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ABSTRACT. Histori cal a nd reconstructed snow-co\'e r d a ta show e\'idence of a 
gradua l increase in snow cover over the contin enta l interi or of Korth Ameri ca (NA ) 
during much of the 20th century, primaril y in res ponse to increas ing snowfa ll, A ra pid 
dec rease in C a nadia n-pra iri e snow cover a fter 1970 is not observed O\'e r the Grea t 
Pla ins. Ana lysis of snow-cove r- clim a te rela tionships re\'ea led sys tem a ti c increases in 
the sensitivity of snow cove r to North ern H emisph ere (NH ) tempera tures O\ 'e r th e 
1940- 65 peri od. This cha nge is mainl y due to a n increase in snowfa ll-tempera ture 
se nsiti vity during this period , Seasona l a na lysis re\ 'ealed th a t th e o bse rved increase in 
snow-cove r a nd snowfa ll tempera ture sensiti\'ity is prim a ril y a spring ph enom enon. A 
m a rked increase in th e importa nce of th e spring peri od is obse rved a ro und 1960, whi ch 
coincides with a well-d ocum ented cha nge in a tm osph eri c circul a ti on ove r NA . The 
pos t-1960 peri od is cha racteri zed by a sig nifi can t inve rse rela ti onshi p betwee n sno\\' 
cover a nd hemispheri c air tempera ture ove r the Canadi a n pra iri es a nd north ern G rea t 
Pl a ins regions, 

INTRODUCTION 

A number of studi es have reported trends of ea rli er 
di sappeara nce of spring snow cove r ove r severa l regions or 
North Am eri ca (NA) during the las t 20- 30 yea rs, in 
conjuncti on with enh a nced wa rming of spring tempera

tures (e.g. Foster , 1989; Stua rt a nd others, 199 1; Brown 
a nd Goodi son , 1993 ) . Evid ence for a close link between 
snow-cove r extent a nd temperature a t the hemispheri c 
scal e was prO\'id ed by Robinson a nd others ( 199 ] ) who 
d ocum ented a striking ly cl ose in ve rse rela ti o nship 

between satell ite-d eri ved snow-covered a rea (SCA) a nd 

temperature over the North ern H emisph ere ( H ) during 
th e las t two decades. Using th e same data, K a rl a nd 
oth ers ( 1993 ) obta ined a sta tisti ca ll y signifi ca nt nega ti ve 
rela tionship between NA snow cove r a nd NH tempera 
ture (LlSj (LlTmI) . G roism a n a nd oth ers ( 1994) provid ed 
a ph ysical explan a ti o n for the earli er spring disappear

an ce o f snow cove r by demonstra tin g a n enh a nced 
positive feed-back between snow cove r a nd th e radi a ti ve 
balance in th e spring peri od. 

Whil e th e las t-na m ed three studi es shed importa nt 
light on th e rol e of sno\\' cove r in the glo ba l clima te 

system , they a re all based on the sa me po t-1 972 period of 

sa tellite data . This 20 yea r period is insufTi cient to 
d etermine sno w-co\'e r- clim a te rela ti onships with a ny 
d egree of confid ence, parti cul a rl y in li ght or th e d ecad a l 
a nd longe r-term va ria bility kn own to a ffec t th e climate 
sys tem (e.g . Schlesinger a nd Ram a nkutty, 1994). K a rl 
and o thers (1993) recognized this by noting tha t snow 

cO\'er in th e 1980s (the wa rmes t d ecad e this century) m ay 
no t ha \'e been t~' pi c al. In li ght of thi s unce rta inty, the a im 
of thi s pa per is to a ppl y th e res ults o r independ ent sno\\'
cove r reconstruction efTo rts being ca rr ied o ut a t Rutge rs 
Uni ve rsity a nd th e Ca nadi a n Atmosph eri c En vironm ent 
Service , to gain g rea ter understa nding of long- term 

\'a ri a bi I i ty in sno\\' co\'e r, a nd snow-cove r- cl i m a te 
rela ti o nships ac ross th e Grea t Pl a ins/prairi es region of 
N orth Ameri ca . Snow cove r in thi s a rea is closel y linked 
to bound a ry-Ie\'e l clim a re vari a bles (e.g , K a rl a nd o th ers, 
1993; R o bin so n a nd Lea th ers, 1993 ) , In additi o n , 

2 x CO~ GCM clim a te imula tions (e.g . Boe r a nd o th ers, 

1992 ) sugges t this a rea \I'ill ex peri ence a la rge northwa rd 
re trea t in seasona l sno\\' cO\'e r. 

SNOW-COVER RECONSTRUCTION 

Assessment of na tura l va ri a bilit y in snOW-CO\'er ex tent 
requires reli a ble d a ta cove ring'" 100+ yea rs in leng th, 
D a il y snow -d e pth o bse rva ti o ns ex te nd ove r m a n y 
decades, bu t th ere is po ten ti a l ror considera ble no ise in 
th e d a ta Crom the meas urement process . Fortun a tely, 

mu ch of the noise is reduced \I'hen point snow-d epth 

m eas urements a re integra ted ove r time a nd space to 
deri\ 'C regio na l sno\\'-co\'e r inform a ti o n , R o binson ( 199 1) 
demons tra ted th a t regio na 11 y a \'e raged sno\\,-cO\'er d u ra
tio n (SCD ) a no mali es rrom sta ti o n d ata agree quit e 
close ly with co rresponding satellite-d eri\ 'ed SCA a no ma
li es in non-mounta inous te rrain. 
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Leng th y records of d a il y snow d epth a rc availa ble in 
digita l form at fo r ove r 1100 coopera ti ve e1imate sta ti ons 
throughout the G .S.A. Th ese da ta were found to be of 
high qu a lit y o\"er th e Great Plains region where a lmos t 
half of the 3\'ail a ble stations reported d ata prior to 1910 
(Hughes and R obinson, 1993 b). Nevertheless, an average 
18% of" d a ta were missing, which requ ired the d eve lop
ment of a reli a ble method to reconstruct missing \·alues . 
Th e first step in this p rocess was th e de\'elopment a nd 
a ppli cat ion of qu a lit y-co ntro l procedures for d a il y 
c1im ato logica l da ta (R obinson, 1993) to crea te a high
quality d a il y clim a te data se t fol' the Great Plains. T hese 
da ta \I'ere u bseq uen tI y used to develop region all y a nd 

seasona ll y d ependen t snow-d ep th-cha nge/ tempera ture
regression rel a tionshi ps, II'hi ch were employed to recon
struc t d a il y snow depth from dail y temperature a nd 
snowfall da ta (th e D C method ; Hughes and R ob inson, 
1993a ) . G ridd ed \'al ues ( I ° la t. x 1 ° long. ) of snow cove r 

OI'er a region ex tending from approximate ly 37° to 49° N 

a nd 90 to 11 0 \ \ . were used in this stud y. Deta il s of the 
gridding method and loca ti on of stat ions a re provided by 
Hughes a nd R obinson ( 1993a ) . 

In Canada, da il y snow-d epth obse rvations a re onl y 
a\'a il ab lc in di gita l format from 1955 onward. A 

prelimina ry a na lys is o[ the D C method at seve ral 

Canadia n stations re\'ea led la rge amounts o[ noise in 
snow-d epth-change- tempera ture relationships. T o redu ce 
the noi se fro m d ay-to-day va ri a bility in snow depth 
meas urements, d ail y snol"-d epth data were conve rted to 
seasona l SCD va lu es . Th ese data were then used to 

calib rate a simpl e snO\\' -COl'e r mass-ba la nce model using 
da il y snowfall and maximum tempera ture as input. Th e 
res ulting seasonal cali brat ion fac tors were interpolated to 
a grid , which a llowed SCD to be recons tructed a t any site 
with long tim e se ri es of d a il y snowfall a nd tempera ture 
da ta . T he method was ab le to account [or over 70% of 

th e va ri a nce in a nnual snow-cover va ri ability over 
southern Canad a. Deta il s of th e method (subsequ entl y 
referred to as BG ) a nd verifi ca ti on re' ults a re prOl'ided by 
Brown a nd Good ison (1993 ) . 

R ecen t wo rk revea ls tha t the D C a nd BG methods 
yield similar results whe n reconstruc ted SCD data a re 
conve rted to a nomali es a nd spatiall y ave raged. O ve r th e 
Canadian prairies, for exampl e, the difference in a nnua l 
SCD betwe{;n the two meth ods is typically less th a n 
± 10% of' th e corresponding mean obsen'ed SCD. On 
tbe bas is o[ these results, histori ca l a nd reconstruc ted 
snow-cove r da ta [rom th e USA a nd Canada were 

asse mbl ed to a na lyze long-term vari a bility in snow
cOl'er ex tent over a la rge part o[ th e contin ental in terior 
o f North America. 

REGIONAL ANALYSIS OF SNOW-COVER 
VARIABILITY 

T hree types oC d a ta were used in the a na lysis: ( I) a nnua l 
SCD (num ber of days with snow depth 2': 2.54 cm), (2) 
to ta l snow fa ll , and (3 ) max imum a ir tempera ture 
averaged OI'er the snow-cover seaso n. Th ese data were 

ava ilab le on a 1° lat ./long. grid OI'er th e Grea t Pla ins [or 
the period 1909- 87, a nd a t individu a l sta tions over the 
Canad ia n prairies far the period 1900- 92 . Annua l 
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sta tl stl cs were d efin ed with respec t to the sta rt of th e 
snow-cove r yea r, i. e., 1909 refers to th e 1909fl 0 snow
cove r seaso n. R eco nstru c ted SCD d a ta were used 
exelusi\"ely ove r Canada because the spatia l density is 
a bout twice that of the post-1 955 network of observed 
SCD d a ta . M aximum air tempera ture was used as it 
exhibits th e stronges t rela tionship to snow cover (Brown 
and Good ison, 1993; K a rl and oth ers, 1993) . The G rea t 
Pla ins maximum temperature data used a September
.:'Vlay snow-cover ave raging period , whil e the pra iri es data 
used O ctober-lVl ay. The one-m onth difference should not 
create a ny incons istency . 

The d a ta were converted to a nomali es with respect 

to a 196 1- 80 reference period , th en spatiall y averaged 
over th ree 5° lat. x 10° long. boxes loca ted eas t of tb e 
R ock ies : the wes tern prairi es (vVPRA), th e nort hwes t 
Grea t Pl a ins (NWGP) a nd so uthwes t G rea t Plain s 
(SWG P) (see Fig. 1) . The data were also summa ri zed 
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Fig. J. Location map showing areas selected JOT regional 
analysis oJ snow cover. 

for th e la rger Canad ia n-prairi es (CP) a nd Grea t Pla ins 

(GP) regio ns for a na lysis of snow-cover sensitivity to NA 
a nd NH tempera tures . Th e three sub-regions were 
selec ted to provide a north- so uth transec t ac ross the 
a rea wh ere future snow-cover cha nges are ex pected to 
be la rge. The size of th e a reas was based on th e res ul ts o f 
a principa l-component a nalysis of Great Pla ins snow 
cOl'e r carri ed ou t by Hugh es a nd R obinson (1993b) . 
Summary snow-cover sta tistics a nd mean inter-sta tion 
spa ti a l co rrela ti on coefii cients a re show n in T a ble I for 
each region. Sn ow cover in the vVPRA a nd NvVGP 
regio ns ex hibits hig her spa ti a l cohere nce a nd less 
tempora l vari a bility tha n the SWGP region due to less 

vari a b le snow cOl'er at higher latitudes (viz, th e increase 
in th e coeffi cient of varia tion (COV ) moving to lower 
lati tud es) . 
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T able 1. Locatioll of regiolls, mean inter-station correlation (r). and 1961- 80 JnolJ' -cover-dllratioll (SCD ) statistics 

Region Lat. Long . .\ ·o.oJ SCD 
Slatiolls 

VVPRA 49- 54° N lOS- 11 5° \\' 

N'vVGP 44- 49° N 100 l10 0 W 
SWGP 37 42° N 95 105° \\ ' 
CP 49 54° N 95- 11 5° W 

GP 37- 49° N 90- 110° \1\ ' 

Historica l va ri a bility in sno w cover fo r th e th ree sub
regio ns is prese n ted in Figure 2 . D a ta [o r th e 1988- 92 
p eriod [or th e NWGP a nd SWGP regions were o btained 

fro m sa tellite-d e ri ved es tim a tes of SCD whic h agree 
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Fig . 2. Historical variability ill annual snow cover for t/ze 
vVPRA , N W CP alld SWCP regions. Values have been 
smoothed with a nine-Ierm billolllial fil ter. T'allles Jor t/ie 
. ',"fIlGP and s r l 'GP regiolls after 1987 were estimated 
}i'om satellite dala. 

close ly Cr2 > 0.9 ) with sta ti o n-d eri\'ed SCD \'a lues ove r 

th e Grea t Pla ins. The data a re charac te ri zed by large 
inte r-a nnua l \ 'a ri a bility, whi ch is sm oo th ed with a nin e
te rm binomi a l low-pass Glte r to facilita te th e regio nal 

co m pa ri son. All three regions show e\'id ence o f a g rad ua l 

inc rease in snow cover during th e 20th century, \\ 'hi c h 

reach ed m aximum levels in th e earl y 197 05 over th e 

Ca nadi a n pra iri es, a nd th e mid- to la te 1970s O\'e r th e 
G reat Pl a ins. Th e increase is sta ti s ti call y sig nifi cant o\"e r 
th e southern Grea t Pla ins a nd fo r th e Grea t Pl a ins as a 
wh ole. Linear reg ressio n ana lys i o f trends in snow cO\ 'e r, 

snowfall a nd m aximum tempera ture (T a bl e 2 ) re \'ea led 

th a t th e increased snow cover is linked to sta ti sti call y 
sig niG cant in c reases in snow fa ll ac ross a ll reg io ns. 
Sig nifi cant lo ng-term increases in snowfa ll ac ross th e 
Grea t Pla ins a nd so uth ern C a nad a have been previ o usly 

d oc umen ted by H ug hes a nd R o binson ( 1993 b) a nd 

Groisman a nd E as terling (1994) . In contras t, th e re a re 

no sig nifi can t lo ng- term trends in m a xim u m te m pera tu re. 
A ra pid d ec rease in snow co ve r since 19 70 is a no ti ceabl e 

2 7 
28 
70 
45 

2 19 

,\1 eall co r' 
d 

0 .66 11 5.4 0 .225 
0 .62 88 .0 0 .293 
0 .52 34.1 0 .36 1 
0. 62 12 1.8 0 .208 

0 .35 69 .2 0.227 

T able 2. Lillear regressioll reJlIlIs Jar c/iall/!,e ill 011111101 
snow cover. 10101 snot/jedl aud lII ean mayimum LemjJeraiurt' 
oller l/ie eIllire Ixriod of data . Signijicant (95% {erel ) 
chal/ges shown ill bold 

Region Period Sl/OW cOt'e r 
d yea r I 

.Sn0 wfa11 
I cm yea r 

.IIen . lell//! . 
QC yea r I 

\ \ 'PRA 1900 92 0. 180 0.341 0 .0046 

N\\'GP 1909- 87 0. 197 0.422 0 .0092 
SWGP 1909- 8 7 0.236 0.210 0.002 1 
C P 1900 92 0 .1 37 0.253 0 ,0054· 
GP 1909 87 0.248 0.277 0.00+0 

fea ture o f th e Can adi a n pra iri es, a lth o ug h th e cha nge 
d oes no t a ppca r to be o utsid e th e ra nge o f na tura l 
\ 'a ri a b ility ex hibited during th e 20 th ce n tury. Since th e 

la te 197 0s, sno w cO\'er O\'e r th e no rth ern Grea t Pl a in . has 

a lso d ec reased. H o \\"e \ 'e r, lhe so uthern Grea t Pla ins show 

no evid ence o f a ny s\'s tem a ti c d ec rease in snow cover O\'C r 

th e las t two d ecad es . 

SNOW-COVER-CLIMATE RELATIONSHIPS 

U nd ersta ndin g snO\\'-co\'( r clima te rela ti onships is impor
ta nt [or a n umber o f reaso ns including \'erifi ea ti o n o r 
GC:'Ils a nd co nstru c ti o n o f scena ri os of future snO\\'-co\'C r 
co nditi ons. Fo r exampl e, a n e\'a lua ti o n o f 17 GC:'IJs by 

Cess a ncl o th ers ( 199 1) re\'('a led no co nse nsus as to th e sig n 

o f the sno\\'-co\'e r- c1imate fee cl-bac k, R ece ntl y, hO\\'e \'C r, 

Groism a n a nd o th ers 1994 prO\'id ed e\'id e nce of a 

sig nifi ca nt pos iti\ 'e reed-bac k bet\\'een snoll' cO\'C r a nd the 
rad ia ti" e ba la nce rro m 20 yea rs of sa tellitc d a ta [ 1973 92 ). 

Sno\V-covcr se nsiti"it y to tempcra turc (11S/ 111;lIax ) 
a ncl snowfa ll (LlS/ LlSfall ) m a :" be exa min ed \\'ithin a 

mu ch lo nge r context using th e histori ca l SeD d a ta. 

LlS / Ll7;lI'L~ a nd LlS / LlSfall we re com puted o\'C r th e enri re 
pe ri od o f rcco rd using th e m e th od o f least-squ a res (T a ble 
3) . Sig nifi ca nt Il ega ti, 'c temperature a nd pos ili ve snow fa ll 
rel a ti o nships were [o und in a ll regio ns. The res ults n" \'Ca l 

th a t inte r- a nnua l \"a ri a bility o [ sno\\" cO\"e r in th e south ern 

Grea t Pl a in is m o re close ly linked to int er- a nnu a l 

va ri a bilitv 111 snow[a ll , whil e snO\\" -cO\'C r inte r-a nnu a l 
\ 'a ria bilit y in th e no rth c rn Grea t Pl a ins a nd pra m es 
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Table 3. Summary of annual snow-cover- climate l'elation
sil ij)s by region. All values are significant at the 95% level 
(l values shown in /}(ll'entheses) 

Region Period !5.S / !5.Tmax !5.S / !5.Sfall !5.Sfall / !5.1;1Ia.~ 
d °C- I d cm I cm °C I 

W PRA 1900- 92 - 12.4 (0.71 ) 0.58 (0.59) 
NWGP 1909- 87 - 12.8 (0.60 ) 0.74 (0.64) 
SWGP 1909- 87 - 3.5 (0 .1 6) 0.47 (0 .67) 
C P 1900- 92 - 12.1 (0.72 ) 0.64 (0.64) 
GP 1909- 87 - 8 .6 (0 .4 1) 0 .77 (0.76) 

- 11 .8 (0.37 ) 
- 11 .2 (0.39 ) 

- 7.1 (0.22 ) 
- 12 .1 (0.47) 

- 9 .9 (0.42 ) 

regions is more close ly linked to inter-a nnua l variabi lity 
in maximum air temperature. Signifi cant negative va lues 
of !5.Sfall / L1T;11a.~ were found over a ll regions. K a rl and 
others ( 1993 ) expl a i n this rela tionship th rough a change 
in the fr action of fro zen to total precipitation. H owever, 
Isaac and Stuart ( 1992 ) show that total precipita tion 
amount and temperature a re nega tivel y co rrelated ove r a 
la rge area east of th e R ockies. This regional response is 
related to th e Pacifi c No rth America (PNA) teleconnec
tion pa ttern whi ch exe rts a strong inOuence on the 
precipita ti on and temperature reg ime of western North 
America (L ea thers an d ot he rs , 199 1) . Changes in 

prec ipitat ion amount enhance a positi ve feed-back , in 
that warmer (colder) temperatu res are associated with 
less (more) snowfall a thinn er (deeper) snowpack , and a 
lower (higher) a lbedo, con tributing to earlier (la ter) 
snowm elt and warmer (cooler) local air temperatures . 

Using 19years ( 1973- 91 ) of sa tellite d a ta, K a rl and 

others ( 1993 ) obtain ed a sign ificant negative relat ionship 
between NA an nua l mean snow cover a nd :-lH an nua l 
surface temperature (L1S/ .dTK II ) of - l. 5 x 106 km 2 °C- I. 
This rela tionship suggests a ~ 20% reduction in mean 
annu al NA snow cO\'er [or a I .O°C warming of NH air 

temperature. However, K a rl and others ( 1993 ) noted this 

relat ionship may not be representa ti ve because of the 
short period of data used and because of the anoma lously 
wa rm global temperatures expe ri enced during th e 1980s. 

To add ress this concern, .dS / .dTNA a nd .dS / .dTNH 
were computed over much longer peri ods with the 
hi storical annual SCD data for the two larger C P a nd 

GP regions hown in Figure I. In addition, the d ata were 

split into two approximately equal periods (1900-45 a nd 
1946- 89) to exam ine the null hypothes is that now-cover 
temperature sensitivity has not cha nged during thi s 
century. TNH and TNA were calculated from the gridded 
mean mon thl y su rface tem perature data set of J ones and 
o thers (1991 ) for a latitud inal range of 35- 85° N and a 
longitudin al range o[ 70- 130° W for NA. Th e tempera
ture data were averaged over the O ctober- May snow
cover season, and .dS / .dT com pu ted from leas t-sq uares 
linea r reg ression ana lysis using reg iona ll y averaged 
annual SCD anomalies. The res ults (Table 4) show th a t 

!5.S / !5.1;"A has increased signifi cantly over the Ca nadian 
prairies and the Great P la ins, and that L1S / L1TNH has 
a lso increased ove r the Canadian pra iries. The same 
analysis for the three sub-regions revea led that th e 
significant increase over th e GP region is ma inl y due to 
increased sensiti vity over the north ern Grea t Plains. 

T o determin e whether the obse rved increases in 
sensiti vity were systematic in nature or th e resul t of a 
climati c jump, L1S/ .dTNH was computed for th e CP a nd 
GP regions using a running 21 year block, with regression 
coeffi cients plotted at year 11. The results (Fig. 3) show 
evidence of a systematic increase in !5.S / L1TNH over both 
regions from 1940 to 1965, after which sensiti vi ty remains 
more-or-I ess constan t. In ord er to dete rmine th e role that 
the temperature- snowfall relationship might play in th e 
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12 
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Fig. 3. Secular variability in .dS / .dTNH .for the CP and 
GP regions as derived from linear regression analysis .for 
conseczltive 21 )lear blocks of data. Values for each block are 
plolted at year 11. 

T able 4. SlImm(l1Y cif linear relationships between annual SCD and annual Tt TA and TNH .for 1900-45 and 1946-89. 
Relationships statisticallji significant from zero are shown in bold. Conelations are shown in parentheses 

!5.S / !5.TNA !5.S / !5.TNH 
1900-45 1946- 89 1900-45 1946- 89 
d oe I d oe I d oe - I d oe I 

CP -16.0 (-0.48) -32.4* (-0.74) - 3.8 (-0.07) -34.0* (- 0.52 ) 

GP -8.2 (-0.46) -13.7* (-0.56 ) - 5.2 (- 0.16) -14.3 (-0.33 ) 

* Significant (95% ) difference between periods. 
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o bse rved res ponse (rem ember th a t snowfa ll a nd tempera 
ture are nega ti\'e! y correlated ), th e a bo\'e a na lysis was 

repeated using multiple regression a nal ysis of SCD \'ersus 

1;"H a nd total snowfall. The res ults revea led that most of 

th e 1940-65 increase in iJ.S / iJ.TNI·j in both regions is 
re lated to a n in crease in th e snowfa ll - tempe rature 
re la tion hip. This was confirmed b y compa ring sca tter 
plots of snowfa ll and temperature ano ma li es [o r the 1900-
45 and 1946- 89 periods. Th e latter period was cha racter

ized by noti cea bl y larger positive snow fall a nomalies for 

nega tive tempera tu re a nom a li es. 
Ana lysis of sensiti\'iti es o n a n a nnu a l basis m ay no t 

give a comple tely clea r pic ture of tempo ra l change in 
snow-cove r sensi ti vi ty. Th is is beca use d ifferen t atmo

sph eri c conditi ons a nd physical processes are in voh 'ed in 

th e acc um ula tion a nd ab lat ion of snow cover . Analysis of 
tempora l vari a bility in seasonal values of iJ.S/ iJ.TNH was 
th erefo re ca rri ed ou t for th e C P reg ion by sp li tting th e 
SCD d a ta in to fa ll a nd spring period s on either side of I 
Febru a ry. Fall a nd spring tempera tures we re ave raged 
OI'er th e O ctober- D ecember a nd M a rch- Ma y period s, 

res pec tively (th e \'a riability in SCD occurs during th ese 
periods)*. Th e results (Fig . 4 ) revea l large differences in 
seasona l sensiti vities, a nd it is appa rent th a t th e increase 
in a nnu a l snow-cover temperature sensiti vit y seen a ft e r 
1940 (Fig . 3) is primari ly a ttri bu ta ble to th e spring 

season . An interes ting feature is th e ma rked cross-over of 

the fa ll a nd spring sensitiviti es whi ch occ urred a fte r 1960. 
This shift m ay re fl ec t a sig nifi cant cha nge in NA 
circulat ion to more positive valu es of th e P NA telecon
nec tion pa tte rn in th e late 1950s (Lea th ers a nd P a lecki , 
1992 ), and hig hlights th e importance of looking at 
seasonal \'a ri a bili ty in snow-cove r- clima te rela tions hips. 

Seasonal a nalysis of iJ.S fall / iJ.1;'lA revealed a simila r shift 
to in creased spri ng-snowfall tem pera tu re se nsi ti vi ty 
a round 1960 , wh ich is a lso co nsistent with a change in 
atm osph eri c circulation around thi s tim e. 
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Fig. 4. Secular variability ill seasonal values oJ 
115 / 117;'1 11 Jor the CP region. Analysis method and 
plolting as described il1 Figure 3. 

A compara ble seasona l a nalysis was un ab le to be 
ca rri ed o ut with the Grea t Pla ins SCD d a ta se t 
beca use it used different definitions for th e spring a nd 

fa 11 peri ods. 

REGIONAL SNOW-COVER RESPONSE TO 
GLOBAL WARMING 

R egiona l snOl\" -cover c lim a te-sensiti\ 'it y ana lyses are 

useful for a number of purposes suc h as \'a lid a ting th e 
control c lima tes of GCl'vLs, a nd es tim a tin g regiona l snow
cove r respo nse to global warming . For the Canad ian 
pra iri es a nd Grea t Pla ins, the regio nal sensiti vit y of 
a nnu a l snow-cOl'e r dura ti o n lO m ax imum ai r temperature 

and snowfa ll for the post-1960 peri od is ab le to be \\ e ll 

described thro ugh multiple linear cxp ressions or th e form: 

CP( 1961-92) l1SCD = 0.29 (±0.09)115fa ll(cm) 

- 8 .98(±1..J4)LJ,Tnwx(°C) 1'2 = 0.90 

GP(1961- 87) iJ.SCD = 0.40(±0. 11) iJ.Sfa ll (cm ) 

- 7.18(±2 .00)iJ.TII1 <I' (°C) 1'2 = 0.86. 

Assuming a 2 x CO2 warming scenario of a { OC increase 
in mean a ir temperature O\ 'er the illle ri or of NA (Boe r 

a nd o th ers. 1992 ). th a t 7;nax increases by a n eq ui\ 'a lent 
a mount (this may not necessar il y be thc case ). a nd no 
cha nge in snowfa ll , th e abOl 'e re lat ionships sugges t 
reductions in snow cover of '" 30 d in both regions. 
H OlVe\'er, the signifi ca nt negat ivc sno\l' fa ll - tempe ratu re 
rela ti o nshi ps obse rved in bo th regio ns suggcs t reduc ti ons 
in to ta l snow fall of 15. 1 ( ± 2.0 ) cm °C lover the Great 

Pl a ins, a nd 12 .9 ( ± 1. 8) cm °C love r th e pra iri es based on 

th e 1961 92 peri od. If th ese snowfa ll cha nges are used in 
th e above snOIV-co\'e r- clim a tc re la ti onships, th e ass um ed 
4 J C lVarm ing in 7;1Iax results in a larger'" 50 cl reduct ion 
in snOW-CO\'er dura ti on OI'er both regions. This tra nsla tes 
into a '" 40 % decrease in mea n SCD OI"C r the pra irie, 

a nd a '" 70 % d ecrease in mean SCD OI'c r the G reat 
Pla ins. The la tter reduction \I'ould comple teh ' e liminate 
snow cO\'er so uth of 40° N basecl on th e 196 1- 80 sno\l'
CO\'e r c li mato logy. This is no t as la rge a d ec reasc as tha t 
shown by Boe r a nd o th ers ( 1992 ), wh ere th e 2 x CO2 

simula ted winter snow line for NA re trea ts to abo ut 

50 N. H oweve r, it shou ld be no ted th a t th e a bo\'e 
regiona l sensitivity-based es tim a tes do not account for rh e 
clim a te feed-backs arising from a la rge reduction in sno\l'
co\"C red area . T here is a lso no g ua rantee th a t th e current 
a tmospheric circul at ion pat te rn o\ 'er NA (whi ch plays a 

m ajor rol e in th e observed regiona l sensiti\'iti es) \ri ll be 

the same in a warmer world. T o highlig ht th e un certa inty 
involved in th e above scena ri o, computing iJ.SCD \I'ith 
± 95% confid ence in terva ls ['or a ll cha nge coe ffi c ients 
yie ld s a ra nge in l1SCD of 22 to 9 '~d O\'er th e GP, a nd 
- 28 to - 80 d OI 'er th e CP. R edu c ti ons in snow cove r in th e 

ord er of80- 90 d wou ld comple tely elimin ate Grea t Pla ins 

seasonal snow cover south of a bout 45° 1\. 

SUMMARY AND CONCLUSIONS 

Ob. en'ed and reconstructed 5nOl\"-CO\'er duration data 

over th e continental interior of North Ameri ca exhibit a 
gradual increase in snow cove r ove r mu ch o f" the 20t h 
century, prima ril y in response to increasing snowfa ll. Th e 
mos t noti ceable regiona l diffe rence is a ra pid declin e in 
snow cOl'er OI'Cr the Ca nadian pra iri es a fter 1970, which 

i, not ob en 'ed O\'er th e Great Pla ins. This d ecrease in 
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SCD is found to be within th e range of natural vari ability 
exhibited during the 20th century. 

An in ves tiga ti on of th e res ponse of regional snow cove r 
to larger-sca le tempera ture cha nges re\·ealed sys tema tic 
in creases in th e sensiti v it y o f sno \,v cover to NH 
tempera tures in th e 1940- 65 period ove r the Grea t Plains 
and Canadian prairies. This change is mainly due to an 

increase in snowfall tempera ture sensitivity during thi s 
period , which produced larger positive snowfa ll anom ali es 
fo r a give n nega ti ve te mpera ture anoma ly. A marked 
increase in spri ng snow-cover and snowfa ll tempera ture 
sensitivity was obse rved ove r the interior ofNA after 1960 . 
This is consistent with a change to more positive values of 

the PNA circula ti on index a t the end of th e 1950s. 
These results highlight the importance of a tmosph eri c 

circula tion pa tterns, such as th e PNA teleconnec tion , in 
th e sno w-cover clima te sensiti vity over the interi or of 
N orth Ameri ca. Und er the pos t-1960 circula tion regim e, 

snow cover over th e Canadian prairi es and northern 

Great Plains is cha rac terized by a strong posi ti ve feed 
bac k, i.e .. warmer (cold er ) tempera tures are associa ted 
with less (m ore) snowfa ll , a thinn er (deeper) snowpack, 
and a lower (higher) a lbed o, contributing to earli er 
(later) sno wmelt a nd warmer (cooler) local a ir tempera

tures . Und er this regime, snow cover exhibits a close 
inverse rela tionship with hemispheri c air temperature, 
not observed during th e first ha lf of th e 20th century. 

Ass uming a 2 x CO2 warming scena rio of a 4°C 
increase in winter maximum air tempera ture over th e 
interior of NA, regional snow-cove r/snowfall tempera ture 
sensiti viti es for the post-1960 period sugges t reductions in 
mean SCD of cv 40 % and cv 70 % over the Canadia n 
prairi es a nd Grea t Pla ins, respec tively . This would 
elimin a te Grea t Plains seasonal snow cover south of 
a bout 400N based on the 1961- 80 mean. 
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