
JOllrnal oJ Claciolog),. Vol. 41 , K o. 139, 1995 

Reduction of weather effects in the calculation of sea-ice 
concentration with the DMSP SSM/I 

DONALD J. C A \, ALIERI , 

LaboraI01~l' Jar HJdrospheric Processes, Code 971, . \ ASA Coddarcl Space Flighl Cenler, Creel/belt, M a'Yiand 20771. C. S .A. 

K A RE:,\ M. ST. GER?-.IAII\ , 

Dej)(trlment oJ Electrical Engineering. Cllillersiljl oJ. \ "ebraska , Lincoln, A ebraska 68588, U.S. A. 

CALVI:\T T. SWIFT 

Department oJ Electrical and ComjJuter Engineering, Ul/illersil)' oJ J1JassachllseLts , Amlzersl. M assac/z usetts 01003. C.S.A . 

ABSTRACT. A probl em in ma pping th e po la r sea-i ce cove rs in bo th hemisph eres 
has bee n th e sporadi c fa lse indi ca tion of sea ice O\'e r th e o pe n ocean a nd a t th e ice 
edge . Th ese spurious sea-i ce concentra ti o ns result from n ui a ti ons in sea-surface 
roughening b y surface w inds, a tmospheri c wa tc r \'a por a nd bo th precipita ting a nd 
non-prec i pi ra ting liq uid wa ter. This pro blc m was addressed for sea-i ce concen rra tio ns 
deri ved fro m th e Ni III bus- 7 scan n i ng III u Iti- cha n nel microwa \ ' e ra d iomcter (S I'vflVIR ) 
d a ta throug il til e de\'e!opm e nt of a wea th e r filt e r based on sp ec tra l inform a tion from 
th e 18.0 a nd 37.0 GHz ve rti ca l pola ri za ti o n S MMR cha nn els. Appli ca ti on o[ a simil a r 
filt er [or use with sea -i ce co ncentra ti on m a ps deri\ 'ed w ith th e spec ia l-senso r 
microwa\"e im age r ( SS~I/ I ) se nso r is less successful. This res ults [i 'om the positio n of 
th e 19.35 CHz SSi\1 /1 cha nn els, which a rc closer to th e ce nte r of th e 22.2 GH z 
a tm os ph eri c wa ter-nlpo r lin e th a n a re th e S~I~[R 18.0 C H z cha nnels. Thus, th e 
SSM / l 19.35 CHz cha nne ls a re more sensiti ve to changes in a tmos pheri c wa te r va por, 
which res ults in g reater conta mina ti on p ro bl ems. An additi o na l filt er has bee n 
d e\'eloped , based on a combin a ti on of th e 19 .35 and 22.2 CHz SSi\1 /1 c ha nnels. 
Exa mples o f th e efTec ti \'e ness of th e new filter a re prese nted a nd limita ti o ns a re 
di scussed . 

1. INTRODUCTION 

A probl em in m a pping th e po la r sea-i ce concen tra ti ons in 
bo th hem isphe res has been th e fa lse ind ica ti o n o f sea ice 
ove r th e o pe n ocean a nd a t th e ice edge . Th ese spurious 
sea-i ce concentra ti ons result fro m th e prese nce o f a tm os
pheri c wa te r va por, non-prec ipita ting clo ud li q uid wa ter, 
ra in and sea-surface roug hening bv surface winds. Whil e 
th ese effec ts a rc rela ti ve ly minor a t pola r la titud es in 
winter, they res ult in se ri o us wea th er conta mina tion 
problems at a ll la titud es in summer (Gl oe rsen a nd 
Ca\'a li eri , 1986; Ca\'a li eri a nd o th ers, 1992 ) . 

The severity of wea th e r conta mina ti on o n D efense 
Me teo rologica l Sa tellite Progra m (DlVISP) Spec ia l Senso r 
Mi crowave / Im age r (SSM / I ) sea-i ce conce ntra ti on in 
summer is illustra ted in Fi g ure I for bo th the N orth ern 
( 18 A ug ust 1988) a nd So uth ern (5 F ebru a ry 1989) 
H emisp heres. Fig ure l a shows la rge spuri o us sea-i ce 
concentra ti o ns as hi gh as 100 % in th e Pac ifi c O cean, 
35% adj ace nt to th e K a me ha tk a Peninsul a a nd as hi gh as 
50% adj acent to Newfo undl a nd. O ver th e So uth ern 
O cean (Fig. I b ) , sp uri ous concentra ti ons o f up to 35 % 
encircle Anta rc ti ca, with a m ax imum conce ntra ti on of 
80% north o f th e \\'edd e ll Sea . Althoug h th e fo ll owing 

di sc ussion foc uses o n th e Arcti c, th e technique is equ a ll y 
app li ca ble to th e f\ n ta rctic. 

The problem was ad d ressed 10 1' sea-i ce concentra ti o ns 
d e ri ved from th e N imbus-7 Scanning \1ulti c h a nn el 

Mi crowa\'e R a di o m e ter (SMMR ) d a ta thro ug h th e 
d eve lopm ent o r a wea th er [ilte r (Gloe rse n and Ca\ 'ali e ri , 
1986). The fill er is based on th e pola ri za ti on (PR ) a nd 
th e spectra l g ra di e nt ra ti o (GR ) di stributi on o f ice-ri"ee 
a nd ice-cove red seas . PR is d efin ed in te rms o [ th e 
18 .0GHz cha nn e ls (PRI 8) a nd GR is d efined in te rms o f 
th e 18.0 and 37 .0GHz cha nn els (GR (37/ 18)) . Gloe rsen 
a nd Ca\'ali eri used a semi-empiri ca l radi a ti ve-tra nsfe r 
m od el (RTM ) to calcul a te PR ( 18) a nd G R (37 / 18 ) valu es 
[o r vari ous a tm os pheri c a nd sea-surface cond iti o ns . Th e 
(PR , GR) di stributi o ns obta ined a re illustra ted for bo th 
th e Arcti c (Fig. 2a) a nd An ta rc ti c (Fig. 2b) fo r typica l 
wintenim e co nditio ns. Fig ure 2 a lso illustra tes th e 
se nsiti vit y in (PR , GR ) res ulting from cha nges in sea 
surface tempera ture (SST), nea r-surface wind (N S W ), 
clo ud liquid wa te r (L ) a nd a tm osph e ri c wa ter va po r (VV ) . 
Each plo t in Fig ure 2 a lso sh o ws th e NA SA team 
a lgo rithm tri a ng le d e fi ned by th e ve rti ces for ope n w ate r 
(O\Y ), fi rs t- yea r ( FY ) a nd multi-yea r (i\IY) sea ice . 

In Figure 2, eac h \'a lue ca lcula ted from th e RTM is 
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Fig . 2. SiV1iV1R spectral gradienl ralio CR (37/18) l'S jio/rlli;:: fllioll PR ( /8) Jar ( fl ) the Arctic Jar 3- 7 Feblllal)l 1979, and 
(b) the Alllarclic Jar 27- 3/ October 1986, showing the if/eels of ocean tem/Jeralllre, winds alld almospheric cloud liquid 
waler alld waler vapor. ( From CLoerserl and a/has (1992) .) 

gi\ 'en 111 brackcts using th e cO Il\'enti o n: [SST, :\I'SW, L, 
" 1 Th e first point plo tted corres ponds to a specul a r 
ocea n (no winds, clo uds o r a tm os pheri c wa ter va por ) a t 
th e freez ing point (27 1 K ) a nd is labe led l27 1, O. 0 , OJ. 
:\fex t, th e RT\II was run . va rying one para meter a t a 
tim e . The SST cha nged fro m 27 1 K to 306 K [306 , 0, 0, 
OJ; l\SW cha nged ro 36 m s I; L to 0 ,08 cm ; a nd W to 
8 cm, Th ese poin ts spa n th e region of th e 0\\ ' cl uster and 
thus provid e informa tio n on th e va ri o us co ntributing 
conditi o ns gi\ 'ing ri se to the obse n ed di st r ibuti on in (PR , 
GR) space . By cha nging o nl y SST, th e po intmoHs to th e 
lower left o f the main 0 \\' cl uster, a n area d e\'o id of d a ta, 
indica ting th a t there a re no wa rm SSTs with no \\'ind a nd 
a dry a tm osphere in th e region ma pped . H oweve r, the 
main cluster is bound ed by the other three points, 
toge th er with the spec ul a r point, whi ch indica tes th a t 
\'ar ia ti o ns in wind , clo ud a nd wa ter \'a po r res ult in th e 
obse rved sca tter of po ints O\'er OW a reas , 

Th e wea ther fil te r for the .'\imbus-7 S MIIIR sea-Ice 
algo ri thm consists of se tting the sea-i ce concentra ti o n to 
zero if G R (37J1 8) is g rea ter th a n 0 .08 . Whil e thi s 
thres ho ld technique is cffec ti\'e in elimin a ting mos t o f 
th e spuri o us sea-ice concentra tions, it a lso elimina tes 
ac tu a l sea-i ce concentra tio ns less tha n 120/0 fo r first-yea r 
ice a nd 8% for mu lti -yea r ice (G loe rsen a nd Ca\'ali eri , 
1986) , This is not consid ered a se ri o us pro bl em for mos t 
a ppli ca ti o ns, sin ce th e ice edge has previously been 
d efin ed as the 15% ice-concentration con to ur as d e t
ermined from sa tellite ra di ometers. 

Applica ti on or a GR (37Jl9 ) filter for use with sea-ice 
concen tr a tion ma ps d eri\'ed with th e SS lVl / 1 sensor is less 
successful. Figure 3a shows an SSM) I sea-ice concen tr
a ti on m a p [or 23 June 1988, genera ted with the GR (37 / 
19) thres ho ld filter. Erro neo us ice conce n tra ti ons up to 
a bout 50 % are found O\'e r open ocea ns a t low lat itud es, 
The diffe rence in effec ti ve ness of thi s filt e r res ults (i-om th e 
closer proximity of th e 19 .4 G Hz SS \ !{ j l c ha nnels to th e 

center o f' th e 22 .2 GHz a tmosph eric wa ter-\'apo r line th an 
tha t of th e 18,0 G H z S~I\IR c ha nnels. As sho wn bel 0 \1' in 
section 2, the p rox imity of th e 19.4GH z cha nnel to the 
22 .2 G H z wa ter-\ 'a por line is used to prO\' id e a n imprO\'ed 
weat her filt e r ( Fig . 3b). 

A plo t o f th e a tmosph eri c wa ter- \'a por a ttenua tion 
coe ffi cient for a frequency ra nge of 10- 30 GHz is shown in 
Figu re 4, The a ttenuation coeffi cient was calc ul a ted using 
the form u la ti o n gi\'en bv U la by and oth ers ( 198 1) a nd . 
ass uming sta nd a rd sea-l n 'e l press ure, a surface temper
a ture of 300 K , and a wate r- vapor de nsity of 1 g m 3 

Exam in a tion of Figure 4 sh o \l's th a t 18.0 GHz is a bout 
one-third u p th e wing of th e \\'aLe r-\'apor lin e, whereas 
19,34G Hz is abo ut half- way up the line, Thus, th e SS~l / I 

19.35G H z c h a n nels a re m ore se nsiti\ 'e to cha nges III 

a tmospheri c wa ter \'apo r. This sensiti\' it y r es ul ts in 
grea ter con ta min a ti on proble ms, 

2. PHYSICAL BASIS OF THE SSM/I FILTER 

In thi s sec ti o n , \IT bri e Oy re \·iew th e mi c rowa \T 
pola ri za tio n a nd spec tra l d ependency o[ emission bv 
ocea n and a tlll.osphere fo r the purpose of d escribing the 
ph ysical basis o f th e SS M / I \,veather filte r. T he ge nera l 
theo ry of mic rowa\'e emissio n from the ocea n , a tmos phere 
a nd ice-co\ 'er ed surfaces has been re\'iewed elsewhere 
(Gloersen a nd Ba ra th, 1977; Swift, 1980; Wilheit and 
C hang, 1980 ; Gloersen a nd o th ers, 1992; S I. Ge rm a in , 
1993). 

Th e ra di a ti o n rece ived by th e sa tellite a nd expressed 
as a bri g h t ness tempe ra ture (TB) consists o f seve ra l 
com ponen ts 

TB,A,p = EA.pT.,e- /{' 

+ TB.A,llP + (1 - EA.p)TB .A,do\\,1l + (1 - EA.p) T B.ce-2/{, 

(1) 
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50 

\\-here T B,A ,p is measured brig htness tempe ra ture as a 
fun cti on o f wavelength (,\ ) a nd pola riza ti o n (p ), f Ap is 
to ta l surface emissi\'ity, Ts is ph ys ica l te mpera ture of the 
surface , "'A is a tmosph e ri c o pac it y, T B.A.up is tota l 
a tmospheri c upwelling radiatio n, TB.A.down is to tal a tmos
pheri c downwelling radiation a nd TB.c is cosmi c back
ground radi a tion (2.7 K ) . 

The mi cro wa \'e emission (fA.p ) from th e ocea n surface 
is a fun c ti o n of wave le ng th , pola ri za ti o n , a ng le of 
incidence , surface rempera rure a nd sa linity. Th e surface 
emissi\ 'it y will increase with increasing wa \ 'e le ng th but 
will dec rease with increasing surface tempe ra ture. Sea
surface sa linity \'a ri a bility a ffec ts the emiss ivity onl v a t 
\\,a \'eleng th longe r than a bo ut 6cm (Wilh eit a nd Chang, 
1980) a nd so is not of con ce rn here, beca use a ll SS~ lfl 
wave leng th s a re 1.55 cm o r shorter. Th e cha nge in 
emissivity with ang le of incid ence d e pe nd s on th e 
pola ri za ti o n. Emissivity in creases with a ng le o f incidence 
a t ve rti ca l pola riza tion a nd dec reases with in creasing 
a ng le of incid e nce a t horizonta l pola ri za ti o n. Because the 
SS~I / I is a conica ll y scanning rad iomete r, its a ngle of 
incidence is consta nt a t 53 Q 

In additio n to a n increase in sea-surface tempera ture, 
th e presence o f a surface wind will a lso increase the 
surface mi crowave emissio n through th e roug hening of 
th e sea surface . Th e amount o f increase again d epends on 
waveleng th a nd angle of incid ence . For example, a t a 
waveleng th of 1.55 cm , th e radi o me tri c bri ghtn ess 
increases b y 1. 2 K a t 0° ang le of incide nce to a bout 
1.8 K a t 70° for each m s I increase in wind speed 
(Nordberg a nd others, 1971 ) . 

Atm osph e ri c emission will a lso co ntribute to the 
radiometri c brightness temperat ure measured by the 
sa tellite thro ugh th e a tmospheri c opacit y term (K:) in 
Equ a ti o n ( I ) . Th e op ac it y d epend s o n th e tot a l 
integra ted a mount of a tmosph eri c oxygen, w a ter va por, 
non-prec ipita ting cloud liquid wa ter and ra in through th e 
entire a tm osph ere along th e lin e 0 [' sight o f the radio
meter. Th e contribution fro m oxygen i a consta nt for a 
give n wave leng th as is the cosmic bac kg round radia ti on 
term (TB.c ) in Eq uation ( I) . Th e a tmos phe ri c va ri a bles of 

interes t then a re th e wa ter va po r (V ), non-precipita ting 
clo ud liquid wa te r (L ) a nd ra in ra te (R). 

The to ta l a tmospheri c opacity ("') may be a pprox
im a ted by 

K: = "'vap + K:liq + K:oxy + K:raill ' 

F o r oxygen, wa ter vapor a nd cloud liquid wa ter , we use 
th e foll owing linear expression s fo llowing Sl. G erma in 
( 1993): 

K: \'ap = AV 

K:liq = BL 

K:oxy = C 

w here A a nd B a re ",aveleng th- a nd tempera ture
d ependent coeffi c ients linea rl y relat ing the to ta l integ
ra ted qua ntit y to o pacity. C is th e wa \'elength-dep endent 
coe fTi cien t for oxygen . The expressions for these coef
fi cients have bee n d eri ved by Sl. G ermain ( 1993 ) and a re 
g iven here fo r eac h of the three SSM jI frequencies of 
interes t: 

AID = (2.1 + 0.0005Ts )/ 1000 

A22 = (17.8 + 0.013T s ) / 1000 

A ;lT = (4 .4 - 0.00937 , ) / 1000 

BI9 = (89,7 - 0.2637 , ) / 100 

B 22 = (90.7 - 0.264T s )/ 100 

B 37 = (298.4 - 0.903Ts )/ 100 

C 19 = (2 .69 - 0.0057Ts )/ 100 

C 22 = (2 .96 - 0.0063T s )/ 100 

CH = (7.95 - 0.01671's) / 100. 

Th ese exp ressio ns a re used in the R TM for obtaining the 
brightncss tcm pera t u res for \'a ri ous a tmosph eri c condi ti o ns. 

An a pprox im a te expression fo r th e depend e ncy of 
a tmospheri c o pa city on ra m ra te has been give n by 
C loe rsen a nd Ba ra th ( 1977 ): 

K:rain = {- a + [a1.2 + bl.2 R I. 2] 0 833 }h 

fo r I-L < 0.4 w here a = - 3.5 1 x 10 2 + 5.55 x 10 2,\ _ 

6A2 x 10 3),2 , b = 5 .1 4 x 10 2,\ 1.85, R is rain ra te in 

mm h I and h is h eig ht of th e ra in column (km) . The 
ra infa ll models used to derive th ese expressions ass um e a 
M a rshall- Pa lme r distribution of ra in droplets a nd utilize 
a ca lcul a ti on which includ es Mie sca tLering a nd a bso rp
ti o n (Gloe rsen a nd Ba ra th , 1977 ) . 

0[' direc t releva nce to th e pro blem a t ha nd is th e 
\'a ri a ti on of a tmospheric \\·,lter vapo r, precipita ting a nd 
non-precipi ta ting liquid wa ter, n ea r-surface winds a nd 
ra infa ll ra tes o n PR a nd G R , the t\-I'O ind epe nd ent 
\'a ri a bles used in th e SS ~ If! sea-i ce a lgori thm. PR ( 19 )s 
a nd GR (37 f1 9 )s w ere ge nera ted fo r a wide ra nge o f nea r
.' urface winds, cl o ud liquid wa te r a nd a tmospheri c w a ter 
va por using th e radi a tive-transfe r m odel desc ribed b y Sl. 
G e rm a in ( 1993 ) . Simil a rl y, (PR , GR ) pa ll'S w e re 
genera ted for a ra nge of ra in ra tes using th e 'vVilhe it 
a nd Chang ( 1980 ) m odel. 

The va ri a ti o n o f PR a nd C R wi th each o f these 
a tmospheri c pa ra m e ters is show n in Fig ure 5. The R T1\l 
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Fig. 5. PR ( 19) vs GR(37/ 19) showing the distribut ion oJ swJace wind sjmd (0- 50ms- I
), cloud liquid waler (0-

0.3 cm) and atmosjJ/zrric water vapor (0- 6 cm) and rain rate (0-50171111 /z I), calculated lIsing radiative-transfer models 
with sUlJace lem/malures of (a) 299 ]( and (b) 271 K. T h.e GR (37/19) threshold value (0.05) was llsed in tlzeJirst 
SSM /1 weather Jiller alld is indica led b)! the hori;:,o7ltal solid line. 

was run using ocean-surface tempera tures of 299 K (Fig. 
Sa ) and 27 1 K (Fig. 5b) representati\'e of mid a nd pol ar 
la titudes, respec ti\·el y. As in Fig ure 2 for the SYlJ\IR. the 
SSM/I sea-ice a lgorithm is representcd in (PR , G R ) space 
by a tri a ngle with curvilinear sid es . Th e GR (37 / 19 ) 
thresho ld for th e SS ~vl / I is 0 .05 . For a sea-surface 
tempera ture of 299 K, we see th a t thi s G R (37/19 ) 
threshold value eliminates cloud li q uid-wa ter a mounts 
of up to 0.27 cm , rain rates of up to 15mm h i, water 
va por of up to a lmost 2 cm and wind speed s of up to 

20 m S- l (Fig . Sa) . For an ocean -surface temperature of 
27 1 K , typical nea r the ice edgc, th e GR (3 7 /19 ) threshold 
eliminates cloud liquid-wa ter a mounts of up to 0.20 cm, 
rain rates of up to 25 mm h i, wa ter va por of less than 
4 cm and wind speeds of up to 30 m s I (Fig. 5b) . Since 
th ese a tmospheric param eter va lucs a re se ldo m realized 
a t polar latitudes, the GR (37/19) filt er gc nera ll y works 
well in most cases . It is a t lower la titudes or in summer 
with water- vapor \'a lues grea ter than 2 cm th a t th e 
G R (37/19 ) filter fa ils. 

At thi s threshold level , ice con centrations up to 15% 
a re also elimi nated. By adjusting the threshold to a lowcr 
GR value, more of the water-va por effec ts wou ld be 
e limin ated but a t th e ex p e n se of climin a tin g ice 
concen tra tions grea ter than 15 %

• The problem , th en, is 
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to elimina te th e \~ater-vapor cffec ts, w hil e minimizing th e 
loss of ice-concentration inform ation. 

As Figure 4 sh ows, th e proximity of the 19.4 G H z 
ch annel to the 22.2 G H z atmospheric water-va por lin e is 
th e reason for the g reater SSM /I sensitivity to wate r
\'apor \"a ri a ti ons. H owever, this sensiti vity can be turned 
to a n adva ntage through the definition o[ an atmospheric 
water-\,apor filter . Th e difference betwee n the 22.2 and 
19.4 GHz ve rti cal polarization channels is highl y sensiti ve 
to sma ll increases in a tmospheri c \,va ter vapor in the ra nge 
0- 4 cm and is Llsed as th e basis of th e additi ona l wea th e r 
filt er needed to eliminate the wate r-vapor contamin a tion 
illustratcd in Fig ure 3a. This difference is normalized by 
th e sum of the brig htn ess tempera tures, thereb y defining a 
new spec tral gradi ent ratio, GR(22 / 19): 

GR(22 / 19) = [TB (22V) -- TB (19V)]/ 

[TB (22V) + TB(19V)] . 

T he GR a pproach was chosen to help minimize the effec t 
of ice-temperat ure variations in cases where we h ave a 
fi eld of view wi th both ice-free and ice-covered seas . The 
rationale [or this approach has been discussed in detail by 
G loersen and Cavalieri (1986). A threshold value of 0.045 
was selected for th e G R (22fl9 ) filter as a trad e-off 
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between elimina ting spurious sea-ice concentra tions a nd 
los ing 10 \\' ice-concentra tion informa tio n a t the ice ed ge , 
The effec tiveness of this additiona l filter a nd the loss o f 
sea-ice information is di scussed next. 

3. DISCUSSION OF RESULTS 

A plot of GR (37fI9 ) \ 'ersus GR (22/1 0) illustra tes th e 
potenti a l effec ti\'eness of each filter in elimina ting th e 
effects of each of th e atmospheri c com ponents (Fig. 6 ) . 
The chosen thresho ld va lues for each GR are a lso 
indica ted in the fi gure by horizonta l a nd \-er ti cal lin es . 
As was noted in th e disc ussion of Fig ure Sa, a thresh o ld 
\'alue 0['0.05 for GR (37 /19 ) eliminates cloud liquid-\\'a te r 
amoun ts of up to 0.27 cm. ra in ra tes 0 [' up to 15 mm h i, 
\I 'a ter va por of less th a n a bout 2 cm a nd wind speeds of up 
to 20 m I from contributing to spurio us sea-i ce concen
tra ti ons a t 10\\' la titud es. From Figure 6, we ee tha t the 
GR (22 / 19) thres hold of 0 .045 is effec ti\'e onl y for \\'a ter 
\'apor. All other a tmospheri c \'a ri a bl es fa ll below th e 
0.045 threshold . Thus, both GR filters a re required. 

Th e model results shown in Fi g ure 6 a lso h e lp 
determine the conditions under which both filt ers will 
fail. Th e horizontal and verti ca l lines d efin ed by the two 
thresh o ld va lues defin e a n a rea in th e lower left part of th e 
fi gure, Va lues of cloud liquid wa ter, vvater vapor, wind 
speed a nd rain ra tes within this area will still result in 
spurio us sea-ice concentrations. Extra polation of the e 
a tm os ph eri c pa ram e te rs to\l'ard hig h er \'a lues tends 
towa rd the origin of th e plot (PR = 0, GR = 0), a 
conditio n corres ponding to a perfec t black-body emitte r 
of radi a ti on. Some exa mples of these extreme conditions 
are g iven below. 

The sea-ice concentra ti on ma p fo r 23 June 1988 is 
shown in Figure 3b a fter the applica tio n of the additiona l 
GR (22 fl9 ) filter. All of th e spurious ice concentra ti ons 
a re filt ered , except fo r tv\'Q small a rea of high concen t
ra rion off the coas t of NO\'a Sco tia , Th ese, as well as o th er 
examples of areas of spuriou high ice con centra ti ons, are 

0 .18 -

0 .16 -

0.14-

~ 0.12-
N 
~ 0.10-
er: 
(9 0 .08-

0,06 -

f::, 
6em 

, cm/:; 

not of pa rtic ul a r concern , b ecause they gen e ra ll y occur a t 
la titud es wh ere sea ice is known not to b e present. Of 
much g r ea te r conce rn is th e presen ce of spuri ous 
concen tra tions at or nea r the ice edge. 

An ice-concentra tion difference map for 23 June shows 
the spurious ice concen tra tions tha tare fi I te red (Fig. 7) , 
Exce pt for two small a reas, one in the Bea ufort Sea near 
Banks I sland and the o th er in the Baren ts Sea betwee n 
:\o\'aya Z e ml ya and S\'a lba rd , th e sea-ice edge is 
presen 'ed a nd , as just no ted , almos t all o f the spurious 
concentrations a re filt ered. Th e concern is tha t some 
ac tual ice-concentration informa tion is los t in these two 
areas . C loud CO\'er preclud ed the u e of A VHRR image ry 
to \'erify the loca ti on of th e ice edge. 

As a n a ltern ati ve tes t, the sea-i ce co ncentra ti on 
va ri a bili ty a long t\\'o tra n sec ts cut ting ac ross each of 
these two areas \I'as exa mined to help determin e which of 
the concentra ti ons may be real and which concentra tions 
res ult from p assing \I'ea th e r sys tems. Presuma bly \\'ea th er
rela ted , spurious concentra tions will sho\\' g rea ter day-to
day \'a ri a bility. The first transec t examined cuts ac ross 
the ice from a point in th e open-water a rea nea r Banks 
Island in the Beaufort Sea to a point \I'ell within the ice 
pack north o f the area in qu es tion (see Fig. 7) . The sea-ice 
con en tra ti o ns are plotted in Figure 8 fo r a 4 d peri od 
from 2 1 to 2 '~ June 1988. The four transec ts a re plotted 
first from ice-concentra ti on m a ps genera ted without th e 
use of eith er wea ther filter (Fig. 8a and c) a nd then with 
both filler (Fig , 8b and d ) . 

\\'i tho ut th e use of wea th er filters and fo r a 1l 4 d ays, ice 
concentra tio ns range from 4% to 16% a t pixel pos itions 
0-4 (see Fig , 8a ) and sha rp ly increase at pixel position 5 
until pi xel 13 is reached. Th e ice concentra tio ns then \eI'e l 
off and va ry from abou t 90 % to 100% to th e end of th e 
transec t (pixel pos ition 2 1) . C omparison of Fig ure 8a and 
b sho\\'s th a t for a ll 4 d ays, only those co ncentra ti ons a t 
pixel positi ons 0-4 were elimi na ted by th e filters, Since 
the ice co nce ntrati ons (90- 100% ) within th e ice pac k 
\'ari ed as m uc h as those over the open-wa te r area , one 
should con id er the possibility th at \I'ea th er effec ts may 

o Cloud liquid water (cm) 
/:; Water vapor (cm) 
o Wind speed (m s" ) 
• Rain rate (mm h" ) 
o No atmos, Tsurf, = 299 K 

0.04 c-

0.02 f-
0,3 cm 5 ms" • 0,03 cm 

50 ms" " , f .. . .... 
50 mm h" 

o '. o 
I~ ~ 01 3 O~ O ~ 1<9 o CO 0 II:JJDJ 

0.02 0.04 0 ,06 0.08 
GR(37/19) 

1 mm h" I 

0.1 0 .12 

Fig. 6, GR (22/19) vs GR(37/19) showing the dist ribution oJsll1Jace wind speed (0- 25ms I) . cloud liquid water ( 0-
0.3 cm) and atmospheric water vapor (0-5 cm) and rain rate (0- 100 mm h ' ) calculated llsing radiative-transfer models. 
T he GR (22/19) and GR (37/19) threshold values llsed in the SSM /I weather fil ter are indicated by the lzori<.ontal and 
vertical solid lines. 
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Fig . 7. Difference between the SSi\!I / I sea-ice concentration malJs shown in Figure 3. Sea-ice concentrations for transects 
showl! ill red are jJLoUed ill Figure 8. 

co ntribute to som e of th is varia bility. A stud y by 
i\ r as la nik ( 1992 ) has sugges ted that water \·apor a nd 
cloud liq u id water ca use o\"Crestima res of tota l ice 
concentra ti on over a reas of high ice concentration , but 
th e effec ts found were sma ll er than th e observed 
\·a ri a tions here. The days with the hig hes t (day 174) 
and lowest (day 172 ) concentrations over the po lyn ya 
a rea (pixels 0- 4) have comparable con centrations within 
th e pack ice (Fig. 8a) . Thus, wea ther effects over th e pack 
ice a re a pparently negligible. 

Th e tra nsect for th e Barents Sea region (Fig. 8c a nd d ) 
shows much grea ter ice-co ncentration va ri ability starting 
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from be tween pixel posltlo ns 45 and 50. This a lso 
corres ponds to a sharp break in the ra pid d ecrease in 
ice concentration (presumab ly the ac tual ice edge) . 
Applica tion of both weath er filters in this case res ults in 
a sharp ice edge with ze ro concentrations a t pixel 
positions ra nging from 44 to 48. 

4. SUMMARY 

The N imbus-7 S:dMR technique for fi lte ring spurious 
sea-ice concentra tions over open ocean a nd nea r the ice 
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Fig. 8. Sea-ice concen/ra /iolls from the two /ral/ see/s showlI ill Figure 7 Jar a sequellee DJ 4 dill /.988. The Beau/o r/ Sea ice 
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ed ge is less success fu l with th e D~ lSP SS:\ l / l beca use o f' 

th e cl ose r prox imir y o f th e 19.4 GHz SS~ l fl cha nn e ls to 
the 22 .2 GHz II'a te r-va p o r lin e th a n th a t of th e 18 .0 CH '!. 
S~ l \lR cha nn els. An additi ona l filt e r , based o n a 

co mbin a tion o f th e 19 .4 a nd rh e 22 .2 GH z SSt\J/I 

cha nn e ls has bee n d e \ 'e lo ped to a dd ress this pro bl em. 
Th e n e w filt e r e ffec ti ve ly redu ces th e spuri o us ice 

con centra ti ons, es pec ia ll y in th e hig h e r la titud es, II·he re 

suc h a mbig uity poses th e g rea tes t pro bl e m. 

An a lys is based on an RTl\l indi ca tes th a t th e 
pe rfo rm a nce of th e filte r is opt imal [or w inds less rh a n 

30 m Si , c lo ud liquid w a ter less th a n 0 .2 m , wa ter \ 'ap o r 
less th a n 24 cm a nd ra in ra tes less th a n 12 mm h i . 

W ea th er exceeding these conditi ons is un common in hi g h 

la titud es , whi ch suppo rts th e obsen 'ed e ffec tiveness o f th e 

fi lte r. 

\\ 'hil e rh e technique wo rks II'e ll in reducing weath e r 
efree ts in mos t cases, th e trad e-off in te rms of ac tu a l ice

co nce ntratio n info rm a ti o n has no t been fulil ' q ua ntified. 

Our a na lys is indi ca tes th a t th e ac tu a l ice-edge loca ti o n 

(d e fin ed as 15% ice concentra ti on ) is not a ffec ted b y th e 
filte r. Furth er va lid a ti o n studi es using SAR , A VHRR o r 

OLS data a re required to determine conclusil'eh ' th e 

effec t or th e fi lter o n ice-edge-Ioca ti o n acc uracy a nd th e 
ex tent to II'hi ch ac tu a l ice info rm a tion m ay be los t. 
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