
J ournal oJ Claciology, Vol. 42, No . 142, 1996 

Prediction of possible changes in glacio-hydrological 
characteristics under global warm.ing: 

southeastern Alaska, V.S.A. 
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ABSTRACT. We use the W e th era ld and M a n a be clim a te mod el to predict th e 
res ponse of mo unta in glac iers to a doubling of a tmospheri c ca rbon diox ide. The 
res ponse is measured in terms of a cha nge in th e equilibrium-line a ltilUde (ELA) a nd 
th e g lacier terminus a ltitude (GTA ), net acc umul a ti o n- a bl a ti on on th ese altitudes a nd 
th e melt runoff fo r 12 mountain-glacier regions in so u theas tern Alas ka , U .S.A. The 
me thods we use involve ex tra polating clima te-model tempera ture fi elds to a glacie r 's 
loca tion , and empiri ca l- statis ti cal rcl a ti onships be twee n air tempera ture a nd 
percentage of so lid prec ipita tion, a nd between summ e r a ir tempe ra ture and a bl a tio n 
a nd melt runo ff. Our stud y shows tha t, unde r g lobal warming, glacia tion in 
southeas tern Alaska will not di sappear, but mass exc hange of g lac iers will be more 
intensive and th e ELA value will inc rease by 300- 760 m, depending on the glacie r 's 
di stance from the ocean. 

INTRODUCTION 

Sin ce a ll g laciers react to temperature cha nges , we 
became interes ted in foresee ing th eir future under a 
possible globa l temperature increase caused by g rowth of 
CO2 concentra ti on in the a tm osphere. If th e present 
g rowth ra te of ca rbon-fu el combustion is sustained , an 
a nthropogeni c wa rm spell is ex pec ted to continue for the 
first 50 years of th e 21 st century. 

T o eva lua te th e d egree of eh a nge associa ted with this 
poss ibility, wc chose the south easte rn pa rt of Alaska, a n 
a rea noted fo r th e highest co ncentra ti on of mo untain 
g lac iation in th e temperate zo ne. This glacia ti on ta kes a 
wide va riety of fo rms, the ma in o nes bein cr glac ier fi e lds, 
re ti cul a r mounta in shee ts and va ll ey g laciers. 'N e have 
a lready forecas t (An a nicheva a nd D avid O\'ich, 1993 ) th e 
way Alaskan g lac iers ma y res po nd to a global tempera
ture increase in th e earl y pa rt of th e 21 st centLlry, using 
th e M . Bud yko model (Bud yko a nd Israel, 198 7) . H ere 
wc a ttempt to predict glaciologica l processes in south
eas tern Alas ka in th e case of a d oub led CO 2 concentra
ti o n (2 x CO2) , expected to occ ur in the second ha lf of 
th e 21 st century. 

CLIMATIC SCENARIOS 

Of seve ral ex isting clim a te-evolution scenari os we have 
chosen the one d eveloped by VV e therald and lVIan a be 
( 1988), the GFDL scena ri o (Geoph ys ical Fluid D ynami cs 
La bora tory of NOAA, Prince ton ) . Th e rea ons fo r this 
cho ice a re th a t compared with o th er GCM (Global 
Circul a tion M odel ) scena ri os it pays regard to th e la rges t 

numbe r of \'a ri ables, a nd tha t it seem s es pec iall y suita ble 
for r egio na l applica ti o ns because of a high degree o f 
reso luti o n , the d a ta be ing on a re la ted 4.5° la t. x 
7.50 lo ng. grid . Th e m od el gi\'es output meteo rolog ica l 
pa ra m e te rs for I x C O 2 and 2 x CO2 situa tions; th e 
form e r refers to th e end of the 1950s when the CO2 

content in the a tmos ph ere was measured. \Ve also d eal 
with o bse rva ti on a nd ca leul ati on d a ta co ll ected during 
the compila tion of th e \Vorld Snow a nd Ice Resources 
(\\'AS IR ) Atlas (K o tl yako\', in press ), and th e d a ta 
includ es a peri od fr o m th e 194 0 5 to th e 197 0 s, 
co rresp onding to th e tim e of I x CO2 , 

Th e W etherald a nd M anabe mod e l, as well as o th e r 
GC l\ [ models, gives m ean monthl y \'a l ues of meteo ro lo
gica l o utput da ta only a t ce rtain coordin a te points, whi ch 
mea ns th ey are ra the r spa rse, and nea rl y a lways fa ll o n 
non-g lacia l areas. So we have to tra nsfo rm th e scen a ri o 
into iso lin e maps o f th e mos t impo rt a nt clim at ic 
pa ra m e ters for both g lacia ti on and m e lt run off. 

T o so lve th e problem we use ma ps wh ere tempera tures 
a re redu ced to a ce rtain con. tant leyel , fo r exampl e sea 
level or a middle-of-m o unta in-region he ight. Such m a ps 
have been successfull y used since th e 19 th century fo r 
in ves tiga ti on of clim a te-fo rming processes. For us th ey a re 
the b as is for another tas k: to determine spa ti a l distribu
tion of a ir tempera ture fo r moul/tain regions, cha racteri zed 
by a sp a rse meteo rologica l-sta ti on ne two rk. In compilin g 
such maps, we in no way substitute rea l mountains b y 
pla teaus. Since the a ltitud e fac tor in th e mountains is a 
leading onc for a ir-tempera ture cha nge, a n exclusio n o f 
a lti tud e re\'eals th e rem a ining fac to rs (spec ifi citi es o f 
atmosph ere circul a ti o n , o rograph y, g lac ia ti on. inOue nce 
of neig h boring seas and ocea ns, e tc. ) more di stin c tl y. 
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That is why the reduced m a ps automatically show 
changes of horizontal gradien ts in any direc tion. So we 
a re a ble to ex trapolate tempera ture va lues to any height 
with the help of the vertical gradient, and ob ta in verti cal 
temperature profiles at any point within the a rea studi ed 
with minimized errors. 

We averaged the Weth erald and Manabe scenario 
data fo r air temperatures to m ean summer U une- August) 
values and then adjusted them to a constant altitude of 
1000 m a.s. !. As a result we have compiled a series of maps 
for I X CO 2 and 2 X CO 2 si tuations and for th e 
difference between them (Fig. I ). Th e adjustment is 
made wi th the help of ve rti cal temperature gradien ts 
ca lculated over the tempera ture- a ltitud e dependency : 
Ti = f(H.;), where T; stands for mean multi-annua l 
tempera ture of i meteorological station, and H i for the 
meteo rological station's eleva tion . For this purpose, data 
from 30 ground meteorologica l stations and four aerial 
stations in th e U.S.A. and Canada within the whole 
period of observations are used . 
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Fig. 1. DijJerence in T S1lll1 at 1000 In a.s.L. in the 1 x CO2 

and 2 x CO2 situations . Circles show grid points oJ 
Wetherald and Manabe scenario . 

In summer, the verti cal temperature-g radient flu ctu
ations decrease appreciably, which reduces errors to a 
minimum. For example the root-mean-square gradient 
dev iation does not exceed 0.05°C per 100 m in the areas 
und er Pacifi c O cean influence, 0 when the difference in 
altitude is 1000 m, errors in a ir-tempera ture determina
tion by these gradients a re no more than 0.5 °C. A"erage 
values of gradients were obtained separa tely for th e areas 
of oceanic, continental and tra nsitional climate types. 

Th e average values obtained ap pear to be 0.5°C per 
100 m in oceanic climate areas below 1500 m a.s .!. , and 
0.6°C per 100 m for those a bove this level. The equ ivalent 
values for gradient in continental climate areas are 0.6° and 
0.7°C per lOOm. In transitional ones it is 0.6°C per lOOm 
for the whole altitude range (see footnotes to T a ble 1). 

Figure I shows that, according to the Wetherald and 
M a na be scenario, the maxi m um growth of mean summer 
temperature ( T S1lll1 ) wi ll inc rease southward in th e 
direction of the Gulf of Alaska, i. e. the area of intensive 
cyclon e ac tivit y and typ ical oceanic climate. Th e 
maximum increase of T S1lll1 (up to 4°C and more) occurs 
in th e northeastern part of th e Gu lf and adjacent areas, 
i.e. where mountain glaciation is abundant. 

As soon as we have th e m a p of the T SWll difference 
(Fig. I), we can make verti cal profil es of the predi cted 
yal ues of T Slllll at any poin t. H ere we assumed tha t th e 
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vertical gradi ents of a ir temperature wou ld not change 
from the I x CO 2 situa ti on, i .e. , the changes in T SlUU 

rem ain the sam e within the whole lower layer of the 
troposphere. 

Along with air temperature, the amount of solid 
precipita tion is one of the prin cipa l parameters d e termin
in g glacier regime and melt runoff. However, th e 
W etherald and Manabe scen a rio outputs total precip
itation. All the existing me th od s of calculating solid 
precipita tion are based upon th e relationship between 
so lid precipitation and air tempera ture. Unfortunately, 
most of those methods are a pplicable only in certain 
regions; for example, the well-known Cehak-Trock (1958) 
formul a was d erived from d a ta obtained in vVestern 
Europe and could not be a pplied to other physical
geographical conditions since it was developed regardl ess 
of the climate's continentality /oceanity degree, topogra
phy and eleva tion. These factors a re considered in the 
m e thod proposed by Bogdanova (1976). This u ses long
term empirical data on monthly correl ations b etween 
proportions and a mounts of differe nce types of precipi ta
tion as they vary with altitud e level, mea n monthly air 
temperatures and continentality /oceanity degree. The 
m ethod is developed on a ll avai lable meteorological 
observations in va rious ph ysical-geographical regions 
( the data for mountain region s, obtained at 65 stations 
a bove 1000 m a.s. !' ) . Proposed general (not related to 
specifi c locations ) dependency en a bles a monthl y and 
subseq uently annual va lue of so lid precipitation to be 
calcula ted. Using this me thod , th e rms d evia tions 
be tween actual and ca lcula ted so lid-precipitation propor
ti on equal 10% for a month a nd 5% for a yea r. 

Applying Bogda nova 's ( 1976) method , we ha ve 
o bta ined annual solid precipitation (X sol ) for every grid 
point of the studied area for t he 1 x CO2 and 2 x CO 2 

situa tions and then compiled a m a p of their ratio (Fig. 2). 
Unlike total precipitation which , according to the
W etherald and M anabe scena rio , tends to inc rease 1.2-
1.3 times when CO2 con ten t d oubles, X sol remains a lmost 
sta ble within the studied a rea, except for the Alaska 
R a nge and a reas north of it, where X sol increases 1.1 
times. The map shown in Figure 2 and modern empirical 
vertical profiles of X sol make it possible to design vertical 
profiles of the predicted X sol values (assuming that the 
rela tive change of X sol in the 2 x CO2 situation ,'ema ins 
th e same within the whole lower layer of the troposphere). 

W e have singled out 12 mountain-glacier basins 
characterized by specific climate and glaciation types, in 

Fig. 2. The ratio between X sol 11l the I x CO2 and 
2 x CO2 situations . 
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southeas tern Alaska. Verti cal profil es of TSlW1 and Xsol 
averaged over each basin were drawn fo r bo th th e I x 
CO 2 and 2 x CO 2 situ a tio ns. These are necessa ry for the 
subseq uen t calcul a tions. 

SCENARIO TRANSFORMATION FOR GLACIER 
SURFACE 

Since me teo rologica l para m eters in mounta in regions a re 
grea rl y influenced by glac ie rs, the neX l ph ase of our stud y 
in clud es calculations a nd gra ph implem e nta tion of 
verti ca l profil es of th e Tsum and Xso1 over th e glaciers. 
In summ er, the glaciers cool th e air a bove. This cooling 
effect is caused mainly by turbulent hea t exchange with 
the melting snow/ice surfaces . The values of Tsum ove r 
glaciers have been obta ined in acco rdan ce with the 
method proposed by D a vid ovich ( 1983) . I ts genera l 
theoreti cal scheme is shown in Figure 3. Th e degree of 
cooling effec t can be estim a ted by th e diffe rence in air 
tempera ture between a g lacie r a nd ice-free surfaces a t the 
same a ltitud e. This difference, call ed the " tempera ture 
leap" (,0,.t ) , vari es within th e terri to ry of a g lacier and 
reaches its m aximum in th e upper secti on of th e abla ti on 
zone, in the a rea of th e equilibrium-line a ltitude (ELA). 
The glacier cooling effec t vanishes in high e leva ted areas 
where a ir tempera lure is constantl y below ze ro. Here 
th ere is no signifi cant difference in a ir lempera ture 
betwee n glaciers and ice-free su rfaces . Th ere a re no 
positive mean dail y tempera tures in the case of Tsull1 ~ 
- 4°C. H ere th e t:,.t ac tu a lly di sappears. In glacier
adj acent te rri to ri es, onl y th e a reas of g lac ier wind 
ex tent, i.e. heads of glac ia l vall eys, are subjec l to the 
cooling effec t of glac iers. Th e glacier terminus belt is 
influenced b y both glacier a nd vall ey winds, w hi ch is why 
this belt slightl y differs in a ir tempera ture from tha t of 
neigh bori ng ice-free terri to ri es . 

At present we have no reli a ble approach to ca lcula te 
tem pera tu res on unexplored g lac iers. The " tem pera ture
lea p·· \·a lu e d epends upon a broad range of fac tors whi ch 
we a re un a ble to consider in th e proper way . H owever, 
direc t tempera ture obse rva tio ns on sma ll er a nd medium
size glaciers (a reas no t exceeding 40 km 2

) within th e 
tempera te zone show a consid era ble co rrela lio n between 
tempera tures a bove glacia l a nd ice-free surfaces a t the 
ELA . D a ta coll ec ted b y a num ber of g laciologica l 

----- a 
-b 
.. . . c 

air temperatllre 
Fig. 3. Change of air lemjJerature vs altitude oJ a 
mountain-glacier basin: a, over glacier swface; b, over 
non-glacier slIIjace, ( t:,.t temperature leap) ; c, glacier 
lerminlls altilude. 

ex peditions to th e Caucasus, Pa mirs, Tien Sh a n , Altay 
a nd Scandin av ia n mounta ins (o bseryations embracing a 
total of 33 summer seasons) have been review ed. The 
co rrela tion be twee n the glacier tempera ture (Tg) and 
no n-glacier tempera ture (7;,g ) in the a rea of the ELA was 
obtained, and turned out to be sta tisticall y signifi cant. 
Th e depend ency deri ved is d esc ri bed by a regression 
equ a ti on as fo llows: 

Tg = 0.857;,g - 1.20 . (1) 

The correla tion coeffi cient is 0.90 ± 0.03; th e mean 
squ a re error is ±0.6°C (D av id ovich, 1984) . U sing 
Equa ti on (I) we have computed Tg a t the ELA fo r each 
of the 12 basins selected. We ch ose the t:,. t to be equal to 
0. 2°C on th e g lacier te rmini . A bove the ELA the Tg 
profil e can be ex trapola ted to the height wh ere 7;,g 
reaches --4°C . 

Since Equa ti on ( I) is valid fo r glaciers not exceeding 
40 km2 in a rea a nd we have appli ed it to all glacier types, 
we a re likely to have exaggera ted the Tg valu es lo r the 
Jun ea u and Fa irwate r glacia l fi elds. Evidentl y, the t:,.t 
over large glac ia l fi elds is grea te r than ove r m o unta in
va] ley glaciers. H owever, this pro blem has no t been 
ex pl ored. 

GLACIOLOGICAL FORECAST 

H aving eva lua ted T SUIII and X sol fo r glaciers in all basins, 
we can turn to the main tas k of thi s pa per, an es tima ti on of 
the components of glacier mass exc ha nge und er th e g lobal 
temperature inc rease (2 x CO2 situ a ti on). T o d e termine 
a n abl ation (Abl ) we ha\'e appli ed the formul a of Krenke 
a nd Khodakov ( 1966), as upd a ted in 1980: 

Abl = 1.33(TsulTI + 9. 66)2 85 . (2) 

The formula chosen surpasses o th e r approaches since it is 
based upon wo rld wid e d a ta o n different ph ys ica l 
geographical conditions of po la r a nd tempera te lati
tuck s, and deals with tempera ture, a parameter whi ch is 
th e mos t precise ly d efin ed and m os t suita ble fo r verti ca l 
a nd hori zo nta l eX lra- and inter pola ti on. 

T o calcula le acc umula tion (A ce) we have a pplied 
different approaches to different glacia ti on types . For 
gl acier fi elds, A cc has been ass u m ed to be eq ual to X so1 . 
On mountain-va lley glaciers, snow-cover depth is more 
th a n Xsol of th e surrounding a reas due to snowdrifting 
and avalanches . Tha t is wh y we increase X sol by the 
coefIi cient of snow concentra tion. The latter we calcul a te 
as a ra tio betwee n Aee a t th e ELA (taken from the 
W ASIR (K od ya kov, in press ) g lac ia ti on-regime map) 
and Xsol (defin ed by the ve rtical profiles ) for th e same 
e leva ti ons. It averages 1.2- 1.4 in different basins. The 
intersection of th e Abl and Aec profiles (Fig. 4) en a bl es us 
to d etermine th e ELA and es tim a te the mass-excha nge 
components fo r thi s glacial leve l in th e 2 x CO 2 situ a tion 
(see T able 1; Fig . 4) . 

Besides th e ELA, it is impo rtant to evalu a te the 
behavior of th e g lac ier termini fo r a more comprehensive 
pic ture of the g lacia tion cha nge . The glacier te rminus 
altitude (GTA) tends to be mo re sensitive tha n th e ELA 
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Fig . 4. E.wmpLes of vertical ablatioll and accumulation 
distribu tion for oceanic regions ( A, E, C) and continental 
ones ( H , ] , K) for the I x CO2 (solid line) and 
2 x CO2 ( brokell line) situations. 

to cl ima te cha nge, pa rti cu la rl y a ir tempera ture. So we 
assume th a t th e eTA wo u ld cha nge o nl y und er th e 
innu cnce o f tempera ture va ri a tio ns, a nd th a t th e 
I x CO 2 tempera ture a t th e glac ier terminu s would no t 
cha nge in th e 2 x CO 2 situ a ti o n a t a new a ltitude. U nder 
th a t ass umpt ion wc d ete rm ine the new te rminus altitude 
(see exam p ie in Figure 5 ) . The n we ca lcula te th e .6. eT AI 
.6. ELA ra ti o . This turns o ut, as we might ex pec t , to be a 
bit more in th e ocean ic clima te regions ( 1.10 ) tha n in 
continenta l o nes (1.0 7) . M ea n e TA in th e I x CO 2 

situa ti on is d e rived from to pogra phic ma ps compiled in 
th e midd le o f th e 20 th century . H oweve r, the n e\\' va lues 
shou ld be considered as a first a pproxima ti o n , beca use lIT 
have ta ken into acco unt o n ly a tempera ture (acto r. 

T a b le I a nd Fig ures 6 a nd 7 sholl' th a t, in acco rd a nce 
with the W e thera ld and l\Ia na be scena ri o, the eTA a nd 
ELA will be considera bly di spl aced upwa rd , res u lting in a 

rela ti vely stro ng increase ofT" "11 and a negli gi b le cha nge 
of X so! ' Thus, th e max imum ch a nge of th ese g lacier levels 
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1::i 
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....... > .......... : AJ 

OL-----------~--------~ 
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Fig . 5. The scheme of eTA jJl'Ojiles in the 2 x CO2 

situation: I , tem/Jeralure profile ( modem da ta) ; 11 , lite 
same Jo r 2 x CO2; OA , heighl of glacier terminlls for 
1 x CO2; OB, Ihe sameJor 2 x CO2, 

Fig . 6. Forecast values (meters ) oJ .6.GT A fo r 2 x CO2 

sill/alioll . 

Fig . 7. Forecasl values (meters ) oJ .6..ELAfor 2 x CO2 

siluatioll . 

w ill occ ur on the sout hern slope of th e S t Eli as m o unta ins, 
in th e Fa irwa te r Peak region a nd in th e l\ l uir g la cier 
bas in (T a ble I , co lumns 2 a nd 7) . Th e ELA shift vd l be 
m o rc su bs ta nt ia l in oceani c c lim a te a reas th a n in 
cont inen ta l ones . The result cO lTes po nds to th e w o rlel 
w id e regula r ity : ELA in ocea n ic clim a te regio ns due to 
m o r e intensive prec ipit a ti o n is a lways lo w e r a nd 
te mpera ture a t th e ELA hig h e r th a n in continenta l 
cl i m a te regions wi th in any m o un La in-glac ier cou n try. 
N e\ 'e rtheless, th e a bsolute ELA values for g lacie rs in 
continenta l a reas wi ll remain hig her. 

I n spite of such a conside ra ble upward shift o f the 
ELA , th e pred ic ted T,ullI I'alues a t the ELA wi ll exceed 
th ose we ha l'e n o w (Fig. 8). T hey a re ex pec ted to reach 
6 .0- 7.5°C in th e a rea of Pac ifi c O cean innu e n ce, a 
temperature th a t is not observed a n ywhere at prese nt. 
Correspondin g ly, the a bla tion is to in c rease by 1. 15- 1.59 
t im es (T a ble I , co lumn 6). Conseq uently a glac ie r melt 
runo ff should inc rease und er th e predi cted warming . 

A rela tively ind epend ent me t h od is used lO evalua te 
th e a mount of g la c ie r melt ru n o IT. It is based upo n th e 
res u lts pre\'iously o btained by th e a uthors fo r th e a bOl'C 
m e n tioned 12 reg io ns of southeas te rn Alas ka a nd the 
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Fig. 8. Forecast increase oJ T sum at the ELA in the 
2 x CO2 over the 1 x CO2 situation . 

northern sec tion of the Coast R a nge (Ananicheva a nd 
D avidovich, 1993 ) . Equations of a multiple regression 
have been deri ved as follows. 

R g1('i ) = F (T sum(i ) , X so1 (i) ), wh ere R gI(i) stands for mel t 
ice and snow runoff (in millim e ters) for i region. The 
equa tions use empirical da ta for melt runoff, summer 
temperatures and solid precipitation which correlate with 
absolute eleva tions. New R gI valu es have been introduced 
by the substitution of climatic parameters with those 
predicted by th e vVetherald and Manabe scena rio fo r the 
2 x CO 2 situation. It is evident (see T able I , column 10) 
th a t the maximum R gI increase will take place in the 
mou ntains of the Alaska R ange : by 2.5 times on its 
"oceanic" slopes, by 2.1 tim es on the "continental " 
slopes. A considerab le (though lesser) increase will occur 
within large glacier knots of the Chugach, Wra ngell and 
Fa irwater Mountains. A sma ll (10% or less ) runoff 
increase will take place on th e "continental" slopes of 
th e Coas t R ange. 

The ra tio be tween R gI in th e 2 x CO 2 situation and 
present R gI (the information o n runoff and clim a te 
parameters within the 1950- 80 period have been used ) 
can be compared with tha t for the ablation (T a ble I , 
columns 10 a nd 6). This fac t indirectly confirms the 
reliability of the results obtained carlier by Ana nicheva 
and Davidovich (1993 ). Neverth eless, we should note th at 
the proposed method is not suffi cient for calcul a tion of 
a b olute values of predicted R g1• This is because the 
changes of the p aramete rs used in the equations, in 
particular, of T sum, are beyond the confidence limits. 
Thus, the obtained values of R gI should be considered 
only as an eva luation. 

CONCLUSIONS AND RESULTS 

I. According to the GFDL model, th e forecas t m aximum 
increase of temperature (over 4°C ) will embrace the 
northeastern part of the Gulf of Alaska and adjacent 
areas, where glaciation is the most d eveloped. vVhi le total 
precipita tion will II1 crease 1.2- 1. 3 times within the 
studied area, the amount of X sol will not c hange 

'ubsta ntia ll y during th e coming 2 x CO2 period, except 
for the Alaska R ange and areas north of it , whe re X sol will 
rise 1.1 times. 

2. Wi th increase of Tsurn against a practi cally unchanged 
X sol , th e ex isting ELA a nd GTA will ri se considera bly. 
The biggest shift wi ll occur on the so uth ern slope of th e St 
Elias NIountains, on Fairwater Peak a nd in the Muir 
Glacier area. Values of EL A shift, and th eir amplitud es in 
oceanic regions will be greater (350- 760 m) than in 
continental ones (300- 400 m). But the absolute ELA 
values for continenta l climate regions will remain higher 
than for oceanic ones. 

3. The predicted T~um at the ELA (6.0- 7.5°C in oceanic 
regio ns, 2.7- 5.8°C in continental ones ) wi ll be consider
ably hig her th an it is today. No a na logous temperatures 
a l ELA can be observed on the Earth at present. Ab la tion 
will increase acco rdingly: 1.52- 1.44 times the current 
maximum within the studied territory. 

4. Glacier melt runoff (R g1 ) will increase in the 2 x CO2 

situatio n 2.5- 1.0 times . Although it is estimated indepen
dently, the ratio between R gI in th e 2 x CO2 situation 
a nd its present value is nearly the sam e as for ablation . 

5 . Summari zing th e above, we can state that the 
southeas tern Alaska glaciation will not disappear under 
globa l wa rming but will be consid erabl y di splaced 
upward and glacier m ass exchange will be more intensive. 
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