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Samantekt helstu niourstaona

Mikilvegt er ad geta studst vid nidurstodur flodagreiningar vid honnun innvida naerri
straumvatni, svo sem bria, rasa, vega og fraveitukerfa. { rannsokninni sem hér er kynnt voru
kannadir moguleikar pess ad meta sterd aftakafloda ut fra hermdu afrennsli ar ICRA
vedurendurgreiningunni. { fyrsta skrefi var afrennsli ur endurgreiningunni breytt yfir i rennsli
fyrir 40 vatnasvid par sem samfelldar rennslismalingar eru tiltekar. Stigskipt klasagreining var
svo nytt til ad kann klasaskiptingu rennslisradanna, baedi fyrir maldu og hermdu radirnar. Neast
var leioréttingarstudull metinn fyrir hvern klasa, sem leidréttir ofmat afrennslis i hermdu rédinni.
Ofmatid i hermdu ré6dunum er tilkomid vegna bpess ad ekki er gert rad fyrir irennsli i
reikningunum 4 peim. Ad lokum voru bzdi meldu og hermdu radirnar flodagreindar.
Samanburdur 4 nidurstodum synir ad 1 flestum tilfellum batir notkun klasahads
leidréttingastuduls samremid 4 milli nidurstadnanna sem byggja 4 meaeldum og hermdum
gbgnum. Almennt syna pessar nidurstoour ad hagt er meta aftaka 160, fyrir gefio vatnasvid, med
leioréttu afrennsli ur ICRA endurgreiningunni. Pessari adferdafradi er svo beitt i tilraunaskyni
til a0 meta flodahetti 20 d6meldra vatnasvida. Til frekari samanburdar, & mogulegum adferoum
til ad meta flod Oomealdra vatnasvida, var einnig profad ad flédagreinar 5 likanreiknadar
rennslisradir fyrir mald vatnasvid. Notast var vid GR6J afrennslislikanid med CemaNeige
einingu til ad herma snjos6fnun og leysingu. betta likan er hluti af airGR likan pakkanaum.
Flodagreining pessum a likanreiknudu rennslisréoum skiladi einnig asettanlegum nidurstodum,
samanborid vid flodagreiningu & maldum rennslisrodum af sému vatnasvioum.

Héfundar skyrslunnar bera abyrgd a innihaldi hennar. Nidurstodur hennar ber ekki ad tiulka sem
yfirlysta stefnu Vegagerdarinnar eda dlit peirra stofnana eda fyrirteekja sem hofundar starfa hja.



1 Introduction

Extreme flood estimates are important in the design of hydraulic infrastructure, including
highways, stormwater drains, bridges and culverts. In Iceland, numerous examples of damaging
floods occurred over recent years, including widespread flooding in southeast Iceland in
September 2017, or a 50-year flooding in the north of the country in June 2021.

While flood return levels have been calculated, based on measurements from the Icelandic
gauging network (Hrodmarsson and Pérarinsdéttir, 2018), most recent research on extremes at
IMO have been focussing on precipitation. A recently published 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. The 2020 study was based on hourly precipitation
data made available by the Icelandic reanalysis of atmospheric conditions, known as the ICRA
dataset (Nawri et al., 2017). The ICRA dataset was derived from the HARMONIE numerical
weather prediction model, providing access to various atmospheric parameters from over 11,000
grid-points at 2.5 km horizontal resolution. The dataset begins in 1979, providing over 38 years
of hourly data.

While extreme precipitation such as those calculated for the IMS5 map can lead to notable floods,
all events are not necessarily rainfall driven. Therefore, in this study, the runoff estimated from
the ICRA dataset is investigated using the same extreme-value approach by Massad et al. (2020)
and Poérarinsdottir et al. (2021). Defined here as the sum of liquid precipitation and snowmelt
minus evaporation, the runoff variable is suggested as a new means for calculating design-flood
estimates at any non-glaciated grid-point in Iceland. As the dataset covers the whole country, it
would allow flood return-levels to be estimated for ungauged catchments, enabling small-scale
engineering assessments of runoff extremes at virtually any location.

Extreme flood estimates from ungauged catchments are challenging. In fact, such estimates
represent one of the leading problems in flood hydrology. In several recent studies, IMO has
investigated methods for estimating flood return levels in ungauged basins, including simulations
using the WaSIM hydrological model in the Westfjords and Trollaskagi regions (Crochet and
borarinsdottir, 2014). An index-flood method was also tested in the Eastfjords, leading to
promising initial results (Crochet and Porarinsdéttir, 2015). With the increasing dependence on
Iceland’s road infrastructure, combined with the uncertainties of rapid climate change, there is a
need to develop updated design-flood methods for rapid and widespread assessments. This
project is a first step towards delivering such a methodology.

Building on those previous research projects, the goal of this study is to investigate how
accurately can the ICRA runoff estimate flood extremes, and how this variable can be used to
derive extreme streamflow values in ungauged areas. The project will follow several steps:

1. Firstly, daily runoff from the ICRA will be extracted for 40 gauged catchments where
discharge measurements have been recorded for more than 20 years as well as for 20
ungauged rivers.

2. Inasecond step, several hierarchical clustering of selected catchments will be presented:
one based on the measurement timeseries, and others based on simulated discharge, only
for gauged rivers with the aim of determining which catchments cluster similarly in both
analyses.

3. Flood extremes will then be calculated based on both datasets using the Block Maxima
method.

4. A cluster-based correction will be proposed to improve the extreme streamflow derived
from the ICRA data.
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5. Finally, these corrections will be applied to the ungauged rivers, based on the clustering
results obtained with the simulated runoff data, offering a step towards the estimation of
flood extremes in ungauged areas.

6. For further comparison, five gauged rivers will be selected and flood extremes calculated
after simulating their discharge with the airGR rainfall-runoff model.



2 Catchment selection

Iceland counts thousands of rivers of various lengths. While discharge in around 200 rivers has
been measured for some period, many rivers remain ungauged. For this study, the goal is to mix
gauged rivers with ungauged ones, with a focus on catchments in the vicinity of roads and
infrastructure.

2.1 Selection of the gauged rivers

Since the first discharge gauging stations were set up in Iceland, the gauging network has
expanded to record most of the major rivers in the country. The gauging stations allow for high-
resolution measurements down to 10-minute intervals, or even shorter in times of rapid discharge
changes.

For this study, only stations with timeseries longer than 20 years were selected, which amounted
to a total of 44 rivers (Figure 1). Those stations were previously used for testing and calibrating
the hydrologic model airGR (Atlason et al., 2021) as well as for the analogue forecast set up for
Vegagerdin (Priet-Mahéo et al., 2020 and 2021). On Figure 1, the gauging stations and their
associated catchments are shown on a map of Iceland, with a colour code indicating their river
type. This classification of the rivers first appeared in Rist (1990) and was later used by
Hré0marsson et al. (2009, 2020) as well as in Hrodmarsson and Pérarinsdottir (2018). According
to that grouping, four kinds of rivers exist in Iceland; although, in reality, they are often a
combination of two or three different types. In the North, East and in the Westfjords, direct-runoff
rivers (18 catchments, in green on the figure) lie on old, rather impermeable bedrock. On newer
bedrock, spring-fed rivers (17 catchments, in blue on the figure) are dominant. Mostly fed by
Vatnajokull, seven rivers are classified as glacial rivers (in grey). Finally, two catchments are
primarily considered as lake rivers (in orange). Four gauging stations associated with the rivers
Skafta and Kreppa (VHM 70, VHM 183, VHM 233, and VHM 328) are qualified as jokulhlaup
rivers, and cannot be forecasted with this method because they are not of meteorological origin.
They were therefore discarded in this study, lowering the number of rivers selected to 40.
However, it should be noted that those four jokulhlaup rivers are still shown in Figure 1.

Table 1 shows the main characteristics of the gauged catchment areas selected for this study.
Included are the area, aspect ratio, longest flowpath, average elevation, as well as percentage of
glacial cover, old bedrock (superior to 0.8 million years old), young bedrock, and total bedrock.
Catchment areas vary greatly among catchments, ranging from 37 km? (VHM 92 — Bagis4) to
7313 km? (VHM 30 — Pjorsa). Pjorsa also is the longest river among this selection, with a
flowpath above 238 km. Out of the 40 catchments, 16 are partly covered by glaciers, among them
eleven have a glacial cover superior to 10%. Eleven catchments have a mean elevation above 700
m.a.s.l., indicating a catchment area spreading into the Highlands. As reflected in Figure 1 by the
river classification, old bedrock is mostly present in the watersheds located in the North as well
as in the East- and Westfjords. This bedrock, formed in the Tertiary and Early Quaternary, has
relatively low permeability, therefore leading to minimal infiltration with most of the
precipitation flowing off as surface runoff (Sigurdsson and Einarsson, 1988). For catchments
located on younger bedrock (formed in the Late Quaternary), infiltration is higher. In this study,
seven catchments contain more than 80% young bedrock.
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Table 1 — Main characteristics of the river catchments used for the cluster analysis. Note
that the number of significant figures is kept higher in this table than is warranted by the
accuracy of the input data, for the sake of completeness or later use for reclassification.

VHM Area Aspect | Longest | Average | Glacial Old Young
. . Bedrock
o’ ratio flowpath | Elevation | cover |bedrock | bedrock o
m. ma.s.l. % % %

10 396.1 2.96 55,167 527 0 99.2 0.5 99.7
12 164.7 1.74 31,960 408 0 96.8 0 96.8
19 38.4 1.7 15,040 510 0 100 0 100
26 266.3 3.36 64,555 387 0 61.3 38.7 100
30 7313.5 2.57| 247,279 702 13.22 15.5 66 81.5
38 42.8 2.39 20,971 428 0 100 0 100
43 640.7 1.73 50,958 307 0 3.1 96.9 99.9
45 458.3 2.37 58,072 547 0 67.1 32.9 100
48 701.4 1.74 74,306 543 0 48.9 51.1 100
51 299.6 1.87 34,990 723 2.96 97 0 97
59 621.9 2.9 84,104 354 0 0 98.6 98.7
60 419.9 1.92 60,336 572 2.02 0 97.4 97.4
64 5661.9 2.41| 169,493 304 11.84 22 62.9 84.9
66 1574.4 2.24| 123,017 650 20.3 22.7 53.7 76.4
68 201.1 1.33 35,345 245 0 6.2 93 99.2
81 41.9 2.46 20,560 171 0 38.2 58.5 96.7
83 47.5 1.1 11,878 683 0 100 0 100
92 374 1.93 13,904 900 0 77.8 0 77.8
102 5097.1 2.6| 189,195 538 28.64 0 71.3 71.3
110 3283 331| 167,744 878 42 .33 44 8 12.6 57.4
116 527.1 1.87 62,858 645 0 1.2 98.8 100
121 183.3 3.6 48,916 209 0 0 100 100
128 513 2.01 58,289 338 0 93.7 1.7 95.4
144 1085.2 1.69 93,866 960 12.88 55.9 28.7 84.6
148 115.1 2.47 28,963 577 0 99.8 0 99.8
149 189.4 3.27 37,033 609 4.83 91 0 91
150 225.9 3.03 45,563 767 40.23 47 12.8 59.8
162 2023.1 2.01| 110,507 1,195 56.92 0 431 431
185 216.8 1.42 31,153 294 0 0 100 100
198 192.9 1.31 31,543 399 0 100 0 100
200 1102.2 3.51| 131,238 723 0 97.1 0.4 97.6
204 102.3 2.47 28,106 466 0 100 0 100
205 264.6 2.11 42 434 731 2 82 6 88
206 126.3 2.29 28,303 865 0 100 0 100
218 516.9 1.14 53,731 737 12.22 0 71.7 71.7
238 2163 1.54| 118,032 822 4.51 26.5 68.7 95.2
271 1027 2.64 97,404 394 3.35 5 83.3 88.3
400 73.2 1.41 16,634 435 0 100 0 100
408 581.3 1.13 58,363 756 49.27 0 50.7 50.7
411 387.1 3.71 73,405 559 0 97.7 2.3 100
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Figure 1 — Location of the gauging stations used in this study, and outlines of the associated
catchments. Colour of the catchment areas depends on the type of river: direct-runoff
(green), spring-fed rivers (blue), glacial rivers (grey), lake rivers (orange). Map from
Atlason et al. (2021).

2.2 Selection of the ungauged rivers

In addition to the 40 gauged rivers presented in Figure 1 and Table 1, 20 ungauged rivers were
also selected for this study. Figure 2 shows the location of the 40 gauged rivers in red, and the
20 ungauged rivers in blue. Individual maps were also created for each ungauged catchment and
shown in Figure 3.a —3.d.

These ungauged areas were hand-picked, with the only condition being that they have an area
superior to 25 km? so that they include at least three grid-points from the ICRA domain. The goal
was to cover parts of the country that are currently poorly gauged (Fjardara, Hellisfljot,
Nyjadalsa, Olafsfjardard). When possible, rivers which seem of particular interests for
Vegagerdin were selected. This is the case for Sléttua, Flokadalsa and Lagadalsa that are currently
flowing under old, one-way bridges. Some others were picked because of new road plans
(Steinavotn, in the eastern part of Sneefellsness), or the possibility of future construction plans in
the Highland region (Hellis4, Gilsa, Jokulgiskvisl). Overall, Figure 2 shows that combining this
selection of gauged and ungauged watersheds leads to a good spatial coverage of the rivers in
Iceland.

Table 2 shows the same characteristics as Table 1 for the ungauged catchments. The size of the
selected catchments is quite diverse, ranging from 38.4 km? (Nyjadalsi) to 730.5 km?
(Midfjardard). Three catchments have a mean elevation above 700 m a.s.l. (Hornafjardarfljot,
Jokulgilskvisl, Nyjadalsd), and six are partially covered by glaciers (Hornarfjardarfljot, Jokulsa i
Loni, Nyjadalsa, Steinavotn, Gilsa, Jokulgilskvisl).

Combining both gauged and ungauged rivers, a total of 61 catchments are used in this study.
12
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Figure 2 — Catchments selected for this study. Gauged catchments used for the 2022 study
are shown in red, ungauged catchments are represented in blue.
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Table 2 — Main characteristics of the ungauged catchments used for the cluster analysis.
Note that the number of significant figures is kept higher in this table than is warranted by
the accuracy of the input data, for the sake of completeness or later use for reclassification.

Area | Aspect | Longest | Average | Glacial| Old Young | Total
o’ ratio |flowpath | Elevation| cover |bedrock |bedrock | Bedrock
m ma.s.l. % % % %
Berufjardara 51.3 1.21 15,256 562 0 0 100 100
Fjaroara 126.5 1.06 18,139 361 0 0 100 100
Flokadalsa 141.1 3.22| 35,585 357 0.11 72.5 27.4 99.9
Gilsa 70.8 1.43| 22,097 622 13.5 78.2 8.4 86.5
Hafralonsa 545.2 232 61,735 395 0 14 86 100
Hellisa 64.7 1.19 18,229 542 0 96.3 3.7 100
Hellisfljot 514 1.37 14,711 375 0 0 100 100
Hornafjaroarfljot | 403.6 1.44| 41,579 798 62.1 5.8 31.7 37.5
Hrutafjaroara 160.8 2.07| 37,847 329 0 0 100 100
Jokulgilskvisl 107.3 1.49| 23,809 816 11 7.7 81.3 89
Jokulsa i Loni 513.6 1.45| 53,786 698 25 3.7 71.3 75
Lagadalsa 179.7 1.06| 27,165 390 0 0 100 100
Langadalsa 147.9 1.83| 31,086 363 0 0 100 100
Mida 217.3 1.48| 29,833 322 0 4 96 100
Miofjardara 730.5 2.2 75,201 326 0 4 96 100
Nyjadalsa 40.7 1.67 14,786 1,128 18.2 78.7 3 81.7
Olafsfjardara 155.7 1.7| 24,378 493 0 0 98.4 98.4
Sléttua 105.3 1.85 18,808 564 0 0 100 100
Steinavotn 140.2 1.43| 23,484 554 18.1 8.9 73.7 81.9
Svinafossa 38.4 1.52 11,960 156 0.5 99.5 100
Fjardara

Berufjardara

Figure 3.a — Outlines of the ungauged catchments selected for this study (1/4). Scale is
only shown for Berufjardara but is the same for all catchments.
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Figure 3.b — Outlines of the ungauged catchments selected for this study (2/4).
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Figure 3.c — Outlines of the ungauged catchments selected for this study (3/4).
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Figure 3.d — Outlines of the ungauged catchments selected for this study (4/4).

17



3 Data

3.1 Measurements from the gauging station network

As stated in Section 2.1, the gauging network has expanded over the years, now offering high-
resolution measurements of all the main Icelandic rivers down to 10-minute intervals. River
discharge is not measured directly: the gauges measure the water level, which is then converted
into a discharge using flow rating curves. The rating curves are based on discrete discharge
measurements that are used to establish the correspondence between water level and discharge.
They are quality-checked regularly with discharge measurements, as river path and
characteristics may change over time.

Table 3 enlists all the gauged rivers used for this study and indicates the beginning and end year
of the observed timeseries along with the number of missing days. Part of the data are flagged as
estimation done by specialists at IMO, notably when the rating curves are affected by ice
formation in the controlling cross-section of the river. These estimations are assumed to be of
acceptable quality and are therefore used in this study.

Only rivers with more than 20 years of data were kept for the analysis. Note that most stations
are still recording as of today, but only data until 2017 were needed for this study, to match the
reanalysis.

Table 3 — Station list, timeseries available, and number of missing days among that period.

River Time-period Missing River Time-period Missing
days days

10 — Svarta 1932 - 2017 0]116 - Svarta 1985 - 2017 0
12 — Haukadalsa 1950 — 2017 3165|121 - Ormarsa 2005 -2016 0
19 — Dynjandisa 1956 — 2017 789 (128 - Nordura 1970 — 2017 1360
26 — Sanda 1965 — 2017 460 | 144 - Austari-Jokulsa 1971 - 2017 0
30 — bjorsa 1947 -2017 2564 (148 - Fossa 1968 — 2017 224
38 — bvera 1980 —2017 0| 149 - Geithellnaa 1971 — 2017 5457
43 — Bruara 1948 — 2017 0150 - Djupa 1968 — 2017 1
45 — Vatnsdalsa 1948 — 2017 2088 (162 - Jokulsa & Fjollum | 1984 —2017 0
48 — Sela 1982 - 2017 0185 - Holmsa 1980 — 2017 0
51 — Hjaltadalsa 1980 — 2017 01198 - Hvala 1976 — 2017 1
59 - Ytri-Ranga 1961 — 2015 01200 - Fnjoska 1976 — 2017 0
60 - Eystri-Ranga 2005 - 2017 0204 - Vatnsdalsa 1976 — 2017 4261
64 - Olfusa 1980 —2017 0205 - Keldua 1977 -2017 2745
66 - Hvita 1980 —2017 0206 - Fellsa 1976 — 2017 2956
68 - Tungufljot 1951 - 2017 2023 | 218 - Markarfljot 1982 — 2001 0
81 - Ulfarsa 1956 — 2017 0| 238 - Skjalfandafljot 1987 -2017 0
83 - Fjaroara 1958 —2017 2558|271 - Sog 1972 - 2017 0
92 - Baegisa 1980 — 2017 0400 - Vattardalsa 1980 — 2017 0
102 - Jokulsa a Fjollum | 19802017 01408 - Sanda 1999 — 2017 0
110 - Jokulsa a4 Dal 1963 — 2017 6194|411 - Stora-Laxa 2000 —-2017 0
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3.2 Simulated runoff from the Icelandic Reanalysis

3.2.1 The Icelandic Reanalysis (ICRA), and extraction of the relevant
variables

The operational numerical weather prediction (NWP) system used by the Icelandic
Meteorological Office (IMO) is the non-hydrostatic HARMONIE-AROME model (Bengtsson
etal.,2017).In 2017, the model was used to reanalyse atmospheric conditions in Iceland at hourly
time-steps between September 1979 and August 2017. This dataset, known as the Icelandic
Reanalysis (ICRA) dataset (Nawri et al., 2017), has a horizontal resolution of 2.5 x 2.5 km and
65 vertical levels, for a total of 66,181 points on land over Iceland.

As in most NWP systems, runoff (7o) is not a direct output from the model, but it is a combination
of three variables: the rainfall rate (rf), the rate of evaporation (evap) and the melting (mlf).
Hourly runoff can therefore be calculated as:

ro =rf + mlt — evap

It should be noted that the melting variable is also an undirect product of the model resulting
from the combination of sleet- and snowfall rates, sublimation, and snow water equivalent.
Therefore, in total, six variables need to be extracted from the reanalysis in order to estimate the
daily runoff.

Based on the 2.5 km horizontal resolution of the dataset, timeseries were extracted for the
watersheds by summing the runoff from all grid-points within the catchment outlines. By
summing the runoff for each day, a daily runoff timeseries was created for each catchment, for
the nearly 40 years of the reanalysis.

3.2.2 Conversion of runoff into discharge

To compare with the daily discharge timeseries from the gauges, the estimated daily runoff needs
to be converted into a simulated discharge for each catchment. The main assumption is that during
an extreme hydro-meteorological event, a peak of daily runoff will trigger a peak of daily
discharge at the catchment’s outlet. In this study, these daily peaks are not necessarily expected
to be synchronous, and a lag-time may exist, depending on the catchment’s characteristics and
the type of flood event.

In order to take into account infiltration and other processes taking place on the catchment,
extreme daily runoff is converted into extreme daily discharge as follows:

runof f(mm) = 0.001 * cell area(m?)
*
60 * 60 * 24

This formula is close to the rational equation (Roberson et al.,1998), that has been used to
estimate design floods from simple rainfall-runoff relationships. Here, the extreme runoff
coefficient C varies with catchment characteristics. It is not determined right away: first simulated
discharge are calculated using this formula without the correction coefficient. C is later evaluated
by comparing the 5% highest converted runoff values to the 5% highest discharge values
measured by the gauge at the catchment’s outlet. This runoff coefficient serves as a correcting
factor, and is usually expected to be lower than 1, except perhaps in large groundwater-fed rivers
where it could be greater than 1. The values taken by this coefficient will be calculated later in
this study.

Qm’s ) =¢C
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4 Cluster Analysis

4.1 Methodology

Over the years, several types of classifications have been developed with the aim of grouping
rivers together according to their type. In 2014, rivers were classified based on the geology of the
catchments and the presence of lakes and bogs (Stefansdottir e al., 2014), while Rist (1990), and
Hré0marsson and Porarinsdottir (2018) based their classification on observations made over
more than 50 years of field measurements. More recently, a hierarchical cluster analysis has been
used to categorize rivers in groups that share more similarities than with a river from other groups.
This analytic method was previously used by Crochet (2012) and was adapted for Icelandic rivers
in two previous Vegagerdin-funded projects (Priet-Mahéo et al., 2019 and 2021). According to
Demirel and Kahya (2007), the Ward’s method based on Euclidean distances is well suited when
performing a cluster analysis for hydrological data and is therefore used here.

In this research, the dataset used for clustering is comprised of discharge timeseries and several
independent catchment characteristics listed in Tables 1 and 2. For the discharge timeseries: both
measurements and simulated discharge as calculated from the ICRA runoff without correcting
factor C are used, and only values between 2007 and 2017 are kept in order to work with a
homogeneous set of data. These data are then combined in three different ways, each method
reflecting a different behaviour of the river:

- Seasonality. Discharge is averaged over the whole timeseries by Julian day, emphasizing
the seasonal pattern of each river. For each catchment, only monthly-averaged discharge
is kept so that only the general trend is kept in the analysis, as weekly variations are
unrelated to the type of river and rather reflective of punctual weather conditions.

- Flow-duration curves. Discharge is ranked decreasingly and then plotted against 10%
exceedance steps to create flow-duration curves. Those graphs express how often a
discharge level is exceeded, providing a good indication of the river’s power potential.

- Mass curves. Discharge is averaged over the whole timeseries by Julian day and then
summed cumulatively over day of year. Monthly differences are then computed between
cumulated discharge. Constant values would be obtained if the discharge remained
constant all year long or the difference in values will indicate the seasonality in the mass
curve.

An example of each discharge plot is shown in Figure 4 for the river Dynjandisa (VHM 19), in
the Westfjords. On the top panel, the seasonality plot is shown based on daily-averaged values
(grey line) and monthly-averaged values (black line). For the cluster analysis, as mentioned
previously, only the monthly values were used. Contrarily to those figures, it should also be noted
that discharge timeseries were normalised between 0 and 1 before being processed, in order to
facilitate the comparison between rivers with different average discharge.

Additionally, the various catchment characteristics from Tables 1 and 2 were added to complete
the analysis, including the area, aspect ratio, longest flow-path, mean elevation, and geological
properties.
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Figure 4 — Discharge timeseries for station VHM 19 as used in the cluster analysis: (a)
seasonality plots, shown for both daily-averaged discharge (grey line), and monthly-
averaged discharge (black line). (b) flow-duration curve with 10% exceedance steps. (c)
mass curve (black line) showing daily-averaged cumulated discharge over the year, with
the grey-dashed line indicating values if the discharge was constant.
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The cluster analysis was performed both based on measurements, and on simulated discharge
(before adjustment with coefficient (), to analyse the difference between clustering within both
datasets. Results are presented on two dendrograms, shown in Figure 5. For both datasets, the
cophenetic distances are close, with a value around 0.8. The cophenetic distance is an indicator
of the correlation between distance and cophenetic matrices resulting from the cluster analysis.
As it approaches the value of 1, it can be concluded that in the two analyses, data were clustered
successfully.

In the figure, it is decided to keep five clusters, and vertical bars are drawn on the dendrograms
at a distance value of 2.5 and 2.8. The following stations belong to the same clusters in both
analyses:

- Cluster A: VHM 43, VHM 59, VHM 68, VHM 81, VHM 185, VHM 271

- Cluster B: VHM 19, VHM 38, VHM 51, VHM 83, VHM 92, VHM 148, VHM 149,
VHM 198, VHM 200, VHM 204, VHM 205, VHM 206, VHM 400

- Cluster C: VHM 10, VHM 12, VHM 45, VHM 128, VHM 411
- Cluster D: VHM 102, VHM 110, VHM 150, VHM 162, VHM 408
- Cluster E: VHM 116, VHM 48, VHM 238

Those stations were generally classified according to river types, and weather conditions. Cluster
A mostly gathers groundwater-fed rivers, some of them partly of a glacial origin and located on
the southwestern part of Iceland. In Cluster B, most of the rivers are direct runoff, influenced by
snowmelt, and located in the northern half of Iceland. Cluster C is more difficult to describe and
quite mixed, with rivers located in the western part of the country, sometimes controlled by small
ponds and lakes. Cluster D comprises glacial rivers, and all watersheds are partially covered by
glaciers. Finally, in Cluster E, rivers are mainly groundwater-fed, which accounts for a large part
of the baseflow. Difference with Cluster A comes from the geographical location of these rivers:
in the northeastern quadrant for Cluster E, and in the southwestern part of Iceland for Cluster A.

For further insights into the clustering process, normalised seasonality plots (similar to Figure
4.a) are shown for each cluster, based on measured (Figure 6.a) and simulated (Figure 6.b)
discharge. Normalisation was done by scaling the values between 0 and 1. Within each cluster,
mean monthly values are drawn with a solid line, and the minimum-maximum interval is shown
with a shaded area. For each cluster, the seasonality plots show very distinctive trends, indicating
that river with the same behaviour were successfully clustered together by the analyses. For
instance, in Cluster A, maximum discharge for all stations reaches its peak during the winter
months, and a low point in August. The trend is completely different for Cluster D, with
maximum discharge reached at the end of the summer. This is typical of glacial rivers: melting
increases over the summer months due to the decreased albedo of snow, temperature rise, and
exposure of glacial ice from beneath the winter snow. The discharge in the river therefore slowly
increases. For Cluster C and E, the trends are similar in both analyses, with two peaks being
reached: one in springtime and the other one in the fall. The general pattern for stations belonging
to Cluster B differ between both analyses, which might be attributed to the fact that it is the
largest cluster with 13 rivers. Another hypothesis could be that processes such as infiltration and
water retention by the snowpack in winter months are not taken into account by the formula that
convert runoff into discharge and can account for the differences between rivers in this cluster.

Eight of the 40 selected rivers did not cluster in the same way in both analysis: VHM 26, VHM

30, VHM 60, VHM 64, VHM 66, VHM 121, VHM 144, and VHM 218. It should be noted that

VHM 30, VHM 60, VHM 64, VHM 121, and VHM 218 belong to Cluster E while using the

measured discharge, but they all belong to Cluster A when the analysis is based on the simulated

discharge. According to both dendrograms, Cluster A and E are quite distant from one another.
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Figure 5 — Dendrograms resulting from the cluster analysis on measured (left, a) and
simulated (vight, b) discharge timeseries.
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mean monthly values among all the stations belonging to the same cluster are shown with
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4.2 Results including the ungauged catchments

After obtaining discharge timeseries from the ICRA dataset for the 20 ungauged rivers, the same
methodology was carried out to include the ungauged catchments in the analysis: flow-duration
and mass curves, as well as seasonality timeseries were obtained, and added to the cluster analysis
with the 40 simulated discharge timeseries from the gauged rivers. Additional catchment
information as shown in Table 2, were combined to the characteristics from the gauged catchment
(Table 1), and the hierarchical cluster analysis performed. Results from the dendrogram are
shown in Figure 7. In this case, the cophenetic distance reach a value of 0.7. To be consistent
with Figure 5, it was decided to only keep five clusters:

- Cluster A: VHM 185, VHM 68, VHM 43, VHM 271, VHM 59, VHM 81, VHM 60,
VHM 121, VHM 64, VHM, 30, and the ungauged rivers Midfjardara, Hrutafjardara,
Svinavétn, Mida, Langadalsa, Hellisfljot, Lagadalsa.

- Cluster B: VHM 149, VHM 148, VHM 206, VHM 205, VHM 200, VHM 26, VHM 400,
VHM 19, VHM 204, VHM 38, VHM 411, VHM 45, VHM 10, VHM 128, VHM 12, and
the ungauged rivers Flokadalsa, Hellisa, and Gilsa.

- Cluster C: VHM 51, VHM 198, VHM 83, VHM 92, VHM 144, and the ungauged river
Nyjadalsa.

- Cluster D: VHM 408, VHM 66, VHM 150, VHM 102, VHM 110, VHM 162, and the
ungauged rivers Hornafjardarfljot, Steinavotn, Jokulsa i Loni and Jokulgilskvisl.

- Cluster E: VH 218, VHM 48, VHM 238, VHM, 116, and the ungauged rivers Sléttua,
Berufjardara, Olafsfjardara, Fjardara, and Hafralonsa.

When changing the number of members in the cluster analysis, the new groups are inevitably
different from those, although catchments seem to cluster similarly for the most part. Catchment
change from one cluster to the next usually when they were in close vicinity with the next
hierarchical cluster in the first place. This is the case for VHM 198, VHM 83, VHM 51, and
VHM 92 that now constitute Cluster C but were all parts of Cluster B before (Figure 5). Similarly,
catchments that belonged to Cluster C on the previous dendrograms (VHM 128, VHM 12, VHM
411, VHM 45, and VHM 10) now belong to Cluster B.

This passage from one cluster to the next is also illustrated by the maps on Figure 8. On the top
map, results from the cluster analysis based on the ICRA dataset are shown for the gauged
catchments only (see dendrogram from Figure 5.b), with the catchment of the ungauged rivers
shown in purple. Results from the cluster analysis based on both gauged and ungauged rivers are
shown in the bottom map, with the ungauged area appearing with black borders for emphasis. As
stated previously, Cluster A mostly gathers spring-fed rivers, some of them being partly glacier-
fed. While most gauged rivers in this cluster are located on the southwestern part of Iceland
(especially notable for the top map), that does not apply to the ungauged rivers, which are for
example in the Westfjords. On the dendrogram, Cluster B and C are quite close, and it is reflected
by the type of stations that belong to them. These are mostly mountainous or heathland
catchments, many direct-runoff catchments, but some with more storage than others. New
catchments like Nyjadalsa for instance fits correctly into that category. Cluster D comprises
glacial rivers, and all watersheds are partially covered by glaciers, which is also the case of the
ungauged rivers (Jokulsa i Loni, Jokulgilskvisl, Steinavotn, Hornafjardarfljot). Cluster E is more
difficult to estimate, especially after adding the ungauged catchments. The gauged ones tend to
have a groundwater-fed component which is not as clear after the ungauged catchments have
been added to the cluster analysis. The timing of the seasonal discharge peak could be the reason
the catchments clustered together, although it should also be noted that this cluster contains more
ungauged catchments than gauged rivers.
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Figure 7 — Dendrograms resulting from the cluster analysis of simulated discharge
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the simulated discharge for (top) the gauged rivers from the 2022 study, and (bottom) for
all the rivers, gauged and ungauged.
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S5 Extreme Value Analysis

5.1 Methodology

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. EVA allows the
calculation of return levels associated with periods that can be much longer than the length of the
timeseries available for the analysis. Two approaches exist: the Peak-over-Threshold method and
the Block Maxima method. In this study, only the latter method is used, as in recent hydrological
projects at IMO (Pagneux et al., 2017, 2018 and 2019; Pérarinsdottir et al., 2021).

The Block Maxima approach consists of dividing the timeseries into non-overlapping periods of
equal size and retaining only the maximum values within each period. When dealing with
hydrological data, it is common to use the maximum daily values from each calendar year. A
new timeseries that includes only the maxima is thus generated and referred to as an Annual
Maxima Series (AMS). Under extreme value conditions, the AMS follows a General Extreme
Value (GEV) family of distribution:

G(2) = exp {_ 14 (2 u)]—l/f}

o

where z is the extreme value and u, ¢ and £ are the three parameters of the GEV model G(z),
defining location, scale and shape parameters, respectively. Three types of GEV distribution
exist, depending on the value of the shape parameter ¢. In this study, for consistency with previous
work for flood analysis, a GEV distribution of type I (Gumbel) is used to fit the AMS, with £ set

to zero:
G(z) = exp {—exp [— (Z ; ﬂ)]}

The return level r associated with the return period 1/p can finally be estimated with the formula:

r=pu—olog{-log(1—p)}
and r is defined as the value expected to be exceeded on average once every 1/p year.

For more details, see Coles (2001).

5.2 Comparison between simulated and observed discharge

5.2.1 Flow-duration curves

To assess the quality of the simulated discharge based on the ICRA dataset, the timeseries are
compared to the measurements from the gauged stations. For comparison purposes, the timeseries
are identical for each station and days with no observations are also discarded in the reanalysis.
For both datasets, highest daily values are ranked and plotted decreasingly for each river, using
only values above the 95" percentile. Examples for each cluster are shown in Figure 9, on plots
that are very similar to flow-duration curves, even though the x-axis shows the number of days
instead of a percentage exceedance. Results show that the simulated discharge is much higher.
While the general distribution of the flow-duration curves is very similar, the simulated discharge
needs to be scaled by a correcting factor that corresponds to the runoff coefficient C to match the
observations. These results can be extended to most of the stations, as the simulations show an
overestimation in the vast majority of cases (38 out of the 40 stations). This is not surprising, as
no infiltration is considered in the absence of the correcting factor C, leading to a larger amount
of runoff pouring straight into the rivers.
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Figure 9 — Flow-duration curves for five gauged rivers including the 5% highest values.
Discharge values are based on observations (blue), and on the ICRA runoff (brown).



5.2.2 Correction of the simulated discharge

In order to correct the discharge bias noted in most simulated flow-duration curves of the 5%
highest values (as seen in Figure 9), the difference between simulated and observed discharge is
quantified using a coefficient of proportionality. This coefficient will then be used as the
correcting factor C from the formula presented in 3.2.2 to improve the match between measured
and simulated discharge. For each station, the coefficient of proportionality is calculated by
comparing the mean daily discharge above the 95" percentile between observations and the ICRA
dataset. These coefficients are then averaged over all the stations that clustered together.

This method assumes that if a river belongs to one group from the cluster analysis, it is likely that
the correction needed when the discharge is calculated from the ICRA runoff is comparable to
the other rivers from that group. For instance, for a cluster that is comprised of groundwater-fed
rivers where a large part of the runoff infiltrates, the scaling factor is likely to be smaller than for
direct-runoff catchments where most runoff goes directly into the river.

Values of those coefficients are shown in Figure 10, in the form of histograms. On the figure,
each cluster is represented by a panel, and within a cluster, values of the coefficients of
proportionality are shown individually for each station. For this study, the values of these
coefficients are based on the daily discharge above the 95" percentile. Corrections based on daily
discharge above the 75™ and 90™ percentiles were also tested but not shown here as they shown
similar results. A coefficient of proportionality equal to 1 means there is no difference between
mean simulated and observed discharge. Above 1, the mean observed values are higher than the
simulations; under 1, the mean simulated values are higher than the measurements.

Mean cluster values are distributed between 0.33 (Cluster E) and 0.58 (Cluster B). It can be noted
that for Clusters C and E, the coefficients of proportionality are quite homogeneous for all the
stations. This is not the case for Cluster A, B, and D, where some stations appear as outliers. For
instance, within Cluster A, the small value of the coefficient calculated for VHM 185 can be
explained: the catchment is very porous and leading to a lot of water infiltrating, justifying why
only a small portion of the simulated runoff ends up in the river. The opposite effect can be seen
in VHM 68 where a lot of groundwater, originating outside of the surface catchment, is emerging
in springs within the catchment (Sigurdsson, 1990). In Cluster B, two rivers stand out compared
to the other stations: VHM 205 and VHM 206. This can be explained by the fact that these two
catchments are quite small, direct-runoff rivers that imply a more straight-forward conversion of
the ICRA runoff into a discharge. Moreover, when analysing their flow-duration curves, for both
stations the all-time maximum daily discharge values are outliers when compared to the other
high values, which consequently influences the large value of their individual correcting factor.

5.2.3 Scaled flow-duration curves

To adjust the simulated high discharge for each station to better fit the measurements, daily
discharge values calculated from the ICRA runoff are multiplied by the mean coefficient of
proportionality C from the belonging cluster. This scaling is shown in Figure 11 on the flow-
duration curves of five gauged rivers, one from each cluster. Again, only the 5% highest daily
values are shown in the figure. For each plot, flow-duration curve is shown in blue when based
on the measurements, in brown when based on the non-corrected simulated discharge, and in red
after applying the mean scaling factor. Therefore, to obtain the corrected ICRA values, the ICRA
runoff is multiplied by 0.35 for the stations belonging to Cluster A, 0.58 for stations from Cluster
B, and so on.

It was decided to show in Figure 11 both stations that have an individual coefficient close to the
mean value of its cluster of belonging (VHM 48 and VHM 83), and stations with an individual
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coefficient far from the mean value (VHM 185, VHM 205 and VHM 408). Results for stations
VHM 48 and VHM 83, after scaling down the simulated discharge, give values extremely close
to the flow-duration curve based on the measurements. For VHM 185 and VHM 498, even though
their individual scaling factors are quite far from the mean values of their respective clusters (0.08
against 0.35, and 0.09 against 0.43, respectively), scaling down the simulated discharge still leads
to significant improvement. The only two stations that do not benefit from the scaling are VHM
205 and VHM 206. As stated earlier, these two smalls direct-runoff catchments have a simulated
discharge matching the measurements very well, and do not need any correction. It is illustrated
for VHM 205 on Figure 11, with the red curve reaching much lower values than what was
measured. Those catchments are small valleys far inland where precipitation in the NPW could
be underestimated, therefore explaining why the simulated discharge does not need to be scaled
down. Another reason could be that these rivers are partly fed by wind drift of snow from outside
the catchment and into the valleys.

Overall, most rivers (38 out of 40) benefit from scaling down the simulated discharge from the
ICRA runoff. It is therefore expected that using the same factor to correct the discharge from the
ungauged areas will lead to results that are closer to reality, in the absence of any measurements
to validate the results. Simulated discharge was multiplied by 0.35 for rivers Midfjardara,
Hruatafjardara, Svinavotn, Midd, Langadalsa, Hellisfljot and Lagadalsa; by 0.58 for rivers
Flokadalsa, Hellisa and Gilsé; by 0.49 for river Nyjadalsa; by 0.38 for rivers Hornafjardarfljot,
Steinavotn, Jokulsad i Loni and Jokulgilskvisl; and by 0.33 for rivers Sléttua, Berufjardara,
Olafsfjardara, Fjardara and Hafralonsa. Results for five ungauged rivers (one for each cluster)
are shown in Figure 12, with the flow-duration curve based on the original simulated discharge
shown in brown, and after applying the scaling factor in red.
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Figure 10 — Histograms showing coefficients of proportionality for each station and based
on daily discharge values above the 95th percentile. Stations are shown by cluster, and
mean coefficients averaged among all stations are represented by the dashed lines. The
colours of the bars were chosen to match the colour of the clusters in Figures 7 and 8.
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5.3 Flood analysis

5.3.1 Flood analysis for the gauged catchments

To obtain flood estimates for the gauged rivers, the Block Maxima method is applied both on
measured and simulated discharge, before and after applying the correction factor. For each river,
the correction coefficient depends on which cluster it belongs to and is applied to the timeseries
before the EVA. Daily flood return levels with a 10-, 25-, 50-, 100-, 200-, and 500-year return
period are calculated for all gauging stations.

Three examples are shown in Table 4, for stations VHM 83, VHM 185 and VHM 206 (results
for other rivers are shown in Appendix I). Those rivers were picked from the histogram for the
diversity of results they display. In the case of VHM 83, the mean correcting factor for its cluster
of belonging (0.49) is very close to the individual correcting factor (0.51). Therefore, it clearly
appears from the table that results after scaling the dataset are very close to the results obtained
from the measurements. This is further illustrated by Figure 13 which displays the return-level
plot for VHM 83. In those figures, discharge values (y-axis) are plotted against the return periods
on a logarithmic scale (x-axis). Here, values from the measured AMS between years 1980 and
2016 are represented by the blue dots. A straight line shows the fit between these data and return
periods, and horizontal dashed lines indicate the values for the 25-year flood. The same is done
for discharge derived from the ICRA dataset on the top plot in red, and for simulated discharge
after correction on the lower plot in orange. In the case of this station, after scaling the data, the
value of the daily return level with a 25-year return period is 45 m® 5™, which is extremely close
to the one obtained from the measurements (43 m® s™!) and more realistic than based on the
uncorrected simulated discharge (92 m* s™).

VHM 185, as previously discussed, is lacking infiltration when the runoff is converted into
discharge without C, which explains why its individual correcting factor is so low (0.08),
compared to other stations that belong to the same cluster. Therefore, it is expected that the return
levels after correction are not as close to the measurements as for VHM 83. This is indeed what
can be seen in Table 4 and Figure 14. However, even if the corrected return levels are not lowered
enough to reach the values based on the measurements, it is still a considerable improvement
from before applying the correcting factor.

VHM 206 serves as a counterexample, as it is, with VHM 205, one of the two stations that do
not benefit from rescaling the simulated discharge, as can be seen from Table 4 and Figure 15.
In that case, applying the mean correcting factor only lowers the return levels even more, while
they were already inferior to the values obtained from the observations in the first place.
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Table 4 — Flood return levels (m* s7') for stations VHM 83 (top), VHM 185 (middle), and VHM
206 (bottom). Results are based on the measured discharge, simulated discharge from the
ICRA runoff, and simulated discharge from the ICRA runoff after correction. Values are given
fora 10-, 25-, 50-, 100-, 200-, and 500-year return period.

VHM 83 - Fjardard

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 37 78 39
25 years 44 92 45
50 years 50 102 50
100 years 56 111 55
200 years 61 121 60
500 years 68 134 66

VHM 185 - Holmsd

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 42 313 109
25 years 56 356 124
50 years 65 389 135
100 years 75 421 146
200 years 85 452 157
500 years 97 494 172

VHM 206 - Fellsa

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 120 122 70
25 years 147 145 83
50 years 166 161 93
100 years 186 178 103
200 years 206 195 112
500 years 232 217 125
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Figure 13 — Return level plot for station VHM 83, based on observations (blue),
simulations before (red) and after correction (orange). Dashed-lines show the 25-year
return level for the different datasets.
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return level for the different datasets.
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5.3.2 Closeness Coefficient values

To simplify the comparison between observed and simulated extreme discharge values, a
Closeness Coefficient (CC) is introduced to determine how well the simulated values match the
measurements:

min(obs, sim)

CC = x 100
max (obs, sim)

This coefficient quantifies simply how close the simulated value is to the observed one,
independently of whether the value is higher or lower than the observation. In that sense, CC can
be used as a percentage match between two values of the same return level.

Coefficients were calculated for all river for the 25-, and 200-year return levels, before and after
applying the correction. Results are shown in map form for the 25-year flood only, on Figure 16.
On the maps, CC are given a colour code according to their values: if the percentage match is
below 50%, the value appears on a red circle. If the percentage match is between 50 and 75%,
the circle is orange; and if it is higher than 75%, the circle is green. As expected, the values are
greatly improved by scaling the simulated timeseries. For the 25-year flood, before applying the
correction, 27 CC values are inferior to 50%, 7 stations are between 50 and 75%, and 7 stations
are superior to 75%. After applying the correction, only 7 stations have a CC inferior to 50%, 18
stations have a CC between 50 and 75%, and 16 stations have a CC superior to 75%. Results for
the 200-year flood are exactly the same (not shown here).

Those results are also presented in Table 5, ordered by cluster. To facilitate the reading of the
results, the cells are coloured in green when the CC value increases after correction, in red when
it decreases. Scaling down the ICRA reanalysis leads to closer results between observation and
simulation in 33 cases out of 40 for the 25-year flood. Mean CC values indicate that overall, all
the clusters benefit from the correction. In Cluster A and C, one station (VHM 68 for Cluster A,
and VHM 198 for Cluster C) has a lower CC after correction. In Cluster B, this concerns five
stations (VHM 148, 205, 206, 128, and 411). In Cluster E, all four stations benefit from the
scaling. Results are the same for the 200-year flood, except for VHM 150 in Cluster D that has a
lower CC value after correction of the simulated discharge.

Figure 17 presents another view of these results, this time in the form of histograms. CC values
are ranked decreasingly before and after correction for the 25-year return level. The bars are
coloured according to the cluster of belonging of the station, and horizontal bars show the 10, 25,
50, 75, and 90% CC thresholds. Before correcting the simulated dataset, only two stations had a
CC above 90% for the 25-year flood, while after correction, six stations reach that value. It is
however difficult to draw any conclusions whether one particular cluster benefits from the
correcting factor more than the others. It should however be noted that all rivers from Cluster A
ranks quite low before correction, and much higher after it.
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Figure 16 — Closeness Coefficient map comparing 25-year flood return level between
observation and ICRA before (top) and after (bottom) applying the correcting factor.
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Table 5 — Closeness Coefficient values between measurements and simulated discharge,
before and after correction. Results are shown for the 25-, and 200-year return periods for
all rivers. Mean CC values are given in bold for each cluster. The cells are coloured in
green when the river benefits from the correction, in red when it does not.

Closeness Coefficient (%)

25-year return period

200-year return period

ICRA ICRA, corr. ICRA ICRA, corr.
VHM 185 16 45 19 54
VHM 68 77 46 80 44
VHM 43 21 61 21 59
VHM 271 18 52 17 49
VHM 59 27 78 28 80
Cluster A VHM 81 37 95 39 89
VHM 60 21 60 21 61
VHM 121 24 70 24 70
VHM 64 28 79 28 82
VHM 30 33 95 35 99
Mean CC 30 68 31 68
VHM 149 64 90 65 89
VHM 148 88 65 97 59
VHM 206 99 56 95 54
VHM 205 77 44 69 40
VHM 200 48 83 52 90
VHM 26 42 74 43 75
VHM 400 29 50 29 51
VHM 19 52 92 56 98
Cluster B VHM 204 57 98 61 94
VHM 38 42 73 43 75
VHM 411 82 47 71 41
VHM 45 51 89 53 93
VHM 10 43 74 46 79
VHM 128 81 72 83 69
VHM 12 68 84 72 80
Mean CC 61 72 62 72
VHM 51 39 79 40 81
VHM 198 73 68 79 62
Cluster C 'yHM 83 48 08 50 08
VHM 92 31 63 29 60
VHM 144 37 75 35 72
Mean CC 45 76 46 74
VHM 408 12 32 14 36
VHM 66 25 66 26 68
VHM 150 61 61 69 54
Cluster D VHM 102 28 76 29 78
VHM 110 42 90 43 88
VHM 162 29 78 31 83
Mean CC 40 67 44 68
VHM 218 28 86 28 86
Cluster E VHM 48 46 72 51 65
VHM 238 42 79 45 74
VHM 116 8 25 8 23
Mean CC 31 65 33 62
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5.3.3 Flood analysis for the ungauged catchments

The same methodology is then applied to ungauged areas. For each river, two AMS are created:
one based on the simulated discharge from the ICRA runoff, the other based on the same
simulated discharge, but scaled down by the corresponding coefficient. The EVA is then carried
out on the timeseries, and new daily flood estimates are obtained.

Those results are compiled in Table 6 after applying the correction. For comparison purposes,
results before correction are shown in Appendix II. Return-level plots are also produced and
shown for rivers Midfjardaré (Cluster A), Hafralonsa (Cluster E), Hellisa (Cluster B), and Jokulsa
i Loni (Cluster D) in Figure 11. Return-level plots for the other ungauged rivers are shown in
Appendix II.

As expected, those results vary significantly whether the correcting factor is applied or not and
the lack of reference provided by the measurements for the gauged catchments makes it difficult
to assess the quality of the results. However, considering the success of the method for the gauged
stations, it is likely that the results after applying the correction are closer to reality than when
the AMS from uncorrected discharge is used.

Table 6 — Flood return levels (m® s) for all ungauged rivers. Results are based on the
simulated discharge from the ICRA runoff after correction.

10-year | 25-year| 50-year | 100-year | 200-year | 500-year
Berufjaroara 24 27 30 33 36 39
Fjaroara 79 90 98 105 113 123
Flokadalsa 51 58 64 69 75 82
Gilsa 41 48 52 57 62 68
Hafralonsa 169 196 217 237 257 284
Hellisa 61 70 76 82 88 96
Hellisfljot 27 32 35 38 41 46
Hornafjaroarfljot 417 474 515 557 598 653
Hrutafjaroara 48 56 62 68 73 81
Jokulgilskvisl 64 73 80 87 94 103
Jokulsa i Loni 394 450 492 533 574 629
Lagadalsa 53 62 68 74 81 89
Langadalsa 73 87 96 106 116 128
Mida 78 93 104 115 126 140
Miofjardara 105 118 127 136 146 158
Nyjadalsa 19 22 24 26 28 31
Olafsfjardara 63 73 80 87 94 103
Sléttua 47 54 60 65 70 77
Steinavotn 140 157 170 182 195 211
Svinafossa 19 23 26 28 31 34
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Figure 18 — Return level plot for ungauged rivers Midfjardard, Hafralonsa, Hellisa, and
Jokulsa i Loni, based on simulations of daily discharge before (red) and after correction
(orange). Dashed-lines show the 25-year return level for the different datasets.

5.4 Flood analysis based on airGR runoff-rainfall model
simulations

5.4.1 Model description

5.4.1.1 The GR6] model

airGR is a series of rainfall-runoff models that can be applied either in a lumped or semi-
distributed way. The suite of GR hydrological models was developed by INRAE (Institut
National de Recherche pour I’ Agriculture, I’alimentation et I’Environnement) and the models are
available in R packages (Coron et al., 2017; 2020).

In this study, following the works of Atlason et al. (2021) and Priet-Mahéo et al. (2021), the
GR6J model (Pushpalatha et al., 2011) is used along with the CemaNeige module (Valéry, 2010)
for handling the simulation of snow accumulation and melt. GR6J runs with a daily time-step
and uses six parameters for calibration and optimisation (see Table 7, parameters X1 — X6). Two
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extra parameters are used for the CemaNeige module (see Table 7, CNX1 and CNX2). All
parameters are defined within a range of possible values and are optimised using the automatic
ASA (Adaptive Simulated Annealing) optimisation method (Ingber, 2000; Ingber et al., 2012).
Upper and lower boundaries for each parameter was kept as default from the model developers
to start with, and ranges are shown in Table 7.

When the model runs, both outputs of the CemaNeige module serve as inputs of the GR6J model
(Neri et al., 2020). For details about the structure of the GR6J model, a diagram is presented in
Pushpalatha et al. (2011), illustrating the role of parameters X1 to X6. For further details about
the model routines, see Priet-Mahéo ef al. (2021).

Table 7 — Parameters for the GR6J model and the CemaNeige module, and default ranges
tested in this study.

Model Parameter Range
GR6J X1 production store capacity [mm)] [0; 200,000]
X2 intercatchment exchange coefficient [mm d'] [-20; 20]
X3 routing store capacity [mm] [0; 6,000]
X4 unit hydrograph time constant [d] [0.5; 15]
X5 intercatchment exchange threshold [-] [-1; 1]
X6 exponential store depletion coefficient [mm] [0; 1,000]
CemaNeige | X1 weighting coefficient for snowpack thermal state [-] | [0; 1]
X2 degree-day melt coefficient [mm °C™! d"'] [0; 150]
5.4.1.2 Input data

Three types of data are required as inputs to run the airGR model:

- Catchment characteristics: area and hypsometric curves are needed for each catchment.
Those data were previously calculated by Atlason et al. (2021) and Priet-Mahéo et al.
(2021), using ArcGIS.

- Meteorological data: daily evaporation, precipitation, and temperature timeseries were
created using mean or accumulated values of the parameters, as simulated by the ICRA
dataset.

- Gauge measurements: in order to use them as input data, the discharge measurements
need to be converted from m® s into mm day™', which can easily be done by scaling it
with the area of the catchment.

5.4.1.3 Running the model

As previously mentioned, airGR is available as R packages, and is rather straightforward to
implement. For this study, one gauged river from each cluster was selected: VHM 43, VHM102,
VHM 144, VHM 149, and VHM 238.

The first phase is the calibration phase. In this study, it was decided to use the Nash-Sutcliffe
Efficiency coefficient (NSE) as objective function, by analogy with the previous works done at
IMO with airGR. Once the NSE reaches its maximum value, the optimisation will stop. The
second phase is the validation, where values of the eight parameters corresponding to the highest
NSE are retrieved and used to simulate the discharge over the validation period. In some cases,
the highest NSE value corresponds to several set of parameters, although it usually does not lead
to major differences in the results.
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5.4.2 Results

5.4.2.1 Calibration and validation of the selected rivers

For this study, it was decided to calibrate the rivers over a five-year period, from 01.01.2007 to
01.01.2012, with the exception of VHM 149 that was already calibrated from previous
unpublished research over a period of six years (2007 — 2013).

For each catchment, validation was then carried over the whole period covered by both
measurements and the ICRA dataset. For VHM 43, VHM 144 and VHM 149, this period spans
from 01.09.1980 to 31.12.2016, with a spin up between 01.01.1980 to 01.09.1980. For VHM
102, the validation started on 01.02.1985, and for VHM 238 on 01.09.1988, and also ended on
31.12.2016. A spin up from January to September was also used for the latter.

NSE coefficients for the five catchments are shown both for the calibration and the validation
periods in Figure 19. On the map, the catchments are coloured according to their cluster, similarly
to Figure 7. NSE values appear in green when results are considered very good (above 0.75), in
yellow when the results are considered good (between 0.35 and 0.75), and in red when the model
fails to simulate the river flows successfully (under 0.35). In this case, all the catchments show
good to very good results, both for the calibration and validation period. Best results are obtained
for VHM 149, with NSE superior to 0.7 both for the calibration and validation. With a NSE of
0.46 over the validation period, VHM 102 is the river that is the least successfully simulated by
the model.

To further illustrate those results, Figure 20 shows the hydrographs for the whole validation
period for the five rivers. For VHM 144 and VHM 149, while the simulated discharge follows
the general patterns of the measurements, results from airGR underestimate the highest peaks.
This is expected to lead to lower flood estimates, as the EVA only focus on the highest discharge
peaks. For VHM 43 and VHM 238, the opposite can be seen, with an overestimation by the
model. Finally, for VHM 102, the smaller NSE over the validation period (0.46) can be attributed
to the model not simulating properly the yearly late-spring peaks. However, the annual
maximum, usually happening at the end of the summer, are very well simulated by the model,
which is expected to benefit the EVA.

47



Calibration: 2007 - 2012

i ._
&
“:i?mﬁ) ' N NSE <0
0 <NSE <05

. B NSE > 0.5

Validation: 1980 - 2016

B NSE<O
0 <NSE<0.5

W NSE = 0.5

Figure 19 — Maps of Iceland with catchments selected for runoff-rainfall model simulations.
NSE values after calibration (top) and validation (bottom) are shown in circles. The colours of
the catchments match the colours used for the cluster analysis shown in Figure 4.
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Figure 20 — Measured (black) and simulated (red) discharge for five catchments over the
validation periods.
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5.4.2.2 Flood estimates from airGR

After running airGR for the five rivers, new discharge timeseries were created. From these
timeseries, AMS were calculated, and the Block Maxima method applied to calculate daily
discharge with a 10-, 25-, 50-, 100-, 200-, and 500-year return period. Results are shown in Table
8 for the five rivers. The return levels calculated earlier from measurements are also shown.

Results show that for most rivers, the return levels calculated from airGR give values within the
same range than from the observations. This is especially true for VHM 43 with a 10-year flood
value of 181 m® s when running airGR, and a value of 163 m® s from the measurements.
Another river that gives very good results is VHM 102, with values within 10% from each other
for every threshold. This can be explained by the quality of the simulation of the yearly maximum
peaks, as previously shown in Figure 20.

These results are further illustrated by Figure 21 which shows return level plots similar to Figure
13, 14, 15, and 18. On the plots, results from airGR are shown in green, and results from the
measurements in blue. For comparison purposes, results from the ICRA dataset are also shown
in the figure in orange. The coloured dots show the AMS, and for all stations, results from airGR
are rather good. There is no trend whether airGR under- or overestimated the AMS compared to
the measurements on this selection of rivers. Indeed, airGR overestimated the AMS for three
rivers (VHM 43, VHM 102, and VHM 238), and underestimated the series in two cases (VHM
144 and VHM 149).

Table 8 — Flood return levels (m® s”) for all ungauged rivers. Results are based on the
simulated discharge from the GR6J model (top part) and from the observed daily discharge
(bottom part).

GR6J SIMULATIONS

10-year | 25-year| 50-year | 100-year | 200-year | 500-year
VHM 43 181 209 230 250 270 297
VHM 102 778 866 931 997 1061 1147
VHM 144 171 195 212 230 247 270
VHM 149 157 180 196 213 230 252
VHM 238 593 716 808 899 990 1109
MEASUREMENTS

10-year | 25-year| 50-year | 100-year | 200-year | 500-year
VHM 43 163 182 195 209 223 241
VHM 102 730 842 924 1006 1087 1195
VHM 144 222 252 274 296 318 347
VHM 149 202 237 263 288 314 347
VHM 238 468 565 636 708 779 873
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Figure 21 — Flood return level plot for five rivers, based on simulations from the GR6J
model (green), measurements (blue), and the corrected ICRA dataset (orange). Dashed-
lines show the 25-year return level for the three datasets.
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6 Discussion

At the beginning of this study, rivers were classified using a cluster analysis based on various
discharge characteristics and physical catchment attributes. This classification was later used to
calculate a mean correcting factor based on all rivers within each cluster, which serves as a
reference to correct the simulated discharge based on the ICRA dataset from ungauged rivers. It
should be noted that if this approach led to catchments being classified according to their type
and weather conditions, it could have been improved using other input data for the clustering.
Likewise, the choice of only keeping five clusters was practical, and different results could have
been expected if a larger number of groups had been picked. However, considering the values of
the correcting factors were all within a relatively narrow interval, it can be expected that the final
results for the ungauged basins would not change drastically if a different number of clusters
would have been selected. Ultimately, while design-flood estimates were obtained for the 20
ungauged rivers, it is difficult to assess the quality of these results without any measurements.
Those results should therefore be handled carefully.

Later in this project, five gauged rivers were selected, and extremes were calculated after
simulating their discharge with the airGR rainfall-runoff model. Table 9 shows the CC values
when comparing 25- and 200-year return levels calculated from the ICRA corrected discharge
and the airGR simulation to the values calculated from the measurements. Overall, four out of
the five rivers reach higher CC values after calculating the extremes with the GR6J model. While
these results show how promising a simple model like airGR is for calculating extremes, it should
be noted that those five rivers were scoring high NSE on both calibration and validation periods.
This is not the case for all the rivers in Iceland (Atlason et al., 2021; Priet-Maheo, 2021).
Moreover, results based on the ICRA corrected discharge, although not as close to the
observations, are still good, and this method is not as time-consuming as the airGR option. If
airGR was to be used for assessing flood estimates in ungauged basins, the model parameters for
each river would need to be averaged over each member of the same cluster, and then used as
reference for the ungauged watersheds, depending on how they clustered. This is currently being
studied in other research projects carried out at IMO.

Another aspect in this research that was not investigated is the fact that the observed and
simulated block maxima of each year do not necessarily occur the same days or even the same
seasons. Moreover, a runoff maximum does not always trigger a flood: in case of unsaturated soil
for instance, a second, subsequent precipitation event can be the one leading to the flood, although
the simulated runoff associated with this is less than the first event. This should be looked and
further studied for all catchments in future research projects.

Table 9 — Closeness Coelfficient values between measurements and simulated discharge
from the ICRA runoff and from the GR6J model. Results are shown for the 25-, and 200-
year return periods for the five selected rivers.

Closeness Coefficient (%)
25-year return period 200-year return period
ICRA,corr GRo6J ICRA,corr GRo6J
VHM 43 61 87 59 83
VHM 102 76 97 78 98
VHM 144 75 77 72 78
VHM 149 90 76 89 73
VHM 238 79 79 74 79

52



7 Conclusions

In this research, a first attempt to estimate extreme flood values based on simulated data from a
reanalysis has been proposed. Firstly, 40 gauging stations that have been recording discharge of
the main rivers in Iceland were selected. Runoff for 38-years of the ICRA dataset was extracted
and summed daily for all the catchments associated with the selected rivers. The runoff was then
converted into daily discharge. In the first place, this conversion was done without the correcting
factor C that accounts for infiltration and other processes that happen in the catchment. By the
end of the first step of the project, two sets of daily discharge series were available, one built on
simulated runoff and the other one on observed discharge.

In the second part of the project, it was tested whether the dataset built on the ICRA data would
give similar results of hierarchical clusters as the observed dataset. In both cases, discharge
timeseries were normalised and combined in different ways to reflect the seasonality, duration
curves and mass curves of the rivers. Various catchment characteristics were also added to the
analysis and results were presented on two dendrograms. Catchments clustered into five groups,
according to river types and geographical location. Most of the catchments (32 out of 40 gauging
stations) clustered similarly between the two datasets. Since the data was normalised before
performing the cluster analysis, the results do not give any insight into the closeness of the
discharge values but showed that the conversion of the runoff successfully kept the general
behaviour of the rivers for some clusters.

Thirdly, discharge values from both datasets were compared with a focus on values above the
95" percentile in order to limit the data only to the extremes. In order to correct the discharge
overestimation noted in most simulated flow-duration curves of the 5% highest values (38 cases
out of 40 rivers), the difference between simulated and observed discharge is quantified using a
coefficient of proportionality. This coefficient is then used as the correcting factor C from the
formula that converts runoff into discharge to account for infiltration and other processes. After
being calculated individually for each river, those coefficients were then averaged by cluster and
applied to the simulated dataset, which greatly improved the flow-duration curves.

An EVA was then performed using the Block Maxima method on both the observed and
simulated timeseries, before and after correction. Closeness Coefficients were calculated and
showed a great improvement of the return levels after applying the correction for 33 out of 40
rivers.

In addition to the 40 selected gauged rivers, 20 ungauged basins were hand-picked and thrown
in the cluster analysis using simulated runoff from the ICRA and catchment characteristics. The
correcting factors calculated for each cluster were then applied individually to each ungauged
river, according to its cluster of belonging, and flood estimates based on the corrected ICRA
discharge timeseries were obtained after performing the Block Maxima method.

Eventually, for each cluster, one river was selected, and its discharge simulated by the GR6J
model with the CemaNeige module. An EVA was carried out on the simulated timeseries, again
using the Block Maxima method, leading to very promising results, even when the NSE values
calculated over the validation period were low. In the case of these five stations, airGR was able
to simulate properly the highest discharge peaks in most cases, making it possible to obtain flood
estimates in the same range than when calculated from the observed timeseries.

Overall, these results show that extreme discharge values based on catchment-accumulated
runoff from the ICRA dataset is able to estimate the observed high discharge after applying a
correcting factor. The findings of this study were then tested on a selection of ungauged rivers to
estimate design-flood values in locations where measurements are unavailable. Adding these
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results to the promising flood estimates calculated using hydrological modelling represent an
initial methodology that could be applied to meet the challenges in determining flood
characteristics of rivers were no discharge have been recorded.
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Appendix 1. Flood estimates for the gauged catchments

Return levels (m* s7') for all gauged rivers shown in the following tables. Results are based
on the measured discharge, simulated discharge from the ICRA runoff, and simulated
discharge from the ICRA runoff after correction. Values are given for a 10-, 25-, 50-, 100-,
200-, and 500-year return period.

VHM 10 - Svarta

Return levels (m’ s7)
Return-period Observations ICRA ICRA, corrected
10 years 82 199 115
25 years 96 224 129
50 years 106 242 139
100 years 116 260 150
200 years 127 278 160
500 years 140 302 174

VHM 12 - Haukadalsa

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 98 150 86
25 years 119 174 100
50 years 134 191 110
100 years 149 209 120
200 years 164 227 131
500 years 184 250 144

VHM 19 - Dynjandisd

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 29 59 34
25 years 35 67 38
50 years 39 72 42
100 years 43 78 45
200 years 47 84 48
500 years 52 91 52
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VHM 26 - Sandad

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 108 259 149
25 years 128 302 174
50 years 143 334 192
100 years 157 365 210
200 years 172 397 229
500 years 191 438 253

VHM 30 - bjorsd
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 1499 4750 1653
25 years 1775 5391 1876
50 years 1981 5866 2041
100 years 2184 6338 2206
200 years 2387 6809 2369
500 years 2655 7429 2585

VHM 38 - bverd
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 26 64 37
25 years 32 77 44
50 years 36 86 50
100 years 40 95 55
200 years 45 105 60
500 years 50 117 67
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VHM 43 - Bruard

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 163 748 260
25 years 182 853 297
50 years 195 931 324
100 years 209 1109 351
200 years 223 1086 378
500 years 241 1188 413

VHM 45 - Vatnsdalsa
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 107 217 125
25 years 129 252 145
50 years 145 278 160
100 years 160 303 175
200 years 176 329 189
500 years 197 362 209

VHM 48 - Seld
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 191 442 146
25 years 229 496 164
50 years 258 537 177
100 years 286 577 190
200 years 314 617 204
500 years 351 670 221
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VHM 51 - Hjaltadalsa

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 87 226 111
25 years 100 256 126
50 years 110 279 137
100 years 119 301 148
200 years 129 324 159
500 years 141 353 174

VHM 59 — Ytri-Rangd
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 137 517 180
25 years 161 593 206
50 years 178 650 226
100 years 196 707 246
200 years 213 763 265
500 years 236 837 291

VHM 60 — Eystri-Rangd
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 101 490 171
25 years 118 567 197
50 years 131 624 217
100 years 144 681 237
200 years 157 737 256
500 years 174 811 282

60




VHM 64 - Olfusd

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 1386 5109 1178
25 years 1599 5784 2013
50 years 1758 6286 2187
100 years 1916 6783 2361
200 years 2072 7279 2533
500 years 2279 7933 2761

VHM 66 - Hvitd
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 347 1432 616
25 years 410 1652 710
50 years 456 1815 781
100 years 503 1977 850
200 years 549 2138 920
500 years 609 2351 1011

VHM 68 - Tungufljot
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 168 226 79
25 years 202 264 92
50 years 227 291 101
100 years 252 319 111
200 years 277 347 121
500 years 310 383 133
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VHM 81 - Ulfarsd

Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 17 46 16
25 years 20 54 19
50 years 23 60 21
100 years 25 66 23
200 years 28 71 25
500 years 31 79 28

VHM 83 - Fjardard
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 37 78 39
25 years 44 92 45
50 years 50 102 50
100 years 56 111 55
200 years 61 121 60
500 years 68 134 66

VHM 92 - Beegisda
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 17 55 27
25 years 20 65 32
50 years 22 72 35
100 years 24 79 39
200 years 25 86 42
500 years 28 96 47
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VHM 102 — Jokulsd a Fiollum

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 730 2618 1126
25 years 842 2958 1272
50 years 924 3210 1380
100 years 1006 3460 1488
200 years 1087 3709 1595
500 years 1195 4038 1736

VHM 110 — Jokulsd a Dal

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 870 2125 914
25 years 1026 2461 1058
50 years 1142 2711 1166
100 years 1257 2958 1272
200 years 1371 3205 1378
500 years 1522 3530 1518

VHM 116- Svarta

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 32 355 117
25 years 34 410 135
50 years 36 450 149
100 years 38 490 162
200 years 40 530 175
500 years 42 583 192
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VHM 121 - Ormarsd

Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 40 162 56
25 years 46 188 66
50 years 51 208 72
100 years 55 227 79
200 years 60 246 86
500 years 66 271 94

VHM 128 - Nordurd
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 410 522 300
25 years 497 617 356
50 years 561 688 397
100 years 625 759 437
200 years 689 829 478
500 years 773 922 531

VHM 144 — Austari-Jokulsd

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 222 590 290
25 years 252 686 338
50 years 274 758 373
100 years 296 829 408
200 years 318 900 443
500 years 347 993 489

64




VHM 148 - Fossd

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 152 184 106
25 years 184 208 120
50 years 208 227 131
100 years 231 245 141
200 years 255 263 151
500 years 285 287 165

VHM 149 - Geithellnad

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 202 321 185
25 years 237 371 214
50 years 263 409 235
100 years 288 446 257
200 years 314 483 278
500 years 347 532 306

VHM 150 - Djupd

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 288 508 219
25 years 352 573 246
50 years 400 620 267
100 years 447 668 287
200 years 495 715 397
500 years 557 777 334
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VHM 162 — Jokulsa a Fiollum

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 408 1449 623
25 years 481 1642 706
50 years 536 1785 767
100 years 591 1927 829
200 years 645 2068 889
500 years 716 2255 970

VHM 185 - Hélmsa
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 42 313 109
25 years 56 356 124
50 years 65 389 135
100 years 75 421 146
200 years 85 452 157
500 years 97 494 172

VHM 198 — Hvald
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 206 301 148
25 years 247 339 167
50 years 277 368 181
100 years 307 396 195
200 years 337 424 208
500 years 376 461 227
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VHM 200 - Fnjoskd

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 392 859 495
25 years 479 996 574
50 years 543 1098 632
100 years 607 1199 690
200 years 671 1299 748
500 years 755 1432 825

VHM 204 - Vatnsdalsda
Return levels (m’ s/)

Return-period Observations ICRA ICRA, corrected

10 years 76 141 81
25 years 91 161 93
50 years 102 175 101
100 years 114 190 109
200 years 125 204 118
500 years 140 223 129

VHM 205 - Keldud
Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 376 316 182
25 years 482 372 214
50 years 560 414 238
100 years 637 455 262
200 years 715 496 286
500 years 817 550 317
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VHM 206 - Fellsd

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 120 122 70
25 years 147 145 83
50 years 166 161 93
100 years 186 178 103
200 years 206 195 112
500 years 232 217 125

VHM 218 - Markarfljot

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 188 662 219
25 years 215 756 249
50 years 234 825 272
100 years 254 893 295
200 years 273 962 317
500 years 299 1052 347

VHM 233 - Kreppd

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 456 564 242
25 years 568 637 274
50 years 652 691 297
100 years 735 746 321
200 years 818 799 344
500 years 927 870 374
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VHM 238 - Skjdlfandafljot

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 468 1186 391
25 years 565 1360 449
50 years 636 1490 492
100 years 708 1618 534
200 years 779 1747 576
500 years 873 1916 632

VHM 271 - Sog

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 227 1214 422
25 years 250 1386 482
50 years 268 1513 527
100 years 285 1640 571
200 years 303 1766 615
500 years 326 1933 673

VHM 400 - Vattardalsa

Return levels (m’ s7/)

Return-period Observations ICRA ICRA, corrected

10 years 35 122 70
25 years 40 140 80
50 years 45 153 88
100 years 49 166 96
200 years 53 180 103
500 years 59 197 113
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VHM 408 - Sanda

Return levels (m’ s7/)
Return-period Observations ICRA ICRA, corrected
10 years 112 1016 437
25 years 140 1155 497
50 years 160 1258 541
100 years 180 1360 585
200 years 200 1463 629
500 years 227 1597 687

VHM 411 — Stéra Laxd

Return levels (m’ s/)
Return-period Observations ICRA ICRA, corrected
10 years 409 377 217
25 years 533 439 253
50 years 625 485 279
100 years 717 530 305
200 years 808 576 332
500 years 928 636 366
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Appendix II. Flood estimates for the ungauged catchments

Return level plot for all the ungauged rivers, based on simulations of daily discharge before
(red) and after correction (orange). Dashed-lines show the 25-year return level for the
different datasets.
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Return levels (m3 s-1) for all ungauged rivers. Results are based on the simulated discharge
from the ICRA runoff before (top table) and after (bottom table) correction.

ICRA discharge — before correction

10-year | 25-year| 50-year | 100-year | 200-year | 500-year
Berufjaroara 71 83 91 100 108 120
Fjaroara 241 271 296 319 342 372
Flokadalsa 88 101 110 120 129 142
Gilsa 71 83 91 99 107 118
Hafralonsa 511 594 656 717 779 859
Hellisa 106 121 131 142 152 166
Hellisfljot 78 91 100 110 119 132
Hornafjaroarfljot 1113 1263 1375 1485 1595 1740
Hrutafjaroara 138 160 177 194 211 233
Jokulgilskvisl 170 195 214 233 251 276
Jokulsa i Loni 1051 1201 1312 1422 1532 1677
Lagadalsa 152 177 195 214 232 256
Langadalsa 211 249 277 304 332 368
Mioa 225 268 299 331 362 403
Miofjaroara 302 338 365 392 418 453
Nyjadalsa 39 44 49 53 57 63
Olafsfjardara 191 220 241 262 284 311
Sléttua 143 165 181 197 213 234
Steinavotn 374 419 452 486 519 563
Svinafossa 55 66 73 81 89 99

ICRA discharge — after correction

10-year | 25-year| 50-year | 100-year| 200-year | 500-year
Berufjaroara 24 27 30 33 36 39
Fjaroara 79 90 98 105 113 123
Flokadalsa 51 58 64 69 75 82
Gilsa 41 48 52 57 62 68
Hafralonsa 169 196 217 237 257 284
Hellisa 61 70 76 82 88 96
Hellisfljot 27 32 35 38 41 46
Hornafjaroarfljot 479 543 591 639 686 748
Hrutafjaroara 48 56 62 68 73 81
Jokulgilskvisl 73 84 92 100 108 119
Jokulsa i Loni 452 516 564 611 659 721
Lagadalsa 53 62 68 74 81 89
Langadalsa 73 87 96 106 116 128
Mioa 78 93 104 115 126 140
Miofjardara 105 118 127 136 146 158
Nyjadalsa 19 22 24 26 28 31
Olafsfjardara 63 73 80 87 94 103
Sléttua 47 54 60 65 70 77
Steinavotn 161 180 195 209 223 242
Svinafossa 19 23 26 28 31 34
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