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1 Introduction 
In Iceland, periods of intense rainfall have caused localised damage on numerous occasions. 
Recent examples include a flash flood in Siglufjörður in August 2015, widespread flooding in 
southeast Iceland in September 2017, as well as the recent landslides in Seyðisfjörður in 
December 2020, caused by record-breaking rainfall amounting to almost 570 mm over five 
days. 
Estimates of precipitation extremes are important for assessing the spatial and temporal 
variability of precipitation. Extreme Value Analysis (EVA) is a statistical discipline used to 
predict the occurrence of rare events by assessing their frequency from the most extreme 
values of a dataset. In the case of precipitation, these extremes are in the right tail of the 
distribution. It allows for the calculation of return levels associated with periods that can be 
longer than the length of the timeseries available for the analysis. These calculations can then 
be used as the basis for flood warnings and in the design of the built environment. A newly 
published Icelandic study by Massad et al. (2020) reassessed precipitation return levels in 
Iceland, resulting in a new national map of 24-hour precipitation thresholds for a 5-year event, 
see Figure 1, in agreement with the general precipitation pattern in Iceland, shown in Figure 2 
and documented in Björnsson et al. (2018) and Crochet et al. (2007). The study, based on the 
previous research of Jónas Elíasson (Elíasson, 2000; Elíasson et al., 2009) also presented 
intensity-duration-frequency curves for over 40 locations in Iceland. These curves describe the 
relationship between rainfall intensity, duration, and return periods, making them useful for 
flood warnings and the design of hydrological infrastructure, including dams, bridges, and 
spillways (Hlodversdottir et al., 2015). 
The impact of rapid climate change is a major ongoing concern, and weather-driven effects are 
evident in recent decades (IPCC, 2021, see Chapter 11.4: Heavy precipitation). As Arctic and 
subarctic regions warm rapidly, precipitation extremes are expected to increase in the coming 
decades (Bintanja, 2018). In terms of projections, there are large uncertainties regarding the 
future of precipitation in Iceland. Indications of an increase in precipitation intensity have 
been found (Björnsson et al., 2018), but there is need for further research. Another aspect is 
the effect of global warming on precipitation type, and how the seasonal ratio of snowfall and 
rainfall is affected by a warming climate (Li et al., 2020; Feng and Hu, 2017).  
The aim of this project is twofold: Firstly, to use the existing reanalysis of atmospheric 
conditions in Iceland (ICRA), 1979 – 2017, to investigate temporal changes in precipitation 
type, focussing on the melt season and the evolution of the snow-fraction in eleven 
hydropower catchments operated by the National Power Company of Iceland, Landsvirkjun. 
Secondly, apply two climate projection scenarios of precipitation changes from the fifth phase 
of the Coupled Model Intercomparison Project (CMIP5) to the ICRA dataset, and then the 
EVA methodology developed in Massad et al. (2020) to calculate new return levels, both for 
Iceland and for the aforementioned catchments. By comparing the precipitation return levels 
at catchment-scale, with and without projections, the results will give insights into 
hydrological trends, helping in the future design of critical infrastructure. 
This research was funded in 2021 by Landsvirkjun, under the Orkurannsóknasjóður grant.  
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Figure 1 – 1M5 map based on 24-hour accumulated precipitation, obtained from the 
entire ICRA dataset using the Peak-over-Threshold method with Maximum Likelihood 
Estimation. From Massad et al., 2020.  
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Figure 2 – Distribution of annual rainfall (mm year-1) in Iceland for the period 1981 – 
2010. Solid lines show the 1000, 3000, and 5000 mm year-1 values. Results based on the 
ICRA dataset. From Björnsson et al., 2018. 
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2 Study area 
Eleven hydropower catchments operated by Landsvirkjun were selected for this study. Figure 
3 shows the locations of the catchments, and Table 1 outlines the overall area, mean elevation, 
and the percentage of glacier cover for each catchment. The values in Table 1 were calculated 
using the ICRA dataset (presented in the next section) and they are thus grid based. The 
discrepancy between the actual catchments and the gridded version can be seen on the map, in 
Figure 3, as gridded nature of the ICRA dataset does not match exactly with catchment 
boundaries. 
Out of the eleven catchments, only Þingvallavatn, with a mean altitude below 500 m a.s.l., is 
not completely in the highland region. Six catchments are located between the Hofsjökull and 
Vatnajökull ice-caps and they share common borders: Búðarháls, Hágöngulón, Kvíslaveita, 
Sultartangi, Þórisvatn, and Tungnaá. Three watersheds are clustered together on the north-
eastern flank of Vatnajökull: Hálslón, Ufsarlón, and Hraunaveita, while Blönduvirkjun 
extends between Langjökull and Hofsjökull. 
The hydropower catchments vary in size, ranging from about 130 km2 (Hraunaveita) to almost 
1,800 km2 (Hálslón), and two of them have a mean elevation above 1,000 meters (Hágöngulón 
and Hálslón). Only Búðarháls has no direct glacial influence within its catchment. The glacial 
cover varies greatly between the catchments, reaching 74% for Hálslón, the only one with a 
glacial coverage above 50%. Three other catchments have glaciers occupying more than 10% 
of their surface: Hágöngulón, Sultartangi, and Ufsarlón. 
 

Table 1 – Properties of the eleven hydropower catchments. Note that the values are 
derived from the ICRA dataset. 

Catchment Area 

km2 

Mean elevation 

m a.s.l. 

Glacier cover 

% 

Blönduvirkjun 1,508 761 8.8 

Búðarháls 312 540 0.0 

Hágöngulón 612 1,208 42.7 

Hálslón 1,785 1,141 73.9 

Hraunaveita 131 805 2.5 

Kvíslaveita 1,260 843 6.3 

Sultartangi 1,696 728 12.7 

Þingvallavatn 1,167 471 4.6 

Þórisvatn 806 774 6.6 

Tungnaá 1,481 738 6.2 

Ufsarlón 304 975 35.2 
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Figure 3 – Location of the eleven hydropower catchments. Black lines show the 
catchments boundaries, and shaded areas within catchments represent the grid. 
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3 Data 

3.1 The ICRA dataset 
The operational numerical weather prediction (NWP) system used by the Icelandic 
Meteorological Office (IMO) is the non-hydrostatic HARMONIE–AROME model, with a 
horizontal resolution of 2.5 km and 65 vertical levels (Bengtsson et al., 2017). The fine-scale 
gridding gives 66,181 terrestrial points over Iceland. The model has been used to reanalyse 
atmospheric conditions in Iceland at hourly time-steps between September 1979 and August 
2017, resulting in the Icelandic Reanalysis (ICRA) dataset (Nawri et al., 2017). From the 
range of simulated variables, seven were selected for this study: 

- T2m, the temperature at 2 meters above sea level 
- rf, the rainfall rate 
- sf, the snowfall rate 
- gr, the rate of fall of graupel 
- swe, the snow water equivalent -  
- evap, the evaporation rate 
- subl, the sublimation rate 

From those variables, three additional variables were calculated: 
- tpr, the total precipitation (tpr = rf + sf + gr)  
- mlt, the snow meltwater amount (mlt = gr + sf – subl – δswe, with δswe, the snow 

water equivalent difference between two timesteps) 
- ro, the runoff (ro = rf – evap + mlt) 

Based on the 2.5 km horizontal resolution of the dataset, timeseries were extracted for the 
hydropower watersheds by taking the mean value from all grid-points within the catchment 
outlines. 

3.2 The ERA-20c dataset 
The ERA-20c dataset is an atmospheric reanalysis produced by the European Centre for 
Medium-Range Weather Forecasts (ECMWF) for the time-period 1900 – 2010. The reanalysis 
assimilated observations of surface pressure and surface marine winds and produced variables 
that describe the spatio-temporal evolution of the atmosphere, the land-surface and the ocean 
waves with a horizontal resolution of 125 km. The reanalysis is single member and was run 
ten times to get an estimate of uncertainties. Further details can be found in Poli et al. (2016). 
Data from the ten realizations were retrieved for temperature, total precipitation and snow-
fraction for a box around Iceland, extending between latitudes 58 to 72°N and longitudes -5 to 
-30°W. Data were available from the ECMWF archive at hourly resolution, but for this 
project, only monthly summed variables were used.  
Because the ERA-20c dataset has a much coarser resolution than the ICRA dataset, for each 
catchment a mean latitude and longitude was calculated and this point value used to retrieve a 
timeseries based on the weighted-average among the four nearest grid-points. These timeseries 
were then used to complement the results from the ICRA.  

3.3 The CMIP5 projections 
The Coupled Model Intercomparison Project (CMIP) is a large framework that collects the 
output from global coupled ocean-atmosphere general circulation models (GCMs) to project 
future climatic changes due to anthropogenic activity. For this project, results from the fifth 

https://journals.ametsoc.org/jcli/article/29/11/4083/35442/ERA-20C-An-Atmospheric-Reanalysis-of-the-Twentieth
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phase of the project (referred to as CMIP5; for details, see Taylor et al., 2012) are used based 
on two different greenhouse gas concentration trajectories (Representative Concentration 
Pathway, RCP) adopted by the Intergovernmental Panel on Climate Change (IPCC). The first 
projection is the RCP 2.6, a mild-warming scenario, which requires carbon dioxide emissions 
to start declining in 2020 and reach zero by 2100. This scenario is likely to keep global 
temperature rise under 2°C by the end of the century. The second projection is the RCP 8.5, in 
which greenhouse gas concentrations will continue to rise. This scenario is often used as the 
worst-case scenario, if nothing is done to reduce the emissions.  
A subset for both scenarios is archived at the IMO and is available for a large domain around 
Iceland, extending between latitudes 60.5 and 69.5°N and longitudes 10 and 30°W, with a 
horizontal resolution of 1°. Subsequently, the domain was cropped so that only grid-points 
between latitudes 62.5 and 66.5°N and 13 and 25°W were kept. In the end, data from 65 grid-
points were used, instead of 130 before cropping the domain.  
Projections are given for two periods: 2040 – 2060 and 2080 – 2100, and for an ensemble of 
33 climate models. For each one of them, two types of data are available: monthly 
precipitation and monthly-averaged precipitation ratio changes for both intervals. In this 
investigation, the focus is on the precipitation ratio change.  
Because of the coarse horizontal resolution, precipitation changes were seasonally averaged 
over the whole domain. This is because the noise from the ensemble climate models is too 
large to use the results at a grid-point level. To assess the variability of the results from all 
members of the ensemble, the 10th and 90th percentiles were used in addition to the median 
values. This is expected to give the magnitude of the uncertainties within the 33 models. 
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4 Historical changes in precipitation seasonality 

4.1 Melt season analysis 
In this part of the study, the goal is to investigate if a trend concerning the onset date of the 
melt season is apparent over the period covered by the ICRA dataset. Firstly, three 
experimental methods are outlined for automatically determining the onset of the melt season. 
Following the methodological descriptions, the results for the eleven catchments are presented 
and discussed. 

4.1.2 Methodology 
In total, the ICRA dataset covers 39 complete hydrological years. As explained in the previous 
section, for each catchment and variable a single timeseries was extracted from the dataset. 
The melt parameter is not a direct output from the model and was therefore calculated from 
the rate of rainfall, sleet fall, evaporation and the snow water-equivalent difference. In total, 
419 dates representing the onset of the melt season need to be retrieved from the data (39 
years in 11 catchments). To select those dates automatically, several filtering methods were 
tested. Three of them are presented in the following paragraphs. 
4.1.2.1 First filtering method: positive temperature for more than 10 consecutive days 
The first method sets the start date of the melt season as the first day preceding a period of 10 
consecutive days of positive temperatures. Results were plotted for every hydrological year 
and catchment on graphs as shown in Figure 4. They show the accumulated snowpack (solid 
black line) for the hydrological year considered, along with the accumulated melting (dashed 
blue line) and daily runoff (grey bars). Vertical red lines indicate the date considered as the 
beginning of the melt season, as defined by the filter.  
In the case of Þingvallavatn for the hydrological year 1980 – 1981 (Figure 4, top), the method 
works well. The date retrieved corresponds exactly to the moment the snowpack starts 
decreasing continuously, and a steep increase in the melting line can be noted, indicating the 
onset of the melt season. However, this filter does not work in all cases, as shown for 
Hágöngulón for the years 1986 – 1987 (Figure 4, bottom). In that case, the filter gives a result 
that is about a month too late (June 11), as shown by the vertical red line. The snowpack began 
to recede earlier than the criteria was fulfilled with a corresponding increase in cumulative 
melt and daily runoff. 
4.1.2.2 Second filter: snowpack decreases for more than 10 consecutive days  
A second filter was tested, this time focusing only on the snowpack: the first day preceding a 
period of 10 days of decreasing snowpack is selected as the beginning of the melt season. Two 
examples are shown on Figure 5. The top panel shows the same case for Hágöngulón as in the 
previous section. This time the filter selects the expected date. Nevertheless, this method does 
not always prove successful, especially in the case of mild winters when the snow cover 
fluctuates, or in the case of an early winter, when the snowpack has time to melt before the 
next snowfall. This can be seen in Figure 5 (bottom) for the same catchment, for the 
hydrological year 1984 – 1985. In that case, the melting date is set about a month too early 
when the snowpack remains mostly stable, but decreased slightly. This decrease did not 
convert into melting, and the peak in snowpack was reached a month and a half later. Despite 
that, the fact that the snowpack decreased for more than 10 days, even though slightly, was 
enough for the filter to select this date. 
 



12 
 

 
Figure 4 – Evolution of the snowpack (black line), accumulated melting (dashed blue 
line), and daily runoff (grey bars) for catchment Þingvallavatn (year 1980 – 1981, top) 
and catchment Hágöngulón (year 1986 – 1987, bottom). The vertical red lines indicate 
the start date of the melt season as retrieved by the first filtering method. 
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Figure 5 – Evolution of the snowpack (black line), cumulative melting (dashed blue 
line), and daily runoff (grey bars) for Hágöngulón (year 1986 – 1987, top; year 1984 – 
1985, bottom). The vertical red lines indicate the start date of the melt season as 
retrieved by the second filtering method. 
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4.1.2.3 Third filter: Conditions on snowpack, temperature and melting 
A few other methods of filtering were tested with a filter combining a few meteorological 
parameters showing more success than the previous approaches. Firstly, a condition is set that 
the onset date of the melt season can only occur between 1st March and 31st July. Then, during 
this interval, the maximum snowpack is located. Hence, the beginning of the melt season can 
only start after this peak is reached. In some cases, as seen for catchment Búðarháls in Figure 
6, the snowpack maximum happens very early in the year (mid-February), followed by a sharp 
decrease until a new high is reached, although not as high as the first maximum. Here, the 
assumption that the melt season cannot begin before March prevents untimely detection. Once 
the maximum is found, the first 10-day period with accumulated melting exceeding 20 mm 
and a median temperature above 0°C is identified and the first day of this period selected as 
the onset date. In the case of Búðarháls in Figure 6, the filter picked 06/04 correctly as the 
beginning of the melt season. 
The third filter is better than its predecessors, although it did not produce entirely accurate 
results. In the case of Búðarháls, the melting threshold had to be lowered to 10 mm, otherwise 
the results were unconvincing. Overall, this filtering method worked well for some catchments 
such as Hágöngulón, Sultartangi, and Kvíslaveita. For others, like Hraunaveita or Hálslón, in a 
few cases the onset dates selected did not fit the data very well, and results from previous 
filters were chosen instead. However, note that this applied to less than 10 cases out of the 
401.  
 

 
Figure 6 – Evolution of the snowpack (black line), accumulated melting (dashed blue 
line), and daily runoff (grey bars) for catchment Búðarháls and hydrological year 1995 
– 1996. The vertical red line indicates the start date of the melt season as retrieved by 
the third filtering method. 
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4.1.2 Results 
For each catchment, all the dates retrieved by the last filter were stored in a table. These dates 
were then plotted together, as shown for four catchments in Figure 7. Results for the other 
catchments are included in Appendix I (Figures I.1 – 11). On each plot, the x-axis shows the 
39 years used for the study, and the y-axis the dates between March and July. For every year, 
the melt season starting date is plotted (blue dots), and a blue line connects the dates for all the 
years. A regression line fitting those values (orange line) is shown, and the difference in days 
between the beginning and the end of the period, as calculated from the regression line, is 
indicated at the top of the plot.  
In 9 cases out of 11, the trend line indicates an onset of the melt season earlier in the year. For 
those catchments, the decrease ranges from 5 days (Hágöngulón), to 29 days (Tungnaá, see 
Figure 7, top panel). It should be noted that those values need careful evaluation, as the results 
show a great variability from one year to the other. In the case of Tungnaá, it appears that 
before 1995, the melt season never started before late April, while in the years after 1995 it 
would start early-to-mid April. In the case of Hálslón (Figure 7, bottom left), the regression 
line is flat, indicating no trend for this period, although for the interval 1996 – 2017, except for 
2011, the melting started in late May at the latest, whereas previously it could occur as late as 
early June. The most surprising result is for Ufsarlón, with a positive trend of 8 days (Figure 7, 
bottom right).  
Table 2 lists the mean starting dates of the melt season, as well as the overall differences in 
onset, over the span of the ICRA dataset. Additionally, the same results are shown in map 
form in Figure 8, with differences expressed in colours. The colour scheme is as follows: 
orange if the difference is null or positive; yellow for a decrease between 0 and 7 days; light 
blue between 7 and 14 days and dark blue for a decrease exceeding two weeks. Catchments 
located in the southwest of Iceland show a larger recession in the onset of the melt season, 
with a value around -20 days in four of them: Búðarháls, Þingvallavatn, Tungnaá, and 
Þórisvatn. Both catchments with a null or positive trend (Hálslón and Ufsarlón) are in the 
northern part of Vatnajökull, and it can be seen from Table 2 that those catchments have a 
mean starting date later in the year (respectively 22/05 and 18/05) than the catchments in 
southwest-Iceland. 
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Figure 7 – Evolution of the beginning date of the melt season in four catchments for the 
period 1979 – 2017. Results were obtained using an automatic filter on the snowpack, 
temperature and melting timeseries extracted from the ICRA dataset. 
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Table 2. Difference in the beginning of the melt season (in days) for all catchments over the 
timespan 1979 – 2017. 

 

Catchment 

Difference in beginning of 
the melt season 

days 

 

Mean date 

Blönduvirkjun -9 01/05 

Búðarháls -21 04/04 

Hágöngulón -5 19/05 

Hálslón 0 22/05 

Hraunaveita -11 08/05 

Kvíslaveita -12 05/05 

Sultartangi -12 01/05 

Þingvallavatn -19 22/04 

Þórisvatn -27 25/04 

Tungnaá -29 25/04 

Ufsarlón 8 18/05 

 

  
Figure 8 – Change in the beginning of the melt season (in days) based on the ICRA 
dataset. Catchments are coloured according to the magnitude of the change (for details, 
see main text).  
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4.2 Change in precipitation type 
In this part of the study, the ICRA dataset is used to assess if precipitation type has already 
been affected by increasing surface temperatures, over the period 1979 – 2017. The 
precipitation can be divided into two categories: liquid (only rainfall), or solid (sleet and 
snowfall). Total precipitation is defined as the sum of those three variables (rainfall, sleet and 
snowfall) and snow-fraction as the sum of solid precipitation divided by the total precipitation: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
(𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑠𝑠𝑠𝑠)

(𝑟𝑟𝑟𝑟 + 𝑟𝑟𝑟𝑟𝑟𝑟 + 𝑠𝑠𝑠𝑠) 

The focus in this section is on the changes of snow-fraction during the winter months, defined 
here as the period extending from the beginning of November to the end of April. Although 
most of the hydropower catchments are in the highlands where snow can fall in summertime, 
as a first attempt to study the change of snowfall fraction in the dataset, summer months 
between May and October were discarded. 

4.2.1 Total snow-fraction change over the winter months 
Firstly, solid precipitation was summed for each catchment over all the winter months and 
compared to the total precipitation summed over the same period. Results for four catchments 
are shown in Figure 9; all the others are available in Appendix II (Figures II.1 – 11). In each 
plot, the solid blue line shows the evolution of the total snow-fraction over the study period, 
while the dashed blue line shows the regression that fits the data best. At the top of each plot, 
a percentage change over the 39 years is indicated, calculated as the difference between the 
snow-fraction of the first and last year of reanalysis as given by the regression line.  
In all the catchments, the trend lines give decreasing snow-fraction, from -1.5% (Hálslón) to -
14.6% (Búðarháls). Two trends can be observed in the plot for catchment Búðarháls: one for 
the period 1979 – 2000, with a mean value around 75%, and one after 2000, with a mean 
value in the high 60%. Overall, the snow-fraction in that catchment never exceeds 90%, which 
can be explained by the comparatively low mean elevation (540 m, see Table 1). Hálslón on 
the other hand, shows a completely different pattern, and has the lowest snow-fraction change 
of all the catchments. The snow-fraction does not vary a lot from one year to the other, staying 
around 98% for the period 1979 – 2000, slightly lower but always above 95% for the later 
years. This can be explained by the high elevation of the catchment and the fact that most of it 
is glaciated. Catchments Hraunaveita and Þingvallavatn present similar patterns with large 
fluctuations from one year to the other. In the case of Hraunaveita, the snow-fractions range 
between 65 and 97%, with only five years under 75%. For catchment Þingvallavatn, being in 
the lowlands, the snow-fraction never exceeds 80%.  
Percentage changes, as calculated from the regression line between the beginning and the end 
of the ICRA time-period, are given for all the catchments. Those results are also shown with a 
color code on a map (see Figure 10). Overall, the catchments oriented on the southern parts of 
the glaciers (Sultartangi, Þórisvatn, Tungnaá), and catchments at lower altitudes (Búðarháls, 
Þingvallavatn) are showing snow-fraction decreases superior to 10% over the 39 years of 
reanalysis. Smaller changes are found in the catchments facing northward (Blöndulón, 
Hálslón, Ufsarlón, Kvíslaveita, Hágöngulón), except for Hraunaveita.  
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Figure 9. Total snow-fraction evolution (%) for catchments Búðarháls, Hálslón, 
Hraunaveita and Þingvallavatn, based on the ICRA dataset for the period 1979 – 2017. 
Solid blue lines show the yearly change of snow-fraction, and the trend lines in dashed 
blue. Percentage changes as calculated from the regression line are also given. 
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Table 3. Total snow-fraction change (%) for all the hydropower catchments of the study 
based on the ICRA dataset for the period 1979 – 2017. 

 

Catchment 

Total snow-fraction difference 

% 

Blönduvirkjun -4.7 

Búðarháls -14.6 

Hágöngulón -1.6 

Hálslón -1.5 

Hraunaveita -11.3 

Kvíslaveita -4.2 

Sultartangi -6.9 

Þingvallavatn -10.3 

Þórisvatn -9.0 

Tungnaá -12.3 

Ufsarlón -5.1 

 

 
Figure 10 – Total snow-fraction percentage decrease based on the ICRA dataset for the 
time-period 1979 – 2010. Catchments are coloured according to the magnitude of the 
change.  
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4.2.2 Monthly snow-fraction changes 
Secondly, snow-fractions were studied on a monthly basis for all the winter months. For each 
month and each catchment, the solid precipitation proportion of the total precipitation was 
calculated.  
An example is shown in Figure 11 for catchment Hraunaveita; results for the other catchments 
are available in Appendix II (Figures II.12 – 22). Results from the ICRA dataset are shown in 
blue. The solid blue line shows the monthly snow-fraction evolution over the years, while the 
dashed-blue line indicates the regression fit. To complement those results, the snow-fraction 
from the ERA-20c reanalysis was added. Data are available for all 10 realizations of this 
reanalysis; therefore, the figure shows the minimum-maximum snow-fraction interval (in 
orange), with the mean values represented by the solid orange line. The dashed red line 
indicates the regression fit based on the mean snow-fraction values from the ERA-20c. 
As seen in Figure 11, the trend lines give clear decreasing results for all the winter months. 
When comparing the percentage differences obtained by the ICRA and the ERA-20c, they are 
within the same 10% range, and show the same decreasing trends. Snow-fractions from the 
ERA-20c are lower than from the ICRA, for all the catchments. This can be justified by the 
very coarse horizontal resolution of the model, with the mountainous terrain mixed with 
lowland within the grid-cells, therefore leading to less snow. 
Monthly percentage changes were compiled in Table 4 for all catchments. In 9 cases out of 11, 
November is the month with the largest snow-fraction decrease. It is also the month with the 
largest mean percentage change with -11.2%, and by a strong margin (the second month is 
December with -5.9%). This indicates that over the period considered, snow tends to come 
later, presumably indicating a later start of the winter. Another reason could be that early snow 
is melted by milder weather. This is further illustrated by Table 5, where monthly temperature 
changes were calculated for each catchment based on the ICRA. January is the month with the 
largest increase (around 3°C in all the catchments), although this is also the month with 
the highest amount of snow, thus the snow-fraction decrease is less significant than for 
November.  
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Figure 11 – Monthly snow-fraction evolution (%) for catchment Hraunaveita for the 
months November – April. Results are based on the ICRA and ERA-20c datasets. 
Regression lines are shown for both datasets results. 
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Table 4 – Monthly snow-fraction difference (%) for all the catchments for the winter 
months. Results were calculated from the ICRA dataset over the period 1979 – 2017.  

 

Catchment 

Snow-fraction difference 

 % 

Nov. Dec. Jan. Feb. Mar. Apr. 

Blönduvirkjun -6 -3 -4 -6 -4 -2 

Búðarháls -20 -8 -9 -12 -16 -8 

Hágöngulón -4 -2 0 -5 -2 -1 

Hálslón -4 -1 -1 0 0 -2 

Hraunaveita -18 -14 -3 -4 -2 -11 

Kvíslaveita -5 -1 0 -9 -6 -1 

Sultartangi -9 -4 -4 -9 -7 -3 

Þingvallavatn -13 -8 -9 -3 -9 -5 

Þórisvatn -15 -4 -3 -9 -9 -5 

Tungnaá -18 -14 -7 -2 -4 -15 

Ufsarlón -11 -6 -1 -1 0 -7 

Mean -11.2 -5.9 -3.7 -5.5 -5.4 -5.5 

 

Table 5 – Monthly temperature increase (°C) for all the catchments for the winter 
months. Results were calculated from the ICRA dataset over the period 1979 – 2017. 

 

Catchment 

Temperature change 

°C 

Nov. Dec. Jan. Feb. Mar. Apr. 

Blönduvirkjun 2.2 2.0 3.2 0.8 1.9 1.7 

Búðarháls 2.3 1.9 3.2 1.2 2.3 2.1 

Hágöngulón 2.0 1.6 3.4 1.1 1.7 1.0 

Hálslón 2.3 1.8 2.8 1.2 1.6 0.9 

Hraunaveita 2.0 1.7 3.0 1.1 1.5 0.8 

Kvíslaveita 2.1 1.9 2.7 1.1 1.8 1.2 

Sultartangi 2.2 1.8 3.1 1.2 1.9 1.5 

Þingvallavatn 1.9 1.6 3.2 1.1 2.1 1.7 

Þórisvatn 2.2 1.7 3.2 1.1 2.0 1.6 

Tungnaá 2.4 1.7 3.1 0.9 2.0 1.7 

Ufsarlón 2.1 1.7 2.8 1.0 1.5 0.7 

Mean 2.2 1.8 3.1 1.1 1.8 1.4 
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5 Catchment-scale extreme precipitation analysis and 
climate projections 

5.1 Return levels for the hydropower catchments  
In this section, the return levels for all the hydropower catchments selected for this study are 
presented in tables and on 1M5 maps of 24-hour precipitation thresholds for a 5-year event. 

5.1.1 Return level tables 
In Section 2, a methodology for extracting ICRA timeseries for the hydropower catchments 
was detailed. Before performing the EVA, the first step was to resample the hourly 
precipitation to produce new timeseries with 3-, 6-, 12-, 24-, and 48-hour accumulated 
precipitation using a rolling window. Within each time-step, maximum values were selected, 
and the Peak-over-Threshold method with MLE was thereafter applied to obtain results with a 
2-, 5-, 10-, 25-, 50- and 100-year return period. Details about the selection of the EVA and the 
statistics behind the Peak-over-Threshold method can be found in Massad et al. (2020), 
Chapters 3 and 5.2, and were derived from Coles (2001). 
Results are shown in Table 6 for two catchments: Hálslón and Þingvallavatn. Return levels for 
the other watersheds are in Appendix III (Tables III.1 – 11). The return values are larger for 
Þingvallavatn than Hálslón. Þingvallavatn catchment extends northward over the southern part 
of Langjökull, which is a wet region. Hálslón catchment, on the other hand, is located on and 
just north of Vatnajökull, on the leeside, in a region with relatively low precipitation poor 
region (Crochet et al., 2007). These results are in accordance with Figure 2, which depicts 
precipitation patterns, with larger precipitation values typically on the southern flanks of the 
ice caps.  
Results presented in the tables are based on average precipitation timeseries, i.e., hourly 
precipitation for each grid-point within the catchment was averaged over the grid-points to 
give a single timeseries for the watershed. Some of the watersheds cover large areas and the 
landscape variation within the catchments. Thus, these results should be used carefully as the 
ICRA dataset may not be able to represent the complexity of the terrain, due to its horizontal 
resolution of 2.5 km.  

5.1.2 1M5 maps 
One of the main results presented in Massad et al. (2020) was a new map showing 24-hour 
precipitation return levels with a 5-year return period (Figure 1). A similar product can be 
made for the eleven hydropower catchments considered here.  
Results for catchments Hálslón and Þingvallavatn are shown in Figures 12 and 13, with other 
maps to be found in Appendix III (Figures III.1 – 11). Median values are shown on the maps. 
Overall, as expected values are higher for catchment Þingvallavatn than for Hálslón, with no 
part of the catchment with an 1M5 value lower than 60 mm. For catchment Hálslón, there is a 
very strong south-to-north gradient with the highest values seen in the southern part of the 
catchment (red), and the lowest values (dark green) in the highlands, in the precipitation 
shadow of Vatnajökull. This strong gradient shows the horizontal variability of the 1M5 
results, as Hálslón is geographically located less than 100 km to the north-northeast of 
Kvísker, the wettest location in Iceland.  
In Figures 12 and 13, the median 1M5 values shown differ from the 24-hour return level with 
a 5-year return period from the tables. As discussed earlier, this outcome is expected as the 
values were calculated differently. Indeed, on the maps, the median values are extracted after 
performing the Peak-over-Threshold method on all the timeseries included within the 
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catchment; whereas in the tables, a single average timeseries was extracted before the EVA 
method was applied. This can lead to significant differences, especially for the largest 
catchments that are covered partly by glacial ice but are also partly in lowland regions, such as 
Hálslón. 
 

Table 6 – Return levels (mm) for catchment Hálslón (top) and Þingvallavatn (bottom). 
Values are given for 3-, 6-, 12-, 24- and 48-hour return levels with a 2-, 5-, 10-, 25-, 50- 
and 100-year return period, based on the complete ICRA dataset. Timeseries were 
extracted using the average value of all the grid-points within the catchment. 1M5 value 
is shown in red. 

Hálslón 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 8 11 13 15 18 20 

6 hours 18 23 27 31 36 39 

12 hours 35 43 49 54 62 67 

24 hours 60 70 78 85 94 101 

48 hours 91 105 115 125 137 147 

 
Þingvallavatn 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 12 15 18 19 21 23 

6 hours 26 31 35 38 41 44 

12 hours 48 56 62 67 73 77 

24 hours 78 90 99 107 117 124 

48 hours 113 128 138 148 159 168 
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Figure 12 – 1M5 map for catchment Hálslón based on the complete ICRA dataset. 

 

 
Figure 13 – 1M5 map for catchment Þingvallavatn based on the complete ICRA dataset. 
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5.2 Return levels for the hydropower catchments in relation to 
CMIP5 climate scenarios  

5.2.1 Presentation of the climate datasets 
The CMIP5 projections were briefly presented in Section 2. For this project, two types of 
simulations were used: the mild-warming scenario RCP 2.6, and the high-warming scenario 
RCP 8.5, each covering two periods: 2040 – 2060 and 2080 – 2100. Projections are given for 
an ensemble of 33 climate models.  
For all the climate models and periods, monthly-averaged precipitation ratio changes are 
available. Because of the coarse horizontal resolution, those precipitation changes were 
averaged seasonally and for the whole country. To assess the variability of the results from the 
ensemble, the 10th and 90th percentiles were used in addition to the median values. This is 
expected to give the magnitude of the uncertainties within the 33 models. 
Results for the seasonal precipitation changes averaged over the whole country are shown in 
Table 7 for scenarios RCP 2.6 and RCP 8.5. For each scenario, values are given for the two 
periods and based on the 10th, 50th and 90th percentiles. 
Results are comparable to those from Björnsson et al. (2018), based on monthly data and for a 
larger domain. As expected, changes are more significant when projecting into the later part of 
the century (period 2080 – 2100). From the tables, for RCP 2.6, a mild-warming scenario, the 
difference between the two periods is small. This was expected as those projections are 
calculated considering a more controlled carbon emission scenario, not impacting the climate 
in the long term as much as the other scenario. Perhaps more unexpectedly, for both cases the 
10th percentile of the ensemble climate dataset leads to a decrease of over 10% in all cases. 
However, the results for the 90th percentile show an increase in excess of 20% in both 
scenarios and for the two timespans, i.e., the distribution of the results is right-skewed. Thus, 
the results show the variability within the climate model ensemble, with precipitation in some 
models expected to decrease.  
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Table 7 – Seasonal precipitation changes (%) for scenario RCP 2.6 (top) and RCP 8.5 
(bottom) for the whole country. Results are shown for time periods 2040 – 2060 and 2080 – 
2100 and using the 10th, 50th and 90th percentile of the climate data ensemble. Note that 
calendar months are abbreviated to first letters. 

 RCP 2.6 

Percentage change (%) 

2040 - 2060 2080 – 2100 

10th 50th 90th 10th 50th 90th 

DJF -12 1 17 -14 2 20 

MAM -12 4 23 -13 3 22 

JJA -12 3 21 -13 4 24 

SON -9 4 21 -9 5 21 

Annual -11.3 3 20.5 -12.3 3.5 21.8 

 
 RCP 8.5 

Percentage change (%) 

2040 - 2060 2080 – 2100 

10th 50th 90th 10th 50th 90th 

DJF -11 2 21 -15 3 27 

MAM -13 3 21 -15 5 23 

JJA -11 3 22 -10 6 28 

SON -9 5 20 -7 10 30 

Annual -11 3.3 21 -11.8 6 27 

 

5.2.2 Incorporation of the climate projections to the ICRA dataset 
The inclusion of the two RCP scenarios into the reanalysis was done following several steps. 
Firstly, the complete ICRA dataset was detrended to remove any bias related to climate 
change within the period 1979 – 2017. Consequently, the dataset was flattened out, preventing 
the future analysis to only focus on the later years of the dataset when precipitation extremes 
are possibly more frequent (as seen in Section 4.2 as well as in Björnsson et al. (2018)). Then, 
the average values for each grid-point were added back to the detrended timeseries, and 
because precipitation cannot be negative, all negative values were set back to zero. 
An example can be seen in Figure 14. The figure shows the regression lines associated with 
the timeseries extracted for grid-point [100,100], arbitrarily chosen, based on the original 
dataset (blue line) and after detrending (red line). The difference between the first time step 
and the last one for the original timeseries is 0.1154 mm, while for the detrended timeseries 
the value is 0.040 mm. Note that, the detrended timeseries would have had a net difference of 
zero if the negative values had not been set back to zero. This shows that over the 39 years of 
data, there was a slight precipitation increase for this grid-point. This trend has been removed, 
resulting in a detrended, almost flat dataset. 
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Figure 14. Regression lines for hourly precipitation timeseries of grid-point [100, 100] 
from the ICRA dataset, before (blue line) and after (red line) detrending. 

Subsequently, the seasonal percentage changes presented in Table 7 were applied to the whole 
dataset. Because of the different scenario presented (RCP 2.6 or 8.5), the period considered 
(2040 – 2060 or 2080 – 2100), and the type of data used (10th, 50th or 90th percentile), a total 
of 12 new datasets were generated. The same percentage changes were also applied to the 
catchment timeseries.  
Density plots for catchment Þingvallavatn are found in Figure 15, showing how the overall 
precipitation distribution is affected by the different scenarios. For more clarity, the density 
plots are shown according to the various percentiles. Overall, the results are not drastically 
changed. This is especially notable for the middle figure where density plots are shown for the 
original precipitation timeseries, modified by the median climate data projections. For the 10th 
percentile projections (top figure), the new timeseries peaks higher and for a slightly lower 
precipitation intensity, and consequently there are not as many occurrences of higher 
precipitation intensities (above 20 mm). Therefore, when looking at the 10th percentile results, 
the projections lead to a narrower range of precipitation intensities. However, for the 90th 
percentile, the opposite trend is observed: the peak in the low precipitation intensity is not as 
high as for the original dataset, but more occurrences of high precipitation can be seen. The 
scenario RCP 8.5 for the period 2080 – 2100 shows more extreme results, which was expected 
from the percentage changes displayed in Table 7. Note that for the 50th and 90th percentiles 
there is a significant decrease in low precipitation intensity from the first period to the second, 
indicating a shift towards higher precipitation intensity with time. 
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Figure 15 – Density plots for catchment Þingvallavatn. Precipitation distributions are 
shown in the original dataset (solid black line), along with the different projections while 
looking at the 10th (top), 50th (middle), and 90th (bottom) percentiles of the ensemble 
climate dataset. 
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5.2.3 New 1M5 maps including climate projections 
5.2.3.1 1M5 results for the whole country 
Eventually, an EVA was performed using the Peak-over-Threshold method with Maximum 
Likelihood Estimation on all the datasets, resulting in twelve new 1M5 maps. From now on, 
results will only be shown for the period 2080 – 2100, as projections for the end of the century 
are of more interest for this study. Some results for the period 2040 – 2060 are included in 
Appendix III (Figures III.1 – 11). 
Three maps are presented in this report: the 1M5 map with median percentage changes from 
the ensemble climate models with RCP 8.5 projections (Figure 16), the 1M5 map with 10th 
percentile percentage changes with RCP 2.6 projections (Figure 17), and the 1M5 map with 
90th percentile percentage changes with RCP 8.5 projections (Figure 18). According to the 
tables, it is expected that Figure 16 gives the lowest 1M5 results and Figure 18 the highest. 
They are included here to assess the variability of the results, with all the other results falling 
somewhere in between those two maps.  
Upon initial inspection, these maps do not differ greatly from the original 1M5 map (Figure 
1). In the original map, higher values are found over icecaps (most notably on Vatnajökull, 
Mýrdalsjökull and Langjökull). The highest 1M5 values are calculated for a grid-point on the 
southern part of the Vatnajökull icecap. In general, except for Snæfellsjökull and Dranga-
jökull, higher values are found on the southern sides of the icecaps while lower values are in 
drier lowland areas. The northern lowlands are generally drier as indicated by a large dark 
green area on the map. Lowlands in the southern half of the country typically have values 
ranging between 40 and 60 mm day–1 and in a few places under 40 mm day–1. Regions of 
complex orography such as the East- and Westfjords are associated with higher 5-year return 
levels than the lowlands, with values ranging from 80 to 180 mm day–1 in the East and values 
between 60 and 140 mm day–1 in the Westfjords. Locally, higher values are also reached in 
other mountainous regions such as Bláfjöll, Tröllaskagi or Flateyjarskagi. The median value 
over Iceland is 72 mm 24-h-1 and the maximum is 470 mm 24-h-1. 
Overall, the same geographical patterns can be observed on the new maps and the differences 
lie in the details. Figure 16 shows the new values obtained with the RCP 8.5 projections using 
the median percentage changes from the climate model ensemble. Under this scenario, the 
median value for the whole country is 76 mm 24-h-1 and the maximum is 502 mm 24h-1. The 
red areas in the East- and Westfjord regions, corresponding to values above 180 mm 24-h-1, 
are slightly wider while the dark green region, with low values, over the lowland is narrowed. 
This is further visible for the RCP 2.6 projections with the 10th percentile values (Figure 17) 
with a median value of 63 mm 24-h-1 and the highest value of 416 mm 24-h-1. On the 1M5 
map presenting the results with the RCP 8.5 projections based on the 90th percentile 
precipitation changes (Figure 18), the dark green area has almost disappeared, indicating very 
few instances of values under 40 mm 24-h-1. A red area extends almost continuously from 
Mýrdalsjökull northeastward to the northern part of the Eastfjords, values above 180 mm 24-h-

1. The same can be seen for Tröllaskagi, Snæfellsness and Hornstrandir, where the regions are 
almost completely covered with 1M5 values above 180 mm 24-h-1. Under these projections, 
the median value for the whole country is 92 mm 24-h-1 and the maximum value is 602 mm 
24-h-1 and can be found a few kilometres south of Hvannadalshnjúkur.  
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Figure 16 – 1M5 map based on 24-hour accumulated precipitation, with projections from 
the RCP 8.5 for the interval 2080 – 2100, using the 50th percentile from the climate model 
ensemble. Results obtained using the Peak-over-Threshold method with MLE. 
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Figure 17 – 1M5 map based on 24-hour accumulated precipitation, with projections 
from the RCP 2.6 for the time-period 2080 – 2100, using the 10th percentile from the 
climate model ensemble. Results obtained using the Peak-over-Threshold method with 
MLE. 
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Figure 18 – 1M5 map based on 24-hour accumulated precipitation, with projections 
from the RCP 8.5 for the interval 2080 – 2100, using the 90th percentile from the climate 
model ensemble. Results obtained using the Peak-over-Threshold method with MLE. 
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5.2.3.2 1M5 results for the hydropower catchments 
Table 8 shows the median 1M5 results for all the catchments with the two projections and for 
the period 2080 – 2100. For comparison, original values are shown in the first column. 
Overall, changes are more significant with the RCP 8.5 scenarios, with higher values reached 
by using the 90th percentile percentage changes. Results are shown in map format on Figure 19 
for catchment Hálslón. Even though the increase is minimal while using median percentage 
change from the RCP 8.5 projections (top right), it can be noted that almost no values under 
40 mm 24-h-1 (dark green area) are left compared to the original map without projection (top 
left). Most changes can be seen on the map that includes the RCP 8.5 projections with the 90th 
percentile percentage changes (bottom right), with values above 100 mm 24-h-1 (yellow, 
orange and red areas) spreading towards the northern part of Vatnajökull. 
 

Table 8 – Median 1M5 values (mm 24-h-1) for eleven hydropower catchments with and 
without climate projections for the period 2080 – 2100. 

 

Catchment 

1M5 median value 

mm 24-h-1 

 

Original 

RCP 2.6 RCP 8.5 

10% 50% 90% 10% 50% 90% 

Blönduvirkjun 48 41 49 58 42 50 61 

Búðarháls 46 40 47 56 40 48 59 

Hágöngulón 63 55 65 76 55 66 81 

Hálslón 85 75 88 104 77 91 109 

Hraunaveita 132 116 136 159 117 140 169 

Kvíslaveita 48 42 49 58 42 51 61 

Sultartangi 66 57 68 80 58 69 84 

Þingvallavatn 96 84 99 117 85 102 123 

Þórisvatn 47 41 49 57 42 50 60 

Tungnaá 76 67 79 92 67 80 98 

Ufsarlón 104 92 108 126 93 112 134 
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Figure 19 – 1M5 maps for catchment Hálslón based on the ICRA dataset without 
projection (top left), with RCP 2.6 and 10th percentile percentage changes (top right), 
with RCP 8.5 and median percentage changes (bottom left) and with RCP 8.5 and 90th 
percentile percentage changes (bottom right). Projections were calculated for the time-
period 2080 – 2100 and come from the CMIP5. 

 

5.2.4 New return levels for the hydropower catchments 
Lastly, the climate projections were added to the catchment timeseries to calculate new return 
levels for various time durations and return periods. Both RCP scenarios were investigated for 
the period 2080 – 2100. Here, only the 50th percentile changes (corresponding to the median 
values) from the climate ensemble models are used. 
Results for catchments Hálslón and Þingvallavatn are shown in Tables 9 and 10, without and 
with projections to facilitate the comparison. Results for the other catchments are in Appendix 
III (Tables III.1 – 11). With the RCP 2.6 scenario, return levels increase on average by 3.3% 
for catchment Hálslón and 3.1% for catchment Þingvallavatn. As expected, changes are higher 
under the RCP 8.5 scenario with an increase of 5.8 % and 5.9%, respectively. Results for all 
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the catchments fall within the same range, with a mean increase of 3.2% with the RCP 2.6 
scenario, and 5.7% with the RCP 8.5 scenario. Note that those averaged increases were 
calculated from precise return levels, and not from rounded values as shown in the tables. 
Those averages are comparable to the annual percentage changes for those scenarios shown in 
Table 7: 3.5% with RCP 2.6 and 6% with RCP 8.5. 
Another way of looking at those results is to show them graphically, as Intensity-Duration-
Frequency graphs (known as IDF curves). Those graphs are used to represent the relationship 
between the precipitation intensity, duration, and frequency. This type of data presentation 
allows users to visualise and compare return period thresholds from different locations. 
Contrary to the 1M5 values, given in mm day–1, precipitation intensity in IDF curves is to be 
read in mm h–1 on the y-axis. Results are shown for all catchments in Appendix III (Figures 
III.12 – 22), and for catchments Hálslón and Þingvallavatn on Figure 20, with and without the 
RCP scenarios. On the IDF curves, values are ranked according to the projection used: 
precipitation intensities without projections are lower than with RCP 2.6, which are lower than 
with RCP 8.5. As expected, the amount of precipitation over a given interval increases with 
the duration of the event. However, in some cases (e.g., see 2-year return period line for 
catchment Þingvallavatn), when converted to mm h–1 and shown graphically, precipitation 
intensities sometimes increase with the duration, creating a bump in the usually decreasing 
IDF curves. Those values are attributed to the fact that the Peak-over-Threshold method was 
applied independently on timeseries for each duration. Comparing both sets of IDF curves, 
return levels are higher for catchment Þingvallavatn, and values are less spread, with some 
curves even overlapping (see 50- and 100-year return periods lines). 
 
 
 
 
  



38 
 

Table 9 – Return levels (mm) for catchment Hálslón. Results are based on the ICRA 
dataset without projections (top), with RCP 2.6 scenario (middle) and with RCP 8.5 
scenario (bottom). Values are given for 3-, 6-, 12-, 24- and 48-hour return levels with a 
2-, 5-, 10-, 25-, 50- and 100-year return period. Timeseries were extracted using the 
average value of all the grid-points within the catchment. The 1M5 value is shown in 
red. 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 8 11 13 15 18 20 

6 hours 18 23 27 31 36 39 

12 hours 35 43 49 54 62 67 

24 hours 60 70 78 85 94 101 

48 hours 91 105 115 125 137 147 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 8 11 13 16 19 21 

6 hours 18 24 28 32 37 41 

12 hours 36 44 50 56 64 69 

24 hours 62 72 80 88 97 104 

48 hours 94 108 119 129 142 152 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 8 11 14 16 19 22 

6 hours 19 24 29 33 38 42 

12 hours 37 46 52 58 65 71 

24 hours 63 74 82 90 100 107 

48 hours 97 111 121 131 143 152 
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Table 10 – Return levels (mm) for catchment Þingvallavatn. Results are based on the 
ICRA dataset without projections (top), with RCP 2.6 scenario (middle) and with RCP 
8.5 scenario (bottom). Values are given for 3-, 6-, 12-, 24- and 48-hour return levels 
with a 2-, 5-, 10-, 25-, 50- and 100-year return period. Timeseries were extracted using 
the average value of all the grid-points within the catchment. 1M5 value is underlined in 
red. 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 12 15 18 19 21 23 

6 hours 26 31 35 38 41 44 

12 hours 48 56 62 67 73 77 

24 hours 78 90 99 107 117 124 

48 hours 113 128 138 148 159 168 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 12 16 18 20 22 23 

6 hours 26 32 36 39 43 45 

12 hours 49 58 64 69 76 80 

24 hours 80 93 102 110 120 128 

48 hours 117 132 142 151 163 172 

 
 2 years 5 years 10 years  25 years 50 years 100 years 

3 hours 13 16 19 21 23 24 

6 hours 27 33 37 40 44 46 

12 hours 50 59 66 71 78 83 

24 hours 82 95 104 112 123 130 

48 hours 120 135 146 156 168 177 
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Figure 20 – IDF curves for catchment Hálslón (top) and Þingvallavatn (bottom) based on 
the ICRA dataset, without projections (solid lines), with RCP 2.6 projections (dotted lines) 
and with RCP 8.5 projections (dashed lines). Solid points give return levels for 3-, 6-, 12-, 
24- and 48-hour duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period. Each 
coloured line corresponds to a different return period as stated by the legend. 
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6 Conclusions 
This research addressed two questions: Firstly, are systematic changes in the seasonality of 
precipitation observed already in the ICRA reanalysis data covering 39 years, in particular in 
the eleven hydropower watersheds operated by Landsvirkjun? Secondly, how are climate 
projections expected to affect the return levels of precipitation in Iceland, and specifically in 
the eleven hydropower catchments? 
Firstly, the change in the onset of the melt season was investigated using the ICRA dataset. In 
most catchments, a shift in the onset date of the melt season is apparent over the 39 years of 
reanalysis. Even though great year to year variability was observed, in 9 catchments out of 11, 
the melt season advanced by 5 to 29 days. Catchments located in the south-west of Iceland 
(Búðarháls, Þingvallavatn, Tungnaá and Þórisvatn) showed a larger recession in the beginning 
date of the melt season. In two instances (Hálslón and Ufsarlón), the linear regression led to 
no shift or a delay.  
Secondly, the temporal variability of the snow-fraction was then studied. In all cases, the total 
snow-fraction decreased over the period between 1.5 and 14.6%. The largest changes 
(exceeding 10%) were observed for catchments at lower altitudes (Búðarháls, Þingvallavatn), 
or located on the southern parts of the ice-caps (Sultartangi, Þórisvatn, Tungnaá). Snow-
fraction was also assessed monthly, and in most cases, November was the month with the 
largest percentage change, indicating a delay in the start of the snow season throughout the 
period 1979 – 2017.  
Finally, the return levels in the hydropower catchments were calculated using the Peak-over-
Threshold method. First, the EVA was applied to the ICRA dataset, and return levels for the 
eleven catchments were presented in tables and maps. Then, two CMIP5 projections were 
investigated: the mild-warming scenario RCP 2.6, and the high-warming scenario RCP 8.5. 
New 1M5 maps for Iceland including projections were produced using projections for the 
period 2080 – 2100. Results shared the same geographical patterns as the original 1M5 map. 
The most significant changes were found within the 1M5 map with RCP 8.5 projections based 
on the 90th percentile precipitation increases. On this map, very few instances of values under 
40 mm 24-h-1 remain. An area with values above 180 mm 24-h-1 extends almost continuously 
from Mýrdalsjökull to the northern part of the Eastfjords. The same trend can be seen for 
Tröllaskagi, Snæfellsness and Hornstrandir, where 1M5 values exceed 180 mm 24-h-1 in most 
cases. Under these projections, the median value for the whole country is 92 mm 24-h-1 and 
the maximum value is 602 mm 24-h-1, against 72 mm 24-h-1 and 470 mm 24-h-1 in the original 
1M5 map. Return levels with median projections from the two RCP scenarios were then 
calculated for the eleven hydropower catchments and results presented in maps, tables and on 
IDF curves. 
Overall, these results show that systematic changes can be observed in the seasonality of 
precipitation in the ICRA dataset for most of the catchments. With ongoing global warming, 
precipitation return levels will have increased by the end of the century, with a mean increase 
in the hydropower catchments ranging from 3.2 to 5.7%, depending on the greenhouse gas 
concentration trajectory. These results will assist Landsvirkjun with long-term assessments of 
runoff potential for the hydropower catchments featured in this research. 
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Figure III.17 – IDF curves for catchment Kvíslaveita based on the ICRA dataset, without 
projections (solid lines), with RCP 2.6 projections (dotted lines) and with RCP 8.5 
projections (dashed lines). Solid points give return levels for 3-, 6-, 12-, 24- and 48-hour 
duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period. Each coloured line 
corresponds to a different return period as stated by the legend.  
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Figure III.22 – IDF curves for catchment Ufsarlón based on the ICRA dataset, without 
projections (solid lines), with RCP 2.6 projections (dotted lines) and with RCP 8.5 
projections (dashed lines). Solid points give return levels for 3-, 6-, 12-, 24- and 48-hour 
duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period. Each coloured line 
corresponds to a different return period as stated by the legend.  
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