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AnsTRACT. Coeffi c ient s of a bsorption of visible rad ia tion a rc de termin ed fo r sea ice and snow as a fu nction 
of porosity of the m edium and wave-l ength o f energy refracted into it. A compa rison is mad e be tween the 
va lues deri ved ancl those obtainecl by o ther investigators under simi la r snow cond itions. A d iffe rence in 
results suggests a significa n t role of c rysta l size and ori entat ion in the abso rpt ion properties of sea icc a nd 
snow. 

H. ESUME. L es coe lhcients d'abso rpti on du rayonn em ent visible sont d etermin es pour la glace d e mer et 
la neige en fonc tion de la porosite du m ilieu et cle la longul"u r d'onde du rayonn cment refracte. Les va leurs 
obtenues son t comparees avec cel les donn ecs par d 'a utres chcrcheu rs pour des cond itions de neige sim ila ires. 
La d ifference des resultats cond ui t a suggere r q ue la grosseur des crista ux e t Icu r orienta t ion joucnt un 
role importa nt clans les proprietes d'absorp ti on de la g lace de mer et de la ne ige. 

ZUSAMMENFASSUNC. Absorpt ionskoeffiz ienten d er sich tba ren S tra hlung we rclen fLII' JVleer- Eis un ci Schnee 
a ls F un ktion der P o rosita t des M ediums und der Wcllenla nge de r in ihm refra ngienen Energ ie clargestell t. 
Hiera us a bgeleitetc W erte wcrdcn mit solchen verg lichen . d ie von a nderen Forschern bei ahnlichen Schnee
verha ltnissen erha lten wurden. Die Verschiedenheit de r E rgebnisse lass t einen bel rachtlichen E inA uss der 
G rosse und de r O rient ieru ng d el' Krista ll e a uf d ie Abso rp tionse igenscha ftc n von M eer-Eis und Schnee 
venn ulen. 

I NTRODUCTION 

E xperiments lead ing to the co llection of da ta herc in were conducted in 1959 a nd 1960 on 
the sea ice of Drifting Sta tion "Cha rl ey" in the Arc ti c O cean ; a t the Arctic R esearch 
La boratory, Poin t Ba rrow, Alaska a nd in the Cascad e Mounta ins of W ashington State. 

W eston photoelectric cells, horizonta ll y em bedded, were used at a ll locations. On ice Aoe 
sta tion "Charley" they were insta ll ed at the fo llowing depths: ( I) ice surface, (2) 70 cm . and 
(3) 350 cm. T he la tter was just beneath the ice- wate r int erface. Three cells were unfil tered 
a nd three (each) prov ided with red a nd yellow specia l- work filt ers. It was planned to use 
three blue filters in addition, but these we re no t ava il a bl e in specia l- work qua lity befo re the 
experimen t began. To keep millivo ltage within recorder-scale limi ts resistors were hooked in 
parallel in each c ircuit. 

On the shore-fas t ice at Point Ba rrow the ce ll were planted at the following places: 
( I) snow surface ; (2) snow- ice interface ; (3) 100 cm . in the ice a nd (4) immediately a bove 
the ice- water in terface, 180 cm . beneath the ice surface. Because th e study was carried out 
during a period of the year (May a nd June) when ice was deteriora ting, intensi ty of lig h t was 
m easured ma nua ll y to avoid risking the loss of a recorder. 

For investigat ing the properties of snow as a m edium of visible energy excha nge, d ensities 
were m easured a nd grain-size was es tima ted with a magni fy ing g lass, as m icroscopic equip
ment was not avail ab le. In genera l, the techniq ue o f Liljequist (1956) was used in the coll ec
tion of da ta from snow. Blue, g reen a nd red specia l- wo rk fi lters were used and in som e cases 
the polychrom a tic ba nd was m easured. Care was taken at each station to insure the homo
geneous compositio n o r the snow and that the incid ent intensity did not vary a pprecia bly 
d uring the readings. R esistors were used on a switch to keep the millivol tmeter from "pegging" . 

DISCUSSION 

In computing the absorp tion of radiat ion in homogeneous ice a nd snow it is ass umed tha t 
the Lambert law is valid . T his m ay be wri tten 

( = l oe kz, ( I) 

where l z is the intensity of radia tion at depth z, I" is thc non-reflected rad iation avail able for 
tra nsrer into the m edium, a nd k is the coe ffi cient o f a bso rption. 
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To compute coefficients of absorption In a downward flux, the equation IS solved for 
- k and written 

- k = (1/ ;;;) ln (1,/ IJ . 

At Point Barrow albedo values were available, but at other places they were computed by 
determining 10 from ( [ ) and ('2 ) and deducing the albedo A from the equation 

A = [ - (1o /IJ , (3) 
where Is is the incident intensity. 

Porosity of snow and its permeability to air was investigated by Bader ( [939) who related 
porosity n to density by the equation 

n = (Y" -- Ys)/Y,, 

where Ye is the density of ice (0'917 g. cm. - 3) , and Ys is the density of snow. 

T AI3LE 1. COEFFICIENTS OF ABSORPTION AND ALBEDO OF SEA ICE AND SNOW AS A FUNCTION OF DE NSITY AN D 

POROSITY 

1\1edi1l7n 

Sea ice * 
(shore-fast ) 

Sea ice* 
(pack) 

Snow' 

Snow* 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Snow 

Densily 

g.cm.- J 

0.870 

0'900 

0'439 

0'5°0 

0'720 

0·810 

Porosity 

0. 689 

0·655 
0'90 5 

0'586 

0 '532 

0 '53 1 

o · "7 

Wave-length 

mIL 

polychromatic 

polychromatic 
590 
660 

pol ychromatic 

polychromatic 

polychromatic 
420 
540 
660 

pol ychromatic 
420 
540 
660 

polychromatic 

420 
540 
660 

420 
540 
660 

420 
540 
660 

polychromatic 
420 
540 
660 

polychromatic 
420 
540 
660 

polychromatic 
420 
540 

660 

420 
540 
660 

Coefficient 
of absorption, Ir 

CITI. - ' 

0' 021 9 

0·01 I I 

0 ' 0084 
0·0093 
0'275 
o· 243 
0 ' 401 
o · 133 
0'230 
0'305 
0'246 
o· 185 
o· 198 
0'23 1 

0'233 
o· 163 
0' 205 
0'23 1 

o· 193 
0 ·200 
0'23 1 

0'095 
o· 136 
o· 145 
o· 196 
0'096 
o· II 7 
o · 144 
o· 155 
0' 065 
0' 089 
o· 115 
0' 085 
0'056 
0'066 
0'078 
0' 025 
0'036 
0 ' 064 

Albedo 

per cen t 

65 

66 
7 I 
94 
81 

75 
73 
87 
88 
93 
60 
7 I 
80 
83 
67 
65 
72 
80 

75 
8r 
84 
68 
86 
90 

70 

74 
79 
83 

75 
78 
78 
84 

70 

72 

83 
90 

70 

80 
84 

* Values averaged over a per iod of lime. 

Solar 
altitude 

30° 48' 
21 ° 26 ' 
22 ° 30' 

Snow 
condition 

wet 

wet, corn 

fresh 

we t, corn 

wet, fin e 

moderate 
grain-size 

moderate 
grain-size 

moderate 
grain-size 

corn 

wet, 
moderate 
g rain -size 

corn 

corn , 
large 
grain-size 
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The results of the investigation of the transfer of visible radiation in sea ice and snow are 
shown in T able I. Because concentration of sediments in shore-fast ice at Point Barrow is 
high , the coefficient of absorption is nearly double that of pack ice in the central Arctic Ocean . 

Table II compares some data in Table I with representative observations of other authors, 
among whom it shows a lack of accord. Moreover, Liljequist ( 1956) observed a marked 
selective extinction of light while Sauberer ( 1938) remarked that the extinction of different 
colors within the band from o· 38[1. to o · 78[1. is, in the main , the same. Some minor variation 
in results of measurements in common media is to be expected due to multiple light reflection 
at depth and instrumentation factors. However, the magnitude of disagreement in Table II 
makes it apparent that absorption of light cannot be solely a function of wave- length and the 
porosity, density , grain-size or humidity of the m ed ium. Discounting such foreign elements as 
brine pockets, interstices and inclusions, orientation of the c-axes of ice crysta ls (which are 
ordinarily uniaxia l) must significantly affect transparency of a medium for refl-acted light. 
This may well account for incongruities in the value of -k for common media. In fresh snow 
the shape of the crystals, and in o ld snow that of the g rains, sure ly a lso influences transparency. 

TABLE 11. VALUES OF COEFFICIENTS OF ABSORPTION AS DETERM I NE D BY VARIOUS AUTHORS FOR VI SIBLE RADIATION 

I N CERTAIN TYPES OF SNOVl 

Co4Jicient 
Authors Wave-length Tl'pe oJ snow ~f absor!}tion, k 

1l1,u Clll. - 1 

Kalitin ( 193 1) polychromati c we L 0'45n 
Eckel a nd Thams ( 1939) polychromatic wet 0'446 
Liljequist ( 1956) polychromatic w C' t 0 -280 
Kud6 ( 194 1) polychromatic wet 0-350 
Table I polychromati c W("' I 0 275 
Devaux ( 1933) polychromati c fr esh 0 230 
Thams ( 1938) polychromati c fresh 0- 083 
Sauberer ( 1938) polychromati c fr esh 0- 15 0 

Table I pnlychromatic fr esh 0 40 1 
Li ljeq ui st ( 1956) 420 st.anda rd * 0 066 
Liljeq uist ( 1956) 520 standard * 0 08 ,! 
Liljequist ( 1956) 590 standard * n- I q 
Liljequist ( 1956) 650 standard * 0- 172 
Table I 420 standard * n- 163 
Table I 540 standa rd * 0- 205 
Table I 660 standard * 0- 23 1 

* Standard snow, according to Liljequist ( 1956), has a density of 0-42 100 -43 g.cm. - 3 and a g ra in-size 01' 
0 -3 mm _ 

For example, d endritic, plate, cup and needle c rysta l types should have different optical 
properties even though the density and porosity be identica l. Furthermore, in fi-esh snow, 
crystals-particularly dendritic ones- may becomc un evenly rimed. In old snow, th e form 
ation of depth -hoar layers can a lso vary the absorptio n of energy. 

CONCLUSIONS 

The above hypothesis suggests a need for invest igation of absorption properties o f ice a nd 
snow as a fun ction of crysta l size and orientation . 

Notwithstanding the incongruity of results shown in Table Il , the conc lusions of' other 
investigators support the data presented in Table I in making apparent the fo llowing fact: 
Absorption coefficients and albedos vmy inversely with density oJ the medium. and frequency oJ the energy. 

When sufficient data are co llected and tabu lated it will be possible to de termine by 
inspection , anyone of' the severa l variables governing the tra nsfer o f visible radiation. For 
example, with space as a variable, the size a nd sha pe of' a medium may be delimited. TII areas 
of pack ice where surface observations are available, thickness and perhaps other charac
teristics may be inferred by a submarin e on a traverse beneath the ice- water interface. Or 
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the ice seaman (who is concerned with crysta l orientation) may Improve his breaking and 
navigating techniques. 
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