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izcd by rrurrry t l i l l i ' rcnt physical Proper-
t ies that rt l l i ' t t  winter and al l  l i fe. Be-

cause of the intricacies and complexity

of snow, we will consider snow in its

various forms in detail in the next sec-

t10n.
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sNow

People, especially northern natives,

have long recognized not only the im-

portance of snow, but the many differ-

ent types of snow. Although we can

characterize snow by density measure-

ments, numbers do not tell the whole

story. Skiers recognize many types of

snow, but have few words for describ-

ing them: powder, packed Powder,
corn snow, etc., but more detailed con-

versations rely to a latge extent on

numbers. Native peoples long ago de-

veloped vocabularies which described

many types of snow (Table 3). TheY

didn't use numbers, but their rich vo-

cabularies al lowed them to describe

condit ions that were cri t ical to their

way of life. Nonhern peoples knew and

named different types of snow, such as

snow on the ground and snow that col-

lects on trees.

Snow Language

Languages of northern peoPles, the

Inult and the Chtpewyan Indians, de-

scribed the snow conditions they knew.

Those living in different areas where

certain types of snow did not occur, did

not have words for those snow condi-

tions. Modern winter ecologists have

found it useful to incorporate tnany ol

these terms into their vocabulary t<>

provide concise definitions for types of

snow tha t  wou ld  o therw ise  requ i re

many words to describe. For example,

qalt quickly and efficiently describes

fa l l ing  snow tha t  co l lec ts  on  t ree

branches (Figure 4). Vinter ecologists

use other foreign terms, such as the

Russian term sastrugl, to aid in de-

scribing the winter environment.
Even with the Inuit vocabulary, it is

still necessary for modern snow scien-

tists and winter ecologists to have clas-

slflcatlons of snow. These classifica-

tions provide a standardized basis by

which we can communicate. Through

the years, many different systems have

been proposed and used. Ve will dis-

cuss those in common usage.

Snow Classillcatlon

Strictly speaking, snow consists of ice

crystals in the atrnosphere which grow

large and heavy enough to fall to the

ground.  However ,  in  common lan-

guage, the term "snow" often includes

surface-generated ice features which

are of great importance to ecologists

Practically we can define three general

types of snow: falling snow (precipita-

t ion), snow on the ground (unmeta-

morphosed and metamorphosed), and

surface-generated ice features (Table 4).

FaUlng Snout
Snowflakes that fall from the sky are

composed of one or more ice crystals.

Crystals form when water vaPor

freezes around a particle known as a

nucleatlng agent. The resulting ice

crystal grows when water molecules

are transferred from water droplets in

the air. Crystal type is determined by

the temperature and avai lable vapor

supply during formation (Figure 26).

Tab l c .1 .  l r r t r r t  ; r n t l  l r r r l r . r r r  t t ' r r r r i r t ok rgy  l i r l  r L l l i ' r t ' n t  t y l x ' s  o l  s t r ow

l i ng l r s l r In t r i t
Kolrtrk Vrlley
Alaska

I )inclye
F<>rt Yukon
Alaska

l": t l l i t rg strou
Snow, t l tat t() l letts ()n trees
Sn<>w on thc grotrncl
l)epth hoar
Vind$eaten snow
Fh,rf$, taiga snc>w
Drifting snow (srnoky snow)
Sm<nth snow surface of very fine particles
Rough snow surface of large particles
Sun crust
Drift
Soace formed between drift and- 

obstruction causing it
Sharply etched wind-eroded

snow surface (sastrugi)
Irregular surface caused by

differential erosion of
hard and soft layers

Ilowl-shaped depression in snow
around the base of trees

Snow deep enough to need snowshoes

a  = a h a s i n s a w
e = ey as ln Prey
i = i as in stick

(zh)e-guin-zee

Spot blown bare of snow Si(ch)

How to pronounce Inuit (Eskimo) words

Annui
Qali
Api
Pukak
Upsik
Theh-ni-zee
Siqoq
Saluma roaq
Natatgonaq
Siqoqtaoq
Kimoaqruk
Anmana

Kaioglaq

Tumarinyiq

Qamaniq

Det-thlo(k)
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Za
De-za
Non-kot-za
Zai-ya
Seth(ch)

Za-he-ah-tree

Za-es-(ch)a
Za-ke-an-e-hae

u = oo as in tool
au = ow as in now
ai = i as in hide

o = o as in bone q = like a "k" gutturalized far back in the throat
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Flgure 26 Snow crystal type is determined by temperature and uapor suppl_y (after
Perla and Maninelli, 1976, and Magono and Lee, 1966).



Table 4. Outline of types of snow and
ice features and classification systems in
use today.

Ice crystals in the air may grow lry

another process cal led r lmmlng, in

which supercooled droplets of watcr

collide with the crystal and freeze to it.
Vhen little rimming has occurred and

the crystal retains its initial shape, it is
referred to as a r immed snowflake.

However, when the rimming process is

extensive, the crystal loses its identifi-

able shape, and is referred to as grau-

pel.
Two other processes may form ice

crystals. Vater droplets which freeze on

the outside are known as sleet. Those
which have a solid core and grow by

layering as they pass up and down

through the clouds are known as hail.
Snow scientists may use a more de-

tailed classification system developed
by Magono and Lee (1966). This system

has the advantage of providing more

categories, making it easier to identify

crystals without resorting to the irregu-
lpr crystal category (Figure 28). How-
ever, this system does include a miscel-
laneous category. Several other useful
distinctions can be made in this system,

including the degree of rimming, the

division of needles into subcategories,

the addition of sideplanes as subdivi-

sions of the irregular crystal category,

the addition of a germ category for

crystals in the first stage of formation,

and the categories for broken branches.

At the current stage in the evolution

of winter ecology, scientists have only

begun to understand some relat ion-
ships between falling snow and living

organisms. We know, for example, that

spatial dendrites form qall (snow rest-

ing on tree branches) more readily than

other crystals, that snow composed of

needles may easily avalanche, and that

rimming may overload tree branches
(causing breakage) or coat animals with

ice (causing their death). For the most
part, our knowledge is barely adequate
to utilize the few categories of the In-

I. Falling Snow (precipitation)
A. Classification systems

1. International Snow
Classification

2. Magono-Iee
B. Types of snow

lI. Snow on the ground
(unmetamorphosed and
metamorphosed)
A. Classification systerns

1. Sommerfeld and laChapelle
2. Colbeck

B. Types
1. Dry snow
2. Vet snow

III. Surface-generated ice features
A. Classification systems
B. Types

1. Rime
2. Hoar
3. Needle ice
4. rJ0'ater ice
5. Melt-freeze layers
6. Ice lavers
7. Crusti

a. Vind crust
b. Sun crust
c. Freezing-rain crust

8. Runoffchannels

One of the earliest and still very use-
ful classif icat ions of fal l ing snow is
known as the Internatlonal Snow
Classlflcatlon System (Figure 27).
This system divides precipitation into
ten categories. The first six types are
known as  p la tes ,  s te l la r  c rys ta ls ,
columns, needles, spatial dendrites, and
capped columns. C.olumns are hollow
crystals, needles are solid crystals, and
spatlal dendrltes are three-dimen-
sional crystals. The seventh category, ir-
regular crystals, serves as a catchal l
unit. All too often, crystals are lumped
into this category because they have
not been carefully classified. Efforts
should be made to avoid identifying
too many crystals as irregular.

I  Y P t S Y M A O L

F7 IRREGULAR CRYSTAL

Flgute 27. Falling
precipitation as classified by
tbe International Snow
Classification System.

-40'C (-40'F), crystals change only very

slowly. rU/ind can, however, mechani-

cally change the crystals even at low

temperatures. The falling-snow classifi-

cations can be used for crystals which

have not been changed by the wind or

through time.
Usually snow on the ground quickly

starts to change (metamorphose) as
water molecules move from the crystal
points to the valleys between the crys-

tal branches. Crystals in the snowpack

can also grow as water vapor moves
within the pack. A round shape results
when the surface free energy is re-

Er
@
E
E
Err

#'"'UICE PELLET

I Snow Classification System
d we are not vet able to use the

divided Magono and Lee system.
future awais our abiliry to learn to

the biological importance of
categories provided by Magono and

ontbe Groand
Snow on the ground can remain

unchanged for a period of time, but
generally only a short period. Colder

lempera tures  tend to  p romote  the
preservation of the original precipita-

tlon shape, and at temperatures below i

I
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Depth hoar formation occurs in cold
regions where winter temperatures set
up large gradients across relatively shal-
low snowpacks, such as in the Rocky
Mountains of Vyoming and Colorado.
Considerable depth hoar formation may
occur early in the fall if air tempera-
tures are unusually cold or if the snow-
pack is unusually shallow.

The final category, ffrnlflcadon, in-
cludes two processes: melt-freeze and
pressure metamorphlsm. Vhen
melting occurs, water moves between
crystals. later freezing slnters (bonds)

the crystals, increasing the strength and
density of the snowpack. The weight of
the snowpack can also force the crys-
tals closer together, causing bonding by
compression and recrystallization.

Problems exist with the Sommerfeld
and LaChapelle system. First, there is a
prob lem wi th  te rmino logy .  Crys ta l
growth is really controlled by tempera-
ture gradients whether or not the resul-
tant form is identified as an ET or TG
product. According to Colbeck (1986),
"The equ i l ib r ium fo rm (usua l ly

rounded) and the kinetlc growth form
(usually faceted) both appear in snow
covers subiected to temperature gradi-

ents." The distinction between ET and
TG metamorphism is thus an artificial
one which does not exist in reality.

The Sommerfeld and LaChapelle sys-
tem does not allow for the classification

Flgurc 3A A generalized
configuration ofdry
snowformation showing
tbe effects of temperature
gradient and time (after
Colbeck, 1986).

\-rg'-ro,
rY/

of snow containing licluid water-wet
snow. In wet snow, crystals can gr()w

wi thout  go ing  th rough nre l t - f reczc
processes. Pressure can push crystals
together but the effect of pressLrre c()n-
t r ibu tes  re la t i ve ly  l i t t le  to  c rys ta  I
growth. In wet snow, it is the curvature
of the crystal and not the pressure, that
effectively sets the melting temperature.
Because of these problems, Colbeck
(1986) proposed a new classification
system (Table 5).

The Colbeck classif icat ion of dry
snow is best understood by referring to
Figure 30, which shows one possible
configuration that snow metamorphism
might follow. Other configurations are
possible depending on how the tem-
perature gradient varies with time. At a
low temperature gradient, newly fallen
snow begins to round off (IIAI) and
with t ime the crystal becomes well-
rounded (IIA2). At medium temperature
gradients (intermediate growth rates)
crystzrls remain rounded but continue to
grow (IIBI). As the temperature gradi-
ent increases, faceted crystals begin to
fo rm ( I IB2) .  Th is  may s ta r t  w i th
splcules (protrusions of ice) hanging
down from the crystal and progress to
crystals faceted on the growing or bot-
tom half. The sublimating or top half is
still rounded in shape. As the tempera-
tu re  g rad ien t  beg ins  to  decrease
(warmer temperatures or addit ional
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Flgutz 34. Tbermal
conductiuity olsnou in
relation to snow density
(after Langbam, 1 913 1 ).
Arrous indicate tbe
ge n era I regio rts refe rre/
to bj common names !o/
snou.

Flgurc3i Snou-. -
tempera lu re pro! t le J ro m
Teton Scimce Scbool,
January 9, 19{}4. Data
gatbered W Marsba
Benning and Leslie
Appling.
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ln r l  u t t i t t l t l s  l i v ing  : r t  l l t t '  g to t t r t t l  s t tow

Intt ' r lutt ' ,  wit lr  e rclat ivcly (()nstxl l t  tcl l r-
pcri l trrrc eround freezing, may f ind i t

m()rc ( '()nducive to survival than the
lurrslrness associated with life on top of

lhc sn<;wpack.
As krng as the air temperature is cold,

hc snow temperature gradient may be
very large. The greater the gradient of

thc profile, the faster the snow meta-

m()rphism is acting to produce depth

hoar crystals. Shallow snowpacks and

crrld temperatures produce the greatest

Sfadients through the snowpack.
The temperature profile can change

dramatically during the day, especially
with larger ranges of air temperatures

during a Z4-hour period. A large diur-
nal fluctuation in air temperature will

t tart to cool the snowpack from the

top, as energy is transported from the
tnow surface to the colder air. How-
cver, this transfer takes time. One Jan-
uary, students at Teton Science School
fo l lowed the  coo l ing  wave down
through the 53 cm (20.9 in) snowpack
(Figure 36). The coldest air temperature
oc'curred at midnight; the snow surface
lemperature was also coldest at mid-
night. By l:00 err,r, the coldest tempera-
ture of the day reached down another 2
cm (0.8) in) to 5l cm (20.1 in). The
co ldes t  tempera ture  reached lower
depths as fol lows: 46 cm (18.1 in) at
{:00 errr, 36 cm (14.2 in) at 8:00 elr, 18
cm (7.1 in) at 7:00 eu, and ground level
at 8:00 PM. The passage of the cold
pulse down the 53 cm (20.9 in) snow-
pack took 21 hours. The amount of
tempera ture  change (0 .07 'C)  tha t
rcached the ground-snow interface was
greatly reduced from the diurnal range
of air temperatures (9.9oC).

The cooling or warming effect of di-
urnal changes often does not reach
completely down to the bottom of the

sr ro r r '1 r ; r t  k .  I ro t  t ' x : r r t r l r l t ' ,  l t  k r t tg  to l t l
spcl l  wrl l  lolvcr thc tcnrpcrattrrcs in the
srrowpack and will procluce a reclining
temperature profi le (a in Figure 37).
Then a warm day will increase the tem-
perature near the snow surface (b in
Figure 37). Although the air tempera-
ture may be above freezing, the snow
temperature might st i l l  be far below
freezing. This thermal memory results
in a cold, lower layer that may cause a
skier to suffer frostbitten feet on a day
when the temperature is above freez-
ing. In very cold regions, such as the
Yellowstone Plateau, we have experi-
enced daytime air temperatures above
freezing when the middle of a one-
meter snowpack was still -20'C (-4'F)

or colder.
Each spring the warm weather begins

to melt the snowpack from the top. In-
creasingly warmer temperatures from
above and the warm earth impart en-
ergy to the snowpack, warming the
snow (steps 1, 2, 3, and 4 in Figure 38).
The temperature curve tends to flatten
out and approach OoC. As long as there
is a snow-ice mixture, the temperature
o f  the  snowpack  cannot  go  above
freezing. Eventually the whole snow-
pack reaches the OoC point, called the
lsothermal point (step 5 in Figure 38);
this is the point where all the snow is
just at freezing. At this temperature, liq-
uid water is present throughout the
snowpack. The isothermal period is a
very important time for small animals,
since they may die of hypothermia or
even drown as gravity pulls the water
down th rough the  snow in to  the i r
nests. Once reached, the isothermal
condition of the snowpack begins to
break  down depth  hoar ,  and the
snowpack  is  temporar i l y  s tab i l i zed
aga ins t  ava lanches .  V i th  cont inued
warming, the free water lubricates the
snow and wet avalanches become a
potentirl clanger.
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Flgute 37. A 24-bour
snou temperat u re profi I e
from Teton Science Scbool
forJanuary 9 toJanuary
10, 19tj4. Tbe letter "a"
marks tbe coldest
temperature c u n te for t b e
period and tbe letter "b"
marks the warmest cun)e
oftbe range in
temperahffes. Data
gatbered b)) Marsba
Benning and Leslie
Appling.
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Albedo
Most of us have experienced spring-

time sunburns while skiing in March.
During those episodes, the underside
of the eye sockets, nostrils, and even
the roof of the mouth can get burned.
The direct rays of the sun burn us from
above while the snow reflects rays back
to burn us from below.

Snow is an excel lent ref lector of
shortwave radiation from the sun. This
property is referred to as neflectance or
albedo. Albedo is defined as the per-
centage of the lnsolatlon which is re-
flected off a surface, in this case snow.
Snow can reflect nearly 100 percent of
the sun's rays. New snow (density about
0.1) easi ly ref lects 85-90 percent or
more of the insolation. New snow is

-10  -5  0

DEGREES (-C)

said to have a high albedo while older,
d i r ty  snow (dens i ty  0 .5 )  has  a  low
albedo and may reflect as little as 40
percent of the insolation (Figure 39).

Several other variables affect the
albedo of the snow, such as snow grain
size, sun angle, and surface roughness.
Dirt  and vegetation in the snowpack
wil l  reduce albedo. Increased water
content (increased density) in the snow
also reduces the albedo leading to in-
creased absorption of solar radiation.

Attenuatlon
Even new snow cannot reflect all the

insolation and older snow may reflect
very little. The short wavelengths that
are not reflected penetrate below the
surface of the snow where they are
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Flgurc3& The
deuelopment of an
isotbermal snowpack is
sbown by tbe progression
of tbe temperature profile

from step 1 (coldest)
tbrougb 5 (warmest).
Progressiue warming
anntuallu causes tbe
snowpach to haue a O"C
(32"F) temperature
tbrougbout (indicated b!
line 9.
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eventually trapped and absorbed. The

rttenuatlon (reduction of detectable

radiat ion) of solar radiat ion as i t  is

transmitted through the snowpack is

very rapid. Below 30 to 50 cm (72 to 20

In) of low-density snow, most of the

light is attenuated (Figure 40). Below

this depth, a dark environment exists

for plants and animals. Later in the

spr ing  season l igh t  w i l l  Penet ra te
deeper  in to  the  d i r t ie r  and denser

snowpack.

Transmlsslon
Light transmlsslon is measured in

Ftgurc39. Reductionof
albedo as tbe snoulPack
ages.

terms of an extlnctlon coef8clent, 4
the Greek letter Nu. The extinction co-

efficient rePresents the reduction in

light passing through the snowpack ac-

cording to the following equation:
I = Io (e)''

Io represents the intensity of original

radiation passing through a snowpack,

e is a constant (2.7L8), and I is the re-

maining radiation. The larger the ex-

tinction coefficient, the less light that is

transmitted through the snowpack.

The efficiency of light transmlsslon

through snow is primarily dependent

on three factors: the grain size of snow,

^  . .40
E -
o

F'
H -qo Flgurc 4A Aftenuation

of ligbt that Pnetrates
blou the surface of tbe
snoutpack (Curl et al.,
197D.



Ftgute 41. Redilction in
t,is i hle ligbt t ransmission
as afunction ofsnou,
xrain size (d = O.45
1y'cm'). Tbe extinction
c<rficient indicates
rcduction of ligbt that
Niletrates tbe surface of
tbe strcw and is usually
rcDorled in unitdcm
(ifter Mellon 1969.

o.2

the density of snow, and the wave-
length of light. Extinction is inversely
related to graln slze and is dependent
on the color of light (wavelength)
(Figure 4l). At small grain sizes (about

0.5 mm), extinction of all colors tends

to converge and reach a maximum. At
a grain size of about 2.0 mm extinction
values again converge, indicating that
la rger  g ra ins  t ransmi t  cons iderab ly
more light. Shorter wavelengths (violet

and blue) are more strongly affected
than longer wavelengths (red).

Flgurc42. Cbangein
uisible light transmission
as a functiort of snout
densit! (grain size = O.2
mm) (after Melloa 1965)

0.3 0.4 0.5 0 6
GRAIN SIZE (mm)

The relationship of light transmission
to denslty is more complex (Figure

42). Snow with a low or high density
passes more l ight than does snow in
the middle density range of about 0.5
to 0.56 g/cmJ. The extinction coefficient
is also dependent on the color of light,
with shorter wavelengths (violet and
blues) being more strongly affected
than longer wavelengths (red). Light
transmission is more sensitive to snow
grain size than it is to density.

Two processes affect the extinction
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BLUE

1 .0

| t l  l rg l r t  . r5  t l  l ) i t ss ( ' s  l l t t r t t rg l r  l l t t '  s t to t r ' -

p i r (k  sca t tc r lng  : r r r r l  a t rsorp t lon  o l

l l B l r l .  S ( : r t l ( ' r i n g  i s  I t t o s l  i n r l ) ( ) r t : u r l  i r )

f lnr '-gr:r ir t t ' t l  strow ancl t l le ext inct i()n
(o t ' l l i c ren t  i s  l<>rver  a t  longer  wave-

lcngths. Absorption is more important

In trrarsc-grained older or wetter snow.

Absorption becontes stronger at the

krnger  wave lengths  remov ing  more

blucs than reds. When densiry is con-

lltlcred, the transition from scattering

l l l cnuat ion  to  absorp t ion  occurs  a t

llxrtrt 0.50 to 0.56 g/cmi for refrozen or

wct rnedium-sized grains the transition

nuy occur as low as 0.4 g/cm'. A den-

f l ty of 0.50 g,/cm' is considered the

crltlcal denslty in snowpack forma-

l lon .  Fur ther  dens i f i ca t ion  can no

k lnger  occur  f rom compact ion ,  bu t

must result from freeze processes. Sin-

lering of grains and refreezing of melt

water provides clear avenues for light

t ransmiss ion .  Above 0 .50  g /cmr ,  in -

creased light transmission probably re-

rults from reduced pore space within

lhe  snowpack .  Snow gra in  s ize  in -

creases by bonding between ice parti-

cles. Bonding reduces pore size, but

develops continuous paths for l ight

lransmission within snow grains. Light

t lr t ' rr  is lr :rnsrrr i t t t ' t l  not onl l '  l>etwcen
cryst:r ls lr tr t  u' i thin crystals. As density
and grain size increase in the spring
when the snou'pack starts to melt, light
i s  a lso  t ransmi t ted  deeper  in to  the
snowpack.

Different colors of light react differ-
ently to grain size and density and ab-
sorption is strongest in the long (red)

wavelengths. The net effect is that the
red color disappears and light passing
through snow appears blue. As an ex-
periment, stick a pipe into the snow-
pack during the day and look down
into it at the snow. The pipe will cut
out scattered light and only that light
reflected back up the pipe will be visi-
ble. The snow will appear blue. The vl-
sual slrectnrm is strongly selected by
the snowpack. Absorption reduces the
intensity of light below the snowpack
and spectral selectlon reduces the
longer wavelengths (Figure 43).

The scientific literature is full of con-
tradictory statements about transmission
of light through snow. Some have sug-
gested that transmission increases with
increased snow density, while others
have suggested that transmission de-
creases with increased density. Results

Ftgurc 43 Spectal
selection reduces not ottl-t,
tbe total amouril of ligbt
beneath tbe snouwck but
tbe color (uauelengtb) of
ligbt (pWcnr/mp). Blues
are the most protninent
color uisible uithin tbe
snoupack.
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of scientific experiments often vary by
several fold. Much of the contradictory
evidence originates from equipment
limitations, weak experimental proce-
dures, simply different techniques, as
well as from not accounting for density
or grain size differences. Ecologists, in
general, need to be more aware of the
research of the physical scientists. The
picture painted here appears to repre-
sent the current view by leading re-
searchers. Several references are listed
at the end of this section for those with
more interest in this subiect.

Absotptlon
Vhile snow reflects nearly all of solar

shortwave radiation that reaches its sur-
face, snow acts like a black box (a

theoretical object which absorbs all ra-
diation) to terresrial or longwave radia-
tion and absorbs most of it. The differ-
ences in the manner in which snow
reacts to shortwave and longwave radi-
ation cause many interesting phenom-
ena;  th ree  examples  fo l low.  In  the
springtime, as the snowpack starts to
thin out and the sun climbs to a higher
angle in the sky, shortwave radiation
that is not reflected passes through the
snowpack to dark obiects below the
snowpack. The shortwave radiat ion
starts to heat up rocks and tree trunks.
As temperatures increase within in
these obiects, they emit more longwave

Flgurc44. Theformation
of a puddle of water on
lake ice during tbe uinter.
Sbortuaue radiation
passes tbrougb the snou
and is absorbed by the
ice. Tbe warmed ice
radiates longwaue
radiation back to tbe
snou, ubele it is
absorbed. Tltis causes the
snow and ice belou it to
melt, forming a puddle.
Tbk process is dependent
on bauing a cowring of
snou.

radiat ion. Remember, longwavc rarl i :r
tion is proportional to the fourth p<>u't'r
of the temperature of the object. Therc-
fore a small increase in surface temper-
ature will result in a large increase in
longwave radiation. The oblect then ra-
diates longwave radiation back into the
snowpack where it is readily absorbecl
by the snow. lVarming of the snowpack
close to the obiects makes the snow
soft and starts the melting process. The
soft spots that occur around rocks in
the high mountains are often cal led
elepharrt traps by the hikers who fall
into them.

In Antarctica, there are several lakes
which are warmed by this process. The
lakes, including Lake Vanda, have per-
manent ice on the surface. During the
warm part of the summer the ice melts
on the edge leaving a floating raft,of
i ce  s t i l l  cover ing  most  o f  the  lake .
Shortwave radiation passes through the
clear ice into the water below. Due to
the greater density of the water com-
pared to the ice, the shortwave radia-
tion is readily absorbed. As the temper-
ature of the water increases, energy is
transferred to nearby water by conduc-
t ion  and longwave rad ia t ion .  Th is
warrns a lens of water deep in the lake.
This lens may be as warm as 21"C
(70"F) even though the average yearly
air temperature fivty be below freezing.
The water does not turn over causing

1 SOTAR RADIATION (SHORT WAVE)
, .2 -  

- "= - . . -  -  -  -= - : : -  - - - -  -=  - ]

2 
' -  TERRESTRIAL RADIAIION (LONG WAVL) i

LAKE WATER

I
lhc l t 'n t  o l  tv l l r l t l  \ \ ' : l l ( ' l  l ( t  t  t t t  t t l ; t l t ' ,  l r t '

C t t t s t '  o l  l l t l ' t ' r i r t g  t l t t t s t ' t l  l r 1 '  t l i l l t ' r c r r t

dcnsi t l '  s : t l t  sol t t t ions.

A sirrrilar pr()cess leads to the fbrma-

lkln ol' water ()n ice surfaces of lakes

(Iigrrre /r4). This process is dependent

On thc presence of a snowpack on toP

of thc ice. Shortwave radiation passes

lhrough the snow to the ice surface.

tlnce tl-re water content in the ice is

hlgher than in the snow, the ice ab-

more of the radiation. Vhen the

lcnrperature of the ice begins to in-

ase, it emits longwave radiation back

the snow surface. The snow readily

the longwave radiat ion and

ually the snow at the ice-snow in-

begins to melt forming a puddle

r the snow. These Puddles may

when the air temPerature is far

)w zero. Ve have experienced them

the lakes in Yellowstone National

at daytime temperatures of -30"C

This is not the only mechanism

forms puddles under the ice; Pud-
can also be formed by cracking of

ice which allows lake water to flow

on top.
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