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ABSTRACT

The N:l(ional Snow :md Ice Da[o Gmtcr (NSIDC) Distributed Active Archive Center (DAAC) provides d:lia i~]~d

intormmtion on snow and ice prosesses, especially per(caining to interactions .amon: snow, ice, atmosphere illld occ:m, in
support of research on global ch,ange detection ~andmodel validation, and provides general datn :Ind inl’orrm[i(m services to

the cryospheric and pohr processes resem-ch community. The NSIDC DAAC is :m integral ptart of the muhi-agency -
fundtxt support for snow and ice d~tii mmmgement services :11NSIDC.

‘he Nloderote Resolution Inmging Spcctrorwiiorneter (MODIS) will be flown on the first Eiw[h observation System (EOS)

pkit form (AM-1) in 1998. The MODIS Instrument Science Tcwn is devclopin: geoph ysic.ti products from dil(;~c{~llccttxi
by the MODIS instrument. inchdin: SINJWcover and sea ice products which will k :uchived and distributed by the NSIIX’
1)AA(’. l“he M(IDIS SIN)W:IIICIice miippi]lg :dgorithrns will :Clleril[e ~l[}bill SIK)\V.like ice :uld s~il ice cover products (N]:1

d:li Iy tmsis. These products will augment the existing record ~)t’s:itellitc-deri vccl snow cover :Ind sc:I icc products Ih;II

k~iitl iibout 30 ye:us :Igo. TIc charilcteristics Of these products, their utility, aud comparisons to {~thcr dii(ii sets me
discussed. Current dcvclopmcnts :md issues we summnrinxt.
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1. INTRODUCTION

‘[’IN EOS Project Scicncc (Mice hm identiliccl 24 critic:d scicncc mcmurcmcnts that are import:mt f{~rscicntilic resmrch

aimed [it tk underst:mcting, W)ill~SiS atl(i rn(mitoring Of g Iohdl clim;ite CllilIl~C1. Iwo of these :mc snow cover (including
sn{)w cover extent and water equivaht) und sea ice (including sea ice extcn[, concentration, motion and tcmpcr:ilure}.
Snow cover extent, SC:lice extent and s~il icc surfiice tcmp~riiturc wi] 1be provided is EOS Standml l%xiucts, using
MODIS da(:l. at the time of liiul]~ll 01”tk AM- 1 s:ltelli(e. or shortly tkwaftcr. This paper describes the MO1)IS snow and
icc products which lliiv~ bwn developed by the MODIS 1nstrumcnt Scicuce ‘rc:url illld will be orchivcd ill~d distribukd its

p:lrt (lt [hc EOS Dnt:l :mct lnform:ltion Systcm (EOSDIS) by the NSIEX’ DAAC.

~ THE IMPORTANCE OF SNOW AND ICE IN CLIMATE-.

“1’hc:I(Ib:Il cxlcnt (J1’sntlw c(}vcr is an ]mp{wt;mt ViUi~lblCin [he hydrol[>gic cycle ;Ind is :1key inctic:lttlr 01 Ch:ul:es in the
II1~)1>:11Cilnl;ite svs[enl. l)UC [() i[s Ili:ll :Ilbcd{l :IIKJIM:C sp; k[i:tl v:lri; hili[y, Sll(m’ covur is il prirmuy filCtor cxmtrolling tht.-

:im(mnl {)1” sohr cnm:y :hs(~rbcd :1[tlk surt;lce. (’h:mges i[l IIHJCXICII[01”sntnv col’cr have :1direct e(’feet (m tk c:ulh’s
rwti:lli(m budget. Snow cover :dso has signitic;mt etfccts (m the SCilSOIlill tempcr;llurc ~yclc due to its high kltent I)eilt t)t

i“usI(HI. In muny ariiJs ot’ Ihc world, sm}w c{~vcr represents N) impi)rtan[ rcstmrcc in temls of waler supply illl(t

llydr(wlcctric power. ‘1’k (J. S. Nati(m:d W’cuther Scrvicc :md ()[l)cr agcncics monitor snowpak during the win[cr :Ind

spring Illollth tO fortwst water supply ;Ind Ilooding p{)[C])[ii112,‘1’hedcvmt;itin: I997 hood event in tlw Red River V:d[cy
(II’the [J. s. Upper Midwcs( W:LS prim:uily LIUCto ;m :lbn{mn:llly deep snow p:;ck. Links between SIK)Wcover extent :u)d

;Itmosphcric circuiatifm ]Elvc kn dcn~t}[)s[rii(~d~, ,and tl)c cxkut of SIIOW”ct}vcr I):Is beCn found 10 bc inversely rclil[cd to
Iwn)isphcric surt’mx ;Iir lcmpcr;llurc’,



Sc:l Icc 1>:In imptwtan( v;irl:lhlu :tt’i”cc[ln~ Iilc cllcrgy bal:lncc ill tlw p{~l:lr rcyliul~ SCa icc gre:ltlv lltl)ll~lt~ Ilk (’IcII;III:L {)1

IIc:I[ and rnols[urc bcl~vcull lhc alm~)splwrc ;md {Jccan. dram:ltlcaily nlcrc:h~s Ilw albcd{) 01”the p{~l:lr~J~c;IiI\. ;IIid ill lc~l>

deep ~valcr lmnation and Illc ulrcuiatlo[~ pauuns 01 bo[h the (u;uI :md [tic aunosphcrc. In the S~wlhcrll occ:m (Iic anllu;ll

cycle ot xl growth and decay is vt!ry Iargc, ralying from a nmimum CJI20 X 1o’”squaw kilometers in Scp(cmiwr 10 Its
m]nimum amti of approximately 4 X 106 square kilomctt!rs in i-khruary ‘. Durins freeze up, large quanti[ics of sal[ arc

ejected, altering the density structure and turnover within the water column. (commercial operations in many parts of the
Arctic and Antarctic are dependent on the short summer bre,akup for yearly transport and resupply by ships.

Lake ice duration (including the dWi!s ot formation and decay) and thickness are also key indicators of climote, and are
especially useful in the Arctic and sub-Arctic where other data collection is Sparse”. Freeze-up brings to a halt shipping on
many karge lakes, such as the Gem Lakes, where the regional economy depends heavily on water transportation. The

extent 01 ice also affects tlw moisture supply for “lCakeeffect storms”. which rcgul:uly bury cities and [owns located

downwind of the ice-free pcarts of the lakes.

3. DEVEJ30PMENT OF THE MODIS SNOW AND ICE PRODUCTS

The EOS Standard Products are designed to provide long-term smble measurements of the 24 critical science
measurements. To this end, the M(>DIS snow and ice product algorithms draw upon 30 years of experience in {}bscrving

and rmmitoring snow and ice from earth observation sate11ites7. Tlw rcmow sensing systems that arc USCIUIt’or snow and
icu tall into three categories: optical wavelength systems, passive microwave systems ,and active microwave systems.
Passive microwave systems, which measure the amount of microwave energy naturally emitted from the earth’s ~urface,
I];lvc proven particularly usct’ul for monitoring (he l.wge scale su ice distribution on n year-round basis. regardless (}I’cloud

c(wcr. Active microwave systems (radars), which measure the return signal from pulses generated by the scmsor, pr{wide

dctaileci. but localized information about sea ice age and type. The optical sys[cms, which collect energy in the visible.
near-infrared and thermal infrared wave lcn:ths, have the longest history and the widest utility. The MODIS instrument is
the latest and most advanctd of [he optical systems that are designed [o moni[or the globe daily.

Most m~table of the opt icai systems that imve been used to map snow and icc arc NOAA’s Advanced V try Higi] Resolution
l<:l(ii~]metcr (AVHRR) and tile Landsat Thematic Mapper (TM) instruments. AVHRR is primarily a meteorological

appiicatmns sensor used by the National Weati]er Service for operational forecasting. It was designed to provide giobai
cx)vcragt! once per day M a spatial resolution of about 4 km. Landsat TM is an eartil resources sensor used to m(mitor’ the
c:ulh’s surface. It covers the earth ab(mt once in every eighteen days, but i~:isa spatial resolution o(’ 30m. Tl)us AVHRR
d;lta i> sui(abie for frequent obserw[ion ot large areas wiwreas TM is more appropriate for the study of smalicr arms wilcn
tiw I’ruiucnl coverage is not so important.

‘i”lwdesign of the M(>I)IS ins[rumcnt incorporates characteristics of eacil (}1’Iiwsc systems. It will provide c{)vcragc of the

pt)l;lr rcgi{ms, on a daily b:lsis, aI inturncdia[c spaii.al resolutions (}1eitilcr 250, 500”or 1000m. MODIS will colicct data in
36 spcctrai bands, cornp;ucd IO dlc 5 m- 7011 AVHRR and TM. rcspcc[ivciy. Tiw spatial and spectrai resoiu[ion ot’ MODIS

wiii pcmlit tiw rou[inc coiiecti(m o(’ vcr-y dctaiicd spectrai information, whicil gmcraiiy has oniy been avaiiablc tm mucil
smailcr scales, from aircraft or ticlci nwasuremcuts.

4. ‘1’HE MODIS SNOW AND ICE A1.GORITHMS

\lncII (JI’[he dcveiopmcnt work I“orNi( )1)1S :ll~orithms ims utlil~cd (IM slm]l;w spcctrai bands of ti~c Landsat TM

si~ows wavelength center it)c;ttions and spatiai resolution of M( )1)1S bands. and the uwresponding ‘lM bands.

“1’llcM( )DIS snow cover mapping algori[iml identities snow by its rctlcctance ciuimctcristics in the visible and
near-int’rarcd regions of the cicctromagnc(ic spectrum. For cxampic. a kcy ciuuac(cristic of snow is ti]a[ i[s rctlcc(ivlty is

iliyh In thu visibie part 01’tim spectrum anti low in the near-lnlrared at ab{~ut 1.6 pm”. Tile reflectivity of most ciouds
rcmaims high in both tile visibic and near-infrared regions. ‘i’ilesc t’caturcs ;nt accounted for in the caicula[ion 01 the
N(wmali/cd Dit’t’erencc Snow lnctex (N1>.SI)’. ‘i’ilis is expressed i’br ‘I’M d:i[;t as:

NDSI=(’1’M 2[().56 pm] - “i’M 5[1 ,65 pm])/(’l’M 2 + ‘I’M 5.). (1)



:\n NI )SI value of 0.4 IS 04cd ;15 lhc thrcshc~ltl lor snow n1s v;rluLJ IS b;lxll Oil c(~lllp;Ir1soI1\ IwtnI!cll IlILY arl;l:! \I\ (II InalI~ 

‘l’hl 4ccucs mapped usin? tlic hIOI)lS s1~0w nwppin, 0 algorithm, with nra~~uallv hxivc~l suow maps Ior the ~;IIIIC 4c~nch 

A scconrl test used is 3 near-infrxcd reflectance test to distinguish hetwcen ice-free w;Wf bodies and sno~v \vlllch arc 
somctimcs confused. For the TM &ICI, ;L v;due of 0.1 1 or more in the noau-11~1’r;ued band 4 (0.85 pm) mtlicatcs at Icast 50% 

ot’ the pixel is covered by snowx. In addition, forest-canopy modelin? has led to ;III enhancement of the original snow 
mapping algorithm that nllows more SIWW to be mapped in forests than is possible with the oripinnl :~l~orithm”. The 
e111umml algorithm will be used in the at-launch time frame. 

A cloud mask , developed by the MODIS Instrument Science Team for use in many MODIS products, will be used to 
screen out cloud covered areas before the snow mapping Jgorithm is run. This should reduce nny misinterpretation of 
clouds for snow, especially cirrus clouds which contain frozen water droplets and may have n low near-infrxcd rcflcctancc 
similar to snow. 

The MODIS Instrument Science;I’oxn estimates the overall accuracy of the SIIOW mapping algorithm to bc 0 145% 
t~lobally :md nearly 100% in tundra and prnrie areas”. Performance in the boreal forests is not ;LF good since the forcst 2 
canopy darkens the scene reflectivity regardless of the presence of an underlyin? snow cover, but use of vqetation maps 
to be produced by the MODIS Land Team may improve this. 

‘l‘hc snow cover algorithm may bc updated pending the results from additional pre-launch tests using data from the MODIS 
Airborne Simulator (MAS) that has many of the same spec~unl characteristics as the MODIS sensor. In atldition.‘thc 
algorithm may be modified after lxmch of the AM-1 platform to mcnrpomtc other techniques. 

‘I‘~tble 2. Corresponding MODIS ant1 ‘IN wavelengths (bands) 

MODIS 
Band 

1 

2 

3 

4 

6 

7 

13 

1-I 

I6 

31 

Spatial Centcr Correspondins 
Resolution Wavelcngtll TM 

(m) (pm) lhld 

150 0.645 3 

350 0.858 -I 

500 0.469 I 

500 0.555 3 

500 1 .wo 5 

so0 2.130 7 

I t )OO 0.667 3 

1000 0.678 3 

IO00 0.W) 4 

1000 1 1.030 6 

‘l‘he MOI)IS sea ice algorithm IISC~ the unIc tests ;~s does the ori+n;ll suow mappin, (1 algorithm sina! thcsc II:IVC been 
slioivn to be acceptable for most ice types. cxccpt new thin ice’. Ice surfxc tcmpcraturc (IST) will also bc calcuh~tcd :IS 
part OC 111~’ sea ice algorithm. ‘l‘hc c:llculalion of 1%‘ is based OII work by Key and IIacPi~er” and uphtctl by Key ;und 
(‘oIlins”. This technique usa the clcxr sky brightness temperatures nic:rsurcd by the “split-window” thcrni:rl cl~mzls (at 

IO.Xym and 12.0ym ) on the AVI IRR Instruments, corrected for atmospheric attemx~tion 3.5 :I func lion of viewing aylc, to 

dcnvc IS’I‘ The AVIIRR cllam~cla USCLI hcrc xc compxablc to MOI)IS cl~xmcIs ? I and 32 SO this mcthotl is tlircctly 



‘l’he snob and sea ice products will he available in orbital sw:~lll format (level 3) :nld in = oridded formats (Icvcl 3). lloth 

cquatoriati (equal area sinusoidal) and polar (equal area ;~zimuthnl) g-ids will be availnble. The level 3 ~ridtlcd snow cover 

and sea ice products will have resolutions of 5OOm and IOOOm respectively. Large inland Lakes will hc mapped at 5OOm. 

l’hc level 3 gridded products will be produced on ;L daily basis. Thcrc will also be an eight-day c&aposite product which 
includes’s maximum snow cover md sea ice extent and persistence statistics during the period. Several months after 

launch, software will be in place that will allow users to specify other cornpositing periods. 

CUKRENT ACTIVI’I’IES 

l‘hc MODIS Instrument Science ‘Feam mci the NSIDC DAAC arc preparing for the Inunch of the MODIS instrument on 

[hc first EOS platform. Hardware and software systems developed by the EOSDIS Core System (ECS) contmctor have 
hccn installed at NSIDC and arc beins tcstcd. The MODIS snow and ice products processing softwauc will hc inkgrated 
and tcstcd beginninz in mid- 1097. Scicncc Softwnre Integration md Test (SSI+T) is ;L phased, iterative plan dcvclopcd by 

hl( )l)IS. KS and NSIDC that will continue until the products &come operational after launch. 

WC arc p:~rticipating in the development of ;I Quality Assurance (VA\, plan that will be implemented at ~hc MOIXS ‘Team 
I ,c;~tlcr (‘omputin? Facility (TI.Ck’) and the DAAC‘s, Both MODIS and NSIIX’ continue to seek ;I hroxl crnsc 01’ input 

Iron1 the cryospheric user community through ;L series of workshops. ad-hoc committees and user working jiroup meetings. 
Scvcral important modifications su,, ~~~~esk~d through this process have been incorporated into the product dcsi:n mtl 

distribution plan. For cx;tmplc. MOI>IS ;~nd NSIDC are exploring proccssin, (1 options to address the IW~S of operational 

users, such as providing products on ;I near-real time basis. A polar grid for lcvcl 3 products has been adopted. The ISI’ 
algorithm has been included as part of the scn ice product. 

CONCLUSIONS 

.I’hc tI( )S MODIS Instrument Scicncc ‘l‘alm is developing snow and its products to bc implemented at the time 01‘ the 
I~~unch of the first EOS mission on the AM- I platform in June 1098. A suite of atmospheric. oceanographic :IIICI land 
surklcc products from MODIS will bc distrihutcd via EOSDIS from the (b.id;~rd Space Flight Center, l%OS Ikta (Icntcr 
and NSIIX DAACs. The MOl)IS snow a11t1 ice products will bc archived and distributed by the NSIDC DAAC:. ‘l’hcsc 
products will utilize the improved spatial and spectral resolution of MODIS over current visible and infrared sensors and 

they will represent ;I signiiicant improvcmont over currently avail;thlc similar products. They will complement relatctl 
microwa\~e and radar products. Daily maps of = ~~lobal snow cover extent and su ice extent will be prnducccl. In addition, 
IIIC MODIS ~;II:I offer the potential for okr cryosphcric products (for cx;unplc sea ice surface motion :md alhcdn) in the 
post-l:umch time franc. Thcsc may hc dcvclopcd and tested hy the MOI)IS Instrument Science Team or the EOS 
Intadisciplinary Science Invcstigalions. Marc information on thcsc prc*lucts may hc lound Lit the li~llowinf World wide 
Wch silts: 

the MOI)IS I Iomc P;I~c ~http:/lltpwww.gsl’.~~~~s;~.~~~~~/~lOl~lS/~lOD~S.~~tml~. 
tlic Algorillim ‘l‘lkx~rctic~il lkrs~s I kxument Honic l?r~c (Iiltp:/l~p~o?.~ati.~~~~s~~.~~~v/~~t~/~~ I .llln11). 

a11t1 111~‘ MODIS Snow/Ice (ilohal hlapp~np l’rolcct home page ( I~ttp:l/ltp~v~v~~.~sl~.~~~~s~~.~~~v/MOI~IS~S~~~~~v/~~~~~~lis.l~t~~~l~. 
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