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Cover -- Vertical aerial pbotograph of the terminus of Columbia Glacier, 26 
January 1987. The positions of the terminus, taken d i r e c t l y  from similar 
aerial photography on 20 January 1984, 16 January 1986, and 10 September 
1986, are also shown for rrfcrcncc. 
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Figure 1. Graph showing length of Columbia Glacier vs. time~.,,,,........C 

2. Graph showing velocity of Columbia Glacier vs, time, .....,.,., 7 

COUVERSIOU FACTORS 

For tbs use of readers who prefer to use inch-pound units, canversion 
factors for metric (fnternational System) units used in this report are 
given below: 

l v  metric unit  

mile 
foot 





COWHSIA GLACIER It4 1986: 

800 METER RETREAT 

Robert H. Krimmel 

ABSTRACT 

Columbia Glacier, i n  Prince William Sound, Alaska, continued i ts  rapid 

r e t r e a t  i n  1986, w i t h  a retreat of 800 meters. Average velocity of the lower 

portion of the  g lac ie r ,  10 September 1986 t o  26 January 1987, was three 

kilometers per year, or  about one-half of the velocity during s imilar  periods 

for  the previous three years, This reduced veloci ty  is a new development i n  

the progression of the  r e t r ea t ,  and i f  t h e  calving r a t e  follows the pat tern of 

previous years, w i l l  r e s u l t  i n  continued r e t r e a t .  

TEXT 

Columbia Glacier is  a rapidly r e t r ea t ing  tidewater glacier i n  Prince 

Yi l l i an  Sound, Alaska, Annual recession has been continuous since mid-1981, 

and i n  1984 was 1,100 meters (Weier and others ,  1985a). I n  1985, r e t r e a t  was 

250 meters (Krimml and Vaughn, 1987). The purpose of t h i s  b r ie f  report  is to 

disseminate information on the posi t ion of t h e  Columbia Glacier terminus i n  

1986 and ea r ly  1987, 

The most precise  and economical way to  obtain  data on t h e  pos i t ion  of the 

Columbia terminus is by vertical aerial photography. Beginning i n  1976 

ver t i ca l  photography of the lower g l ac i e r  has been obtained several  times each 

year t o  document changes i n  t h e  terminus posit ion,  velocity, and thickness. 

The f l i g h t  dates, data from the  photograpby, and results of photogrammetry have 

been published for f l i g h t s  from 1976 through 1985 (Fountain, 1982; Heiar and 

otbars, 1985b; Krimmel, 19871, 



The f l i g h t s  i n  1986 occurred on 16 January, 24 March, 13 June, and 10 

September. Due t o  unusually p e r s i s t e n t  poor weather i n  southern Alaska dur ing 

November and Dacembr of  1986, and January 1987, v e r t i c a l  photography was not 

obtained between 10 September 1986 and 26 January 1987. The f l i g h t  on 26 

January 1987 gave a g l a c i e r  length  o f  64.0 ki lometers ,  o r  nea r ly  800 meters 

less than the  length just over a year ago on 16 January 1986. The average date 

(1977-1985) f o r  the  minimum g l a c i e r  length  is 2 1  November (Krimael and Vaughn, 

19871, af ter  which t h e  glacier begins a seasonal  advance. The seasonal  advance 

between late November 1983 and l a t e  January 1984 amounted t o  100 meters, and 

f o r  a s i m i l a r  1984 t o  1985 period was 250 n e t e r s .  Based on t h e  assumption t h a t  

i n  the fal l  of 1986 the glacier behaved s i m i l a r l y  as in the  previous f a l l  

periods, it is l i k e l y  t h a t  the minimum length  f o r  Columbia Glacier i n  1986 was 

about 63.9 kilometers ( f i g .  11, 

While t h e  seasonal  v a r i a t i o n s  i n  g l a c i e r  length  behaved i n  s i m i l a r  fashion 

from as e a r l y  as 1977 through 1985 (Heier and others, 198Sa; Krimel and 

Vaughn. 19871, t h e  v e l o c i t y  near the  terminus has not been s o  seasonal ly  

p red ic tab le  f o r  the  las t  th ree  years. Generally, the  h ighes t  ice v e l o c i t y  

wi th in  one kilometer of t h e  terminus occurred simultaneously with the  aininum 

length  o f  the g l a c i e r ,  however the highest ice v e l o c i t i e s  t h a t  accurred 

associated with the 1983, 1984, and 1985 minimum lengths did not  occur u n t i l  

one to three months later. Also, t h e  highest velocities in the 1984-1986 

period were about two times higher,  as much as 6,000 meters per year, than 

previous t o  1982 (Krimmel, 19871. The average v e l o c i t y  one kilometer above the  

terminus for t h e  10 September 1986 t o  26 January 1987 period,  measured by t h e  

desktop photogrammetry over lay  methods described by Heier and o t h e r s  (1985b1, 

was 3,000 meters per year, about  one-half t h a t  seen i n  the same reason i n  1983- 

1985 ( f ig .  2 ) .  



The change In length of an active t i da l  g l ac i e r  is the sum of t h e  forward 

movement (pos i t ive)  and the calving (negative).  If the calving rate remains 

constant while vcloefty decreases, than r e t r e a t  must occur. The factors t ha t  

control  calving r a t e  have been analyzed t o  some extent .  Brown and others  

(1983) showed annual calving to  be d i r e c t l y  proportional to the water depth a t  

t h e  terainus.  Sikonia and Past (1980) showed strong cor re la t ion  between r i v e r  

discharge and embayaent format fan, suggesting t h a t  calving r a t e  is controlled 

by subglacial water discharge. I n  a l a t e r  paper Sikonia (1982) a l s o  included a 

term for the height of ice unsupported by buoyancy. Yhils a l l  these theories 

make i n t u i t i v e  sense end f i t  the data well, it is d i f f i c u l t  to  use them t o  

explain the changing posi t ion of the Columbia Glacier terminus for several  
, 

reasons. The water depth a t  the terminus is increasing as t h e  terminus 

r e t r e a t s  (Brown and others,  1986). the height of ice unsupported by buoyancy is 

changing as the glacier t h i n s  (Krimel, 19871, and t h e  ice veloci ty  is 

changing. The veloci ty  change is critical, but not explained, Work on surging 

g lac i e r s  (Kamb and others  ,1985) suggests t h a t  the  s l i d ing  velocity0 by which 

Columbia Glacier dominantly moves, is control led by basal water pressure i n  a 

system of linked cav i t ies ,  with higher pressure and veloci ty  i n  winter when 

water flux is low, Haier and Past (1987) suggest t h a t  i n  t i d a l  g l ac i e r s  

veloci ty  w i l l  increase when the  g l ac i e r  th ins  because the i ce  overburden 

pressure, and hence basal f r ic t ion ,  is reduced. The 1983 to  1985 velocity 

increase a t  Columbia could be explained by its thinning and t h e  posi t ion af the  

terminus r e l a t i ve  to the moraine shoal (Krimmel and Vaughn, 19871, but there 

has not  been a corresponding increase i n  thickness o r  posi t ion change r e l a t i v e  

to the moraine shoal t o  explain the 1986 veloci ty  reduction. 



The reduced average v e l o c i t y  i n  late 1986 and e a r l y  1987 is a major 

development i n  the  progression of the  d r a s t i c  retreat, and can not  be^ explained 

by t h e  a v a i l a b l e  t h e o r i e s  and observat ions .  I t  is conceivable t h a t  the year t o  

year  v a r i a t i o n s  i n  weather result i n  year t o  year  variations i n  basal water 

pressure of s ignif icant  aagnitude t o  affect v e l o c i t y  dramat ica l ly ,  but no 

s u i t a b l e  models have been app l i ed  t o  t h e  hydro-meteorological system t o  prove 

such a r e l a t i o n .  

The v e l o c i t y  decrease, considered by i tself ,  and assuming a constant 

ca lv ing  r a t e ,  would result i n  continued retreat. The d i r e c t  measurement of 

calving rate at Columbia indicates higher ca lv ing  r a t e s  i n  the  late summer 

through late f a l l ,  and reduced winter calving rate. I n  p a s t  years  the 

increased winter velocity, combined with reduced winter calving has r e s u l t e d  in 

winter  and spring glacier advance, Because of t h e  anomalously low v e l o c i t y  i n  

tbe  late fa l l  and early winter of 1986/7, the usual seasonal advance nay not 

occur, or a t  least be anamalously small, Considering t h e  reduced ice velocity, 

tbs retreat r i l l  likely accelerate mrr. 
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I f ~ t m  1. -- &asonal advance and retreat of Columbia Glacier for the years 
1976-1986, aupetirpoaed onto o m  year far comparison. The curves are 
repeated in the gray areas to either side to help visualize trends. Solid 
dots are data points obtained by photograrretry (error is about 10 
meters), open c i rc l e s  are observatfons by less-amrats lrathods (ship- 
borne radar, ground rurveys), and smootb curves are drawn through data 
points. Data fror aerial photographs taken on 12 Hatch and 24 April 1984 
are platted as vertical lines because of the difficulty in differentiating 
the low, irregular ice cliff from floating ice. Values are averaged over 
the width of the active terminus. This figure adapted fror Heier and 
otbert, 19851. 



Y E A R  

Figure 2. -- Velocity of Colombia Glacier within about one kilometer of the 
tatminus as measured from vertical photography by desktop photogram.etry. 
Errar in t h i s  method is in the order of 300 meters par year. Vertical 
bars represent tima i n t e r v a l s  between f l ights  with the  average velocity 
shown by the  bar he ight s .  Velocity prior to 1982 was 1,000-3.000 meters 
per year (Heier and others ,  1985b). 


