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Abl<llion on lhc Greenland ice ShCCl ean be cillculalcd ejlher from tlle degree-Jay
f<1ctor or by an cncrgy ba];lncc model. Holh approaches invo!vc problems. i.e. the
dcgree-da)' factor v,lries wilh time and space whilc the cllcrgy balance model rcquircs
data which are oflen nol available. Thc solution is Io understand, and possibly

predicL variations in degrce~day factor. This ean bc <lttcl11pted by (l) sensitivity

cxperiments with [ile energy balance model. and (2) field sImlies of ablation ullder

widety varying climatc canditions.
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(Braithwaite & Olesen. 1989) but is used here for COll

venience of Jiscussion.
Tllc effect uf climate chllnge on ablation ean be simu

lilled by suitably adjusting the temperature data, alld

then rc-calClllating (ile amount of melt assllrning that

{he dcgrec-day factor does not change with c1imatc.

Thl' dcgrec-day me/hod was first used in the Alps by
Finslerwalder & Schunk ([887), has becn testeu by
Brailll\vaitc & Olesen (19XS & 1989) linder Greenland

Fig. l. LocatiollS Df IwO GGU glacier-c1imate stations.

" .

...
...

...

...

QamanårssCip sermia

...

•

I

".

The degree-day approach assumes <I relationship bc

tween meJting and air temperatures above the melting

point. Thc <'Imount of lee or sno\\' mclted (in water

equivalent) is proportional to lhe posilive degrec days
sum. i.e. sum of positive temperaturcs, at tbe same

place. and in the Stlme period. The ratio of the Iwo
quanLities is the degree-day factor wbich is assllmed Io
be constant so that melting in any period ean be caIcu

lated from the degrce Jay sum in tlle same period. Thc

degree-day model, involving anI y one parameter, is a

simplification of a more general two-parameter model

An incrcascJ "green house effect' will cause climatic
warming,. incrcased rnelting nf g,lacicrs induding lhl.:;
Grccnland iee sheet, and a rise in worlet sea level (War

rid & Oerlemans. 1<)90). This has given a new foeus to

GGU\ glaciologieal \l,i'ork, as well as stimlIlating othcr

organisations to start research in Greenlancl. to makc

better assessrncnts af the mclting of the whole Green
land iee sIlee!. Recent progrcss is reviewed by Braith
wiJite el al. (this volume) \vhilc the present note dis

clIsses a teehnic<ll problem involved in the assessment of

rnelting an the Grcenlanc! iee silee!.

The background data for the present Jiscussion are
tlle ablation measurcmcnts made at the so-called 'daily
st<lkes' (It the margins of Nordbogletscher (Stak e 53, ggO

In (I.s.l.) and Qaman[lrsst"lp sCrJnia (Stake 751, 790 m
a.s.l.) (Fig. 1) as describecl by Olesen & 13raithwaitc

(19B9).

Degree-day approach
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Fig. 2. Monthly degree-day factors at Nordbogletscher and
Qamanårssup sermia.

conditions, modified by Reeh (1991) to calculate melt
ing over the whole Greenland ice sheet, and used in
model simulations by Huybrechts et al. (1991) and Le
treguilly et al. (1991).

There is a substantial difference between degree-day
factors for ice and snow surfaces, e.g. values of 7.2 and
2.5 mm d-I deg-I on Nordbogletscher, South Greenland
(Braithwaite & Olesen, 1988), but even degree-day fac
tors for ice surfaces vary with time and space. As an
example, variations in monthly values at two GGU field
stations are shown in Fig. 2.

The mean degree-day factors for different months at
each site (Table 1) are not significantly different (5
percent level) from each other according to the paired
t-test and one-way analysis of variance (Kreyszig, 1970,
p. 178-180 & p. 263-265 respectively). The means of
the full samples for each site (14 and 21 months) are,
however, significantly different (5 per cent level) ac-

cording to the 2-sample t-test (Kreyszig, 1970, p. 209
210). There is also little correlation between degree-day
factors at the two sites so their variations can be re
garded as more or less random.

Energy balance

A more fundamental approach involves assessment of
the energy fluxes to and from the glacier surface, and
calculation of the melting from the available energy, i.e .
energy balance, at the glacier surface. The approach
involves careful and difficult measurements of both
short- and long-wave radiation transfer, and latent and
sensible heat fluxes in the turbulent boundary layer
immediately over the glacier. Such measurements have
been made earlier in both the ablation and accumu
lation areas of the Greenland ice sheet by Ambach
(1963 & 1977). New measurements have also been
made in West Greenland in 1990-1991 by Dutch and
Swiss groups with improved instruments for radiation
and turbulence, induding sonic .anemometers for the
first direct measurements of turbulent fluxes in Green
land.

As a supplement to the measurement of energy bal
ance, Ambach (1986) has proposed a relatively simple
procedure to calculate energy balance from basic di
mate data which Braithwaite & Olesen (1990a) mod
ified with a long-wave radiation formula from Ohmura
(1981). The operation of the model is shown in Fig. 3
and allows estimation of the energy balance from a few
simple dimate variables: air temperature, humidity,
wind speed, doud amount, and short-wave radiation, as
well as an indication of whether the glacier surface is
snow or ice.

The calculated average energy balances for the sum
mer months June-August at Nordbogletscher and Qa
manårssup serrnia are illustrated in Fig. 4. In both cases,
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Fig. 3. Calculation af ablation by
a simple energy-balance model
(Braithwaite & Olesen, 1990c).



ablation mainly refers to ice (with occasional falls of
new snow) and the error (induding terms neglected by
the model) is reasonably small. Ablation at Qamanars
sup sermia is generally higher than at Nordbogletscher
because of higher sensible heat flux (higher temper
atures and wind speed) and higher short-wave radiation
(Iower doudiness).

The problem

The assessment of ablation over the whole Greenland
ice sheet by Reeh (1991) raises an awkward question:
how does the degree-day factor vary with location? A
similar question on time variations is posed by long
term simulations of mass-balance, e.g. by Letreguilly et
al. (1991). These points are not made to criticise the
quoted studies (which certainly make the best use of
available information) but simply to illustrate the need
to understand, and possibly predict, time and space
variations in degree-day factor.

At first glance, the energy balance model seems an
attractive alternative for assessing ablation over the
whole Greenland ice sheet. However, even the simple
modt?l in Fig. 3 requires data which are not generaIly
availahle with the exception of temperature which can
be readily extrapolated. Naturally , the energy balance
model can be further simplified but only by losing its
'physical' character which is its main appeal. For exam
pie, there is an important interaction between temper
ature and wind speed (Braithwaite & Olesen, 199Gb)
which is overlooked if variations in wind speed are

Ablation sources

Ablation
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neglected as being unknown. Interaction between the
short- and long-wave radiation components by way of
their separate dependency on doud conditions is also
important.

To summarise, assessment of melting on the whole
Greenland ice sheet using the degree-day approach in
volves the problem of an uncertain parameter (the de
gree-day factor) while the energy balance approach in
volves uncertainties in most of the input data.

Synthesis

Within limits it should be possibie to explain var
iations in the degree-day factor in terms of energy bal
ance (Ambach, 1988; BraithW5lite & Olesen, 199Gb) so
that likely variations can be estimated, and possibly
associated with some scheme of dimatic classification.

In both the present cases (Fig. 4), radiation is on
average the largest source of ablation energy, but the
turbulent fluxes are more variable. Ablation variations
are therefore controlied mainly by variations in the
turbulent fluxes and, as these depend to a high degree
on temperature (Braithwaite & Olesen, 199Gb), this is
the 'physical' basis of ablation-temperature models.

More than half the average temperature response of
ablation at both sites is accounted for by sensible heat
flux, and only a quarter by net radiation (Braithwaite &
Olesen, 199Gb). There are, however, differences be
tween the sites whereby sensible-heat flux, latent heat
flux and short-wave radiation all have higher temper
ature responses at Qamanarssup sermia compared with
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Calculated by

energy-balance extrapolation
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Fig. 5. Simulated June-August
ice ablation at Nordbogletscher
and Qamanårssup sermia as a
function of summer temperature
(Braithwaite & Olesen, 1990c).
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Nordbogletscher, i.e. the climate is slightly more conti
nental.

The difference in temperature response of the energy
balance at the two sites is also demonstrated by re
calculation of the energy balance as a function of tem
perature (Braithwaite & Olesen, 1990c). Summer abla
tion at Qamanårssup sermia, i.e. for June-August, in
creases with summer mean temperature at a greater rate
than summer ablation at Nordbogletscher (Fig. 5) in
agreement with the higher degree-day factors in Table
1.

Outlook

The above discussion suggests strongly that space var
iations in degree-day factor can be explained in terms of
the energy balance. A future strategy of studying time
and space variations of degree-day factor can therefore
be based on two elements: (1) sensitivity experiments
with the energy balance model, and (2) fjeld studies of
ablation under widely varying climate conditions.

The energy balance model has aiready been used for
some experiments by Braithwaite & Olesen (1990b),
e.g. effects of wind speed variations and surface condi
tions, and this work can continue as an office project.
One priority will be to try to explain the time variations
of degree-day factor at each site (Table 1).

Field studies of ablation should be made under both
extremes of dry-continental and wet-maritime condi
tions. For example, the Alfred Wegener Institute for
Polar Research (AWI), Bremerhaven, Germany, made

ablation-climate studies in North-East Greenland 1989
1990 and will return again in 1992 (Derter & Reeh,
1991).

Table 1. Monthly degree-day factor for two
gladers in West Greenland. Units are

mm water d-l deg-l

Year June July August Mean

Nordbogletscher, Stake 53,880 m a.s.l.

1979 7.73 7.25 (7.49)
1980 7.39 7.27 5.44 6.70
1981 8.03 6.88 4.53 6.48
1982 8.85 7.49 7.17 7.84
1983 6.24 6.47 6.35 6.35

Mean 7.63 7.17 6.15 6.97
S.D. t 1.10 tO.50 t 1.16 ±0.66

Qamanlirssup sermia, Stake 751, 790 m a.s.l.

1980 6.47 6.82 6.05 6.45
1981 7.40 8.26 6.45 7.37
1982 7.38 8.73 8.66 8.26
1983 8.44 9.24 7.51 8.40
1984 7.53 7.55 7.63 7.57
1985 8.93 8.23 7.80 8.32
1986 6.33 8.09 8.07 7.50

Mean 7.50 8.13 7.45 7.69
S.D. ±0.95 ±0.78 ±0.91 ±0.70



External support is also being sought by GGU for
reconnaissance studies of ablation in North Greenland
for 1993-1994 and possibly longer. However, ablation

studies should also be made at some time in the very wet

area of South-East Greenland where there are presently

no data. The basic techniques will follow those used at

Nordbogletscher and Qamanårssup sermia (Olesen &
Braithwaite, 1989) with daily readings of ablation and
parallel measurements of simple dimate elements: air

temperature, wind speed, humidity, doud amount and
short-wave radiation. However, both albedo variations

and heat conduction into the ice, previously neglected,

must be measured in a future GGU programme. It is

also hoped to operate high-quality radiation instru
ments (in cooperation with a foreign partner) to study
effects of solar and atmospheric radiation on lhe de

gree-day factor.
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