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designing hydraulic structures and flood control w
orks, and m

elt w
ater flow

t
o
 
o
p
t
i
m
i
z
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t
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u
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f
o
r
 
h
y
d
r
o
-
e
l
e
c
t
r
i
c
 pow

er generation
,
 
r
e
c
r
e
a
t
i
o
n
 
a
n
d

irrigation. R
ecently, there has been a greater em

phasis on studies of the
im

pact of snow
 on the agricultural industry (crop production) and the

environm
ent. T

he interactions betw
een hum

an activities (for exam
ple

deforestation
, urban developm

ent) and the snow
m

elt regim
e are receiving

i
n
c
r
e
a
s
i
n
g
 
e m

phasis.
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Snow
H

ydrology 
prepared by the U

. S. A
rm

y C
orps of E

ngineers (1956). A
lthough

the investigations sum
m

arized in this report w
ere conducted in m

ountainous
regions in the U

nited States their findings have served as a foundation for
m

any subsequent studies undertaken in other parts of N
orth A

m
erica. In

particular , the results and m
ethods described in this publication form

 the basis
for m

any of t
h
e
 
s
n
o
w
m
e
l
t
 
r
u
n
o
f
f
 
m
o
d
e
l
s
 currently used to forecast

stream
flow

. T
he m

ajor S
oviet publication on snow

m
elt is that by K

uz
m

in
(1961) and deals prim

arily w
ith conditions on the R

ussian Steppes. T
his w

ork
contains a thorough d

i
s
c
u
s
s
i
o
n
 
o
f
 
t
h
e
 
p
h
y
s
i
c
a
l
 
p
r
o
c
e
s
s
e
s
 influencing

snow
m

elt, and an excellent sum
m

ary of em
pirical m

ethods for estim
ating

m
elt rates suitable for incorporation in stream

flow
 forecasting procedures

and for other w
ater m

anagem
ent purposes.
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In m
any countries snow

 constitutes a m
ajor w

ater resource; its release in the
form

 of m
elt w

ater can significantly affect agriculture, hydro-electric energy
production

,
 
u
r
b
a
n
 
w
a
t
e
r
 
s
u
p
p
l
y
 
a
n
d
 
f
l
o
o
d
 control. T

he a
b
l
a
t
i
o
n
 
o
f
 
a

snow
cover or the net volum

etric decrease in its snow
 w

ater equivalent is
governed by the processes of snow

m
elt, evaporation and condensation

, the
vertical and lateral t

r
a
n
s
m
i
s
s
i
o
n
 
o
f
 
w
a
t
e
r
 
w
i
t
h
i
n
 
t
h
e
 snow

cover and the
infiltration of w

ater to the underlying ground. I
n
 
t
u
r
n, w

ater yield and
stream

flow
 runoff originating from

 snow
 are g

o
v
e
r
n
e
d
 
b
y
 
t
h
e
s
e
 
s
a
m
e

processes as w
ell as the storage and the hydraulics of m

ovem
ent of w

ater in
channels. In recent years it has becom

e apparent that a better understanding
of the physics of the ablation process is central to im

proving techniques of
forecasting the tim

e of m
elt,

 
t
h
e
 
q
u
a
n
t
i
t
y
 
a
n
d
 
r
a
t
e
 
o
f
 
w
a
t
e
r
 
r
e
l
e
a
s
e
d, the

volum
e of w

ater entering the soil and the am
ount of evaporation.

R
egular forecasting of runoff from

 snow
m

elt in N
orth A

m
erica w

as first
attem

pted at L
ake T

ahoe, N
evada, in 1909. E

ngineers of the local pow
er

com
pany correlated changes in the lake w

ater levels during the spring w
ith the

w
ater content of the snow

 on M
ount R

ose (as determ
ined from

 snow
 surveys

m
ade by D

r. J. E
. C

hurch). T
his correlation allow

ed the com
pany to regulate

releases from
 the lake to prevent spring flooding and to use the m

elt w
ater

m
ore efficiently for pow

er production. F
rom

 this early b
e
g
i
n
n
i
n
g
,
 
r
e
s
e
a
r
c
h

into the snow
 ablation phenom

enon has increased significantly. M
ost studies

have been concerned w
ith the prediction of floods and peak discharge rates for
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Seasonal snow
covers norm

ally develop from
 a series of w

inter storm
s and

are m
odified by the action of freezing rain

, w
ind and diurnal m

elting and
refreezing at the surface. A

s a result , both deep snow
packs in the m

ountains
and the shallow

 covers in regions of low
 relief develop a characteristic layered

s
t
r
u
c
t
u
r
e
 
(
G
e
r
d
e
l
,
 
1
9
4
8
;
 L

angham
, 1

9
7
4
)
 
w
i
t
h
 
" ice

"
 
l
a
y
e
r
s
 
o
r
 relatively-

im
perm

eable
,
 
f
i
n
e
-
t
e
x
t
u
r
e
d
 
h
i
g
h
-
d
e
n
s
i
t
y
 
l
a
y
e
r
s
 
a
l
t
e
r
n
a
t
i
n
g
 
w
i
t
h
 
c
o
a
r
s
e
-

textured, low
 density

and highly perm
eable layers. E

arly in the m
elt sequence

vertical drainage channels develop in the snow
 contributing further to its

heterogeneity. T
he internal structure significantly i

n
f
l
u
e
n
c
e
s
 
t
h
e
 
r
e
t
e
n
t
i
o
n

and m
ovem

ent of m
elt w

ater through the snow
, m

aking a detailed analysis of
the transm

ission process extrem
ely difficult. H

ow
ever , during m

ost of the
m

elt period the total m
elt w

ater produced is governed by the energy exchanges
at the upper and low

er snow
 surfaces.

W
hen the pack is prim

ed to produce m
elt it is at a t

e
m
p
e
r
a
t
u
r
e
 
o
f
 
O
O

throughout and its individual snow
 crystals are coated w

ith a thin fim
 of

w
a
t
e
r
;
 
a
l
s
o , sm

all pockets of w
ater m

ay be found in the a
n
g
l
e
s
 
b
e
t
w
e
e
n

c
o
n
t
a
c
t
i
n
g
 
g
r
a
i
n
s , norm

ally am
ounting to 3 to 5%

 of the snow
 by w

eight




