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ABSTRACT. An a na lysis of snow-cove r va ri a bility ove r North ern H emisphere 
la nd masses reveals a continu a ti on of th e subnorm al cove rage th a t began in the la te 
1980s (rela tive to the 1 972- present interval ). While the 1994 snow year (September 
1993- August 1994) exhibited a return to nea r-n orm a l hemispheri c ex tent , onl y three 
months during this peri od had a bove-norma l co\·e rage . Onl y 11 of th e pas t 88 months 
(through O ctober 1994) have been a bo\'e the norm . Deficits ha\'e been mos t common 
in spring, ove r bo th the Eurasia n a nd North Am eri can continents. This is a 
hemisphere-wid e situ a ti on; positive co rrel a ti ons a re identifi ed between hemisph eri c 
and region al snow ex tents in spring, as well as in fa ll and winter. A number of 
signifi cant assoc ia tions a re al 0 recogni zed between regions during these three seasons; 
howe\'e r, it is uncomm on to see more th an 50% of the va ri ance in one region 
expl ained by a no th er. These co rrela ti ons a re mos t comm on between adj acent regions, 
bu t some are found between regions on differenr continents. Onl y in spring a rc 
signifi cant pos iti ve rela tionships between non-adj ace nt regions on the same con tinen t 
obse rved. 

INTRODUCTION 

Snow cO\'er over the Northern H emisphere represents an 
important and highly vari a ble component of th e globa l 
clim a te sys tem . On ave rage, North ern H emisphere snow 
CO\'er peaks in winter a t a bout 46 x 106 km 2, cO\'e ring 
a pproxim a tely 46% of the la nd surface (Robinson a nd 

6 ry • 
o thers, 1993 ) . Coverage dec reases to about 4 x 10 km - In 
August, but exhibi ts la rge \'a ri a bility in a ll months. The 
ex tent of snow cO\ 'e r is inOuenced by various fac tors, 

including th e loca ti on of the j et stream and pola r front, 
th e associa ted frequ ency and intensity of winter storms, 
a nd vari a ti ons in tempera ture, sol a r radi a ti on a nd 
cloud iness. Th e presence of snow can inOuence clim a ti c 
conditions both near th e surface a nd through mos t of th e 
troposphere. I t has been obse rved freq uen tl y th a t sno\\' 

cO\'er suppresses low-le\'el air tempera tures O\'er tim e
sca les of d ays to months (e.g . Na mi as, 1962; Dewey, 
1977 ), through th e effec ts of bo th increased a lbed o and 
th e la tent hea t o f melt. Sn ow ca n influence a tm ospheri c 
circul a tion through its eflec ts on dia ba ti c heating, whi ch 

will be determined by the ex tent, depth a nd loca tion of 

the snow-covered surface . 
R ecogniti on of th e cl ima ti c signifi cance of snow has 

fos tered studi es regarding its hemisph eri c distribution and 
\'a ri a bility, a nd potentia l feed-backs within th e a tmo
sph ere associa ted \I'ith snow cove r. Such studies utili ze 

sta tion records (e.g. Pfi ster, 1985; R obinson and Hughes . 
199 1), sa telli te-d eri\'ed a rchi ves (e.g . R obinson a nd 
Dewey, 1990; l wasa ki , 199 1; Gutzler a nd R osen, 1992; 
M as ud a and o thers, 1993) or both (Karl and o thers, 

1993 ; Lea th ers a nd R obinson, 1993) . These studies ha\ 'e 
tend ed to be on loca l or continenta l levels; less a ttenti on 
has been pa id to the regiona l sca le. H ere. we will 
document a nd discuss snow-cove r va ri a bility over North 
ern H emi sph ere la nd masses, concentra ting on th e 
di stribution a nd tempora l va ri a ti ons of snow cove r 

within a nd between regions. This is a criti ca l step 
towa rds better und erstand i ng rela t ionsh i ps betwee n 
a tmosph eri c va ri a bility a nd Ou ctuations in snow co\·er. 

DATA AND METHODOLOGY 

Snow charts 

Wee kl y snow charts produ ced by the U .S. Na ti onal 
O ceanic a nd Atmospheri c Administra tion (NOAA ) a re 

th e prim a ry source of in form a tion fo r thi s inves ti ga tion. 

Th ese cha rts depict bounda ri es between snow-cove red 
a nd snow-free la nd surfaces, a nd are produced from \'isual 
interpreta tion of ph o lOgra phic copies of \'isib le-band 
sa tellite im age ry. Ch an s show snoll' bound a ri es on th e 
las t d ay th a t the surface in a gi\·en regIOn IS obsen ·ed. 
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Since cloud cQ\'e r can mask the surface, thi s is oft en not 

th e las t d ay o rth e cha rt week. On ave rage, charts lend to 

represent the (ifth d ay of a cha rt wee k. Ch a rts are 
di g iti zed o n a wee kl y bas is to th e U .S. N a ti o na l 
~vl e teoro l og i ca l Cen ter limited-a rea fin e mesh (LF;\i[ ) 
grid (for furth er deta ils o n NOAA charts see Nla tson a nd 
others, 1986; R obinson, 1993). Whi le NOAA cha rts have 

been prod uced si nce 1966, ea rI y cha rts te nd ed to 

underes tima te snow extent , pa rti cul a rl y during a utumn. 
Cha rting acc uracy improved considera bl y in 1972, when 
i'\OAA ve ry hig h resolution radiom eter (VHRR ) a nd 
Ach-a nced VHRR d a ta began to be used . D a ta since 1972 
a re consid ered to be of a hig h enough qu a lity [o r use in 

clima te studi es (Wi esnet a nd oth ers, 1987 ) . 

Monthly s now cover 

lVfo nth ly means of snow-cO\'e r a rea a re ca lcula ted using a 
routine described full y in R o binson ( 1993 ) . BrieOy, th e 

Rutgers routine weekl y ca lculates a reas from th e digiti zed 
snow (iles a nd weights them acco rding to th e number of 
days of a cha rt week fa lling in th e give n month . A chart 
week is consid ered to center o n th e fifth d ay of the 
pub lished cha rt week. Prior to the calcul a ti ons, th e di gital 
fi les a re sta nda rdized to a commo n la nd mask, which 

includes those a nd only those LFM cells a t leas t half 

cove red by la nd. This correc ts a n inconsistency in the 
orig ina l NO AA fil es . 

Regions 

Criteri a used in th e selec tion o[regions [or this stud y (Fig. 

I ) include clima ti c simil a rity a nd size . The former a li gns 
closely with ph ysiograph y a nd la titud e, w hil e th e la tter 
includ es areas large cno ug h to co ntain a number of LF:vJ: 
cells (varying fro m 16000 to 42 000 km 2

) , ye t small 
enough to maintain a considera ble degree o[ internal 

homogeneity. R egions a re sma ll rela t ive to major a tmo

spheri c fea tu res, such as sta tiona ry waves. The 21 regions 
dec id ed upon ra nge from 106 to 4 x 106 km 2 in size; 9 are 
in North Am eri ca a nd 12 in Eurasia. 

NORTHERN HEMISPHERE SNOW COVER 

Nl ean (a nd media n ) a nnu a l No rth ern H emisphere snow 
cover is 25 .3 x 106 km 2, 14 .7 x lOo km 2 lyin g ove r 
Eurasia a nd 10.6 x 106 km2 ove r N orth Amer ica. Th e 
hemispheri c a nd N orth Ameri can values includ e the 

6 ? 
Greenl a nd la nd m ass (a pprox. 2 x 10 km - ) . Th e 

va ri a bility of snow cover over the N orth ern H emisphere 
between J a nu a ry 1972 a nd D ecember 1993 is expressed in 
Figure 2 as monthly a noma li es a nd 12 mo nth running 

. . 6 ? 
means. M o nthl y a nom a iJ es of grea ter th a n 4 x 10 km -
have occasiona ll y been o bserved during th e pas t 22 yea rs, 

a lth o ugh th ey a re ge nera ll y less th a n 2 x 106 km 2
. 

Extended peri ods of a bove-average snow ex tent occurred 
in the earl y a nd la te 197 0s a nd th e mid-1 980s. Som ewha t 
below-norma l coverage was obse rved in th e mid-1 97 0s 
a nd earl y 1980s. H oweve r, it is since th e la te 19805 th a t 

the lo nges t interval o[ subnormal snow cover in th e past 

two decades has been observed . While the 1994 snow yea r 

(September 1993- Aug ust 1994) exhibited a re turn to 
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Fig. 1. Regions ( R) anaSJ!;:.ed in this st llc01. OIl ~)1 land 
siLuatpd wiLlzin these regiolls is included in the study. 

nea r-n o rm a l hemi sph eri c ex tent, o n ly three months 
during this peri od had a bo\'c-nofm a l coverage . Only II 
of the pas t 88 111 0 nths (throug h O cto ber 1994) have bee n 

a bove the norm . Nega tive depa rtures of snow cover ove r 

the pas t 6 yea rs have been most pro no unced in spring . 
Summer cO\'e rage has a lso been below norm a l in recent 
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NU Snow Cover AnomaUes 
with 12-monlh running mean 

Fig. 2. Anomalies oJ mon/1z0' snow-cover ex/erll over 
j\ 'or/hem Hemis/J/z ere lands (including Greenland), 
] anU01} 1972- 0 ctober 1994. Also shown are 12monLh 
rUllning anomalies of hemispheric snow extent, jJlolLed on 
the seventh month oJ a given interval. 
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yea rs. Winter has been th e most sta ble season throughout 
th e sa tellite era , with fa ll exhibiting most va ri a bi lity from 
one yea r to the nex t. 

REGIONAL SNOW COVER 

L ooking nex t a t regiona l cha racte ristics o f seasona l snow 
cove r ac ross Northern H emisphere la nd masses, repre
sen tat i\ 'e months (November, J a nua ry, April ) for the 
three prima ry snow seaso ns a re examined. Box and 
whisker plots showing the ex tent of cover within eac h 
region fi'om 1972 to the present are presented in Fig ure 
3 . Fo r November, the highes t varia bi lity on a yea r-to
year basis (Fig. 3a) is seen in th e more northerl y mid
lat i t ud e regions (R 4- 6, R 15- 18) a nd no rth eas tern 
Europe (R 19) . In th ese regions th e interqu a rtil e range 
commonly exceeds 20%. The full range of cove rage in 

November is as high as 60% (R 5) . High vari a bility in 
J a nu ary snow cove r (Fig. 3b ) is found on both sid es of 
the Atla nti c (R 3, RI O, RI 5) . The twO other mid
latitud e regions in North America (RI , R 2) ex hibit th e 
nex t grea tes t vari a bility. In Apri l, the regions with the 

la rgest yea r-to-year \'a ri a bility a re in the more no rth erl y 

middle la titud es (R 4- 6 , RI 5- 1S) . H oweve r , th ese 
differences a re not as pronou nced as in N ovem ber. 
Some va ri a bility in Ap ril coverage is observed in 
northeas te rn Eu rope a nd north centra l Euras ia (R 19-
20) , whil e the rest of the regions in Eurasia (R 2 1) a nd 
North America (R 7- 9) remain snow-covered , a. they do 
in the other two stud y months. 

T ime se ries from four selec ted regions for each stud y 
month (Fig. 4) illustrate la rge year-to-year differences in 
snow cove rage in some regions (e.g . R 5 in lovember, R 3 
inJ a nuary, R 5 in April ) as compared to oth ers (e.g. R 6 in 

November, RI in Janua ry, R 6 in April ) . In April , the 
region from north of the Black Sea eas twa rd in to the 
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Asia n step pe (R 16) and the three North American 
regions close to a nd north or th e U .S .- Canadi an border 
(R 4--6) show re la ti ve ly low sp ring-snow ex tents in recent 
years. Th e reduction is more pronounced when viewed 
co ll ecti\ 'e ly O\'e r the hemisphere fo r th e entire pring, 
where th e last seven springs each had less sno\\' cO\'er than 
th e prev ious sixteen . 

HEMISPHERIC-REGIONAL COMPARISONS 

Spearman ra nk co rrela ti ons are computed between 
regiona l (d ependen t-\'a ri a ble) a nd hemispheri c (ind e
pendent-variable) tim e seri es to iden tify regions th a t a re 
mos t representa ti ve of yea r-to-year \'a riat ions in hemi
spheri c snow cover. I n thi s non-pa rametri c techniq ue, 
co rrela tions a re computed on the ra nkings. T ab le I 

present the res ults fo r those regions having on a \'e rage 

10- 90% snow co\'erage in a particu la r stud y month, A 
positi\'e co rrela tion between individu al regions a nd 
o\'e ra ll hemisp heri c cOI'e r is seen in eac h season. I n no 
case is there a nega ti ve correla lion (i,e . il1\ 'e rse rela ti on
ship ) significa nt at the 295% le\·e l. [n November, 90fthe 

11 regions have a co rrelat ion with hemi. ph eri c CO\'e r 

signifi cant at th e 295% leve l (six of these 299% ). T he 
stronge: t correla ti on with hemispheri c CO\'e r in NOI'e mber 
is in th e Asian ste ppe region (R 16), where o\'e r ha lf of th e 
\'a riance is exp la ined . Fa irl y st rong re lat ions hips a re a lso 
obsen'ed between hemispheri c cover a nd tha t o\'e r the 

centra l U .S,A . (R 2) in Ja nuary. In thi s month 7 of the 10 
regions ha\'e signifi can t assoc ia ti ons with the hemispheri c 
cOl'e r exceeding 95% (four or th ese ;:::99% ), The number 
of signifi cant correlat ions (9 of 1I regions ;::: 95% leve l) 
remains high in April , and fi\ 'e of th ese are signifi can t at 
th e 299% leve l, a lthough none expla ins more than a bout 

40% of th e \'ariance . Thus, many regions have cont
ributed to the lower spring cO\'erage in recent years, 
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Fig. 3. Snow cover over Northern I-1emisjJhere regions (if Fig . 1) in (a) Xo vel7lber over the past 22 years, (b) ]allll(u), 
over the past 23 years, (c) AjJril over the past 23years . T he median /Je1centage coverage is the vertical Line within the 
regional boxes, and the interquartile range ( fe R) is between the top al7d bottom oJ the box, Whiskers show the extreme 
values between + 1 and + J.5 x fe R and - J and - / .5 x fe R , alld asterisks show values ill illdividllal ) ' f{lrS Jalling 
outside oJ the ± 1.5 ranges. 
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Fig. 4. Time series showing the percentage snow coverage within selected regions (if Fig. 1) in ( a) November, ( b) Jam/al]), and 
(c) April. 

INTER-REGIONAL COMPARISONS 

Inter-regiona l relationships a re also explored , again using 
a Spearma n a na lysis a nd concen trating on the regions 
wi th 10- 90 % snow coverage. R esults for all qua lifying 
regions are shown in Table 2 and summarized in T a ble 3. 

A number of significant positive co rrelations are seen; 
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Tab Le 1. Conelatiolls between hemispheric and regional 
snow cover Ior those regions ( R ) averaging ?,10% and 
:::; 90 % snow cover in a selected month over the j)ast 22 

(November, April) or 23years (Janumy ) (cells are left 
blank when criteria Jor a given month are not met ) . 
SjJeCl1'1nall correlatioll coif.ficients ?,0.35 are significant at 
the ?,95% level alld those ?,0.50 are significant at the 
?,99% level 

November Janumy April 

0. 36 0.36 0.54 
0.68 
0.39 

0.50 0.43 

0.58 0.52 
0.50 0.26 

0.5 1 
0.24 

0.47 0.56 0 .24 

0.28 0.28 0.51 
0.42 0.64 0.64 
0 .74 0. 39 
0.67 0.47 0.49 
0.60 0.14 0. 57 
0.57 0 .41 

howe\'er, it is uncommon to see more than 50% of the 

va riance in on e reg ion exp lained by another. No 
sig nifi cant negative correlations are observed. D es pite 
110 in ter-regiona l correla lions being non -signifi can t, it is 
interes ling to nOle tha t 78 of th ese are posili\'e a nd onl y 
32 nega tive. 

Significant positive co rrelations are most common 

between adjacent regions, but some are found between 
regions on different continents (Table 3). Only in April a re 
sig nifi canl positi ve relalionships between non-adj ace nt 
regions on the sa me contincnt obscr\'ed. Figure L~ provides 
examples of some of these relationsh ips over the past seve ral 

decades . In ~ovembe r (Fig. 4a ) th ere is a positi ve 

correlat ion between R 4 a nd R 5 over the high middle 
latitudes ofi\'orth America, whi le R 6, adjacent to R5 , is not 
significantl y correlated \\'ith either R4 or R 5. A significant 
relalionship (?,95% leve l) is observed in No vember 
between R5 in central i\'orth America and R 16 cO\'e rin g 

the region from north of the Black Sea eastward into the 

Asian steppe. In J anuary the central and eastern mid
latilude regions of North America (R 2- 3) are positively 
co rrelated, while lh ere is no significant co rrelation belween 
eilh er of these regions a nd RI LO th e west (Fig . 4b ). In 
January, R 2 and R 3 are correla ted with the region \\'hi ch 

encompas.es southern and centra l Europe (RIO ). 

The strongest correlations of any regions occur in 
April over the more nonherl y mid-latitud e regions of 
North America (R 4- 6) (Fig . 4c ) . These are being 
examined furth er, using principa l components ana lysis. 
Prelimin ary results indi ca te a coherent spr ing zone 
approx im ately 500 km wide , which runs a long th e 
C a nadian U .S. border between Maine and south ern 
Sas katchewan , then turns northwestward into eas t central 
A lberta. This zone had excess i\'e April snow cove r in 
1975, ]979 and 1982 , and low coverage in 1988 94. 
Un like in ' ovember, th ere is no sign ifi cant relationsh ip 

between R5 and R 16. 
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Table 2. Conelalions oj snow-cover exlent between regiol/s ( R ) jar those regiol/s (H'eraging ?)O% and 5,.90% snow cover 

in v\ 'o vember, JanuarJ and A/nil over Ihe /Jasl 22 (. \ 'Ol'ember , April) or 23),erl}"s (Janltal} ) . SjJe(mnan correlalion 

coefficienls ?0.35 are significant at Ihe ?95% level and Ihose ?0.50 are significanl al Ihe ?99% level 

, \ Dvember 
R <} 5 6 12 

I 1.00 
4 0.60 1.00 
5 0.57 0.79 1.00 
6 0.06 - 0.05 0.16 1.00 

12 0.18 0.18 0.20 0,38 1.00 
13 0.04 - 0.01 0,10 0.39 0,77 
15 - 0.05 0.08 0.02 0,5 1 0,24 
16 0. 19 0.32 0,41 0,23 0,3 1 
17 0.07 0,12 0,04 0,22 0,30 
18 0.04 - 004 - 0.04 0,27 0,27 
19 0.15 0.15 0,17 0.21 0.04 

JalZuacy 
R 2 3 10 11 

1.00 
2 0.31 1.00 
3 - 0.05 0.6+ 1.00 

10 0, 15 0,50 0,39 1.00 
11 0.00 0,13 - 0,30 0,16 1.00 
12 0. 10 0.36 0.03 - 0.04 0.54 
13 0.20 0,14 - 0.08 - 0,30 0,21 
15 0. 13 0.44 0.46 0.76 - 001 
17 - 0.04 0,13 0,23 - 008 0,08 
18 - 0.33 0,25 0,02 - 0,28 0.22 

April 
R 4 5 6 13 

I 1.00 
4 0.38 1.00 
5 0,33 0.68 1.00 
6 0. 14 0,65 0.71 1.00 

13 0.33 0. 15 0.49 0.14 1.00 
15 0.34 0,22 0.04 0.03 0. 16 
16 0,06 0,12 - 0.15 - 0.24 - 0.04 
17 0.45 0.09 0. 14 0.06 0.40 
18 0.36 0.02 0, I 7 - 0. 10 0.36 
19 0.23 0.06 0.10 0.09 0.04 

DISCUSSION AND CONCLUSIONS 

Since th e late 1980s , the ex tent of snow cO\'e r over 
Northern H emisph ere lands has been below ave rage . 

H owe\'e r, given the relati\'ely short satellite-data reco rd , 

it is diffi cult to fully understa nd th e meaning or the rece n t 
negative snow a nomali es . It is certa inl y prem a ture to 
ascribe th e rece nt defic its to g lobal warm ing . H owe\'e r, it 
is interes ting to note that th e extent of'snow cO\'er appears 
to be ,in ve rse ly re lated to hemi sp heric surrace a ir 

temperature (R obinson and Dewe)', 1990), and. pa rticu

larly in spring, feed -backs associated with the extent or 
the snowpack ma y be strongly influ encing temperature 
(Groisman and others, 1994). 

There are, no doubt. a number orractors contributing 
to the variable di strib ution or hemispheri c snoll' cO\-er 

from one year to the next. On the one ha nd , relationships 

between hemispheri c and regional snow extents suggest 
broad hemisph eri c rorcings, pe rh aps related to rhe 
dimensions of the polar vo n ex. Converse ly, diflerences 
across the contincnts suggest forcin gs assoc iated with 
reg ional variations in th e position, a mplitude and 

strength of the jet stream and po lar front. Inter
con tin enta l simil arities in snow va ri a bility m av be 
associated with cl imatic tel econnections. In the ruture 

/3 15 16 17 18 19 

1.00 
0,2+ 1.00 
0,1+ 0.18 1.00 
0,08 0.08 0.+2 1.00 
0,15 0,33 0.27 0,81 1. 00 
0. 17 0.+7 0.62 0.29 0.25 1.00 

12 /3 15 17 18 

1.00 
0,26 1.00 
0,1 1 - 0.15 1.00 
0,50 0,02 0,17 1.00 
0,17 0,11 0,23 0.56 1.00 

15 16 17 /8 19 

1.00 
0,25 1.00 
0.24 0.33 1.00 
0.+3 0.31 0.+9 1.00 
0.61 0.53 0.01 0,30 1.00 

we intend to expa nd thi s in\ 'es tigation to includ e sea ice 
and to incorporate full er and mo re d eta il ed tcmpora l a nd 
hig her spatial reso luti ons . Lagged correlations will a lso be 
studied , a nd il1\ 'estigat ions of poss ib le a tmosp her ic 

T able 3, . VlIlIlber oj illter-regional correlatiolls jallil/g 
ullder specified catego ries Ior Ihose regions al'fraginl', 
?)O% 10 -:S90 % SIIO lL' cover ill a selected mOlltlt. See 
Table 2/or sjJeciji'c correlalions ({Ild le.1 I jar definition oj 

categories 

S ovelllber JaIUtal) ' .cJpril 

?99% 7 6 5 

?95% to <99% positive 5 4 8 
non- ignifi cant positi ye 35 20 23 
non-significan t nega ti\ 'C 8 15 9 

295%: acljacen t reg ions 8 5 6 
?95%: non-adjacen t regions, 

same continent 0 0 3 
?95% : other continent 4 5 4 
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forcings associated wi lh year-to-yea r snow-cover ntr ia 
bility and inter-region a l associat ions will be conducted. 
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