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Absfrucf-Monthly timc serics from two sslellilc snow-corer product i n  2005. Currently, monthly snow maps from MODlS 
rerords arc mergecl to study thc condruction of a climatedata are available only +on1 September 2003 throogh March o f  
record for thc Northrrn Ilrmisphrrc. and its limitations. 2001. This prototype pri)ducl is crcz~tcd using the 0.05' daily. 

I. IhlROIltl('11l~\ AYU UACKGROII\U 
global climnite-moheljng grid (CMCi) sno i  maps which 
provide fraction o f  snow and cloud in  cacli ccll. Monthly 
snow-cover maps are computed in  21 two-step process that 

A. Sno~v-cover mrippif~g oJ'rhe Northern Hemisphere 
includes a daily data-quality liller and 21 low-snow-fraction Satellite-derived III~I~)~ o f  SII~W cover ti)r the Northern 
tiltcr applied to the monthly snow cover. Daily data are 

llemisphere hove bccli ycncratcd usiiig a variety ot'satellites. 
se~i%)rs and tcchr~ i i l~~cr .  NOAA's National Environmental accepted i f  the Contidmce Index (CI), a measure o f  the 

Satellite. I)ali~. :~nd 111li)rnintion Service (NESDIS) began lo  
quality o f  the data ( g w d  quality data defined as clear view 

generate N ~ r t l i e r ~ ~  I lc~i~isphcrc Weekly Snow and Ice Cover daytime data) is 270. Daily snow "average" is computed for 
cclls with C I  270 as fi)llows. 

anolvsis charts in No\:cn~hcr 1906 usinlr manual techniuues 
P 

from NOAA sntclliti. d:~ta, at a spatial resolution ol- 190 km. 
Since 1997 the l~~teractive Multi-Sensor Snou and Ice 

ds O h  =(snow 90 i Cl) " I00 (1) 

Mapping System (ICISi has hecn used by NESDIS analysts to 
produce products d:~ily at a spatial resolution of about 25 k n ~ .  

Daily snow percentage (ds) is calculated this uay so that in  a 

utilizing a variety ot's:~tcllite data [I]. This snou-cover record cell where there is a small percentage o f  cloud reported an 

has hcen studied cwrclillly 121. 131 and has heen reconstructed 
infe~znce is made as to h c t i o n  of snow obscured by the 
cloud. Cells in  which the CL c70 are designated as "cloud," hy tlic Kutgcrs Ilni\.crsity Climate Lah (KUCL) using 

adiustments for inc~nsistencies that were discovered in the "nighttime" or "no decision." 

early part of  the d:11;1 set 111. [S]. Kesults show that the 
The inonthly snow (ms) for each cell iscomputed as follows. 

Northern ilemisphcrc annual snou-covered area has decreased 
[2], Ih]. [7],IXI. 191. [il. 1101 ahout 0.2% per year h ~ n  1978 - 
1999 [9]. 

ms= ( & d s ) / n  ( 2 )  

With the launch 01' N.2SA's Farth Observing System ( W S )  
Terra satellite. snon maps have been produced globally. using 
automated algorith~ns. on a daily and 8 day composite hasis 
%om thc Modc~~a~~-S<ex) I~t ion Imaging Spectmradiometer 
(MODIS) instrument >incc I;ebruary 24, 2000. Thu MODIS 
snow pro<lucls I~l1p:!!niodis-snow-ice.gsfc.nas3.g~1~, are 
providcd at a variety inl'dilTcrent rcsolulions and proj~-ctions to 
servc different user- griitlps [I I ]  and [12J. In tlie ncar future, 
monthly MODIS 511i)w products wi l l  also he pmduccd 
automatically. 

The period 01- o v c r l ; ~ ~  o f  the MODIS and KUCL monthly 
snou maps. M0rr.h 2000 to the presenl, prescnts an 
opportunity to comp:trc tlie (naps with the intent of  producing 
a climaic-data-lrconl (CI)K) quality product f i r  the Northern 
Hemisphere. In this p;lpcr. \r-c cxplorc x)mc o f  the problems 
and limitations ofthis pmcess. 

B. MODIS monlh!). .snow-cover ulgorilhm and maps 
Thc monthly snov-cover product is heing duveloped at 

Cioddanl Space I:lig111 C'eotcr and wi l l  becomc a standard EOS 

\vhcrc. n - numbcr o f  days in inontli whcrc C I  2 70, and n 5 
days in the month. A lev-snow (Is) tiaction lilter calculated as 
Ibllows. 

I s=  ( & & ) I s  

where. s = number days that snou uas ti)und and s 5 11 

Il'ls < I0  then no snow is reported ibr the cell. Also, i f  I s  <70 
and s S3, then no snow is rcported hr the ccll. Thc ohjcctivc 
of the lo\v-snow filter is to remove erroneous low-snow 
fractions that are caused by snowlcloud confusion in  the swath 
so<)\r algorithm and that arc then canicd into thc daily snow 
product. 

Monthly snow is the average percentage o f  snon from a11 days 
with a C1>70%, and with low-snox-percentage data filtered 
from the output. This technique allows li)r snowstorm events 
tlia! leave a lmnsie~lt snow cover to be included in  the monthly 
snow map. Ijecause o f  clol~dcover. i t  is i m p s i b l e  to 
calculate a true monthly "average" snou cover tin each cell. 



C. Rntgers tini13ersit) Clirnnte Lab  (RUCL) nronth!y strou~- 
roverfreqrrenc.p t n i r p  

The nu NOAA gl~iddcd 8'1x89 data and thc RUCL 
reanalysis gridiled d:~t:r are both ul i l i rcd in creating a unique 
Northem Hcmisphcrc snow cover product. Weekly and 
monthly 811 x 89 grid cell charts arc generated at KUCL. In 
this procedu~-c, \vcckly areas :ire calculated ftam digitized 
snow liles, and montlily values are c:~lculated by weighting the 
t~eck ly  areas acconl~~tg  to the number o f  days o f  a map week 
t i l l ing in the given mo~it l i .  The result is an accurate grid cell 
product which deta~ls hortliet-n Ilern~sphere snon cover data 
over tlie last 36 ye:ll<. Weekly maps are based prilnarily on 
image analyses 6ori-~ llic last day or t\vo of the week. 

Monthly snon tnqx dcri\'ed from the daily MOC)IS CM( i  
prc)ducts (MO1)IOC'I ) izt'i-e reprojected to polal- stereogi-aphic 
projection \\it11 the revrlution o f 5  krn f i r  hoth the latitude and 
longitude (25 km' ~pul. pixel). The 28-kni KUCL tnonthly 
SIIOW-COWI tireql~ency maps 
( h t t v : l ~c l ima te . r~~ r~e~~~ .~~ iu i snowcovd )  were then regisrered to 
the MOII IS maps h) using  bout 70 "g~ound control points" 
and a 3"' order k,r itiioge-to-image registration. The root- 
mean sqltnrc (RMS) crr~>r IS approximately 0.25 ol'a pixel. In  
order to make :In accr1r:lte comparison, clouds and lakes tliat 
are sho\\'n on the h l i ) l ) lS  ~ i i :~ps were transten-cd to tlie RUCL 
maps; and the cti:~stlincs and political hounda~ics \\ere 
twnsfcned 6om KCc'I. liiaps to the MOII IS maps. 

To make thc M0I)IS Iiiaps potenlially morc usct i~ l  ti)r 
modelers. and kir i t i ip l i~vcd comparison with the KUCL maps, 
land cells ct)ntaining "riiglil" or "cloud" on the MODIS maps 
we]-e replaced \$it11 l(!O";sno~ cover i n  the k)llo\\ing way for 
the months ol.Oclohcr Ilirougli Marc11 A l l  nighltimr or cloud 
land-based cells o l ? ~ ~ v c  80% (for October). 65"N (rot- 
November) and bli"\ jtirr I)cccrnbcr) \verc rcplnccd uitli 

100% snou. Addi l~<~i ia l ly ,  Greenland is nrapprd as 100% 
sno\\ covered year ' i i ~ ~ r ~ i d  fol- this preliminary \\ark. (Only thc 
parts o f  Greenland thai ale snow covered h i t t i  he shown as 
snon covered i n  t i le MODIS monthly product u l icn  i t  is 
produced.) 

Comp:~rison of the hlOlI lS and KUCL maps \$:IS v e ~ y  
18vorahle, with ihc 1<1 ( L  maps in all cases (except Scptcnihcr 
o l  2003 i n  Et~rnsi:~i I i o \%~ ing  yrrater snow zxtcnt than the 
MODIS maps (scc T:~hlcs I and 2). 

Figures I and 2 s l~o \ i  il ic diflcrcncc graphically. Notc that 
October of 2003 a~ i i l  t'chruaty of 2003 represent thc niontlis 
with thr grmtcst nnil lc:~st discrepancy, respzctivzly, i n  s n o w  
covered area. In i )c~ i> Ixr .  the snow cover expands greatly, 
somctimcs morc th:ln 100,000 km' in 23 hours. (Some o f  
those discrcpa~~c~cs ;lrc due to transient snon covers o f  early 
season stomis. M0I ) IS and tlie KLlCL maps may differ on 
hob\ transient snov covers are handled.) Thus even slight 

differences i n  co~npositing techniqllcs can provide dityerznt 
montlrly sno\s-cover values. 

Figure I .  Comparison of snow extent derived fi-om MOIIIS 
and RUCL monthly maps of North An~erica. 

Month & Ysar 

For example, there was a significant sno\vstonii on -30 October 
2003 tliat covzrcd nearly all o f  Montana, North Dakota, 
northcrn Minnesota. northwestern South Dakota, and most o f  
Wyoming. I3ecause i t  was cloudy during the storm, the 
MODIS algorithm did not capture that sno\r evmr: assuming 
tlie last day of the month was clear, the etyects o f  the stonn 
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would he seen only oti the last day of the month and snow Standardization o f  the monthly snow maps that are being 
cover is not tnnpped 1111. the inontli [Eq. 1. 2 & 3) i f  only one developed using MODIS data is necessary in  order to ensure 
day is snon coverrtl. Allcrnalivcly, the RUCL maps would hc that the maps can be compared quantitatively with the RUCL 
more likcly to cnpt~~t.e tile etTects o f the snowstorm because of monthly snow-cover maps. The pericxl o f  overlap of  the two 
their mapping tcchniilucs. Further investigation into these maps. March 2000 to the present, represents an opportunity to 
possible errors in  thi. bIODIS maps u,ill be undertaken. colnparc thc maps. The complele stream o f  MODIS monthly 

sno\+-cover maps wi l l  be in production in  2005. 

Figure 2. Co~nparison o f  s~io\v extent derived from MODIS 
and RLICL monthly I ) ~ ~ P S  o f  Eurasia. 

Additionally, annlysih o f  the fiequency o f  snow cover on the 3, map frc)m Fehrllary 2004, Fcbr,ary 
RUCL monthly 11131)s indicates that only the very low 2004 is the lnonth with the least in lnonthly snow 
fiequency o f  snow cover (meaning that snow may have been between the MOI,IS and RUCL maps. 
prescnt i n  many arc;ls only -15% o f  tlie month) is mapped by 
RUCL in  those arcus where the MOIIIS and KUCL maps 
disagree. Furtlicniiorc, t l ie  cells with less than 11% snow 
cover are not sho\vn on the MO1)IS maps and when those I\'. DISC[ISSION ASD COSCL~ISIOS 
areas are included. llic difYcrence betweell the MODIS and 
KUCL maps is even I<\$. In this l imiwd and preliminary study, we have shown that the 

maps are very similar in  terms of the extent of  snow cover. In 
Octohcr and November of2003 wen: anomalous k)r snow September and October 2003. the buildup o f  s n o ~  cover can 
cover in  the Northcrn tlc~iiisphcrc a$ the extent ofsnow cover occur rapidly. and since dirermt alEo,ithms are used to map 
\%,as much grcatcr t lun the climatic average. Snow covcr was snow cover, dierences in the areal extent of snow 
very lo\\ at the beginning o f  Odober and there was a rapid are likely. wllcn snow falls ,he of 
increasz in  snow COLCI. at thc cnd o f  the month. Hccausc o f  the lnon~ll, alld ifclou,uds do llol clear until early tile fi)llowing 
cloud cover obscuralio~i, and the cornpositing technique used lllonth. then ,he MODIS algolithln \,.ill not map snow in those 
to develop the monthly MODIS maps, errors inay be inore cellsobscured by clo,lds. 
likely to occur i n  the MODIS products especially during times 
in the snow season \\hen snow conditions are changing A, length of the record increases lllrc)ugh the 
rapidly. MODIS era, and into the National Polar-Orbiting 

Environ~ncntal Satellite Systeni (NPOESS) era, i t  should 
In February o f  2004. the main areas of disagreement are at the hecome easier to idrn~i& trends in areal extell( O~sllOw cover, 
edges of the snow-cowred areas in  both North America and if present, that may have climatic significance. ~h~~ i t  is 
Eurasia (Figure 3). S~nall ditTerenccs at the edges of snow- important to the validity of the NESD~S and 
covered areas are e\pcclcd due to the difference in resolution MODIS. and, in  the future, the NPOliSS snow datasets for 
o f  the maps. and tlii. J~lkrences in the algorithms. Again, as determina~ioll ~(,~~-:-l~,,,, in mensuremcnt of 
discussed tbr the Ociiiher comparison. thc differences in  the iqorthem ~ ~ ~ i ~ ~ h ~ ~ ~ .  and ,,ltimately, snow cover, 
snow maps gc~icrall) stpm kom the arcas on the l lUCL maps this prrliminary study, have ic~elltilied x)lllc oftlle issues 
shouing snow cover \r ill1 fi.cquencies <15%. relating to comparing two snow-cover data scts. A 



continuation ol' thta \ \ i rk  is planned when a longer monthly 
snoa-cover record from MOIIIS can he utilt/ed 
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