 0.13 4.3 ± 3.7 0.155, 1999 

16 Aug. 2000, 2 July 2001 TM 0.20 ± 0.14 7.0 ± 4.9 0.17 ± 0.15 5.8 ± 5.1 0.119, 2000 

2 July 2001, 21 July 2002 TM 0.30 ± 0.09 9.0 ± 2.7 0.06 ± 0.04 1.9 ± 1.2 0.141, 2001 

21 July 2002, 9 Aug. 2003 TM 0.14 ± 0.10 4.0 ± 2.9 0.12 ± 0.11 3.6 ± 3.3 0.187, 2002 

9 Aug. 2003, 10 July 2004 TM 0.13 ± 0.06 3.9 ± 1.8 0.11 ± 0.04 3.3 ± 1.4 0.125, 2003 

10 July 2004, 14 Aug. 2005 TM 0.13 ± 0.07 4.0 ± 2.2 0.10 ± 0.07 3.1 ± 2.1 0.151, 2004 

14 Aug. 2005, 10 Sept. 2006 ETM+/TM 0.26 ± 0.19 7.2 ± 5.3 0.24 ± 0.14 6.6 ± 3.9 0.121, 2005 

10 Sept. 2006, 28 Aug. 2007 TM 0.17 ± 0.16 5.3 ± 5.0 0.15 ± 0.12 4.6 ± 3.6 0.165, 2006 

28 Aug. 2007, 5 July 2008 TM/ETM+ 0.18 ± 0.08 6.5 ± 2.8 0.16 ± 0.09 5.7 ± 3.4 0.127, 2007 

5 July 2008, 8 July 2009 TM 0.16 ± 0.07 4.8 ± 2.1 0.06 ± 0.03 2.0 ± 0.9 0.148, 2008 

8 July 2009, 20 Aug. 2010 ETM+/TM 0.18 ± 0.06 5.6 ± 1.9 0.09 ± 0.04 2.7 ± 1.4 0.139, 2009 

20 Aug. 2010, 6 July 2011 TM 0.18 ± 0.13 5.6 ± 4.1 0.11 ± 0.11 3.5 ± 3.4 
0.092, 2010,  
0.225, 2011 

18 Oct. 2011, 20 Oct. 2012 ETM+ 0.21 ± 0.14 6.3 ± 4.3 0.18 ± 0.14 5.5 ± 4.4 
0.243, 2011, 
0.290, 2012 

Average for TM/ETM+ imagery 0.22 ± 0.09 7.0 ± 3.0 0.15 ± 0.07 4.9 ± 2.6 0.16 ± 0.04 




