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Annual net balance of North Cascade glaciers, 1984-94 
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MASS-BALANCE MEASUREMENT 
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.\rmstrcing, 1989 . Ofri iual  importance is that the range 
of dvnsity \-ariation is of' the samc order as rltc de~isity- 
measurement error. determined thrortgh repcat mcasurc- 
rncants. Since Sortii  Cascade glaciers rarei?- havr icc Iensc~s 
;tn indic~ator- of little internal accumulation. proftirlg is 

an accuratex metllod of measuring accumulation-layer 
tllickncss. 'The lack of'ice lenses is also crucial to having a 
cijnstartt snow density. ?'he probe is driven through the 
snowpack until the previous ablation surface is reached: 





i+'~g.  2 ,+fait-baiance mraiu~ement n~ tu lo lk  on Columhza Gla~zer 112 1991. dCleaturements are made at each of these pozntr at 
tflr rumr iznte r n r h - > ~ a ~  Annun/ balanrr contourr ate therr ion~trz~cted. 

on Kainhitw Glacier. 
'I'l-te c.rroi- in annual ahlation measurements is 

r.rtimaled at $0.25 rn, duc to ice-density variations, low 
sampling density and stake settling. 'l'tiis estimate is 
bascd on the standard deviatiot~ in ablatioil along 50 m 
long transccts ~ i t h  a b l a t i o ~ ~  stakes placed :im apart. 
' r \vo of these transtxcts were einplaccd on Columbia 
<;lacier in 1987 and on Kainbo\\ Cr1acic.r in 1991. There 
arc a t  lcast tlirce ablat ion-mcasurmnt sites on each 
glitcicr. Tlte sampling dcnsitl; is lo\%- at 6 20 points krn '. 
bur rctrnparahlc t o  the mcain density o f 3 -  17 points km ' 

used by the CSGS and N\?E (Table 1). 
A mass-balance map for the entire glacier is then 

compiled for each glacier. The mass balance for the entire 
glacier is calculated by summation of the product of 
glacier area within each 0.10 m mass-balance contour and 
the net balance of that interval. The error in mass- 
balance calculation for the entire glacier is & 0.17-0.22 m. 
The annual balance from 1984 to 1993 for the nine Sorth 
Cascade glaciers and in I994 for eight glaciers is shown in 
Table 2. Spider Glacier will no longer be monitored; it 
could nut be reached in 1994 because of forest fires in the 

Taiilc -3 T h e  an?zrcu/ balance of \orth Ca~mde qlnrzcrlJtii?n dziect meajutemenlc (zn meter, of  zcater eyuzialerzt) 

(k)lunit3ia 
1)ar;icIs 
F0,s 
Icc- It'cirrn 
I,. C~irti ,  
I.! rich 
Rainbow 
Spicfcr 
Yawninq 
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CROSS-CORRELATION OF NET ANNUAL 
BALANCE 
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c q h t  Sort11 C,1\t acic qldcicli ol,\tr\ cti I>\ UC:GC:P ti  om 
1981 to 1994 The trc~nci ftoni \e,ir to \cell I\  cluitc 
consi\tent, i l l~~\tr,l t ing the Inqh c lo\\-cor rclniron\ 1 lic 
actual ranqe rn annual b'11,inic I ~ c t ~ c ~ c n  tllc ql,tcrc.r\ tor 
an\ ql\en \ea r  i\ \rgnific,tnt f'tq 3 
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I lie rr~odcl,ttc i,tllyc oi \ ,~r lat lon 111 .tnml,rl I,,ll,incc 

m,thc\ dr~t~rtqi~r\Ilrrlq \1111~11 qroqrc~p1irc t l i i t l i ~ c  t c r i \ t i~ \  'ire 
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rtorctl I) \  1.1-ti e q l ~ i l l ~  ,irld Kr.1 rl,~ild 1980 Lt trcq~1111\ 
,trlil Kc \ rt,triri I Otqc) c ornp,t~c(I tllc rut ,ul atrtrual I,al,rnc c 
Ili\tor~t.< Irorn l'fih to I O R i  of 1-11~11~ (;i,~clcr, r n l ~ ~ t  
\lo~irlt,tiri\ - 0 i i  in ,t I .ind \out11 (4,t\c ,tcie (;l,tc rc1. 
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l'clto I083 . 111 c-,~iinrrl1tlq tlic fit\t \ c \ (~1~11  \c'Ir\ of 
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,~ririr~,tl I),tl,rricc l)cr\\c~c.rr ql,lcicr\ i \  due to 11lcil (Irilcrei~t 
qc1)qi ' l ] l l l lc  r 11'11 'I( tvi l \ t l <  \ I he l l l ~ l l  t lo',\-( 01 lel<itlt>ll of 
,1rinu,11 Ij,tl'ir~cc~ ior c'tc11 gl,ierer \rigqc\ts th,\t the qeo- 
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Fzg. 3. The anrtual balarzcc OJ eyhl \lirth ( nundc gliiczer \ 1 o/e thu! l l w ~ i  z t  (2 ) ~ q ~ n j i ( o i ~ i  ~ ( z r ~ q f  ?ri artviua/ l,,m'ari<( 
between the glactert and that !he pattern ofchat?,qe fron2,?rar f i~qe i l r  zs izmzlur /or all i / /  iizi glaczcri 
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1)alani c mca\urcmCnti h ,~ \  r I)cell rn'rdr Ira\ al\o cltntin- 
liiled siqnific 'rntlx .\ loss of 4.2 111 of i t  c tlnc hrle\\ on 
qlacicri \\it11 a n  c\tim<ittbci rnem tllr<kne\4 of '30 ?Om 
Poit  ,lncl others, 197 1 I\ ciqnific'int 

'1'11c rcscilt of ncgati\e arr~lu,il I)alcunt c ir,l\ I~rcit  q1,icici 
rctrtxat. I n  198.5. of thc 47 ql'~ctcr\ we obwrxcd 38 were 
rctreatrnq. Irr 1904, 46 ol' 47 qlaricri ol-)+er\ed w c ~ c  
retreat~lrq Pclto, 1991 . 1 . c ~  1s (:lac iel \ \ t th ,in 'ire'i of 
0.09 km' uas  ~nitiall) sclcc tcd lor annual m,tcs-l>alnircc 
mea\urements. .\fter completinq mcn\urt~mcn t \  from 1984 
to 1988. L,c\\r\ Glacrer melted a ~ a ~  rn 1989 ,trtd 1990, 
led\ inq relic t ice clith 'In area of 0 03 hm' h\  tiic erid of 
1990. 111 1992, Da\icl Cilacier ncnr (;l,\cicr Penh ccnsed to 
exist In  1993, 1lilk L'ihe Gl'lcicr cliiappcarcd. I<ac 11 of 
thew thtre qlat icr s h,t\ lo\\ \~ir l ter  c u n i ~ i l ~ ~ t l o n  (;lncrci-\ 
\\ it11 geogrnpliit fac tot i int rcasrrlg mt'ln net drrnual 
accumulation 11,1\c had lrs\ rlcqati\c ,irir~ual I~~ilances 
and \lo\\er glactcr-retreat r,itc\ Prlto, 199'3 1)utinq the 
198% 9-1 pcr loci. qlat rer-r <%treat ratci ha\  e 111c reaced 
\uJ~stanttall\ clut. to r~cg'iti\e annu'tl t)al,tncci. Pelto, 
1993 . 7 he 111qh tteq'iti\c '~nnu'il bnlantc of rccibnt \car\ 
cornl~ined with the small \ l ie of the gf'iirc~r \\111 ensure a 
continued reticnt for the next ic\cr,rl \cb'tr\ .  
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