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1. Introduction: A Story of Change 

Since the turn of the century, Svalbard has been 
considered a canary in the coalmine for climate 
change. Two decades later, the Earth’s warning 
system located in the Norwegian High Arctic 
experienced irreparable damage, and the title has 
been passed onto Greenland. Unfortunately, latest 
research suggests that the new canary has also 
just reached the point of no return, and its fate 
might no longer be dependent upon our efforts 
to limit carbon dioxide emissions (see King et al. 
2020). Despite Greenland’s record melt-year, the 
forefront of environmental change affecting Earth’s 
ecosystems continues to be in Svalbard. Here, the 
warming is two to six times faster than the rest 
of the world (see Wawrzyniak and Osuch 2020), 
and the consequences of a shrinking cryosphere 
have already impacted terrestrial and marine 
environments. 

The magnitude of the climatic changes in the 
Arctic was evident during the summer melt-season 
of 2020, when not only Svalbard but also Siberia 
suffered record-breaking high air temperatures 
(>21 oC in Svalbard and >38 oC in Siberia). Yet, it is 
the long-term increase in surface air temperature 
that is responsible for often irreversible changes 
associated with the reduction in snow cover, 
accelerated glacier surface melt and their further 
recession (AMAP 2017, IPCC 2019). Latest 
research based on glacier mass balance indicates 
that in the last 60 years, the above changes, in 
conjunction with a decrease in glacier refreezing 
rates, have caused glacier runoff to double, 
while surface runoff from non-glacierised areas 
surprisingly remained almost unchanged (van Pelt 
et al. 2019). In this report, we show that this is not 
the case for Svalbard catchments when analysing 
in-situ collected hydrological datasets.

The consequence of hydrological changes in 
Svalbard is not restricted to local coasts and 
seas. It is estimated that in the last two decades, 
melting Arctic glaciers contributed to the global 
sea level rise at the same rate as the Greenland 
Ice Sheet. Although climate change predictions 
vary, depending on the greenhouse gas emissions 
scenario, there is no doubt that in the High Arctic 
we can expect further increase in air temperature 
(by 4–7 oC) and precipitation (by 45–65%) with 
increased occurrence of heavy rainfall and flood 
events (NCCS 2019). As a result, total surface 
discharge is also expected to increase further, 
although downscaled models and runoff simulations 
suffer from insufficient data. 

Unfortunately, confirmation of the above 
predictions will be difficult to achieve because: 

1. Current long-term hydrological monitoring in 
Svalbard is sparse, with a clear westward bias 
(see Figure 1). 

2. Monitoring is divided between various 
institutions and countries, making collaboration 
limited and data exchange inefficient or often 
non-existent. 

3. Short-term projects performed by various 
international research teams, that do measure 
freshwater discharge in easily accessible parts 
of Svalbard, present mostly partial data from 
one melting season (generally from July, which 
is recognized as the month with the highest 
discharge), or at most, two seasons only (due 
to funding restrictions). In consequence, they 
produce an incomplete representation of 
surface hydrology, while the data are often 
difficult to access. 
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Figure 1: Map of catchments with long-term hydrological monitoring also showing a westward bias for Svalbard research. 
From south to north: (green) Hornsund – Fuglebekken, (yellow) Nottinghambukta – Werenskioldbreen, (pink) Van 
Keulenfjorden – Finsterwalderbreen, (brown) Grønfjorden - Grøndalen, Grønfjordbreen, Aldegondabreen, Kongressdalen; 
(orange) Adventfjorden – Adventdalen; (red) Sassenfjorden – DeGeerdalen, (turquoise) Petuniabukta – Bartilelva, 
Ferdinandelva, Ebbaelva, Elsaelva; (blue) Kaffiøyra - Waldemarbreen, Kongsfjorden – (black) Bayelva and (white) Londonelva. 
Not all monitoring sites are represented in the pictures. See Appendix 1 for details on all sites

As a result, the most widely available and used 
dataset for producing estimates and predictions 
of surface runoff from glacierised areas across 
the entire Svalbard usually come from state-run 
monitoring programs of the Norwegian Water 
Resources and Energy Directorate (NVE) and/or 
the Norwegian Polar Institute (NPI). 

The above means that the observations and 
projections of hydrological changes for the 
Norwegian High Arctic are based on just two 
catchments: Bayelva transferring water into 
Kongsfjorden, and De Geerelva flowing into 
Sassenfjorden (e.g. NCCS 2019). These monitoring 
stations are located in the central part of the island, 
with the former being more northward (see Figure 
1, Appendix 1).

However, research shows that meteorological 
conditions vary greatly across Svalbard (e.g. 
Førland et al. 2011, Nordli et al. 2014, Osuch and 
Wawrzyniak 2017a), as does the surface runoff. 

This is because local conditions influence air 
temperature, precipitation, evaporation, occurrence 
of winter rainfall, capacity for groundwater storage 
and the length of melting season. Yet, the influence 
of the above on surface runoff and consequently 
water balance is rarely mentioned in the literature 
(Nowak and Hodson 2013). 

We already know that polar regions of the future 
will be very different to what we can see today, but 
given the heterogeneity of the Arctic environment, 
the level of that change will depend on general 
and local variables intrinsically linked to the air 
temperature, precipitation and changes in the 
cryosphere’s capacity for storage or release of 
water. 

Given the above, it is unsurprising that hydrological 
response to undergoing environmental revolution 
has been named one of the most important 
research needs in the High Arctic (NCCS 2019; 
Retelle et al. 2019).
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 Therefore, through this report we:

4. Present the first ever comprehensive 
hydrological dataset from all institutions 
performing long-term hydrological monitoring 
in Svalbard, in order to depict the magnitude 
and direction of hydrological changes, as 
well as to highlight the heterogeneity of the 
environment. 

5. Seed the SvalHydro initiative to create a 

long-term hydrological observatory across 
Svalbard. The aim is to establish and strengthen 
collaboration between al l  institutions 
performing long-term monitoring on the island.

6. Indicate gaps in knowledge that require our 
immediate attention, and in some cases, 
necessity for new investments. This is to 
produce more accurate hydrological predictions 
and recommend actions that need to be taken 
for environmental protection.

2. Overview of Existing Knowledge

2.1. Water balance, the High Arctic 
problem

A water balance (or water cycle) is the movement of 
water from the atmosphere (through condensation 
and precipitation) to the ground (in the form 
of snow, ice and runoff) and its return to the 
atmosphere (through evaporation, see Figure 2).

 

Figure 2: An example of a water cycle in a glacierised catchment in the High Arctic (Finsterwalderbreen watershed). Blue 
arrows: water inputs; grey arrows: water outputs; other arrows: internal transfers; dashed lines: minor multi-directional, 
stores/exchanges that cannot be quantified from the data available. All the water fluxes are in m3, with estimates of 
probable error, except for channel recharge, active-layer discharge and surface runoff, these fluxes must be viewed as 
first-order estimates. The determination of errors in all other water fluxes are described in detail in Hodgkins et al. 2009. 
Modified from Cooper et al. 2011.
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To describe those movements during a hydrological 
year (i.e. water inputs and outputs from 1st October 
to 30th September), a water balance equation was 
created (see Eq 1). 

P+C-Q-Qg-Ea±∆S= є         (Eq 1)

Where P is precipitation [mm/y], C is condensation [mm/y], 
Q is surface runoff [mm/y], Qg is groundwater runoff 
[mm/y], Ea is evaporation [mm/y], ∆S is change in storage 
[mm/y] and є [mm/y] is a residual error term representing 
water that is not properly accounted for (as the inputs and 
outputs in the equation should be in balance).

While many forms of this equation exist with 
different levels of complexity, a study by Nowak and 
Hodson (2013) modified the most-used versions 
of it [described in Hagen and Lefauconnier (1995) 
and Killingtveit et al. (2003)] for providing accurate 
results in glacierised catchments of the changing 
High Arctic (see Eq 2). 

Pwinter(ngs) + (PJJAS+PQ) + Bs + C - Ea ±∆S= є (Eq 2)

Where Pwinter(ngs) is areal winter snowfall from non-glacierised 
areas [mm/y], PJJAS is areal precipitation during June–
September [mm/y], PQ is daily winter precipitation causing 
discharge [mm], Bs is summer mass balance of glaciers 
occupying a catchment [mm/y], C is condensation [mm/y] 
and Ea is evaporation [mm/y]. 

Although Eq 2 renders the smallest errors in the 
water balance due to its appreciation of High Arctic 
conditions, the equation is far from perfect. 

For example, some of its components such as 
condensation (C) and evaporation (Ea) are still based 
on artificial assumptions and constants created from 
sparse measurements performed over 30 years 
ago (C =9.38 mm/y, Ea=46.88mm/y Killingtveit 
et al. 1994). Although using those constants 
had merits, we now know that meteorological 
conditions vary greatly across Svalbard, and even 
small differences between locations of measuring 
sites may cause substantial changes in the obtained 
results (Wawrzyniak and Osuch 2020). Therefore, 
a constant created for a catchment in the north 
where the climate is colder and more continental 

will not reflect conditions in the south where the 
climate is much warmer and maritime. In addition, 
the rapidly warming Arctic that observes dramatic 
increase in precipitation and air temperature 
leaves three-decade-old measurements outdated.

Likewise, measurements of precipitation in the 
High Arctic are sparse, and gauging stations are 
located at the sea level. However, majority of the 
catchments in Svalbard contain mountainous areas, 
so calculation of the total precipitation needs to 
include a correction for the elevation gradient. In Eq 
2, the assumption was made – based on the results 
of old measurements and hydrological modelling 
– that a 19% per 100 m increase of snowfall and 
rainfall alike will yield the best results. Yet, since no 
active measurements of precipitation at various 
elevations are currently made in Svalbard, it is 
another approximation of the conditions that could 
be close to reality but may not reflect the true 
values.

Another source of uncertainty in the water balance 
calculations, and in some cases a source of large 
errors, come from the change in water storage 
term (∆S). It is still commonly accepted that the 
Arctic conditions allow for the assumption that 
∆S is negligible. This is because catchments are 
underlined by continuous permafrost, while glaciers 
covering the surface undergo little changes. In 
addition, the duration of hydrological monitoring 
used in calculations is usually long, so small annual 
changes should not, in theory, influence the results 
in a significant way. However, Nowak and Hodson 
(2013) also indicated that the water storage term 
can no longer be considered negligible due to 
changes that follow warming of the High Arctic 
climate (i.e. thawing of the permafrost, thickening 
of the active layer, rapid retreat of glaciers 
coupled with their thermal regime change, or most 
importantly, increased occurrence of extreme 
winter rainfall events, causing ground icings).
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The final problem that the Arctic hydrology is facing 
is a change in the boundaries of the hydrological 
year. The artificial dates of 1st October until 30th 
September were established based upon data 
indicating that all precipitation that falls in the 
form of rain or snowfall from October will stay on 
the ground until the melt season begins in May. 
However, there is increasing amount of evidence 
that extreme rainfall events following climatically 
driven changes now cause river discharge to 
happen well into October, November or in some 
cases December (see for e.g. Majchrowska et al. 
2015). Shifting the theoretical boundaries of the 
hydrological year is therefore necessary in view of 
the changing climate.

Therefore, in this report, we present the evidence 
that the hydrological research in the High Arctic 
is in dire need of a ‘facelift’ that will take into 
consideration dramatic changes following climate 
warming. We also demonstrate the importance of 
long-term hydrological datasets by showing that 
while freshwater discharge from non-glacierised 
catchments and catchments with large glacier 
cover continues to increase, water fluxes from 
catchments with smaller glaciers, where ice has 
already retreated markedly, have been in fact 
decreasing for one or more decades.

Rethinking the water balance equation is a 
crucial step towards achieving understanding 
of the current hydrological conditions in the 
Arctic, as well as being able to accurately predict its 
contribution to the global water cycle. Especially, 
when every record-breaking measurement is a 
painful reminder that the changes we are facing here 
are beyond the point of no return.

2.2. Air temperature, a winter 
problem

In the mountainous catchments of Svalbard, snow 
and ice significantly affect water circulation by 
temporarily storing and releasing water on various 
time scales. Many studies have revealed that 
increase in melt and hydrological activity are directly 
proportional to increase in air temperature (see 
Hock 2003). Furthermore, air temperature is also 
responsible for distinct variability in annual and 
diurnal discharge.

Data collected from monitoring stations across 
Svalbard (Hornsund, Longyearbyen and Ny-Ålesund) 
show that in the last 40 years, the number of 
positive degree days (days with air temperature 
above 0oC) almost doubled. We also observe a 
latitudinal difference in the speed of that warming as 
the most southward located Hornsund experienced 
much more positive degree days than central 
Longyearbyen and the most northward Ny-Ålesund, 
This is also the case when we look at the length 
of the period where temperatures continuously 
stay above 0oC (Figure 3). In addition, melt season 
across Svalbard continues to start earlier while the 
freeze-up, marking the beginning of winter, continues 
to start later (Figure 3b, c). The summer season is 
getting longer, but research also indicates that it is 
the winter that sees the most severe consequences 
of the warming (see Nowak and Hodson 2013). 
Increasing number of warm weather episodes that 
result in intense rainfall almost immediately create 
extensive icings and ground ice. The former two 
prevent reindeer from grazing, lead to vegetation 
browning and impact soil temperatures (Vikhamar-
Schuler et al. 2016), while the latter can alter water 
balance in affected catchments for more than one 
hydrological year (Nowak and Hodson 2013). 
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Figure 3: Variability of (a) the length of the longest period with positive air temperature, (b) start date and (c) end date of the 
continuous period with positive air temperature at Hornsund, Longyearbyen and Ny-Ålesund in the period 1979–2019. 
Trends were estimated by the modified Mann-Kendall test. The slope of the trend was estimated using Sen’s method (Sen 
1968).

2.3. Precipitation, the end of season 
dilemma

An immediate consequence of continuous increase 
in air temperature is the increase in precipitation. 
The trends we see do not follow increase in air 
temperature exactly, as local climate alters the 
magnitude of observed rainfall. For example, the 
maritime location of Hornsund is responsible for 

the largest decadal increase in rainfall and decrease 
in snowfall (see Figure 4). However, Longyearbyen 
– which is located in the central part of the island 
where climate is more continental – observed the 
smallest decadal changes, although the trends are 
in the same direction. Finally, in the most northward 
located Ny-Ålesund, both summertime rainfall and 
wintertime snowfall continue to increase. 

Figure 4: Variability of annual (a) sum of rainfall, (b) sum of snowfall at Hornsund, Longyearbyen, and Ny-Ålesund in the 
period 1979–2019. It was assumed that rainfall occurred during positive degree days (>0°C)
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Nonetheless, the consequences of the above 
changes have an influence upon water balance in 
all catchments across the archipelago. Increased 
rainfall is followed by increased occurrence of 
slushflows (Jaedicke et al. 2008), landslides and 
rockfalls (Lewkowicz and Way 2019). The changes 
are most noticeable in the shoulder seasons. While 
March and April are most affected by the increase in 
air temperatures shifting the beginning of snowmelt 
season earlier, September and October have also 
been getting wetter. The change is prolonging 
the melting season and freshwater flux from 
terrestrial environments well outside the assumed 
boundaries of a hydrological year. 

The measurements of snowfall and rainfall are 
however sparse and not without errors. Available 
studies indicate that Arctic catchments often exhibit 
a pattern in which runoff appears to significantly 
exceed precipitation (Killingtveit et al. 2003). This 
can be attributed to a combination of measurement 
errors, non-representative locations of precipitation 
stations, net glacial ablation as well as knowledge 
gaps caused by insufficient monitoring. 

Measurements are often underestimated in upland 
areas as rain gauges are only located at the sea level 
(Førland et al. 1997). Measurements of the end-
of-winter, snowpack water–equivalent flux also 
remain challenging for hydrological studies. Sources 
of potential error in estimates relate to snow-
depth measurements and the fact that the snow 
depth is often interpolated or extrapolated using 
a regression on elevation. The spatial variation of 
accumulation seems to contribute by far the most 
to overall error, being greater, for instance, than the 
inter-annual variability (Hodgkins et al. 2005). The 

probable error range for the snowpack water flux 
can be as high as ±44% (Hodgkins et al. 2009). 

Killingtveit et al. (2003) made the same point in 
suggesting that residual error in water balance 
calculations (‘є’ in Eq 1 and Eq 2) is probably related 
to problems of precipitation correction. However, 
a study by Nowak and Hodson (2013) discovered 
that if the residue (є) is considerably large, this 
theoretical surplus of water in a catchment cannot 
be construed as an error and is in fact a result of 
extreme winter rainfall events. This is because such 
unaccounted rainfall can be stored in the active 
layer for the duration of one or two hydrological 
years.  

2.4. Glacier mass balance, a change 
in storage 

Glaciers of Svalbard have been losing mass for the 
last half of the century, although the tendency to a 
more negative balance has been observed for the 
last twenty years (-8±6 Gt/y, Schuler et al. 2020, 
also see Figure 5). This year (2020) is no different. 
Although glacier mass balance measurements for 
2020 are underway at the time of writing of this 
report, preliminary results already suggest that 
2020 will be another year of very negative mass 
balance, particularly due to the record low snow 
water equivalent measured in spring (JC Gallet 
and J Kohler, personal communication. Also 
observed by A Nowak, I Sobota and A Hodson 
on Bogerbreen, Waldemarbreen and Foxfonna, 
personal communication).
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Figure 5: Cumulative surface mass balance of selected Svalbard glaciers. ABB – Austre Broggerbreen, KNG – Kongsvegen, 
MLB – Midtre Lovenbreen, KHF – Kronebreen/Holtedahlfonna, ETN – Etonbreen, HAB – Hansbreen, WSB – 
Werenskioldbreen, AGB – Austre Grønfjordbreen, NSB – Nordenskioldbreen, SVB - Svenbreen (Source: Schuler et al 2020)

In Svalbard, smaller and thinner glaciers with 
modest snow accumulation area respond to the 
warming (i.e. retreat) much faster than larger ones 
where the accumulation zones are sizeable (Schuler 
et al. 2020). The former can be found in the central 
and southern part of the island, where the climate 
is milder, while the latter are mostly in the northern 
part of the island where the climate is much colder 
and drier. The type of Svalbard glaciers varies from 
cirque to valley glaciers, ice caps and ice fields, and 
so does their thermal regime. Smaller glaciers with 
thickness below 100m are typically cold-based, 
with the entire ice temperature below the pressure 
melting point (except for summer surface ice). They 
are frozen to their beds and their internal water 
storage freezes during winter. In contrast, larger 
and thicker glaciers are polythermal, which means 
that they consist of both cold and temperate ice 
(see Figure 6). The latter is at the pressure melting 
point (i.e. warmer) and permits the presence of 
liquid water. As a result, polythermal glaciers can 
transport, store and release water from subglacial 
and/or englacial channels even during winter. 
According to a study from 1993 by Hagen et al., 
the majority of glaciers in Svalbard are of the latter 
type. 

Figure 6: Simplified diagram of (a) polythermal glacier; (b) 
cold-based (polar) glacier thermal regime and drainage 
system (Source: Nowak-Zwierz 2013)

However, if we consider that the marked warming 
of the High Arctic in recent decades has resulted 
in continuous glacier thinning as well as their rapid 
recession, we also need to be aware that since 
1993, many polythermal glaciers have transformed, 
or are in the process of transformation, into cold-
based (e.g. Austre Brøggerbreen, Bogerbreen, 
Tellbreen, and Scott Turnerbreen). Such thermal 
regime change has a significant effect upon fluxes 
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of water, suspended sediments as well as transport 
of major ions and nutrients into downstream 
environments (see Nowak and Hodson 2014). 

Suddenly, subglacial drainage ceases, and glacial 
storage – a contribution of winter discharge into 
a catchment’s water budget – is replaced by an 
increased summer meltwater delivery from rapidly 
receding glaciers. Fluxes of ions into coastal waters 
are enriched due to intensified chemical weathering 
of freshly released suspended sediments. 

Transformation of glaciers’ thermal regime 
and their subsequent recession presents a 
challenge for calculations of the water balance, 
as it influences the change in storage term (ΔS) 
of the water balance equation in more than one 
way. Receding glaciers also uncover ground that 
is now subjected to cold Arctic conditions. As a 
result, those areas undergo a slow transformation 
from unfrozen ground (that used to be protected 
from harsh temperatures by the glacier ice) into 
permafrost (Szafraniec and Dobinski 2020). 
Although changes in the ground thermal regime 
of deglaciating catchments are marked, they still 
need to be included in the hydrogeological models. 
These so far only consider changes in a catchment’s 
hydrology due to permafrost degradation (e.g. 
Bense et al 2009; Bense et al 2012). 

2.5. Surface discharge, dire need for 
long term monitoring 

Cryospheric changes that occur in Arctic catchments 
have, and will continue to have, a marked effect 
on hydrology in glacierised watersheds. A study by 
Huss and Hock (2018) indicated that globally, even 
in large-scale basins where the ice cover fraction 
is minimal, downstream hydrological effects of 
glacier recession can be substantial. If we consider 
that freshwater discharge in some catchments in 

Svalbard consists of 50–70% of glacial meltwater 
(Majchrowska et al. 2015; Sobota et al. 2016), 
marked glacial recession observed in recent years in 
various watersheds will carry major consequences 
for the entire downstream ecosystems, terrestrial 
or coastal, that are dependent upon freshwater 
supply. Water fluxes, sediment, nutrient and major 
ion transports, drinking water supply or in some 
cases hydropower are and will continue to be 
affected. 

In order to prepare for the above we need to be 
aware of the current hydrological conditions in 
catchments across the Arctic. Yet, research in high-
latitude hydrology continues to be challenging 
despite technological advancements. The 
infrastructure remains very limited, and the extreme 
seasonality reduces the utility of many standard 
techniques, e.g. even where weir structures have 
been built, they typically fail to capture early-
season runoff adequately because of snow- and 
ice-blocking of channels at the beginning of 
the melting season (e.g. Sund 2008). Significant 
challenges persist in measuring precipitation 
reliably and representatively; this not only hinders 
process analysis and water resources management, 
but also makes climate change detection difficult 
(e.g. Førland and Hanssen-Bauer 2003). 

Measuring and monitoring the discharge of even 
moderately sized, glacially fed rivers is a demanding 
task because of the temporal and spatial instability 
of their flow regimes (see examples in Figure 7), 
particularly if continuous, complete time series are 
required. Furthermore, the majority of rivers are 
extremely braided, (see Figure 1 for an example), 
and there is no certainty which braid will be active 
for the entire summer. Therefore, long-term 
monitoring remains restricted to easily accessible 
places where local geology allows for collection of 
all discharge in one channel.
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Figure 7: An example of a seasonal hydrograph from a glacierised catchment (Bayelva) and a non-glacierised catchment 
(Londonelva). Grey rectangle on the hydrograph covers rainfall-dominated discharge. Green rectangle indicates snowmelt-
dominated discharge. White area in between corresponds to discharge dominated by glacier ice-melt.

2.5.1. Have we passed ‘peak water’?

Despite the above, measurements undertaken at 
sparse hydrological monitoring stations on the west 
coast of Svalbard indicate that freshwater fluxes 
from glacierised and non-glacierised watersheds 
are changing.

In case of the former, rapid glacier recession opens 
water stores previously locked in the long-term 
storage (glacier ice). Thus, in catchments dominated 

by glaciers, we should observe an increase in annual 
glacier runoff until ‘peak water’ (or a maximum) is 
reached. After that, a decline in water discharge is 
expected due to reduced glacier area that cannot 
support a steady increase in discharge anymore 
(Huss and Hock 2018, see Figure 8). However, 
since glacier coverage, and therefore meltwater 
contribution to total surface discharge, will vary 
between different catchments, so will their water 
fluxes and the timing of peak water.

Figure 8: Changes in runoff from a glacierised catchment as a result of continuous climate warming (after Huss and Hock 
2018)
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Table 1: Average decadal freshwater fluxes (Qavg) into marine environment from three types of catchments (non-glacierised, 
lacustrine, and glacierised) and watersheds with various level of glaciation. See catchments’ description in Appendix 1. 

Catchment type Site name

Qavg 
1970-
1980

Qavg 
1980-
1990

Qavg 
1991-
2000

Qavg 
2001-
2010

Qavg 
2011-2019

x103 m3/year

Non-glacierised

Fuglebekken1 162 362 453 421 534

Londonelva -  -  271  - 647

Dynamiskbekken - - - 241 -

Elsaelva (almost non-gl) - - - - 1,106

Non-glacierised
lacustrine

Kongresselva 2017–2019 - - - - 10,695

Glacierised

 Werenskioldbreen2 57,000 52,000 65,000 74,000 83,000

Adventelva3 - - 286,836 313,737 376,143

 Bayelva – started in 1989  - 25,696  27,533  33,683 30,889 

 De Geerelva -  -  42,290  41,953 38,156

Aldegondabreen 2017–2019 - - - - 23,699

Finsterwalderbreen1999–2000 - - 73,800 - -

Ferdinandelva - - - - 3,190

Ragnarelva 2001–2003 - - - 19,777 -

Horbyeelva 2001–2003 - - - 44,243 -

Ebbaelva - - - 47,508 -

Bertilelva - - - - 7,260

Waldemarelva 6,904 5,587 5,231

Grøndalselva 2017–2019 - - - - 45,618

1Simulated discharge using the Nordic-HBV model calibrated on discharge observations from the period 2014–2019 and 
validated on archival flow observations; discharge; 

2unpublished data based on 21 hydrologically active seasons between 1970 and 2019; 

3data based on the Nordic-HBV model calibrated on the De Geerelva discharge observations from 1991 to 2019

Table 1 indicates that in Svalbard, catchments 
with smaller glaciers that have receded markedly 
have already achieved ‘peak water’ and are on 
the falling limb of the runoff curve (see Bayelva, 
De Geerelva, Waldemarelva). In contrast, those 
watersheds with larger glaciers and perhaps 
higher percentage of non-glacierised area (e.g. 
Adventelva, Werenskioldbreen) are still on the 
rising limb. Similarly, non-glacierised catchments 
(e.g. Fuglebekken, or Bratteggbekken, an 8 km2 
watershed south of Werenskioldbreen; personal 
communication with E Łepkowska) see an increase 
in discharge, most likely due to increase in 

precipitation (and ground ice melt within the 
freshly thawed active layer).

Lack of long-term monitoring data precludes 
us from accurate estimation of the current and 
future freshwater fluxes from partially glacierised 
terrestrial environments into the coastal waters of 
the Arctic. 

Hydrological data also show that we can no longer 
rely on Arctic freshwater forecasting based solely 
on changes in glacier mass balance as glacier cover 
in watersheds vary greatly (from 10% to 70%). In 
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addition, glacier recession does have an influence 
on subsurface water stores which now more than 
ever needs to be acknowledged in surface water 
hydrology.

2.6. Groundwater contribution, the 
holy grail of Arctic hydrology 

Studies of sub-surface hydrology in Svalbard tend 
to focus on sub-permafrost groundwater with 
relatively little attention paid to water flow within 
the active layer. We know that the groundwater 
flowpath in areas of continuous permafrost 
depends on location (geology), type of recharge 
(glaciers, rainfall, lakes, rivers) hydraulic gradients 
and water quality (temperature and chemical 
composition). Water transfers are restricted by 
ground ice, and the most visible outflows are pingos 
and springs, with the latter being the most obvious 
during winter when all other surface discharge 
is frozen (Orvin 1944; Vtyurin 1994). The two 
best known groundwater systems in Svalbard are 
located in Grøndalen (see Demidov et al. 2019) and 
Adventdalen (see e.g. Hodson et al. 2019, Hodson 
et al. 2020). Yet, still little is known about the sub-
permafrost water fluxes, even though the direction 
of the movement has been studied (e.g. Booij et al. 
1998 or Haldorsen and Heim 1999).

For example, if a catchment has a direct connection 
to a fjord, seawater intrusions into land can 
reach even a few kilometres into the land. These 
intrusions then form saline sub-permafrost aquifers 
that can result in surface discharge (Demidov et al. 
unpublished; Hodson et al. 2020). Such cryopegs 
(or taliks, lenses of salt or brine over cooled water) 
were encountered under both the Grøndalselva and 
Adventelva estuaries. Sub-permafrost aquifers are 
also fed by glacier meltwaters (see Figure 9). These 
aquifers, however, have a very different chemical 
signature, as firstly they were created by diluted 
ice melt and then altered by subsurface migration 
though valley deposits and saturated by chemical 
weathering or cryogenic metamorphism (Woo 
2012; Demidov et al. 2019; Hodson et al. 2019). 
Although the chemical signature of groundwater 
within and under permafrost is relatively easy to 
study via their surface outflows (see a review of the 
Arctic region groundwaters by Lecher 2017), using 
it to estimate water flux produces large errors and 
uncertainties. Therefore, research usually focuses 
upon identifying groundwater discharge and their 
chemical characteristics, while the only continuous 
discharge measurements of such water in Svalbard 
were performed by Hodson et al. (2020). 

        

Figure 9: A schematic of sub-permafrost water flowpath in (a, b) glacierised catchments (Hodson et al. 2020) (c) non-
glacierised catchments (Woo 2012)
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The hydrology of aquifers residing on top of 
permafrost (in the seasonally frozen active layer) to 
date has received even less attention (see Cooper 
et al. 2011), though we know that water from the 
active layer can discharge in the form of spring or 
small water seeps anywhere in a valley, estuarine 
area and beneath the slopes. Surface discharge is 
usually easier to spot at the end of summer, when 
all the snow has thawed, glaciers have reduced their 
melt and the ground has not started freezing yet. 
As with sub-permafrost groundwaters, active layer 
hydrology is identified mostly with hydrochemical 
studies. Its chemical composition is variable, 
reflecting properties of the sediments it drains. 

Even though we do not directly measure 
groundwater fluxes in Svalbard, hydrochemical 
research shows that groundwater plays a role 
in surface runoff (Figure 10) and the annual 
formation of the active layer is hydrologically 
significant (Stäblein 1971). Downward-thawing 

rates are initially high, although variations in 
microtopography and the persistence of patchy 
snow cover may result in the development of an 
irregular permafrost table with thawed troughs 
and frozen ridges, though this irregularity tends 
to subside as the melt season progresses. The 
potential for sub-surface water storage and 
flow in the active layer increases in line with the 
gradual increase in the depth of the permafrost 
table, which constitutes the lower boundary layer 
for water movement (Pecher 1994; Osuch et al. 
2019). Sub-surface flow in the active layer may 
increasingly contribute to proglacial throughputs of 
runoff, as larger fluxes of water are observed at the 
surface due to increased glacier melt and increased 
precipitation. Increased precipitation in the autumn 
that is following the changing climate also coincides 
with the deepest active layer, influencing recharge 
and throughput of the shallow groundwater fluxes. 
Yet we know next to nothing about the hydrology 
of this rapidly changing groundwater system.

Figure 10 Groundwater contribution to surface runoff. An example of isotopic signature of rainfall (dark blue), river water 
(light blue) and groundwater (brown) in (a) Grøndalen and (b) Kongressdalen. Dashed lines represent global meteoric water 
in (a) Barentsburg and meteoric water in (b) (Demidov et al. 2019, Skakun et al. 2020)
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3. Connections and synergies with other SESS report chapters

Water is the link that connects all environments; 
therefore, any changes within those environments 
(whether atmospheric, terrestrial or marine) will 
immediately be reflected in changes in the water 
cycle (i.e. water budget). Hydrological research in 
the Arctic is challenging, lacks investments and 
long-term monitoring, yet it is a fantastic bridge 
that allows us to connect interdisciplinary studies.

For example, this report also includes chapters 
dedicated to improving our knowledge on snow 
cover distribution and enhancing snow cover date 

collection, thus contributing to minimising errors 
in the water budget calculations. PASSES (Salzano 
et al. 2021) provides a picture of terrestrial 
photography applications, while SvalSCESIE (Killie 
et al. 2021) compares an existing satellite-based, 
long-term climate data record with the model 
output for snow water equivalent and in-situ 
measurements. Lastly, SATMODSNOW (Malnes et 
al. 2021) studies the relationships between satellite 
observations and hydrological snow models and 
quantifies the difference.

4. Unanswered questions

4.1. Precipitation

As indicated above, one of the most urgent 
questions concerning Arctic hydrology in the 
changing climate is related to precipitation. Current 
observations, as well as most recent predictions, 
indicate that the amount of rainfall in Svalbard will 
continue to increase. However, despite the general 
consensus on the direction of the change, we still 
do not know the following:

1. How much of that precipitation can be 
accounted for as snowfall and how much as 
rainfall?

2. What is the precipitation gradient change with 
elevation? 

3. How we can reliably quantify and monitor 
winter rainfall (i.e. rain on snow) to provide 
information on slush flows, as well as water 
infiltration into ground for rockslides and 
landslides? 

4. How will glacierised catchments across 
Svalbard respond to increasing precipitation, 
especially when considering variability in local 
climate? 

5. How flash floods caused by extreme rainfall 
events will change sediment transport from 
Arctic catchments? What will be the sediment 
transport from glacierised and deglaciating 

catchments after such events? Focus should be 
given to changes in bank erosion and increased 
occurrence of debris slides and debris flows

4.2. Evaporation & Condensation

The rate of evaporation begins to assume 
significance following the recession of the 
snowpack, ref lecting the increase in air 
temperatures and the abundance of surface water 
available for evaporation. However, as the melt 
season proceeds, the rate of evaporation gradually 
declines, reflecting the progressive drying out 
of the ground surface. Observed changes in air 
temperature and precipitation as well as length of 
the melting season mean that there is also a dire 
need for up-to-date measurements of evaporation 
and condensation. These should be performed 
across the Arctic following the example from 
Hornsund, with appreciation of heterogeneity 
of the meteorological conditions and vegetation 
across the island.

4.3. Water Storage 

Rapid changes in ground temperature, thickening 
of the active layer and thawing of the permafrost 
yield several unanswered questions that need to 
be addressed before we can confidently describe 
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the Arctic’s contribution to the freshening of the 
Arctic ocean.

What is the glacial contribution to the groundwater 
system? The linkages between two frozen bodies 
that are rapidly changing need to be explored. A 
coupled glacier–groundwater model needs to be 
developed to investigate the effects of different 
climate scenarios on freshwater transport into 
marine environments 

What is the capacity of the thickening active 
layer for water storage and water transfer? 
Measurements need to be undertaken to help 
answer questions on groundwater contribution 
to surface discharge, nutrient flux into terrestrial 
and coastal areas, and to help answer questions 
related to risk management of geohazards, such 
as landslides, erosion or debris flow. In addition, 
changes to the waterlogged active layer will have 
an indirect influence upon fluxes of gasses such as 
carbon dioxide (CO2) and methane (CH4) 

Finally, we should start addressing the lack of 
appreciation for modelling of permafrost changes in 
glacierised catchments, which also needs to include 
permafrost aggradation due to glacier recession. 

4.4. Rethinking water balance in the 
High Arctic 

Given the above, it is unsurprising that the Arctic 
hydrology is in a desperate need of a ‘facelift’. Rapid 
warming shifting the timing of onset of snowmelt 
and prolonging the meltwater season means that 
the hydrological year should be redefined. Dramatic 
changes in precipitation patterns also need to be 
addressed, and precipitation measurements across 
a range of elevations should be performed to 
provide data that correspond to the current climatic 
conditions. Change in freshwater storage can no 
longer be assumed negligible, even in glacierised 
catchments with continuous permafrost. This is 
because glaciers in Svalbard change their thermal 
regime from polythermal to cold-based, and so 
their internal water storage and interaction with 
groundwaters also change. Furthermore, active 
layer depth is rapidly increasing as permafrost is 
thawing. This creates possibilities for new water 
flowpaths as well as water storage to the next 
hydrological year. All this has a profound effect 
upon surface hydrology and all downstream 
environments, whether terrestrial or marine.

This report shows a steady decrease in freshwater 
fluxes from some glacierised catchments of the 
High Arctic for one or more decades. However, 
water fluxes from rainfall-dominated watersheds 
have been increasing. In order to know the 
aerial extent of that transition, we must improve 
hydrological research in Svalbard.

5. Recommendations for the future

We recommend a series of actions deemed 
necessary to close the water budget for the 
Norwegian High Arctic. To do so, we suggest 
the development of existing sites and the 
establishment of new supersites for hydrological 
research. The main action points are:

Return of long-term hydrological monitoring 
projects delivering data that are easy to access, 
as these are vital for providing information on 
consequences and the speed of changes occurring 

as a result of climate warming. The data are also 
crucial for hydrological modelling in glacierised and 
deglaciating catchments across the Arctic.

Set up of autonomous meteorological and 
hydrological monitoring on:

The East coast of Svalbard. Possible locations 
include catchments advecting water into 
Agardhbukta (e.g. Væringsdalen or Eistradalen). 
Locations were chosen based on the relative ease 
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of access and short distance from Longyearbyen. 

In addition, autonomous monitoring should be 
established in the North of Svalbard (e.g. Svartdalen 
(Wijdefjorden) or Mosselhalvøya).

A permanent hydrological monitoring station 
should be re-established in (partially glacierised) 
Endalen and (non-glacierised) Gruvedalen, as these 
are the only catchments supplying drinking water 
to neighbouring Longyearbyen.

Establish a network of meteorological stations 
across a range of elevations at key locations 
in Svalbard (e.g. Longyeardalen, Hornsund, 
Ny-Ålesund, as well as the East coast)

Set up time-lapse cameras in the catchments 
under hydrological monitoring (see above) to allow 
for discharge monitoring during the beginning of 

snowmelt season, when hydro stations are still 
frozen over and do not provide reliable water 
discharge data.

Perform measurements of water fluxes in the active 
layer (e.g. via boreholes) in conjunction with already 
established research on active layer thermal regime 
changes. These should ideally be undertaken 
in catchments where long-term hydrological 
monitoring is already (or will be) established 

Conduct multi-sensor remote sensing studies in 
locations that are difficult to access. The versatility 
of remote sensing means that remote research 
can now provide information on surface moisture 
content, ground dynamics, snow water equivalent, 
ice freeze/thaw cycles and vegetation mapping, 
thereby delivering new data. It can also improve 
spatial coverage in catchments that are already 
under in-situ monitoring.

6. Data availability

Due to a large number of partners and available data, information is provided in the Appendix 2.
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Appendix 1 

Description of sites where hydrological monitoring is taking place on long-term or semi long–term basis. 
See Figure 1 for locations.

Site Site description Hydrological 
regime

Institute 
performing 
monitoring

H
or

ns
un

d 
- F

ug
le

be
ke

n

A deglaciated catchment with an area of 1.27 km2. Heterogenous land 
cover and topography. Elevation range 4–522 m a.s.l. Slopes covered with 
washed rubble sediments, solifluction tongues, rock streams, alluvial cones 
and bare solid rock of Hecla Hoek geological formation (Harland 1997). 
Below the slopes, marine terraces covered with sea gravel are covered by 
diverse tundra vegetation.
Close to the eastern boundary of the catchment is the lateral moraine of 
Hansbreen. The ground has a continuous permafrost layer down to more 
than 100 m depth (Humlum et al. 2003). 
Mean annual air temp: −3.7 °C (1979–2019), the warmest month: July 
(avg. 4.6 °C); the coldest month: March (avg. −10.2 °C). The highest 
air temperature recorded: 16.5 °C on 25th July 2020. Mean annual 
precipitation: 463 mm. Snow cover is present approx. 250 days/year. Snow 
depth 0.3-2.0 m (Wawrzyniak and Osuch 2020).

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

Institute of 
Geophysics, 
Polish Academy 
of Science, 
Poland

N
otti

ng
ha

m
bu

kt
a 

- 
W

er
en

sk
io

ld
br

ee
n

Werenskioldbreen is a land-terminating valley-type polythermal glacier 
situated in the Wedel-Jarlsberg Land. The glacier has a catchment area of 
44.1 km2 (glacierised in 61%). Maximum elevation of the firn field is 650 m 
a.s.l., (Ignatiuk and Migała 2013). Outflows from the Werenskioldbreen take 
the form of karst springs, geysers and a type Röthlisberberger (R) subglacial 
outflow channel. The main outflow, located in the northern part of the 
glacier, originates in an ice gate and creates the Kvislaelva (~80% of the 
total water yield). In the proglacial zone, tributary rivers originating from the 
glacier front join and form Breelva, which drains into the Greenland Sea. 
The average annual runoff is approx. 80±14x106 m3, which is equivalent to 
an 1800 mm layer of water from the catchment surface (Majchrowska et al. 
2015).

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

University of 
Silesia and 
University 
of Wrocław, 
Poland 

Va
n 

Ke
ul

en
fjo

rd
en

 - 
Fi

ns
te

rw
al

de
rb

re
en

Finsterwalderbreen, is located at 77° 31’ N, 15° 19’ E on the southern 
shore of Van Keulenfjorden, southern Spitsbergen. The glacier itself 
is 12 km long, north facing and flows to the coast from a maximum 
elevation of 1065 m a.s.l. It is up to 200 m thick, and has a polythermal 
temperature structure, with a 25–170 m thick cold surface layer, a warm 
firn accumulation zone and a bed that is mostly temperate, apart from 
limited areas at the margins (Ødegård et al. 1997). The catchment is mostly 
devoid of vegetation, except above the most recent glacial trimline and 
on terminal moraines delimiting the proglacial zone, where a sparse Arctic 
flora survives. The bedrock geology is diverse, comprising Precambrian 
basement and Carboniferous through Cretaceous sedimentary units (Hjelle 
1993). The mean annual air temperature at 35 m a.s.l. is -3.9 °C, and mean 
monthly air temperatures are only positive during the summer, although 
even then they remain <6.0 °C; annual precipitation is in the 180–440 mm 
w.e. range, with the bulk being delivered as snow during the winter months 
(Hanssen-Bauer et al. 1990).

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

Loughborough 
University, The 
United Kingdom
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G
rø

nfj
or

de
n 

- G
rø

nd
al

se
lv

a
Glacierised catchment with an area of 98 km2, (glacier area–7.4 km2). 
Elevation range 0–840 m a.s.l. Grøndalen is a trough valley with the main 
river Grøndalselva, which has 23.5 km. The river has a flat wide valley. 
Cretaceous deposits protrude on the surface in the delta part of the river. 
A group of seven large pingos have developed in the central part of the 
valley (Demidov et al. 2019). Grøndalselva is fed by many tributaries, which 
collect meltwater discharge from small hanging glaciers. Two larger glaciers, 
Tavlebreen and Passfjellbreen, as well as their terminal moraines lie in the 
upper valley part. Glacier runoff made up to 24% of total river discharge in 
2017–2018 (Romashova et al. 2019). The permafrost thickness exceeds 
100 m (Demidov et al. 2019). Snow cover height (2002–2019) 10–194 cm 
(mean 58 cm). 50% of total annual runoff falls in June.

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt, 
groundwater

The Arctic 
and Antarctic 
Research 
Institute (AARI), 
St. Petersburg, 
Russia

G
rø

nfj
or

de
n 

- A
ld

eg
on

da
br

ee
n

Glacierised catchment with an area of 9.4 km2, (glacier area–5.7 km2). 
River length–2.6 km. Elevation range 0–720 m. Over the last decades, 
Aldegondabreen lost more than a half of its ice volume. (Terekhov et al. 
2020). Average annual ablation rate on Aldegondabreen was 1.947 m w. e. 
(or 10.2 million m3) in 2016–2018 (Sidorova et al. 2019), which comprised 
47% of the water discharge of the river (Romashova et al. 2019). The 
drainage system of the Aldegondabreen consists of three tributaries. 
The streams form a braided system in the moraine area and merge into 
Aldegondaelva, discharging into Grønfjorden. The river flows through a 
valley formed by moraine deposits and sandstones with coal seams, shales 
and some limestones (Elvevold et al. 2007). A small delta with unstable 
position is formed by the deposited sediments. There are several small 
lakes (less than 100 m 2) in the catchment area formed by the icemelt 
groundwater (Romashova et al. 2019). Snow depth on the glacier (2002–
2019) was 78–238 cm (mean 157 cm). 30% of annual runoff falls in July.

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

G
rø

nfj
or

de
n 

- 
Ko

ng
re

ss
el

va

Non-glacierised catchment area 10.5 km2. River length–3.9 km. Elevation 
range 0–500m. The river flows out of the karst lake Kongress. The 
catchment area is composed of ancient metamorphosed and sedimentary 
rocks of the Precambrian, Upper Paleozoic and Mesozoic ages. Ice-wedged 
polygons and rock streams are common features of the hill slopes in the 
valley, while the vegetation is sparse on the slopes of bare rock or rocks 
covered by algae and lichen crusts and develops mostly in depressions. 
Several tributaries fed by precipitation and underground water contribute 
to the river flow (Skakun et al. 2020). Snow depth (2016–2019) 10 cm–
196 cm (mean 66 cm). 30% of annual runoff falls in June.

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

Ad
ve

ntf
jo

rd
en

 - 
Ad

ve
nt

da
le

n

Partially glacierised catchment with an area of 500 km2. Elevation range 
0–1130m a.s.l. Adventdalen is a large U-shaped valley approx. 30 km long 
and approx. 4 km wide. The main river flowing through it, Adventelva, is 
extremely braided and flows into Adventfjorden that then connects to 
Isfjorden. Adventelva collects runoff from several glacierised valleys with 
different types of thermal regime. Glacially derived freshwater carries a 
high sediment load. Some of the sediment is also deposited at the valley 
bottom, creating a fluvially active region. During winter, the river freezes 
to the bottom, and the valley is covered in a thin layer of snow due to 
prevailing strong easterly winds.
 The area is underlain by a continuous permafrost ranging from 100 m 
to 500 m (Humlum et al. 2003). The valley also contains alluvial fans, 
extensive aeolian deposits in the central part of the valley, marine 
terraces, pingos (both open and closed system) and rock glaciers. The 
geomorphology around the valley is dominated by mountain plateaus 
covered in extensive blockfields and ice wedge polygons and other 
periglacial features in the valley bottom. The bedrock geology of the 
catchment mainly consists of sedimentary rocks, while the unconsolidated 
sediments are dominated by different slope deposits and glacio-fluvial 
deposits (personal communication with L Rubensdotter).

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt, 
rainfall, ground 
ice melt

The University 
Centre in 
Svalbard (UNIS), 
Department of 
Arctic Geology, 
Norway

Sa
ss

en
fjo

rd
en

 –
 D

e 
G

ee
rd

al
en

Glacierized catchment, area–79.1 km², of which 10% is glacier covered. 
Includes several glaciers. The monitoring station is located in a narrow 
gorge in part of a waterfall with a stable rock profile. 
Meteorological measurements were carried out for a few years in the 
early 1990’s as part of the first water balance studies used to estimate 
precipitation-elevation gradients (Killingtveit et al. 1994)

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt, 
rainfall, ground 
ice melt

The Norwegian 
Water 
Resources 
and Energy 
Directorate 
(NVE), Norway



198 SESS Report 2020 – The State of Environmental Science in Svalbard

Pe
tu

ni
ab

uk
ta

Small scale catchments with different level of glacier cover from 0 to 
approx. 60%. Elevation ranges from 0 to 935 m a.s.l. The highest point is 
the Pyramiden mountain. The region is characterised by rather continental 
climate with low winter temperatures and high summer temperatures and 
generally low precipitation (around 400 mm per year). Local climate is also 
affected by long duration of sea ice (usually November–June). This has 
resulted in low level of glacier coverage, especially in the western part 
(Dickson land), where even large catchments do not have glaciers. 

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt, 
rainfall, ground 
ice melt

The Polar Geo-
Lab, Masaryk 
University, 
Czech Republic 
and Adam 
Mickiewicz 
University, 
Poland

Ka
ffi

øy
ra

 - 
W

al
de

m
ar

br
ee

n

A glacierised catchment, area approx. 16km2, 16% of which is occupied by 
a polythermal valley glacier Waldemarbreen. Elevation range 0–770 m a.s.l. 
In the north and east, it borders the Prins Heinrichfjella ridge (500–770 m 
a.s.l.) and in the south Gråfjellet (300–350 m).
The hydrological network in the region consists of multiple glacier-
fed braided rivers covering up to 40 km2. The monitoring station on 
Waldemarelva (approx. 5.5 km long) is in the upper section of the river, 
close to the moraines, where the water flows onto the outwash plain. 
Between 1997 and 2019, the average discharge was 0.9 m3/s and ranged 
from 0.5 to 1.4 m3/s.
Waldemarbreen consists of two distinct parts, separated by a medial 
moraine. It is approximately 1 km long and 600 m wide with an area of 2.4 
km2. The mean annual mass balance of Waldemarbreen in 1996–2019 
was ˗0.84 m w.e. The only positive year was 1996 (+0.02 m w.e.). From 
the time of the maximum advance, Waldemarbreen decreased by c. 35% 
(Sobota et al. 2013)

Restricted to 
melt season 
only (usually 
May–October). 
Glacier melt, 
Snowmelt, 
Rainfall, 
Ground ice 
melt

The Nicolaus 
Copernicus 
University in 
Torun, Faculty of 
Earth Sciences 
and Spatial 
Management, 
Polar Research 
Center, Poland

Ko
ng

sfj
or

de
n-

 
Ba

ye
lv

a

A glacierised catchment, area–approx.32 km2, 50% of which is occupied 
by cold-based valley glaciers. Elevation range 4–742 m a.s.l. The southern 
and eastern part of the watershed is underlain by red sandstones, quartzite 
and phyllite, while the northern and western areas are underlain by 
sedimentary rocks, such as sandstone, shale, dolomite and limestone (Orvin 
1934; Hjelle 1993). The area of the catchment is almost entirely underlain 
by permafrost with a seasonal active layer measuring from 0.5 to 1.5 m 
(Killingtveit 2004). 

Restricted to 
melt season 
only (usually 
May–October). 
Glacier melt, 
Snowmelt, 
Rainfall, 
Ground ice melt

The Norwegian 
Water 
Resources 
and Energy 
Directorate 
(NVE), Norway

Ko
ng

sfj
or

de
n-

Lo
nd

on
el

va

A small de-glacierised catchment, area–0.7 km2, located on Blomstrandøya 
(a small island in Kongsfjorden) The elevation ranges from 15 to 149 m 
a.s.l. It is the only catchment under long-term monitoring that is entirely 
underlain by carbonate rocks (karst).

Restricted to 
melt season 
only (usually 
May–October). 
Snowmelt 
rainfall, ground 
ice melt

https://www.tandfonline.com/doi/full/10.3402/polar.v32i0.19691
https://www.tandfonline.com/doi/full/10.3402/polar.v32i0.19691
https://www.tandfonline.com/doi/full/10.3402/polar.v32i0.19691
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