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ABSTRACT. L o ng-term ice reco rd s 1823 199.J. ) fi 'o m six sites in differe nt pa rts o f' 
th e L a ure nti a n Grea t L a kes regio n \I 'e re used to sho\\' th e ty pe a nd ge nera l timin g o r 
clima ti c cha nges thro ug ho ut th e regio n . Th e ge nera l ti min g o f bo th Creeze-u p and ice 
loss \ 'ari es a nd is dri\ 'en b y loca l a ir tempe ra tures, adjacent wa ter bodi es a nd mixing. 
a nd sit e m o rph o m e try . G rand Tra \'(,\,5e Bay a nd Buffa lo Harbo r re present d ee per­
\I';u er e l1\ 'iro nme nts a CCeCled b\' mi x in g o r o ff-sho re w a te rs; Ch equ a m ego n Ba y . 
.\ lcno min ee. La ke '\[ end o ta , a nd T oronto Harbo r re prese nt re la ti\ 'Cly sha ll ow-wate r , 
p ro tec ted ell\' i ro n m en ts. Freeze-u p ci a tes g ra d ua ll y becam e la te r a nd ice- loss ci a tes 
g ra d ua ll y ea rli e r fi'om t he start o f'reco rd s to th e 1890s in bo th ell\ ·iro nm ents. m a rkin g 
the end of' th e •. Li Ille I cc Age" . ,\ Ctc r thi s. fre eze-u p d a tes r em a in ed rela ti \'e ly 
constant , sugges t ing lit t le cha nge in ca rl Y-\l'int e r a ir te mpe ra tures durin g th e 20th 
century . fe e-loss d a tes a t G ra nd T n l\'C rse Bay a nd BufEtl o H a rbo r (but no t a t th e 
o th er sites ) becam e ea rlier during th e I 940s a nd 1970s a nd beca m e la te r durin g th e 
1960s. The g lo ba l w a rmin g o r th e 19805 was m a rked b y a trend to\l'a rd ea rli e r ice-loss 
d a tes in bo th ell\·iro nm ents. 

INTRODUCTION 

Pas t studi es ha lT shOlI'll th a t fiTeze-up a nd ice-loss d a tes 

a re use ful indi ces o f' clima te a nd clima ti c c ha nge ( Pa lec ki 

a nd Ba rry. 1986; R o be n so n , 1989; Schindlcr a nd o th ers. 

1990 : Skinll er . 1993 . Lo ng-term frecze-up a nd ice-loss 
reco rds a t Gra nd TralT rSe Ba\' a nd L a ke .\l e nd o La bega n 
in th e 1830s a nd b y a bo ut 1890 th e a \ 'e rage d a tes rn 'ea l a 

shift to la te r freeze-up a nd ea rli e r ice loss . A g radu a l 

\I 'a rming during the 20th century \I'as assoc ia ted \I 'ith a 

second shift to ea r/i e r ice-loss d a tes . sta rting in a bo ut 19+0 
a t G ra nd TraI'CTSe Bay 19·W 93 a nd in 1980 a t Lak e 
.\le nd o ta . \ ssd a nd R o !Je n soll. in press. H e re 1\'(' 

ex pa nd o n th is wo rk b y exa mining ro ur add it io n a l sites 

spread thro ug ho ut th e Grea t L a kes regio n. Th e sco pe o f' 

thi s stud y is li m ited to a fi r: t explo ratory loo k at the d ata. 

\\ 'e exa mine lo ng-term a\Trages a nd \'ar iance'i ·ta nda rd 
d l'l ·ia ti o ll ) a nd sm oo th ed plo ts o r th e a nnu a l d a ta . Our 
o bj ec ti\ 'es arc to (a ) id e ntif>' simil a rities in th e changes in 
ice co\ 'Cr O\'e r thc pas t 200 yea rs thro ug ho ut th e Grea t 

L a kes reg io n, Ib ) d esc rib e difle rences in th e ice CO\'e r 

a m o ng sites, a nd c qu a li ta ti\ 'e ly infer c ha nges in th e 

\I·int er clima te thro ug ho ut th e regIo n O\Tr the pas t 

200 yea rs. 

DAT A AND SITE DESCRIPTIONS 

l ce-e\'ent d a tes. i.e freeze-up a nd ice-loss (brea k-up ) 

d a tes. a rc a\'a ilable lhro ug ho ut th e Grea t L a kes reg io n. 

Freeze-up ca n be d efin ed as th e d a te o f' th e first skim ice, 

th e date so lid ice fo rms th a t las ts until t he spring . o r 
so m e thin g in-be t\\'t'e n. Ice-l oss d a te can be d efin ed as th e 
d a te th e ice em'e r breaks up , th e d a te o r fin a l loss o r ice 

CO \'e r, o r so m e thin g in - be tween. S in ce a s ta ndard 

definiti o n thus d oes no t exist fo r fre eze- up o r ice loss, 

c lim a ti c a na h-sis o f th ese d a ta is pro blem a ti c . Albeit w ith 
th is Ca \T~ll , liT fo und six sites , spa nning \ 'irtu a ll y th e 
e ntire regio n ( Fi g . I ), th a t ha d lo ng -term rreeze-up a nd 
ice -l oss d a te d a ta se ts . Th ese loca ti o n s w e re ( I ) 

Ch equ a m ego n Bay (.J. 6 .6 7" N , 9 0 .88" \\' ) b e tw ee n 

H o ug hto l1 Po int a nd Ashl a ncL 2 Gra nd Tra\'e rse Bay 

{.J.4. 76" :\. 85.62"\\' fi 'om th e head o f th e \lTs t a rm o f th e 
bay to .\I ari o n Isla nd , (3 ) La ke .\I e nd o ta (43 .66" i\' , 
89.+0" :\ ), (+ ) Gree n Bay in th e \ 'icinit y o r i\l e ll o minee , 
.\li ch iga n (45. 00" N . 87 .64" \\' ) , (5 ) Buffal o Ha rbo r 

(..J.2 .88" :\T . 78 .90° \\' ) \I'Cs twa rcl to L o ng Po int , a nd (6 ) 

T o ro nro H a rbo r (43 .6.3" N . 79 .45" \\' ) be l\l'ee n T o ro nt o 

lsla nd a nd th e m a inl a nd. Th e peri od o f'record a nd th e 
a \ 'C rage \\ 'a te r d epth ro r th e six sit es ra nged Cro m 64 to 
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.1 ssel alld others: Ice records Jor the Great Lakes 
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Fig. I. Site loratioll map . 

14+ yea r a nd from 7 l O 46 m , res pecri\ 'C ly (T a ble I ) . 

:'Iissing d a ta in th e tim e se ri es \\'ere a pproxima ted in 

th e fo ll o\l' ing m a nn er. Ice repo rts from th e ~a ti on a l 

" 'ea th e r Service were used to es tim a te ice-loss d a tes for 
BufE:li o H a rbo r and th e cas t end orLa ke Eri c fQr th e ",int ers 
or 1946 50. G ra nd T rave rse Bay rreeze-u p a nd ice-loss d a ta 
(a bstrac ted rrom Snide r ( 1974)) prov ide es tim a ted fi-eeze­

up d a tes fo r 1859, 1908, 1909, 1912, 19 1+, 19 18, 1920 a nd 

192 1 a nd es tima ted ice-loss d a tes for 1852, 1906, 1908 a nd 

192 1. Al so, there w(' re 26 winters during whi ch a so lid-i ce 

coYer did no t fo rm in Gra nd Tra \ 'C rse Bay . The freeze-up 
and ice-loss d a tes [or th ese winters ,,'e re se t to 8 :'la rch. th e 
ayerage el a tc be t\\'een thc fi 'eeze-up a nd brea k-up d a tes ror 

th e li\'e winters with th e sho rtest ice elura ti ons. 

FREEZE-UP AND ICE-LOSS DATES 

Th e long-te rm a \'e rage rreeze-up d a te is la tes t a t G ra nd 

T rc1\'(' rse Bay (F ebru a ry " 15 .5" ): 56. 1, 57 .4 a nd 58.4 d 

la tCl' th a n a t :'lenomin ee , La ke :'/ cnd o ta a nd T oron to 
H a rbo r, respec ri \'C ly. The long-term a \'(' rage ice-loss el a te 

is la tes t a t Buffa lo H a rbor (April "23 ,2" ) : 1.8, 17.8, 18 .5, 

22.7 a nd 24.7 d la te r th a n a t C hequ a m ego n Bay, 

~Ienomin ee. L a ke ~Iendo ta, Gra nd Tra\'erse Bay a nd 

T oronto H a rbor , res pecr i\'e ly. Air tempera ture is th e 
sing le m os t impo rta nt c lim a ti c \'a ri a ble a ffec ting ice 
formatio n a nd loss, tho ugh wa te r d epth and ,,'a te r 
m o ti o n a rc a lso impo rta nt site facto rs, Freeze-u p is latest 

a t Gra nd Tra \'erse Ba )' beca use of its la rge hea t s to rage 

(46 m a \'e rage \\'ate r d epth ) a nd mi xing with L ake 
ldi chi gan, [cc loss is la tes t a t Buffa lo H a rbor beca use o f 
ice ad vec tion from L a ke Eri e. 

The sta nda rd d ev ia ti ons o f th e freeze-up a nd ice-loss 

d a tes, ta ken toge th er , a re sm a ll es t a t La ke l\l end o ta ( 10.9 

a nd 11 . 1 d res pec ti \'e ly) a nd a re likely to be simil a rl v 

sm a ll a t C hequa m ego n Bay (no d a ta fo r (j·eeze-up. 9. 1 d 

[o r ice loss ) . Sta nd a rd d e\'iations in asce nding o rder o f 
m ag nitud e a ft er thi s a rc ( 1) .\ienomin ee ( 10 ,2 a nd 
17.6d ). (2 ) Gra ncl T ra\e rse Bay. (17.2 a nd 17.9d ) , (3 ) 

Buffa lo H a rbor (no da ta on freeze-up. 19 .3 d fo r ice loss) , 

and (4 ) T oro n to H a rb o r ( 19 .6 a nd 18. 1 d ) . L a ke 

~'l c nd o ta, a nd Chequ a megon Bay a rc re la tivel y sha ll ow, 
h a \ 'C minim al mixing from connec tin g ri\ 'Crs 0 )' adj ace n t 
wa ter bodies, a nd thus ha \'e a re la li\ 'e ly ra pid d ecl ine in 
wa te r tem pera ture in a u tumn , res ulting in th e obsen'ed 

sm a ll \ 'a ri a nces in freeze-up a nd ice-loss d a tes . In th e case 

of' th e l\l enomin ee site, w hi ch is a lso sh a llow a nd has a 

low va ri a nce in freeze-up d a tes, th e timing a nd vo lume of 

increased :'lenom i nee Ri \'Cr Oow d ue to snow m elt 
undoubted I\' a ffec t th e d a te o f ice loss, 

CHANGES AND TRENDS IN FREEZE-UP AND 
ICE-LOSS DATES, 1823-1994 

To ide ntify cha nges a nd trends in th e ice d a ta, a 10 yea r 
m oving avcrage was used to smoot h th e d a ta. The 

sm oo th ed d a ta a rc plo tted in th e tenth year of th e ave rage . 

Table 1, Long-term O1'erage (A I/g .) (ill ralelldar da..J's ) alld stalldard deviation (S, D .) Qffree.::.e-lI/) alld ice-loss dates 

Locatioll Free::.e-lIp 
.'l l'g. S. D. 

So uth,, 'Cs t L a ke S u pe ri o r 
C hequ a l11 egon Bay 

No rth eas t La ke Michiga n 

Gra nd Tra \'C rse Bay 46.5 17.2 

~orth wes t L a ke l\lichiga n 

G ree n Bay nea r J\i enominee 355.4 10 .2 

Southwes t L ake l\li chiga n 
L ake l\lendora 354. 1 10 .9 

E as te rn L a ke Erie 

L o ng Point to BufTa lo H a rbor 

No rth wes t L a ke Ontario 

T oro nto Harbo r 353. 1 19.6 

* Per iod fo r ice-loss d a te a t J\J enominee was 1900 73. 
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I ce foss Period oJ record 
AI'g. S.D. 

111 .4 9. 1 19 11-94 

90.5 17.9 185 1- 1994 

95 .4 17.6 1900- 63-

94.7 I 1. I 1856- 1994 

11 3 .2 19.3 1905-94 

88 .5 18 ,1 1823- 19 19 

- Da ta not a \ ·ail a blc . 

,Average dejJllz 
m 

7 

46 

< 10 

12 

27 

< 10 
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Chang e s in freeze-up date 

The ge nera l tre nd shOlI"ll in Figure 2a is lO \I a rd la ter 

freeze-up d a tes . \I 'ith mos t of th e shift occ ur rin g be forc 
1900. This is co nsis te nt \l'ith th e cnd o rthe " Littl e Ice Agc"' 
a ro und 1850 La mb. 1982 .\ ltho ug h () nl ~ three 0[" th e 

loca ti o ns ha\"(' 1"('("(l IT is pred a tin g 1900. a ll thrcc incii ca te 

la te r liTeze d a tes a li er th e 1890s , Th e early d a ta li'o m L a ke 

\I endota a nd G ra nd Tra\T rSe Ba\' a ppa rentl ~ suggest t\I'O 
di rf"ere n t c lim at ic sce na ri os. tha t is. freeze-up da tcs rrom 
G rand Tra\'erse Ba\' sugges t a coo lin g' tre nd with ea rli e r 
li'eeze-lIp da te, durin g th e 1860s a nd ca rIY 1870s , \I 'hile 

freeze- up d a tes fi-om La ke \lcndota a ppea r to sugges t j us t 

th e op posi te, H 0\1 e\"(' r. t he reco rd a t Toron to H a rbor 

sugges ts th e ea rli er ice d a tes at Gra nd Tran' rse Ba\' \I'e l"(, 
p ro ba bl y j ust a short-t erm co ndit io n in a n O\"(' ra ll trcnd 
tOll"<ud la ter rreeze da tes , T o ro n to H a rbOl", rreeze-up datcs 
sholl' a qu as i-sinusoidal pa tt ern durin g th e e ntire peri od o f" 

reco rci 1823 19 19 ' Th e ca use o f" th l" sinuso id a l pa ttern i, 

unk nO\I n a nel is c urre n t l ~ und er ill\'estiga ti o n , 

Freeze- up da tes sincc abo ut 1900 halT rcm a in ed 
rcl at in' ''' stable , HO\l'e\"(' r, th ere \I 'as a g rea tl'l' I"requ enCl 
or \I 'int ers \I' jth m ild mid- win te r tcmpera ture, I"ro lll the 

ea r" 1930s to th e la te 1950s .\ sse l. 1980 1 a nd aga in li'om 

th e ear l ~ ' 1980s to th e ea rl y 1990s . res ultin g in a n increased 

fi'eq uency of" \I'in ters \I 'itho u t freeze-u p at G ra nd T ral'l'("se 

Ba\' \I'hi ch sugges ts trends 1O\I'ard la te r fi 'eeze-up d a tes ill 
tll(" 1930s . 1950s, a nd mid - 1980s to ea rlY 1990s ( Fig , 2a ), 
Si m il a r trcnds arc a bse nt ri'o m th e tim t' series fo r La ke 
.\lendota a nd \ Ieno minee. likel y beca use their fi-t'eze-u p 

da tes re present a n ea rli er :\O\'ember a nd December ) a ir­

te mpera ture int eg ra ti o n per iod , G ra nd Tral'(' rse Ba,' 

freeze-li p d a tes rep rese nt a la tcr J anua ry a ir- te mpera tu re 

09-May 
2b 
Ice-Loss 

19-Apr Dates 

30-Mar 

10-Mar 

18-Feb 

29-Jan 

09-Jan 

20-Dec 

I 
I I 

-- + - - -1 
I I 
I I I 

-- +-- ---1---
I I 

2a 
Freeze­
up 
Dates 

,1uel al/d olliers: Ice records Ior llil' (;real l_ake.1 

integ ra ti o n period. closer to th e ice-loss d a tes, 

Th e cha nges in (\\'e rage fr eeze-u p el a tes for La ke 

\j end o ta anel G ra nd TraIT rse Bay occ urring a round 1890 
lI'ere qu a ntifi ed in It' rlllS or eha nges in a ir tempera ture. using 
ice models b ~ ' ,\ ,st'1 a nd Roberlso n I in p ress ), The res uits 
sugge<;l a n increase in ea rl y-wint er a ir tem pera tures or 

a pprox ima tely 1.5"C. HO\I'e\'e r. freeze dates lI'c re in a 

peri od o f" tra nsition. so a ir-tempera ture cha nges mi g ht be 

ex pected to be c\'e n la rger if th e peri od liT re ex tend ed bac k 
to till' ht'ginning or th e T oro n to reco rd ( j 823 J, 

Changes in ice-loss date 

Th e ge nera l tre nd show n in Fig ure 2b is to wa rd earli e r 

ice-loss d ates O\T r th e pe ri od o f" reco rd 1823 199+L Th e 
tre nds first tOil ard ca rli er . th e n lOlI'a rc! la ter ice-loss d a tcs 
a t T o ro nto H a rbo r betwcen th e la IC 1850s a nd mid-1 870" 
a re du e prim a ril y to tll'O lI' inte rs, 1859 a nd 1863. \I'ith ice­

loss d ates o f" 27 J a nua ry a nd 24- J a nu a ry. res pec ti\ 'C ly, A 

c hec k of" Gra nd Tra\T rSe Bay fi-eeze- up a nd ice-loss el a tes 

{o r th ese yea rs (\'e ry sho rt ice dura tio n fo r 1859 23 
Fehru a ry fi 'eezc- u jJ a nd j 2 .\ fa rc h ice loss a nd no 
freeze-up ro r 1863 lends cred ence to th e a no m a lo us 18.">9 
a nd 1863 T o ro nto freeze-up a nd ice-loss d a tes , Th e trend 

tOll'a rd ea rli er ice-loss el a tes a t Gra nd Tra\'e rse Ba \' a nd 

La ke \l e ndota fro m th e beginning o f reco rd in th e 

1850s , to th e 1890s is in agree l1l c nt \I 'ith th e cnd o f" th e 
Little l et' ,\ gc a ro und 1850 , Th e ice-l oss reco rd a t 
T oront o H a rbo r is a lso in ge ne ra l agreemen t lIi th th e 
sugges ted ti m ing o r th e cnd or th e Littl e Ice .\ ge: th e la tes t 

ice-loss d a tes 0 11 reco rd befo re th e la te 1850s ancl a quas i­

c~ ' c1i (" peri od o f" ea rli er ice-loss da tes fro m th e mid - 1870s to 

19 19 lI'ht' n the reco rd was un fo rtunate h- d iscontinued , 

30-Nov +--r~r-~-+--r-~-+--+-~~--+--r~--+--+--~~~ 

1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 

-.- Toronto -- Grand Traverse Bay -- Lake Mendota 

--- Menominee -- E. Erie to Buffalo -- Chequamegon Bay 

FIg,2, IO),l'ar IIIOI'IlIg al'uage (j)IOlled 011 Il'IIlh)'ear) of (a) Fee::.e- 11/) dale,1 and (b) ICI'-loJJ dales, 
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Asset and others: i ce records Jor Ihe Greal Lakes 

Th ese d a ta sugges t th ere has been wa rmin g during th e 
20th century with th e 1980, being th e wa rm es t d ecad e o n 
reco rd at ma n y loca ti o ns. The ice-loss d a tes for G rand 

Tra \'erse Bay a nd La ke .\1 end o ta rem a ined simil a r 

throughout th e ea rl y 1940s, H o\\'e\ 'C r, during th e 19405 
a nd 1950s, ice loss a t G ra nd Tra\'e rse Bay beca me earli er 
in res po nse to mild er micl- to la te-winter a nd ea rl y-spring 
tempera tures , Asse l a nd R obertson (in press ) fo und th a t 
ice-loss dates [o r Gra nd Traverse Bay a re strongly rel a ted 

to a \ 'C rage r.Iarch a ir tempera tures \\'hi ch sta rted to 

increase in a bo ut th e 1940s a nd 1950s, L a ke :'lendo ta's 
ice-loss d a tes did not becom e no ta bl y ea rli er in the 1 9 '~O s 

a nd 19505 beca use its .i ce-loss datcs a rc more stro ngly 
rela ted to a \'e rage J a nu a ry .\I a rch a ir tempera tures 
which did not coll ect ive ly increase until a round 1980 

(Asse l a nd R obertson , in press ) , 

Ch a nges in ice-loss d a tes a t Buffa lo a nd th e eas t end or 
La ke Eri c were mos t simil a r to those a t Gra nd Tra \'C rse 
Bay , These two sites ha ve rela ti ve ly d ee p adj ace n t wa ters 
a nd therefo re thc potenti a l [or mi xing with \\'armer 
wa ters. C ha nges in th e ice-loss d a tes a t l\Ienominee a nd 

Ch equa megon Bay a ppear to 1'0 110 \\ ' th e pa tte rn of'th e ice­

loss d a tes of Lake l\I endo ta more th a n they do th ose o f' 
Grand Tra \'e rse Bay, but each site is a lso uniqu e in it s 
res ponse to climate a nd clim a ti c cha nge , 

\\'a rming in th e 1980s a nd ea rl y 1990s a ffec ted the 
entire winter a nd is r efl ec ted in a trend towa rd ea rli er ice­
loss d a tes a t a ll sites , In fac t, during th e winters of 1983 92, 

Gra nd Tra \'erse Bay did not freeze up in 6 out or th ese 
10 yea rs, a record th a t is unma tched during a ny o th er 
10 vea l' peri od in the 144 yea rs or obse rva ti ons for th a t site. 

Th e cha nges in ice-loss d a tes for La ke .\lend ota a nd 
Gra nd Trave rse Bay th a t occurred a ro und 1890 we re 
qua ntifi ed in terms of' cha nges in a ir tempera ture u,' ing ice 

mod els by Assel a nd R obertson (in press ) , Th e res ults 
sugges t th a t mid- to la te-\\'inte r a ir tempera tures increased 
by a pprox ima tely 1,1 ne. H O\\'e\'e r, ice-loss d a tes we re in a 
peri od of tra nsition , so th e a ir-tempera ture change wo uld 
be expec ted to be even la rge r if the peri od were extend ed 

bac k to th e beginning or the T oronto reco rd (1823 ) , The 

res ults a lso sugges t th a t mid- to la te-\\'inte r a ir temper­
a tures increased by approx im a tely 1,I oe a ft e r 1940. 

CONCLUDING REMARKS 

Air tempera ture is th e prim a ry clima ti c \'a ri a ble a ffec tin g 
freeze-up a nd ice-loss d a tes, while wa ter d epth a nd 
mi xin g with la rge r adj ace nt wa ter bodies a re a lso 
co ntributo ry fac lOrs a rrec ting ice -e\'e nt d a tes . Sit es 
ha \'ing g rea ter wa ter d epth a nd more exposure to la rge r 

bodies o f' \\ 'a ter ha\'e la te r freeze-up d a tes a nd grea te r 
\'ari a nce in ice-event d a tes , The lo ng-term a \'e rage ice­
loss d a le at such sites can be eith er a bo ut th e same (Gra nd 
Tra \'erse Bay ) or much la te r (eas tern end of Lake Eri e) 
th a n th e lo ng-term a \'C rage c1 a te a t less exposed sites 

(La ke .\ Lend ota a nd T oron to Harbor) , 

Th e earlies t ice reco rds [i-om T oron to, Gra nd Trave rse 

Bay a nd La ke l'vIend ota ( 1823 90) suggcs t th a t th e winter 
clima te nea r th e Grea t La kes prior to 1890 was wa rming 
as indica ted by a trend lOwa rd la ter ri-eeze-up a nd ea rli er 
ice-loss d a tes. This is in good ag reem ent \\' ith th e 
sugges ted timing of th e cnd or the Little I ce Age, a ro und 
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1850, S in ce a bo ut 1890, th e average freeze-up d a tes have 
rem a in ed re la ti ve ly stead y, indi ca tin g little cha nge in 
earl y-winter air tem pe ra tures . I ce-loss dates, howeve r, 
ha \'e continued to become ea rli er as d emonstra ted by 

cha nge over rela ti\'e ly short peri ods ( I ) a fter 1940 a t 
Gra nd Trave rse Bay, (2) a ft e r 1980 a t La ke ~lend o ta , 

Th e reaso n for th ese cha nges a ppea rs to be th a t ice-e\'ent 
d a tes a t G ra nd Trave rse Bay represent a n integra ti on o f 
a ir tempera tures ove r diffe rent tim e peri ods a nd a 

difh:rent la ke em 'ironment th a n a t La ke !\Iendo ta . Tce 

reco rds a t a ll six sites indica te th e wa rmes t decad e o\'e r 
th e pas t 200 yea r occ u rred in th e 1980s. 

A key 10 qu a ntifying th e ice-event info rm a ti o n in 
te rms of c limate cha nge is to d e\'elop a n objec ti\ 'e a nd 
acc ura te ice-e\'ent d a tes mod el which rel a tes ice eve nts lO 
a ir tempera ture or o th er clim a ti c va ri a ble (s) , W e pla n to 

ex plore th e d eve lopmen t or ice-e\'en t- a i r- tem pera tu re 
mod els to represent a ir-tempera ture integra tion peri ods 
associa ted \\'ith freeze-up a nd ice-l oss d a tes a t th e fo ur 
sites no t examin ed by Assel a nd R oberrson (in press ) , \\'e 
a lso pla n to examine poss i ble teleconnec ti o ns bel ween ice­

e\'ent d a tes in th e different lake en vironments represented 

by th e six ice sites a nd possibl y a t o th er sites within th e 

:\'o rth ern H emisph ere by compa ring geopotenti a l heig hts 
in upper-a ir d a ta for the No rth ern Hemisphere, 
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