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Introduction

The Ministry of Agriculture, Self-sufficiency, Energy and Environment under the
Government of Greenland has requested Asiaq and GEUS to provide time series of
predicted future water resources for hydropower potential 06.g and 07.e in Southwest
Greenland.

To do this we have extracted runoff data for each catchment from regional climate model
outputs, and we have evaluated and adjusted the model outputs based on measured runoff.

To give indications of the uncertainty on the predicted water resources we provide data
from two different regional climate models forced at the boundaries by two different global
climate models and three different future climate scenarios (covering the period 2015-
2100). A scenario covering the historic period before 2015 provided model data
overlapping with measured data from which adjustment factors are deduced. A schematic
of the process chain to produce the time series of predicted future water resources is given
in Figure 1.

The choice of combinations of climate scenarios, global and regional climate models have

been determined by the model simulations that had already been carried out by the
institutions running the models.

. . . Downscaling and Adjust model
. . Global climate Regional climate
Climate scenario extract runoff output based on
model model
from catchment measured runoff

Figure 1 Process chain for providing predicted future water resources.

The work described in this report would not have been possible without access to regional
climate model (RCM) outputs, which have been provided for this project free of charge.
We would therefore like to acknowledge and thank Xavier Fettweis from University of
Liege in Belgium, who has provided data from RCM MAR as well as Martin Olesen and
Fredrik Boberg from the Danish Meteorological Institute, who have provided data from
RCM HIRHAM.

Prepared by: Dorthe Petersen, Asiaq
Synne Hgyer Svendsen, GEUS
Andreas Ahlstrem, GEUS

Frontpage: outlet river from catchment 06.g.11 in early September. Photo by Dorthe
Petersen
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1 Hydropower potential 06.g and 07.e

1.1 Location and catchment areas

The hydropower potentials 06.g and 07.e are situated in Southwest Greenland between
Nuuk and Kangerlussuag, Figure 2. For both hydropower potentials meltwater from the
Greenland Ice Sheet (GrlS) is a significant contributor to the water resource. The method
used to delineate the catchments is described in GEUS report 2021/45.
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Figure 2 Hydropower potential 06.g and 07.e are situated in Southwest Greenland between Nuuk and
Kangerlussuaq. Background map is ‘Abent Land Grenland’ provided by the Danish Agency for Data
Supply and Infrastructure (SDFI).

Hydropower potential 07.e consists of one natural catchment, whereas hydropower
potential 06.g consists of four natural catchments, in the following named 06.9.1, 06.g.11,
06.9.111 and 06.9.1V, see Figure 3. All catchments have a glacier covered part, but the
glacier covered share (% of total area) differ.
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Figure 3 Hydropower potential 06.g consists of four natural catchments. Map coordinates are
UTM22N. Background map is ‘Abent Land Grenland’ provided by the Danish Agency for Data
Supply and Infrastructure (SDFI).

1.2 Measured discharge

The water resource at a location is evaluated from the discharge time series from that
location. The discharge time series is not measured directly but calculated indirectly from
continuously measured water level and a stage-discharge relation for the location. A stage-
discharge relation is an empirical relation describing the discharge as a function of the
elevation of the water surface (the water level). A more detailed description of the method
can be found in GEUS report 2021/45.

In-situ measurements of discharge have been carried out by Asiaq and/or Asiaq’s
predecessor the Greenland Technical Organisation (GTO) at all catchments of hydropower
potential 06.g and 07.e. However, the length of the measured discharge time series and the
quality of the measurements vary between catchments. To give better and more consistent
evaluations of the water resource at each catchment, gaps have been filled and terminated
measured time series extended with adjusted climate model data or adjusted measured data
from neighbouring catchments. Details on the method of gap filling and extensions of time
series and the quality of the measured time series can be found in GEUS report 2021/45.
An overview of the data coverage of the resulting discharge time series is given in Figure
4.
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Figure 4 Data coverage of the discharge time series for the catchments of hydropower potential 06.9
and 07.e. Years with measured data (dark grey) and years with estimated data, i.e. adjusted model
data or adjusted measured data from neighbouring catchments (light grey) are shown.
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2 Regional climate model simulations

While discharge calculations based on in-situ observations is the most accurate way to
estimate the water resource available for hydropower in a catchment, climate modelling
remains the only option when assessing the future evolution of the resource. The
interconnected nature of the global climate system requires Global Climate Models (also
called General or Global Circulation Models and abbreviated to GCMs) to capture the
evolution of the most important parameters. The comprehensive GCM’s are by
computational necessity relatively coarse in their spatial and vertical resolution, and higher
resolution Regional Climate Models (RCMs) are required to resolve processes of
importance to the water balance on the scale of hydrological catchments. Climate models
do not necessarily agree, neither on the GCM- nor the RCM-scale, and consequently, the
choice of models have an impact on the projected water resource availability.

Given the increasing impact of anthropogenically induced climate change, not only the
choice of GCM or RCM matters, but also the choice of expected future greenhouse gas
emissions. An attempt at capturing the different types of futures we may choose has been
made by defining so-called Shared Socioeconomic Pathways (SSPs) (Riahi et al., 2017),
used in the IPCC Sixth Assessment Report on climate change (IPCC, 2021). The SSPs
constitute climate change scenarios of projected global socioeconomic change up until the
year 2100. As such, they provide greenhouse gas emissions scenarios depending on
different choices of climate policy. Five main SSPs are defined, summarized as:

e SSP1: Sustainability ("Taking the Green Road")

e SSP2: "Middle of the Road"

e SSP3: Regional Rivalry ("A Rocky Road")

e SSP4: Inequality ("A Road Divided")

e SSPS5: Fossil-fueled Development ("Taking the Highway")

These socioeconomic pathways are combined with the Representative Concentration
Pathways (RCPs) to describe the future impact on the global climate (van Vuuren et al.,
2011). The RCPs were developed to describe different levels of greenhouse gases and
other radiative forcings that might occur in the future and are defined by the possible range
of radiative forcing values attained in the year 2100 (originally 2.6, 4.5, 6, and 8.5 W/m?,
respectively).

Among different regional climate models (RCMs) there is a noticeable spread in model
output. This is caused by differences in the various model schemes. A recent study
(Fettweis et al., 2020) comparing modelled ice sheet surface mass balance (SMB) for 13
different models concluded that the largest model spread is found around the margins of
the ice sheet, emphasizing the need for continued model development regarding processes
related to surface melt and runoff in the ablation zone. The same study showed that the
ensemble mean of the models shows the best results when comparing SMB to
observations, suggesting that “biases are not systematic among models and that this
ensemble estimate can be used as a reference for current climate when carrying out future
model development” (Fettweis et al., 2020).

We note that an ensemble mean from several different RCMs provides better agreement
with observations than results from a single RCM. However, output from the full range of
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SSP-scenarios in a self-consistent RCM framework are very scarce.

This report aims to address some of the variability in projecting the future water resource
available for hydropower generation by evaluating model output from two different GCMs
(CESM2-CMIP6 and MPI-ESM1-2), and two RCMs (MAR and HIRHAM), using three
different SSP-scenarios, namely SSP1-2.6, SSP2-4.5, SSP5-8.5, Table 1.

RCM MAR HIRHAMS5
GCM CESM2-CMIP6 MPI-ESM1-2 CESM2-CMIP6
(CC) (ME) (CC)
Historical Historical Historical
Scenarios SSP126 SSP126
SSP245 SSP245
SSP585 SSP585 SSP585

Table 1 Overview of the 10 different combinations of RCM, GCM and scenarios used to produce the
runoff time series for hydropower potential 07.e and 06.g in this report. Historical refers to the period
1950-2014, whereas the SSP-runs cover the period 2015-2100.
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3 Regional climate models

3.1 MAR

The regional climate model MAR (Modéle Atmosphérique Régional) (Fettweis, 2007,
Fettweis et al., 2013, Fettweis et al., 2017) has been used to downscale the output of two
different Global Climate Model (GCM) runs covering the historical period 1950-2014 and
three different SSP-scenarios (SSP126, SSP245, SSP585) for the years 2015-2100 (Hofer
et al., 2020). These SSP-scenarios are representative of a low emission scenario, a mid-
emission scenario and a high-emission scenario, indicating a range of possible emission
scenarios (Meinshausen et al., 2020). The GCMs are CESM2-CMIP6 and MPI-ESM1-2.
The different SSP-scenarios provide a reasonable spread across possible future scenarios
from the very conservative to high-emission scenarios. Using merely two different GCM-
drivers cannot provide a full uncertainty estimation but does provide an idea of the
sensitivity of MAR to changes in the driving model. Here the two GCMs (CESM2-CMIP6
and MPI-ESM1-2) have been chosen because of the availability of a full suite of scenario
runs (historic, SSP126, SSP245 and SSP585) for these GCMs. See Hofer et al. (2020) for
estimates of the spread in MAR data depending on the choice of driving GCM.

The present MAR data set allows for a self-consistent (in terms of RCM) comparison
between SSP-scenarios, ensuring any differences are caused by differences in climate
forcing rather than being the consequence of differences in model biases. In addition, the
inclusion of data from MAR simulations driven by two different GCMs allows for rough
estimates of any spread due to possible biases in the GCM data.

The native resolution of the MAR simulations is 15 x 15 km (Fettweis et al., 2020). The 15
x 15 km output has subsequently been dynamically downscaled to a 1 km grid as described
in Fettweis et al. (2020), the 1 km grid being the standard 1 km grid specified in the
protocol for the Ice Sheet Model Intercomparison Project for CMIP6 (Nowicki et al.,
2020). The downscaling is performed by a linear interpolation metric of the four nearest
inverse-distance-weighted model grid cells (Fettweis et al., 2020). After the downscaling,
the interpolated SMB and runoff fields have been corrected for differences between the
topography of the native MAR model and the downscaled 1 km grid, using time- and
space-varying SMB-elevation gradients (Fettweis et al., 2020, LeClech et al., 2019, Noel et
al., 2016, Franco et al., 2012).

3.2 HIRHAM

The regional climate model HIRHAMS5 (Christensen et al., 2007, Fettweis et al., 2020) has
been run using the Global Climate Model CESM2-CMIP6 for the historical period 1971-
2014 and the SSP585 scenario for the years 2015-2100. The available HIRHAMS5 dataset
Is not as comprehensive as the MAR data described previously since only one SSP-
scenario (SSP585) is available, however, since the driving GCM model (CESM2-CMIP6)
Is the same as for one half of the MAR data sets, the available HIRHAM data are most
useful in terms of examining variability due to inter-model spread between the different
RCMs.

According to Fettweis et al (2020), 'The HIRHAM regional climate model has been
developed to include a full surface energy and mass balance model using an original code
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developed from physical schemes from the ECHAMD5 global model and the dynamical
schemes from the HIRLAM numerical weather prediction model. It has 31 vertical levels
and is forced on 6-hourly intervals on the lateral boundaries. The RCM has a simple five-
layer snowpack model to a depth of 10 m over glacier surfaces, incorporating the same
parameterizations used in an offline version that has 32 layers.’

For this study, fields of surface mass balance and runoff over ice-covered areas produced
by the off-line version of the HIRHAM surface scheme has been made available by DMI.
The HIRHAM processing is done closely following the setup for MAR data, although
taking into account the differences in the structure of the two model outputs. The
differences are mainly concerning the initial time series concatenation and clipping to
catchments due to differences in data formats, whereas the subsequent production of
annual time series are performed using methods identical to the MAR processing for the
surface mass balance and runoff fields.

3.3 Limitations

In the configuration used to produce the present data sets none of the contributing RCMs
are coupled to an ice sheet model (Hofer et al., 2020, Langen et al., 2017, Mottram et al.,
2017), so simulations are performed with a static ice mask and a static orography. Changes
in runoff due to changes in ice extent or dynamics as well as changes in precipitation
caused by orographic changes are not addressed. In addition, any glacial water storage
(supraglacial lakes, melt ponds, rivers) is not considered, as neither MAR nor HIRHAM
resolve this, although HIRHAMD5 to some extent addresses meltwater retention and
refreezing in the snowpack (Fettweis et al., 2020, Langen et al, 2017, Mottram et al.,
2017).

Studies coupling GCMs and ice sheet models show a marked influence on both the ice
sheet and the overall climate system (Madsen et al., 2022, Muntjewerf et al., 2020), so the
effect of an interactive ice sheet is not negligible. Currently, mostly extreme cases of
quadrupling the CO2-concentrations in the atmosphere, either abruptly or by 1 % annual
increase, have been studied (Madsen et al., 2022, Muntjewerf et al., 2020), but given the
size of the effects of an interactive ice sheet reported by these studies, one may expect
significant differences in other, less extreme scenarios as well. The study by Madsen et al.
(2022) reports differences in the overall surface mass balance of the Greenland ice sheet as
high as 55 % when comparing coupled and uncoupled simulations for the very extreme
scenarios quadrupling pre-industrial CO2-levels.

The obvious shortcoming of a non-interactive ice sheet increases the uncertainty of the
hydropower potential, but coupled ice-sheet climate models are in their infancy and
currently no data sets covering the full range of SSP-scenarios are presently available, not
even for global scale models, let alone regional models. For this study, priority has been
given to the inclusion of the full spread of SSP-scenarios in a well-tested RCM
configuration.
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4 Evaluation of regional climate model outputs

We compared the regional climate model outputs with measured data to evaluate the need
for adjustment and to decide which adjustment model to choose.

The model simulations used in this project do not aim at describing the exact weather of
each year, rather the model aim at describing weather that is likely to happen under the
overall climate conditions stipulated by the climate scenarios®. Therefore, it is not
meaningful to compare model output with measured data on a year-to-year basis. Instead,
we compare statistics derived for longer time periods.

The measured runoff data are from the period 1974-2022 (Figure 4), and thus overlaps
with the last part of the simulated historic period (hist) and the first part of the future
scenarios (SSP scenarios).

4.1 Land runoff versus ice runoff

For the simulations with RCM MAR the runoff from land (not ice-covered) relative to the
total runoff is in reasonable agreement with the partitioning estimated from measured
precipitation and runoff, Table 2. From the RCM HIRHAM we only had access to
modelled runoff from the ice-covered parts of the catchments. The partitioning is relevant
as climate change is expected to affect runoff from land differently than runoff from ice-
covered areas.

Catchment Runoff from land (not ice-covered), % of total runoff
Estimated from Model CC MAR | Model ME MAR
measured data

07.e 5-15% 12-37% 12-25%
06.9.1 80-100% 89-95% 74-88%
06.9.11 30-35% 32-53% 12-30%

Table 2 The contribution from (not ice-covered) land to the total runoff. Estimates based on measured
precipitation and runoff are shown together with results from the model outputs for the three main
catchments.

4.2 Magnitude of yearly runoff

Yearly runoff data for the period 1980-2014 (where measured data is available from all
catchments) is compared between model and measured data in Figure 5. For four of the
five catchments the model mean is much higher than the measured mean (between 25%
and 190% higher). For the last catchment (06.9.1V) the model mean is less than the
measured mean, however, the measured data from 06.9.1V is uncertain.

The discrepancy between modelled and measured runoff differs between catchments, as
well as between models even though all model simulations are under the same climate
scenario. This points towards the discrepancies being caused by a combination of multiply
error/uncertainty sources, including uncertainty in the catchment delineations especially
the ice-covered part, uncertainty of the measured data and gap filling as well as uncertainty
and differences in the parameterizations of physical processes and omitted physical
processes in the global as well as the regional climate models.

1 This contrasts with re-analysis model-simulations that assimilates measured weather data. However, re-
analysis model-simulations can obviously not be used for future predictions.
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Figure 5 Boxplots of yearly runoff values from the period 1980-2014. Comparison of measured and
model runoff for each catchment. In each boxplot the red line is the median, red cross is the mean, the
edges of the box are the 25" and 75 percentiles, the whiskers show min and max values.
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4.3 Variability of yearly runoff

For the two catchments 07.e and 06.9.11 where we have the most complete in-situ
measured time series of runoff, measurements show an increase in year-to-year variability
around year 2000. None of the models used in this project grasp this change, Figure 6.

In both catchments meltwater from the ice-covered part of the catchment is the dominating
contribution to the runoff. Catchments where runoff from land (not covered with ice)
dominates, may not experience a similar pattern.
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Figure 6 Coefficient of variation calculated for detrended yearly runoff data from catchment 07.e (top
panel) and 06.g.11 (bottom panel) using a 25-year moving window, with data plotted at the centre of the
window. Results from measured runoff (black line) shown together with modelled data from CC MAR
(orange), ME MAR (light blue) and CC HIRHAM (lilac). The climate scenario for the future
predictions is indicated by the line type; SSP126 as solid line, SSP245 as dashed line, SSP585 as dash-
dotted line.
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4.4 Monthly distribution of runoff

The time resolution of model data available to this project was monthly data. The
distribution of runoff over the year is compared for model and measured data in Figure 7
for the catchments 07.e, 06.g.1 and 06.g.11.
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Figure 7 Mean distribution of runoff over the year (% of annual runoff per month) for the periods
where measured data exist for the catchments 07.e (top), 06.g.1 (middle) and 06.g.11 (bottom). The
distributions of measured data (black line with stars) are compared with the distribution of model data
for CC MAR (orange), ME MAR (light blue) and CC HIRHAM (lilac).

For catchments 06.g.11 and 07.e all models predict runoff to occur significantly earlier in
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the year than the measured runoff. Both 06.g.11 and 07.e are catchments that cover a large
area (many model grid cells) and where a large part of the catchment is covered by glacier
ice. The climate models calculate runoff for each model grid cell but does not include a
routing routine. Thus, the travel time for the water to go from each grid cell to the outlet of
the catchment (where the in-situ measurements was carried out) is missing in the model
output and in the summation of model outputs over the catchment. Further, there might be
transport and retardation processes within the snow and glacier ice that are still not
adequately described in the models.

For catchment 06.g.1 modelled and measured distribution of runoff is in better agreement.
The catchment of 06.9.1 is considerably smaller than 06.g.11 and 07.e (see Figure 2 and
Figure 3) and thus the lacking routing routine is less critical.

The model simulations for the future scenarios show a tendency towards a longer runoff
season, with a larger part of the yearly runoff occurring in the beginning and the end of the
runoff season, see example in Figure 8. The predicted change in the runoff distribution is
however small compared to the discrepancy between modelled and measured distribution.
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Figure 8 Predicted changes in runoff distribution over the year by CC MAR for catchment 07.e.
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5 Adjustment of regional climate model outputs

5.1 Adjustment method

The evaluation of model outputs (section 4) showed that model data needs adjustment to be
a reasonable representation of catchment water resources.

The need for adjustment originates from a combination of many sources of uncertainties.
The adjustment that we can derive within the scope of this project will not describe
specific physical processes but will take the form of an empirical formula, which we will
then extrapolate and use for the future scenarios. Therefore, we prioritize to use a simple
and transparent adjustment model. We further prioritize to adjust the model to fit the mean
annual measured runoff.

The adjustment model consists of multiplying the modelled annual runoff with a constant
(an adjustment factor). To find the adjustment factor 25-year moving means of measured
data is divided by 25-year moving means of model data. This gives a range for the
adjustment factor, and the minimum and maximum value are extracted. Adjustment factors
are derived for each combination of models (GCM and RCM) and for each catchment.

5.2 Adjustment factors
A list of the applied adjustment factors is shown in Table 3.

Catchment ME MAR CC MAR CC HIRHAM
AF min AF max AF min AF max AF min AF max

07.e 0.50 0.67 0.68 0.77 0.30 0.37

06.9.1 0.76 0.81 0.66 0.73

06.g.11 0.57 0.64 0.66 0.74

06.g.111 0.77 0.84 0.74 0.80

06.9.1V 1.50 1.79 1.97 2.07

Table 3 Overview of adjustment factors (AF) used to adjust modelled annual runoff values. Individual
adjustment factors are used for each catchment and for each combination of global climate model
(GCM) and regional climate model (RCM). For each combination of climate models, a minimum and a
maximum adjustment factor is used.

5.3 Deliverables

The data files provided together with this report contains the adjusted model results of
annual runoff for each catchment, each model combination and each of the future scenarios
adjusted by a minimum and a maximum adjustment factor, respectively. The adjusted data
covers the years 2023-2100. There is a data file for each catchment, and the catchment
name appear in the file name.

The files include a header line. The naming convention used for the time series (columns)
in the data files is:

<Catchment>\<SSP scenario>\<global climate model abbreviation>\<regional climate
model>\<Adjustment factor min/max>,

e.g. ‘07.e\SSP126\CC\MAR\AFmin’.

Note that the adjustment model seeks to fit the mean annual runoff to measurements.
Based on the evaluation of model output we do not expect the adjusted model result to
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truthfully depict year-to-year variability and changes in year-to-year variability in runoff
(see section 4.3)

We do not provide monthly data. If monthly data is needed, we recommend calculating
runoff distributions (% runoff per month) from the measured time series and apply these to
the adjusted model data.
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6 Predicted future water resource

The adjusted model results are compared for hydropower potential 07.e in Figure 9 and for
hydropower potential 06.g (runoff from the four catchments summed) in Figure 10.

The models predict that the future water resource will be at the same level or higher than
the present, i.e. the most recent period. The model simulations driven by the different SSP
scenarios tends to diverge more as time progresses, which is to be expected from the
stipulated development in greenhouse gas emissions within the scenarios.

9 07.e
15 <10

runoff, m3/year

0 | | 1 | 1 | |
1980 2000 2020 2040 2060 2080 2100

year

Figure 9 Adjusted model results for hydropower potential 07.e shown as 25-year moving means. The
coloured bands show the span of adjustment for each model simulation using the minimum and
maximum adjustment factor, respectively. Model simulations with model CC MAR (red), ME MAR
(blue) and CC HIRHAM (yellow) are shown. The type of line bordering the coloured bands indicates
the SSP scenario; SSP126 as solid line, SSP245 as dashed line, SSP585 as dash-dotted line. The black
stars are measured yearly runoff.
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x 10° 06.g

3.5

runoff, m3/year

0 1 1 1 | 1 Il |
1980 2000 2020 2040 2060 2080 2100

year

Figure 10 Adjusted model results for hydropower potential 06.g (runoff from the four catchments
summed) shown as 25-year moving means. The coloured bands show the span of adjustment for each
model simulation using the minimum and maximum adjustment factor, respectively. Model
simulations with model CC MAR (red) and ME MAR (blue) are shown. The type of line bordering the
coloured bands indicates the SSP scenario; SSP126 as solid line, SSP245 as dashed line, SSP585 as
dash-dotted line. The black stars are measured yearly runoff.

For both hydropower potentials the model simulations driven by the global model CESM2-
CMIP6 (CC) tends to give higher runoff values than simulations driven by the global
model MPI-ESM1 (ME). The higher runoff is most likely attributed to differences in
temperature and precipitation. Considering 10-year means of the annual temperature and
precipitation cycles for the various catchments all hint towards the CESM2-driven
scenarios being warmer than the MPI-driven scenarios, the tendency being most
pronounced in the later part of the time series and for the warmest (SSP585) scenario.
Likewise, the precipitation follows the same pattern; we see both a heightening of the
monthly totals (Figure 11), but also a shift in precipitation type towards more rain, where
we see both an increase in total values and a broadening of the rain peak in the
precipitation distribution (Figure 12). These changes are more pronounced in the CESM2-
driven scenarios compared to the MPI scenarios. MPI is known to have a negative sea
surface temperature bias in the Nordic seas as well as a total precipitation low bias and an
air temperature (at 2m above terrain) low bias over Greenland (Mdiller et al 2018) while
known biases for CESM2 includes ‘excessive rainfall in the south, likely associated with
unresolved topography, excessive rainfall (van Kampenhout et al., 2019), and a generally
too positive SMB bias in the North’ for Greenland (Danabasoglu et al., 2020).
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Figure 11 The monthly total precipitation in 07.e, taken as decadal means for representative decades.

The relative change in runoff from present day to 2100 is larger for hydropower potential
07.e than for hydropower potential 06.g, especially in the warmest climate scenario
(SSP585). For both hydropower potentials the models predict an increase in the runoff
from land as well as in the runoff from ice (Appendix A), but the increase in runoff from
the ice-covered part of the catchments is by far the largest contribution.

With the increase in temperature the melt on the ice sheet will intensify and melt will start
to occur at higher and higher elevation. For 07.e this means that a large area in the upper
part of the catchment, which at precent is in the accumulation zone, will be activated and
start to contribute with meltwater (Figure A.1 in Appendix A). The 06.g catchment do not
reach so far up on the ice sheet and therefore the relative increase is not as immense
(Figure A.3 in Appendix A).

It is important to note that the delineation of the upper part of the 07.e catchment is
uncertain and sensitive to changes in the ice surface that may occur as melt in these upper
regions become more common. Thus, the actual change in the water resource for 07.e in a
much warmer climate could be both less or more than predicted by the models.
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Figure 12 The monthly share of precipitation falling as rain in catchment 07.e predicted by the RCM

MAR, for different GCM model forcings and SSP-scenarios.
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7 Conclusion

Data files with predicted future (2023-2100) annual runoff values for each of the
catchments making up hydropower potential 07.e and 06.g are delivered together with this
report.

Monthly runoff data is not provided. If monthly data is needed, we recommend calculating
runoff distributions (% runoff per month) from the measured time series and apply these to
the adjusted model data.

Model outputs from two different regional climate models run under a combination of
three different climate scenarios and two different global climate models have been used.
In total seven model simulations were available for hydropower potential 07.e and six
model simulations were available for hydropower potential 06.9.

The model output did not directly agree with measured runoff (in the historic period 1974-
2022). To improve the results model outputs was multiplied with a minimum and a
maximum adjustment factor derived for each catchment and model combination.

The adjusted model outputs seek to fit the mean annual (25-year means) runoff to
measurements. Based on the evaluation of model output we do not expect the adjusted
model result to truthfully depict year-to-year variability and changes in year-to-year
variability in runoff.

The models predict that the future water resource will be at the same level or higher than
the present i.e. the most recent period.
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Appendix A: Maps of distributed runoff from RCM MAR
Figure A.1: Distributed runoff from the ice-covered part of the 07.e catchment. Mean value
for two time-slices (2015-2024) and (2090-2099).
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Figure A.2: Distributed runoff from the land part not covered with ice of the 07.e
catchment. Mean value for two time-slices (2015-2024) and (2090-2099).
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Figure A.3: Distributed runoff from the ice-covered part of the 06.g.1l catchment. Mean
value for two time-slices (2015-2024) and (2090-2099).
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Figure A.4: Distributed runoff from the land part not covered with ice of the 06.g.11
catchment. Mean value for two time-slices (2015-2024) and (2090-2099).
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