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A BSTRACT. The general sta tus of cryos phcri c da tase ts required in clim a te model 
studi es is IT\·icwcd. Da tase ts a rc neccssary as bounda ry conditio ns, a nd for \'a lida ti o n 
purposes, The form er application is dccreasing as cryospheric \'a ri ablcs a re increas ingly 
being deriyed prognostica ll y. By contras t, the scope of cryospheri c parameters that can be 
\'a lida ted is expa nding, C ryos pheric datase ts suit able for \'a lidation studies a rc reported 
a nd a reas where data a rc lacki ng a re identifi ed , 

INTRODUCTION 

Numerica l clim ate models require cert a in g loba l da ta as 
bou ndary cond i t io ns, In the fi rst phase of cl i mat e modelling 
using a tm ospheri c ge neral circul a ti on models (ACGI\,fs) in 
the 1970s, clim ate experiments ge nera ll y ill\ 'o!l-ed a modern 
"control" r un a nd a pe rturbat ion ex peri mel1l, a nalyz ing the 

m odel's equilibrium response to some cha nge in bo unda ry 
cond itio ns or model physics, The la tter might include a dry 
a tmosphere, prescribed \'s prognostic cloud s, or \'a rying 
lapse-ra te pa ra llle tcri zatio n, The former category included 
ch anging continenta l geog raphy (Ba rron a nd others, 1980), 
incorporating ice shee ts, in t roducing a st ra tosphcric \'olcanic
aeroso l laye r, modifying sea-ice limits or la nd-surface conT, 

a nd a lbedo (Ba rry, 1975), First ge nerati on AG Cl\Is were 
used by se\Tra l g roups to perform expc riments \I-ith ice age 
bounda ry conditions (\\Tillia ms a nd others, 1974; Ga tes, 
1976; 1\1a nabe a nd H a hn, 1977), These studies ill\ 'o lITd the 
de\'elopmelll of maps with cha nged continenta l boundaries, 
la nd a nd sea-ice ex tent, sea-surface temperatures a nd sur

face a lbedo, The C Ul\LAP proj ect for the L as t Glacia l 

l\Iaximum a nd the COHl\fAP proj ect for conditions 
be twee n 18000 yea rs BP a nd present, a t 3000 yea r inten 'ais, 
arc im port a nt exa mples of such bo unda ry-co nditi o n m ap
ping progra ms for model input purposes, In parallel with 
these a ttempts a t the reconstructi on of pec ific pa leo

climates, the effects on thc a tmosphere of imposed changes 
in the extent of snOl\- COlTf (Willi a ms, 1975) a nd of sea ice 
(Herm a n a ndJo hnson, 1978) wcre simul ated , 

The second ge neration o[ G C l\ls from the mid 1980s 
ge nera ll y inco rpora ted higher-reso lution a nd improyed 

model physics, They could trea t a tmosphere ocean inter

actions, for example (l\Icehl , 1992); the representa ti on of 

ocean processes ra nges from a simple "swa mp" oecan, with 
no hea l storage or ocean eUlTents, to a "slab" mixed-l ayer 
ocea n where sea-surface tempera tures a rc determined from 
the surface-energy ba la nee a nd heat storage, or a coupled 
ocea n GC:"! that incorpora tes cnergy tra nsfers a nd ocean 

dyna mics (1\ la nabe a nd others, 1992). 
There is a n ex tensiye literature on the use of coupled 

a tmospheric- s\\'a mp-ocea n a nd slab-ocean mi xed-l aye r 
model s for el i mate sensiti\'i t y stud ies. Th is second phase of 
GC)'[ de\'C lopments a lso witnessed the beg inning oftr'ansi
ent ex periments, [or 100 yea rs or more, in genuine elim ate
cha nge studi es of increas ing g reenho use-gas concentra ti ons, 
Second-genera ti on m odel studi es tha t address the cr )'o
sphere a rc p rim a rily ex periments to assess CO~ do ubling 
sensiti\'it y, where it rapidly becomes e\' idelll that thermo

dy na mic a nd d yna mic processes need to be treated , and that 
ma ny \'ari ablcs, other tha n surface a lbedo, require pa ra
meteri za ti o n (.\leehl a nd \ \'ashing to n, 1990), Spec ific studies 
of the import a nce of cryos pheri c pa ra me tcrizati ons were 
a lso perfo rmed. pa rticul a rl y in \' ic\\' of the role of sno\\'
a nd ice-a lbedo fceclbacks in elimate se nsili\'ity lO forcing 

(lngra m and others, 1989; O glesby, 1990; Cohen and Rind, 
1991). 

The third generati on of full y coup led GCl\ls arc begin
ning to link the a tmosphere- ocea n cryosphere- terrest r ia l 
biosphere in fully-coupled treatments ( Brocco li a nd '\la n

abe, 1993), a nd to incorporate biogeochemica l tra nsfers. 

La nd-surface schemes a re being intercom pa red (H ender

son-Sell ers a nd others, 1993), but so fa r simil ar work for the 

cryospheric va ri ables is lac king, Nes ting or high-resolution 
Illesosca le models in a n a tm os pheri c GCl\[ is increas ingly 
used to address regional processes, including or-ographic 

prec ipita ti on (Giorgi a nd others, 1993) a nd m argina l sea

ice zone processes (Wa lsh a nd others, 1993; Lynch a nd 

others, 199.5), 
A fu nher de\Tlopment is the i m prm'Cd pa rameter

iza ti on of\ 'a ri abl es such as sno\l' a nd ice a lbedo in both p ro

cess models (Ebert a nd Curr y, 1993) a nd in GCMs (Ba rry, 

1996), as well as th e deta iled treatment of ice d yna mics in 

sea-ice model s, including leads, ridg ing a nd ice drift (Hiblcr 

a nd Fl a to, 1992; M ellor a nd Ha kkin en, 199+). There a re 
GC I\ I sensiti\ 'ity studies that upda te ea rlier a na lyses for the 
effects of leads (\ 'a \Tus, 1995), a nd sea-ice ex tent a nd thick

ness (Rind and others, 1995). These illustra te the increasing 

need for cry-os pheri c da ta a nd highlight the gaps in current 

a rchi\ 'Cs (Table 1). 
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Ban)): C,~yosjJheric da taJar mode/validation.> 

Table 1. Global sea -ice variables and their al'aifab ili~y 

J nriablf 

Extclll / concl" lll ration type 

Extent / concentration lype 

EXll' nt / cn ncl' l1tratio lll ypc 
Ext(' nt j concC' lltraliolll y pe 

Frl'ljut'lIlJ ' 

~I o lllhl y 

Wce kl y 

2 day 

/)'ou}"a 

Compilation U. Wa lsh ) 

AVHRR. SS~l/ 1. 

a nd airborne 
S~I~lR 

SS~l fI 

. I['ai/abii;!)' 

i\orthern Hemisphere I<JO I <JO 

So uthern Hcmisphere 1973 <)0 

Northern Hemisphere 1973 90 
Southern Hem isphere 197::1 C)O 

Hi -pola r 10.78-08.87 
Bi-pola r 10.87 08.95 

Sralf 

x I ~rid 

: 11.6 ;\1 (0.25 ~ rid ) 

: 16 1\1 
25 x 25 kill gr id 
25 x 25 kill grid 

Thickn ess 

Snoll'mri t onset 

Pola r su rl'lee a lbedo 

Daily (a nd 1ll 0011hly 
,,\"('raged I 

C1imaLo lo~y 

Date o [" occurrence 

Dail y 

Sona r (subm a ri ne moored 

St-It-IR. SS~11 

,\relic 

. \ rnic resca rch 1<J78- present 

Pla nned Pa thfinder Product 1982 97 

Point o r track 

25 x 25 km grid 

5 km. 25 km .\\ 'HRR 

DATA REQUIREMENTS 

Requirements for cryospheric data have recently begun to 

rece ive attention from severa l sta ndpoints. In 1980, the 
Snow \\'atch Group identifi cd the requirements for G C r-Is 
in terms o[bas ic globa l maps o[snow a nd ice extent, which 
ul1lilthen were mostl y in map form, or in the case of snO\\'
depth clima tology were thought to be unava il able (H a l1l1, 

1981). Reports of the World C lim ate Programme Oenne, 
1982) set out basic da ta required for model verification and 
process studies, and these ha\'(' been subsequentl y consider
a bl y refined and expanded (sce C rane, 1993; " rMO/Unesco/ 
U NEP/ICSU, 1995). A compa rable effort focusing on model
ling needs is des irable (see recommendations in Barry and 
others, 1993), but is beyond the scope of thi s paper. 

CRYOSPHERIC DATASETS 

The prima ry emphasis here is on hemispheric or globa l 
datase ts that are available digita ll y a nd in g ridded form, 
suitable for use in validation of GCl\[ output s. Howcver, 
important gaps in information needed [o r process model 
studi es and model pa rameteri zation a re a lso disc ussed. 
Tables 1- 3 summari ze key rryos pheric se ts of interest to 
modellers for sea ice, snow cover a nd land ice, respecti\ 'C' ly. 
Before di sc ussing these, it should be noted that a weekly 
~orth ern H emisphere combined snO\v-cO\'er and sea-ice 
extent product for 1978- 95 is now a\'a il able on CD-ROr-l 
[rom :-.ra ti ona l Snow a nd lee Da ta Center (NSIDC, 1996a ). 
It incorporates the Na ti ona l O ceanic a nd Atmospheric Ad
ministration National Environmental Satellite Data Infor
mation Service (NOAA-NESDIS ) weekly snow data, 
regridded to the Equal Area Spec ia l Sensor Microwave Im
age r (SSM/I ) Earth (EASE ) g rid (Armstrong a nd Brodzik, 
1995), combined with th e Sca nning r-Iultichannel r-ficro-

7hble 2. Global SIlO11' -(Ol'er l'ariables alld their Gl'ailabiliry 

J (1I·iable SOllla .1milniJilill' 

wa\'(' R adiometlT (SSMR) and SSM/l-derived wee kl y 
ave raged ice extent. 

Snow cover 

Da ta 0 11 weekl y sllow-eO\'er cx tent (see Table 2) arc a\'a il able 
[o r the Northern H cmisphere since 1966, based on satellite 
\'isiblc a nd infra red imager y, but more reli ably since 1972 

when the Ad,'anced Very High Resolution R adiometer 
(AVHRR ) was first launched. These data clo not ta ke ac
count of snow on sea iee or Grcc nl and. There is a limited 
c1 a lase t [or South Am.eri ca fo r 1974 80, the onl y southe rn 
co ntinent with significant snow cover. These NOAA
NESDIS products a re, unfortunately, gridded to a pola r 
stereographic 89 x 89 squa re ce ll grid , so that the resolu
tion is \'a ri able; a lso a g)-id is counted as snow covered if 
the frac ti onal cove r is 2: 50 o/., . New products on snow ex tent 
tha t a rc planned to be a\'ail ablc in 1998 on a da il y or weekl y 
basis a re described in H a ll (1995). A passive-microwa\'e
derived six day (fi \'C day ) snow-extent product based on 
the SMMR for 1978- 87 (SSl\I/I for 1987-present ) with 
25 x 25 km gridcell s is currentl y in prepa rati on at ;"JSIDC. 

Snow water equi valent (S\\lE) can be estim ated from 
pass ivc-microwave data and a n experimental mid-monthl y 
datase t was generated for 1978 87 by C hang and others 
(1990). The data ha\'C recentl y been compared with the out
pu t of six G CM s (Foster and others, 1996) based on Atmo
spher ic ~rodel Intercompa ri son Proj ect standard control 
runs for 1979- 88 (Gates, 1992). However, Ta il and Arm
strong (1996) find systematic bi ascs in products obta ined 
with the linea r a lgorithm developed by Chang a nd others 
(1990) compa red with sta ti on measurements. It is clear th at 
spatio-temporal acljustments a re necessary in such a lgo
rithms to rectify errors caused by topographic effects on 
S\\,E va lucs, screening by forest ca nopies, and the occ Llr-

Srall' 

Ex te llt 

EX l(,1ll 

Exten t 

\\'eekl y 
\\'ec kl \' 

,\\ ' HRR 
,\\'HRR 

Sl\L\lR/SSt-I / [ 
S~L\IR 

Northern Hemisphere , 1966 ) 1972 prescnt 
Southern H Cll1i sphnc 197-1 80 

8<) x 89 pola r stereographic squa re g rid 
BC) X 89 po la r slcrcographic squa re g ri d 
25 x 2j km 

Snol\' I\'<l ter cqui\'al ent 

Snol\' I\'a tcr cqui \'a lcnt 
Snol\' nll' lt 
Polar , ur,,"ce a lbedo 
Gra in-sizC" 
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6 days/5 da ys 
~ 3 days 

Da il y 
Da il y 
Da il y 
Field ca nlpa i~ n 

SS~1/ 1 

SS1\lfl 
,\VHRR 
.\\ ' lRIS 

Northern H emisphere 1978 present 

:\forthern Hnnispherl' 1978 87 
I Resea rch I 1987 prrsctll 
:'\0 product pla nned 
Pla nncd Pat hfi nde r Prod ucl 1982 97 
Resca reh case SI lldi es 

.'i0 x .'i0 km 

25 x 25 km 

5 kill, 25 kill 
~ I()m 

https://doi.org/10.3189/S0260305500014300 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500014300


Table 3, Global land-ice l'al'iables alld their ([NlilabiliO' 

, illiab/I' 

Extcnt rland ice 

SOllr(/' 

" 'orld ,\ tbs of'Snoll and Irt' R "'OU JTl'S, 

Institut e ofG('ography, ~I osco\\' 
El c'\'<llioll grids IG rccnl a ncL R ada r a lli ll1('t ry 

. \ n t a re I ica 

G lac ier i n\T l1t ()r~' 

SIlO\\ mrt t abla ti o ll 1.011(' 

Perma fros t ('xtC ll t 

PlTllla li'os t thirkn('" 

" 'G illS, \\'D C-, \ 1(,1' C lac;olog\ 
S:-'I.\IR, SS:-'I 1 
lIl lernal i(Jl la l PCrlna fi '(ht .\ "i;..()('ia l ion 

Inter nat iona l Pt'r ll larr()~l . \ s,",ociat iOIl 

1,(, IlCe 0 [' depth hoar or I11clt O il snow-graill sUl' faccs, Ke\'(' I'
the less, th e work of Good is 0 11 (1989) fo r the Call adi a n Pra i
ri es illustrates th c potenti a l of passi\'c-microwa\'c sc nso rs, 

e\'en for opera ti ona l products, \ \'a lker a nd Goodi son (1993) 

ha\'{' a lso demonstra ted th a t snowl11e1t sig natures a re read
il y detcctable with passi\ 'C-microwa\ '(' d a ta a lthough thi s 
approach has not yet been implemcntcd as a hemispheric 
a na lys is product. 

Fo r \'a lida tion purposes, sta ti on da ta are oft en desirable, 

but until now these haw been mos tl y el ima tologica l 

awrages, :\ewl )' a\'a il able regio nal da tase ts inelude C D
ROi\l s of da ily sno\\' depth a t 28'} sta ti ons in th e .Former 
SO\' ict Union (FSU ) from the bcginning or obscl'\'a ti ons 
(:\is] DC, 199 <1,) a nd snow dt' pths a t i\'o rth Pole drifting sta
ti ons, 1937 38 a nd 1951 91 (NSIDC, 1996b), Additi ona ll y, 10 
day snow-course sur\'eys for more th a n 1300 sta ti ons across 

th e FSU for 1966 90 hm'e bee n recei\'CC1 a nd a rc c urrently 
being qu a lit y checked prior to relcase, 

Snow (a nd icc \ a lbcdo is a n impo rta nt model \'a ri a ble 
th a t is commo nl y pa ramctcri zed, Approachcs to thi s range 
from si m pli stic temperature dependencies (I i ncar or step 

fun cti ons), to calcula ti ons th a t ta ke acco unt of snow age, 

[rac t iona l cO\'Cr, \'{'geta ti on m asking depth, g ra in-size, so la r 
ze nith a ngle a nd spectra l r a nge, (sec Ba rry, 1996), The 
A\,HRR Pola r Pa thfindcr pla ns to gc nera te pola r surfacc 
broadba nd a lbedo data products O\'C r thc nex t t\\'o to three 
yea rs (Pola r Pa thfinder Group, 1997), Rc-sea rch o n th c es ti
mati on of snow g ra in-size \'ia a pixel mi xing approach is 

being ca rri ed o ut using Airborne Visible a nd In fra red 1ma
g ing Spcctroradi ometer (AVIRIS) da ta o\'er m ounta in 
wate rsheds (:"Jolin a nd Dozier, 1993) but widc-a rea imple
menta ti on of thi s approach is unlikel ), in thc nea r f'uture, 

Sea ice 

Twent y-fin' yea rs of d a ta on sca-ice ex tcnt a nd conccntra
ti on 10 1' bo th po lar rcgions a re a\'a il able on a wee kl y basis 
since 1972 73 a nd daily since 1987 (Table I), Thesc h,,\\'c a lso 
bcen reform a tted fo r use by thc Europea n Centre for i\Ied

iUI11-Ra nge Forecasts ( EC~I\\'F ) model re-a na lysis program 

(:\omura, 199j), For the northcrn pola r regions, monthly ice 
ex tent a nd concentra ti on dat a cxi st sincc 19j3, a nd these 
data will be impro\'ed retrospcct i\'Cly as 10 day Russ ia n da ta 
[or the summcr pcriod a re inco rporat cd , Since 1900 there 
a re al so m onthl y extcl1l d a ta, m a inl y fo r the ~orth Atl a nti c 

sec to r, th a t a rc less reli able a nd more spa ti a ll y he teroge
neo us, 

Cu rrcntl y thcre a re onl y limited climatologica l iee
thi ckn ess m aps for th e Arctic O cea n (Bou rke a nd :\1c La ren, 
1992), a nd no dig it a l a rchin', There a rc a lso ex tensiw pllb-

Ban)'.' Ci)'osjJiteric dataJor lIIodel1'([lidaliolls 

, ' lfIi/ahiIiIJ 

I()<)S Digita l produc t plan ned 

1(J 81.5 I; ,t. 

'"(JrnHT SO,"j('l L.:n ioll. parts of"C h ill <l 

Green land, ' 'l7B I'n',,'nl 
:'\ort hCl'n Hellli'p lll'l'e 1997 
:'\orthnn Hemi'plll'l'c 1<)97 

.\'((1/' 

I: 1.:1 I: 3 111illioJllll apS 

.) k ill ho ri zo llt a l resoluti o l1 

2:'1 kill r('..;o illl ioll 

I: 10 ~I map: d;~ ; t;zl'd 

I: 10 ~I map: d igitized 

I ishedthickncss-freqllenc), da ta fo r the, \rct ir a nd morc li 111 -

itcd p ublica ti ons for th c Antarc ti c, ,\n a tl as of 
m or phologica l cha racte ri sti cs in th e Arct ic O cca n ex ists in 

dig ita l fo rm (Roma no\ ', 1993), a ltho ug h info rma tion on 

5nOll' CO\'(')' on the ice is limited, a nd those a rc o nl y point or 
limited-a rea d a ta on melt-pond CO\Tragc, :\fcl t onse t d a tes 
ca n be est i mated fro m passi\ 'C-m icro\\'m'(' signa t ures, a nd 
work is in progress to prO\' idc a datasc t fo r 1978 prcsent. 
There a rc a lso limited d a ta o n lead co\'(' rage (Lindsay a nd 

Rothrock, 1995), 

Ice surface a lbedo has been mapped in the Arctic for 10 
summCJ' seasons using \'i sible sa te llite imagcs elass iG ed sub
j cni\'C ly, as we ll through a na lyscs of radi a ncc da ta, Ho\\,
C\'C r, m'(' ragcs for indi\'idu a l l11 0nths a rc currcl1ll y onl y 
within abo ut ± 0,10 (Schwcigcr a nd o thcrs, 1993), Techni

ques a re a\'a il able to es tim ate ice surface temperature from 

infra red radia nce da ta a nd products fo r broadba nd surface 
a lbcdo, icc surface tcmperaLUre a nd a c lo ud m as k \\'ill be 
ge nera ted by the A\ 'HRR Pola r Pa thfinclcr fo r 1 982~97 

(Pola r Pa thfinder G I'OUP, 1997), In addi tion, thc TIROS 
Opera ti ona l \ 'c rti ca l Sounder ('l'O\ 'S Polar Pa thGnder 

will prO\' idc d aily a nd monthl y gridded prod ucts of surface 

skin-tempera ture a nd bo unda ry-laye r pa ra metcrs fo r 1979~ 

97, The EOS Pola r Excha ngc a t th e Sea Surfacc (POLES) 
proj ec t a lso pla ns to producc products of sea-ice sta ti stics 
['rom i\IODIS a nd R ada rsat da ta ( Rothrock a nd o th ers, 
1995, 

Land ice 

Rcm a rk abl y, the statc ofinJo rm ati on on bas ic land-ice para
meters is th e leas t sati sfactory ('fable 3), There is currentl y 

no dig it a l a rchi\'c of' la nd-ice ex tent a nd ele\'ati on, E\'C n 

ill\'C nLO ry d a ta on glac iers a re un a\'a il able for se\'CraJ coun
tri es with la rge icC' a reas, including Ca nada (Ba rr y, 1995) 
a nd th c Hima laya n na ti ons, a ltho ugh pa rti al na ti onal a r
chin's cx ist. In ot hcr a reas, such as C hina a nd South Amer
ica, sa tel lite mapping is in progrcss, Data o n surface 

e le\'a ti o n for the Greenland a nd Anta rcti c ice sheets pole

\\'a rd to 81.5 la titude a re a\ 'ail able from satcllitc rad a r a lti
I11ctr )' co ll ec ted by ERS-I a nd ERS-2, In 1998 th e R ad a rsa t 
Ant a rct ic :\Ia pping Program \\' ill co llect d a ta IQI' th c first 
completc high-reso lution di gita l map o f a ll of Anta rctica 
(Pola r Pa thfinder Group, 1997), 

Future pl ans include th e prec ision m apping of Green

land and ,\n ta rct ica by t he EOS Geoscience Lase r Alti
metcr System GLAS in about 2002 a nd thc m apping of 
selcctccl ta rgc t glac iers \' ia th e ,\d\ 'a nced Spaceborn e 
Thcrma l E mission a nd ReOect io n Radi omcter (ASTER ), 
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Bany: Cr.,)losplzeric dataJor model validaliolls 

in conjunction with a proposed Globa l La nd Ice J\Ioni toring 
with Satellites (GUMS) (K a rgcl a nd Kieffer, 1995). 

D ata on ge nera l g round ice and frozen g round condi
tions a rc currently not ava il able in digita l form, alLhough a 

digita l \'ersion of a :\Torthern H emisphere map of peren
nia ll y frozen g round (Brown and others, in press ) is in pre
paration, Under the a uspices of the J Illernationa l 
Perma fros t Association, a proj ec t to develop a Globa l Geo
cryological Database is currentl y in progress and a CD
ROM is pl anned for rel ease in mid 1998 (Ba ITY a nd others, 
1995), 

CONCLUDING REMARKS 

Data products cha racteri zing many la rge-scale properties 

of the cryos phere, a nd suitable for the validation of GC?\I 
control experiments, are now ava il able. Notable gaps ex ist 
for land-ice extent a nd frozen ground cha racteri stics, 
a lthough such products a rc pl anned, or a rc in prepa rati on, 
In the case of the seasona lly \'a rying elements (snow cO\'er 
a nd sea ice ), time seri es of their extent a rc available indi\'i
dua ll y, or combined, The wee kl y 25 x 25 km combined 
snow-cove r and sea-ice datase t (17 yea rs) fo r the Northern 
H emisphere should be es pec ia ll y va luable for clima te model 
\'a lida tion, H oweve r, for snow depth (water equi\ 'a lent ) a nd 
ice thickness, e\'en reliabl e c1imatologies remain to be de\'C I

oped, J ntercompa risons of NOAA visibl e-based and NASA 
passive-microwave derived snow extent by Robinson (1997) 
a nd A rmstrong (persona l communication from R. L. Arm
strong, 1996) show significant di sc repa ncies, \Vhether these 
exhibit systematic spati a l a nd tempora l bi ases rema ins to 
be determined. Nevertheless, further improvement in thi s 

situation can be expected over the nex t f"cw years as blended 
satellite and ground data on SWE a re produced and newl y 
released in situ ice-thickness measurements become a\'ail
able [or the Arctic O cean, It is in the a rea of derived pa l'a
meters (such as a lbedo a nd snow g ra in-size ) tha t mueh 
additi ona l work remains to be done, There is also a signifi
cant need for readily accessible tes t da ta for process model 

valida tion in all a reas of cryospheric research. An illustra
tion of wha t is currellll y a\'a il able is provided by the hold
ings of the Nati ona l Science Founda ti on's Arcti c Sys tem 
Science (ARCSS ) Data Coordinati on Center at the Na
ti ona l Snow and Ice Data Center (M cGinnis and C ross, 
1997) and accessible vi a the \ Vorld \ Vide \ Veb. 
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