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ID # I d e n t i f i c a t i o n  number 
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UTH Universal Transverse Hercator 

VX Velocity component i n  X d i r e c t i o n  

V Y  Velocity component i n  Y d i r e c t i o n  

X Horizontal component, p o s i t i v e  t o  e a s t  

Y Horizontal component, p o s i t i v e  to north 
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CONVERSION FACTORS 

For the  use of  readers who p r e f e r  t o  use inch-pound units, conversion 
f a c t o r s  fo r  wtric ( I n t e r n a t i o n a l  System1 u n i t s  used i n  t h i s  r epor t  a r e  given 
below: 

LLu,kt ia lv  metr ic g& &i To ob tain unit 

kilometer 
meter 

mile 
foo t  

$-: I n  t h i s  r e p o r t  'sea levelw r e f e r s  to  the National Geodetic Ver t ica l  
Datum of 1929 (NGVD of 1929) -- a geodet ic  datum derived from a general  
adjustment of t h e  f i r s t - r d c r  l e v e l  nets of both t h e  United S t a t e s  and Canada, 

a formerly c a l l e d  "Hean Sea h v e l  of 1929." 
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COLUHBIA GLACIER, ALASKA: 

PHOTOCRAMMETRY DATA SET 

1981-82 AND 1984-85 

By Robert H. Krimmel 

ABSTRACT 

Photogrammetric processing of 12 sets of v e r t i c a l  a e r i a l  photography of 

Columbia Glacier, Alaska, has measured the  a l t i t u d e  and ve loc i ty  f i e l d s  of t h e  

lowest 14,000 meters of the  g l a c i e r  during the periods of September 1981 t o  

October 1982 and October 1984 t o  September 1985. The d a t a  set c o n s i s t s  of the  

@ loca t ion  of 3,601 po in t s  on the g l a c i e r ,  1,161 po in t s  along the g l a c i e r  

terminus, and 1,116 points along the  top of the terminus i c e  c l i f f .  During the 

1981 t o  1985 period the  t e r a i n u s  af  the  g l a c i e r  receded 1,350 meters, the  ice 

near the  terminus thinned a t  a r a t e  of 18 meters per year, and ice ve loc i ty  

near tbe terminus t r i p l e d ,  reaching as much as 6,000 meters per year.  

ItdTRODUCTION 

Frequent v e r t i c a l  a e r i a l  photography has been used to monitor the lowest 

14,000 m (meters) of Columbia Glacier, Alaska beginning i n  1976. The 

photography serves severa l  purposes: 1) a record of the instantaneous s ta te  of 

the  g l a c i e r  is preserved, 2 )  simple measurement al lows approximate g l a c i e r  

length to be determined, 3 )  approximate ice ve loc i ty  may be determined by 

simple methods with photographs from one t o  severa l  month separa t ion,  and 4 1  

with the  use of s t e r e o  rapping equipment, d e t a i l e d  measurement of the surface  



a l t i t u d e  and the  ice ve loc i ty  f i e l d  between f l i g h t  d a t e s  may be made. Fountain 

( 1982 1 repar ted the  d e t a i l e d  pho togramme t r y  results fo r  two i n i t i a l  photo 

dates ,  29 Ju ly  1957 and 27 Ju ly  1974, and the  fallowing 28 dates, the  l a s t  of 

which was 1 September 1981. The purpose of t h i s  r epor t  is t o  record the 

d e t a i l s  of the  photogrammetry fo r  1 2  add i t iona l  photo dates, s i x  from 26 

September 1981 t o  15 October 1982, and six from 4 October 1984 t o  15 September 

1985. The scope is l imi ted  t o  presenting t abu la r  data, providing graphics f o r  

c l a r i t y ,  and summarizing t h e  data .  

Photo d a t e s  a r e  given f o r  f l i g h t s  31-61 i n  t a b l e  1. The f l i g h t  numbers 

a r e  a cont inuat ion of those designated by Fountain (1982, p. 3 ) .  Detailed 

photogrammetry has been done fo r  f l i g h t s  31-36 and 50-55. The c o s t  (about 

$3,000 for  the  pho togrammetry from each f l i g h t  has prevented the 

photogrammetry ( a l s o  called d i g i t i z a t i o n )  of flights 37-49 and the  f l i g h t s  

@ a f t e r  55'. 

The coordinate  system used i n  t h i s  r e p o r t  is X ( l o c a l )  = UTH X - 490,000 

and Y ( l o c a l )  = UTW Y - 6,750,000. Alt i tude,  Z, is referenced t o  sea  level. 

The r e l a t i o n  af l a t i t u d e  and longitude, UTM, and the  l o c a l  coordinate system is 

portrayed in figure 1, 

The photogrammetric process was done a t  t h e  U. S. Geological Survey's 

Western Happing Center in Menlo Park, Cal i fo rn ia  and is described by Weier and 

o t b e r s  (1985a, p.F3-F7). The accuracy of t h e  photogrammetry fo r  well defined 

po in t s  is est imated t o  be two wtcrs i n  X and Y. Because two X, Y 

determinations must be made for d isplacerents .  t h e  accuracy of displacements is 

est imated t o  be four meters (Heier and others ,  1985a p.F7). The v e r t i c a l  

accuracy is est imated t o  be 3.5 m (Rasaussen and Meier, 1985, p.El0).  



PHOTQGRAHHETRICALLY OETERHINED POINTS 

Several  types of  f e a t u r e s  were found. Glacier  p o i n t s  a r e  na tu ra l  su r face  

f e a t u r e s  t h a t  are i d e n t i f i a b l e  over severa l  success ive  f l i g h t s .  The su r face  

topography is approximated by the  a l t i t u d e s  of numerous g l a c i e r  po in t s  on any 

p a r t i c u l a r  f l i g h t  da te .  Vhen the same fea tura  is i d e n t i f i e d  on successive 

f l i g h t  da tes ,  t h e  change i n  its locat ion ,  divided by t h e  time i n t e r v a l ,  g ives  

the  average su r face  ve loc i ty .  The i d e n t i f i c a t i o n  number (ID X I ,  X, Y, and 2 

f o r  a l l  the  g l a c i e r  p o i n t s  a r e  given i n  t a b l e  2. The ca lcu la ted  ve loc i ty  

vectors  between f l i g h t  da tes ,  where the X, Y. and 2 a r e  the  midpoint of  the 

i n i t i a l  and f i n a l  p o s i t i o n s  of  the  f ea tu re  t h a t  was followed, the  two 

hor izonta l  ve loc i ty  components. VX and VY, and the  magnitude, V, of  the vector ,  

a l l  i n  meters per year, a r e  given i n  table 3. Vectors f o r  the  2 August 1982 t o  

15 October 1982 and the  4 August 1985 to  13 September 1985 per iods  are given as 

@ examples of  the  v e l o c i t y  d a t a  i n  figures 2 and 3 .  

Terminus p o i n t s  are a t  the  i n t e r s e c t i o n  of sea l e v e l  and the  terminus of  

the  g l a c i e r .  The X and Y coordinates  are measured for these  po in t s .  A 

segmented l i n e  between thase  successive po in t s  approximates a map of  the 

terminus on each date. The terminus points  a r e  given i n  t a b l e  4. The 

loca t ions  fo r  the  terminus p o i n t s  fo r  each d a t e  are shown i n  f igure  4 .  

The terminus of  Columbia Glacier  is an ice c l i f f  t h a t  ranges from e few 

meters t o  aver  100 i n  he ight .  The c l i f f  may occas ional ly  be overhung or 

v e r t i c a l ,  and is almost always a t  a s lope  much g r e a t e r  than t h a t  of the  g l a c i e r  

su r face .  Near the  t e r r i n u s  the  s lope  increases  tremendously, thus beginning 

the  ice c l i f f .  The ice cliff height  po in t s  are along t h i s  abrupt  change i n  

slope, The p o i n t s  a r e  i n  pairs,  a high point  and a law point ,  usual ly  less 

a than 50 a a p a r t  i n  the  hor izon ta l ,  and are given tab le  5. The ice c l i f f  he ight  

is shown i n  f i g u r e  5, the two segmented l i n e s  on each da ta  represent ing  the 

high po in t s  and the  low po in t s .  

3 



* DATA SUHHARY 

The c e n t e r l i n e  of  the  lowest 14,000 m of Columbia Glacier  is c u r v i l i n e a r  

and is approximately p a r a l l e l  t o  the  l o c a l  Y axis on a l a r g e  s c a l e .  The X , Y  

v e l o c i t y  f i e l d ,  defined by c a l c u l a t i o n s  on successive sets of  g l a c i e r  po in t s  

and the  X , Y  a l t i t u d e  f i e l d ,  defined by the  g l a c i e r  p o i n t s  on each d a t e  can be 

converted to  one dimension by consider ing  only the Y coordinate .  

The X,Y magnitude of  the  v e l o c i t i e s  versus the Y-position f o r  the  i n t e r v a l  

4 October 1984 t o  14 December 1984 is p l o t t e d  i n  f igure  6 .  A l i n e  can be hand 

drawn roughly through the  maximum v e l o c i t y  a t  every Y. Ve loc i t i e s  l e s s  than 

the  maximum are of po in t s  away from the  c e n t e r l i n e ;  toward the  margins where 

the  v e l o c i t y  becomes neg l ig ib le .  A s i m i l a r  diagram can be made f o r  v e l o c i t i e s  

determined for  each in te rva l ;  the  c o l l e c t i o n  of hand drawn maximum ve loc i ty  

p r o f i l e s  is shown i n  f i g u r e  7. The change with time of v e l o c i t y  a t  s e l e c t e d  Y- 

@ p o s i t i o n s  is given i n  f igure  8. 

A s i m i l a r  method of  conver t ing  t o  one dimension can be used with the  

a l t i t u d e  da ta .  A 1  t i t u d e s  a r e  shown as a function of Y i n  f igure  9 fo r  the d a t e  

31 Harch 1982. To facilitate t h e  hand drawing of  a l ine  through these po in t s  a 

nboxcarn running average o f  10 po in t s  was i n i t i a l l y  ca lcu la ted ,  and the 10- 

po in t  averaged l i n e  was f u r t h e r  smoothed by hand. The change with time of 

altitude at selected Y-positions is shown i n  f i g u r e  L O .  

The terminus p o i n t s  were used t o  measure the  change i n  length  of the 

g l a c i e r .  A many s ided polygon ( t h e  e a s t  side o f  which is the  l i n e  segment X = 

9,500 m, Y = 16,000 a to X = 9,500 m and a P equal t o  t h e  Y of t h e  most e a s t e r n  

terminus point; the  west s i d e  of  which is the  l i n e  segment X 3 5,000 m, Y = 

16.000 m t o  X = 5,000 m and a Y equal t o  t h e  Y of the  most western terminus 

a point;  the  north s ide  is the line segment X = 5,000 n, Y = 16,000 m t o  X = 

9,500 a, Y = 16,000 a; and on the  sou th  defined by t he  set of terminus p o i n t s )  



can be used to  calculate t h e  terminus area, which is given f o r  each date i n  

t a b l e  6. The a r e a  can be reduced t o  a length  by dividing by t he  4,500 m 

polygon width. The length and its change over each i n t e r v a l  a r e  a l s o  given i n  

t a b l e  6. 

The ice c l i f f  po in t s  a r e  summarized i n  t a b l e  7. 

COt4CWISIONS 

Hajot changes occurred i n  the  lowest 14,000 a of Columbia Glacier  from 

1981 t o  1985. Ice ve loc i ty  approximately t r i p l e d  during the  period; however, 

t h e  seasonal  va r i a t ion ,  with v e l o c i t y  being about 50 percent  higher i n  winter,  

was maintained. Altitude decreased at a rate of 18 m per year neat the  

terminus, and a t  a r a t e  of 2.6 m per year a t  Y-position 30,000. The glacier 

became 1,350 BI s h o r t e r  from 26 September 1981 to  13 September 1985. The 

terminus ice cl i f f  height  was about 70 m i n  1981 and was about 35 m i n  1985; I t  

maintained a 20 a l o c a l  roughness. 

Tbe recess ion  was predic ted  by Heier and o t h e r s  (19801, and was p a r t i a l l y  

documented i n  o t h e r  reports (Ueier and o the r s ,  1984, Haier and o the r s ,  1985b). 

The Columbia Glacier photogrammetry data aet is a d d i t i o n a l  documentation and 

v e r i f i c a t i o n  of the  changes of Columbia Glacier .  
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Figure 1. -- Columbia Glacier, Alaska, with latitude and longitude indicated by 
crosses, UTH coordinates indicated on the lower and right-hand perimeter, 
and local coordinates in italics. The dashed rectangle indicates the 
approximate extent of the data of t h i s  report. The terminus indicated is 
approximate for 1985. 



Figure 2 
The 
the 

X LOCATION in METERS 

-- Veloc i ty  vectors for the  period 2 August 1982 to 15 October 1982. 
circles ind ica te  the midpoints of  the  initial and f i n a l  positions of 
features fol lowed.  



Y LOCATlON in METERS 



Figure 4 .  -- Terminus profile for each o f  the 12 photo dates, For each date 
the Y-intercept is moved t o  avoid the confusion that would occur i f  a l l  
the tarriaus shapes were overlaid . The horizontal Line by each date 
indicates the  same Y value, 13,500 m. On 26 September 1981 the g lac ier  
terminated almost completely south of Y = 13,500 m, and on 13 September 
1985 the g lac ier  terminated completely north of i t .  The absolute ordinate 
scale is val id  only for 26 September 1981. 
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DISTANCE ALONG ICE CLIFF in KILOMETERS 

Figure 5 .  -- Ice cliff height for each of the 12 photo dates, The ver t i ca l  
s c a l e  for each sub-plot is meters above the sea level, the horizontal 
scale is indicated by the 1000 m t i cks ,  and represents the length of the 
ice cliff, measured along the terminus profile from the east margin. Thus 
the ice cl iff  appears to be longer i n  1981 and 1982 (because the shape was 
mare irregular) than in 1984 and 1915 (fig 4 ) .  The upper line in each sub- 
p l o t  shows the high points, and the lower line the low points, of the ice 
cliff. 
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Y-POSITION in METERS 

Figure 6 .  -- X , Y  magnitude of velocities as a function of distance down 
glacier, for 4 October 1984 to 14 December 1984. Each point indicates the 
ve loc i ty  a t  the indicated Y, a t  some X. Veloc i t i e s  a t  a specific Y tend 
t o  go from zero, near the edge of t b e  g lac ier ,  to some maximum value near 
the centerl ine  of the g l a c i e r .  The curve approximately through the 
maximum v e l o c i t i e s  is hand drawn. 



Y-POSIT ION in METERS 

Figure 7 .  -- Velocity as a function of distance down glacier, for a l l  f l ight  
intervals. Each curve is hand drawn, as  i n  figure 6 .  The time intervals 
are identified by f l i ght  numbers (table 1). 



YEAR 

Figure 8. -- Velocity as a function of  time at selected points along 
the centerline. Vertical lines show flight times. Tba centcrline 
velocity (Lroa figure 7 )  is shown as a circle. The abscissa ticks 
indicate the beginning of  the year. 
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Y-POSITION in METERS 

Figure 9.  -- Altitudes as a function of distance down glacier for 3 1  March 
1982. Each point indicates the a l t i t u d e  a t  the indicated Y, at some X .  
The scatter of po in t s  is the a l t i t u d e  variation across the glacier .  The 
segmented l i n e  drawn within the points is the nboxcar* 10-point running 
average of the points ,  and the smooth curve is hand drawn. 
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Figure 10. -- Altitude as a function of distance down glacier for each flight 
date (vertical l ines).  The altitude (from figure 9)  is shorn as a circle 
for each date, for each Y. The abscissa ticks indicate the beginning of 
the year. 
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Table 1. -- Coluabia Glacier vertical photography flights after 1 September 
1981 and number af  digitized points. A l l  f l i gh t s  ware a t  7,010 m above 
sea level. The dates are converted to deci~ral years by adding the decimal 
fraction af a year that occurs after the beginning of 1 January to the 
full year. 

FLIGBT 
NUMBER DATE 

31 26 SEPTEMBER 1981 
32 15 NOVEMBER 1901 
33 22 JANUNARY 1982 
34 31 MARCH 1982 
35 02 AUGUST 1982 
36 15 OCTOBER 1982 
37 21 JANUARY 1983 
38 87 MARC0 1983 
39 97 APRIL 1983 
48 17 JUNE 1983 
41  19 AUGUST 1983 
42 16 SEPTEMBER 1983 
43 16 NOVMBER 1983 
44 08 DECEMBER 1983 
45  28 JANUARY 1984 
46 12 MARCS 1984 
47 24 APRIL 1984 
48 28 JUNE 1984 
49 15 AUGUST 1984 
50 94 OCTOBER 1984 
51 14 DECEMBER 1984 
52 18 FEBRUARY 1985 
53 18 APRIL 1985 
54  P4 AUGUST 1985 
55 13 SEPTEHBER 1985 
56 07 NOVEMBER 1985. 
57 16 JANUARY 1986 
58 24 MCI 1986 
59 13 JUNE 1986 
6 1  11 SEPTEMBER 1986 
61 26 JANUARY 1987 

DECIMAL 
YEAR 

1981.736 
1981.873 
1982.059 
1982.245 
1982.585 
1982.187 
1983.856 
1983.179 
1983.264 
1983.458 
1903.631 
1983.787 
1983.847 
1983.934 
1984.052 
1984.195 
1984.312 
1984.190 
1984,622 
1984.759 
1984.953 
1985.134 
1985,245 
1985.591 
1985.788 
1985.851 
1986.043 
1986.226 
1986.448 
1986.691 
1987.972 

DIGITIZED 
GLACIER 

213 
288 
2812 
193 
194 
190 

fl 
B 
0 
fl 
fl 
0 
0 
0 
8 
8 
0 
0 
0 

396 
397 
384 
352 
435 
440 

fa 
0 
I 
0 
0 
fl 

TERMINUS 

99 
92 
99 
9 9 
99 
9 8 

B 
0 
fa 
fl 
0 
f l  
8 
B 
P 
fa 
B 
0 
8 

92 
99 
9 8 

1 
100 

8 6 
0 
0 
P 
P 
0 
0 

LOCATIONS 
ICE CLIFF 

9 8 
9 4 
7 6 
8 6 
90 
08 
B 
fl 
B 
B 
6 
0 
B 
0 
0 
B 
0 
fl 
fl 

98 
98 
94 
98 
9% 
98 

0 
0 
fl 
0 
0 
fl 



Table 2. -- Photogrammetric surface positions. UTH east = X + 490,000; UTH 
north = Y t 6,750,000; and a1 titude 2 in meters above sea level, 

GLACIER POINTS 26 SEP 1981 



Table 2 (cont .) 

GLACIER POINTS 26 SEP 1981 



CLACI ER POINTS 

Table 2 (cont .) 

If; NoV 1981 



Table 2 (cont .) 

GLACl ER POINTS 



(XACIER POINTS 

Table 2 (cont .) 

22 JAN 1982 



Table 2 (cont .) 

GLACIER POINTS 22 JAN 1982 



CLACI ER POINTS 31 MAR 1982 



Table 2 (cont .) 

GLACIER POINTS 



Table 2 (cont .) 

12 AUG 1962 



Table 2 (cont .) 

GLACIER POINTS 12 AUG 1962 



GLACIER POINTS 
Tab1 e 2 (cont .) 

15 OCT 1982 



Table 2 (cont .) 

CMCI ER POINTS 15 OCT 1982 



GLACIER POINTS 

Table 2 (cont .) 

04 OCT 1984 



GLACIER POINTS 

Table 2 (cont .) 

04 OCT 1984 



Table 2 (cont .) 
:R POINTS 84 OCT 



Table 2 (cont .) 

GLACf ER .MINTS 14 DEC 1984 



Table 2 (cont .) 

GLACIER POINTS 14 DEC 1984 



Table 2 (cont .) 
IR POINTS 14 DEC 1984 



Table 2 (cont .) 

*ZLACSER POINTS 18 FEB 1985 

ID t x Y jt ID c x Y z ID i x Y z 



Table 2 (cont .) 
GtACI ER POINTS 18 FEB 1985 



Table 2 (cont . 
GLACIER POINTS 18 PEB 1985 



18 APR 1985 



GLACIER POINTS 

Table 2 (cont .) 
18 APR 198s 



GLACIER POINTS 

Table 2 (cont .) 
18 APR 1985 



;LACIER POINTS 

Tab1 e 2 (cont .) 

04 AUG 1485 



C U C I  ER POINTS 

Table 2 (cont .) 
1 4  AUG 1905 



Tab1 e 2 (cont . 
GLACIER POINTS 

1 
04 AUG 1485 



Table 2 (cont .) 

SLACI ER POINTS 13 SEP 1985 



GLACIER POINTS 
Table 2 (cont .) 

13 SEP 1985 



Table 2 (cont , 

CLACI ER POINTS 13 SEP 1985 



Table 2 (cont .) 

GLACIER POINTS 13 SEP 1985 



Table 3. -- Calculated velocities of surface features i n  Table 2.  X, 3, and 2 
is the midpoint of the in i t la l  and final posi t ion of  the feature that was 
followed. VX and VY are the X and Y components of the velocity  vector and 
V is the magnitude of the vector, a l l  i n  ~ t e r s  per year. 

INTERVAL 81 SEP 1981 TO 26 SEP 1981 



Table 3 (cant.) 

INTERVAL fl1 SEP 198i TO 26 SEP 1481 

I D  t X Y Z V X W  V I D  k X Y Z V X W  V 



Table 3 (cont .) 

INTERVAL 26 3EP 1981 TO 15 NOV 



Tab1 e 3 (cont .) 

INTERVAL 26 SEP 1981 10 15 ROV 1981 

ID 1 X Y Z V X W  V ID t X Y 

3761 5732 27736 488 -146 -373 400 3768 4471 29218 
3819 4741 29792 517 -15 -22 26 3602 5032 28781 
3898 6540 28486 523 -198 -321 373 3988 5187 30544 
3911 5760 29681 521 -11fl -193 219 3911 5373 38173 
4011 5754 13205 114 -292 -774 828 4005 881g 13493 
4i12 5874 13444 116 -226 -825 056 4183 6441 13a98 
4104 6916 13332 08 81 -2374 2375 4186 8682 i3930 
4107 9271 14167 118 15 -16i 161 4118 9976 14314 
4201 6158 14413 106 -88 -993 997 4283 6685 14322 
4204 7132 14490 126 -146 -1629 1636 4205 8119. 14314 
4286 8998 14644 138 -80 -358 369 4305 7938 14914 
4386 0570 15182 152 -198 -899 918 4387 9182 15238 
4308 9918 15352 136 7 -22 23 4389 18397 15788 
4481 5514 153il 157 -22 -436 439 4403 6864 15428 
4484 7480 15744 154 -131 -1554 1067 4486 8020 16376 
4407 9494 16182 164 -7 -117 117 4418 10452 16400 
4581 5431 16144 167 1 -88 a0 4583 6897 16376 
4515 7833 16724 195 -29 -855 855 4508 9360 17564 
4589 9797 17154 170 -29 -22 37 4691 5747 17868 
4680 8710 17931 211 51 -489 492 4711 5054 17570 
4712 5951 i8114 236 81 -394 483 4789 9120 18784 
4081 5119 18528 232 0 -131 131 4882 5484 18932 
4806 7331 i9384 253 146 -519 534 4887 7096 19256 
4808 8377 19350 232 102 -438 450 4889 8704 19759 
OBZ 5331 19380 252 111 -329 347 4913 5816 19628 
4904 6446 19858 247 168 -475 514 4985 6762 28354 
4917 7993 20416 263 117 -365 383 4918 862% 28636 
4999 9128 21264 241 22 -73 76 5811 426d 21848 
5182 4051 20391 282 117 -314 335 SB18 8853 21432 
5P89 8626 21341 270 29 -73 79 5101 4226 21814 
5112 4728 21108 314 88 -336 346 5187 7185 22314 
5188 7578 22614 312 95 -394 416 5119 0038 22358 
5311 3772 21544 316 7 -15 16 5313 5246 22894 
5314 5773 22512 342 58 -592 595 5317 6416 23084 
5481 4413 24PS8 342 -29 -183 185 5412 4889 23852 
5485 5611 23784 382 -73 -541 545 5407 6532 24208 
5498 7136 24243 361 88 -419 418 5511 4582 24456 
5512 5831 24299 364 -37 -468 469 5505 6316 25111 
5611 3976 25656 461 29 -37 47 5612 4585 25770 
5614 5191 25516 458 110 -533 544 56lS 5998 25584 
5608 6878 25659 441 73 -541 545 5786 6584 26610 
5789 7148 26828 516 -215 -285 351 5808 6513 27512 
5889 7886 27398 514 -285 -292 418 5912 4153 28104 
5914 4679 28374 598 29 -131 135 59g8 6171 28134 
5999 6898 28141 504 -234 -314 392 6105 S07l 28918 
6819 6390 29031 532 -197 -310 359 6 1  4112 39953 
6119 5959 31194 536 -117 -160 285 



INTERVAL If NljV 1 

Table 3 (cont .) 

581 75 12 JAN 1902 

Z V X W  V I3 t X Y Z V X W  V 



Table 3 (cont .) 

INTERVAL 15 NOV 1981 TO 22 JAN 1482 



Table 3 (cant 0 )  



Table 3 (cont .) 

• INTERV 

ID # 

'AL 22 JAN 1982 TO 31 1982 

X Y Z V X W  V I D #  ' 1  Y Z V X W  V 



INTERVAL 31 FM i 982 TO 02 AUG 

Table 3 (cont .) 

1982 

Z V X W  v 



Table  3 (cont .) 

INTERVAL 31 HA!? 1982 TO 112 AUG 1982 

ID t X Y Z V X W  V ID b X Y Z V X W  



Table 3 (cont .) 

INTEJVAL 32 AUC 1982 TO 15 OCT 1962 

ID k X Y Z V X W V  ID D X Y Z V X W  V 



Table 3 (cont .) 

INTRVAL 82 AUG 1982 TO 15 OCT 1982 

ID fi X Y Z V X W  V ID D X Y Z V X W  V 



Table 3 (cont .) 

l K E R V A L  94 K T  1584 ;3 i4 CEC 1564 

ID 1 1 Y Z V X W V  ID f X Y Z V X W  V 



Table 3 (cont .) 
Q INTERVAL 14 oct 1984 nr 14 me 1984 

ID C X Y Z V X W  V ID t X Y Z Y X W  V 



a Tab1 e 3 (cont =)  

INTE!!VAL 1 4  OCT 1904 TO 14 DEC 1 9 0 4  

ID P x Y Z V X W  v ID 8 x Y Z V X W  v 



INTERVAL P4 OCT 1984 

ID i X Y Z 

5251, 4940 29246 494 
5313 3733 31175 521 
5487 7652 29114 516 
5411 5934 29871 510 
5412 4717 29925 Sfl4 
5505 8811 29290 5 i 2  
5587 7254 29628 541 
5589 6458 38317 529 
5512 5144 38510 511 
56%5 8584 29885 498 
5618 6209 31901 529 
5704 9388 28648 51a 
57B6 3522 24938 532 
5710 6513 31298 536 
5710 7682 30751 548 

Table 3 (cant .) 

TO 14 DEC 1984 

VX W V ID 1 X Y 

-36 -257 260 5312 4286 29826 
31 11 33 5486 6N96 28696 

-417 -738 614 5410 7i84 29425 
-293 -5P4 503 5411 5324 29856 

21 -21 29 5514 8388 20960 
-412 -646 768 5506 7626 29627 
-446 -648 788 5518 6926 31854 
-355 -514 625 5518 5882 31365 

-18 -46 47 5684 8924 28539 
-478 -545 725 5696 6199 29584 
-216 -278 ' 246 5627 7866 38818 
-448 -324 553 57e5 0995 29440 
-404 - S Z ~  718 5784 7122 31855 
-286 -231 310 5711 5899 31336 
-442 -460 644 

Z V X W  V 

513 57 5 57 
494 -453 -612 761 
534 -448 -720 848 
582 -98 -273 291 
496 -4Sd -506 744 
532 -422 -658 782 
538 -440 -622 767 
528 -211 -350 408 
498 -448 -391 594 
523 -453 -617 757 
530 -437 -561 711 
528 -453 -525 693 
542 -306 -412 564 
522 -21 -57 68 



IITERVAL 14 DEC 1984 TG 18 FEB 

I D  t 3 Y Z V X W  

Table 3 (cont .I 
1985 

V I D  1 X Y Z V X W  V 



Table 3 (cont -1 
INTERVAL 14 DEC 1964 TO 18 PEB 1905 

ID t x Y Z Y X W  v ID t x Y Z V X W  v 



Table 3 (cont .) 

INTERVAL 14 DEC 1 



Table 3 (c0nt=)  

INTERVAL 1 4  DEC 1984 TO 10 FEB 1985 



Table 3 (cont .) 

INTERVAL 18 FEB 1985 TO 18 APR 1985 



Table 3 (cont .) 

e INTERVAL 1 8  r"EB 1985 TO 16  APR 1905 

ID 1 X Y Z V X W  V ID t X Y Z V X W  V 



a- Tab1 e 3 (cont ,) 

IlTERVAL 10 FEE 1405 TO 18 APR 1905 

ID t X Y Z V X W  V ID # X Y Z V X W  V 



Table 3 (cont .) 



Table 3 (cont .) 

IlTERVAL 18 APR 1985 TO J4 AUC 

ID f X Y Z V X W  Z V X W  V 



I  1 1 1  I  L I  1 1 1 1 1  1 1 1 1  
C . m C n & C .  W * * N  NC. * I  I W l  l W W W  I W 4 Q I Q I  l - 'U lC003CI  W Q I Q U  
U W W O W I  + U l m P W  O ~ W V ~  ~ ~ ~ W U I W A * ~  w w w w  ~ W P W ~ I  1 1 4 ~ ~ m a  N U ~ V W  
W N L I ~ W ~ ~ ~ W N I I W N C N W Q 1 O A o 1 W ~ U 1 0 1 O D M ~ Q I I p W V P r C ~ C 3 W W t D W ~ ~ t ~ W ~ ~ U * ~ ~ A ~  

- ~ S - U  u u l c l c .  r.3 ~.l lcl N U ~ W  N G I W W  M W W  W W O M  W W W ~  



Table 3 (cont .) 

IlPTERVAL 14 AUG 1985 TO 13 SEP 1985 

ID 1 X Y Z V X W  V ID fi X Y Z V X W  V 



Table 3 (cont .) • INTERVAL I4 AUG 1985 TO 13 SEP 1905 



Table 3 (cont .) 

INTERVAL P4 AUG i 585 TO 13 SEP 1985 

Z V X W  V ID # X 



Table 3 (cont .) 

INTEWAL 04 AUG 1985 TO 13 SEP 1985 

ID b X Y Z V X W  V ID 5 X Y Z V X W  V 



Table 4 ,  -- Points a t  sea level along the terminus of Columbia Glacier. 

TEEIIUS POINTS 26 SEP 1981 



Table 4 (cont .) 

TERnINUS POINTS 



Table 4 (cont .) 

TWINUS POINTS 22 JAN 1982 



Table 4 (cont .) 

TERMINUS POINTS 31 MAR 1982 



Table 4 (cont .) 

TERMINUS POINTS 02 AUG 1982 . 



Table 4 (cont .) 

TERtlIrOUS POINTS 15 OCT 1982 



Table 4 (cont .) 



Table 4 (cont .) 

TERMINUS POINTS 14 DEC 1984 



Table 4 (cont .) 

TERHINUS POINTS 18 PEB 1985 



Table 4 (cont .) 

18 APR 1985 



Table 4 (cont .) 

fl4 AUG 1905 



Table 4 (cont .) 

TERl4INUS POINTS 13 SEP 1905 



XU O'I  b r 
o m  
e rt 



Table 5 (cont .) 

ICE CLIFF BEIGET 15 NOV 1901 



Table 5 (cont .) 

ICE CLIFF HEICBT 22 JAN 1982 



Table 5 (cont .) 

ICE CLIFF BEIGET 



Table 5 (cont .) 

ICE CLIFF 8EIG8T 02 AUG 1982 



Table 5 (cont .) 

15 OCT 1982 ICE CLIFF BEiGBT 

ID # X Y 



Table 5 (cont .) 

ICE CLIFF HEICBT 14 OCT 1984 



Table 5 (cont .) 

ICE CLIFF BEIGHT 14 DEC 1984 



Table 5 (cont .) 

ICE CLIFF BEIGBT 



Table 5 (cant .) 

I C E  CLIFF BEIGEIT 18 AFR 1405 



ICE CLIFF BEIGRT 

Table 

ID P 

85402 
65414 
85406 
85418 
85418 
85412 
65414 
85416 
85418 
85428 
85422 
85424 
85426 
85128 
85430 
85432 
85434 
85436 
85438 
85440 
85442 
85444 
85446 
85448 
85458 
85452 
85454 
85456 
85458 
85460 
85462 
85464 
85466 
85468 
85471 
85472 
85474 
85476 
85478 
85485 
85482 
85484 
85406 
85488 
8549% 
85492 
85494 
85446 
85498 

94 AUG 1985 



ICE CLIFF aEIGfT 

Table 

ID f 

35582 
85504 
85516 
8ssga 
85518 
85512 
85514 
85516 
85518 
85520 
85522 
ass24 
as526 
85528 
6553g 
05532 
85534 
85536 
85538 
85541 
85542 
85544 
85546 
85548 
8555fl 
85552 
85554 
85556 
85558 
85561 
85562 
85564 
85566 
85568 
8SS7B 
85572 
85574 
85576 
85578 
85580 
85582 
85504 
85586 
85580 
85590 
85592 
85594 
85596 
85598 

5 (cont .) 

X Y 

9912 13776 
9843 13871 
9800 13411 
9763 13946 
3785 14056 
9629 14194 
9559 14098 
9436 14887 
9371 14866 
9238 14816 
9163 i3981 
9145 13027 
9883 13667 
8978 135BP 
3927 13564 
8889 13643 
8612 13698 
8769 13763 
8697 13784 
8612 13008 
851% 13886 
8439 13912 
835i 14026 
8241 14835 
8178 14843 
8111 14058 
0054 141178 
7928 14126 
7858 14181 
766a 14321 
7653 14432 
7512 14521 
7445 14548 
7278 14625 
71119 14626 
6895 14688 
6734 14621 
6619 14619 
6485 14585 
6257 14557 
5977 14593 
5762 14723 
5593 14561 
5429 14565 
5297 14458 
5170 14443 
5192 14343 
5825 14338 
4928 14248 

13 SEP 1985 



6 

R , length is area divided by 4.500 a, and change is in meters since the 
previous photo date. 

DATE ARZA LENGTH CBMGE 

26 SEPTEnbER 1981 

15 NCtVEEBER i481 

I2 JAEiiARY 1962 

31 Y ! C B  1562 

$2 AUGUST 1462 

15 OCTOBER 1582 

04 OCTOBER 1984 

14 DECMSER 1964 

10 FEBRUARY 1965 

18 APRIL 1985 

84 AUGUST 1965 

13 SEPTEMBER 1985 



Table 7. -- Columbia Glacier ice cl i ff  h e i g h t s .  The average of the I: distance 
between the point pairs is XD, and the average of  the Y distance between 
the point pairs is YD, both i n  meters. The average a l t i t u d e ,  2, of the 
highs and the lows of t h e  p o i n t  pairs is meters  above sea level. 


