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REGIME OF AN AFGHAN GLACIER 

By O. GILBERT, D. JAMIESON, H. LISTER and A. PENDLINGTON 

(Department of Geography, University of Newcastle upon Tyne, Newcastle upon Tyne, 
Northumberland, England) 

ABSTRACT. The climatic snow line is a little above the highest peaks in this region (Mir Samir, 5 80g m, 
lar. 35° 35' N., long. 70° 10' E. ) but steep north-facing slopes provide a topographic reason for small glaciers 
persisting, with a snow line a little below 4900 m ( 16 000 ft ) . Snow accumulation at this height averages 
I 300 kg m-\ most of this fa lling in late winter and spring. Gross ablation reac hes 40 kg m- ' d - ' . Net 
ablat ion (July- August), measured as stream discharge, averages 3600 m 3 d - ' = 9 kg m - ' d - '. Slow 
recession is the average condition. H alt stages at 4800. 4600 and 4000 m are interpreted from the topo
graphy. Dating of moraines by li chen distribution indicates for the highest of these a minimum age of 400 
years. 

The vertical flux of heat and of water vapour were calculated through a n a ir layer 30- 100 cm over a 
melting firn surface for 24 h . The source of heat availa ble at the surface expressed as a percen tage of the total 
was: net radiation 87, condensat ion 5, forced convection I , conduction through snow 6 and unexpla ined I. 

The heat sink was: long-wave radiation 4. evaporation 6, forced convection 6, conduction into snow 2 and 
melting 82 % . 

R ESUME. L e regime d' lIll glacier afghan. La ligne climatique de neige est un peu au-dessus du sommet des 
montagnes de cette region (Mir Samir, 5 80g m , 35° 35' N , 70° 10' E) mais les pentes ra ides orientees au 
nord constituent une donnee topographique a ux g laciers qui subs istent avec une ligne de neige un peu 
au-dessous d e 4 goo m. L 'accumulation moyenne a cette a ltitude est d e I 300 kg m - ', dont la plus grande 
partie tom be en hiver et au printemps. L'ablation brute a un maximum de 40 kg m - ' d - '. L 'ablation nette 
(juillet- aout), mesuree par le debit des torrents de fonte, est en moyenne de 3600 m l d - ' = 9 kg m- ' d - '. 
Une lente decrue est la condition moyenne. D es periodes de stabilite a 4800, 4600 et 4000 m sont inter
pretees par la topographie. Le datage des moraines par la ditribution des li chens don ne pour la plus elevee 
un age minimU1TI de 400 ans . 

Le flux vertical de chaleur et de vapeur d 'eau a ete calcule a travers une couche d'air de 30- 100 cm 
pendant 24 h au-dessus d 'un neve soumis a la fonte. La source de cha leur dispon ible en surface, exprimee en 
%, donne: radiation nette 87, condensation 5, convect ion forcee I , conduction a travers la neige 6, inexplique 
I. La d epression thermique eta it : radiation a ondes longues 4, evaporation 6, convection fo rcee 6, conduction 
d ans la neige 2, fonte 82 % . 

ZUSAMMENFASSUNG. Hallshalt eines afghanischen Glelschers. Die klimatische Schneegrenze liegt etwas liber 
den hochsten Gipfeln dieses Gebietes (Mir Samir, 5 80g m, 35° 35' N , 70° 10' E ), aber steil e Nordhange 
sind die topographische Ursache fur d as Fortbestehen kle iner Gletscher, deren Firnlinie knapp unter 4 goo m 
liegt. Die Schneeakkumulation in dieser Hohe betragt durchschnittli ch I 300 kg m- ' wovon der 
grosste Teil im Spatwinter und im Fruhling fallt. Die Bruttoablation erreicht 40 kg m- ' d - '. Die Netto
a blation (Juli- August ), als Wasserabfluss gemessen , betriigt durchschnittlich 3600 m ] d - ' = g kg m ' , d - '. 
1m a llgemeinen herrscht langsamer Ruckgang. Stillstandsstadien bei 4800 m, 4600 m und 4000 m werden 
aus der T opogra phie erkl iirt. Die Datierung der Moranen mit Hilfe d er Flechtenverteilung ergibt fur die 
hochstgelegenen unter ihnen e in Mindestalter von 400 J ahren . 

D er vertika le Fluss von Warme und Wasserdampf wurde in einer Luftschicht von 30- 100 cm uber der 
lauenden Firnoberflache fur ein en Zeitraum von 24 Stunden berechnet. Die an der Oberflache verflugbare 
Warme setzte sich prozentual aus folgenden Quellen zusammen: Netto-Strahlung 87 % , Kondensa tion 5%, 
erzwungene Konvektion 1%, Leitung durch Schnee 6%, ungeklart 1% . D er Warmeverbrauch betrug fUr 
langwellige Strahlung 4 %, Verdunstung 6%, erzwungene Konvektion 6%, Ableitung in Schnee 2% und 
Schmelzen 82 %. 

AGRICULTURE in the semi-arid climate of Afghanistan is very dependent upon irrigation. In 
the north-east, river discharge is kept moderately high through the growing season by m elting 
snow from the Hindu Kush which supplies local village fields even as high as 3 600 m ( I I 800 
ft ) before coalescing in gorges like that of the Panjshir River which waters extensive plains to 
the south as it Aows on to join the River Indus. The height of the climatic snow line in these 
mountains has risen until it is now only a little below the highest peaks. This, together with the 
concomitant shrinkage of glaciers has reduced the total amount of water stored in the moun
tains and increased the dependence for melt water upon the more ephemeral snow patches. 
Further observation on the wide range of human and physical problems associated with this 
glaciological phenomenon was the aim of an expedition of 12 staff and students from the 
University of Newcastle upon Tyne. Work was carried out during July and August 1965 
from a base camp at 4200 m (13 800 ft ) at the head of the Samir Valley, a branch of the 
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REGIM E OF AN AFGHAN GLACIER 53 
Panjshir, and 150 km (93 miles) north-east of KabuL This paper outlines the regime of the 
Mir Samil' West Glacier. 

TOPOGRAPHY 

The general trend of the main mountain ridges is south-west to north-east but turre ted 
Alpine peaks soar steeply from side ridges 1- 2 km long, The rock varies from slightly meta
morphosed sediments found along the west flank of the Samir Valley to hard gneisses and 
schi sts whi ch are dominant elsewhere, These have well-marked j oint planes that weather into 
deep clefts and give rise to extensive block screes, The highest mountain- Mir Samil'- rises 
to 5 80g m ( Ig 060 ft ) at the intersection of two ridges, the longer of which trends west-south
west to east-north-east. 

In each of the quadrants so formed, snow accumulation is sufficient to produce a glacier 
but only in the two north-facing ones are they of any size, T he largest is known as East 
Glacier and is nearly I km 2 in area ; the one to the north-west is known as West Glacier and is 
0.5 km 2 in area. It falls steeply as an ice apron from 5 080 m (16700 ft ) on the north-facing 
rock precipice (Fig. I). The bergschrund at approximately 5 000 m ( 16 400 ft ) opens along 
nearly the whole length of the glacier, the surface of which slopes gently westwards from a 
secondary snO\,v-collecting basin at its eas tern end. The average height of the glacier surface 
is 4 870 m (16 000 ft ) . To the north it is bounded by a low ridge which g ives rise westwards 
to a broad lateral moraine, partly separated from the glacier by a m elt stream flowing on the 
ice. At the western end it curves steeply to a sluggish melt-water lake d amm ed by a terminal 
moraine of large sub-rounded blocks, through which the melt water courses to a series of 
sha llow moraine-ponded streams tha t show considerable diurna l flow. 

SNOW ACCUMULATION AND STRATIFICATION 

T he continuity of snow layers over the greater part of the g lacier can be interpreted from 
the vertical snow profiles, of which three typical sections are shown in Figure 2. In 1965 the 
g lacier was snow-covered until near the end of August but in most years the snow on the 
tongue seems to melt completely and the snow-accumulation season does not commence until 
late winter. Moderate winter winds are indicated by thin crusts, a bove which a characteristic 
series of superimposed layers suggests that, in spring and early summer, cloud cover and 
precipitation a re interspersed with bright sunshine. In the pit profil es medium-grained snow, 
moderately compacted , gives way to loose damp snow which is then covered by crusts that can 
reach a considerable thickness and display an undulating upper surface where wet snow and 
possibly som e rain has fall en onto a glazed surface. An undulating lower surface of the 
dominant ice layers indicates radiation melting and melt-water percolation into the snow 
beneath , sometimes giving rise to ice knuckles. 

At a ll the pi ts examined, the con trol by radiation and decrease in precipitation is manifest 
as the ice layers increase in frequency, thickness and continuity as the summer surface is 
approached . 

T he minimum temperature in the vertical profiles was found to be under the dominant ice 
layers, suggesting an early spring minimum, by which time nearly half the snow has accumu
lated on the middle and upper areas of the glacier. 

Only in the bergschrund was it possible to measure at different sites the thickness of earli er 
annual layers between the yellow-brown discoloured ice formed by rock dust blown onto wet 
summer snow (Table I ) . Figure 3 shows the m easured accumulation and the gross accumula
tion interpolated from pits in protected snow patches at the g lacier margin and from the 
distribution of adjacent fine-grained rock material on boulders a nd heaped cobbles. The 
interpolated curve of net accumulation is based on the mean accumulation m easured in the 
bergschrund and the increasing thickness of infiltration ice found at the snow/ice interface, 
which indicates a firn line a littl e below 4 goo m (16 000 ft ). 

https://doi.org/10.3189/S0022143000020761 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000020761


50
 

rOO
 

~
 fb o 

15
0 

20
0 

U
P

P
E

R
 

G
LA

C
IE

R
 

I
-

I 
-
1

-
I

-
I 

-
1

-
I
-
I

' 
-
1

-
I

-
I --1-/ -

1
-

I
-

I 
-

1
-

~W
 

I
-

I 
-

/


I
-
I

' 
-

1
-

I
-
I
 

-
/


I
-

I 
-

1
-

1
-

/ 

>
lm

m
 

2-
3 

ic
.

la
y

er
s 

l,
-!

O
m

m
 

th
ic

k 
J-

1
4

m
m

 

>
lm

m
 

>
lm

m
 

2-
S

m
m

 

'm
m

-l
e

m
 

<
lm

m
 

3
-i

,m
m

 

'-
4

cm
 

<
O

'5
m

m
 

<
O

'S
m

m
 

O
S

-I
m

m
 

2
m

m
-3

c
m

 

M
g 

m
-J 

0
'5

 
{!

(; 

l 
I 

_o
C

 

I 
I 

0
6 

0-
3 

I 

/ 

I 

~
 

A
C

C
U

M
U

L
A

T
lO

N
=

1
I9

0
kg

 m
'l 

M
E

A
N

f'
=

0
'5

3
 M

g 
m

-' 

M
ID

D
LE

 
G

LA
C

IE
R

 

'm
m

 
W

it
h

 2
-
3

m
m

 
tn

ic
k 

ic
e 

la
y
.r

s 

2-
7

m
m

 

O-
S

m
m

 

'm
m

 
O'

S
m

m
 

]
-1

0
m

m
 

O-
S

-l
m

m
 

-
4

-
1m

m
 

-
O-

S-
l

m
m

 

~
g
 

m
 J

 
0

5 
0·

6 
I 

I 

,.,
 

, 
! 

-'
C

 ,., 
LO

W
E

R
 

G
LA

C
IE

R
 

m
 

lm
m

 

--
--

--
7-

-~
 

O
'S

m
m

 (
ie

t 
lo

y
e

n
) 

-
_

., 
-

-
-

-
-,
~'

 --
-

f--
--

-
==

==
==

 -
--

--
-

O
'S

m
m

 

'
M

M
 

'
m

m
 

I_-
/~-

--
::

: 
O

-S
m

m
 (

le
n

s
e

s 
20

· 
'r

o
m

 
no

ri
zo

n
!!

'tl
 ..

. 
-

-
7 

.... _
 .... -

J
m

m
 

-
.

...
 

-
'

-l
m

m
 

O
'S

m
m

 
J
-4

m
m

 
'-

lc
m

 

Q
-S

rn
m

 

O
'S

m
m

 
2
-S

m
m

 

O
'S

m
m

 

S
m

m
(w

in
d

cr
u

st
l 

l
m

m
 

<
O

'l
m

m
 

2
-J

m
m

 

le
ss

 d
e
n

se
 

In
o

n 
tw

o 
la

ye
r!

>
 

a
b

o
v

e 

In
(r

e
/l

s
in

g
 

in
 g

ra
m

 

s
Iz

e 
w

il
h 

d
e

p
th

 

A
C

C
U

M
U

L
A

TI
O

N
=

9
8

5
kg

 
m

-l
 

M
E

A
N

 1
'=

 0
·5

5
 M

g 
m-

' 

\ 
'-

2
m

m
 

-
/ 

-
I 

-
-

\ 
1

/
 

_ /
 

A
C

C
U

M
U

LA
T

lO
N

=4
45

kg
 

I 
')

 
M

E
A

N
f'

=
0

'5
4 

M
g 

m
-' 

I ,--
, I

~
~
 
~
 

"
].

 

[il
l] 

1
'1

 
,'

, 

~
 
~
 

I
-
I
 

-
/-

so
ft

 s
no

w
 

w
e

t 
sn

ow
 

in
te

rm
it

te
n

t 
h

a
rd

fl
r 
l
a
y
~
r
s
 

m
o

d
e

ra
te

ly
 

c
o

m
p

a
c
t 

sn
o

w
 

v
~
r
y
 

co
m

p
a

ct
 

h
o

m
o

g
e

n
o

u
s 

sn
o

w
 

ve
ry

 c
o

u
rn

 g
ra

in
e

d
 

w
e

t 
sn

o
w

 

a
ve

ra
g

e
 

g
ra

in
 s

il
t 

F
ig

. 
2

. 
Sn

o
w

 s
tr

a
ti

fic
at

io
n 

01
1 

M
ir

 S
a

m
ir

 W
rs

l 
G

la
ci

fT
, 

J
u

ly
 

19
6

5
-

""
'9

 
m

-J 

0
-5

 
0·

6 
I 

I 
-o

c 

m
-l

 CJ
 

.. "
 

G
 

EJ
 

8 ~
 

B
 

'm
m

 

0
·6

 
0

·3
 

I 
I -- \ ( 

/ 
( , ') / 

e,
--

-.,
_ 

ic
e 

kn
uc

kl
es

 

in
tt

rm
it

te
n

t 
~c
. 

la
ye

rs
 

ic
e 

le
n

se
s 

le
. 

la
ye

r 

co
n

tin
u

o
lJ

s 
ic

e 
la

Y
flr

 

d
is

co
n

ti
n

u
o

u
s 

it
. 

la
y
tr

 

th
ic

kn
e

ss
 

o
f 

ic
. 

IO
Y

flr
 

(.
;1

 .... '- o c '" z ;I>
 

r o ."
 

o r ;,.
 

('
) o r o o -< 

https://doi.org/10.3189/S0022143000020761 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000020761


REGIME OF A N AFGHA N GLA C IER 

TABLE 1. A CCU MULATION (kg 111 - ' ) IN BERGSCHRUND O N MlR SAMIR W EST GLACIER 

1959- 60 

" 300 
1960- 61 

900 
1962-63 

1 000 

55 

M ean 

I 300 

Flow lines could be traced in the snow when viewed from a distance but no definite 
crevasses were seen . Some mass transfer from the steep accumulation slopes to the lower 
g lacier was evident in the slow trickle of m elt water , dripping in the bergschrund and flowing 
a long the ice surface at the bottom of the snow pits, but avalanches transfer the bulk of the 
snow down the steep rock wall. 

ABLATIO N 

Thirteen flagged wood stakes (nine on the glacier and four in large snow patches) were se t 
> 2 m in the snow on 16 July 1965, and the snow level and density were read periodically at 
the stakes. Figure 4 shows the mean values of gross ab lation on the glacier which was genemlly 
between 10 and 2 0 kg m - 2 d - I

• 

5100 

"iiI 
CII 
~ 5000 
QI 
E -QI 
"0 
::I 
§ 4900 
<t 

... 
, .... Net 
\ Accumulation 

",) 

\ 

"-
"-

"-
"

Measured 
Accum" 

Gross , 
Accum~ /"'" \ , 

) 

Area Distribution 

4800L---~---L--\~----~------~--------~------~~------~ 
1500 1000 500 

kg m-2 
o 0'125 

km 2 

Fig. 3. Change of snow accumulation and glacier area with height. J uly [965 . 

0·25 

Net ablation was m easured as stream discharge, 100 m from the glacier terminus, where 
melt water form ed a wide, juvenile turbulent stream. After some days of experimental siting, 
a water-depth recorder was mounted on top of a stilling well. Stream flow was achieved from 
this record via a stage/discharge curve, [or which successive gauging of stream flow was made 
by civil engineering, dilution techniques. For this, sodium dichromate and a photometer 
were used in preference to sodium chloride and a conductivity bridge, since the former 
combination does not require large quantiti es of sa lt nor carefu l m easurement of water 
temperature. 

Hourly discharge, plotted from the d epth record and stage/discharge curve, showed 
minimum flow occurring daily at 10.00 h loca l time increasing slowly, in response to radiation 
m elting, to a maximum about 18.00 h. T he stream never dried up though freezing at the 
falling surface caused trouble with the float of the water-level recorder. Melt water percolated 
through the snow and generally flowed a long the ice surface of the previous year, revealed in 
the pits. Hence even a sharp drop in air temperature caused only a tardy response in the 
stream flow, the g lacier behaving like a flood-control reservoir. 
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JOURNAL OF GLACIOLOGY 

In Figure 3, net ablation m easured as stream discharge divided by the area of the g lacier 
averaged 9 kg m - ' d - I

. Over the 3 weeks during which both net and gross ablation were 
measured gross ablation was 17 % greater. 

MASS BALANCE 

From Figure 3 the product of the net accumulation and the glaciel" area above the firn 
line is 40000 m ) of water equivalent. To balance this amount by melting over the glaciel· al·ea 
below the firn line requires the removal of95 kg m-' . Since most of the glacier surface even in 
late August was still covered by winter snow, it is unlikely that there would be much change 
in the balance for 1965. In most years, however, it seems that the lower g lacier is reduced to 

100 

E 
en 
"" -0 400 

c: 

" 

200 

Dopth of snow ablat.d (mm) 

\ 

/ 
6 kg m-2 accumulation 

2 30 

-0 

" E 

10 

U-~-L~~~~~~~~~-L~-L~~-L~-L~~-L~-L~~o 

" 22 25 30 I 15 19 23 

July August 

Fig. 4. Mean gross and net ablation over Nlir Samir West Glacier, JIII)/ and Allgust 196:;. 

bare ice by early winter. In mid-July 1956, New by ( 1958, p. 143) found about I f"t (30 cm) 
depth of rapidly melting snow over the lower area of the glacier. 

The hypsographic curve in Figure 3 shows the extensive area of the glacier between 4 840 
and 4 870 m. Lowering of the firn line into this height interval would thus cause the glacier to 
advance. The high (c. 20 m) terminal moraine about 100 m from the glacier snout borders a 
boulder-strewn basin that has every appearance of a bull-dozed hollow, at the deepest part of 
which, and fringing the glacier, is a shallow lake and snow patch. This hollow and the high 
moraine are a result of fluctuations of the glacier snout position as the firn line pulsed 
a few m etres into the critical altitude range of 4840 to 4 880 m. From the evidence of lichens 
(see below), the alternations of the glacier have probably occurred during the last 400 year .. 
A rise of the firn line to its present level of nearly 4 900 m thus resu lts in a slow recession . 
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GLA C IAL R ETREAT I NTERPRETED FROM LICHEN DISTR IBUTIONS 

A thorough examination of lichens growing on the moraines around the west glacier 
suggests that a very slow retreat may recently have speed ed up. The usual criteria of species 
number /uniform area and mean and maximum colony diameter were used in the investigation. 

The composition of the assemblages mapped are indicated in Table II . It can be seen that 
the units are reasonably homogeneous and separated by clear-cu t differences. Figure 5 shows 
how they tend to li e in arcs around the snou t of the glacier, parallel to each other and to the 
receding ice front. On the northern side of the moraine the oldest stages are missing along 
certain stretches because at these points summer melt water is continua lly acti ng to cause 
instability and erosion down steep boiler-plate slabs. 

It is impossible to put an accura te time scale to the sequence of lichen colonizat ion 
described above, as li chen growth is controlled by climatic features and the two have onl y 
been integrated for a few areas. There is a lso some indication that young lichens grow' faster' 
than old ones (Abbayes, 195 1) . 

TABLE 11. C H A RA CTER I ZATI ON OF THE LICH EN ZONE 

Lichen zones (Fig. 5 ) la 2 

Nu mber 0 (" species/uni t a rea * 10 R.2 5 ·9 
Mean cl ia metert (mm) 

AcarosjJOra er. rllla-allllaceat 57 35 23 
X alllhoria elegalls 52 6 1 28 
AspiciLia sp. go 73 32 

Percen tage frequency! 
Candelariella cL allrell a. I 00 I 00 90 
Acarospora er. rula-alulacta 100 100 80 
Lecidea austromongolica J 00 100 100 

X alllhoria elegalls I on I no 100 

AspiciLia sp . I on 90 70 

Lecallora melanoj'hlhallllrl 100 30 5 
Lecanora muralis 80 
Lecidea atrobruJlllea 40 

* Uni t a rea = 4 Ill ' of a ny Rat-topped gneiss boulder. 
t T he mean diameter of the la rgest colony/unit area. 
t Percentage freq uency is the proportion 0 (" the total 

a reas in which t he species occurs. 

3 4 5 
2·9 1.2 

13 6 

7 6 

100 60 

75 40 

50 20 
90 10 

number 0(" sample 

H aving stated the li m itat ions of the method , it is cautiously suggested that the age of the 
termina l moraine where several of the lichen species are represented by colonies over 80 mm 
in diameter must be m easured in hundreds of years with a minimum somewhere near 400 
years and a maximum between I 000 and I 500 years. The wid th of zone 5 gives the impression 
that retreat may recentl y have speeded up . 

R EG IOJ\"AL S U MMAR Y OF GLACIER R ECESSION 

Figure I shows the approximate extent in mid-August of the glaciers at the head of the 
Samir Vall ey. The glaciers on the steep north-facing slopes are supplemented by avalanche 
snow from yet steeper slopes above and have a lower limit close to 4 800 m (15 750 ft) . The 
smaller shrunken g laciers in cirques open to the west have a fairl y common lower limit of 
4 930 m ( 16 170 ft). For south-facing slopes the snow line is above the highest peaks. 

Grotzbach (1964, p. 296), with a geographical expedition from the Universitat Munchen, 
gave 4700 and 5 100 m for the snow line in 1963 on north- and south-facing slopes of the 
middle Khwaja-Muhammad m ountains, which are 40 km to the north. This indicates a 
climatic snow line that is more than 100 m higher than wa i drawn by Wissman on his map of 
snow lines in High Asia, and hence Grotzbach postulated glacial retreat. 
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At the head of the Samir Valley, an earlier halt stage of the glaciers can be interpreted over 
the cirque floors with a common height of approximately 4600 m ( IS 100 ft ) . The most 
advanced stage of the ice is indicated by large lateral moraines along the Samir Valley, but it 
is not easy to separate individual moraines of glacial evidence from soil creep and the extension 
of scree from the valley walls. However, a marked change can be observed in the valley at 
3960 m (13000 ft) where the V -shape valley cross-section below gives place to the U-shape 
above, and where the rock debris below is contiguous with the steep scree that produced it, 
and is not ridged parallel to the valley walls. These two earlier halt stages are also reflected in 
two remnant terraces found at intervals along the sides of the deeply entrenched Panjshir 
river to which the Samir river is a tributary. 

• Lichen Zone 1 

m 
N [J)J 

lliIIll 4 
[2J 
~ Lakes 

W St illing Well 

STEEP 

Appro)( Scale 
100 200 

metres 

Fig. 5. Lichen z ones on moraines at the SIlOllt of Mi,. Sami,. West Glacier. 

The greater snow to the east in the Karakoram mountains produces a lower snow line, 
e.g. 4 000 m on the Chogo Lungma Glacier (Untersteiner, 1957) , but recession there too is the 
dominant theme. The Kolahoi northern glacier in Kashmir Las has retreated 1.5 miles 
(2·4 km) since 1857 (Odell, 1963). 

MICRO-METEOROLOGY AT THE GLACIER 

It is assumed that the fluxes of heat, momentum and water vapour in the surface layer are 
proportionally dependent on their respective vertical gradients. This gives rise to the following 
expressions for flux of momentum T, heat H, and vapour E, which may be written 
(Sutton, 1953) : 

T = pKm (~:), 
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where the constants Km , KH and Kv are the respective eddy diffusivities, u is wind speed, 
T temperature and q the specific humidity. If the vertical profiles are very similar (can be 
superimposed), then these eddy diffusivities are generally assumed equal. 

Apparatus 
Individual psychrometers were made for each height of measurement (Caisley and others, 

1963, p. 40) but, since mean values were required, lagged thermocouples were used rather 
than transislors. Wet and dry bulb, copper-constantan thermocouples were soldered to short 
copper rods mounted concentrically in tubular radiation screens through which air was drawn 
by a I6-blade fan powered by a 12 V motor. Psychrometer units were clamped to a vertical 
aluminium tube at 2, 6, 10, 30, 100 and 200 cm, and pointed up-wind . When wind and 
sun were from the sam e direction, the mast was swung round a few degrees to avoid direct 
rays onto the thermocouples. The 12 air temperatures could be read successively at a light
point galvanometer with in 1 min. Similar thermocouples were taped to a wood rod inserted 
in the ground wi th the couples on the north side to give temperature readings at 1, 3, 6, 12 
and 30 cm depth. 

Temperatures were read up and down the range of thermocouple for alternate periods of 
5 min in each run. 

Casella Shepherd cup-counter anemometers were mounted on a nearby separate mast at 
10, 20, 30, 100 and 200 cm, and were read at the beginning and end of each timed run. Mean 
values at each height were accepted as rept-esentative of the temperature and humidity profiles 
for the 30 min observation period which was accompanied by the run of the wind recorded at 
the anemometers, from which a vertical mean profile could be drawn of wind speed. 

A levelled Moll Pile with potentiometer measured incoming and reflected short-wave 
radiation, from which albedo could be found for the surface through the day. 

A Monteith type of net-flux radiometer (Monteith and Szeicz, 1962 , p . 492) made of 300 
fine wire thermocouples on a 10 cm diameter annu lus was mounted on a I m long, thin 
bamboo arm clamped horizontally 1 m from the ground. This was gently swung through 5° 
above and below the horizontal and so achieved ventilation which permitted a steady value 
of the net radiation flux to be read on the potentiom eter. Radiation was read to accompany 
each set of wind and temperature profiles . 

Wind, temperature and humidity 
Figure 6 summarizes meleorologica l observat ions made in the same valley as the glacier 

but 3 km distant and 600 m lower. High air temperature with great diurnal range, low 
humidity and light north-west winds prevai led with small amounts of cloud . These conditions 
were interrupted by shorter periods varying from a few hours in the evening to a few days, 
when alto-stratus clouds grew from the west accompanied by more variable winds bringing 
snow flurri es up the valleys . 

Surface winds were controlled by valley direction and on the glacier light winds were 
common down the gently sloping surface. Wind speeds at I m above the surface ranged from 
0.5 to 4 m 5- '. Wind speeds at the lower heights were thus less precise, anemometers occasion
ally stopping during a timed run. Ignoring these few occasions, vertical profiles of wind speed 
could be fitted by a logarithmic law. At the lowest speeds, winds above 10 cm increased 
linearly with height. It was expected that wind-speed profiles would deviate from the 
logarithmic law as air stability deviated from the neutral atmosphere (Grainger and Lister, 
1966, p. 124) but the Richardson number, used as a stability index, departed little from zero 
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for 2 0 of the 24 observed profil es. T hus it was surprising to fi nd poor agreement in the 
superimposed profiles of wind speed, temperature and vapoUl" pressure. T he last two were 
very simila r bu t a com mon law was not possible and a logarithmic law, which gave the bes t 
fi t, was used in the estimation of fluxes for comparison in the a bla tion process . 

G radien ts of tem pera ture and vapour pressure were sm a ll a nd rarely varied as the 
logarithm of heigh t through the whole 200 cm but became m ore linear above 100 cm and 
displayed defini te anom alies in the lowest few centim etres (F ig. 7) . It is thus doubtful whether 
the ver tical fluxes calculated th rough the 100 to 30 cm a ir layer can be assumed to apply 
through the lowest 10 cm where the a nomalies in the profil es indicated some advection . 
Nevertheless, in the heat-ba lance calculations, the flu xes through the 30 to l a cm air layer 
were assumed to reach the surface. 
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Fig . o . . M eteorology at the head of Samir Valley at an alt itude of 4 200 III ( 13 800 fl'), July and AugusI 19 65 . 

Evaporation and eddy convection 
Evaporation , derived from Equa tion (3), may be writ ten with vapour pressu res in p lace of 

specific humidi ties and separating the constan ts for the si te : 

E = B (e, - e,l (uz - u,) 

where 
Mk 2 d 

B = -:::-:::=:-:---:---:---:-:-: 
R T{ln (Z2!Z,W' 

and E is evaporation in kg m - 2 s- ' , e l and e, a re vapour p ressure in mbar at heigh ts "I a nd z, 
(i.e. 0.3 and 1.0 m ), UI and U2 a re wind speed in m S- I at heights z , and Z2, M is the molecular 
weigh t of water = 18 , k is von K armftn 's constan t ~ 0 .4 , R is the gas constan t = 8. 3 I 
J mol - , K - 1, Tis ai r temperature in K ~ 278, d is the conversion from m ba t" to N m - ' = 10 \ 

and thence B = 1.55 kg m - 3 m bar - I, over the length of test period , 30 m in . 
Simila rly, Equa tion (2), expanded as Equa tion (4), may be written in the convenient 

form: 
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H = C( u2 - u, )( T 2- T, ) 

where 
pCpk' 

C = {In (Z2 /Z,W' 
and H is sensible heat in kW m - ' , T, and T 2 are temperature in °C at heights .(. 1 and .(.2, 

p is air density, which at the height of the glacier and with the m ean temperature and humidity 
of the observation period = 7 . 102 X 10- 4 Mg m - 3, Gp is the specific heat of air ~ 1 .003 kJ kg 
-I K - I, and thence C = 1.416 for H in kW m - 2

• 

Evaporation was small (0 .32 kg m- ' h- ' ) even in the earl y afternoon with littl e cloud cover 
a nd wind speed nearly 3 m s- ' a t 1 m . With the up-glacier wind bringing warmer air and 
light precipitation there was condensation which reached a peak about 09 .00 h (Fig. 10) with 
0.4 1 kg m - ' h - ' . 
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Fig. 7. Typical/Jrojiles of wind speed (11 ). temperature ( T ) and va/Jour pressure (et 

Evapora tion was only 20 % greater than condensation over the total observation time, 
being negligible in the mass balance though of critical importance in the heat balance because 
of the high value of the latent heat of vapouri zation of ice ( ~2 598 J g- I) . 

The sensible heat flux was very small, since gradients of temperature and wind speed were 
generally small ; even when warm moist air, bringing light precipitation , moved up-slope 
from the west, the sensible heat was still small as a component in the heat balance. 

COND UCTION THROUGH THE S U R FA CE S NOW LAYER 

Conduction of heat through the snow surface cannot be m easured directly, since tempera
ture probes for m easuring gradients are not satisfactory at the surface and thermopiles in the 
form of heat-flux plates interfere with natural conditions, particularly in snow near o°C at 
which they rapidly become wet and useless. H ence vertical profi les of temperature for each 
3 0 min test period were plotted to find the gradient a t 5 cm depth (Fig. 7) . The mean change 
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Fig. 8. Snow temperatures on Mi,. Samir West Glacier, 9 - 10 August 1965. 

in temperature from the previous test to the fo llowing test was found by graphically integrating 
from 0 to 5 cm depth the area between the snow temperature profiles. The heat per 30 min 
into this 5 cm layet· was then added to the heat conducted through the bottom of this layel' 
(Fig. 8) . Radiation on the surface snow caused rapid heating, from which melt water percola
ting into the snow raised to oGe a layer that varied from approximately 12 to 20 cm thick 
(Fig. 8) . Such an isothermal layer precluded heat conduction but changes in the thickness 
of this layer provided a small component in the heat balance. Vertical spacing of the thermo
couples was too big below the first 12 cm to permit accurate measurement of this change in 
depth of the oGe isotherm, so the resulting small component of heat is included in the total 
error, shown as " unexplained" in the heat balance in Figure 11. 

RADIATION (Fig. 9) 

Albedo of short-wave radiation varied between 45 and 60 % which is slightly lower for a 
melting snow surface than observed on glaciers at higher latitudes (Lister and Taylor, 1961 , 

p . 33) . However, this is in accordance with the observed decrease in albedo with increase in 
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Fig_ 9- Albedo , radiation and cloud over M ir Sami,. West Glacier, 9- (0 August 1965-
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radiation and, as commonly found, incoming radiation was slightly increased (and a lbedo 
d ecreased ) by the presence of small amounts of cloud. Stratus clouds provided a better 
reflecting surface and thus greater increase in incoming radiation (and accompanying 
decrease in albedo) than cumuliform cloud. 

M ELTING 

Gross ablation, as shown in Figure 4, was too small and inaccurate for comparison with 
ablation calculated over 30 min in tervals. T he volume of melt water di scharged in streams 
that joined only a short distance from the glacier snout was 73 % of the gross ablation over the 
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Fig. 10. Ablation on Mir Samir West Glacier, 9- 10 August 1965. 

1400 

3 weeks when both gross and net ablation were m easured. Net ablation as stream discharge 
and the volume of gross ablation as calculated for the micro-meteorological intervals is shown 
in Figure 10. Of 9 740 m 3 of melt water avai lable, only 8308 m 3 were discharged in the 
g lacier stream in the same 24 h , leaving I 432 m 3 retained in the snow cover. Since the area 
of the glacier was 4.4 X 105 m " the water retained in the snow cover could , on refreezing, give 
up 108.5 J cm - ' and raise by 0.3°C the temperature of an average column of I cm ' cross
section and IS0 cm depth, having a mass of 82.5 g. The measured temperature rise was less 
than o. I °C per day, so approximately 0.27 g of water was available per cm' column, fi lli ng 
part of the 55.5 cm 3 of pore space, a decrease in pore volume of 0.5 % on that one day of high 
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melt. Stream d ischarge was greatest d uring this time and a few days later it was noticed that 
snow had ablated from the glacier snout, leaving regelation ice, with a softer, wet snow surface 
higher up the glacier. Thus the calculated and the stake measurements of gross ablation , 
are in good accordance wi th the response of the snow surface and the net ablation measured as 
stream discharge. 
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Fig. I/. Heat balance on !l1ir Samir West Glacier, 9- 10 August 1965. 

THE HEAT BALANCE 

The total heat involved at the glacier surface over 23 periods of 30 min is shown in Figure 
I I and summarized in Table Ill. The net radiation , as expected , was the dominant source of 
heat; Untersteiner ( 1957, p . 157) found radiation supplying 88 % of the heat responsible for 
ablation offirn at 4 000 m on Chogo Lungma G lacier. With the onset of warm moist air over 
the glacier surface, e .g. from 08.00 to 10.30 h on 10 August (Fig. 6) the heat given to the 
surface by condensation became rather more important than the average conditions indicated. 
From the m eteorological record (Fig. 6) this invasion by warm moist air occurred during eight 
of the 30 days observed. For the whole summer, the heat of condensation would be lower and 
of evaporation higher than shown in Table III but, because of the high latent heat, the loss by 
evaporation is small. Again, for the whole summer, the snow must be a heat sink only, most 
of the heat to raise the snow to o°C being supplied by refreezing of percolated melt water. 
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TA BLE Ill. PERCENTAGE SOURCE AND SINK OF HEAT EVALUATED AT GLACIER SURFACE . 9- 10 AUGUST 1965 

Heat source 

Net radiation 87 
Condensation 5 
Forced convection I 

Conduction through snow 6 
Unexplained 

H eat sink 

Long-wave radiation 
Evaporation 
Forced convection 
Conduction into snow 
Melting 

4 
6 
6 
2 

82 

In the Panjshir region the dominant source of water for human and agricu ltural use 
through the dry summer is from melting snow at successive heights. Before the end of the 
summer only a few small glaciers remain in steep-walled mountain basins protected from the 
south. Melting from these small natural reservoirs helps to offset the aridity oflate summer and 
autumn. Increasing this melt water by artificial darkening of the glacier surfaces is very 
possible but it would be dangerous and expensive by aircraft and very demanding on human 
labour by any other means, since silt would have to be man-packed from lakes and accumula
tion basins a few hundred metres below the glaciers. Such interference is undesirable since the 
glaciers are already receding, so increasing their ablation would accelerate glacier shrinkage 
and remove these natural reservoirs. 

Rapid rUIl-off is a far greater problem but the narrow steep-sided valley of the Panjshir 
river offers suitable sites for dams. Many small settl ements high in the valley could be served 
by small dams across some of the tributary valleys but areas of flat land suitable for ag"iculture 
are more scarce than water. 
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