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VELOCITY AND SURFACE ALTITUDE OF THE LOWER PART OF HUBBARD GLACIER,  

ALASKA, AUGUST 1978 

by Robert M . Krimmel and Will i am G . S i  koni a 

ABSTRACT 

The terminus p o s i t i o n  and l o c a t i o n s  o f  numerous points on the lower 

p a r t  o f  Hubbard GI a c i e r  were determi ned from 1:58,000 scal e v e r t i  c a l  a e r i  a l  

photographs t a k e n  July 30, 1978 and August 23, 1978. The same surface 

features were 1 ocated on each set o f  photography, a l  lowing displacement 

during the time i n t e r v a l  t o  be measured. V e l o c i t y  o f  the  lower g l a c i e r  f o r  

t h e  24-day interval  was about 7 meters per day. The terminus receded 45 

meters between the two da tes .  

I NTRODUCTI ON 

C a l v i n g  speed o f  several Alaska t i d e w a t e r  g l a c i e r s  was measured 

t o  provide data f o r  a comprehensive study a t  Columbia G lac ie r ,  Alaska 

(Brown and others, 1982). One o f  the  g l a c i e r s  measured was t h e  Hubbard. 

I n  t h e  l a t e  spring o f  1986, Hubbard Glac ie r  advanced s u f f i c i e n t l y  t o  c lose  

the entrance t o  Russell F io rd .  Proposals were made t o  begin a comprehensive 

study o f  Hubbard G lac ie r  t o  determine the s t a b i l i t y  and longevity o f  t h e  

i c e  dam across the  entrance t o  Russe l l  F jord.  Th i s  repor t  contains pho to -  

gramnetric data t ha t  may be o f  use t o  proposed Hubbard Glac ie r  research. 

Ver t ica l  a e r i a l  photography o f  t h e  l o w e r  p a r t  o f  Hubbard G l a c i e r  was 

obtained on July 30, 1978 and August 23, 1978. Natural features, such a s  

crevasse i n t e r s e c t i o n s ,  on t h e  s u r f a c e  o f  the g l a c i e r  can be followed 

between the t w o  flight dates;  t h i s  a l lows  measurement o f  the surface 

movement. Data g i  ven in thSs report include the control used f o r  the 

photogrammetry ( t a b l e  I ) ,  the  hor izon ta l  ( X , Y )  coordi  nates  o f  p o i n t s  a l o n g  



the  terminus on both dates (tables 2 and 3 ) ,  the h o r i z o n t a l  ( X , Y )  and 

v e r t i c a l  (2 )  coordinates o f  each o f  many g l a c i e r  p o i n t s  f o r  each da te  

( t ab les  5 and 6 ) ,  and the change i n  p o s i t i o n  o f  the  g l a c i e r  p o i n t s  between 

the two dates (table 6 ) .  

CONTROL AND COORDI NATE SYSTEM 

Control  for the photogrammet r y  was extended toward the east from 

e x i s t i n g  N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n  (NOAA) hor i zon ta l  

con t ro l  i n Di senchantment Bay. S t a t i o n s  HVBB, RANCAS, LEFTY. HAENKE, and 

LUFF were established by NOAA; s t a t i o n s  START, SCARP, and STRIR ( f i g .  1, 

t a b l e  1) were estab l ished s p e c i f i c a l l y  f o r  the Hubbard G lac ie r  ve loc i ty  

measurements. A l l  the  stations were marked w i t h  temporary photo pane ls  

p r i o r  t o  the August 23, 1978 a e r i a l  photography.  Surveying was done w i th  

theodol i tes reading t o  0.0001 grads and estimated t o  be accurate t o  0.0010 grads, 

and a microwave e l e c t r o n i c  d l  stance measuring device estimated t o  be accurate 

t o  0.1 m (meters). The a l t i t u d e  o f  HAENKE was determined by measuring the  

v e r t i c a l  dlstance t o  the t i d e  l e v e l ,  t h e  level  o f  which was es tab l i shed  by 

using NOAA-predicted t l d e  t a b l e s  for Yakutat ,  A laska .  The altitude of the  

net was thus referenced t o  NGVD o f  1929 and estr'mated t o  be accurate t o  0.5 m .  

Geodetlc c a l c u l a t i o n s  were made using a three-dimensional survey 

adjustment (S f  kon la ,  1977) and are es t imated  t o  be in terna l  l y  accurate t o  

0.3 m i n  X, Y,  and 2, which i s  w e l l  w i t h i n  the l i m i t s  o f  the  photogrammetry 

methods used. I n  a d d i t i o n  t o  l a t i t u d e ,  l o n g i t u d e ,  and a l t i t u d e ,  Table 1 

gives the station locations i n  the l ln iversal  Transverse Mercator (UTM) 

system. In Tables 2-6 positions are UTM, bu t  w i t h  580,000 meters subtracted 

from the eas t ing  ( X )  and 6,650,000 meters subtracted from the nor th ing  ( Y )  . 



TERMINUS AND GLACIER POI MS 

The UTM coordi nates o f  232 po i  n t s  were determi ned photogramnet r i  cal ly 

by t h e  U S. Geological Survey's Western Mapping Center in Menlo Park, 

C a l i f o r n i a  by using methods described by Meier (Meier and others,  1985) . 
The Hubbard Glacier  photography was f lown a t  a nominal scale o f  1:58,000, 

whereas the Columbia Glacier photography described by Meier and others (1985) 

was flown a t  a sca le  o f  1:46,000. On the basis  o f  ;esults from Meier and others 

(1985) and the dif ference i n  scales, i t  i s  concluded t h a t  the  accuracy o f  

the  Hubbard points i s  about 2 .5  meters i n  both t h e  horizontal and v e r t i c a l .  

Tables 2 and 3 show the X and Y coordinates o f  51 (July 30, 1978) 

and 71 (August 23, 1978) p o i n t s  a t  the  ice-water i n t e r f a c e ,  the  g lac ie r  

terminus. These points a l s o  are shown on figures 2 and 3 as diamonds. 

Tables 4 and 5 g ive  the X,  Y ,  and Z f o r  55 glacier points on both July 

30, 1978 and August 23, 1978. 

VELOCITIY AND SURFACE ALTITUDE 

The change i n  coordinates o f  a p o i n t  between the photo dates gives 

the  displacement vector  f o r  the  p e r i o d .  Table  6 g ives t h e  mid-poi nt  of 

each vector ,  i t s  X and Y components i n  meters per day, and the  t o t a l  

h o r i z o n t a l  displacement i n  meters per day. Figure 4 shows the  same 

i nformation . I t  i s  estimated, based on i n f o r m a t i o n  from Mef er  and others 

(1985, page F7) t h a t  the  v e l o c i t i e s  are accurate t o  0.2 miday. A l t i tude  

changes are not easy t o  discern because each p o i n t  i s  moving downslope on a 

surface t h a t  has a gentle slope and t h a t  i s  falling i n  time owing t o  ab la t ion .  

Figures 2 and 3 show the a l t i t u d e  o f  each point  and the p o i n t ' s  l o c a t i o n  on 

t h e  respecti  ve date .  

The terminus retreated between July 30 and August 23. The area o f  

t h e  polygon formed by a p o i n t  near the southeast terminus margin (UTM 



588343, 6651938), a p o i n t  n e a r  the  northwest terminus margin ( U T M  582482, 

7 2 6658502), and the  te rminus  p o i n t s  on J u l y  30 was 1.22 x 10 m . The a r e a  

o f  the polygon with the same end p o i n t s  and the terminus p o i n t s  on August 

7 2 23 was 1.18 x 10 m The change in area between dates d iv ided  by the  8,800 

m d i s t a n c e  between the  end p o i n t s  g i v e s  te rminus  recession o f  45 m .  The 

average speed o f  p o i n t s  near the t e r m i n u s  ( I  .D. 101-105) was 7 m/day. 

Over the 24-day i n t e r v a l  the g l a c i e r  would have advanced 168 m had  there  

been no c a l v i n g .  The d i  f f e rence  between t h e  i c e  displacement and the 

terminus p o s i t i o n  change f o r  the  i n t e r v a l  was 213 m, thus the c a l v i n g  

speed was 9 m/day . 



REFERENCES 

Brown, C.S., Meier ,  M . F . 9  and P o s t ,  Aust in ,  1982, C a l v i n g  speed o f  A l a s k a  
t i dewa te r  g l a c i e r s ,  w i t h  a p p l i c a t i o n  t o  Columbia G l a c i e r :  U.S. 
Geological Survey P r o f e s s i o n a l  Paper 1258-C, 13 p .  

Meier,  M.F., Rasmussen, L . A . ,  K r i m m e l ,  R O M m ,  Olsen, R . b L ,  and Frank,  
David, 1985, Photogrammetric de termina t ion  o f  su r face  a l t i t u d e ,  
terminus p o s i t i o n ,  and i c e  v e l o c i t y  o f  Columbia G l a c i e r ,  A l a s k a :  
U.S. Geo log ica l  Survey P r o f e s s i o n a l  Paper 1258-F, 4 1  p. 

S i k o n i a ,  W.G., 1977, Three-dimensional geodetic survey adjustment:  U.S. 
Geolog ica l  Survey Computer Cont r ibu t ion ,  ILS.  Department o f  Commerce, 
Na t iona l  Techni ca l  I n f o r m a t i  on Service, PB-278 600, 189 p . 



Figure 1 -- The lower Hubbard Glac ier .  Alaska. Control poin ts  used f o r  
the p h o t o g r a m t r y  are shown as crosses. The dashed box i n d i c a t e s  
the  approximate area shown in figures 2, 3, and 4.  The terminus 
p o s i t i o n  1s for 1974. S t a t i o n  LUFF i s  out  o f  the  map area toward 
the  southwest .  



Figure 2 -- Photogrammetrical l y  determi ned a l t i t u d e s ,  i n  meters above NGVD 
o f  1929, o f  p o i n t s  on July 30, 1978. The diamonds i n d i c a t e  
photogrammetr fca l ly  determined points a long  the  terminus on 
the same date.  The s o l i d  l i n e  terminus p o s i t i o n  i s  f o r  1974. 



Figure 3 -- Photogrammetrically determined altitudes, i n  meters above NGVD 
o f  1929, o f  po in ts  on August 23, 1978. The diamonds I n d i c a t e  
photogramnetrically determined points along the terminus on 
the same date.  The s o l i d  l i n e  terminus pos i t ion  i s  f o r  1974. 



Figure 4 -- The midpo in ts  o f  t r a j e c t o r i e s  o f  Hubbard Glacier  f l o w  between 
July 30, 1978 and August 23. 1978 are shown as a c i r c l e .  The 
upper number beside each c i  rcle i s  the p o i n t  I D #, the lower 
number i s  the velocity i n  m/day . Rad ia t ing  from the c i  rc le ,  
i s  the d i r e c t i o n  o f  flow. The magnitude o f  the vector i s  a l so  
indicated by the scale on the f i gure .  



Table 1 -- The contro l  s t a t i o n s  used i n  t h e  photogrammetry. West Lat i tude 
and no r th  Longitude are i n  degrees, minutes, and decimal seconds. 
Altitude (2 )  i s  i n  meters referenced t o  NGVD o f  1929. Uni versa1 
Transverse Mercator (UTM),  zone 7 p o s i t i o n s  i n  meters. 

LEFTY 
0ANCAS 
BAEHKE 
LUFF 
HUBB 
START 
STR 10 
SCARP 



Table 2  -- Hubbard G l a c i e r  te rminus  p o s i t i o n ,  J u l y  30, 1978. X = UTM 
e a s t i n g  - 580,000 m, Y = UTM n o r t h i n g  - 6,550,000 m. These 
p o i n t s  a re  shown i n  f i g u r e  2  as diamonds i n  t h e  o rde r  o f  I D  # 
f rom southeast  t o  nor thwest .  

Table 3  -- Hubbard G l a c i e r  te rminus  p o s i t i o n ,  August 23, 1978. X = UTM 
e a s t i n g  - 580,000 m, Y = UTM n o r t h i n g  - 6,550,000 m. These 
p o i n t s  a re  shown i n  f i g u r e  3  as diamonds i n  t h e  o rde r  o f  I D  # 
f rom southeast  t o  nor thwest .  



Table 4 -- Po in ts  on Hubbard G lac ie r ,  J u l y  30, 1978. X = UTM e a s t i n g  - 
580,000 m, Y = UTM n o r t h i n g  - 6,650,000 m, Z i n  meters above 
NGVD o f  1929. The ID # o f  each p o i n t  corresponds t o  t h e  ID # 
i n  t a b l e  5. These p o i n t s  can be i d e n t i f i e d  on f i g u r e  2 by 
t h e  a l t i t u d e .  

Table 5  -- Po in ts  on Hubbard G lac i e r ,  August 23, 1978. X = UTM e a s t i n g  - 
580,000 m, Y = UTM n o r t h i n g  - 6,650,000 m, Z i n  meters above 
NGVD o f  1929. The I D  # o f  each p o i n t  corresponds t o  t h e  ID # 
i n  t a b l e  4. These p o i n t s  can be i d e n t i f i e d  on f i g u r e  3 by 
t h e  a l t i t u d e .  



Table  6 -- Velocities o f  p o i n t s  on Hubbard Glacier, averaged over i n t e r v a l  
July 30, 1978 t o  August 23, 1978. X ,  Y ,  and Z i s  the midpoint  
between the  p o s i t i o n s  on the t w o  da tes .  VX i s  the X component 
o f  velocity, V Y  i s  the Y component o f  ve loc i ty ,  and V i s  the 
t o t a l  ho r i zon ta l  velocity, a l l  i n  meters per day. 


