
P
os
te
d
on

A
u
th
or
ea

25
J
u
n
20
20

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
59
30
97
34
.4
74
02
86
8
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
a
s
n
o
t
b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Proglacial groundwater storage dynamics under climate change and

glacier retreat

Jonathan Mackay1, Nicholas Barrand 2, David Hannah2, Stefan Krause2, Christopher
Jackson1, Jez Everest1, Alan MacDonald1, and Brighid Ó Dochartaigh1
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Abstract

Proglacial aquifers are an important water store in glacierised mountain catchments that supplement meltwater-fed river flows

and support freshwater ecosystems. Climate change and glacier retreat will perturb water storage in these aquifers, yet the

climate-glacier-groundwater response cascade has rarely been studied and remains poorly understood. This study implements

an integrated modelling approach that combines distributed glacio-hydrological and groundwater models with climate change

projections to evaluate the evolution of groundwater storage dynamics and surface-groundwater exchanges in a temperate,

glacierised catchment in Iceland. Focussed infiltration along the meltwater-fed Virkisà River channel is found to be an important

source of groundwater recharge and is projected to provide 14-20% of total groundwater recharge by the 2080s. The simulations

highlight a mechanism by which glacier retreat could inhibit river recharge in the future due to the loss of diurnal melt cycling

in the runoff hydrograph. However, the evolution of proglacial groundwater level dynamics show considerable resilience to

changes in river recharge and, instead, are driven by changes in the magnitude and seasonal timing of diffuse recharge from

year-round rainfall. The majority of scenarios simulate an overall reduction in groundwater levels with a maximum 30-day

average groundwater level reduction of 1 m. The simulations replicate observational studies of baseflow to the river, where up to

15% of the 30-day average river flow comes from groundwater outside of the melt season. This is forecast to reduce to 3-8% by

the 2080s due to increased contributions from rainfall and meltwater runoff. During the melt season, groundwater will continue

to contribute 1-3% of river flow despite significant reductions in meltwater runoff inputs. Therefore it is concluded that, in the

proglacial region, groundwater will continue to provide only limited buffering of river flows as the glacier retreats.
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figures/Fig5/Fig5-eps-converted-to.pdf
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figures/Fig6/Fig6-eps-converted-to.pdf
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figures/Fig7/Fig7-eps-converted-to.pdf
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figures/Fig8/Fig8-eps-converted-to.pdf
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