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Abstract

In this research, the annual maximum number of consecutive dry days (CDD) and
consecutive wet days (CWD) are used to analyse temporal and spatial changes in periods
of meteorological droughts and wet spells. CDD and CWD are first calculated based on daily
precipitation data from twelve automatic weather stations located all around Iceland and
compared to simulations from the Copernicus Arctic Regional Reanalysis (known as the
CARRA dataset). Results show that while CDD values are smaller in the CARRA dataset than
in the observations, and CWD values are larger, both datasets are in accordance with the
general pattern of precipitation in Iceland. Early results indicate that longer periods of CDD
seemed more frequent during the earlier years covered by the instruments, and the
opposite for CWD. CDD and CWD are also extracted for the ensemble of models used in
the NEX-GDDP-CMIP6 dataset interpolated to a 2.5-km grid, and two emissions scenarios.
Results show small changes for the selected stations and hydropower catchments, ranging
from -1 to 2 days when comparing median ensemble values at the end of the century
(2090-2100) with the historical period (1986-2015) for both climate scenarios.
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Agrip

| pessari rannsékn eru hamarksfjéldi samfelldra purra daga (CDD, Consecutive Dry Days)
og votra daga (CWD, Consecutive Wet Days) notud til ad greina breytingar i tima- og rami
a vedurfarslegum purrk- og votvidratimabilum. CDD og CWD eru fyrst reiknud Gt fra
daggildum drkomu fra 12 sjalfvirkum vedurstédvum vids vegar um island og borin saman
vid likanagdégn Gr Copernicus Arctic Regional Reanalysis (CARRA-endurgreiningunni).
Nidurstodurnar syna ad pott CDD-gildi séu leegri i CARRA-gégnum en i athugunum og CWD-
gildi heerri, samrymast baedi gagnaséfnin almennu mynstri Grkomu a islandi. Nidurstodur
benda til pess ad lengri CDD-timabil hafi verid algengari a fyrstu arum meelitimabilsins, og
hid gagnstaeda eigi vid um CWD. Einnig eru CDD og CWD unnin fyrir safn
loftslagslikanagagna Ur NEX-GDDP-CMIP6 gagnasafninu, reiknad nidur i 2,5 km reikninet
og fyrir tveer losunarsvidsmyndir. Nidurstédurnar syna litlar breytingar fyrir stédvarnar og
vatnasvid vatnsaflsvirkjana, a bilinu -1 til 2 dagar fyrir badar losunarsvidsmyndirnar pegar
borin eru saman midgildi likanasafnsins i lok aldarinnar (2090-2100) midad vid sdégulegt
timabili (1986-2015).

Lykilord: CDD, CWD, purra daga, votra daga, CMIP6 gagnasafninu
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1 Introduction

In recent years, several studies have been conducted to calculate precipitation extremes
in lceland. In 2020, a study by Massad et al. (2020) reassessed precipitation return levels,
resulting in a new national map of 24-hour precipitation thresholds for a 5-year event, in
agreement with the general precipitation pattern in Iceland documented in Bjornsson et al.
(2018) and Crochet et al. (2007). As Arctic and subarctic regions warm rapidly,
precipitation extremes are expected to broadly increase in the coming decades (Bintanja,
2018) and recently, two studies partially funded by Orkurannséknasjédur Landsvirkjunar
examined changes in extreme precipitation towards the end of the century. Using the
Coupled Model Intercomparison Project Phase 5 and 6 they estimated future precipitation
return levels for Iceland, with a focus on the eleven hydropower catchments operated by
Landsvirkjun (Massad et al. 2022; 2024). Both studies showed a gradual increase in
precipitation extremes for the end of the century, with values from the CMIP6 dataset
based on daily annual maximum precipitation amounts (RX1D) increasing up to 25% in
2100, depending on the part of the country, the percentile of the ensemble of models used,
and the emission scenario considered. While the focus of these studies was on extreme
precipitation amounts, they did not take into consideration the temporality of precipitation,
and the behaviour of extended dry and wet periods. Few research have centred around
droughts in Iceland (Gylfadéttir, 2016; Sienz et al., 2007), and changes related to the
ongoing warming of Arctic regions have yet to be analysed.

Recently, the NASA Exchange Global Daily Downscale Projections (NEX-GDDP-CMIPG)
dataset based on the global climate model (GCM) output from the Climate Model
Intercomparison Project Phase 6 became available. The NEX-GDDP-CMIP6 dataset was
created by statistically downscaling GCM output to a higher resolution of 0.25° using a
daily variant of the monthly bias correction/spatial disaggregation (BCSD) method
described in Wood et al. (2002, 2004). The NEX-GDDP-CMIP6 dataset, therefore, enhances
the understanding of climate change impacts over regional-to-local scales (Thrasher et al.,
2022), notably for studies at catchment-scale. Moreover, an ongoing study at IMO has
focused on bias correcting and downscaling the NEX-GDDP-CMIP6 projections,
using the CARRA reanalysis dataset as a reference dataset, and producing bias-adjusted
climate projections at 2.5-km resolution for Iceland. From this downscaled precipitation
dataset, two extreme climate indicators are available: the maximum number of consecutive
dry days (CDD) and the maximum number of consecutive wet days (CWD). These indicators
will be used here to analyse changes in periods of meteorological droughts and wet spells.

This study aims to answer the following questions:

1. Arethere signs of change in the temporality of CDD and CWD in the control stations
selected for this study, both in the measurements and from simulated data?

2. How are those two extreme climate indicators expected to be affected by the
ongoing warming of Arctic regions?

To answer the first question, daily precipitation data from twelve control stations is used
in order to create annual maximum series of CDD and CWD based on both measurements



and simulations from the Copernicus Arctic Regional Reanalysis (CARRA dataset, see DMI
(2020)). Then, historical changes in those two indicators are analysed for the control
stations. Finally, downscaled climate projections down to a resolution of 2.5 km are studied
for the twelve control stations, and climate projections shown in maps and tables for the
eleven hydropower catchments operated by Landsvirkjun, as well as for the whole country.
This is done for two emissions scenarios: SSP2-4.5 and SSP5-8.5, and two future periods:
middle (2046-2055) and end (2091-2100) of the century.



2 Study area

In this study, the focus is on a selection of meteorological stations recording precipitation,
as well as hydropower catchments operated by Landsvirkjun. This selection can be seen in
Figure 1.

As of today, IMO has a network of more than 70 automatic stations, widespread around
the country and measuring precipitation down to 10 minutes. Here, twelve stations were
hand-picked as control stations. Those stations were first selected in Massad et al. (2020)
due to their location in narrow fjords or close to complex orography (Eskifjordur and
Neskaupstadur in the east; Flateyri, Isafjérdur and SuGdavik in the north-west), their
exposure to frequent flash-flooding events (Siglufjérdur and Olafsfjordur in the north,
Seydisfjordur in the east), their accumulated annual rainfall (Kvisker and Laufbali in the
south-west) or the quality of their recording (Reykjavik and H6fn i Hornafirdi).

In addition to those stations, eleven hydropower catchments operated by Landsvirkjun
were selected for this study. Those catchments vary in size and elevation, and have been
used in several studies carried at IMO in the past years (Massad et al. 2022 and 2024). In
Figure 1, the discrepancy between the actual catchments outlines (shown in black) and the
2.5-km grid (shaded area) used on the map can be seen, as the grid and the catchment
boundaries do not match exactly. For more details about the physical characteristics of
individual catchments, see Table 2 in Massad et al. 2022.
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Figure 1 — Location of the twelve control stations (blue dots) and eleven hydropower
catchments (grey-shaded areas) used in this study. Black lines show the catchment
boundaries, and shaded areas within catchments represent the 2.5-km grid.



3 Data

3.1 Measurements

Table 1 lists the twelve control stations along with the date of their first recording of
precipitation, and total number of missing daily values. While most of the stations have
been recording precipitation automatically before 2000, some of them were set up more
recently. This is the case for H6fn i Hornafirdi, as well as Kvisker and Laufbali. For those
last two stations, even though they have a rather large number of missing dates in their
timeseries, their selection here is justified by their location in the wettest part of the
country, with accumulated annual rainfall reaching a national maximum in their area.

While all those stations are still recording today, only data until the end of 2022 were
retrieved, in order to match the length of the reanalysis available at IMO and presented in
the next paragraph.

Table 1 — List of the control stations along with the date of their first recording, and
the number of missing daily values between their first day of recording and 2022-

12-31.
Station First day of Missing Station First day of Missing

recording values (days) recording | values (days)
Eskifjéréur 1998-10-24 112 | Neskaupstadur | 1997-10-27 2
Flateyri 1997-10-21 63 | Olafsfjordur 1997-10-30 383
Ho6fn 2008-01-01 172 | Reykjavik 1997-01-01 3
isafjéréur 1998-09-25 17 | Seydisfjordur 1995-11-10 152
Kvisker 2009-01-01 502 | Siglufjérour 1995-11-09 1,078
Laufbali 2004-06-01 1054 | Sidavik 1999-09-29 65

3.2 The CARRA dataset: Copernicus Arctic Regional Reanalysis

In this study, the Copernicus Arctic Regional Reanalysis (CARRA) dataset is used, providing
precipitation data with a horizontal resolution of 2.5-km with a 3-hour timestep. This
reanalysis was developed and produced by the Copernicus Climate Change Service (C3S)
with the goal to provide arctic regions with climate monitoring products and climate
services (DMI, 2020).

Similarly to the Icelandic Reanalysis (known as the ICRA dataset; see Nawri et al. 2017),
used for previous studies at IMO, the CARRA dataset was created with the non-hydrostatic
HARMONIE-AROME model, with a horizontal resolution of 2.5 km (Bengtsson et al., 2017).
The reanalysis covers the period from September 1990 to present, although when this
study was started, only data until the end of 2022 were available at IMO. The CARRA
dataset is available over two domains, but only the western domain covering Iceland and
Greenland, termed CARRA-West, was used. Data were then cropped for a smaller domain
around Iceland.




Timeseries for the twelve control stations were extracted by taking the weighted average
over the four nearest grid-points surrounding the station location. Daily precipitation were
calculated from the initial 3-hour timeseries by summing precipitation from midnight to
midnight.

3.3 Downscaled CMIP6 projections

The Coupled Model Intercomparison Project (CMIP) is a large framework that collects the
outputs from global coupled ocean-atmosphere general circulation models (GCMs) to
project future climatic changes due to anthropogenic activity.

For this project, results from the sixth phase of the project are used, commonly referred to
as CMIPG6 (see Eyring et al. (2016) for details) and featured in the IPCC Sixth Assessment
Report (2021). This time, the climate projections are based on a set of Shared
Socioeconomic Pathway (SSP; see Figure 2). These SSPs describe various narratives of
global societal developments for the end of the century, into which are derived the
Representative Carbon Pathways (RCP) used in the fifth phase of the project (CMIP5). In
CMIP6, five SSPs named SSP1 to SSP5 are considered, with the more sustainable scenario
being SSP1, and the worst, SSP5, the fossil-fuel driven development scenario or the “worst
case scenario” (see Figure 2, from O'Neill et al., 2017).

Climate models are then run for a specific SSP, coupled with various radiative forcings. In
this analysis, the results from two scenarios are used:

- SSP2-4.5. “Middle of the road” pathway in terms of future greenhouse gas
emissions, with an additional forcing of 4.5 W m-2. In this scenario, climate
protection measures are also being taken.

- SSP5-8.5. Represents the upper boundary range of scenarios, with a radiative
forcing of 8.5 W m-2 by the end of the century. It represents an update of the RCP8.5
scenarios from the CMIP5 but now combined with socioeconomic considerations.

The global mean temperature changes for those two scenarios as well as for SSP1-2.6 are
shown in Figure 2. According to the Copernicus Climate Change service, temperature
projections under SSP1-2.6, SSP2-4.5, and SSP5-8.5 suggest an increase that ranges
between under 2°C (SSP1-2.6) to over 5°C (SSP5-8.5) for the period 2071-2100 when
compared to the historical period 1985-2014.

The CMIP6 projections provide a global dataset that include a large range of variables.
Depending on the variable, a different number of GCMs is available, both for a historical
period spanning from 1850 to 2014, and for a projection period that runs until the end of
the century. In 2022, the NASA Earth Exchange Global Daily Downscaled Projections
(known as the NEX-GDDP-CMIP6 dataset; see Thrasher et al. 2022) was made available,
downscaling temperature and precipitation data from the CMIP6 with a horizontal
resolution interpolated to 0.25°.
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Figure 2 — Global mean temperature between 1850 and 2100 for selected CMIP6
models. The grey shaded area shows the range of historical simulations while the
coloured areas show potential future temperature change based on different
greenhouse gas emission scenarios (from Copernicus Climate Change Service,
ECMWF).

An ongoing project at IMO has further downscaled the NEX-GDDP-CMIP6 down to 5 km,
using the CARRA dataset to bias-correct the data. A preprocessing step was carried out
before the bias adjustment was performed. Both the NEX-GDDP-CMIP6 dataset (25-km
resolution) and the CARRA dataset (2.5-km resolution) were re-gridded to a common 5-km
resolution using bilinear interpolation. The bias-adjusted climate data at 5-km resolution
include a total of 13 models for both the historical (1950-2014) and future periods (2015-
2100) for the two emissions scenarios used in this study (SSP2-4.5, and SSP5-8.5). Further
details can be found in Zaqout et al. (2024).

Table 2 — List of NEX-GDDP CMIP6 models used for precipitation projections.The
variant describes the run (r), initialisation (i), parameterisation (p), and forcing (f)
versions used for the simulation.

Model name Variant Model name Variant
ACCESS-CM2 rlilpifl INM-CM5-0 rlilpifl
BCC-CSM2-MR rlilpifi MIROC-ES2L rlilpif2
CMCC-ESM2 rlilpifi MIROC6 rlilpifl
CNRM-ESM2-1 rlilpif2 MPI-ESM1-2-HR rlilpafl
FGOALS-g3 r3ilplfl MPI-ESM1-2-LR rlilpifl
GFDL-ESM4 rlilpdfl MRI-ESM2-0 rlilpifl
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4 Calculation of annual maximum series of
consecutive dry days (CDD) and consecutive wet
days (CWD)

In the previous section, precipitation timeseries based on observations and the CARRA
reanalysis were discussed, as well as the downscaled precipitation projections down to 5-
km for two climate scenarios covering the whole country.

In this study, the focus is not directly on precipitation, but on periods of meteorological
droughts and wet spells. A method to measure and analyse those periods is to use two
extreme climate indicators known as the maximum consecutive dry days (CDD) and
consecutive wet days (CWD). According to the Copernicus database definition, these
indicators are calculated by counting the number of consecutive days when daily
precipitation is below 1 mm (CDD), or superior to 1 mm (CWD). Yearly maximum values are
then calculated from the timeseries, so that for a specific location, the annual maximum
number of consecutive dry days and consecutive wet days can be obtained. In the rest of
the report, CDD and CWD will be used to refer to the annual maximum series of maximum
consecutive dry days and wet days, respectively.

The bias-adjusted daily precipitation from the NEX-GDDP-CMIP6 dataset at 5-km horizontal
resolution was used to obtain projections for both CDD and CWD. The median, 10th, and
90t percentile values were calculated for the ensemble of the different models for the
historical and future periods. The calculated ensemble statistics values were then bilinearly
interpolated to a higher resolution of 2.5 km. Therefore, ensemble statistics values of CDD
and CWD are available for the whole country at a resolution of 2.5 km, and for each climate
model at a resolution of 5 km. Most of the study that follows is based on the ensemble
statistic values at 2.5 km. Timeseries for the twelve control stations were then created for
the historical period and the two scenarios by taking the CDD and CWD values from the
grid-point located closest to the station coordinates in the 2.5-km grid.

Similarly, CDD and CWD calculation was made on the precipitation measurements and the
CARRA dataset to create timeseries for the twelve control stations with annual maximum
CDD and CWD. While the CARRA dataset runs continuously from September 1990 until the
end of 2022, a varying number of missing data is present in the observations, as previously
shown in Table 1. Thus, missing dates from the measurements were discarded from the
reanalysis. In the case of data missing for more than three months within the same year,
it was decided to not calculate the yearly maximum.
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5 Historical changes of CDD and CWD in the control
stations

5.1 Analysis of the CDD and CWD timeseries from the
precipitation measurements

As described in the previous section, annual maximum series of CDD and CWD were
calculated for the twelve control stations, based on daily precipitation measurements
available. Although timeseries are not the same length for all stations, Table 3 shows the
minimum, median, and maximum values calculated for each individual station, both for the
dry and wet days.

For the consecutive dry days, minimum values vary between 6 and 15 days, meaning that
every year of recording shows between about one and two weeks of consecutive days with
no precipitation. Overall, the lowest numbers of days are found in Laufbali and Kvisker
(respectively 6 and 7 days), which is in accordance with previous studies as both stations
are located in the wettest part of lceland. Other stations, such as Ho6fn i Hornafirdi in the
south-east, but also Flateyri and isafjérdur in the Westfjords have at least two weeks with
no precipitation among all the years recorded by the stations. The maximum number of
consecutive dry days recorded in a year is 49 in Flateyri in summer 2002, which was also
a dry period in the neighbouring stations of Isafjérdur and Stdavik, both with a CDD of 45
days recorded in 2002 (see Appendix I). The lowest number of maximum CDD is found in
Kvikser with a maximum of 22 days (about three weeks) with no rain recorded in 2015.
This trend is also noticeable when looking at the median number of CDD, with all stations
having a value between 17 and 23 days, except for Laufbali and Kvisker (13 days).

Analysing the annual maximum CWD, it appears that for all the control stations, at least
five days of consecutive precipitation were recorded over the time-period covered by the
measurements. Again, among all the stations, the wettest is Kvisker, with a minimum value
of annual maximum CWD of nine days, and a maximum number of 69 consecutive wet
days. Along with Laufbali, Kvisker has a median number of CWD of 17 days, way above the
median values in the other stations which are ranging from 9 to 12 days.
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Table 3 — Minimum, median, and maximum CDD and CWD as calculated from
observations in the twelve control stations. For the time-periods used for the
calculation, see Table 1.

CDD (days) CWD (days)

Minimum | Median | Maximum | Minimum | Median | Maximum
Eskifjéréur 9 21 38 5 9 17
Flateyri 14 20 49 6 11 17
Ho6fn 15 23 35 6 10 20
Isafjoraur 14 23 45 5 11 27
Kvisker 7 13 22 9 17 69
Laufbali 6 13 32 7 17 32
Neskaupstadur 11 17 28 6 11 22
Olafsfjdrdur 13 21 30 6 11 14
Reykjavik 11 17 24 8 11 31
Seydisfjérour 11 18 33 8 11 20
Siglufjordur 11 17 28 7 12 20
Siddavik 10 21 45 5 10 16

5.2 Comparison between measurements and the CARRA dataset

In order to visualise CDD and CWD timeseries, histograms were created for the twelve
control stations. In the histograms, results previously presented in Table 3 can be seen,
but in addition, histograms based on simulated CDD and CWD timeseries from the CARRA
reanalysis are also shown. Two examples, one for Eskifjordur (Figure 3), the other for
Kvisker (Figure 4), are presented, with the others being available in Appendix I.

In Figure 3, for Eskifjordur, results from the measurements and from the CARRA dataset
are close overall, especially regarding the general pattern of distribution. Indeed, years
with a high CDD number measured by the station correspond to a high number of days in
the reanalysis. However, there is a systematic underestimation of the number of dry days
in the CARRA dataset: over the 22 years covered by the timeseries, the maximum number
of CDD is greater in the CARRA dataset than in the measurements only once, in 2022. This
trend is reflected by the median CDD value (horizontal dashed lines), which amounts to 21
days for the observations, and only 13 days for the reanalysis. Regarding the CWD
histograms, the opposite trend can be observed, with the CARRA dataset overestimating
the number of wet days most years. Overall, the difference between the median values
between both datasets is smaller than for the CDD (12 in the CARRA dataset, 9 in the
observations).

For Kvisker (Figure 4), results are slightly different. Except for 2010, CDD calculated from
the two datasets are comparable. Likewise, for the CWD histograms, except for the two
years with a very long period of wet spell (2011 and 2015) recorded by the station, the

13



reanalysis shows very similar results to the observed timeseries. Those three years (2010,
2011, and 2015) would need to be investigated further.

This general pattern of simulations being wetter than observations (which translates to a
smaller number of CDD and larger number of CWD) can be further noticed in the
scatterplots shown in Figure 5. In the top panel that shows results for all twelve stations,
the trend gives higher CDD values for the measurements, and higher CWD values for the
simulations. It can also be noticed in the two individual scatterplots shown for Reykjavik,
and Kvisker (scatterplots for the other stations are available in Appendix Il). These two
stations were selected as Reykjavik shows the smallest bias between measurements and
simulations (with low RMSE and MAE) both for the CDD and CWD, while Kvisker shows the
largest difference, although this is mainly due to the two outliers observed before on the
histograms for the years 2011 and 2015. In Table 4, RMSE and MAE calculated for CWD
for each station spread through a smaller interval than for CDD. With the exception of
Kvikser, RMSE values vary between 3.3 (H6fn i Hornafirdi) and 8.1 (Laufbali) for CWD, while
RMSE for CDD values range from 3.5 (Reykjavik) to 14.2 (Seydisfjordur). Mean values of
RMSE and MAE are also indicated for all stations in the first scatterplot in Figure 5, and
both indicators are inferior for CWD than for CDD, even considering the two outliers in
Kvisker as discussed earlier.

Table 4 — RMSE and MAE between observation and reanalysis for CDD and CWD
timeseries in the twelve control stations.

CDD (days) CWD (days)
RMSE MAE RMSE MAE
Eskifjérdur 10.0 7.2 4.5 3.6
Flateyri 10.3 6.6 4.6 4.2
Ho6fn T Hornafirdi 10.2 8.0 3.3 2.5
Isafjérour 9.3 7.0 7.0 5.8
Kvisker 6.0 3.8 20.1 10.5
Laufbali 8.0 6.0 8.1 5.9
Neskaupstadur 5.6 4.0 3.7 3.0
Olafsfjéréur 8.0 6.8 5.7 3.7
Reykjavik 3.5 2.8 3.9 2.9
Seydisfjordur 14.2 7.0 5.1 3.7
Siglufjordur 6.3 4.6 5.0 3.5
Sidavik 8.3 6.0 3.7 2.8

14
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Figure 3 — Histograms showing annual maximum CDD (top) and CWD (bottom) based
on observations and reanalysis for station Eskifiordur. Dashed lines indicate the
median values over the years covered by the timeseries.
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Figure 4 — Histograms showing annual maximum CDD (top) and CWD (bottom) based
on observations and reanalysis for station Kvisker. Dashed lines indicate the median
values over the years covered by the timeseries.
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5.3 Temporal changes in CDD and CWD for the control stations

In the histograms presented for Eskifjordur and Kvisker in Figure 3 and 4, it is difficult to
see trends in CDD and CWD over the years, which is also the case for the other control
stations shown in Appendix I. In order to further study whether the situation has changed
over the years covered by the control stations, step plots were created, as shown in Figure
6.

In those step plots, shown here for three stations (Eskifjordur, Flateyri, and Seydisfjordur;
others are available in Appendix Ill), the number of times a threshold is reached is shown
by an indent (or step) in the line and plotted against time. In these figures, the thresholds
chosen are the median values from the timeseries, as already given in Table 4. In the top
left figure, the orange line represents the annual maximum CDD calculated from the
observations in Eskifjérdur. In this case, as seen in Table 4, the median value of the
timeseries is 21 days. The steps shown by the orange line represents the number of times
this threshold of 21 days is reached or overcome: in this case, 13 times. The same is done
for the timeseries based on the CARRA dataset, represented by the light-orange line (the
median value there is reached 12 times). On top of these results, vertical lines denote the
year in which half of the total occurrences that the threshold was reached. In the case of
the orange line, the vertical line marks the year 2008, as this is the year when the median
value has been reached 6 times, representing half the total occurrences that this threshold
has been reached (the result was rounded as the total number is 13). Therefore, by
studying the years indicated by the vertical lines, indication whether the thresholds were
reached more often at the beginning of the timeseries or at the end can be drawn.

In the majority of cases (9 out of 12 stations), the CDD timeseries give a date at which half
the total number of times the threshold is reached earlier than for the CWD timeseries. In
Figure 6, this is illustrated by stations Eskifjordur and Seydisfjordur, while for Flateyri, this
date is reached later on by the CDD timeseries (2012 for measurements, 2008 for the
reanalysis) than by the CWD timeseries (2008 for measurements, 2009 for the reanalysis).

These results tend to indicate that longer periods of dry spells were encountered more
frequently during the earlier years covered by the measurements, while longer periods of
wet spells are more frequent in recent times. This can also be interpreted from the general
shape of the step plots: the CDD tends to have a steeper slope at the beginning and flattens
in the latter years covered by the measurements, while the opposite trend is observed for
the CWD. Because of the varying lengths of recording between stations, it is difficult to
make a general assessment.

However, these results are only a first attempt at quantifying the historical changes in the
CDD and CWD timeseries at the stations. It should be noted that in these step plots, the
results from the CARRA dataset are in accordance with the observed timeseries. Thus, for
a more robust study, the whole time period covered by the CARRA dataset could be used
to see if this trend is noticeable over the longer timespan covered by the reanalysis, but
this is out of scope for this study.
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value as calculated over all timesteps for stations Eskifjérour (top), Flateyri (middle)
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6 Future CDD and CWD projections from the CMIP6
dataset

6.1 Projections for the control stations

As explained in Section 4, bias-corrected CDD and CWD timeseries were retrieved at the
location of the control stations for SSP2-4.5 and SSP5-8.5 and a historical period.

Table 5 gives CDD and CWD values as calculated from the median of the ensemble of
climate models for the historical and future periods. Values are calculated for each station
based on the median value between 1986 and 2015 for the historical period, and over the
period 2091-2100 for the SSP scenarios. These time intervals were chosen to match other
studies about climate assessment in Iceland, such as the fourth assessment report from
the Scientific Committee on Climate Change (2023).

Comparison of the median historical values with results from Table 3 shows that overall,
median CDD values are underestimated in the climate models as values in Table 5 for the
historical period ranges from 13 days (Kvisker and Laufbali) to 18 (SGdavik), while results
from measurements spread between 13 and 23 days. The same can be noticed for the
CWD: median values range from 10 (H6fn) to 14 days (Kvisker, Isafjérdur) in the climate
ensemble, against 9 to 17 days in the observation timeseries. Overall, the range reached
for the twelve control stations is narrower in the climate models than in the observations.
However, the general pattern is respected: wettest stations are Kvisker and Laufbali, with
both the largest median CWD values (respectively 15 and 14 days) and the smallest
median CDD values (13 days).

Table 5— CDD and CWD values (days) as calculated from the median of the ensemble
of climate models for a historical period (1986-2015) and two scenarios (2091 -
2100) for the control stations. Median values from Table 3 are added in brackets,
although it should be noted that they were calculated on a different time-period.

CDD (days) CWD (days)

Historical | SSP2-4.5 | SSP5-8.5 | Historical | SSP2-4.5 | SSP5-8.5
Eskifjordur 15 (21) 15 15 12 (9) 13 12
Flateyri 17 (20) 18 16 15(11) 16 15
Hofn 16 (23) 17 17 10 (10) 10 10
Isafjéréur 16 (23) 18 16 | 15(11) 15 15
Kvisker 13(13) 14 14 15(17) 14 14
Laufbali 13(13) 12 14 14 (17) 14 14
Neskaupstadur 16 (17) 17 15 11 (11) 11 11
Olafsfjérdur 16 (21) 15 15 12 (11) 13 14
Reykjavik 17 (17) 17 17 13(11) 12 12
Seydisfjéréur 13(18) 14 13 13(11) 14 14
Siglufjordur 15(17) 15 14 13(12) 13 14
Sidavik 18 (21) 19 17 13(11) 13 13
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In Table 5, median CDD and CWD are also given for the end of the century for SSP2-4.5
and SSP5-8.5. At first sight, results do not change drastically and stay in the same range
as the historical values. This is further illustrated by Table 6, that gives the difference in
number of days between a projection and the historical period. This is done both for the
end of the century (2091-2100) and the middle of the century (2046-2055), each time
in regard to the historical period (1986-2015). In order to assess the variability within the
ensemble, results are also given for 10th and 90th percentile values. Overall, the changes
in number of days is small, regardless of the scenario or the time-period used for the
comparison, ranging from -1 day to 2 days. It should be noted that results were rounded to
full days.

Regarding the numbers of CDD based on the median of the ensemble, the difference for
the end of the century varies between O (6 stations) and 2 days (1 station) for SSP2-4.5
with the other stations having a change of 1 day. For SSP5-8.5, the difference ranges from
-1 (three stations) to 1 day (3 stations), with 6 stations having no change. Therefore, more
stations seems to have a drier trend at the end of the century with the SSP2-4.5 scenario
than with SSP5-8.5.

As stated before, the range of change for CWD is the same as for CDD. Again, focusing on
the values at the end of the century based on the median, the difference varies between -
1 (2 stations) and 1 day (4 stations) for SSP2-4.5, with 6 stations having no change. For
SSP5-8.5, the difference ranges from -1 (2 stations) to 2 days (1 station), with 8 stations
having no change. Another way of visualising these results is presented in Figure 7 and 8,
for two stations. Figure 7 shows the evolution of CDD for both scenarios for isafjérdur, and
Figure 8 shows the evolution of CWD for both scenarios for Olafsfjérdur. Figures for the
other stations are shown in Appendix IV. In the figures, median values from the ensemble
of models are shown with dots, while mean values are represented by a solid line. The 10th-
90th percentile range is also represented by the shaded area. On each plot, the three
control periods (historical, middle of the century, end of the century) are emphasized with
brighter colours. In Figure 7, focussing on the SSP2-4.5 scenario, the median number of
CDD does not change in isafjérdur in the middle of the century, and increases by 2 days at
the end of the century. With the SSP5-8.5 scenario, a difference of 1 day can be observed
in the middle of the century, and no change for the end of the century. These results are
based on median values (shown by the dots in the figures) and the difference in CDD and
CWD can vary for the same station and scenario if a different percentile is considered. In
Figure 8, an example of the evolution of CWD under the two climate scenarios is shown for
station Olafsfjordur. For the SSP2-4.5 scenario, the median changes in the middle of the
century and at the end of the century are both 1 day when compared to the historical
period. Regarding the SSP5-8.5 scenario, no change is found in the middle of the century
based on the median values of the ensemble of climate models, but the difference when
comparing results at the end of the century with the historical period is 2 days. Again, those
results are only based on the median of the ensemble of climate models, and would be
different if the 10th or 90th percentile were considered instead.
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To further analyse a possible change in the distribution of these two variables, density plots
were created, and an example is given in Figure 9 for Neskaupstadur (results for other
stations are available in Appendix V). As stated in Section 4, for individual models the
resolution is 5 km as only the median and 10th-90th percentile ranges from the ensemble
were downscaled to 2.5 km. In the figure, each panel compares the distribution of the
twelve GCMs from Table 2 for the historical period (1986-2015), and the end of the
century (2091-2100) for both scenarios. Results for CDD are shown in the top plots, while
the lower figures show the distribution for CWD. The distribution of the values is shown
both with histograms, with each bar indicating the number of occurrences the variable
takes a certain value, and with a density curve, to capture the shape of the distribution.
Vertical lines indicate the median value for each pool of data. It can be noted that the
median values are not exactly the same as the ones presented in Table 5: in Table 5, the
median was calculated based on the median of the ensemble data, while here the median
is based on the whole ensemble. Although distribution does not vary much between the
different periods and scenarios considered, it appears with CDD that for SSP5-8.5, density
curves show a higher peak and distribution is contained in a narrower interval than for
SSP2-4.5. This is the case for 9 stations out of 12, including Neskaupstadur. For CWD, the
shape of the density curves show similar distribution between historical and end of the
century model data, and it is more difficult to find a trend among the control stations.
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Table 6 — Difference (days) between climate projections over two periods (2046 -
2055, 2091-2100) as compared to the historical period (1986-2015) for the 10th,
50th, and 90t percentiles of the ensemble of climate models. Results are shown for

the twelve control stations for CDD (top table) and CWD (bottom table).

SSP2-4.5 SSP5-8.5
cDD 2046-2055 2091-2100 2046-2055 2091-2100

10th | 50t | 90th | 10th | 50t | 90th | 10t | 50t | 90t | 10t | 50th | 90t
Eskifjérdur 0 1 0 0 0 0 0 0 0 0 0 0
Flateyri 0 1 0 1 1 0 0 0 0 -1 -1 -1
Hofn 1 1 3 1 1 1 0 0 0 2 1 1
Isafjoraur 1 0 0 3 2 1 0 1 0 -1 0 0
Kvisker 0 0 0 2 1 1 1 0 1 2 1 0
Laufbali 1 0 1 0 0 0 1 0 0 1 1 1
Neskaupstadur 0 1 1 0 1 -1 -1 0 0 0 0 0
Olafsfjéraur 0 0 2 0 0 0 1 0 0 -1 0 1
Reykjavik 1 1 1 2 0 1 2 1 1 1 0 0
Seydisfjordur 1 1 0 0 0 0 0 0 1 0 0 0
Siglufjéréur 0 0 2 1 0 -1 0 0 0 0 -1 0
Sddavik 0 0 0 2 1 0 0 0 0 -1 -1 0

SSP2-4.5 SSP5-8.5
CWD 2046-2055 2091-2100 2046-2055 2091-2100

10th 50th 9(Qth 10th 50th 9(th 10¢th 50th 9(th 10th 50th 9(0th
Eskifjoréur 0 1 0 0 1 0 0 0 0 0 0 1
Flateyri 1 1 0 0 1 0 0 1 0 0 0
H6fn 0 1 0 0 0 -1 0 0 0 0 0 -1
Isafjorour 0 1 1 0 0 0 0 1 1 0 0 0
Kvisker 0 0 0 0 -1 -1 0 -1 0 0 -1 0
Laufbali 1 0 1 0 0 0 0 1 2 1 0 0
Neskaupstadur 1 1 0 1 0 0 1 0 0 1 0 1
Olafsfjéraur 1 1 1 0 1 1 0 0 0 0 2 2
Reykjavik 1 0 0 0 -1 -1 0 -1 -1 0 -1 0
Seydisfjordur 0 0 0 0 1 0 0 0 0 0 0 0
Siglufjéréur 0 0 2 0 0 0 0 -1 0 0 1 0
Sddavik 0 0 1 0 0 1 0 1 1 0 0 0
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Figure 7 — CDD values for station isafjéréur as calculated from the median (dots),
mean (line), and 10th-90th percentile (shaded area) values of the ensemble of climate
models for SSP2-4.5 (top) and SSP5-8.5 (bottom). Median differences for two periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure 8 — CWD values for station Olafsfjérdur as calculated from the median (dots),
mean (line), and 10t-90th percentile (shaded area) values of the ensemble of climate
models for SSP2-4.5 (top) and SSP5-8.5 (bottom). Median differences for two periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure 9 — Density plots and histograms for Neskaupstadur based on individual
model values of CDD and CWD for a historical period (1986-2015) and two climate
projections (2091-2100).

6.2 Projections for the hydropower catchments

Individual maps were created for each hydropower catchment operated by Landsvirkjun.
An example for CDD is shown in Figure 10 for catchment BIéndulén, and an example for
CWD is shown in Figure 11 for catchment Halslon. Results for the other catchments are
shown in Appendix VI.

Figure 10 shows CDD maps for Blonduldn. The top panel shows results based on historical
data averaged between 1986 and 2015 for the ensemble median (left), and 90th percentile
(right). The middle panel shows CDD based on SSP2-4.5 projections for the ensemble
median (left) and 90th percentile (right). Finally, the lower panel shows results based on
SSP5-8.5 projections for the ensemble median (left) and 90t percentile (right). Values
shown on the maps are the mean values for each grid-point between 2091 and 2100. Also
indicated on each map is the median value of the CDD values for the grid-points within the
catchment. Results show rather small changes when comparing maps based on the
ensemble median together, and maps based on the 90t percentile together, with changes
in CDD lying in the details. Regarding the maps based on the median ensemble (left
column), median CDD values for the catchment is 14 days, both for the historical period,

26



and for the two scenarios. Values range between 12 and 18 days. Very small changes in
the contour lines can be noticed, but it appears for the last map (lower left) that the shaded
area with CDD values from 16 to 18 days covers a smaller part of the catchment. The same
can be observed in the maps based on the 90t percentile values, with the part of the
catchment with values between 24 and 26 days not appearing for the SSP5-8.5 scenario
as on the other maps. Median values also show a small decrease in the median CDD (20
days for the SSP5-8.5, against 21 days for both the historical and SSP2-4.5 scenario).

Figure 11 shows similar maps but for catchment Halslon and CWD values. Again, when
compared with the same ensemble percentile under the various scenario, maps look very
similar with only small details changing that can lead to a median difference for the whole
catchment ranging from O to 2 days.

In order to study if a trend is more noticeable in the other catchments, those median values
based on the median ensemble models averaged over a historical period (1986-2015)
and the end of the century period (2091-2100) are shown in Table 7, both for CDD and
CWD. For CDD, when comparing median values from the SSP5-8.5 to the historical period,
7 catchments out of 11 show an increase of 1 day, while the other show no increase. With
the SSP2-4.5 scenario, 3 catchments show an increase of 1 day, 4 catchments show a
decrease of 1 day and the remaining 4 show no change. For CWD, the table shows an
increase of 1 day for 6 catchments with the SSP5-8.5 scenario, with values decreasing by
1 day in one catchment, and three catchments showing no difference in the median CWD.
With the SSP2-4.5 scenario, CWD values increases for two catchments by 1 day, decreases
for one catchment by 1 day, and stays the same for the remaining 8 catchments.

Table 7 — Median CDD and CWD values for the hydropower catchments calculated
from the average over historical (1986-2015) and future (2091-2100) periods.

Median CDD (days) Median CWD (days)
Historical | SSP2-4.5 | SSP5-8.5 | Historical | SSP2-4.5 | SSP5-8.5
Bl6ndulén 14 14 14 13 14 14
Budarhals 14 13 14 13 13 14
Hagéngulon 12 12 13 15 14 15
Halslén 12 12 13 16 16 15
Hraunaveita 11 12 13 15 15 15
Kvislaveita 13 12 13 14 14 15
Sultartangi 14 13 14 13 13 14
Tungnaa 13 14 14 15 15 15
Pingvallavatn 13 13 14 13 13 14
Périsvatn 13 12 14 14 14 15
Ufsarl6n 11 12 12 15 15 15
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Figure 10 — CDD maps for catchment Bléndulén based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure 11 — CWD maps for catchment Halslén based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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6.3 Projections for the whole country

Finally, maps for the whole country showing differences between projections and historical
period for CDD and CWD data are shown in Figure 12 and 13.

Figure 12 shows four maps: the top left map shows the difference in days for CDD values
between SSP2-4.5 for the middle part of the century (values averaged between 2046 and
2055) and the historical period (values averaged between 1986 and 2015). The top right
map shows the difference for the same scenario but for the end of the century (values
averaged between 2091 and 2100). Lower maps show the differences between SSP5-8.5
and historical periods for the same period in the middle of the century (lower left) and the
end of the century (lower right). Figure 13 shows these differences for CWD values.

In Figure 12, with the SSP2-4.5 scenario the changes range from -1 to 1 day for the largest
part of the country. The length of the CDD increases in the Westfjords and the south-east
up to 2 days, but this trend is smaller at the end of the century compared to the middle of
the century for the Eastern part, and larger for the Westfjords. With the SSP5-8.5, variations
are within the same range, and changes are slightly more defined geographically for the
end of the century, with the northern half having a decrease up to 2 days in the length of
CDD, and the southern half having an increase of the length of the dry period.

In Figure 13, it appears that the length of the wet spells increase with the SSP2-4.5
scenario more in the middle of the century than for the end of the century, while with SSP5-
8.5, the part of the country covered by an increase of the CWD appears similar for the two
time periods, but shifts northwards at end of the century. Out of the four maps, the one
showing the most differences is SSP2-4.5 for the middle of the century, with most of the
country showing an increase in the length of its wet periods up to 3 days.

Table 8 further reflects those results by showing minimum, maximum, and mean CDD and
CWD differences between the scenarios in regard to the historical period for the whole
country. For CDD at the end of the century, overall values are slightly higher for SSP2-4.5
(higher minimum, maximum, and mean) than for SSP5-8.5, although results are very close.
For CWD difference, results are slightly higher with SSP5-8.5 than SSP2-4.5 for the end of
the century, indicating that SSP5-8.5 is slightly wetter overall at the end of the century than
SSP2-4.5. However, SSP2-4.5 gives overall higher values in the middle of the century, as
was already illustrated by the map in Figure 13.

Table 8 — Minimum, maximum, and mean CDD and CWD difference found in Iceland
between the two scenarios for two time periods (2046-2055 and 2091-2100) and
the historical period (1986-2015).

CDD difference CWD difference
SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5
mid end mid end mid end mid end
Minimum -1.5 -1.4 -1.2 -2.0 -0.8 -1.8 -1.3 -1.4
Maximum 2.3 2.2 2.1 2.0 3.0 2.3 1.9 2.5
Mean 0.3 0.3 0.3 0.1 0.7 0.3 0.3 0.3
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SSP245: 2091-2100

SSP585: 2091-2100

SSP245: 2046-2055

SSP585: 2046-2055

Figure 12 — CDD maps showing the difference between mean values over two
periods (2046-2055 and 2091-2100) for two scenarios and mean values over the
historical period (1986-2015).
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SSP245: 2046-2055

SSP245: 2091-2100

SSP585: 2091-2100

SSP585: 2046-2055

Figure 13 — CWD maps showing the difference between mean values over two
periods (2046-2055 and 2091-2100) for two scenarios and mean values over the
historical period (1986-2015).
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7 Summary

This research addressed two questions: First, are there signs of change in the temporality
of CDD and CWD in the control stations selected for this study? Secondly, how are those
two extreme climate indicators expected to be affected by the ongoing warming of Arctic
regions?

In Section 4, CDD and CWD were calculated for twelve control stations based on
precipitation timeseries from observations and the CARRA reanalysis. These indicators
were also calculated for the median, 10th, and 90th percentile values of the ensemble of
models used in the NEX-GDDP-CMIP6 dataset, interpolated to a 2.5-km grid. These data
include both historical (1950-2014) and future periods (2015-2100) for the two
emissions scenarios used in this study (SSP2-4.5, and SSP5-8.5).

In Section 5, observed CDD timeseries for the twelve control stations show median values
ranging from 13 (Laufbali, Kvisker) to 23 days (Héfn i Hornafirdi, isafjérdur), while CWD
median values vary between 9 and 12 days in all stations, with the exception of Laufbali
and Kvisker (both 17 days). This is in accordance with the general pattern of precipitation
in Iceland, as both those stations are located in the wettest part of the country. Comparison
of CDD and CWD timeseries with the CARRA dataset show that the simulations have a
smaller number of CDD and a larger number of CWD in most cases, as illustrated by the
scatterplots. An early analysis of historical changes of the two climate indicators shows a
trend indicating that longer periods of dry spells were encountered more frequently during
earlier years covered by the measurements, while longer periods of wet spells are more
frequent in recent years. However, more work needs to be done to confirm those results,
which could be achieved by making use of the complete time period covered by the CARRA
dataset.

Finally, results from CDD and CWD climate projections for two scenarios were shown in
Section 6, both for the control stations, the hydropower catchments, and the whole country.
For the historical period, the range reached by the median CDD and CWD values for the
twelve control stations is narrower in the CMIP6 dataset than in the observations. However,
the general pattern is respected, with Kvisker and Laufbali having the highest CWD median
values out of all stations. Projections show that for the control stations, the median number
of CDD and CWD change between -1 and 2 days when compared to the historical period,
regardless of the scenario or the time-period used for the comparison. Median values over
the hydropower catchment areas indicate changes for the end of the century within the
same range. Projections for the whole country show slightly more variations when CDD and
CWD differences are calculated between future and historical periods. For CDD, regions
with a change of -2 days are found in the north-eastern part of Iceland with SSP5-8.5 while
values increase in the south-east. For CWD, the highest increase is found with the SSP2-
4.5 scenario for the middle of the century. With SSP5-8.5, the proportion of the country
covered by an increase in CWD appears similar for the two time periods, but shifts
northwards at the end of the century.
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In conclusion, based on measurements for the twelve control stations, longer periods of
CDD seemed more frequent during the earlier years covered by the instruments, while
longer periods of CWD are more frequent in the later years. CMIP6 projections indicate that
median CDD and CWD values for the selected stations and hydropower catchments show
small changes, ranging from -1 to 2 days, when comparing the different climate scenarios

to the historical period.
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Appendix |. Histograms.

In this appendix, figures similar to Figure 3 and 4 from the report are presented.

Figure 1.1-1.12 show annual maximum series of CDD and CWD for the twelve control
stations as calculated from observations and from the CARRA dataset. Median values are
indicated by the horizontal dashed lines.
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Figure I.1 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Eskifjorour. Dashed lines
indicate the median values.
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Figure 1.2 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Flateyri. Dashed lines
indicate the median values.
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Figure 1.3 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Héfn i Hornafirdi. Dashed
lines indicate the median values.
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Figure 1.4 — Histograms showing annual maximum CDD ({op) and CWD (bottom)
based on observation timeseries and reanalysis for station Isafjérour. Dashed lines
indicate the median values.
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Figure 1.5 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Kvisker. Dashed lines
indicate the median values.
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Figure 1.6 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Laufbali. Dashed lines
indicate the median values.
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Figure 1.7 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Neskaupstadur. Dashed
lines indicate the median values.
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Figure 1.8 — Histograms showing annual maximum CDD ’(top) and CWD (bottom)
based on observation timeseries and reanalysis for station Olafsfjérour. Dashed lines
indicate the median values.
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Figure 1.11 — Histograms showing annual maximum CDD (top) and CWD (bottom)
based on observation timeseries and reanalysis for station Siglufjérour. Dashed lines
indicate the median values.
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Appendix Il. Scatterplots.

In this appendix, figures similar to Figure 5 from the report are presented.

Scatterplots comparing annual maximum number of CDD (left) and CDW (right) between
observations and the CARRA dataset for the twelve control stations. RMSE and MAE are
also indicated for each plot.
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Appendix lll. Step plots

In this appendix, figures similar to Figure 6 from the report are presented.

These figures show step plots for the twelve control stations based on the annual maximum
series of CDD (left) and CWD (right). On these plots, the number of times a threshold is
reached is shown by an indent (or step) in the line and plotted against time. Here, the
thresholds chosen are the median values from the timeseries, and given in Table 4. In the
top left figure, the orange line represents the annual maximum CDD calculated from the
observations timeseries. The light-orange line shows the results based on the CARRA
dataset, and so forth. On top of these results, vertical lines indicate the year of occurrence
when half the total number of times the threshold has been reached.
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Appendix IV. CDD and CWD projections

In this appendix, figures similar to Figure 7 and 8 from the report are presented.

Figure IV.1-1V.12 show CDD (first two plots) and CWD (last two plots) values for the control
stations as calculated from the median (dots), mean (line), and 10th-Q0th percentile (shaded
area) values of the ensemble of climate models for SSP2-4.5 (top) and SSP5-8.5 (bottom)
for the twelve control stations. Median absolute differences for two periods (2041 -2055
and 2091-2100) as compared to the historical period (1986-2015) are also indicated.
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Figure IV.1 — CDD and CWD values for Eskifjorour as calculated from the median
(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of
climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure IV.2 — CDD and CWD values for Flateyri as calculated from the median (dots),
mean (line), and 10t-90th percentile (shaded area) values of the ensemble of climate
models for SSP245 and SSP585. Median differences for two future periods (2041 -
2055 and 2091-2100) as compared to the historical period (1986-2015) are also
indicated.
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Figure IV.3 — CDD and CWD values for H6fn as calculated from the median (dots),
mean (line), and 10t-90th percentile (shaded area) values of the ensemble of climate
models for SSP245 and SSP585. Median differences for two future periods (2041 -
2055 and 2091-2100) as compared to the historical period (1986-2015) are also
indicated.
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Figure IV.4 — CDD and CWD values for isafjérdur as calculated from the median
(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of
climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure IV.5 — CDD and CWD values for Kvisker as calculated from the median (dots),
mean (line), and 10t-90th percentile (shaded area) values of the ensemble of climate
models for SSP245 and SSP585. Median differences for two future periods (2041 -
2055 and 2091-2100) as compared to the historical period (1986-2015) are also
indicated.
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Figure IV.6 — CDD and CWD values for Laufbali as calculated from the median (dots),
mean (line), and 10t-90th percentile (shaded area) values of the ensemble of climate
models for SSP245 and SSP585. Median differences for two future periods (2041 -
2055 and 2091-2100) as compared to the historical period (1986-2015) are also
indicated.
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Figure IV.7 — CDD and CWD values for Neskaupstadur calculated from the median

(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of

climate models for SSP245 and SSP585. Median differences for two future periods

(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)

are also indicated.
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Figure IV.8 — CDD and CWD values for Olafsfjérdur as calculated from the median
(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of
climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure IV.9 — CDD and CWD values for Reykjavik as calculated from the median
(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of
climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Figure IV.10 — CDD and CWD values for Seydisfjérdur calculated from the median

(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of

climate models for SSP245 and SSP585. Median differences for two future periods

(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)

are also indicated.
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Figure IV.11 — CDD and CWD values for Siglufiérdur calculated from the median
(dots), mean (line), and 10t-90th percentile (shaded area) values of the ensemble of
climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)

are also indicated.
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climate models for SSP245 and SSP585. Median differences for two future periods
(2041-2055 and 2091-2100) as compared to the historical period (1986-2015)
are also indicated.
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Appendix V. Density plots

In this appendix, figures similar to Figure 9 from the report are presented.

In these figures, each panel compares the distribution of the twelve GCMs from Table 2 for
the historical period (between 1986 and 2015), and the end of the century (2091 -2100)
for both scenarios (SSP2-4.5 and SSP5-8.5), with histograms and density lines.
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Appendix VI. Catchment-scale CDD and CWD maps

In this appendix, figures similar to Figure 10 and 11 in the report are presented.

In the figures, the top panel shows results based on historical data averaged between
1986 and 2015 for the ensemble median (left), and 90t percentile (right). The middle
panel shows CDD based on SSP2-4.5 projections for the ensemble median (left) and 90t
percentile (right). Finally, the lower panel shows results based on SSP5-8.5 projections
for the ensemble median (left) and 90th percentile (right). Projections are shown for the
end of the century, using the mean value for each grid-points between 2091 and 2100.
Indicated on each map is the median value of the CDD values displayed on the map.
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Figure VI.1 — CDD maps for catchment Bléndulén based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.2 — CWD maps for catchment Bléndulon based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.3 — CDD maps for catchment Budarhals based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.4 — CWD maps for catchment Bidarhals based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.5 — CDD maps for catchment Hagéngulén based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.6 — CWD maps for catchment Hagéngulon based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.7 — CDD maps for catchment Halslén based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.8 — CWD maps for catchment Halslon based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.9 — CDD maps for catchment Hraunaveita based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.10 — CWD maps for catchment Hraunaveita based on the downscaled
CMIP6 dataset averaged over a historical period (1986-2015) and two projections
(2091-2100) based on median and 90t percentile of the ensemble of climate
models.
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Figure VI.11 — CDD maps for catchment Kvislaveita based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.12 — CWD maps for catchment Kvislaveita based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.13 — CDD maps for catchment Sultartangi based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.




' Historical, Median ensemble: 1986 - 2015 | | 'Historical, 907 percentile: 1986 - 2015

. £ N p’ Median value: 13 days - ,».} p:i' Median value: 20 days
A\ A\

o -

/ p U

? P

oy

v =4 =4
o - = -
b . V‘i‘\ L \\:a
F LA - F gy -
St T . 8 -
CWD [day] I CWD [day] |
- o 6-8 mEE 18-20 - 6-8 N 18-20
- “-\\ a 8-10 mEE 20-22 \"-\ & 8-10 WM 20-22
A X 10-12 Wl 22-24 . NP 10-12 W 22-24
\_ = 12-14 mmm 24-26 \\ i Y 12-14 mmm 24-26
han 14-16 EEE 26-28 — 14-16 I 26-28
,V' e 16-18 mEE 28-30 :'9' T~ mmm 16-18 mEE 28-30
i;a.spzﬁs, Median ensemble: 2091-2100 g»SSPﬂle 90" percentile: 2091-2100
o b.,z.» p{ Median value: 13 days - //\( Median value: 20 days
1 I
Y Y

)

& %/ L s KLY,
< ; ya o ; Bar 2
== - = -
: . s o
F 250 - 250 .
Dot oo ) | st -
CWD [day] I CWD [day]
— . 6-8 W 18-20 — 6-8 WEE 18-20
T & 8-10 mWEE 20-22 N _ 810 mEE 20-22
™~ X 10-12 mEm 22-24 ~ 10-12 mmm 22-24
\‘_ DAL 12-14 mEE 24-26 \ 12-14 WEE 24-26
U 14-16 EEE 26-28 T— 14-16 EEE 26-28
.V' S mmm 16-18 mEE 28-30 N ~mmm 16-18 EEE 28-30
L ] )
L55P585 _Median ensemble: 2091-2100 »SSP585, 90 percentile: 2091-2100
5 /1\1 ?‘ Median value: 14 days 5 //\ p‘i; Median value: 20 days
[\
i W/
! ) !
f
y ) M £ “)} o --L[ 'r’i?’
L7 ‘”i '.Ki
o F - = »
. o s,
'1' Pl 7 - ¢ £
. | s - \ 2 - S
cWD [day] ) cWD [day]
. " 68 mmm 18-20 - . 68 Wmm 18-20
= e 810 mmm 20-22 N 810 mEE 20-22
N < 10-12 WM 22-24 N - 10-12 WM 22-24
AN 12-14 mmm 24-26 AN ; 12-14 mEm 24-26
~ 14-16 WEE 26-28 Lo 14-16 WEE 26-28
N T mem 16-18 mmm 28-30 ¥ T~ mem 16-18 mEE 28-30

Figure VI.14 — CWD maps for catchment Sultartangi based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.15 — CDD maps for catchment Pingvallavatn based on the downscaled
CMIP6 dataset averaged over a historical period (1986-2015) and two projections

(2091-2100) based on median and 90t
models.
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Figure VI.16 — CWD maps for catchment Pingvallavatn based on the downscaled
CMIP6 dataset averaged over a historical period (1986-2015) and two projections
(2091-2100) based on median and 90t percentile of the ensemble of climate

models.
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Figure VI.17 — CDD maps for catchment borisvatn based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.

91



\(l:lqlstorlcal Median ensemble: 1986 - 2015
\[ Median value: 13 days

S EF/

o CWD [day]
AN 6-8 N 18-20
ooz 8-10 mEE 20-22
10-12 WEE 22-24
e 12-14 mmm 24-26
14-16 EEE 26-28
mam 16-18 W 28-30

]

§

nglstorncaI 90" percentile: 1986 - 2015
! Median value: 19 days

3 CWD [day]
6-8 |
810 mmm
i 10-12 mm
// 12-14 mm
14-16
e 16-18

18-20
20-22
22-24
24-26
26-28
28-30

\i“'SSP245 Median ensemble: 2091-2100
Median value: 13 days

CWD [day]
68 mmm
810 mmm
10-12 mmm
e 12-14
— 14-16
e 16-18 mEE

18-20
20-22
22-24
24-26
26-28
28-30

X
;N Median value: 19 days

/

SSP245, 90" percentile: 2091-2100

CWD [day]
6-8 Il
8-10 mmm
10-12 e
12-14 mm
— 14-16 I
P 16-18 mem

18-20
20-22
22-24
24-26
26-28
28-30

\WSSPSBS Median ensemble: 2091-2100
,\N Median value: 14 days

CWD [day]
68
810 mmm
/ 10-12
i 12-14 mmm
— 14-16 mmm
e 16-18 mmm

/

18-20
20-22
22-24
24-26
26-28
28-30

\ A\

[ ssP585, 90" percentile: 2091-2100

Median value: 20 days

CWD [day]
6-8 |
8-10 mm
il 10-12
4 12-14 mmm
14-16
e 16-18 mmm

18-20
20-22
22-24
24-26
26-28
28-30

Figure VI.18 — CWD maps for catchment Porisvatn based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.19 — CDD maps for catchment Tungnaa based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.

93




I-Hstorical, Median ensemble: 1986 - 2015
j .
Median value: 14 days

‘CWD [day]

6-8 W 18-20
8-10 WM 20-22
10-12 W 22-24
12-14 mmm 24-26
14-16 I 26-28
aw 16-18 W 28-30

"CWD [day]

6-8 .
8-10 mmm
10-12 mm
12-14 mmm
14-16
e 16-18 W

':w{-listorical, 90" percentile: 1986 - 2015
Median value: 20 days

- ‘. '_k_.f{f _&J’}, 4

18-20
20-22
22-24
24-26
26-28
28-30

”‘\USSP245, Median ensemble: 2091-2100
Median value: 14 days

CWD [day]
6-8 Il 18-20
. 8-10 mEE 20-22
10-12 HEE 22-24

12-14 s 24-26

14-16 MM 26-28

m 16-18 mEE 28-30

!

CWD [day]
6-8 m
8-10 mmm
10-12 e
12-14
14-16
P 16-18 mmm

' SSP245, 90" percentile: 2091-2100
Median value: 21 days

18-20
20-22
22-24
24-26
26-28
28-30

‘ﬂnsSPSBS, Median ensemble: 2091-2100
Median value: 15 days

A . £ CWD [day]
N g 6-8 WM 18-20
: . 810 mmm 20-22

10-12 mmm 22-24
12-14 W 24-26
14-16 HEE 26-28
w 16-18 mmm 28-30

i

CWD [day]
6-8
8-10 mmm
10-12 mmm
12-14 mmm
14-16
e 16-18

Kf SSP585, 90" percentile: 2091-2100
Median value: 21 days

20-22
22-24
24-26
26-28
28-30

Figure VI.10 — CWD maps for catchment Tungnaa based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.21 — CDD maps for catchment Ufsarlon based on the downscaled CMIP6
dataset averaged over a historical period (1986-2015) and two projections (2091 -
2100) based on median and 90th percentile of the ensemble of climate models.
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Figure VI.22 — CWD maps for catchment Ufsarlon based on the downscaled CMIP6
dataset averaged over a historical period (1986 — 2015) and two projections (2091
— 2100) based on median and 90t percentile of the ensemble of climate models.
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