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ABSTRACT Regiona l assessl1lents o rimpac ts du e to g loba l c limate cha nge a rc a hig h 
priorit y in the i nt erna t io na l progra m s on g loba l-cha nge resea rch, In t he po la r reg ions, 
c limate m ode ls indica te a n a mplification of" g loba l g reenhouse warming, but there a rc 
large difT(Tcll('Cs betwee n th e res ult s o r \"(lriollS mode ls, and uncertainti es about th e m ag
nitude and timing o f" th e ex pec ted changes, Al so, th e o l)sen'ed hig h-latitud e c lim a te 
trends O\T[, th e pas t fl'\\ ' decades a rc much m ore regional and patc hy than preciin edIJy 
the model s, 1\ S a lirst step in assess ing poss ible climate impac ts, lll odel res ult s a rc com
pared with obse n 'a tions o r cha nges intcmpera ture, prec ipit at ion, sea -ice ex tent, the per
m a fro st reg ime a nd o thrr cryos phe ri c paramete rs, \\' hilr considera ble unce rt a inti es 
remain in th e long-term predi cti on or cha nge, there is so me ag ree lll ent bet \\Ten m odel 
res ults a nd observed t rends by season on sho rt er time-scales, The warming obslT\-ed m'Cr 
the la nd ma sscs of" the Arctic O\'e r the past kw decades is maLched by cor rcs po nding 
obse lTed decreases in sn()\\' con'!' and g lac ier m ass balances, 1)\, tha\\'ing or th e perm a
I'mst, a nd to a lesse r degree by reductions in sea-i ce ex te Jlt. 1n .\nt a rct ica, warming in 
th e Antarcti c Peninsul a a nd Ross Sea reg ions is assoc ia ted \\'ith large decreases in ice
she lf areas and reciuced ice thi cknesses on th e lakes in th c i\[ci\ [urcio Dry \ 'allcys. i\l a jor 
future' impac ts due to g loba l g reenhouse warming a rc likely to include perma fi-os t th aw
ing on la nd a nd it s co nsequences fe)r ecosystem s and humans: changes inlhe prod ucti\'it y 
o r m ari ne ecosys tems in th e ,\rC'l ic a ncl SOlllhern O cean; econom ic impaC'ls on li sherics. 
pelrol cum and o lher hum a n <1C'li\' ili es: a nd soc ia l impacts on north ern indige no us popu
la tio]]s, Some o r th ese impacts \I'ill hmT pos ili\T ram ilications, but most a re likel y to be 
detrimental. \\'hil e unce rt a inti es ex ist about the future, climate cha nge in the polar 
regions during th e pas t rew decades ca n be shown to ha\T had major impac ts a lready 
\I'h ich wi II becomc much Illore prono u nced i I' prese nt trends co nt i nu l' . 

THE POLAR REGIONS AND GLOBAL CLIMATE 

Introduction 

The po lar regio ns play a crucial rolc in g lohal climale 
cha ngc, They a rc sc nsiliH' indica to rs o r change, a nd lheir 

snO\I' a nd ice reat ures a re good int egra to rs or change. They 

store long-term climatic reco rds in th eir ice sheets, such as 

the Ant a rctic and Greenland ice shee ts. They also a iTccl 

th e g lobal clim ate direc tl y throug h interact ions be twec n 
tllcir atmospheres, ice COV('I' and oceans, and throug h kcd
back processes. Pr an ica l '" all C li mate modl'i s prcd ie t an 
a mplili ca tion or t he g loba l g reenhouse d fec t a t hi gh lati

tu ck s, hut m odel s as wcl l as obse n 'a ti ons ha\ 'C produced 

results th a t a re no t easily inte rpre ted, The reports from th e 

I ntcrgmTrIlmcnta l Pancl on Climate Changc [rce:; 
Houg hl on a nd others, 1990; " 'atso n a ncl o t he rs, 199G; EnTct t 
a nd ot hers, in press ) SlI mnl.ar ize th e sta te oro ur kll(lI\'lcdgc, 

l1l e lting ice a nd th a\\'ing permai'rost. Th e third clement il

lustrates Arcti c a nd , \ntarC'l ic call ses \\'ith g lobal dICets, 

slIch as po lar fCedback processes on t he globa l clima te. The 

first a nci frJllrLh c1emcnts \I'hich addrcss non-g lobal a ncil1on
po lar (·o nllt'C ti ons. respeclin'ly. arc reln'an t in the COIlleX l 
ore; - ,\ ~ G and ,-\ ~ G -. \ inleract ions a nd fc'Cdbac ks, 

Polar-global interactions 

The role or the .\rctic a nci Antarctic in g loba l climat e 
cha nge ca n be illustra ted by a simple m a tri x. This ca use 
dkCl matrix has f() ur elcmeIlls, as sholl'n in Fig ure I. 

The second clement s l1()\I's a g loba l ca llse lI' ith a pola r 

dfec\. c,g, g loba l g rec nh ousc lI'a rming a fkctin g th e .\ rctic 

a nd Antarctic cll.\' ironment a nd produc ing such resu lt s as 

r\ mong th e r\ rct iC/1\nta rct ic ca uses lI' i t h g lobal elTects 

a rc a number o r important fCedback processes that a mplir~ ' 

climate change in the high la titudes a nd g lobalk The 

albedo snO\\'-co\T r- tempera tuIT ICcciback ( Kell ogg, 1975) 
is one o r th e main ca uses or th e am plifi ca tion or the g rcc n
house clkct in the po la r regIons, Pcrm a ros t trace-gas 

EFFECT 

A G 

A 1. A -> A 3. A -> G 

CAUSE 

G 2. G -> A 4. G -> G 

Fig. I. Cnll,lf if/a/llln/riljar polnr nllr/globnl ill/flac/iol/.\ , 
.1. . In/if .III/arc/ic: G, global, 

https://doi.org/10.3189/1998AoG27-1-543-552 Published online by Cambridge University Press

https://doi.org/10.3189/1998AoG27-1-543-552


I1 "rlla: Regiollal impacls q/r/illlale (hallgc ill , I relic alld A lllarclic 

Fig. 2. Projecled lIorl/m'ard 1II00'ell/eIIl o/Ilie Perlll(!/iD)1 bO/lllda l) ' (/lid l/ie IreI' filiI' a/in a dOllblillg q/allllo.I/)llfIir CO:! (fmlll 
E IIl'irolll1lflll Callada, 1989, c\lmpolaled illlo .i la:,!:a). 

temperature reed backs co uld a lso be impor ta nt in th e 
Arct ic. Ir more C O 2 a nd CH I is released \\'hen perma fi 'os t 
thaws, thi s w ill incr case th c a tm os pheric tempera ture a nd 

will res ult in more perma rros t th awing. ?d clting o r g lac iers 

a nd ice sheets, including th e la rge Anta rClic a nd Greenl a nd 
ice sh ee ts, ra ises th e g loba l sea lewl, a nd the co ll a pse or 
la rge ice shee ts has been postul a ted as a possibl e t rigger o r 
th e m~or, ra pid climate changes d uring th e las t iee age, as 
seen in th e Grcenl a nd ice-core rcsult s (, \I ley a nd o thers. 

1993). 

Globa l effec ts on the Arctic a nd Antarctic a re re fl ec ted 
in regiona I cl i ma te cha nges a nd t he i I' cO l1seq uences. Prac ti
ca ll y a llthc snow and ice features orthe pola r reg io ns will be 
a ffec ted in olle way or a nother. \\ ' h i le t here is still uncer

ta int y abo ut th e mass ba la nce of Anta rcti ca and Greenl a nd , 

th e ex tent a nd thickness o r th e seasonal snow cover, sea ice, 

perm a rros t, g lac iers a nd r i\'er a nd la ke ice a re a ll ex pected 
to decrease as th e clim ate wa r ms. These cha nges, in turn , 
will a ffect t he pola r ecosystems, w i t h t hci I' d istinct f~llI na 
a nd (] ora. Socio-economic conseq uenccs fil r popul at ions, in

dust ry a nd li (est ylcs will be i ne\'i table. Kot a ll o r these la tt er 

cha nges a re necessa rily nega tive; ( )r exa mplr, lrss se'a ice 
m ay a ll ow th e opening o r tra ns-A rctic shipping rout cs a nd 
easier o fh hore pe troleum ex plo ra ti o n (\\'elkr, 1992). 

An exa mple or th e consequ cnces of c lim a te ch a nge iClI' 
th e pola r elwi ro nment is shown in Fig ure 2. It shows 

dra mati c cha nges o r th e' perm a fi"os t ex tent on th e :'IJo rth 

America n continent a ft er a doubling o r a tmos pheric CO~ 

(fi'om Em 'ironment C a nad a, 1989, ex trapola ted into 
Al aska ). ~los t or th e pa tchy a nd di scontinuo us perma rrost 
in C a nad a a nd f\l aska will th aw, acco rding to thi s predi e-

54-1· 

ti on, pushing the pcrma fi"os t hOllnda ry up to 1000 km north . 
O sterkamp\ (l99-\-) obsen'a ti o ns conii rm th a t perma frost is 
prese ntl y th awing in Al as ka as well as in Siberia. The t rcc 

line is a lso pr~j ee t ed to ma ke 111 (~j o r ack a nces nor thwa rd, 

as shown in Fig ure 2. 

PREDICTING CLIMATE CHANGE 

Modeling results 

J n o rder to predic t th e poss ible impac ts o r clima te change, 
scena ri os or rutu re cli mates must be construc ted . This is a 
clinie lllt und ert aking since th e clim a tc orany region a nd of 
Ea rth as a wh ole is being inl1uenced by many cl il1e rent dri v

ing fo rces, some or which a rc cyclic o r quasi-cycli c (e.g. sun

spo ts, El NiJ'lO Southern O sc ill a ti on (ENSO ) eve nt s) and 

some or whi ch a rc no t. Pros hlltinsky a nd.Jo hnson (1997), fc)r 
example, ha\'C shown the a tmos phl'l' ic circul a ti on m'Cr th e 
,\ rc tic O cean to a lt e rn a te bct \\ 'Cc n " typica l" a nti cyclo ni c 
a nd cyc loni c circul a ti on regimes a pprox ima te ly e\T ry 10 
15 years. Superimposed on thi s, hO\ \'(' \'(' 1', th ere appea rs to 

be a longe r-t e rm wa rming trend tha t may wcll be associa ted 

w ith th e g rcenhousc effec t which is t he ma in to pic o r con
cern ill thi s pape r. 

Num cro us g loba l clim a te models (GCr..Is ) have hccn 
used to a ttempt to simul a te th e g loba l clim ate under en

ha nced g reenhollse condit ions. All th ese m odel s show a 

temperature a mplifica ti on in th e a nnu al mean in the Arctic, 

la rge ly duc to sno\\'1ice feed backs; thi s a mplifi ca ti on is most 
pro no unccd in winter a nd spring. These res ult s a re the bas is 
o r th e \\ 'o rld ~le t ('o rol ()g i ca l Orga ni zation/Unit ecl i'\a ti ons 
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I1 eller: Regioll({1 illl/H/C/.I o/clim({le ch({lIge ill , Inlic ({lid . 11I1({rclic 
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Fi~!{. 3. COIII/HlliJOJl o/Ihe oul/JIIls q/19 Gc:. \ II o/se(lIoJl({/ 1111'(111 .I/IIjr/re air lelll/lemlll rl'.\ OI'fF Ihe .hclic O({,(III It 'ilh ob.\crl'(llioll.l. 

E\ cefil ill .I/Irillg, Ihe lIIodd.1 gelleml[r ShOI( ' a cold lIia.1 Ui-om 7no ({lid olhen. 1996). 

Em'ironment Program IPCC (Houghton and others, 1990: 
\\'atson and others, 1996) predictions that the Arctic \\'ill 

\\ 'a rl11 lllore t ha n t he global mean, pa rticu la dy in wi nter. 

On the ot her ha nd, th e IPC:C: report predict s ,\ rctic land 
masses to warm more rapidly than the ocea ll , while some 
model s sbOl\' the g rea ter tempera ture increascs ()\Tr tilc 
,\rctic O cea n. 

A rccent comparison ('nlO a ncl others. 1996) or GC:~I 
ped()rmances in the Arctic shOl\'s the w ide c1ilTrgellcc or 

results (Fig. 3). 'fh e telll peratu re sim ubt ions fill' t he seaso n;] I 
mean surface air temperatllres in the l\rctic O cea n of" 19 
GC:~ l s \\'erc compared with nbsen·ations. The majority or 
the mocle ls produced tcmplTat LIlTS that \\TIT too co ld , 
except in spring. One poss ible rca sonlilr the co ld bias is th at 

Fig. -I. l llll .llralioll q/lite rlU/erfll{1' ill resolllliulI lii'/7l'em ir/)iral (;(;. \/" ami regioll({l. /1If.fo.fm/e lIIodell. 
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I1 eller: Regional ill/j)ac/s o/dill/a/e change ill . lrc/ic alld ,'In/arc/ic 

Fi~r:. 5. Ob.l'frl'ed Irends q[. lre/ie alllll/{ll !lINIII /elll/Jeratllrl'S, 1.966-93. Considerable warlll illg h(l.1 t{{ken /)I(I[e Ol'er the land 
III{{S.les. Da/ajiDlII Uilllate Resf([rc/t l 'I/il 'litize [ 'lIil 'el:li~J' qf £(I.\'/ . lllg!ia. origilla/~) ' al/a(J':;.ed ~) ' C/ta/J/1/{111 alld r I 'rt!.I/t (1993) 

Jar /.96/- 90 and lI/JdatedJar 1966 .95. 

lead s in t he ice a nd their assoc ia ted hea t nux into th e a tm o
sphere were not used in th ese m odel s. Simulated temper
a ture dilTen' nees betwee n the m od e ls were as hi g h as 10 C:. 

Simulation or o th er clima te pa ra m e te rs a lso showed 

g reat dilTr re nces. Sea-level pressure was well simul a ted by 

sewra lmock' ls, p a rticul a rl y th e o nes with hig he r reso luti on. 

Preci pit a ti o n was too la rge, in so m e cases by m ore th a n a 
filc to r or two. There were wide variations in eloud cover, 
but so me mod els showed qua lit a ti vely eo rree t seaso na l 
cycles. For some variables ( tempera ture, prec ipitatio n ), 

biases a nd m od el-to-model differences a rc comparable to 

obsen'a tiona l unce rta inti es (TIto and o the rs, 1996). 

Another problem of the CCi\Is is th e ir coarse spati a l re
solution. 'lb overcom e thi s, regiona l c lim a te models for th e 
Arct ie h a\'C been deve loped (e.g. Lynch and others, 1995). 

Their much hig her resolution reproduces a Illuch be tter phy· 

sica l rese mbl a nce, in to pog ra ph y, surface cha racteri sti cs, 

including vegetation a nd hydrology, a nd bo undary-layer 

characte ristics a nd proces~es, to th e na tura l environmcnt or 

th e regio n th a n do CCi\1s. Fig ure 4 illustra tes the diIIe rencc 
in resoluti on between ty pica l CCl\fs a nd regional , m esoscale 
Illod els. 

Beca use of th ese diffic ulti es in projections offuture po lar 

clim a tes, th e reli ability of th e simul a ted clima te-change sce

narios is not hi gh. However, most of th e CCi\ I mode ls show 

th e fo llowing features: g rea ter wa rming o\'e r land tha n O\ '(T 

sea; reduced wa rming, o r e l 'Cn cooling, in th e hi gh-l a titude 

So uth e rn O cean a nd par t or the northern No rth Atl a nti c 

Ocea n; m ax imum wan11lng in high no rth ern la titudes in 

winter, and littl e warming OWl' th e Arctic in summer; 

inereased precipitation a nd soil m o isture in hi g h la titudes 
in winter; a reduc ti on in the streng th or the :'\Iorth l\ tlantic 
c urrent s; a nd a widespread reduction in diurna l rangr o r 
tt'm perature (Evere tt and o th ers. in press, sect ion 3.2). 

Whil e m ost o[th ese res ult s f() ll ow prese n tly obsen'Cdtrends, 

some (e.g. Southern Ocean temperatures ) a re cO lltrad ic ted 

by obselTa t io ns. 

IPCC assesstrlent 

The la tes t upd a te o f' th e lPCC report (" 'a tson a nd ot hers, 

1996) inc ludes a ch a pter (cha pte r 7 o f Wo rking Croup 11 

Oil the cryosphere ) o n c lim a te change a nd its impacts o n 

th e po la r regio ns. Changes in th e climates o f' th e polar 
reg ions wi ll be indicated not o nl y by atmos pheric te mper
a ture ch a nges but a lso by ot her parameters, including th e 

snO\\' a nd ice features o Cthe cryospherc: 

.M a ny componen ts of' the eryos phere a re se nSltllT to 

ch a nges in a tmosphe ric tempera t UIT because of' th eir 

t herm <1 I proximity to melting. Th e extrnt of g lac iers has 
orten becn used as a n indica to r or past g loba l temper
a turcs ( Hig h Confidence). 

Proj ected warming or the climate w ill reduce the area 

and I'o lume o r th e eryosphere. This reduction wi ll ha\'(' 

sig nificant impacts on re lated ecosyste m s, assoc ia ted 
people a nd th eir lil'elihoods (Hig h Confidence ). 

There w ill be stri king cha nges in t he la ndscapes of many 

hi g h mountain ranges and o fl a ncl s a t no rthe rn hi g h la ti

tudes ( Hig h Confidence). These cha nges m ay b e exacer-
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" filer: Rl'giollal illl/}({('/.\ o/riill/ale ehollge ill. l rclie Ollrl . l lIlorclir 

Fig. 6. Obsen'erl I rmds (!l. l lIlo relie allllllaL lIIeall lell//Jl'ralll re.1. /966- .9.1. J)alaji-olll Clilllale Re.\l'ardl l 'lIilll/lhe l 'llil'I'ni{J' 0/ 
J~·a.\1 .dllglia, all rt {! ,.:ed ~ ) " I: L. Cha/ml(tll all d] E. r 1 (t/sh ( IIII/JlliJ lis/m/ i llfiJl/llalioll). 

ba ted where they a rc accompanied by g row ing numbers 
o[ pcople a nd increased econom ic act i\ ' iti es ( ~ l('dium 

C o nfide nce. 

now see ing th e g reenhouse sig na l in po lar reg ions) l ~ ) 1(" 
not, hcm ' and wh e n \I·il l the sig na l man ifes t itse lf? i\ t a co n

fe rence o n g loba l cha nge a nd the po lar clim a te at 'lSukuba . 

J a pa n, in i\O\ 'cmbe r 199,) (\\'a lsh a mi o th c rs, 19%), th e 

di sc uss iuns led to th e ta b lc bclow (Ta ble I), summariz ing 

the o bsc l'\'a t io na I c\ 'ide ncc ['mm t he pas t fC\\' decades. 
EVIDENCE OF CLIMATE CHANGE 

Polar trends 

Disc uss io n o[th e de tectio n o['th e g reenhouse sig na l in po la r 

regio ns usua ll y rc' \ 'o k es a rouncl two qucs tio ns: 11) Are liT 

"\ \ 'ie\\, t hat eme rged o n se\ '(' ra I occas io ns was t ha l th e 
" t rad it i()na I" elll p hasis o n sea-i cc cx tcnt a nci :\ rCl ic O c('a n 

a ir tempera tures a s ea rl y indicato rs may yield to a broader 

finge rprilll ill\ 'o h-ing infclJ'Illa ti o n {'mm ice co rcs, sea-let' 

'[rlble 1. SIIIIIIII(II), II/ehallges obsmw/ illlhe /1I~f!,h lal il l/de,1 orfl' Ihe /aslpl(' df'((lde.1 1I/IIif 20lh mlll/ ,) ' (ji-Olll 11 (tf,h olld alhen, 

/9Wi) 

j 'a}'(lm rlf'J 

St lrl ~I("(, ll'm p cnl llln' 

' I i·opt)-;pl ll·r it lemp..;, 

S II"ll()Sp lll' ri l' I('m ps. 

Prt'c ipit<11 ion 
E XI ITllll' \\ ('a t her 

( )cca n te m p", 
S Il O \\'- ('( )\ '( '!' eXlt' l 1t 

S t',-I-in' ('xtl'1l1 

St'a -in' thickncss 
JU'-shn'J ('[(Tal iun 

1cC'-!-;ht'l't ~ lIr1 ~ I C(, nl('l tin ~ 

1('('-s lr c ll" ''' lcnt 
Pl'r1lla li't),,, eXlt'llI 

. In/ir 

C ctl cra lly \\' '11'11 1('1" Oil land. ill \\ illlcr/;-; p r ill .~. 1nl! ";Olllt' cooli lH!,': 

u nch', l r O\Tr !'il'a jct' 

\ \ '<11' 111 ('1' [()w<""\t I;I ~(T:-' 

Coldt'!' " "11 n](' r only 
i l1 (' ]-e jl \('ci t)\'rl" lalld. unkllowll 0\ '( ']" '\l'<: 1 in.' 
:'\01 ye t a..,s('ssccl 
\\ 'arl11(' r lTl ltl';d .\relil' 

({( 'dun'cI Eura:-. ia, spring: a i;-;() ill C an aci aj. \ ]; I'., k;, 

Sligllll > n 'du('cd Eas t Silwr i:1I1 and Bcrill l4 SI'a...; 
'J'llill l ll T in "()Ill C rc~i()lls shorl-tl'nn record 0111>' 

Hil(hn south('1'II (;r('enla nd: Ilt. change ill Cana cl a 
InL'n·;'>t·d ,,,ut ir ern (;n'cnl a nd 
Redtlced f Ca [J ,lda 
Red u ... ·" .\la, ka. C a nada. Sibnia 

. III/(//'ctir 

S l i ~' IIII : \\ <l I' ll HT. but 1l11ll'h \\'arllll'J' ()\ 'tT .\ man l i e 

Pl' lli n:-.u la 

C:"ldc r 
:'\(Jl cl' rt a in i llnT<:hcd ill 1': ;-1:-.1 . \ marrtica 

:\, 11 ~Tl a...,...,(·...,...,(·d 
\\ 'l'a k \\arm ilJi{ 

.\:1)\ IT l lt ] 

Il i .~ I l('r ('i\\ 1 D nJllll i ll~ ~Lllld Lalld 
Ikncased Dl'tIl1l1 il1 l; :\ Idud Land 
Rl'd tltTd .\Il I: IIT lir Pl' nill '-a!l(! 
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11 rller: Regiollal imjlacts olclimate change ill Arctic alld rllltarctic 

concentration a nd thickness, subpol a r sea-sUlface temper
at ures, subsurface polar occan temperatures, and high-Iati
t udc precipi tal ion. The sel of \·aria iJlcs in 'l ltblc I shows some 
ev idence o f recent changes tha t a rc consistent with those a n

ticipa tecl ri"om a nthropoge ni c innuences. However, th e only 

long records arc for surface temperatures, a nd eve n th ese 

are not long e nou gh to di st ing ui sh un a mbig uously th e nat
ural and anthropogenic inOuences (\\'alsh a nd o th ers. 1996). 

The Arctic 

Ch apm a n a nd \ \ 'alsh (1993) examined the climate trends in 

the Arcti c for th e period 1961- 90, using the climate da taset 
or th e Clim a te R esearch Unit o f the University or East An
g li a Uones a nd othcrs, 1986). Their a na lys is, as well as their 
upd a ted results for 1966 9.'J (Fig. 5), incii ca tes co nsiderable 

warming over the landm asses o f Eurasia a nd North Amer

ica, particularly in winter a nd sp ring. O wr the las t three 

c\ecades, trends o[ up to 1.5 C per decade hm"C been towa rd s 
hi gher temperatures. On the other ha nd , there are a lso 
smaller a reas or cooling or simil a r m ag nitude within th e 
Arctic reg ions, par ticularl y in the southern Greenland and 

Dm·is Strait a rea. Chapman a nd \\'a lsh co nsidered the da ta 

c{)\"Crage in th e Arctic Ocean to be insufficient to draw a ny 

dear conclusions. 
Apparently contradictory results abo ut climat ic trencls 

in th e Arctic are gi\·en by Kahl a nd othcrs (1993), who fo und 

"no sig nificant Arctic tempera ture increase during the past 

sc\T ra l decades", a nd Chapman a nd Wa lsh (1993) who 

fo und "di stinct warming O\"C r th e northe rn la nd a reas 
during winter alld spring" during tlw pas t sC\Tral decades. 
The problem m ay lie in thc dcliniti o l1 o r th e Arcti c. A widely 
accepted definiti o n is th at th e Arct ic regions a rc those that 

hm·e a seasonal or perennial sea-i ce co"er over thc ocean, 

a nd di scontinuous or continuous perm afrost unde rlying 

the land. This is a more meaningful , clim ate-rela ted defini
tion Iha n geographica l bo undar ies like the Arctic Circle. 
\\ 'hil e Ch a pman an d \\'alsb's results refer to th e broade r 

a rea defined a bove, K a hl a nd others' res ult s appl y to the 

Arctic O cea n only. 

In m a ny different pa rt s orthe wo rld , pronounced rcduc

tions in seaso na l snow. g lac ie rs, pcrmafrost an d sea ice hm·e 
a Iso bce n obsen·ed. In t he Arctic, th e fCJ ll owing obs(Tnlti o lls 
have been m ade. 

Sra-i ce rxtent in th e Bcring Sea has bcc n reduced by 

a bout 5°;') over thc last +0 yea rs, th e steepes t decrease 

occurring in the la tc 1970s (BESlS, 1997). Sea-ice extent 

has a lso decreased in th e East Siberian Sea. 

Sea-ice thickness, a sensitivc indicator o[c1im a tc change, 
secms to h avc decreased be twee n 1976 a ncl1 987, based o n 

limited subma rine reco rd s (\\'adhams, 1990). 

Glac iers ha\"!" ge nera ll y rcceded . with typical ice-thick

ness decreases of 10 111 m·er th e last +0 years, but some 
g lac iers ha\T thickened in their upper regions (BESIS, 
1997). A warming of" 1 C, ir sustained, appears to redu cc 
g lacier leng th s by a bout 15°/" . 

Borehole measurements in continuo us permafi·ost hm'C 

shown warming o f up to 2~+ ' C (L ac he nbruch a ndl\lar

sh a ll , 1986). 

Discontinuous pcrtna!i'ost tilroughout Alaska has 
wa rmcd, a nd so me of it is curren tl y thaw ing from the 

top a nd bottom (O stcrka mp, 199+). 

5+8 

Cyclone a nd anticyclo ne freq uency has increased O\"('r 
th e Arctic be twee n 1952 and 1989 (EvcreLt a nd o th ers, 
in press, sect io n 3.2). 

Annual snow fa ll h as increased during th e same period 

by abo ut 20% o\'er nortbern Canada (north 0[" 55 N ) 

and by a bout 11 'Yt, 0\"Cr Alaska (Ewrett a nd others, in 

press, sec tion 3.2). 

The ;l\·a il a ble dat a a lso poi nt to " m ore v igoro us a t m o
spheric circ ul a ti on associa ted with a decpening oC bo th the 

Icela ndic and Aleutian Lows (I\Iaxwell, 1995). The primary 

reason for a warmer climate in the western Arctic, for 

exam ple, is that 1110re so uth erly 0 011' occ urs in winter 
cou pled with less nor th erly [l ow orcold a ir fi·om Siberia. Si
mil a rl y, the coo ler c lim a te in southern Greenland is most 
likel y related to a sh ift in th e circumpola r wm'e pa ttern with 

increased no rtherl y now in that region . \\'he ther thi s is trig

gered by tbe g reenhouse efTect is not clea r a t present. 

The Antarctic 

Analyses or tcmperature trends in Anta rc tica from 1966 to 

1995 ( Fi g. 6) hm-c bee n carri ed out by W. L. Chapman and 

J. E. Wa lsh (unpubli shed informati on ), simil a r to tbe Arctic 

a nal yses discussed ea rli e r. Strong warming in winter a nd 
spring (up to 0.75 C pcr decade ) occurred m·er th e Antarc-
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Fig. 7. 11 'illler ( Juue , JUgUlt), SlllIIlIle! ( Decelllber- Feb 1'lI 

al)' ) alld alllllwl /emjJera/llres ill l jll/arctira (65 9(), S). 

The data [01111' Ji'01ll the lalld-based (oll/pi/atloll if JOlles 
(J9.W; alld are eI/mssed as allomalie,lji-olll 1961 to 1990. Sta
lioll dataforallllllaltellljJemlllrf.~for the SOllth Orklll)'.\", Fa/"{(
(frO' allri l\1rJIurrio also illclude fI/Jedilioll rnordsJrolll 1111' 
late J890s al/d the FNOs. The smoothed lilies are based 011 
JO)'ear (;allssialljilten. 
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lic Penin, ula and mTr much orlhe inl e rior orlhc cOl1lincl1l 
during- this period , In summer and rail, ho\IT\TL cooling- or 

up to 0.7,) c: per decade took place mTr t hl' e nt i IT cont inenl. 

'lh:,nds anah-zed byJol1es (199:) sho\l' II'a rming at the South 

Orknn's since 190G; at hlraday (,\lIt a rnic Peninsul a since 
the 19 10s \I hen reco rci s started there; and {c) r th e entire COII
tilll' lll in \l'inter but not summer, sinn' till' Int ernational 

Geophysical ' car, 1957 5B (Fig, 71, While the i\ntarctic ha s 

not ex perienced m ,uor changes in t he mass balanct' o[ it s 

large ice shee t or it s sea-ice ex te nt ancltilicknt'ss, it has lost 

larg-e ice masscs frolll it s ice shc-kes in recent decades e,g, 
ROll alld ot hIT" IC)9G, Other obs(T\Td changes I EW'lTll 
and (.t hers, in pres, 1 a IT as {clllo\l's: 

Sign ificant increases in precipitation (In' 5 10 0
0 \ mTr 

th e S,tIll(' time prriocl, 

Brea k-up 0[' th e Larsc n and " 'o rdie Ic e Shekes in th e 
i\nt arClic Peninsula area, and discharge or cnormous 

icebergs rrom the Filchller and Ross Ice ShehTs, 

Large increases HBO 111111 a I ) in the \l'ater InTlor lakes 

in tile l\ld\lurclo Dry\ 'a lleys, 

,\ reduction in the ice Co\Tr or th e lake, in the Dn' 
\ 'alleys Lake Hoarc by 20 cm a 1 sincc 1977, 

These changes ma>' be due tn man) dilli: rent {;lctOrs, hO\l'

e \T r, ancl ['uture impact s must be analyzed through proper 

impact assessments or climate change, as described in the 

next sect ion, 

IMPACTS OF CLIMATE CHANGE 

Impact assessment 

Regional assessml'IllS of impact s due to g lobal climate 

change han' Ill'come a hig h priorit y on the international 
ag-enda orthe In ternational GCOSphl' IT Biosphere Program 
( IGBP1, the \\ 'orld Clim a te Researc h Prog ram anci the 

Humall Dimensions Program or global changc, Impact 
assesslllents prm'idc an excdlent Illeans or illtrrdi sc iplinary 

analysis and sy nthesis; this is one or the reaso ns \l'h>' both 

the LTS, and Canadian global-change resea rch programs 
110'" put grea t c'mphasis on them, In the c nd it i~ tile impor
tance oraddressing the regional impacts orclimatic change 

on soc iet \' t hat underlies our fUlldam ental CO IlCtTIl about 

global change, The IGEP (1991 1 prm'idcs a good rationale 

[Clr this regional cm phasis: " Fi rst, the resea rch nceded to 

dnTlop a g lobal perspectiYe demalld s that reg ional diJkr
('nCTS in characteristics such as bingcograph) and climate 
be taken into considerat ion, Second , t he goal or a practical 

predict in' capabi I it y lor global ellvi rollment a l change 

makes it necessa ry that thi s ca pacity be de\T loped [clr di s

t inn sllbcontinental regions, Global change predic tions \I 'ill 

he or g reatest \ 'a lue to decision makers Oil a regional bas is, 
and ir sc ientists ['rom throughout the reg ion arc innlkeci 

from the start in the processes throug h ,,'hich change is 

gt'nl'rat ecl." 

No comprehensi\T Arctic regional impact assessments 

h<l\T been at tempted to date, with the possible cxceptioll or 
thc Canadian .\Iackcnzic Basin Impact Study (Cohe n, 
1(97), HO\lT \Tr, synthesis efforts to assess regional impacts 

in the i\rctic (Barcnts Sea and Ikring Sea ) hmT beg un 

under the auspices orthe Jnternationa l ,\rctic Science Com

mittee (BESIS, 1997 ). Criteria [or the selec tion ortlwse t\\"cl 

regions included their importance as (Tonom ie zones and 

r I dIn: Regiol/al illlj){[c/\ q/cI illlall'Cl/(/l/gl' il/ ,1 rei it alld J I/Iarelic 

\l'c<lther g-c ncralors, a nci sc nsiti\ 'ity to climatl" as IITII as 
t hc preSC I](,(, o r local nat in' populat iOlls, rcgiona I sc ient ific 

expertise, resea rch ga ps to he addrt,ssccl and the m 'ailability 

oj' pote ntial runding to adcltT,s tilesc iss ut's, ~() compreht'n

siH' ,\nt a rctic climate impact a"l'ssmcnts han' hecn carried 
out to till' author's kl1(l\\ kcigl" 

Int erclisciplinary impact asscssmcnts arc a difTicult un

d e rtaking, and questions that hmT ariscn concernlllg the 

nalure orthe impact ass('ssments include: 

1. " ' hat arc th e tim('-sca!t-s fClI ' ,,'hic" thc impact asse,s
nu' nt ' , hould occur:) 

2, " ' ha t arc the space-sca les) 

3. Who a rc th e potential user, , takeholders \I 'ho mwld 

hc nciit f'rom impact a"essmentsJ 

1. " ' hat arc the problelll s and iss ues fiK ing the stakc
holders) 

Time-scales 

Dilj(-rcnt time-scales hmT bcen consiclered to be important 

fi)r the impact assess m e nt s e,g, ,\RCL'S, 1996 1: 

I. Seasonal to interannual I :1 years, Thi s conTs th e 
E:,\SO time-frame " 'here sOllle IClrccasting ability ('x ists, 

2, i)ecadal 120 \Tars ). This is the tim e-sca lt' of' immcdiatc 

pracl ical concern to stakehnlclcrs [clr whom longer 

time-scale, art' orlittle practical \ 'aluc, Preciictiolls OH'r 

thi s tim e-scale arc consicierably more dilTicultthan OH,\, 
t Ill' I :1 \Ta I' t i mc-sca le, 

3. Ct'nt ury 100 years, This is the g rcenhousc-c1kct time

sca le or interest to sc ientist s and c limatc modelers, and 

the tim e-sca le Ic)!' sig nificant human impact s or suc" 

proccsses as sca-!e\T I cha nge a nci so il-kn i lit y cha ngc, 

' I. Longn-term, SOllle CnrClS ofgloiJ<l 1 changc ( c,g, bin-ac
c umul at io n or cout a mi na n t s ) \l'i 11 he le: It o\Tr t hcsc t i m('

sca les and must 1)(' considereci in impact a ssessments, 

Space-scales 

The scope orilllpan asscssmellts ideall y shouldlw pan-,\rnic 
or ,\ ntarClic. but bccause thi s is a eOlllplex undertaking thcre 

should bc, initially a t least. a [CKlIS on smaller regiom orpar

tieular interest. Such region, can 1)(' idcntified on the basis or 

climatic a nomalies, lilr cxample, among other paramcters, 

" ' hile most ofthc ,\rctic I<lnd masses han' experienccd con
sidn,l bit- 11'<1 rill in g onT t he I ast {i' II ' decacics, t hl' ea,tcrn pa rt 

ofC:anada and southern Grcenland hmT coo"'d, ' I'he circum

polar \ 'or\cx ancl planetary waH' pattlTn not only influence 

thest' climatic anomalies but a lso afTc:ct pollutant transport 

in thc <l tmo, pherc and should he considered in choosing 

appropriatc arcas 1'01' impact aSSl'ssmCl1ls, \\'ithin a partic ular 
reg ion, ho\\eHT, orographic and coa'tal influe nce, result III 

sig nili ca nt \ 'ariations O\"(T scaie, 0[' lOO III or less, 

Users/stakeholders 

'1'''" USlTS anci stakeholders w ith inteTl'st in the imparl as
sessml'nts "an' sOlllctimes hccn identified as {c)lIo,,'s ( c,g, 

, \RC: US, 1997 ): 

I. Resident s, Thi s category is l1los tl~ ' reln 'ant to th e ,\rctie 

and i ne 11Ides i nciigcl10us and ot her pcople, bot h rura I 

and urban, Indigenous pcople [~lc e threats or chang-es to 
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" fl/er: Regiollal illlj}([cls ojclill1ale challge ill . I relic alld f lll larclic 

t hei I' traditi ona l hunting/fi , hi ng/subsistcncc likst yles 

whcn snow, sea-ice a nd perm afi'os t co nditions cha nge. 

Changes in oth er li " ing conditi ons (e.g. housing, tra ns
po rt a ti on, health, sa nit a tion ) will a fkct a ll Arcti c res i
dellt s. 

2. Users o f' po la r reso urces. These include local as \\'e ll as 

di sta nt conSLlm e rs, a nd industry utili z ing th e reso urces, 

bo th rencwa ble a nd non-renewa ble. 'The Arctic is a n 
import a nt g lobal source o f' pc troleum a nd fi sh , and th e 
l\l1la rctic fCl r fi sh a nd krill. Oil a nd gas lTsl'r"o irs ex ist 

in Russ ia, Canada a nd Al aska, a nd th e Berin g Sea rc

m ains o nc of the world 's m ost impo rta nt fi sheri es. 

Cha nges in th ese regio ns wi 11 a lTen product ion, t ra ns

pOI·ta ti o n. a \'a il abilit y a nd cos t o f th ese reso urces to th e 
loca l a nd g loba l communit y. 

3. Ecosys tems a nd \\'ildlilC. These a rc sta keholder s, too, 

since cha nge will a ffec t th em. A cha nge in climate will 

ent a il cha nges in the suppl y of nutri ent s a nd ene rgy. 

TheTe m ay be furth er huma n encroachment s a nd distur
bances of ha bita ts a nd ecosystems, a nd increas ing con
tamin a t ion m ay han' g rea ter clrects. 

+ Globa l community. No t o nl y will acccss to po la r re

sources and th eir cost a fTcc t the g loba l communit y, but 

ot h r r cha nges in the po la r rrgions will a lso ha\'(' g loba l 
consrquences. This inc ludes sea-I C\TI ri se due to th e 
melting o r g laciers and ice shee ts, a nd po la r fe t'dback 
processes (a lbedo, clo ud s, t race gases, th erm oh a line c ir

cu la tion, e tc.) on the g loba l c lima te. 

5. Future peo ple/ge nera ti ons. :-'la ny o ther stresses o n th e 

g loba l communit y \l'ill a lso a frrc t future ge nerati o ns li\ ·
i ng in th e A rel ic. ThcsC' st resses inc lucie ri si ng popul a ti o n 
pressure, de ple ti on of reso urces such as wa te r a nd so il , 

increased po llution a nd cont a min a ti on, a nd reduced 

biodi \'(Tsit y a nd cultura l di"ersit y. 

Polar-regions impacts 

Based on the IPCC assessm ent (\\'a tso n a ncl o th ers, 1996, 
chapter 7 o f' \\'o rking G ro up II I for a 2 x CO 2 scena ri o, 

th e foll owing changes a nd assoc ia ted impac ts o n the po la r 

regions a rc likel y, li sting th e deg ree of confidence in th ese 

predicti ons. 

550 

Pronounced reduct ions in seasona l sno\l', pt' rmafi·os l. 
g lac ie r and perig lac ia l lCa tures with a co rresponding 

shift in la ndscapr processes (High C onfidence ). 

Increases ill th e thickn ess o f' th e aeti "e layer oC perm a

frost a nd th e di sappea ra nce of most o f the ice-rich di s
CO llt i n uo us perm a fi 'os t m'C r a ce nt ury-I ong time-spa n 
(Hig h C onfidence ). 

Disappea ra nce of up to a quarter of th e presentl y exi st

ing m ount a in g lacier m ass ( t-.Icdium C onfidr nee ), 

Less ice o n ri \T rs a nd la kes. Freeze-up da tes \l' ill be de
layed , a nd brea k-up will begin ea rli er. The ri " er-icc 
season co uld be short cncd by up to a m onth ( ~leclium 

C onfidence ). 

A la rge cha nge in the ex tent anclthi ckn ess of sea ice, no t 

only from \l'a rming but a lso frolll cha nges in circul a ti on 
pa tterns o r both a tmos phere and oceans. Therr is likel y to 
be substa nti a ll y less sea ice in the pola r ocea ns ( ~lcdiuIll 

Confidence ). 

As a res ult o f th ese cha nges in the cryos pherr, the fo ll owing 

impac ts on other systeIll s a rc expected: 

\\'ides preadloss o r d iseontinuous perm a fros t \l'ill t r igger 
eros io n or subsidence o r ice-rich la ndsca pes, change hy
dro logic processes, and re lease carbon dioxide (COJ 

a nd Ill e th a nr (CH I) to th e a tm osphere (High C o nfi

dencc ). 

C ryos pher ic cha nge w i 11 red uce slope sta bi lit y a nd 
inc rease th e inc idence o f na tura l haza rd s fo r peo ple. 
struct ures a nd com lll unicati on links. Buildings, o ther 

structures, pipelines a nd comIllunica ti on links w ill be 

t hreatcned (High C onfidenc e). 

E ng ineering and agricultura l practices will need to ad
just to cha nges in sno\\·. ice a nd pt' rm a rros t di stributi o ns 
(H ig h Confidence ). 

Thaw ing o f' perm a fros t co uld lead to di sruption o f' pe t

rolrUIll production a nd di stribution sys tems in th e tun

dra, unless mitiga ti on tcchniques a rc adoptrcL Reduced 
sea ice m ay a id ne\\' ex pl o ra tion a nd p roduc tio n o r o il in 
th e Arctic iJasin (High Confidence ). 

Impr()\'('d opportuniti es for wa ter tra nsport , to uri sm 

a nd trade a rc ex pected from a reduc ti on in sea, ri\ 'C' r 

a nd la ke ice. These will haw import a nt implica ti ons fo r 

the pcople a nd economi rs o f th e A rctic ( ~kdium C o nfi
dence ). 

Problems assoc ia ted with pe rm a rrost th awing could be 

pa rticula rl y Se \TlT, a nd dese n T spec ia l a ttenti on in the Arc-
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Tab/I' 2, Pl'Ojl'l'/l'{/ illlfl({{!.\' dil l' /0 ({ 3 c: 1(,({ l'lIIillg o/fJl'rllI({ 

./i'O,I/ 

(.1I1I/illlllllll/I//lIIII/IIII//l'llaill /) il(lIlI/illllolll/II'IIII(I/i",/ 

lOll/ill 

, \ ()lII ' I. ml' . \ /or/{'I- S('l'('J(' 1.lIlt' . \ /o"tT- Sane 

Tit"" I"ke, 
C:o;htal pn){T":-'(,~ 

Enl iall ,wli,"ity 
\ "t'W' lalioll 

,\ni \c' Liyer Ihid' Ill"".., 
l'"n n,,,j''''1 Ih ,,,, illg :-\ 

t"hlt' alld h",, ' 
'I'h;\" ,,'((It'lll l'1I1 :-\ 

Slop" imla hilil " :-\ 
Ero:'l ioll 

Solillunillll 

1':l1gi lll'('l'illg imp;ll'h 

(f/f' (flf' 

:-\ 
:-\ 

:-\ 
:-\ :-\ 

:-\ 
:-\ 

:-\ 
:-\ 
:-\ 
:-\ 
:.; 

ti e. The temperat LlIT profil e a t Hea ly, Alaska , near D enali 

Park ( Fi g, 8), is typical of much o f' Al as ka , a nd illustrates 
t hc warming or the permafrost. The mean surface temper
at ure is \\ 'a rlll er than - I C , a nd th erlllokarst is dC\Tloping 
in man)' areas, The l\rcti c a nd sub-Arctic la ndsca pe co uld 

undergo substantia l la rge-sca le changcs in the di scontinu

ous pcrmafi'os t zo ne that undc rli cs much of Al as ka , Canada 

a nd Siberia, Permafros t mclting in Ihe i\ l acke nzic Ri n'(' 

catchment area , ft)r cxample, has already led to \\'idespread 
ri\T r-bluf[ lands lides a nd eros io n I Cohen, 1997 \. 'EliJlc 2 
shows the scve ri ty of' likely impa(,t s, 

Socio-economic impacts 

Soc io-eeollomic impact s ca used by climate cha nge co uld in
clude th ose li sted in T'lble ~1 ( BESIS, 1997), :-'Ios t or thcm 
a ppl y to thc Arct ic o nl y, 

Antarctic impacts 

Thl' Anta rctic is less ndl1erable than th e Arctic, because of 
til l' greater sensiti\ ' it y a nd morc fragile ecosystc ms oC th c 
la tt er, and bcca use there arc impacts on traditionallilcs (yics 
o r indige nous pco ples in th e Arctic. Climate changes arc 

a lso ex pec ted to be smaller in th e Antarctic, " ' hil e littl e 

cha ngc is expccted on thc Antarctic continen( 0\'(' 1' thc I1cxt 

,')0 years, clima tic cha nge in the So uthern Ocean co uld 
result in m cuor impact s, IiJr example: 

Changcs in th e ex tent and durati o n o f' sea ice \\'ill alfec( 

the entire Antarctic m ar ine ecosystcm , including th c 

di stribution , mass and hal'\'cs tabi lit y o{'krill. 

Changes in w ind streng th , till' c rrec(s o n the Antarc(ic 
Convergence, a nd the currcnt sys tem o r (he Southern 
O('can m ay aITe-et t he product iv it ), of' t he ice-ccigT zone, 

Pe rm a (j'ost and g laciers a re present in Antarctica on 

son1(' sub-Ant a rctic isla nds a nd their th aw ing or melt

ing, respectivel y, m ay arrcct so il a nd \'Cgc(at ion , 

\\ ' h il l' it is ex pcc ted that (he sea-i ce edge \\'i II re( real 
southward (Jacka a nd Buclcl , 1991), fe-edback mcchani sm s, 

including upper ocean structure and pyc nocline depth, \\'ill 

likely adjust th e impacts ofchangcs, 

No com prchcnsi\,(, regiona I i m pact st ud ies ha\'C been 

I1 eller: RI:S; iol/({/ illlj)({{/s q/dilll({/I' (/irlllgl' ill .1rr/i( alld . 111/arr/il' 

pnrormcd in ,\nt a rctica, but it has been sugges('d th a t a 
good candidat e region lI'ould be the r\nt a rcti c Peninsula/ 

\\'ee!cldl Sea a rea, C li ma(c \\'a rllling a ne! icc-shell' di sin

teg ration han' bce n oiJse )'\ 'C'C1 (hc re, The "'ee!e1dl Sea S\ 'S 

tem, i, e, the reg io n bound by (-;:J '" a ne! 0 long itude a ne! 
GO S and in S latitude, has a spe(, ia l place " 'i(hin '-\lllarc
ti ea, It c()ntaiil.'; o ne of'the I'lrgest ice sil ckcs in l\ntarct ica, 
II'hi ch is kno\\'n to interact in particular \\'ays lI'ith th e un

derlying occan through thc f()('(ll(ll io n of' marine icc o n it s 

1()\\T r boundary, Th e " 'eelelell Sea is th e region co nt a ining 

percnni a l ,ca icc of' the largest extelll in ,\n larc tica, The 
\\'cddell C)TC, a cyc loni (, current S\'s(e lll, regulates \\'at('(' 
a nd sea-i cc trans por t in tllc \\ 'edd(' 11 Sea, :-'I a rin e liCe is \TIT 

actin' in the \\ 'cddc11 Sea, co nt a ining enormous stocks of' 

phy to - and zoo plankton, li sh. bcnthos, pcng uins, sea ls a nd 

bird s, \\' hich a ll depe nd Oil the oceanic a nd sea-ice condi

tions in th e " '('ddell Sea, K atabati c winds ofT' t he ice sheh-cs 

('('eate coastal po l)' nyas a nd enhance sea-i ce g rO\\,th in front 

or t Il e ice shek es, This in t urll leads to th e cha in or processes 
\\'hich res ult in th e format ion o('marim' ice underneath th c 

Filchner-Rnn ne Ice Shclr ( La nge and :-'l ac. \ \Ta I.1 9R6 " 

CONCLUSION 

Regiona l asseSS111C 11lS or i m pact s du e to g loba l cl i mat c 
change arc rccci\ 'ing in(')'cas ing atte ntion in th e int crtl<t-

Trtble 3. .\'o(io -l'I'o llollli( illlfwdl dil l' /0 clil//a/e ch({nge ill 
l'al'ioll ,I .ler/OI',1 

(i) J.i'I//('/i/l : 

Chilllge:-. ill ()l'l';tn pnlfiUl'li\"i l> [t)("tli()Jl. , "ol ullll' and "pc(' ic"i 
Chllll~(,~ ill (l1l(lc\),OlllIHl\ fi ... h prodtlcti \-ity a ll d Ill f: lrkt 'h 

Sl',ili)ocl alld li ... h illdtl "' l r~ han"c'tcr ... a nd pnHTS\ol" lillallcial"'lrc"c, 
Stl"l' ...... c:-. (Ill illclll "l r~ Il'nders ilnd ('q lliPlllt ' lIl Ill (lllld ~ lctllr(' r ... 

I ,{IS:" td'li ... hillg illdll :-. lrY .if,ly, and :-> Uppfl rt ... en-in:" 

(ii ) Oi/lllldglll: 

PJ'obklll '" or m <:I n-Illi1dc st ructure, pipel incs. (' I C. ill 1ll{'llill~ plTlnafl"Os l 

tl 'lTain 

im pn'H'clron' lrllctilJll arlcr lhl · l l1l·l!iIH.~·() rpt'rlllafi ·t ) .... t 
Illl pro\'l-d ollsIH)f'{' c;.; ploral i()n alld pn ldut'tioll \\ it h Ic.:ss ",(,<1 icc 

I mTl 'lI'wd (1In'oH s "l'ollllTOS i OI1IC1 coas lal ill :-' lallaliulls 

'rhrc<I\s to lu\\ ('1)""lal ill ,ta llaliu ll"dul' III hi g'hcr ""(j In·c l ... 

( iii ) (:01 '1'/11/1/0//: 

Red uctioll ill 11)1'(11 ilH'OIllC a nd Il l'ed fill' higlH'1' subsidics to IllClilll ' lill 

"tallclanl" ofli\'ill l{ 
Creatcl' ill\TSt J11CIII Ilccdccitu CO III hat ri ... illg' ... ('a Ie\cl. Ih;l\\ ing' uf' pt'rma

rnlst 

Pn", ibl (' net'd 1;)1' g rc;l1tT in\Tstlllt'Jlt ill health .q· ]y il'l· ... 
Recoll st ruCl i, III Cl I'l-s or g-I )\Trllll1('1l1 i nli'<\s t rUl'\UIT 

( iI') SlIbli 1/1'11/1' III/d /1I((d "(01111111(: 

Illrrl'lt st'd ('oaswl \ illagT ('('(J IHlIllY problem s 

Change illl'lI l'rg'Y-lI :"!c pattcrn duc III c1imatc rhangl ' 

Efli T h on s uhs isll'IH'C (TUIlOIllY 

Rdocal ion nf' pllplllatilllls dUSt'!' (1) 11l'\\ ... uhsisi<' IHT 11"rn', ( ,nurct':"! 

Prohlem :,,> ofcCI;t ... lal Lllld il11111Cl;.Hioll and ITosioll 

(1') (;(l/I\/r{lr/ioll fllld /m IHjJOrlflliflll: 

'1'1\ (1\\ ill i{ plTnlil f'rl):-1 dli~(' h ,)11 huildings. ro .. d .... airport s .... ('\\ 'agt'. utilities 
Elkl'l s on i'r(',sh\\(l\(T I'('St)l I]'( TS. ]lo lahh- W<llr)' 

Sln '( "ll l' r()~ i ()n dkCl ~ bridges 
11llpr()\'l'd shi p tntn .... pon du l' to Ic ';s s,'a in ' 

Po, s ihi li( ~ o/'t rans-.\n 't ic sh ippin g' \\ ilh I ('~'" :-ea in' 

(I'i ) O//m: 

Imparts on in,"'lI rallcl' industry and COsh \" the in ... un'd 
Changes in \\o)'ld markcts and n 'so ll \'{ '(' pri ces 
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I1 eller: Regiollal illl/)({cl; q/l'iilllale ('/wl/ge ill Arcli(' alld . llIlarclic 

tional global-change agenda. In the end, it is the impor

tance of addrrssing the impacts on socirty of rC'gional cli
matic change that underlies our fundamental concern 
about global change. Despite many unccrt a intirs, impac t 
assessments prm'ide a n excdlent means of interdisciplinary 
analysis and synthesis of change; thi s is the underlying 

philosophy of all ongoing st uclies of this kind. 

While some data a rc m'ailable on the physical and biolo
gical consequences of climate change. kll' reliable data exist 
to assess the impacts or climate change on economic acti\·
ities. Future projections are dilTieult due to the many addi
tional complex factors that a lso ant-ct regional economic 

pC'rformance. It is clear, howC'vcT, that not a ll impacts of 

climate change arc ach'erse. In many instances, clim ate 
change Illay lead to initial problellls, as in th e casr of" man
made structures on tha\\'ing pcrmafi'ost, but once perma
frost has di sappeared , whieh may take considerable time, 
construction on [rJrlller permafi'ost terrain will be g reatly 

simplified. Successful fut ure ad aptat ion to change depends 

on technological advances, instit utional arrangemen ts, 
availability orfinancing a nd inform ation exchange. 

i\lany other problems remain in adequately assess ing 
climate impacts in the polar regions. Data sources are 

sparse, particul a rl y in the ocean, and analysis and sY llthesis 

dTorts Illllst bring the diH'rse data and information se ts to

gether. Additiona l ficichmrk is needed in some areas, 
though th ere a rc man)' existing a nd planned research pro
jects. Future workshops must lead to iteratin' improvl'ments 
of' t he e lltire impac t-assessment process. \\ ' hile some impact 
assesslllents have begu ll in the Arctic, there are not yet allY 
such stuciiC's in Antarctica. 
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