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ABSTRACT. A compil a tion of mea n \'alues of the oxygen-isotop e ra ti o rela ti ve to 
sta nda rd mea n ocean water (bI80 , in %0 ) for 22 sites represenLa ti" e of conditions in north­
eas tern Canada is complemented with da ta on mean a nnua l surface tempera ture, la ti­
tude, 'U!'face eleva ti on, a nd mean a nnua l shortes t d ista nce to open ocean denoted by the 
10 % sea-ice concentra ti on bounda r y. Stepwise regre. sion ana lys is is used to develop a 
multi\'a ri ate model suitable to infer the di stribution of (j 1HO in a n a rea of complex topo­
g raphy a nd possibl y mi xed sourcing of ad\'ec ted water "apor. The best model is produced 
by a run in the backward mode at the 95% confidence level in which onl y tem pera ture, 
latiwde and dista nce to the open occan remain in the model ( the correl a tion coe ffi cient is 
0.915, the adjusted coeffi cient of determination is 0.809, the root mea n squa re res id ua l is 
1.62). This model is simila r to the best (j IBO predi cti ve model derived elsewhere for G ree n­
land , suggesting a common principa l source of advected moisture. 

INTRODUCTION 

Ea rli er studies of the a rea I distribution of 180 t,O va lues re­
lative to sta ndard mean ocean water (SMO\ V) (bwO in %0) 
in northeastern Canada a nd northwest Greenland (e.g. 
Koerner, 1979) have focused on bivari ate relationships 
between (jIHO and independent va ri ables such as mea n 
annual surface temperature, surface elevati on, and di sta nce 
to the coastline. In thi s study wc assess the a real di stribution 
of b 180 a nd covariation of the independent va riables using 
stepwise regress ion analysis. 

Our compilation of (j 18 0 va lues determined from urn 
samples coll ec ted in ice caps and snow fi elds in northeastern 
Canada li sts 23 sites (Fig. I and Tablc 1; sit e I on the North Ice 
Cap, Greenla nd, is included because it sha res the same 
lower troposphere Oow with at least nine other sites to the 
west). Da ta for one other site on the De" on Ice Cap (a t 
about 115 km on the tra\'erse route, 75.60° N, 83.3° W, 500 m 
(Koerner and Russell , 1979)), and from two other ice caps 
(Meighen Ice Cap, 79.95° N, 99.4° W, 270 m (Koerner a nd 
Paterson, 1974-); BanKS Ice Cap (five sites centered at about 
69.75° N, 72.0 \V at ele"a tions between 500 and 870 m 
(H ooke a nd C lausen, 1982)) were excluded from the compi­
lation because the samples were collec ted from a reas either 

of net ablati on, or of intense summer melt a nd percola ti on. 
On some of the ice caps, ice shelves, a nd snow fi elds li sted in 
Table I there a rc many more sites [or which b'!lO values have 
been determined. 'Vc selected relati vely few sites from each 
in a n attempt to attain a regiona lly representative (un­
biased ) data base. 
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Fig. /. Location cifsi/es lis/ed in Table /. Full circles indicate 
sites Jar which lIZeal! anllual surface /emjJeratllre could be 
de /erll1inedJrom surfilce data (Ts) . Crosses indicate si/esfor 
which mean an.nual sll1jace temjJerature was determined 
excLllsivelyJrom remote£v sensed data (T, ). 
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rc/ble 1. Database sum maT)' and l/1 odeled results 

Si/f Suura 
. 

L oca/ioll L l .olIg. 

. \ 0. ;\ \ \ ' 

I 1 '1 Sile \ . (Nonh Ice Cap) nOi 70.1 
:2 :l Pen 11\' Ice C"p 67.21 G.,7 
:1 . \ gas> iz lee Cap 1977 30.8:; 72.8 
I . \ ga"iz Ice Cap 1979 !l0.H2 72.3 

;) .\ gassiz lee Cap 1 98~ 80.R2 72.9 
6 .i,6 :\ gassiz Ice Cap 1987 80.82 72.9 
7 De\'on lee Ca p Hole 72 7538 82.3 
8 8 l)e\'ol1 lee Cap 75.33 8~.5 

9 1.2 Sill' I 78.12 !l0.0 
10 1. 2 Site 11 77.:il 803 
11 1, 2 Sitl' III 76.6:; 78. 1 
12 1.2 Laika Island. C 73.92 79.3 
13 1),10 .\ xl'i Heiberg Island riO, Up lce I , t 79.77 90.2 
H 9,10 " xci Heberg Isl and 11 , Cp ler " ) 79.89 9 III 
15 11 Northwest orT'1l1quary I'cl, Elks. Is. 813-1- 81.0 
16 12 1)['\ '0 11 Ice Cap ~ lOO km! 7.1.10 B:). I 
17 12 [) ('\ 'O ll Ice Cap"""'" 3.) km! 75.10 82.0 
18 12 Dl'\"on lcc Cap ........ 20 kill ! H.90 81.0 
1<) I:l \\ 'ard HUll t lee Shelf 85-2 83.20 76.3 
20 1:1 \\ 'arel Hunt lee Shelf 83--1- 83.00 716 
21 I:l :--l ilnc Ice Shelr 83-7 82.70 82.0 
22 I:l '\l ilnc Ice Shelf 81-8 82.60 81.1 
:23 11. 15 Rarnes Ice Cap, South Dome rrc~ t 69.7.1 72.-1-

I. i\l ull (' r alld ot hers 11977 1; 2. Schriber and oth ers 19771: :1. Hlllds\\'on h 
198"11; 1. I'i , 11<' I' anci Kocrner (1988); 5. Vi shcr and KOl' rn l' r (19911: 6. ['i sh-

er ;\lld ot hers 1199.'1 : 7. I'atcrson and olhers (1977): 8. Fi sher , 1979); 9. Ko1' r-
ner 19791: 10. I\l Ollcr 19631; 11. \\ 'est (1972\ 12. "-ocmer and Russdl 19791: 

DATABASE 

Da ta on la titude (L ) in degrees north a nd long itude, surface 

ele\ 'ati on (H ) in m, a nd mea n a nnua l surface temperature 
(1'." in K ) norma ll y determined from rirn tcmpcraturc 
mcasurcments a t a depth of 10 Ill, wcre sta ted in the original 
rcport s ro r a pproximately ha lf of thc sitcs. ~Iissing data 
werc obta i ned as foll oll's: 

(I) L as well as longitudc values by i11lerpola tion a ft er plot­
ting t rm'C rsc routes [rom sta rling points a nd m arking 
sta ted di sta nccs along routcs. 

(2) H \'a lucs by interpola ti on from thc la tcst topog raphic 
m aps a\'a il abl e, in somc cases shown in thc ori gina l re­

ports. 

(3) 1'., \ 'a lues, by cx trapolatio n of sha ll ow rim-temperature 
meas urements a t thc sitc (c.g. in IC rring 10 m tcmper­
a turc ri-olll a tcmperature obsen 'ati on a t a depth or + m 
in summcr ), or by interpola ti on ofdecp rim-t emperature 
measurements a t nea rby sites, or by intcrpo la ti on from 

isothcrm pa tterns or meteorologica l sta ti on da ta as com­
pi led in sta nda rd reference publ ications (e.g. \ 'oll'i n kcl 
a nd On'ig, 1970), 

The methods desc ribcd abO\'C to obta in 1'., fo r sites 
where tcmpcra ture data werc not rcported , co uld not be 

appli ed in the case o[ sewn locati ons (sitcs 16 22). To include 

thcsc in the stud y, \\'e obta incd remotely sensed mean 
a nnua l surface tcmperature values (Tr) in K by bilincar 
intcrpola tion from Nimbus-7 Tempera turc Hum idit y Infra­
rcd R adiomctcr (THTR) data [or 1979 (Comiso, 199+), 

The 1'., \'a lue entered [or a locati on a t the crcst on thc 
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/1 bl'O T, T, T, ]~ , D (o"OJ i 

111 (loo "- I\. "- "- km ~oo 

11 00 ~ I.I O 261.0 263+ ~(j 1.0 2()2.~ IH·() - 20.2.1 
19 10 2 k6() 2~8.8 255.2 2.18.3 257.0 180 21.H.i 
1670 :lO. H) 2 1B.b 251.1 218J; 2 19.9 1770 29.86 
1700 :Z7.90 250.8 251.1 2.1nB 251.0 1770 29.00 
1730 27.05 ~5U ~5 1. 1 2'>13 2.i I. 2 1770 28.!l2 
Ino 29.2.i 251.3 251. 1 2513 231.2 1770 28.81 
1825 27.90 250.0 252.-1- 250.0 251.2 1500 28J)5 
1800 28.00 ~-1 9.0 2513 2-1-9.0 2.iO.1 ISOO ~8.8.i 

l:l90 28.10 2.)1.0 2.1l.-t 2.i 1.0 252.7 11;20 27.12 
13.10 26.!l() 2.;(i.O 2.12.3 2.)6.0 2.) 1. 1 1620 2.).')9 

660 21. 10 2!i2.0 25.J.!l 2(i2.0 2.18.9 1321 22.1.1 
f90 2L IO 262.0 260.1 2W.O :2(jI.O 1182 20.59 

1.')20 :R30 2.)2.0 2.12.~ 252.0 :232.1 1015 28.25 
1920 :lO.OO 230.8 252.3 2.'10.8 2.~ 1.(i J(iSO - 28.58 
1800 :2B.70 2-1-8.(j 252.8 2-1-8.6 25(1.7 IHO ~O.69 

11 00 31.50 251.3 2.113 ~.i I J 1515 27.92 
I ~OO 28.00 2.12.1 252. 1 ~5:l. - 1 11 70 27.J:l 
lOO 22.00 2.15.1 253.1 2.'-1.1 H~.J 2.).09 

10 :l2.30 2.')0.7 2.)0.7 250.7 126() 32.0 I 
10 33.30 2.i1.7 :231.7 2.) 1.7 1 ~.J-1- 31.21 
10 29. 10 231.7 251.7 2j1.7 J:l3fi 30.71 
10 31.30 251.7 :2.)1.7 251.7 I:l.i6 30.67 

890 :2100 257.0 2.')7.0 2.'i7.0 900 2-1-.00 

1:1. J clrrics a nd K rOl ISl' 1987 ,; 11. Il ook,' and CI""""n l'lH2; 15. Holds-
wonh I 97:li. 

t Exc luded ri'olll lill a l ana h ses. 
t :\0 SUllllller ace llllllll a lio ;,. 

South Dome orthe Ba rnes Ice Cap (site 23) presentcd a spc­
cia l case. }\ firn-t cmpcra ture measurement a t a depth of 

20 m ( 8 C ) was considered to be higher than the actua l 

mea n a nnua l surface temperature d ue to melting, percola­
ti on, a nd fre ez ing processes, a nd in a preccding stud y the 
surrace tcmpcrature was estim ated a t 15 C (H oldsworth, 
(973). Th is cstimatc was based o n mctco rologica l obsc r­
\ 'a ti ons a t D ewar Lakes (68.65 N, 74.2 \\', 518 m ) using a 
lapsc ra te of 6.5 C km I in the ex trap ola ti on. Wc included 

thi s site a ft er a fi rst run o[ the a na lyscs were completcd (per­
sona l communicati on from R. Lc B. H ookc, Aug ust 1996) 
a nd did not obta in T,. data (o r it. Nc\ 'C rthelcss. based o n L. 
1'." a nd T,. data from thc Penny a nd De\'on Icc Caps (sitcs 2 
a nd 7) a nd using lapse rates deri\ 'Cd [rolll sta nda rd a tmo­

spheres fo r 60 :'-J a nd 75 1\ (Cole a nd others, 1965) in the 
interpola ti on, the mean surface temperature for site 23 was 
estim ated a t - 17 G Therefore wc cntcred a n intcrmcdiate 
1'., \'a lue 01' 257 K in the data basc. 

Va lues or mca n a nnua l shortest di sta nce to the opcn 
ocean (D ) in km \\'crc measurcd bctween a sitc locati on 

a nd thc pos ition o[the 10 % sea-ice-concentrati o n bo unda ry 

determined from :\'imbus-7 Sca nning ~Iulti-ch a nn c l 

;\ [icro\\'a\'C Radiometer ( S'\I~IR ) data ro r 1978- 87 (Glocr­
scn a nd others. 1992). 1'\0 a ttcmpt was madc to mcasurc d is­
ta nce to regiona l polynya during peri ods of prec ipita ti on 
(c.g. Schriber a nd others, 1977). 

Thc database thus asse mbled has inherent shortcomings 
conce rning thc two principa l \ 'ari ables, (jIHO a nd 1'." 7;.: 

(I) The compil cd (j IHO \'a lucs a rc reprcscnta ti\ 'C of a widc 
\'a ri ety or depos itio na l cll\'ironmcnt s (e.g. Fi shcr a nd 
others, 1983) as well as acc umula ti o n peri ods, ma ny not 
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o\'e rla pp ing a nd ra ng ing from fa ll through spring snow 
samples to a n unde termined number o f summer a nd 

winter firn layers. 

(2) Approx ima tely ha ll' o f the compil ed T" va lucs were 
obta ined indirectly, as described aboye, o r indirect ly by 
extrapola ti on or il1le rpola tion. 

(3) Bilinea r interp ola ti on of THIR da ta docs not nccessa­

rily produce a m ore rel ia ble tempera ture va lue for a spe­

cific site duc to the topographic complex it y o f the region, 

pa rticul a rl y when the da ta resolution (abo ut 30 x 
30 km. (Comiso, 1994)) in seven of the sites includes bo th 
la nd a reas (snow, firn , icc a nd ex posed roc k surfaces ) 

a nd sea a reas (snow o n sea ice, sea ice a nd water sur­

faces ). 

The undesira ble a ttributes o f the l5 11l0 a nd T", 1'". d a ta m en­
ti oned a bove, as well as th e rela ti vely sm a ll sample ava il able 
fo r thi s study (varying be tween N l+ a nd N23; N deno tes 
the number o f sites in a se t), req uire tha t a cautiona ry note 

be applied to our findings. The shortcomings presented by 

the small sample are addressed , in parl, usi ng the a c!j usted 

coeffi cient o f determina ti on sta ti sti c, R ,,2 (co rrela ti on cocf~ 
fi cient, R, squa red a nd m odifi ed fo r sample size (e.g. Ta­
bachnick a nd Fidell, 1989)). In th e (a llowing sections, th e 
sta ti sti cs are signilicant a t the 99.99% co nfidence level (F 
sta ti stic under the null hypothes is showing a proba bility of 

P ::::; 0.0001) unless sta ted o therwi se. A co nfidence !eye! se­

lected [or a pa rticul a r m odel to de termine which va ri a bles 
contribute a t th a t le\ 'eI (or be Ller ) to the expl a na ti o n of \ 'ar­
ia ti on, is a se pa ra te sta ti stic fro m the P-\'a luc atta ined by 
the m odel (e.g. Dav is a nd Sa mpso ll , 1973). 

PRELIMINARY ANALYSES 

Stepwise regress ion a na lysis o f the da ta fo r 16 sites a nd o f the 
fo rm c5 180 = f (L , H , T,,, D ) a t th e 90 % co nfidencc level 
showed that on ly Ts entered th e m odel in the rorward mode, 

or rem ain ed in the mode! in the backward m ode (in the case 

o r sm all da lasels it is advisable to run stepwise a nalyses both 

ro rwa rd a nd backwa rd as the res ults m ay be difTerent (e.g. 
D avis a nd Sa mpson, 1973) ). Neve rth eless, bivaria te sta ti stics 
for c5 ltlO = f(T,,) showed a m ode ra te co rrela ti on ('rabic 2, 

Ta ble 2. Summ01Y ofbival'iate regression alla{yses 

Dfllaset" R R,,2 P m/llP 

NI6 ,)IHO = f(T,) 0.8+0 0.68+ 2.09 < 0.0001 
N I5 ,)iBO = f (r,) 0.931 0.856 1.2+ <0.0001 
N22 ,)IHO = f(T,) OR28 0.669 2. 13 < 0.0001 
N22 6 1"0 = f(T,) 0.858 0.722 1.95 < 0.0001 

NHt T, = [(1',) 0.810 0.628 2.31 0.000+ 

N J.'i T,. = f(H ) 0.797 0.G08 3. 12 (l.OOO+ 
N I+i 1: = f( H ) 0.938 0.869 1.80 < 0.0001 
N IS T" = f( H ) 0.688 0.+41 2.88 0.0016 
N22 T" = f(H) 0.222 0.002 3.59 0.3216 

Di flcrencc of N 1 betwccn N I5 and N I6 is the inclus ion or exclusion of 
site 13. Di fferencc of N 1+ betwccn N I8 and N22 is the inclusion or exclu­
sion o(' sitcs 19 22 (locations on ice sheh-es l. 

t N l<k thcrc is no Tr \'a lu(' ('or site 23. 
i N I-I: excluding site 2. 

216 

N 16; R is 0.840, R o2 is 0.684, root m ean square residua l 

(rms) is 2.09) (hencefo rth a ll bivaria te regress ion a nal yses 

a re summa rized in Table 2 ro r easy compa r ison ). In Fig ure 

2 th e da ta fo r site 13 showed th e largcst depa rture rrom the 

fitted line (::::;3 fms). Its exclusion, to be fu ll y justili ed , wo uld 
require a depa rture »3 rms; howe\'c r, in a sm a ll sample 
a nd eve rything e lse being equa l, d a ta ro r a sing le site m ay 
g reatl y m odi[y fin a l results. Therefo re, we excluded da ta 

rrom tha t site (N I5; R is 0.931, Ra 2 is 0.856, J'ms is 1.24): 

8180 = - 181.305 + 0.610 Ts . (1) 

A compar iso n of T" a nd 1'"., including sites fo r ,,·hi ch 
th ese da ta a re 3\'a il a ble, showed a m oderat e co rrela tion 

(N I4; R is 0.810, R} is 0.628, rms is 2.31, P is 0.0004), 
whereas simila r compa risons in Antarct ica and Greenl and 

rcsult in strong correl a ti ons (R \ 'alues o f 0.978 a nd 0.966, r e-
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Fig. 2. (a) Scattergramfar N J6, (5
1RO = f (T,,). TlzeJllLl cir­

cle depicts da/afar site 13; the dOl and circle indicale dalaJor 
twosiles. ( b) Scalle7gml71Jor N22, (j IflO = f(Te). Site 13 is 
excluded; the dOl and circle indicate two sites. (c) Sca LLeT­
gmmJor N22, (jIflO = f (7;.). Site 13 isexcIllded. 

https://doi.org/10.3189/S0260305500014063 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500014063


specti \'C ly (G io\'inetto a nd ZlVall y, 1997; lwa ll y and GiO\·i­
net to, 1997)). The m oderate co rre la tion obta ined for a region 
IVhere topography, surface m ateri a l, surface slope 
or ienta ti on, a ndlo\\'e r tropospheric Oow a rc more complex 
th a n on th e ice shee ts, suppo rt th e use of T,. \'a lues [o r th e 
rema ining se\'en sites, 

There is a slight weakening o[ th e correl a ti on betwee n 

() IRO a nd temperature rela tive to th a t obta ined from the 
N 15 se t \I·hen it is en la rged by the introducti on of T, \'a llles 
for se\ 'C n sites (Table I, To; Fig. 2): N22, c5 1HO = f (:0,), R is 
0.828, R" 2 is 0,669, rms is 2.13. The wea kening orthe cOrl"d a­
t ion lll ay be ex pla in ed a ll o r in part by unce rta int ies in th e 
1'., a nd T,. d a ta, ment ioned above, 

In a n a ttelll pt to red ucc uncerta inties in the de termin a­
tion or 1'., a nd 7;. va lues, wc ent ered th e mca n of 1'., a nd 7;. 
where possible, o th erwi se wc entered T,. (Table I: T,, ), The 
scattcrgram of (51H O = f (To,) based on the N22 datase t 
(Fig, 2; R is 0,858, R} is 0.722, rms is 1.95): 

81~0 = - 251...115 + 0,8841:t (2) 

illustra tes th e principa l pa rt or th e m odel eventua ll y 
selectcd as best. 

It should be noted , howeve r, th a t a ll of the la llowing 
a na lyses were ca rried o ut in the N 15, N I6 a nd N22, N23 se ts 
(i,e, incl uding a nd excl uding da ta from site 13, as well as fo r 

datase ts using eith er 1'., or 1:,), For brevit y, wc report onl y on 
th e bas is o[ th e best stepwise model obta ined rrom the N22 
se t, a lthough th e best m ultiple regression model was 
obta i fl ed [rom the N I5 set (Ta ble 3: la rges t \'a lues or R a t 
0,951 a nd Ra 2 a t 0.867, sm a llest rms is 1.19): 

8180 = - 112, 704 + (-0,015£) + (-2,5 10E - 3H ) 

+ 0,3681'., + (- 1.493E - 3D ) (3) 

The multi va ri a te model obta ined from the N22 se t pro­
d uces th e second la rgest \'a lues of R a t 0.915 a nd R} a t 
0.798, a nd second sm a lles t rms is 1.67): 

618 0 = - 200,319 + (-0,368£ ) + (-9,342 - 5H ) 

+ 0,774Ta + 3,944E - 3D (4) 

Stepwisc a na lysis of th e la rger d a taset shou ld establi sh 
IVhieh independent \'a ri able or \'ari ables do not contribute 
sig nifica ntly to th e ex pla nati on or \'a ri a ti on, 

The descriptive sta t istics fo r th e N22 se t using 1:, da ta 

(Table 4) show the range of each va ri able represented in 
the models. The correla ti on matrix (Table 5) li sts th e strong 
correla ti on be tween c5 1HO a nd 'T" a lready mentioned (R is 
0.858), a nd it shows from wea k to no correla t ion be tween 
a ny o ther pa i I' or \'a ri abl es, 

In most cases th ere a re obvious ex pla na ti ons ror th e lack 

of correl a ti on, For exa mple, be tween temperature a nd ele-

7(,ble 3. SUIII II I{I7)' l!/muL/ipfe regression alla[yses ((5/80 as the 
dejJelldenll1ariable) 

DalaJfl' DejJfllriPIII I'ar;a/J/f R rillS IJ l'aluf 

NI.'; f (L . 11 . T,. D J 0.951 0.R67 1.19 < 0.0001 
N I6 1(1" IJ , T" D) n.B:,)7 OH17 2.25 0.00:15 

N22 f(1" H .T".D) 0.91:> 0.798 1.67 < 0.0001 
N23 [(L ,H,T",D) 0.872 0.707 2.11 < 0,0001 

• Diil l'rCIlCC oLV I in each pair OfSClS is the incl usion or exc lusio n of'si le J:~. 

Giol'ille//o al/d others: o ,,-yge1l -is%jJe ratio ill Callada 

7(,ble-l, Descrip/il'f s/a/i.l lirs ( N22) 

Slal;,11I 61"0 1, 1/ T" D 

%0 N \l\ K km 

~ lea\\ 27,"10 77.91 In8 :m.-+ 1-177 
Std dl'\: :170 1.21 70,,) 3.6 299 
;\i inim l\\ll 33.30 67.2 f 10 2 f9.9 -+80 
J\ iaxi nl ulll 21.1 0 B1.2() 1910 262.2 1770 

Tilble 5. Corre falio ll llla/ri .\ (N22) 

(lIHO 1, 11 T" D 

()I " O 1.000 0.6 11 nOI f O.S58 0. 195 
L 0.61 1 1.000 {),298 Ojl3 (jjSCl 

H (l.O l-+ 0.29R I.()OO 0.222 0.2:n 

T" O.R,)S 0.:>13 o:m 1.000 0350 
D O. 19,J O.5B9 O.:2:l:l tl.350 1.000 

1'<11 ion, lIT obta i ned a m odera te co rrel a ti on usi ng 1'., (N I5; 
R is 0.797, Ra" is 0,608, rms is 3. 12, Pis 0,0004); the data fo r 

site 2 showed a depa rture >3 rms from th e regress ion line, 
a nd when excluded , the eu rrela t io n i mprO\'ed sig nifi ca nt ly 
(Fig. 3, N 14; R is 0,9S8, R } is 0.869, rillS is 1.80, P is 0.0001), 
H owe\'C r, using 7;, for a ll sit es oth er tha n sites 19 22 located 
on ice sheil'es, th e corrcla ti on decays sig nilicant ly (Fi g, 3, 

N 18; R is 0,688, R} is 0,+41, rms is 2.88, Pis 0,0016), a nd i[ 

th ese sites a rc included th ere is no correla tion (N22; R is 
0.222, Pis 0.3216), The d a ta from th e ice sheh'es 1V0uld form 
a cluste r o utside the eln'ati on sca le o[Fig ure 3 (not sholl'n, 
a t H = 10 m, T" ~ 251 K ) th a t li es > 3 r lllS [rom th e regres­
sion line lilled to th e N I8 se t. 

264 

" 262 " 0 

0 " 260 " 
258 " 

~ 256 
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254 

252 0 
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250 

248 
200 600 1000 1400 1800 

H 

Fig 3. Sra/Ingmmfor N 18, Ta = f (H ), Sites 13 and /9- 22 
are nc/Ilded; dOl and circle indicate Iwo si/cs. T he dashed line 
corresponds /0 N 14,1'., = f( H ); i/ Clcfudes siles 2 Cllld 13, 

STEPWISE ANALYSIS 

StepI,vi se a nalysis o[ se t N22 of the rOrlll c5 1H O = 
f (L. H, 1:t, D) a t th e 99,9 tYo confidence le\'el show tha t 1:, 
would be th e only \'ariable to enter th e model in th e forwa rd 

m ode (Table 6: R is 0.858, R} is 0.722, rms is 1.95), The same 
res ult is obta ined in th e backll'a rd m ode, in which th e va ri­
ables a rc relllO\'Cd in the fo ll owing order: H , D, L, At th e 
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ftlbLe 6. Sllll1ma1~JI qfstepwise regression anaLyses ( N22; if' 0 as the dejJendent variabLe ) 

COli fidel/a In'r! Slel) F;B 1IItiel)flldelllmriables R Ra '2 Parlial {orrelaliolls (Rp) fins 

FiB I ne. Exc. (m ocle l) (m ode l) L H 7;, D ( model ) 

>99'Y" 1'0 - 0.611 0.01-1· 0.858 0.195 171 
1"1 " T;, L.D.H 0.858 0.722 0.386 0.·j.()8 0.218 1.9.1 

95% 1'0 0.6 11 0.01+ 0.858 0. 195 3.71 
FI 7;, 0.838 0.722 0,386 0.+08 0.218 1.95 
F2 t 7;,.H L,D 0.883 0.756 - 0.233 0.155 1.83 

95°(1 BD a ll 0.91.'> 0.798 1.67 
BI " L.T;,.D 11 0.91.1 0.809 0.031 1.65 

" Samc resu lls as a run inlhe IJack\\'arclmodc <It a confidencc 1C\'l'1 >99%, step B3: i.c. T;, remains inlhc moclel. H , D. a ncl L arc remO\'('d ill lhar ordel'. 

t Sam e res ulrs as a run in the forward modc al the 90"" confidcnce IC\'CI. 

, Best model. Same resulls as a run in the backwarclmode at the 90% con fid ence le\'c l. 

95% confidcnce level , Ta enters the model first, H sccond 
while Land D do not enter (R is 0.883, Ra2 is 0.809, rms is 
1.65). Runs a t the 90% confidence level in either the forward 
or backward mode did not show any changes. 

The best model produced using the N22 se t in the back­
ward modc a t the 95% confidence leve l is: 

8180 = - 203.501 + 0.782T,1 + (-0.354L) 

+ 3.814E - 3D. (5) 

This model is similar to that obta incd rrom Greenland data 
IQr +6 sites (Zwally and Giovinetto, 1997), a lso a t the 95% 
confidence level in the bac kward mode (R is 0.987, R } is 
0.973, rms is 0.53): 

5180 = - 211 .082 + 0.7001:, + 0.104L 

+ (- 1.085E-3D ) (6) 

where T,. Land D , ha\'e the same units and werc obtaincd 
on the same basis described in this study. It is remarkable 
that the intercept a nd temperature coefficient values in 
Equations (5) a nd (6) are close, although the Greenland 
data are, ror the most pa rt, representa ti\'C of central and 
southern regions, rather than northwestern par t. 

DISCUSSION AND CONCLUSIONS 

Our findings indica te that despite the relatively sma ll data­
se t available to study the areal di stribution of (j 180 in north­
eastern Canada, it is possible to define a multi va riate model 
at a n acceptable confidence level. MOl"eO\'er, the model may 
be used to produce a contoured paLLern based on mean 
an nu al surface temperature, la titude a nd mean annLlal 
shortes t distance to open ocean, ignoring the effec ts o[ sur­

face elevation. 
Inversion of Eq ua tion (5) prod uces ratio val ues 

(6180 ) i , Table 1) tha t illustrate loca l differences between 
observation a nd model [(c5 IHO ) - (c5 IRO )i], The diflcrence 
is largest, as exp ec ted , [or the location on Axel Heiberg 
Isla nd that was excluded from most analyses (site 13, 

- 5.98%0). For the 22 sites used in the fin a l an a lysis, the 
mean differe nce and std de\'. are - 0.11 ± 1.50%0, with a 
ra nge - 3.60- 3.05%0 (sites 16 and 18, I"esp ee tively, both on 
Devon Island ). The d ifference is sm a llest fOI" the loca tion 
on the Penny Ice Cap (site 2, - 00.08%0). This is or interest 
because, toge ther with the difference for the location 011 
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the Barnes Ice Cap (site 23, 1.00%0), the two sites li e Elrth­
est south a nd away from the cluster to the no rth, indica t­
ing that the model is valid for a la rge a rea. 

Our data compilation is not suitable to exami ne the var­
iati on of c5 IHO rela ti\ 'C to elevation (e.g. O\'er the area of a 
single ice ca p ). Nevertheless, it prov idcs the basis to assess 
why elevation does not contribut e to pa rticul ar stepwise 
models. As li sted in Table I, the (jtHO and H values show no 

correlation (N22; R < 0.1, P > 0.9). Exclusion or the data for 
ice shelves (sites 19- 22) imprO\'Cs the co rrelation (NI8; R is 
0.758, P is 0.0003). Howe\'er, the \'a riation over a relatively 
sma ll area requires using res idua l (jtllO \'alucs produced in 
three steps, a t each one remO\'ing the pa rtial variation ex­
pla ined by L, D and Ta , respectively. There is no co rrel ation 
between the (j IBO res iduals produced at the third step a nd H 
(NI8; R <0.3, P >0.2). 

The best (jIRO predictive model described ror northeast­
ern Canada (Equation (5)) is similar to the best pred icti\'C 
model descr ibed ror Greenland (Equation (6)), the la LLer 
based largely on data rrom its central and southern regions 
for which the principal sources of advected moisture are the 
l\orth Atl antic sector extending [ram the Labrador Sea to 
the Norwegian Sea and waters to the south. This suggests 
that the bulk or the precipitation in Canada sampled by 
the sites compil ed for thi s study may share moisture 
advected from that sec tor. 

The descr ipt ion of the sector must be qualifi ed in that it 
is based on the mea n annual position of the 10 % sea-ice con­
centration boundar y. If shortes t di stance to open ocean is 
measured using the mean annual position of the 50% con­
centration boundary, the desc r ipti on of the sec tor could be 
sta ted as extending rrom BafIin Bay to the Greenland Sea 
and waters to the south and cas t. J n any event, the sugges­
tion fits the findings ora deta il ed study on the origin of Arc­
tic precipitat ion (Johnsen and others, 1989). 
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