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Table 2. Time constant 1/81 for turbulent flow 

h\ex 

m 

0.05 
0.1 
I 

10 
100 

10-2 

0.011 
0.017 
0.078 
0.36 
1.7 

3.3 X 10--4 
5.3 X 10--4 
2.5 X 10-3 

0.011 
0.053 

1.1 X 10-5 

1.7 X 10-5 

7.8 X 10-5 

3.6 X 10--4 
1.7 X 10-3 

Note. n equals 0.022 (SI). Tables apply to a horizontal 
bed. 

Walder's second conclusion that a downstream 
decrease in ex can be accommodated by an increase in 
channel cross-sectional area S is, of course, normally true. 
However, one can easily construct examples where this is 
not true. For these cases, a solution is obtained if a water 
sheet exists over one or more reaches. Walder's conclusion 
is incorrect. 

Regarding Walder's third point that I ignored, plastic 
closure and other effects in predicting the hydrograph, 
this matter was better dealt with by Shoemaker (1992b) 
in which an argument was given for crudely estimating 
the duration of a flood. No hydrographic analysis was 
made because I have concluded that a meaningful 
analysis cannot be produced. Not enough is known, for 
example, about the mega subglacial lake that feeds a 
mega flood (Shoemaker, 1991). 
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SIR, 

Comments on er AnalYsis of glacier facies using satellite 
techniques" by Williams and others 

A scheme of zones (facies) for glaciers, suggested by 
Benson (1959, 1961) and Moller (1962), was intended to 
cover all zones (facies) of glaciers anywhere in the world. 
This included ablation (ice) facies, superimposed-ice 
zone, slush zone, soaked (wet-snow) facies, percolation 
facies and dry-snow facies . 

A Landsat 5 TM image (24 August 1986) of 
Bruarjokull, an outlet glacier from the Vatnajokull ice 
cap, east Iceland, was the source of a study by Williams 
and others (1991), from which they arrived at a revised 
scheme for glacier facies from remotely sensed data. 
Figures 5 and 6 in that paper show that there is a distinct 
difference of reflectance between areas on Bruarjokull on 
the above-mentioned date but, in the absence of direct 
and simultaneous ground observation, most of their 
physical properties remain speculative. 

Williams and others (1991) pointed out that "the 
upper limit of wet snow corresponds approximately with 
the 1300 m contour line" . By this, they did not imply the 
wet-snow facies, but this could have been misunderstood. 
As stated in the paper, there is no dry-snow facies on 
Vatnajokull and percolation facies cannot be detected on 
Landsat images. Rist (1961) and Theod6rsson (1970) 
measured the temperature in drillholes at 1614, 1730 and 
2000 m a.s.l. on the Vatnajokull ice cap and found that 
the glacier is temperate. Accordingly, there can be no 
upper limit to the wet-snow facies. This has been 
confirmed by Icelandic glaciologists during the cooling 
that started about 30 years ago. Generally, there are only 
two facies present on temperate glaciers, namely, ice 
facies and wet-snow facies. The presence of a slush zone 
would necessarily have to be confirmed by ground 
observation, but in this case it is absent. 

Williams and others (1991) found that the transient 
snow-line is located between 1000 and 1100 m a.s.l. for 
most of the glacier. This might conceivably be correct, as 
there is a sharp contrast in the image at that elevation but 
it seems rather low for an ordinary year. However, 
another reason for that contrast might be the thin crust of 
porous ice (up to 10 cm thick) that is commonly 
superimposed on glacier ice over large areas on bright 
days in summer (probably condensed moisture from the 
atmosphere), giving the glacier an almost white appear
ance. Another type of white crust termed "weathering 
crust" has been described by Muller and Keeler (1969). 
These two different types of crust can probably be 
differentiated from snow on some bands in the satellite 
image. 

Williams and others (1991) claimed to have found a 
slush zone immediately above the intended transient 
snow-line bordered up-glacier by the slush limit. As 
temperate glaciers above the equilibrium line are all 
within the wet-snow zone, there is no fine-grained snow in 
late summer that can be saturated with water. Conseq
uently, there is usually no slush on Icelandic glaciers in 
late summer. This agrees with the experience of the 
numerous "Jeep" enthusiasts who travel all over the 
glaciers at all seasons of the year. An exception might be 
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due to heavy snowfall during the summer or an 
exceptionally cold summer. According to weather 
records, neither is the case for the summer of 1986 in 
Iceland. 

Furthermore, Williams and others (1991) estimated 
the freezing level between 1300 and 1350 m elevation. 
This is found by extrapolating temperature about 1000 m 
up and 80 km horizontally from the nearest weather 
station at 0900 hUT, 3 h before the overpass of Lands at 5. 
During those 3 h, a temperature rise of the order of 3c C is 
to be expected and thus most of the surface of the glacier 
in question could be above the freezing point. Secondly, 
the freezing level from radiosonde data more than 300 km 
distant was used to establish the freezing level on the 
glacier. This estimate cannot be considered reliable. 
However, it may not be easy to find an alternative 
explanation to the sharp contrast in the image in question 
at about 1300 m altitude. It might have been the freezing 
limit, in spite of the temperature measurements at the 
nearest weather station. 
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ERRATA 

Vol. 39, No. 132, p.381 

The penultimate paragraph in column b should read: 

Bamber (1987) has shown that the IRH level in two
layered glaciers on Spitsbergen is well described by the 
piezometric surface of Rothlisberger channels (Rothlis
berger, 1972). The IRHs themselves, which were 

observed in spring before the melting season, are 
hypothesized to be the residues of a large-scale network 
of conduits which drain the surface meltwaters to one or 
more channels at depth. Some of these are closed olfin the 
winter and water is trapped in cavities which remain in 
the ice at the melting-point temperature (Bamber, 1988). 
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