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Abstract

In Iceland, extreme precipitation can often lead to flooding. In coastal regions, short-lived
torrents can develop on steep slopes close to inhabited areas. The purpose of this report is
twofold: to present an updated assessment of precipitation return periods, and to apply the results
to a new 1 M5 map of 24-hour precipitation thresholds for a 5-year event. Both observed precip-
itation at 43 stations around Iceland and gridded precipitation values from retrospective
meteorological forecasts (ICRA) are used in the analysis. The choice of an appropriate Extreme
Value Analysis method is studied thoroughly, leading to the selection of the Peak-over-
Threshold method as it shows more similarities when applied to both sets of data. Intensity—
duration—frequency (IDF) graphs are presented for each station, based on simulated precipitation
values and station observations. The project results in two 1M5 maps: one based on daily values
from midnight to midnight in line with the earlier IM5 map, and the other based on accumulated
precipitation over running 24-hour windows. Both maps include important details that the earlier
version could not encompass. Higher return levels are found on the Snafellsness and Trollaskagi
peninsulas, the Blafjoll mountainous region, as well as in the East- and Westfjords. Those new
results have several potential uses, including thresholds for extreme precipitation in risk
assessment studies and design parameters for drainage structures and flood defences.



Samantekt. Endurkomutimi urkomu

Vatnsfloo sem verda vegna mikilla rigninga geta valdio téluveroum skemmdum a innvioum sem
og raskad atvinnulifi og umferd. begar slik urkoma fellur ad vetri eda vori samfara asahldku
geta ordid skyndiflod. Tioni og steerd slikra flooa er hao pvi hve mikilli urkomu vatnasvidio og
drfarvegurinn geta tekio vid, en i mikilli tirkomu geta dr fleett yfir bakka sina. I brottu landslagi
getur mikil urkoma einnig valdid pvi ad vatn fleedi niour hlidar og pannig valdio skyndiflodum.

A undanfornum drum hafa nokkur skyndifléd ordid vegna virhellisrigningar i brattlendi i ndnd
vid byggd. Nefna ma skyndiflodin a Siglufirdi i agust 2015 en par urou miklar skemmdir. Deemi
um vatnsflod vegna mikillar rigningar yfir lengri timi eru flodin d Sudausturlandi i september
2017, en pa skemmdust vegir, fraveitukerfi og reektad land og tryggingarkrofur namu 168
milljonum kréna (Nattiruhamfaratrygging Islands, 2019).

Vio kortlagningu d urkomu, og breytileika hennar i tima og rumi, er mat d aftakavirkomu mjog
mikilvegur pattur. A0 auki er slikt mat undirstada flodaviovarana og honnunar ymissa mann-
virkja, s.s. fraveitukerfa, sem notast vio hénnunarfloo sem meelikvarda a hamarksafkastagetu
kerfa. A Islandi hafa flestir nytt sér gogn um fimm dra endurkomugildi hdmarkssélarhrings-
urkomu a kortaformi, svonefnt M5 kort. Su vinna var unnin af Jonasi Eliassyni (2000) og Jonasi
Eliassyni ofl. (2009) en byggir a eldri vinnu hja NERC (1975) um samhengi urkomumagns i
urkomuatburoum og endurkomutima. 1M35 kortio er medal annars mikio notad vio honnun vega
og fraveitukerfa (Hlodversdottir ofl., 2015).

Frd aldarmétum hefur notkun sjalfvirkra tirkomumeela aukist jafnt og pétt G Islandi. Slikir meelar
eru nu vitt og breitt um landid og skra meelingar a 10 minutna fresti. Pessar meelingar gefa pvi
godan grunn fyrir profanir og uppfeersiu a upprunalega IMS5 kortinu. A0 auki hafa ordid miklar
framfarir i vedurlikanagerd og hermt urkomumunstur i floknu landslagi batnad til muna (Clark
ofl., 2016). bvi er parft ad endurmeta utbreidslu aftakavrkomu, med tilliti til hénnunar mann-
virkja sem og svo heegt sé ad skilgreina urkomumdérk sem kunna ad valda vatnsflodum.

Vid greiningu d aftakavirkomu er naudsynlegt ad taka tillit til 6vissu. I meelingum er meeliévissa
og 1 vedurutreikningum er ovissa vegna peirra nalgana sem parf ad gera vid likanagero.
Mikilveegt er ad honnunaradilar séu medvitadir um pessar takmarkanir pegar aftakaafrennsli
er metid. Hér eru listadir tiu vedurfreedi-, vatnafreedi- og vatnaverkfreedilegir peettir sem parf ad
hafa i huga.

1. Meo auknum vindhrada meelist urkoma verr, almennt er urkoma vanmeeld.

2. Uppsafnad urkomumagn er mismunandi eftir vali a timabili, po jafnlong séu. Pad er,
uppsofnud 24 stunda urkoma fyrir fast timabil fra mioncetti til mioneettis, eda 09 til 09,
er alltaf minni en eda jafnmikil peirri tirkomu sem er safnad yfir fljiotandi 24 stunda
timabil.

3. Ahrif stadhatta G virkomumunstur og dkefd pydir ad virkomumcelingar & vedurstédvum
eru oft ekki deemigerdar fyrir vatnasvio.

4. Vatnsfloo vegna urkomu a tilteknu vatnasvioi kunna ad vera algengari en aftakavrkoma
d meelistod gefur til kynna, par sem flodvatn kemur oft af storu svedi en meelingin er a
einum akveonum stad, til demis a laglendi i prongum fjéroum.
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5. Flooaskemmdir a einum stad geta ordio vegna mikils afrennslis af morgum hlutvatna-
svioum. Af pvi leidir ad mat a afrennsli byggt a gognum fra einu vatnasvioi, hlutvatna-
svidi eda vedurstod getur vanmetio endurkomutima og endurkomugildi vatnsfloda vegna
urkomu.

6. Steerd floda vegna aftakavurkomu er had urkomumagni, snjobradnun og lofthita dégum
og jafnvel vikum fyrir atburdinn, par sem pessir peettir hafa ahrif a hvort og hve miklu
vatni jarovegur getur tekio vio.

7. Larétt reikninet vedurlikana jafnar ut heedir og dali i landslagi sem veldur medal annars
vanmati a urkomumognun vio fjéll.

8. Vedurutreikningar geta ekki likt eftir stadbundinni aftakaurkomu a styttri timakvarda en
timaupplausn likansins.

9. Meta parf heettu a skyndiflodum, midad vid hvert vatnasvio fyrir sig, ut fra endur-
komutima uppsafnadrar urkomu fyrir fost timabil, venjulega 24 stundir.

10. Endurkomutima urkomu parf ad feera yfir i sérheefoar verkfreedilegar leidbeiningar fyrir
mismunandi tegundir mannvirkja eda starfsemi.

bessi skyrsla tekur a pattum 1, 2, 3, 4 og 7 af ofangreindum lista en teept er d peetti 9. Adra peetti
parf ad kanna ut fra vatnasvioum og honnun fraveitukerfa og flodvarna.

bess ber einnig ad geta ad gert er rdd fyrir ad virkoma d Islandi aukist vegna loftslagsbreytinga
um 1,5% vid hverja 1°C heekkun 1 lofthita (Bjornsson ofl., 2018). Mcelingar syna ad a sidast-
lionum aratugum hefur arsurkoma aukist, einkum sumarurkoma a vestanverdu landinu. Engar
rannsoknir hafa fario fram d pvi hvada breytinga ma veenta 1 aftakaurkomu vegna loftslags-
breytinga.

Tilgangur pessarar skyrslu er i fyrsta lagi ad uppfera mat a endurkomutima urkomu og i 60ru
lagi ad teikna nytt IM5 kort. Jafnframt eru birtir svokalladiv IDF ferlar sem syna samtimis dakefo,
timalengd og tioni (e. Intensity-Duration-Frequency) fyrir hverja vedurstod, byggdir a
urkomumcelingum og utreiknadri urkomu.

Verkefunid var styrkt af Ofanfl6dasjédi og er hluti af VATNAVA verkefaum Vedurstofu Islands
(VI) sem sniia ad heettumati vegna vatnsfléda d Islandi.

[ verkefninu er vitreiknud virkoma vir islensku endurgreiningunni (ICRA, Nawri ofl., 2017) notud
til ad meta endurkomutima virkomu i péttrionu neti yfir landinu. Utreikningarnir eru i
2,5 x 2,5 km neti a 1 klukkustundar fresti fyrir timabilio september 1979 til desember 2016.
Einnig eru notadar sjalfvirkar urkomumcelingar fra 49 stoovum sem allar hafa meelt samfellt i
yfir 10 dr. I badum tilvikum er um daggildi ad reeda, p.e. uppsafnada virkomu frd midneetti til
midneettis. I nemniathugunum eru meelingar fra 12 stédvum, svokolludum kjarnastodvum,
skodadar sérstaklega og bornar saman vid utreiknada urkomu d sému stodum. Kjarna-
stodvarnar voru valdar vegna stadsetningar i prongum fjoroum og ndalceegt brottum fjéllum
(Eskifjorour, Neskaupstadur, Flateyri og Isafiorour), pekktra vatnsfléda d sveedinu
(Siglufiorour, Olafsfiorour og Seydisfiorour), mikillar drsirkomu (Kvisker og Laufbali) og
vegna langra og godra urkomurada (Reykjavik og Hofn i Hornafirdi).

Vio samanburd a ICRA utreiknadri urkomu og meelingum er valio ad nyta gildin i peim fjorum
reiknipunktum sem eru neest hverri vedurstoo og reikna vegio medaltal.

Tveer utgildagreininar voru skodadar, hamark innan timabils adferdin (e. Block Maxima) og
proskuldsadferdin (e. Peak-over-threshold). Fyrri adferdin notar hamarksgildi innan timabils,

11



yfirleitt ars, og metur stika GEV tionidreifingarinnar (e. General Extreme Value distribution)
en su seinni stika GP tidnidreifingarinnar (e. General Pareto distribution). Einnig finnast fleiri
adferdir til ad adlaga utgildadreifingu ad gognunum, tveer sem eru skodadar i pessari skyrslu
eru hamarkssennileikamat (e. Maximum Likelihood Estimate) og L-moments adferdin. Eftir
neemnisathuganir, sem beitt er d beedi urkomumeelingar og utreikninga er nidurstadan su ao
endurkomutimautreikningar eru byggoir a préoskuldsadferdinni og hamarkssennileikamati.

Gerdur er samanburdur a meeldri og utreiknadri urkomu fyrir 20 steerstu urkomuatburdina a
hverri st6d. beer stodvar par sem mismunurinn er dscettanlegur eru notadar dfram, eda 43
stoovar.

A hverri stéd eru valdir prir steerstu meeldu virkomuatburdirnir og ICRA irkoma borin saman
vid pa meeldu. Nidurstoournar syna ad | morgum atvikum er utreiknud urkoma hlidrud i tima
midad vio meelda en oft samt sem adur sambeerileg pegar skooud er uppsofnun yfir prja daga.
Enn fremur kemur i l[jos ad a klukkustundar timakvarda er urkoma endurgreiningarinnar
oareidanleg. Athugun a urkomuutbreidslu synir ad pegar utreiknud urkoma er vanmetin ma oft
finna gildi sem eru tilsvarandi peim meeldu i 5-10 km fjarlegd. Pad synir mikilveegi pess ao
skoda gildi | meira en einum punkti pegar utreiknud urkomugdégn eru nytt, til deemis vid honnun
innvioa.

Vio utreikninga a endurkomutima urkomu er notud proskuldsadferdin med sennileikamati a
utgildadreifingunni. Mikilveegt er ad vanda val a proskuldi og ad utgildin yfir haum proskuldi
séu ohad. begar um margar timaradir er ad reda er omogulegt ad velja sérstaklega proskuld
fyrir hverja og eina timarod. Hér er annars vegar um 43 timaradir ad reeda fyrir beedi meelingar
og endurgreiningu og hins vegar 66.181 timarod ur ICRA endurgreiningunni, p.e. fyrir sérhvern
reiknipunkt yfir landi. Niourstadan er ad nyta 0,9 hlutfallsmarkio sem stadarhadan préskuld,
p.e. fyrir hverja timaroo eru 10% af atburdum yfir proskuldinum. Til ad uppfylla skilyrdi um ad
utgildin séu ohao er sett takmérkun a pvi hve nalcegt i tima gildi geta verid til ad teljast ohao.
bar sem tirkomuatburdir d Islandi tengjast vedrakerfum er edlilegt ad hagildi sem eru innan
leegdakvaroa séu had. bvi er valio ad krefjast fimm daga timabils a milli utgilda. Sama timabil
var notad i skyrslu Guorinar Ninu Petersen (2015) fyrir aftakavind d Islandi.

Stikar utgildadreifingar, skolunar- og logunarstikar, eru fundnir fyrir allar 43 vedurstéovarnar,
bedi fid meelingum og vitreikningum, fyrir timabil meelinga d hverjum stad. I framhaldi eru somu
stikar fundnir fyrir alla landpunkta og allt timabil ICRA endurgreiningarinnar.

Utbinir eru IDF ferlar fyrir vedurstodvarnar sem syna endurkomugildi virkomudkefdar fyrir
nokkra endurkomutima, 2, 5, 10, 25, 50 og 100 ar, og fyrir uppsafnada urkomu yfir 3, 6, 12, 24 og
48 klukkustundir. IDF ferlar eru ekki reiknadir fyrir styttri tima en 3 klukkustundir par sem
endurgreiningin pykir ekki dreidanleg fyrir styttri timaglugga. I sumum tilfellum er mjog gott
samrcemi a milli niourstada byggoum a meelingum og ICRA fyrir sama timabil, t.d. fyrir Hofn i
Hornafirdi en a oorum stoovum vanmetur ICRA endurkomugildin mioad vio meelingar, s.s. a
Neskaupstad. Rétt er ad taka fram ad ICRA neer mjog illa ad herma meelda urkomu d Neskaupstad,
mun verr en a flestum 60rum veourstéovum, og pvi koma pessar nidurstoour ekki a ovart. IDF
ferlar byggoir a ollu ICRA timabilinu fyrir allar 43 vedurstoovarnar eru i vioauka skyrslunnar.

IDF ferlarnir eru bornir saman vio tilsvarandi ferla byggdir a vinnu Jonasar Eliassonar ofl.
(2009) og a svokalladri Wussow jofnu (Pall Bergporsson, 1968). Badar adferdir nyta endur-
komugildi hamarksdagsurkomu til ad dceetla urkomu a styttri timakvarda. Einnig eru IDF-ferlar
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byggdir a hamark innan timabils adferdinni reiknadir. Pegar skooud eru miogildi auk utgilda
fyrir allar stodvar, fyrir 10 ara endurkomutima, kemur 1 ljos ad Jonasar Eliassonar og Wussow
adferdirnar gefa svipud og heerri endurkomugildi fyrir styttri timabil uppsafnadrar urkomu en
proskuldsadferdin og hamark innan timabils, sem gefa badar svipadar niourstoour. Fyrir 24 og
48 klukkustunda uppsafnada urkomu gefa seinni tveer adferdirnar heerri gildi.

Endurskodad IM5 kort er ithiiid og borid saman vid miverandi kort. I gréfum drattum gefur
nyja IM35 kortid svipada nidurstéou og nuverandi kort, en stadbundio getur verio mikill munur.
Ljost er af samanburdinum ad aukin ldavétt upplausn hefur mikio ad segja, munstur endur-
komugilda eru betur tengd landslagi, einkum par sem landslag er flokio. Mun heerri endur-
komugildi er til deemis ad finna i Blafjollum, a Sncefellsnesi, Vestfjoroum, Tréllaskaga og
Austfjoroum. Jafnframt ma sja ad larétt upplausn utreikninga, 2,5 x 2,5 km, er ekki nog til ad
lysa landslagi i til deemis mjog prongum fjoroum og vegna utjofnunar landslags er urkomudkefo
{ naleegd brattra hlida vanmetin. bvi er til viobotar beett vio IMS5 korti par sem i hverjum punkti
er synt heesta gildi ncestu niu reiknipunkta. bérf er a4 ad kanna betur med greiningu og
niourkvoroun urkomu hvernig megi nalgast petta vidfangsefni betur.

A0 lokum er utbuid endurbeett IM5 kort sem byggir a solarhringsurkomu, p.e. fyrir fliotandi 24
stunda timabil. Miogildi IM5 kortsins fyrir allt landio er 14% hcerra en fyrir daggildi urkomu,
fra mioncetti til mioncettis. Petta kort, og tilsvarandi korti sem synir heesta gildi ncestu niu
reiknipunkta, er talio nytast betur vio honnun mannvirkja hvad vardar urkomu og afrennsli en
kortio sem byggir a daggildum.

Hvad vardar loftslagsbreytingar & Islandi rikir enn mikil évissa vardandi breytingar i irkomu.
Visbendingar eru um ad urkoma muni aukast, einkum sidsumars og ad hausti (Halldor
Bjornsson ofl., 2018). Ekki reyndist rymi innan pessa verkefnis til ad meta ahrif pessa a
endurkomutima urkomu. bad er parft verk ad byggja slika vinnu ofan a nidurstoour pessarar
skyrslu og gefa pannig veromeetar upplysingar sem myndu nytast vel vid honnun mannvirkja til
lengri tima, sem og ad draga ur ahrifum aftakavurkomu a mikilvega innvidi.

Mikil vinna er 16gd 1 val a adferdum 1 6llum skrefum vinnunar, reett vio adra sérfredinga a
svidinu sem og notendur. Vio teljum ad nyja IM5 kortio eigi eftir ad nytast vel vid gerd
flodaviovarana og honnun mannvirkja sem og ad vinnan eigi eftir ad nytast sem grundvollur
fyrir dframhaldandi rannsoknir og urvinnslu a svidi aftakavrkomu og -fléda.

Adferdir hafa verio vandlega valdar i ollum skrefum verkefnisins og reett vio adra sérfredinga
d svidinu sem og notendur. Talid er ad nyju IM5 kortin eigi eftir ad nytast vel vio gero
flodaviovarana og honnun mannvirkja. Enn fremur mun vinnan nytast sem grundvollur fyrir
dframhaldandi rannsoknir og urvinnslu a svidi aftakaurkomu og -floda.
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1 Introduction

In areas throughout Iceland, periods of heavy precipitation cause localised damage and
disruption to travel and economic activities. Often, such precipitation occurs during the winter-
time, resulting in rapid melting of snow and, in some cases, flash flooding. The occurrence of a
flood depends on whether the receiving catchment and river path can accommodate the
precipitation. For established watercourses, heavy precipitation can result in a river overtopping
its banks. In steep terrain, the same process could result in a torrent of overland flow, leading to
flash flooding.

In Iceland, most inhabited areas are in coastal settings close to mountainous terrain and the
majority of the rain gauges are located in the vicinity of populated regions (Figure 1). Recent
flooding in Iceland includes short-lived rainwater torrents, which have developed on steep slopes
close to settled areas, including a damaging flash flood in the coastal town of Siglufjordur in
August 2015. There are also numerous examples of river floods due to prolonged, intense
precipitation. For example, in September 2017, widespread flooding due to precipitation
occurred in southeast Iceland; the floods caused damage to roads, culverts, and agricultural land.
Insurance claims due to the flooding amounted to 168 million ISK (Natural catastrophe
Insurance of Iceland, personal communication, November 2018).

Estimates of precipitation extremes are an important measure for assessing the spatial and
temporal variability of precipitation; they are also used as the basis for flood warnings and in the
design of the built environment, including culverts and other forms of artificial drainage. So-
called ‘design flood’ estimates are used as a guideline for the maximum capacity of drainage
constructions. In Iceland, the main dataset for precipitation extremes comes from the research
of Jonas Eliasson (Eliasson, 2000; Eliasson et al., 2009), who created a national map — known
as IMS5 — of daily precipitation thresholds based on a 5-year return period (Figure 2). The IM5
method is derived from earlier, pioneering work by NERC (1975), which related precipitation
depth from a storm of given duration to a return period. The 1MS5 map is used widely in Iceland
as an engineering resource in the design of highway infrastructure and sewer systems
(Hlodversdottir ef al., 2015).

Climate-change predictions for Iceland suggest that precipitation amounts will increase in line
with a warming climate at a rate of at least 1.5% for a 1°C increase in temperature (Bjornsson et
al., 2018). The same study documents a slight increase in annual precipitation in recent decades
in most areas of Iceland, including summer precipitation in the west of the country. To date, no
attempt has been made to investigate trends in extreme precipitation for Iceland. As signs of
rapid climate-change become apparent, Iceland is also experiencing sustained levels of year-
round tourism, with around two million foreign visitors annually between 2016 and 2019
(Icelandic Tourist Board, 2020). The influence of high tourism and continued economic
development puts increasing dependence on various forms of infrastructure, including highways,
bridges, and culverts. This dependency necessities a new analysis of precipitation extremes and
a reassessment of precipitation return periods. The modern-day availability of high temporal
frequency precipitation measurements, i.e. down to 10 minutes, at various locations around the
country enables testing and refinement of the original 1M5 model. Moreover, there have been
major advances in the development of numerical weather prediction (NWP) models, resulting in
more realistic precipitation patterns in complex terrain (see e.g. Clark ef al., 2016). Taken
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together, there is a need to reassess the spatial variability of precipitation extremes, both for
design purposes and for the identification of precipitation thresholds that could result in
hazardous levels of runoff.

From a broader perspective, the analysis of extreme measured or simulated precipitation must
consider uncertainties in measurement accuracy and unavoidable simplifications in meteo-
rological models. These influences are pertinent for hydrologists and civil engineers when
considering extreme runoff at a catchment scale. The following ten factors encompass mete-
orological and hydrological uncertainties, as well as some hydrological engineering aspects.

1. Wind-caused undercatch of rainfall by rain gauges.

2. Differences in accumulated precipitation over fixed intervals; for instance, 24-hour
periods from midnight to midnight (referred to here as daily values), or from 09:00 to
09:00 the following day, in comparison to precipitation accumulated over a constantly
sliding 24-hour window (see Dunkerley, 2020).

3. Local variations in the distribution and intensity of precipitation mean that station
measurements are typically not representative of the whole catchment.

4. Rainfall-driven flooding in a catchment may be more frequent than extreme precipitation
at a single meteorological station. This is because the routing of floodwater is often
integrated over a large part of the catchment, whereas precipitation measurements are
typically at a single, logistically accessible location (for instance, a lowland location in
a mountainous fjord).

5. Flood damage at a specific location could be the result of extreme runoff from several
sub-catchments, hence runoff estimates derived from a single catchment or a meteo-
rological station could underrepresent the return periods and return levels of rainfall-
driven floods.

6. Severe floods due to extreme precipitation may vary substantially depending on levels
of precipitation, snowmelt and air temperature in the preceding days and weeks. These
factors influence whether the ground is permeable to rainfall, fully saturated or frozen.
In turn, this determines how rapidly surface runoff can develop.

7. The spatial resolution of meteorological simulations smooths-out the orography of the
terrain, leading to substantial underestimates of orographic precipitation near to steep
mountains.

8. Meteorological simulations do not represent localised precipitation extremes on
timescales shorter than the model’s temporal resolution.

9. Extreme runoff on short timescales, appropriate to the catchment in question, need to be
estimated based on return periods for accumulated precipitation over a fixed timescale,
which is typically 24 hours.

10. Precipitation return periods need to be translated into engineering recommendations
suitable to the type of infrastructure and activity in question.

From the above list, this report addresses points 1, 2, 3, 4 and 7. Point 9 is considered but not
addressed completely. The remaining points (5, 6, 8 and 10) need to be considered via
catchment-scale investigations of flood impact and frequency, and the probabilistic design of
drainage structures and flood defences.
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Figure 1. Map of Iceland with all automatic gauging stations measuring precipitation as of
January 2020. Brown shadings reflect the complexity of the topography.
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Figure 2. The IM5 map currently in use in Iceland (Eliasson et al., 2009), showing the 5-year
return value in millimetres of daily precipitation.

1.1 Aim

The purpose of this report is twofold: to present an updated assessment of precipitation return
periods, and to apply the results to a new 1MS5 map of 24-hour precipitation thresholds for a 5-
year event. Both observed precipitation and gridded precipitation values from retrospective
meteorological forecasts, termed reanalysis, are used in the analysis. The results are presented
graphically and in map form. Intensity—duration—frequency (IDF) 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. The results are also presented in map form, both within this report and via a
forthcoming website intended for environmental and civil engineers. Note that the website is
scheduled for release in 2022; those requiring a digital copy of the revised 1M5 maps should
contact IMO via https://www.vedur.is/. The research was funded by Ofanfl6dasjodur — Iceland’s
National Snow Avalanche and Landslide Fund under the VATNAVA (flood hazards)
programme at the Icelandic Meteorological Office (IMO).
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2 The 1MS5 model, weather prediction and precipitation
observations

The current version of the 1M5 map presented in Figure 2 (Eliasson, 2000; Eliasson et al., 2009)
is based on data from NWP simulations using the PSU/NCAR Mesoscale Model MM5 (Grell et
al., 1994). The calculations were performed on an 8 x 8 km horizontal grid for the period 1961—
2006 with meteorological outputs every 6 hours using daily precipitation values. An Extreme
Value Analysis (EVA) was made for each grid-point using the Block Maxima method. Because
the IMS5 map is based on an NWP output, it covers the whole of Iceland with 1,650 values. In
contrast, a map based solely on observed precipitation would have comprised around 100 points,
unevenly distributed over the country. The 1M5 map and derived results have proved to be im-
portant tools in the design of bridges, culverts and other forms of infrastructure for handling surface
runoff. For further methodological details about the current 1M5 map, see Eliasson et al. (2009).

Since the publication of the original 1M5 map in 2000, the horizontal resolution of limited area
NWP models has increased markedly. Given the complex orography of Iceland, high horizontal
resolution is needed to describe the terrain. This is especially true of the East- and the Westfjord
regions as well as Trollaskagi in the north.

The operational NWP system of 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 — 40 times greater than those in the current
IMS5 calculations. The description of the terrain is therefore much improved. However, it should
be noted that even at this resolution the narrowest fjords and dales are not properly resolved. For
the most part, the model simulates frontal precipitation well, although convective precipitation
is still challenging (Palmason et al., 2016). Because Iceland is in the middle of the North Atlantic
storm track, the most extreme precipitation events occur during the passage of weather fronts
associated with low-pressure systems. Thus, the model’s underestimation of shallow convection
should not significantly affect periods of heavy precipitation. However, the model does not fully
resolve small-scale precipitation events, which may arise in air flow over complex orography,
resulting in locally higher precipitation intensity than the average over the 2.5 % 2.5 km grid of
IMQ’s current operational NWP system. The HARMONIE-AROME model has been used to
reanalyse atmospheric conditions in Iceland at hourly time-steps between September 1979 and
December 2016, resulting in the Icelandic Reanalysis (ICRA) dataset (Nawri et al., 2017). From
the range of simulated variables, gridded values of precipitation can be extracted and used for
an expanded analysis of extreme precipitation.

Automatic rain gauges have been in use in Iceland for over two decades, allowing high-
resolution measurements down to 10-minute intervals. The present-day network operated by
IMO comprises 71 automatic gauges measuring precipitation at a 10 minute interval located
throughout the country (Figure 1) as well as manned gauges that record the precipitation once
or twice a day. Despite the network’s national coverage, it is often impossible to apply an
individual timeseries to a region. In any setting, precipitation patterns can vary tremendously, in
regard to intensity as well as spatial coverage, thus creating a major challenge in the collection
and use of such measurements (Kidd ef al, 2017). The main issue is that precipitation
measurements may not represent a larger area. Furthermore, rain gauges underestimate precipi-
tation receipts in windy conditions (Ferland et al., 1996; Crochet, 2007). In fact, Pollock et al.
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(2018) estimated that at exposed upland sites in the UK, the underestimation of rain can be as
much as 23% on average due to wind only. In addition, observing solid precipitation and
especially precipitation rate are even more difficult to measure. The result of often complicated
spatial pattern of precipitation, and undercatch being dependent on wind speed and temperature,
is that there are larger uncertainties in precipitation observations than other conventional
meteorological measurements. Thus, measurement sites must be chosen carefully and timeseries
interpreted with caution with the surrounding terrain considered. In general, interpolation of
observations should be avoided due to the natural heterogeneity of precipitation at temporal and
spatial scales (Kidd et al., 2017). This general variability is enhanced in complex terrain.

3 Methodology

The gridded ICRA precipitation dataset is compared to observations from selected rain-gauges.
Several techniques for retrieving representative grid-point data relative to a given station are
described later in this section. Comparisons between observed and modelled precipitation give
an estimate of the uncertainty and the potential difference between observations and ICRA data.
From this comparison, an EVA method is selected for the ICRA data. Lastly, return period maps
are produced using the ICRA dataset.

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, either observed or simulated. These
extreme values are found in the tails of a probability distribution, in the case of precipitation in
the right tail, see Figure 3. 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. Ever since
its introduction in the 1920s (Fisher and Tippett, 1928), EVA has been used in a large domain
of disciplines such as meteorology, hydrology, human sciences as well as finance (e.g.
Embrechts et al., 1997; Watts et al., 2007). Basic concepts will be presented here through two
methods for finding the return levels: the Block Maxima approach and the Peak-over-Threshold
approach. The theory presented in this chapter is far from exhaustive and it is derived from Coles
(2001), where extensive details can be found.

Figure 3. A schematic of a probability distribution (blue line) representing precipitation. The
extreme values are located on the right tail of the distribution (red shading). The vertical
dashed line shows the maximum precipitation frequency.
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3.1 Block Maxima

In EVA, 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 meteorological and hydrological data, it is common to use the maximum hourly or daily
measurements values from each 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 of the form:

G(2) = exp {[1 ‘e (z - u)]—l/s}

o

where z is the extreme value and u, o and ¢ are the three parameters of the GEV model G(z),
defining location, scale and shape parameters, respectively. This three-parameter distribution
unites the three possible extreme value distributions, namely type I (Gumbel), type II (Fréchet),
and type III (Weibull). The choice of distribution type depends on the extreme value
characteristics of the parent dataset. This can be established by the shape factor & The shape
factor determines which GEV distribution is applicable, based on the following conditions:

Type I (¢ =0, Gumbel): G(z) = exp {—exp [— (?)]} ZER

0, Z< U

Type II (¢ >0, Fréchet): G(z) = {exp {[_ (ﬂ)]—l/f}’ z>u
s u\1-1/¢

Type 111 (& <0, Weibull): G(z) = {ex” {_ [_ (Tu)] 1 } Zs i

1, z< U

Once the GEV distribution has been fitted to the AMS, the return level r associated with the
return period 1/p can be estimated with the formula:

i-n —%{—zog(l -p)E|, g0
u—alog{-log(1—p)}, §=0

Furthermore, 7 is defined as the value expected to be exceeded on average once every 1/p year.

The Block Maxima approach is a simple method to implement as the data pre-processing
requires only the creation of AMS by taking the yearly maxima at the time frequency considered.
However, the main weakness is the omission of many possibly significant events because they
do not represent an annual maximum value, even though they could be larger than maxima from
other years. Also, there is a small potential for including dependent events if the yearly maximum
spans a change of year.

21



3.2 Peak-over-Threshold

Another approach in EVA is known as the Peak-over-Threshold method. In that case, all
independent values from a timeseries that exceed a defined threshold, are extracted and fitted to
a family of distributions known as the Generalized Pareto (GP) family. The GP family of
distributions has the following form:

Hx) =1- [1 +¢& (x _ u)]_l/f

o

where x is the threshold excess, u is the threshold, ¢ the scale parameter and ¢ the shape
parameter. Note that £ is equal to the shape parameter of the corresponding GEV distribution.
Return level 7 is defined as the value that is exceeded once every m observations and can be
calculated as follows:

o
B u+E[(m(u)<’—1], E+0
u + glog(mq,), &E=0

where m = N-n, with N being the return period, n,, the total number of values in the timeseries
and ¢, the probability that the value is larger than u.

Most of the main issues encountered by the Block Maxima model from a physical point of view
are solved by the Peak-over-Threshold method as the extreme values extracted from the time-
series are not limited by their year of occurrence. However, the user must instead ensure
independency of values and define a suitable threshold. In general, values in meteorological
timeseries are dependent but, by declustering the data with a suitable minimum time window,
the remaining values can be assumed approximately independent. For Icelandic conditions, a
time window of five days as the minimum time separating two values in a timeseries was
selected. It is a realistic interval due to extreme precipitation being associated with weather
systems, and thus a synoptic timescale is appropriate to ensure independent events. Furthermore,
the same interval has been used for extreme analysis of winds in Iceland (Petersen, 2015). The
biggest challenge when setting up the Peak-over-Threshold model is to select a threshold that is
large enough not to violate the basis of the GP distribution, but low enough so that enough data
are extracted from the original timeseries. Several methods exist to determine the ideal threshold
for a timeseries, often done manually (e.g. Coles, 2001). This is not possible when dealing with
a large set of timeseries. One way of generalising thresholds for large datasets is to use a
percentile, for example the 90" percentile (DuMouchel, 1983), or the square root of n, where n
is the number of data (Ferreira et al., 2003). Threshold selection has been the subject of wide
research, and an overview of the different options is given by Scarrott and MacDonald (2012).

3.3 Estimation of the distribution parameters

Several methods exist to estimate the parameters of the GEV and GP distributions, with the
Maximum Likelihood Estimation (MLE) being the one most widely used. The maximum
likelihood estimators are obtained by maximising the likelihood function (Fisher, 1922;
Hosking, 1985). Another method makes use of the L-moments that are defined as linear
combinations of expected values of order statistics. The L-moments method has been shown to
give less weight to outliers in the data and can sometimes lead to more efficient parameters
estimates than the MLE (Hosking, 1985). Many other methods have been introduced and
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compared (Makkonen and Tikanmaki, 2019), but only those two have been used in this study,
mainly to test the sensitivity of the results.

3.4 Software used for computation

In this project, the calculation of return levels was done using the R programming language (R
Core Team, 2014) with a package called extRemes (Gilleland and Katz, 2016). The package
provides many functions and visual tools for EVA. The main functions used in this project
covered the fitting of GEV and GP distributions using MLE or L-moments methods, in addition
to a declustering function and a return level computation. Most of the pre-processing of the data
was done using the Python programming language (Python Software Foundation,
https://www.python.org), e.g. the extraction of the AMS for the Block Maxima approach. The
Climate Data Operator (CDO, Schulzwida, 2019) was also used to apply simple operations
directly to NetCDF data files.

4 Data

4.1 Precipitation measurements

In 1995, the first automatic digitised rain gauges were established in Iceland, recording precipi-
tation on an hourly basis. Today, IMO operates more than 70 automatic stations around the
country, most of them with a measurement frequency of 10 minutes. In this study, only gauges
that had been recording for more than 10 years and that counted less than 1,000 missing days of
data over that period were selected, with three exception (due to long series), resulting in 49
stations. Among those stations, 12 were hand-picked as control stations and will subsequently
be used to test results from the ICRA reanalysis. Those stations were selected due to their
location in narrow fjords or close to complex orography (Eskifjordur and Neskaupstadur in the
east; Flateyri, {safjordur and Sudavik in the north-west), their exposure to frequent flash-
flooding events (Siglufjordur and Olafsfiordur in the north, Seydisfjordur in the east), their
annual rain intensity (Kvisker and Laufbali in the south-west) or the quality and long timespan
of their recording (Reykjavik and Hofn i Hornafirdi, see Figure 4 for locations).

Table 1 lists all 49 stations along with the date of their first recording of precipitation, total
number of missing daily values and maximum recorded daily precipitation (from midnight to
midnight). The 12 control stations are listed alphabetically in the first rows of the table and are
written in bold characters for emphasis. Other stations then follow in the table and are listed
according to their geographic location. Note that even though Siglufjorour, bykkviber and
Hagongur do not fulfil all criteria, their timeseries extend over more than a decade and the
stations were therefore kept in this study.
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Table 1. Station list along with the date of their first recording, the number of missing daily
values since they started recording and the highest recorded values in mm day™. The first 12

stations (bold) are the control stations.

Station Abbreviation First day of Number of Maximum daily
recording missing daily value
values mm day™!
days

Eskifjorour ESK 1998-10-24 103 188
Flateyri FLA 1997-10-21 29 80
Hofn i Hornafiroi HOFN 2008-01-01 167 80
Isafjorour ISA 1998-09-25 0 56
Kvisker KVI 2009-01-01 488 185
Laufbali LAUF 2004-06-01 780 134
Neskaupstaour NESK 1997-10-27 0 198
Olafsfjorour OLAFS 1997-10-30 372 132
Reykjavik RVK 1997-01-01 2 56
Seydisfjorour SEYD 1995-11-10 69 160
Siglufjorour SIGL 1995-11-09 1,064 138
Sudavik SVK 1999-09-29 42 36
Grindavik GVK 2009-01-01 0 49
Korpa KOR 2000-01-01 268 73
Hellisskard HELL 2001-01-18 343 141
Olkelduhéls OLK 2001-01-18 141 157
bingvellir bVL 1998-03-01 277 77
Hvanneyri HVA 1999-01-01 47 93
Fiflholt FIF 2006-03-01 125 50
Gufuskalar GUF 2005-01-01 175 61
Olafsvik OVK 2000-04-05 291 178
Grundarfjorour GRU 2005-01-01 0 167
Stykkisholmur STYK 2005-06-11 27 42
Patreksfjorour PATR 1996-04-27 295 75
Télknafjordur TALK 2009-01-01 181 60
Bildudalur BILD 1998-09-26 12 80
Bolungarvik BOL 2005-01-01 7 50
Nautabu NAU 2005-02-05 65 39
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Blonduos BLO 2005-01-01 5 33
Modruvellir MOD 2005-11-01 58 82
Akureyri AKU 2005-12-01 120 51
Hallormsstadur HALL 1999-10-01 304 97
Dalatangi DALA 2006-10-01 473 111
Egilsstadaflugvollur | EGIL 1998-11-01 87 64
Raufarh6fn RAUF 2005-05-26 0 53
Bruaaroraefi BRUA 2007-01-01 358 64
Karahnjukar KARA 2003-09-01 3 35
Bru 4 Jokuldal BRU 1998-11-17 64 46
Eyjabakkar EYJA 2003-09-01 87 79
bykkvibeer PYKK 1996-09-24 1,130 57
Samsstadir SAMS 2000-07-01 392 100
Kirkjubeajarklaustur | KLAU 2006-09-01 7 83
Kaltholl KALF 2005-01-01 119 70
Burfell BURF 2003-09-01 48 59
Vatnsfell VATN 2004-12-01 219 53
Veidivatnahraun VEID 2003-09-01 451 56
Hagoéngur HAG 2004-08-26 1,197 48
Hveravellir HVE 2002-06-27 114 73
Sandbuoir SBb 2003-09-01 403 56

As seen in Figure 4, the IMO rain gauge network is generally well-spread around the country.

However, there is only one station in NE-Iceland between Akureyri and Egilsstadir and only a
few stations in the northern highland. Dividing the country into five sectors, 15 stations can be
found in the north-eastern quadrant (most of them in the Eastfjords and the north-eastern
highland), four in the southeast, 12 in the southwest, 13 in the northwest and five in the central

highlands.
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Figure 4. Location of selected IMO automatic weather stations measuring precipitation in
Iceland in 2019. The control stations are marked by red dots, other stations by blue dots.
Quadrants (NW, SW, SE, NE) and highland regions (HL) are also represented.

As can be seen in Table 1, of the stations listed, Neskaupstadur holds the record for the highest
daily value of precipitation with 198 mm day™', recorded in October 1997. Figure 5 presents
daily observed precipitation at all stations where values exceeded 10 mm day ', ranked
decreasingly, showing that there are 109 occurrences exceeding 100 mm day ™', but only nine
occurrences of more than 150 mm day '. Among those 109 occurrences, are the events that
induced floods in Neskaupstadur on 27 November 2002 (146 m day ') and 28 December 2015
(102 mm day ), as well as in Siglufjérdur on 28 August 2015 (101 mm day ).
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Figure 5. Daily observed precipitation as measured at all stations ranked decreasingly with a
cut-off value of 10 mm day™. The inset graph shows values above 100 mm day™.

4.2 Reanalysis

Hourly simulated precipitation are retrieved from the ICRA dataset based on the non-hydrostatic
NWP HARMONIE-AROME mesoscale model with horizontal resolution of 2.5 km. ICRA
starts on 1 September 1979 and currently ends on 31 August 2017, providing data for 38 entire
years. Precipitation rate is not a direct output of the model but a sum of different type of
precipitation rates: the rainfall rate, the rate of fall of graupel and the snowfall rate.

Nawri et al. (2017) provides extensive background regarding the model set-up and quality of the
simulation. Model biases of precipitation are shown to be mostly negative along the south coast
and less negative or slightly positive over the northern part of the country. Regions of complex
orography such as the Westfjords have both positive and negative biases in winter but a close
match with measured values in summer. Due to the larger precipitation events being associated
with weather fronts, the model’s underestimation of convective precipitation has little effect on
general precipitation biases.
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Figure 6. Four methods to derive a precipitation value from a given location (red dot) based
on values from a regular gridded dataset (black crosses). Values are indicative and not based
on actual data.

4.3 Extraction of the ICRA timeseries

In order to validate the use of the ICRA dataset, results from the reanalysis have been compared
to measurements at the 12 control stations. Four options were investigated to retrieve the data at
the location of the control stations, as shown in Figure 6. The simplest method picks the value
of the nearest grid-point to the location of the station. The other methods use the weighted-
average among the four nearest grid-points or select the maximum value among the four or nine
nearest grid-points.
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5 Results

5.1 Comparison of precipitation intensity between ICRA and
selected rain gauge stations

In this section, the focus is on the results for the rain gauge stations. As stated in Section 4.1, 12
control stations were selected to investigate the strengths and limitations of the reanalysis before
applying the tests and methods to the entire set of rain gauges.

5.1.1 Interpolation of ICRA results at station locations

In Section 4.3, four interpolating techniques were introduced for retrieving values at station
locations from a gridded dataset. By applying them all to the control station data, the daily
simulated values can be compared to daily observations in order to select the method that gives
the best fit. Figure 7 presents results from those interpolations in the form of scatterplots and
quantile-quantile plots (Q—Q plots) for Eskifjordur, comparing the results of daily measurements
and daily ICRA data over a 10-year period. Only summer months between May and October
were used in order to discard most of the snowfall, which is often under-caught by the gauges.
In Q—Q plots, each quantile of the observed timeseries is plotted against the corresponding
quantile from the ICRA timeseries, to see if both datasets share a common distribution. In this
case it can be seen in both scatterplots and Q—Q plots that the observations are usually higher
than the simulated values. Those differences increase for values above 40 mm day ', as seen
clearly in the Q—Q plots. In order to further quantify those differences, two indices are
considered: the root-mean-square error (RMSE) and the mean error (ME), shown above the plots
in Figure 7. In this case, there is little difference between the nearest grid-point method and the
weighted average of the four nearest grid-points. However, when all 12 stations are considered,
the weighted average has the smallest RMSE (Table 2). Moreover, it should be noted that the
results do not differ greatly when considering intervals shorter or longer than a day. Results are
also similar when selecting only values above 10 mm day ' and only values above the 90™
percentile (not shown). A decision was made to use the weighted average method and entire
timeseries were then extracted at the station locations.
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Figure 7. Scatterplots (left panels) and Q—Q plots (right panels) comparing daily precipitation
(mm day™) from the ICRA dataset and observations with different extraction methods for
station Eskifjordur. Only data from May to October between 2007 and 2016 were used. RMSE
and ME are given for each method in mm day™.
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Table 2. Evaluation of the four interpolation methods for scatter and Q—Q plots. For each
interpolation method, the number of stations where the method showed better RMSE values is
counted for the 12 control stations.

Nearest grid-point 3

Scatterplots Weighted average among four nearest grid-points 8
Maximum among four nearest grid-points 1

Maximum among nine nearest grid-points 0

Nearest grid-point 5

Q—Q plots Weighted average among four nearest grid-points 6
Maximum among four nearest grid-points 1

Maximum among nine nearest grid-points 0

5.1.2 Station statistics

For each station, the 20 highest daily measurements of precipitation have been ranked. Those
values are compared to the simulated daily values for the same days and a closeness coefficient
used to determine how well the values from the ICRA dataset match the measurements. The
closeness coefficient, CC, is calculated as follow:

_ min (ICRA, obs)
" max (ICRA, obs)

X 100%

CC 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 should be used as a
percentage match between two values of a same event. An example is given for station
Neskaupstadur in Table 3. For some events, ICRA results are close to the observed value, e.g.
on 19 May 2011 while in other cases it seems to have almost missed the event. This is apparent
for the most extreme event on 13 May 2017 when the simulated daily value is only one third of
the observed amount. However, it should be noted that Neskaupstadur is a challenging location
to both simulate and measure precipitation, as the station is in a narrow fjord with steep
mountains and a variable spatial distribution of precipitation is therefore likely. Note that the CC
is always between 0 and 100% and therefore does not distinguish between overprediction or
underprediction of the ICRA compared with the observations.
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Table 3. The values and dates of the 20 highest daily values of precipitation (mm day™) in
Neskaupstadur, ranked in descending order according to measurements. Corresponding

values from the ICRA dataset are shown, as well as the closeness coefficient (%).

Daily precipitation Closeness
Rank mm day™ coefficient Date
Observations ICRA %
1 198 66 34 13-05-2017
2 149 107 72 19-10-2004
3 148 130 88 23-09-2007
4 147 91 62 09-02-2017
5 146 26 18 27-11-2002
6 146 73 50 07-10-2008
7 142 49 34 01-06-2017
8 139 92 71 23-06-2017
9 127 50 39 28-12-2005
10 115 120 96 19-05-2011
11 114 94 82 26-12-2010
12 111 65 59 30-09-2005
13 106 57 54 13-11-2015
14 102 77 76 14-05-2017
15 97 84 87 27-05-2013
16 96 73 77 15-09-1999
17 96 66 69 30-06-2004
18 96 75 79 09-01-2017
19 95 39 41 06-11-2014
20 94 67 70 07-11-1998

Figure 8 illustrates the average CC of the 20 highest precipitation events for each station, ranked
in descending order. The range varies greatly, from an average CC of almost 80% (Laufbali)
down to 20% (Hallormsstadur). Neskaupstadur aligns close to the middle of the ranked stations
with an average CC of 62.9%. For the remainder of the study, stations with an average lower
than 50% are discarded, leaving 43 stations for further research. Unrepresentable observations
are the most likely reason for CC fits below 50. For example, the rain gauge in Hallormsstadur
is located in a forest so the measurements are probably affected by tree-cover, resulting in an
undercatch of precipitation. Eyjabakkar, Sandbdir, Bri and Braaraoreafi are all located in the
highland in remote locations where the weather conditions are often challenging, and solid
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precipitation is possible throughout the year. In the case of Laufbali, the CC is surprisingly high
for a highland station. The average CC of the 20 highest precipitation events of all stations above
50% is 64.9%.
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Figure 8. Stations ranked according to their average CC (%) for the 20 highest rainfall daily
events. The control stations are represented by the red bars. The horizontal dashed line
indicates a CC of 50%.

In order to test for the difference between daily precipitation from midnight to midnight and
precipitation accumulated over a rolling 24-hour window, the 50 highest daily accumulated
precipitation events were selected and compared to the 50 highest 24-hour accumulated pre-
cipitation events at each control station. Timeseries for simulated precipitation were narrowed
to match timeseries of observed precipitation. Only values separated by at least five days were
kept in order to consider only independent events. Figure 9 shows the results normalised for all
control stations, using both the observation and the ICRA datasets over the same period. As
expected, precipitation accumulated over 24 hours always leads to higher values than from
midnight to midnight. This is reflected by the values of the RMSE averaged over the 12 control
stations: 14% for the observations and 13% for the reanalysis. A decision was made to focus on
daily values so that the revised results were comparable to the 1M5 map from Eliasson et al.
(2009). Furthermore, 1M5 values based on 24-hour accumulated precipitation are also presented
at the end of the report.
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Figure 9. Ranked values of the 50 highest 24-hour accumulated precipitation events plotted
against ranked values of the 50 highest daily precipitation events. Results were normalised
for the observation (left) and ICRA (right) datasets based on available, overlapping timeseries
for the station in question. The colours show the 12 control stations.

5.1.3 Histograms

For each control station, histograms of observed and simulated precipitation accumulated over
three hours, have been created for the three largest daily precipitation events. The histograms
cover a time span of 72 hours, thus including one day before and one day after the event.

These histograms are helpful to understand how the model represents extreme precipitation. It
is worth noticing that even if the model does not reproduce exactly the hourly development of
the extreme precipitation event, the accumulated precipitation values over the 72 hours are often
close to the actual measurements. Histograms comparing hourly accumulated observations and
simulations were also produced, but they are not presented here as they lead to the clear
conclusion that the model is unreliable for time duration shorter than three hours. Figure 10
shows an example for the station Laufbali, illustrating the good fit between observations and
simulations over the 72-hour timespan, even when 3-hour accumulated precipitation is not
correctly reproduced by the model. Histograms for the other control stations can be found in
Appendix . It should be noted that the precipitation measurements depicted in the histograms
have not been corrected for undercatch so that some overprediction by the modelled results
should be expected.
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Figure 10. Histograms showing 3-hour accumulated observed (blue) and simulated (orange)
precipitation (mm) over 72 hours for the three largest precipitation events at Laufbali. Dashed
lines show the corresponding accumulation over 72 hours.

5.1.4 Heat maps

Heat maps were also produced for each of the 12 control stations for the three largest precipita-
tion events over a 3-day span (from one day before the event until one day after). The heat maps
in this report are a gridded representation of precipitation distribution, allowing spatial
variability and magnitude to be displayed in colour. An example is given in Figure 11 for
Neskaupstadur, for the other control stations see Appendix II. Those heat maps help to visualise
if values closer to the observed ones are to be found outside the four nearest grid-points used for
the interpolation of the reanalysis. For the second day (which is the day with the highest observed
precipitation), the reanalysis underestimates the precipitation with 107 mm day ' simulated
against 149 mm day ' measured (bar diagram on the right). However, only a few grid-points to
the southwest of the station, a value very close to the observations can be found (147 mm day™
1, showing that the model is able to simulate values close to the ones observed, but with a small
spatial shift (in this case between 5 and 10 km).
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Figure 11. Heat maps showing daily precipitation from the ICRA dataset around the four
nearest grid-points (red squares) to station Neskaupstadur over a 3-day period, with
corresponding bar diagrams indicating the observed value at the station (orange) and the
simulated value (blue). The station is located within the four nearest grid-points. The yellow
circle shows the grid-point with the closest value to the measured precipitation on day two.
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Figure 12. Stacked heat map for station Seydisfjorour for the 10 largest daily precipitation
events (mm) from the ICRA simulation. The red cells show the four nearest grid-points to the
location of the gauging station, the corresponding station measurement is indicated above the
heatmap. The yellow circle shows the grid-point with the closest value to the measured
precipitation.

This is further apparent in Figure 12, where the 10 highest daily events have been stacked for
station SeyOisfjordur. At the location of the gauge, the ICRA results underestimate the
accumulated precipitation by around 250 mm (which is not a bad result considering the number
of events stacked). Moreover, only 5 to 10 km to the northeast, a value of 1,133 mm has been
simulated which is extremely close to the one measured by the gauge (1,131 mm).

These examples illustrate the usefulness of the ICRA results for identifying the highest daily
precipitation events, even though a small spatial shift is noticeable as may be expected due to
the smoothing of the terrain to create the orography used in the ICRA downscaling.
Consequently, the ICRA results should be interpreted in relation to neighbouring grid-points to
produce the IM5 map presented later in this report (Section 5.4), as described below. However,
station measurements are still required for verification purposes and statistical analysis, such as
the production of IDF curves (Section 5.3). Additionally, note that the stations in Figure 11 and
12 are in fjords and the high precipitation values are therefore influenced by local terrain.
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Figure 13. Daily simulated precipitation (blue bars, mm) at station Eskifjérdur for the period
2009-2015. The values kept for the AMS are marked with red circles. The dashed lines show
the start of each calendar year.

5.2 Model implementation and selection

As stated earlier, the aim of this research is to reassess and update return levels of extreme
precipitation in Iceland using recent precipitation measurements at automatic weather stations
and high-resolution precipitation downscaling with the HARMONIE-AROME model. Two
methods were introduced in Section 3 and will here be tested to determine the methodology of
calculating new return levels for the production of IDF curves and a new 1M5 map.

5.2.1 Block Maxima

Implementing Block Maxima was done in the following several steps. From ICRA, hourly
precipitation was extracted at each control station by interpolating the data to the station location
using the weighted average among the four nearest grid-points. The precipitation was then
summed over different time durations (3, 6, 12, 24 or 48 hours) for comparison with accumulated
observations. For each duration, yearly maximum values were kept to produce the different
AMS. An example of data kept for an AMS is shown in Figure 13. The GEV was then fitted for
each AMS using both MLE and L-moments methods to find the shape, location and scale
parameters. Finally, return levels were calculated for 2, 5, 10, 25, 50 and 100 years.

5.2.2 Peak-over-Threshold

Implementing this model demands more pre-processing of the data than for the Block Maxima
method. After obtaining complete timeseries for all time durations in a similar way as for the
Block Maxima, a threshold needs to be selected. As mentioned already, it is impossible to
manually choose the threshold for each of the 66,181 timeseries. Instead, in this study, at each
grid-point, the 90™ percentile was selected as the threshold. A few other thresholds were tested,
e.g. the 95" percentile, but the differences in results were relatively small. To ensure independent
data points, the data were then declustered using a minimum time window of five days. An

38



example of declustering applied to daily accumulated values is shown in Figure 14 for a
randomly selected grid-point. Here, the 90" percentile threshold corresponds to a value of 11.1
mm. If no declustering is performed the above-threshold timeseries would contain 1,017 daily
values. However, after implementing a minimum time window of five days, the number of
values drops to 639, emphasising that precipitation events often last for a few days. In Figure
14, only the first 1,000 days of the timeseries are displayed, for visualisation reasons only, and
it shows that values above the threshold that are not separated by at least five days are discarded
by assigning them to the threshold value, meaning that they are not used for the fitting. The GP
distribution is then fitted to the declustered data using either MLE or L-moments methods and
return levels for 2, 5, 10, 25, 50 and 100 years are calculated.
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Figure 14. Declustering of the first 1,000 days of data for a randomly selected grid-point (150,
150) using a minimum time window of five days. The 90" percentile threshold is represented
by the dashed line and data within the time window are coloured in grey, moved to the
threshold line and not used for the GP fitting. The figure is plotted with the extRemes package.

5.2.3 Method selection

Table 4 shows the return levels for daily accumulated precipitation in Eskifjordur, applying both
Block Maxima and Peak-over-Threshold methods with MLE and L-moments. The results are
very much within the same range using either model for return periods up to 10 years. For both
models, the L-moment method of estimating the parameters gives the higher values. For return
periods above 25 years, results between methods fluctuate more and the Peak-over-Threshold
method always gives higher values.
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Table 4. Return levels (mm day™) for station Eskifjorour for different return periods using
daily ICRA values. Values are given for both models using MLE and L-moments methods.

Return level for daily precipitation
Return period mm day”!
Block Maxima Peak-over-Threshold
MLE L-moments MLE L-moments

2 years 78 78 78 80
5 years 95 96 97 100
10 years 104 105 111 116
25 years 113 115 126 132
50 years 119 122 146 155
100 years 124 127 162 174

This trend is confirmed for the other control stations: for return periods of up to 25 years, results
with both methods are similar. Block Maxima and Peak-over-Threshold are both valid models
with distinct and different strengths and weaknesses. Thus, for the rest of the study the method
that gives the closest results between observations and ICRA is used. As discussed earlier,
timeseries for simulated precipitation were narrowed to match timeseries of observed
precipitation as measured at the 43 selected stations. Days where no measurements were made
were discarded from the reanalysis data for the comparison to be made between two timeseries
of the same length.

Figure 15 presents scatterplots for each method plotting return levels based on observations
against simulations for all control stations, time durations (3, 6, 12, 24 or 48 hours) and
return periods (2, 5, 10, 25, 50 and 100 years). RMSE and ME averaged over the data are also
shown. The Peak-over-Threshold method gives less differences between ICRA and observations
at the control stations with RMSE between 1.5 and 2 mm h!' while RMSE values for Block
Maxima method are around 2.5 mm h™'. ME values are also closer to 0 mm h! for the Peak-
over-Threshold methods.
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Figure 15. Scatterplots comparing return levels of precipitation (mm h™) based on simulations
and observations. The panels show results for different methods and the colours show the
different stations, with each point representing a time duration (3, 6, 12, 24 or 48 hours) and
return period (2, 5, 10, 25, 50 or 100 years), totalling 30 points. Note that ME and RMSE

values are shown for each method.

Those results are confirmed in Table 5, where RMSE is used to quantify the goodness of fit at
each control station. Lower RMSE values are calculated for the Peak-over-Threshold methods
with the lowest values obtained for five stations (out of the 12 control stations) with MLE and
also for five stations using L-moments. The Peak-over-Threshold method is therefore chosen

rather than the Block Maxima method.
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Table 5. RMSE (mm h™') between return levels based on observations and ICRA at each station
for all methods, time durations and return periods. Minimum values for each station are shown

in bold.
Station RMSE mm h™
Block Maxima Peak-over-Threshold
MLE L-moments MLE L-moments
Eskifjorour 2.72 2.78 293 2.68
Flateyri 0.53 0.55 0.41 0.52
Hofn 2.45 1.62 0.23 0.63
Isafjorour 1.07 1.07 0.50 0.53
Kvisker 4.35 1.35 1.00 1.86
Laufbali 1.39 1.12 1.87 1.95
Neskaupstaour 4.64 4.60 3.88 3.81
Olafsfjorour 2.01 2.63 1.40 1.25
Reykjavik 1.96 1.01 0.33 0.27
Seydisfjorour 4.39 4.73 0.65 0.48
Siglufjorour 1.65 1.90 2.38 2.18
Sudavik 0.82 0.75 0.50 0.56

Given that it is difficult to conclude on a choice between the two estimation methods from the
control stations, CC was calculated for all 43 stations with MLE and L-moments for the 10-year
return period on daily observed and simulated precipitation. Results are shown on a map in
Figure 16. The 10-year return period was selected as it is expected to give reliable values

considering the datasets available (observed timeseries of up to 20 years are only available at a
handful of stations). Using MLE gives slightly better results, with a mean CC on all stations of
91.3% against 90.7% with L-moments. Moreover, MLE gives CC superior to 90% in 29 stations
against 26 stations with L-moments. The Peak-over-Threshold method with MLE is therefore
used in the rest of the study to reassess return periods of extreme precipitation.
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Figure 16. Closeness coefficient (%) between observations and simulations for daily
precipitation with a 10-year return period at the 43 gauging stations selected for the study.
Results are presented for Peak-over-Threshold method with MLE (top) and L-moments

(bottom).
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Figure 17. IDF curves for station Kvisker from the entire ICRA dataset. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

5.3 IDF curves

IDF curves have been created for each gauging station using the Peak-over-Threshold approach
with MLE applied to the entire reanalysis timeseries. Return levels for the periods 2, 5, 10, 25,
50 and 100 years were calculated for 3-, 6-, 12-, 24- and 48-hours accumulated precipitation. As
noted in Section 5.1.3, values for time frequencies smaller than 3 hours were not calculated, as
the ICRA does not reliably match the observations for resolution of less than 3 hours. The results
were calculated using fixed clock-time intervals.

An example is given in Figure 17 for Kvisker and IDF curves for each of the selected station can
be found in Appendix III. Contrary to the 1MS5 values, given in mm day ', precipitation intensity
in IDF curves are to be read in mm h™! on the y-axis. From the figure, daily precipitation with a
5-year return period at Kvisker is 7.6 mm h™' or 182 mm day'. It should be noted that the
precipitation intensity at Kvisker is high compared to other stations as it is located in the wettest
lowland region of Iceland.

Appendix III contains individual station tables showing the return values for the same return
periods and durations as in Figure 17. An example is given in Table 6 for station Seydisfjordur.
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As expected, the amount of precipitation over a given interval increases with the duration of the
event. However, for some stations such as Seydisfjordur, Olafsfjordur or Siglufjordur, when
converted to mm h™' and shown as IDF curves, 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.

Table 6. Return levels based on the entire ICRA dataset for station Seydisfjordur. Values are
given for 3-, 6-, 12-, 24-, 48-hour duration with a 2-, 5-, 10-, 25-, 50- and 100-year return
period.

2 years 5 years 10 years 25 years 50 years 100 years
3 hours 14 19 23 28 35 41
6 hours 29 38 45 52 62 71
12 hours 56 72 85 99 118 133
24 hours 96 117 133 149 170 186
48 hours 147 177 200 223 253 276

5.4 Revised 1MS map

A new 1M5 map has been obtained with the Peak-over-Threshold method with MLE and is
presented in Figure 18a. Timeseries were extracted for each land grid-point of the ICRA dataset
and daily precipitation values with a 5-year return period were calculated for each grid-point
independently. Contour lines were then selected to match the current IMS map by Eliasson for
further comparison purposes, with dark green colour for lowest values and bright red for highest
values.

Because of the model’s 2.5 km horizontal resolution, the grid-points do not match the coastlines
perfectly and many fjords in the West- and Eastfjords regions are too narrow to be resolved
properly. As a result, in some places the isolines give values ofthsore, and these were left
deliberately to emphasise the model’s spatial resolution.

On the new map, higher values are found over icecaps (most notably on Vatnajokull, Myrdals-
jokull and Langjokull). The highest 1MS5 value is 435 mm day ' and it was calculated for a
grid-point on the southern part of the Vatnajokull icecap. Except for Snefellsjokull and
Drangajokull, higher values are to be found on the southern sides of the icecaps. Lower values
were calculated in drier lowland areas with a minimum 1MS5 value of 25 mm day'. The
northern lowlands are generally drier with a large dark green area on the map corresponding
to 1M5 values lower than 40 mm day!. Lowlands in the southern half of the country typically
have values ranging between 40 and 60 mm day ' and a few places under 40 mm day .
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 ' in the East
and values between 60 and 140 mm day ' in the Westfjords. Locally, higher values are also
reached in other mountainous regions such as Blafjoll, Trollaskagi or Flateyjarskagi. The
median 1M5 value throughout Iceland is 63 mm day .
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However, a problem with this new map is the tendency for artificially lower extreme values near
the coast in steep mountainous terrain, for instance in the Eastfjords and Trollaskagi. In those
regions, 1MS5 values near the coast are reduced by tens of percent compared with higher values
in the mountains just a few kilometres farther inland. This artificial gradient in the 1MS5 values
is caused by the smoothing of the terrain on the 2.5 x 2.5 km computational grid, whereas in
reality the terrain may be steep and rising to more-or-less full relief near the coast. Consequently,
each grid-point of the M5 map was post-processed by selecting the maximum return level from
the nearest nine grid-points, resulting in a square-shaped filter (Figure 18b). This shifts high
IMS5 values simulated in mountainous terrain up to 2.5 km horizontally. This arbitrary post-
processing has the drawback that it will extend too high 1MS5 values into precipitation shadows
on the lee side of mountains, but this is a less serious bias than an underestimate in the extreme
precipitation on the windward side, where many settled areas are located.
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Figure 18a. The new IM5 map based on daily precipitation from the entire ICRA dataset using
the Peak-over-Threshold method with MLE.
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Figure 18b. The new IM5 map based on daily precipitation from the entire ICRA dataset using
the Peak-over-Threshold method with MLE, modified using a maximum-value filter among the
nine nearest grid-points. Note that the square-shaped imprinting on the map is an artefact of
the filtering procedure.
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6 Discussion

6.1 Differences in return levels between observed and
simulated precipitation

Table 7 shows 1M5 values for the control stations using the Peak-over-Threshold method with
MLE on both the ICRA results and observations. For comparison purposes, the timeseries are
identical for each station and days with no observations were also discarded in the reanalysis.
Overall, results are within the same range, with CC ranging from 71% for station Neskaupstadur
to 100% for Reykjavik. The return levels differ more for stations located in complex terrain such
as Neskaupstadur, isaﬁ ordur, Sudavik and, to a lesser extent, Eskifjorour, as well as for stations
located in wet areas (Kvisker and Laufbali) where ICRA results give higher values. For the
remaining stations, Flateyri, Hofn i Hornafirdi, Seydisfjordur, Reykjavik as well as for the
Trollaskagi stations (Siglufjérdur and Olafsfjordur), the differences are smaller and CC are
above 90%.

Table 7. IMS5 values (mm day™) for each control station as obtained by the Peak-over-
Threshold with MLE from ICRA and observations.

Station 1MS values Peak-
over-Threshold with MLE mm
y cc
day
%
ICRA Observations
Eskifjorour 97 108 89
Flateyri 58 56 97
Ho6fn i Hornafiroi 60 61 98
Isafjorour 56 43 77
Kvisker 164 138 84
Laufbali 132 109 83
Neskaupstaour 99 140 71
Olafsfjorour 90 9] 99
Reykjavik 36 36 100
Seyoisfjorour 119 111 93
Siglufjorour 98 103 95
Sudavik 41 33 80

Although comparisons of the 1MS5 values for all control stations using the Peak-over-Threshold
method with MLE on both ICRA data and observations are promising, the differences in some
cases is quite large. This can also be seen when looking at the IDF curves for the control stations.
Figure 19 shows IDF curves based on observed and simulated precipitation for two stations:
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Hofn 1 Hornafirdi and Neskaupstadur. The former station has the lowest RMSE when applying
the Peak-over-Threshold with MLE on observations and ICRA data over various durations and
return periods, while the latter has the worst fit out of the control stations (see Figure 15 and
Table 5 for RMSE values). For Hofn i Hornafirdi, IDF curves based on the ICRA results follow
quite closely the curves calculated from the observations, even for return periods of 50 and 100
years. For Neskaupstadur, results from ICRA are further away from the results from the
observations, as was expected from the large values of RMSE and CC (3.88 mm h™' and 63%,
respectively) than for the other control stations. Here, it is important to remember that I[CRA
systematically underestimates precipitation in Neskaupsstadur, giving return levels much lower
than values derived directly from measurements. Those differences are more pronounced when
looking at particular events. In Section 4.1, values of intense daily precipitation that led to
notable floods were given as examples and they can now be associated with return periods. In
Siglufjérdur, 101 mm day' were measured in August 2015 corresponding to a 5-year return
period based on observations and simulations (103 mm day ' and 98 mm day ', respectively).
However, the 146 mm day ' measured in Neskaupstadur in November 2002 is an event that
occurs every 5 to 10 years according to observation-based results, whereas it corresponds to a
100-year return period event in the ICRA dataset.

When assessing the quality of the ICRA precipitation, the observations are considered to be
accurate; however, it should be noted that it is clearly an oversimplification. Firstly, precipitation
measurements are point measurements of a highly nonhomogeneous field and secondly there are
large measurement uncertainties related to wind speed and precipitation type. As seen in Figure
19, in some places, results based on ICRA data are comparable to those based on observations,
but there are also places where that is not true. In some cases, the difference is due to the
precipitation measurement not being representable. This is known to be the case in Hallorms-
stadur and some highland stations (see Section 5.1.2). In narrow fjords and valleys, the model
may not be able to represent the precipitation pattern, or the rain gauge may measure a local
point maximum that the simulation cannot represent at its 2.5 km horizontal resolution. In fact,
it may be impossible to determine the difference without a field campaign with multiple rain
gauges and, even in such a case, the results from one area may not be representative of another.
Therefore, the differences between observations and ICRA data at stations in complex orography
should not be interpreted as ICRA precipitation estimates being unreliable. The heat maps in
Figures 11 and 12 show that there is a large spatial variability in precipitation in complex terrain
in the ICRA dataset — as expected in reality. Applying such heat maps together with information
on terrain may assist in finding the most suitable locations for rain gauges. Heat maps may also
give indications of differences in precipitation patterns between neighbouring watersheds.
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Figure 19. IDF curves for stations Hoéfn i Hornafirdi (top) and Neskaupstadur (bottom)
comparing results based on observations (solid lines) to results based on ICRA simulations

(dashed lines) obtained for the same time period. Each coloured line corresponds to a different
return period.

51



6.2 Sensitivity of the EVA methods

In order to analyse the sensitivity of the EVA methods, IDF curves, obtained from the Peak-
over-Threshold with MLE, are compared to IDF curves that have been generated with Block
Maxima, Eliasson and Wussow formulas. The latter two methods were previously used on
Icelandic data and are detailed below. Results based on those four methods are shown on Figure
20, which shows 10-year return period IDF curves from all control stations stacked and
normalised. Results are shown as they were calculated using observations (left panel) and
simulations (right panel) for fixed clock-time intervals.

For the Block Maxima, the MLE method was selected for consistency with the estimators chosen
for the Peak-over-Threshold. It should be noted that for both Block Maxima and Peak-over-
Threshold methods, return levels were obtained independently for each time frequency and
return period.

This is not the case for the Eliasson and Wussow formulas, where daily values are obtained and
then values for all other durations derived from those return levels. In the case of Eliasson, IDF
curves are generated using two parameters: the M5 values obtained from Block Maxima and a
correction factor C;. This factor is dependent on the geographical location and ranges between
0.19 and 0.25 but, for practical reasons, it was here set to 0.209, the country average (Eliasson,
2000). To test the formula, 1MS5 values obtained by Block Maxima with MLE on observation
and ICRA were used. The return level r associated to the duration ¢ is given by the following

formula:
1
1+¢; [— log (log <exp (—?>>> - 1.5

J [1og< Ra(£)) — log (R, (£)]?

r= {1M5

B x {0.02474,/R, ()R, ()}

> +0.001p /t

where r is the return level in mm, /M35 is the daily precipitation for a 5-year return period in mm
day !, T is the return period in years, ¢ the duration in minutes and R.(?) and Ry(?) are two
functions defined as follow:

R,(t) = 0.7642¢058908
R,(t) = 6.4722¢025232

Another method that has also been tested on Icelandic data by Bergpdrsson (1968) is Wussow’s
formula. Calculation of return levels in that case requires return levels for daily accumulated
precipitation (724) at the return period considered. Computation of the return levels of lower time
frequencies (7) is then made using the following formula:

= T24
1440

In the figure, median values for each method are represented by solid lines and minimum-
maximum intervals by shaded areas. Results show that values calculated by Peak-over-
Threshold are lower than those calculated with the other methods for time periods under 24 hours
but higher for periods of 24 and 48 hours. The Block Maxima and Peak-over-Threshold give
values that are in a similar range while Eliasson and Wussow formulas give higher values for

(t(2880 — ))
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shorter time frequencies. The results are similar when considering normalised precipitation
intensities for 2-, 5-, 25-, 50- and 100-year return periods (not shown). Overall, the choice of
EVA method leads to more variation for short durations (3 and 6 hours) than for longer ones.
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Figure 20. 10-year return period normalised IDF curves stacked for all stations and
calculated from observed data (left) and ICRA results (vight). Median values from all stations
are shown with coloured solid lines, minimum-maximum ranges by shaded areas.

Table 8 shows daily precipitation return levels associated with a 5-year return period for all the
control stations calculated by Eliasson, the Peak-over-Threshold with MLE and the Block
Maxima with MLE. A table with values for all stations is shown in Appendix IV. Results after
applying the square-shaped filter presented in Figure 18b are not shown. Here, values from
Eliasson were directly extracted from the current 1M5 map. As stated previously, the Block
Maxima method was used in the 2009 study to obtain Eliasson’s 1M5 values. Therefore, new
results obtained by the Block Maxima method are comparable to the results by Eliasson,
applying the same method but on a different set of data, with higher horizontal resolution, and
covering another time period. It can be noted that 1M5 values calculated from Peak-over-
Threshold and Block Maxima on the entire ICRA dataset are very similar. The most notable
difference is 9 mm day™' (corresponding to a 7% variation) for station Olafsvik, located on the
Snafellsness peninsula (see Appendix IV). Thus, the differences between the new 1MS5 values
from the Peak-over-Threshold based on the reanalysis and the current IMS5 values are not as
much a consequence of the choice of EVA as they are an expression of the model differences.
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Table 8. IM5 values (mm day™) at each control station as obtained by Eliasson et al. (2009)

using the Block Maxima method, Peak-over-Threshold and Block Maxima methods with MLE
based on daily precipitation from the entire ICRA dataset.

Station 1MS values
mm day™
Block Maxima Peak-over- Block Maxima
(from Eliasson) Threshold
Eskifjorour 120 95 94
Flateyri 63 61 59
Ho6fn i Hornafiroi 76 76 71
Isafjorour 53 58 58
Kvisker 159 182 183
Laufbali 128 129 127
Neskaupstaour 105 104 103
Olafsfjorour 79 95 89
Reykjavik 42 34 33
Seyoisfjorour 103 117 112
Siglufjorour 73 99 95
Sudavik 41 41 40

6.3 Comparison between 1MS maps

6.3.1 1MS maps based on daily precipitation

Earlier in this study, a decision was made to use daily precipitation values from midnight to
midnight for direct comparison with the study from Eliasson ef al. (2009). Differences between
the new and current 1M5 maps are shown in Figure 21 where values from Eliasson were
retrieved and interpolated to the resolution of the new map. This comparison was made using
the unamended new 1M5 map presented on Figure 18a. The main features of the current (Figure
2) and the new 1M5 maps are similar and in agreement with the general precipitation pattern in
Iceland (Figure 22); that is, high precipitation over mountainous terrain and in general higher
values over the southern part of the country. This is expected as both datasets describe the large-
scale terrain and one would expect that greatest variations in return levels to be found in the regions
with the largest precipitation ranges. As seen in Figure 21, differences of +20 mm day ' cover the
largest part of the country (pale orange and light blue colours), and more generally, the current
1MS5 values are slightly higher than the new one (pale orange area). The differences between the
two maps lie in the detail; most of the differences are related to an improved depiction of the
topography. In general, the precipitation pattern is more detailed in the new map, both in relation

54



to higher and lower return levels, but there are also large spatial differences. This is especially
visible in regions of steep, but not large, mountains, e.g. over the Snafellsnes peninsula where
the largest return level in the current 1M5 map is on the order 140-160 mm day ' but exceeding
180 mm day ' in the new map, sometimes leading to an offset of over 60 mm day ! (dark blue
colour). These larger spatial differences over the more complex terrain are in accordance with
meteorological expectations, as the new 1MS5 is based on higher horizontal resolution
simulations and should therefore be able to contain more details than the current one.

Those differences are further illustrated by the scatterplot in Figure 23 where new and current
I1MS5 values (from Table 8) are plotted against each other. Most stations that fall within the one
standard deviation region (36 stations) have new 1MS5 values slightly lower than those calculated
by Eliasson. However, for six out of the seven stations outside this interval, the new 1MS5 values
are much higher. These are all stations close to or in complex topography: Olafsvik and
Grundarfjérdur on the Snzfellsness peninsula, Olkelduhals and Helliskard in the Blafjoll area,
Siglufjordur in Trollaskagi as well as Kvisker just south of the Vatnajokull icecap. The largest
differences thus indicate an underestimation in the current version of the 1M5 map due to coarse
terrain.

The new map is more physically detailed and accurate than the current 1M5 map, especially in
the aforementioned regions of fjords where the terrain is particularly challenging. This was
expected as the horizontal resolution of the model previously used was unable to resolve the
topography in these regions. However, note that although the new map is more detailed, there
are still unresolved fjords; for instance, the narrow fjords in the east, as can be reflected by the
coastlines not matching the isolines.

6.3.2 1MS map based on accumulated precipitation over running 24-hour
windows

Differences between daily precipitation from midnight to midnight and precipitation accumu-
lated over any 24-hour window were briefly investigated in Section 5.1.2. Results showed a 13%
bias when comparing the 50 highest daily accumulated values to the 50 highest 24-hour
accumulated precipitation events. In order to see the effects of this increase on a broader level,
another 1MS5 map is presented in Figure 24a; this time based on 24-hour accumulated values
extracted from the entire ICRA dataset. For each timeseries, 24-hour accumulated values were
calculated using a rolling sum and only daily maximum values were retained. Five-year return
levels were then obtained after applying the Peak-over-Threshold method with MLE indepen-
dently on all timeseries, again with a 5-day window chosen for declustering.
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Figure 21. Geographic differences between the IM5 map developed in this study and the IM5
map from Eliasson et al. (2009), both based on daily precipitation. Blue-coloured shading
signifies higher values in the new map.
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Figure 22. Distribution of annual rainfall (mm year™) in Iceland for the period 1981-2010.
Solid lines show the 1000, 3000 and 5000 mm year’l values. Results were based on the ICRA
dataset (figure from Bjornsson et al., 2018).
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Figure 23. New IM5 values plotted against IM5 values from Eliasson et al. (2009) for all 43
stations. Colours correspond to the different regions of the country, see Figure 4. The broken
line is the one-to-one line and the grey lines mark the one standard deviation region. The
points outside of that region are marked specially. For station names, see Table 1.

Similar patterns are seen in Figure 24a in comparison to the 1M5 map based on daily values
(Figure 18a). Higher values are found on the southern parts of the icecaps and in regions of
complex orography. Again, the highest 1M5 value is obtained for a grid-point on the southern
part of Vatnajokull, this time with a return-level of 470 mm 24-h™!, corresponding to a 38 mm
increase. The median value over Iceland is 72 mm 24-h!, which constitutes a 14% increase, in
line with the results from Section 5.1.2. Overall, areas of large values, represented by colours in
the yellow and red shades, are spatially more extensive than the original, revised map. Some
regions with large values on the daily map now extend into the next colour interval; this is
especially visible in the East- and Westfjords and in the Trollaskagi peninsula, with values now
reaching the 140—160 mm 24-h! interval (dark orange on the map). Values ranging from 160 to
180 mm 24-h™' (light red on the map) are also observed in the Blafjoll mountains and
Flateyjarskagi.

These results are further illustrated in Table 9, where 1M5 values are given for each dataset and
control station, along with the difference and percentage increase. Results for all 43 stations are
shown in Appendix IV. For most stations, the increases range between 10 and 20%. The
maximum difference among the control stations is found for station Olafsfjordur, with a 35 mm
24-h"! difference, corresponding to a 37% increase. Looking more closely at the location of this
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station on the map, there are changes from a bright green colour (80—100 mm interval) to a light
orange (120-140 mm interval). This is inline with the amended map of daily values shown in
Figure 18b, applying the square-shaped maximum filter to counteract the artificial gradient
caused by the smoothing of the terrain.

Similarly, Figure 24b shows the IM5 map based on 24-hour accumulated precipitation values
after applying the maximum-value filter among the nine nearest grid-points. The locally high
values from Figure 24a are now extended from the mountainous regions to larger areas, resulting
in most of the regions of complex orography having values above 100 mm 24-h™' values
(corresponding to the yellow, orange and red shading on the map).

Table 9. IMS5 values for each control station, as obtained by the Peak-over-Threshold with
MLE applied on daily and 24-hour accumulated precipitation from the ICRA. Difference (mm)
and increase (%) are given for each station.

Station 1MS values
Daily 24-hour Difference Increase
precipitation precipitation
mm day™ mm 24-h™ mm %
Eskifjorour 95 103 8 8
Flateyri 61 70 9 15
Hofn i Hornafiroi 76 87 11 14
Isafjorour 58 67 9 16
Kvisker 182 205 23 13
Laufbali 129 153 24 19
Neskaupstaour 104 117 13 13
Olafsfjorour 95 130 35 37
Reykjavik 34 42 8 24
Seyoisfjorour 117 134 17 15
Siglufjorour 99 108 9 9
Sudavik 41 48 7 17
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Figure 24a. 1M5 map based on 24-hour accumulated precipitation, obtained from the entire
ICRA dataset using the Peak-over-Threshold method with MLE.
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Figure 24b. 1M5 map based on 24-hour accumulated precipitation, obtained from the entire
ICRA dataset using the Peak-over-Threshold method with MLE modified using a maximum-
value filter among the nine nearest grid-points. Note that the square-shaped imprinting on the
map is an artefact of the filtering procedure.
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7 Conclusions

An extreme value analysis of precipitation, resulting in return levels, IDF curves and two revised
IMS5 maps, provides statistical benchmarks for the design of bridges, culverts and other
infrastructure for handling large surface runoff. Since the publication by Eliasson et al. in 2009
of the current Icelandic 1MS5 map, there have been several developments in numerical weather
prediction, including the encapsulation of physical processes and the ability to resolve fine-scale
results in time and space. Thus, it was evident that an updated assessment of extreme precipita-
tion would further improve the current 1M5 map, especially in regions of complex orography.
This is especially needed in the East- and Westfjords regions, as well as the Trollaskagi
peninsula where several flash floods have occurred in the past decade. In this project, the goals
were to present an updated assessment of precipitation return levels and to convey the results as
an improved 1M5 map. However, it should be emphasised that the aim of the project was not to
simply repeat the work of Eliasson with higher resolution data, but to look at every step of the
methodological analysis carefully. It should be noted that several aspects of extreme pre-
cipitation, which are not considered in the analysis presented here, need to be taken into account
for practical decisions in the design of hydrological infrastructure. The most important of those
are listed in the introduction (Section 1). In particular, engineers and local authorities should be
aware of the possibility of underprediction of extreme precipitation due to localised downpours.

The study used precipitation measurements from 43 automatic meteorological stations that
fulfilled various timeseries criteria for completeness and quality. Additionally, simulated
precipitation from the Icelandic reanalysis dataset (ICRA), a gridded dataset over Iceland at 2.5
km horizontal resolution for the period 1979 to 2017, was used.

At the onset, it was decided to make the most of the observed precipitation timeseries from 43
stations around Iceland by comparing them to timeseries from the ICRA dataset, thereby
investigating how to use the reanalysis in a reasonable and realistic way. For detailed
comparison, 12 control stations were chosen. Several methods for interpolating the gridded data
to the exact coordinates of the meteorological stations were examined before it was decided to
use the weighted average among the four nearest grid points. Overall, for the most extreme
events it was shown that the ICRA dataset is largely accurate (with an average CC of nearly 65%
at all stations). At stations located in narrow valleys and fjords the differences between
simulations and observations are larger, while closer matches are found for stations in the
lowlands, away from mountains. A histogram-based comparison of the ICRA data with station
measurements showed that the reanalysis does not adequately represent precipitation lasting less
than three hours. Even though the ICRA has a small temporal shift in the hourly development of
the most extreme events, precipitation accumulated over 72 hours was often close to the actual
measurements. For stations located in complex terrain, a small spatial shift was observed on heat
maps that is not believed to affect the accuracy of the new 1M5 map. This emphasises that
comparisons should be made between gridded data and discrete observation points, when
available. It should also be kept in mind that although the observed timeseries are taken as the
truth, it is an oversimplification, as the spatial pattern of precipitation leads to great uncertainty
compared to other meteorological measurements.

The choice of an appropriate EVA method was also studied thoroughly. In EVA, the task is to
fit a model to the most extreme values of a timeseries. Thus, only a small part of the whole
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dataset is used and how the subset is defined will affect the return level results. The Peak-over-
Threshold method was selected rather than the Block Maxima previously used by Eliasson. This
is not only because it is better suited for timeseries with high temporal resolution and large
annual variability in local maxima, but also because when comparing return levels at the control
stations between observations and simulations, there was higher similarity than with the Block
Maxima method. The Peak-over-Threshold method was applied using MLE for the parameters
estimations and 90" percentile as threshold to calculate the return levels associated to 2-, 5-, 10-
, 25-, 50- and 100-year return periods and for time duration of 3, 6, 12, 24 and 48 hours. Values
obtained with L-moments and for other thresholds were also discussed and did not lead to
significant differences. Results were presented as IDF curves for each station based on the entire
reanalysis and compared to IDF curves based on measurements. In some cases, this comparison
showed similar results while the differences for other stations were more important, implying
that a 2.5 km resolution is still too coarse to resolve properly some of the country’s most complex
terrain. When results at the control stations were normalised and compared to results from Block
Maxima, Eliasson and Wussow’s formulae, the Peak-over-Threshold and Block Maxima
methods gave values in the same range and lower than Eliasson and Wussow’s formulas for time
frequencies shorter than 24 hours, but higher for time frequencies of 24 and 48 hours.

A new 1MS5 map was presented after calculating daily precipitation thresholds based on a 5-year
return period for each terrestrial grid-point of the ICRA. The new map shares many common
features with the earlier one, based on results from the MMS5 model for the period 1961-2006 at
8 km resolution. Both maps show an agreement with the general precipitation pattern in Iceland.
The main differences lie in the detail, most of them related to a better description of the
topography, which was expected using a dataset with more than three times higher horizontal
resolution than the earlier map. Thus, the new 1M5 map includes important details that the earlier
IMS5 could not encompass, especially in regions of complex orography. Much higher return
values can be found on the new map in the Snafellsness and Trollaskagi peninsulas, the Blafjoll
mountainous region as well as in the East- and Westfjords. However, even at 2.5 km resolution
some narrow fjords are not represented accurately. This problem was dealt with in a simplistic
manner by a modified version of the IM5 map produced by taking for each grid-point the
maximum value among the nine nearest cells but this problem needs to be considered further
with higher-resolution downscaling and improved analysis.

Another map, based on 24-hour accumulated precipitation was also introduced, with a median
1MS5 value for the country 14% higher than the median value based on daily precipitation from
midnight to midnight. Although there are many similarities in return levels between the maps, it
is believed that the 24-hour map (Figure 24a) along with its amended version (Figure 24b) offer
a more complete outline of possible precipitation extremes. It is therefore recommended that the
24-hour maps are used for the design of infrastructure subject to surface runoff.

In terms of predictions of climate change in Iceland, there are large uncertainties regarding
precipitation. However, there are indications that precipitation may increase at a rate of at least
1.5% for every 1°C increase in temperature, with the most increase to occur during late summers
and autumns. There are also indications of an increase in precipitation intensity (Bjérnsson et
al., 2018). Consequently, the research presented here should be expanded to include a potential
climate factor. Such an expansion would add value to the current work, and it would be an
important resource for the long-term design of the built environment, helping to minimise the
impact of intense rainfall on critical infrastructure.
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Appendix 1. Histograms

For each control station, histograms of observed and simulated 3-hour accumulated
precipitation have been created for the three largest daily precipitation events. The histograms
include the day prior to the event and the day after, covering a period of 72 hours. Cumulated
precipitation over those 72 hours is also shown in the figures.
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Figure 1.2 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Flateyri. Dashed lines show the corresponding accumulation over the 72-hours
timespan.
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Figure 1.3 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Hofn i Hornafirdi. Dashed lines show the corresponding accumulation over the 72-
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Figure 1.5 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
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Figure 1.6 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Laufbali. Dashed lines show the corresponding accumulation over the 72-hours
timespan.
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Figure 1.7 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Neskaupstadur. Dashed lines show the corresponding accumulation over the 72-
hours timespan.
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Figure 1.9 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Reykjavik. Dashed lines show the corresponding accumulation over the 72-hours
timespan.
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Figure 1.10 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Seydisfjorour. Dashed lines show the corresponding accumulation over the 72-
hours timespan.
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Figure 1.11 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Siglufjordur. Dashed lines show the corresponding accumulation over the 72-hours
timespan.
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Figure 1.12 — Histograms showing 3-hour accumulated observed (blue) and simulated
(orange) precipitation (mm) over the course of 72 hours for the three largest precipitation
events at Sudavik. Dashed lines show the corresponding accumulation over the 72-hours
timespan.
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Appendix I1. Heat maps

Heat maps are presented for each control station for the largest precipitation event over a 3-day
timespan that includes the day before and the day after the event. Bar diagrams for each day
are also shown with daily values of precipitation from measurements and the ICRA dataset.
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Figure 1I.1 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Eskifjorour over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure 11.2 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Flateyri over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure I1.3 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Hofn [ Hornafirdi over a 3-day period with
corresponding bar diagrams presenting the observed value at the station (blue) and the
simulated value (orange). The station is located within the four nearest grid-points.
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points (red squares) to station Isafjorour over a 3-day period with corresponding bar
diagrams indicating the observed value at the station (orange) and the simulated value
(blue). The station is located within the four nearest grid-points.
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Figure 11.5 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Kvisker over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure 11.7 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Neskaupstadur over a 3-day period with corresponding
bar diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure 11.8 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Olafsfjorour over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure 1.9 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Reykjavik over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure I1.10 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Seydisfjordur over a 3-day period with corresponding
bar diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure I1.11 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Siglufjordur over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Figure I1.12 — Heat maps showing daily precipitation from ICRA centred on the 4 nearest
grid-points (red squares) to station Sudavik over a 3-day period with corresponding bar
diagrams presenting the observed value at the station (blue) and the simulated value
(orange). The station is located within the four nearest grid-points.
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Appendix I11. Intensity-Duration-Frequency curves and
tables

In this appendix, Intensity-Duration-Frequency (IDF) results for the 43 selected stations are
presented. Figure III.A shows location of the stations selected for this study. Figure I11.B gives
the closeness coefficient for all stations when the daily precipitation with 10-year return periods
based on reanalysis are compared with the corresponding return levels based on measurements.
The closest this coefficient is to 100, the more likely IDF curves derived from the ICRA are
fitting the ones obtained from the observation. Figure III.1-111.43 show the IDF-curves, and
Tables III.1-111.43 the same results in table form. The results are calculated from the entire
reanalysis timeseries (1979-2017), using fixed clock-time intervals. For some stations, when
converted to mm h™' and shown as IDF curves, precipitation intensities 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.
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Figure III.1 — IDF curves for station Akureyri from entire ICRA. Solid points give return
levels for 3, 6, 12, 24, 48 hours duration with a 2, 5, 10, 25, 50 and 100 return period. Each
coloured line corresponds to a different return period as stated by the legend.

Table I11.1 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Akureyri. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a 2-,
5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 7 8 10 11 13 15
6 hours 12 15 17 19 21 23
12 hours 19 23 26 28 31 33
24 hours 28 32 25 28 41 43
48 hours 41 46 50 53 57 60
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IDF CURVES: Bildudalur
ICRA 1979 - 2017
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Figure I11.2 — IDF curves for station Bildudalur from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.2 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Bildudalur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a
2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 12 14 16 19 21
6 hours 17 21 25 28 32 35
12 hours 29 34 39 43 48 51
24 hours 45 54 61 68 77 83
48 hours 65 75 83 90 98 104
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IDF CURVES: Bléonduds
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Figure I11.3 — IDF curves for station Blonduds from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.3 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Blonduos. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a 2-,
5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 6 8 10 12 14 16
6 hours 11 14 16 19 22 25
12 hours 17 21 24 26 30 32
24 hours 25 29 32 35 38 40
48 hours 35 40 43 46 49 51
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IDF CURVES: Bolungarvik
ICRA 1979 - 2017
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Figure I11.4 — IDF curves for station Bolungarvik from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.4 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Bolungarvik. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a
2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 8 10 12 14 17 19
6 hours 14 18 21 24 29 32
12 hours 24 29 33 37 42 46
24 hours 38 45 50 55 62 67
48 hours 55 65 73 81 91 99
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IDF CURVES: Burfell
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Figure I11.5 — IDF curves for station Burfell from entire ICRA. Solid points give return levels
for 3-, 6-, 12-, 24-, 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.

Table I11.5 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Burfell. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a 2-,
5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 13 15 17 20 22
6 hours 17 21 25 28 33 36
12 hours 29 36 41 46 54 59
24 hours 44 53 60 67 76 82
48 hours 64 76 85 94 106 115
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Figure I11.6 — IDF curves for station Dalatangi from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.6 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Dalatangi. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a
2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 13 17 21 25 31 35
6 hours 25 32 38 43 51 57
12 hours 43 53 60 67 77 84
24 hours 70 84 95 105 118 128
48 hours 99 117 130 143 159 171
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Figure I11.7 — IDF curves for station Egilsstadaflugvéllur from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.7 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Egilsstadaflugvollur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 6 8 10 12 14 17
6 hours 12 15 18 21 25 28
12 hours 21 27 32 37 45 51
24 hours 35 44 51 59 69 78
48 hours 53 67 77 88 105 118
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Figure I11.8 — IDF curves for station Eskifiorour from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.8 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Eskifjorour. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a
2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 13 17 21 26 33 38
6 hours 26 34 41 49 59 68
12 hours 48 60 71 82 97 109
24 hours 77 95 109 123 142 157
48 hours 110 129 143 156 173 185
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Figure I11.9 — IDF curves for station Fiflholt a Myrum from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.9 — Return levels (mm) for various durations and return periods based on the entire
ICRA for station Fiflolt a Myrum. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 12 14 17 19 22
6 hours 17 21 24 27 31 34
12 hours 26 32 36 40 45 50
24 hours 39 47 52 57 64 69
48 hours 54 62 67 71 76 80
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Figure II1.10 — IDF curves for station Flateyri from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table II1.10 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Flateyri. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 11 14 16 20 22
6 hours 17 21 25 29 35 39
12 hours 30 38 45 52 62 70
24 hours 50 61 71 80 94 104
48 hours 73 88 99 110 126 137
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Figure II1.11 — IDF curves for station Grindavik from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table II1.11 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Grindavik. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 13 15 17 19 22
6 hours 17 21 23 26 30 32
12 hours 27 32 35 39 44 47
24 hours 39 46 51 56 62 67
48 hours 53 63 70 77 86 94
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Figure Il1.12 — IDF curves for station Grundarfjordur from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.12 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Grundarfjorour. Values are given for 3-, 6-, 12-, 24-, 48-hour
duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 22 29 34 39 47 52
6 hours 42 53 61 69 79 86
12 hours 71 85 96 106 118 127
24 hours 109 127 139 151 165 174
48 hours 148 165 176 186 196 203
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Figure Il1. 13 — IDF curves for station Gufuskalar from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.13 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Gufuskalar. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 12 14 16 20 22
6 hours 16 20 23 27 31 34
12 hours 26 31 34 38 42 45
24 hours 39 46 52 57 63 68
48 hours 53 61 67 73 80 85
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Figure II1.14 — IDF curves for station Helliskard from entire ICRA. Solid points give return

levels for 3-, 6-, 12-, 24-, 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.

Table II1.14 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Helliskard. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 20 24 27 30 34 36
6 hours 38 45 50 54 59 63
12 hours 64 75 83 90 99 105
24 hours 99 114 125 135 147 155
48 hours 140 158 170 180 193 201
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Figure lll.15 — IDF curves for station Hofn i Hornarfirdi from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.15 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Hofn | Hornarfirdi. Values are given for 3-, 6-, 12-, 24-, 48-hour
duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 12 16 19 23 28 33
6 hours 23 30 35 42 50 57
12 hours 39 50 58 67 80 90
24 hours 61 76 87 99 117 130
48 hours 89 111 128 147 174 196
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Figure II1.16 — IDF curves for station Hvanneyri from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table II1.16 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Hvanneyri. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 14 16 19 24 27
6 hours 19 24 29 34 41 46
12 hours 31 40 47 54 65 73
24 hours 48 60 69 79 93 105
48 hours 69 86 100 115 136 153
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Figure I11. 17 — IDF curves for station Hveravellir from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.17 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Hveravellir. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 13 15 18 21 25
6 hours 18 23 27 32 39 44
12 hours 30 39 46 54 66 75
24 hours 50 65 78 92 114 132
48 hours 78 99 115 133 159 180
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Figure III.18 — IDF curves for station Isafjorour from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.18 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station fsaﬁb’réur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 12 14 16 18 21
6 hours 17 21 25 28 33 36
12 hours 30 36 41 46 53 58
24 hours 48 58 65 73 83 90
48 hours 73 87 97 108 121 134
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Figure II1.19 — IDF curves for station Kalfholl from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table II1.19 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Kalfholl. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 11 13 15 17 20 22
6 hours 19 23 26 29 33 36
12 hours 30 36 41 46 51 56
24 hours 45 53 59 65 72 78
48 hours 60 69 75 81 88 93
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Figure I11.20 — IDF curves for station Karahnjukar from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.20 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Karahnjukar. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 6 8 10 11 14 15
6 hours 11 14 16 18 21 23
12 hours 19 22 25 27 30 32
24 hours 29 33 36 39 43 45
48 hours 42 47 50 53 57 59
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Figure lI1.21 — IDF curves for station Kirkjubcejarklaustur from entire ICRA. Solid points
give return levels for 3-, 6-, 12-, 24-, 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.

Table 111.21 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Kirkjubcejarklaustur. Values are given for 3-, 6-, 12-, 24-, 48-hour
duration with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 14 18 20 23 27 30
6 hours 25 31 35 39 45 49
12 hours 41 49 55 61 69 74
24 hours 61 72 80 88 98 105
48 hours 90 107 120 133 151 164
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Figure I11.22 — IDF curves for station Korpa from entire ICRA. Solid points give return levels
for 3-, 6-, 12-, 24-, 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.

Table I11.22 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Korpa. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with a
2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 8 10 12 14 17 19
6 hours 14 17 20 23 27 30
12 hours 22 27 31 25 40 44
24 hours 32 39 44 49 56 61
48 hours 45 53 60 67 76 83
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Figure 111.23 — IDF curves for station Kvisker from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.23 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Kvisker. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 29 36 41 46 52 57
6 hours 56 67 75 82 91 97
12 hours 99 116 128 139 153 162
24 hours 157 182 199 215 234 247
48 hours 233 267 291 314 342 362
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ICRA 1979 - 2017

161

144

12

10

Precipitation intensity [mmh~1!]

2 years

5 years
10 years
25 years
50 years
100 years

10

20

30

Duration [h]

40

Figure 111.24 — IDF curves for station Laufbali from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.24 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Laufbali. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 19 25 29 35 42 49
6 hours 37 48 56 65 78 88
12 hours 68 84 96 109 126 139
24 hours 109 129 144 158 175 188
48 hours 172 202 225 246 274 294
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Figure I11.25 — IDF curves for station Modruvellir from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.25 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Mooruvellir. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 6 8 9 11 13 15
6 hours 10 13 15 17 20 22
12 hours 17 21 24 26 30 33
24 hours 25 29 32 35 39 42
48 hours 36 42 47 52 58 63
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Figure I11.26 — IDF curves for station Nautabu from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.26 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Nautabu. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 7 9 11 13 16 19
6 hours 12 15 18 20 24 27
12 hours 19 23 27 30 34 37
24 hours 27 31 34 37 40 43
48 hours 37 41 44 46 49 51
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Figure II11.27 — IDF curves for station Neskaupstadur from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.27 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Neskaupstadur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 15 20 25 30 38 44
6 hours 30 39 46 53 63 71
12 hours 53 66 75 84 96 104
24 hours 87 104 117 129 144 155
48 hours 128 153 173 192 218 238
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Figure III.28 — IDF curves for station Olafsfjorour from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.28 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Olafsfjérour. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 13 16 18 22 25
6 hours 21 26 31 36 43 49
12 hours 41 52 61 70 83 94
24 hours 76 95 109 125 145 162
48 hours 117 138 152 165 182 194

121




IDF CURVES: Olafsvik
ICRA 1979 - 2017

25

Precipitation intensity [mmh~1!]
= N
w o

=
o

2 years

5 years
10 years
25 years
50 years
100 years

10

20

30

Duration [h]

40

Figure II1.29 — IDF curves for station Olafsvik from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.29 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station OZafsvik. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 21 30 39 49 66 81
6 hours 40 54 65 78 96 111
12 hours 67 84 97 111 129 143
24 hours 104 126 142 158 178 193
48 hours 146 173 193 213 239 257
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Figure I11.30 — IDF curves for station Olkedulhdals from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I11.30 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Olkedulhdls. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 19 24 27 30 34 37
6 hours 37 44 49 54 61 65
12 hours 63 75 84 93 103 111
24 hours 98 116 128 141 157 168
48 hours 142 162 176 189 206 216
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Figure II11.31 — IDF curves for station Patreksfiérour from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table I11.31 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Patreksfjordur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 9 12 15 17 20 23
6 hours 18 22 26 29 24 37
12 hours 29 37 42 48 56 63
24 hours 47 59 68 78 92 102
48 hours 68 82 92 103 117 127
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Figure I11.32 — IDF curves for station Raufarhéfn from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I111.32 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Raufarhéfn. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 6 9 10 12 15 17
6 hours 12 15 17 20 23 25
12 hours 20 23 26 29 32 34
24 hours 29 34 37 40 44 46
48 hours 42 48 51 55 59 62
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Figure 111.33 — IDF curves for station Reykjavik from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.33 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Reykjavik. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 8 10 12 14 16 18
6 hours 13 16 19 21 25 28
12 hours 20 25 29 32 37 41
24 hours 29 34 39 43 49 53
48 hours 41 50 56 63 72 79
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Figure I11.34 — IDF curves for station Samsstadir from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I111.34 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Samsstadir. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 13 16 18 22 24
6 hours 18 22 26 29 34 38
12 hours 30 36 41 46 53 58
24 hours 43 51 57 64 72 78
48 hours 60 71 79 87 98 106
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Figure 111.35 — IDF curves for station Seydisfiorour from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.35 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Seydisfjordur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 14 19 23 28 35 41
6 hours 29 38 45 52 62 71
12 hours 56 72 85 99 118 133
24 hours 96 117 133 149 170 186
48 hours 147 177 200 223 253 276
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Figure I11.36 — IDF curves for station Siglufjordur from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.36 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Siglufjordur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 12 15 17 19 22 25
6 hours 24 30 34 39 45 49
12 hours 47 56 63 69 77 83
24 hours 84 99 109 119 131 139
48 hours 135 152 163 172 182 189
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Figure 111.37 — IDF curves for station Stykkisholmur from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.37 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Stykkisholmur. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 7 10 12 1 17 20
6 hours 13 17 20 23 27 30
12 hours 22 27 31 35 40 45
24 hours 32 39 44 49 56 61
48 hours 45 52 57 62 69 73
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Figure I11.38 — IDF curves for station Sudavik from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table I111.38 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Sudavik. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 7 10 12 14 17 19
6 hours 13 17 19 22 26 29
12 hours 22 27 30 34 39 43
24 hours 33 41 47 52 60 66
48 hours 50 61 70 80 93 103
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Figure 111.39 — IDF curves for station Talknafjordur from entive ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.39 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Talknafjorour. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 12 15 17 20 22
6 hours 18 22 25 27 31 34
12 hours 29 35 39 43 48 51
24 hours 46 54 59 64 70 75
48 hours 64 72 77 81 86 89
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Figure 111.40 — IDF curves for station bingvellir from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.40 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station bingvellir. Values are given for 3-, 6-, 12-, 24-, 48-hour duration

with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 11 13 15 17 19 21
6 hours 19 23 25 28 31 34
12 hours 31 37 41 45 50 53
24 hours 46 53 59 64 70 74
48 hours 63 71 76 81 86 90
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Figure II1.41 — IDF curves for station Pykkvibcer from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.41 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Pykkvibeer. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 10 12 14 16 19 21
6 hours 16 20 23 26 30 33
12 hours 26 32 36 40 46 50
24 hours 38 44 49 54 60 65
48 hours 49 55 60 64 69 72
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Figure 111.42 — IDF curves for station Vatnsfell from entire ICRA. Solid points give return
levels for 3-, 6-, 12-, 24-, 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.

Table 111.42 — Return levels (mm) for various durations and return periods based on the
entire ICRA for station Vatnsfell. Values are given for 3-, 6-, 12-, 24-, 48-hour duration with
a2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 8 10 12 14 17 19
6 hours 14 17 20 23 27 30
12 hours 22 27 30 34 39 43
24 hours 32 38 42 46 50 54
48 hours 44 49 52 55 58 60
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Figure I111.43 — IDF curves for station Veidivatnahraun from entire ICRA. Solid points give
return levels for 3-, 6-, 12-, 24-, 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.

Table 111.43 — Return levels for various durations and return periods based on the entire
ICRA for station Veidivatnahraun. Values are given for 3-, 6-, 12-, 24-, 48-hour duration
with a 2-, 5-, 10-, 25-, 50- and 100-year return period.

2 years 5 years 10 years 25 years 50 years | 100 years
3 hours 8 11 12 14 17 19
6 hours 15 18 20 22 25 28
12 hours 24 28 31 34 38 41
24 hours 35 40 44 48 52 55
48 hours 52 59 65 70 77 82
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Appendix IV. 1MS values

IMS precipitation values are given in Table IV for each station selected in the study, for several
EVA methods and different datasets. Results in the first columns were directly taken from from
the existing 1M5 map from Eliasson ef al. (2009).

Table IV - IM5 values are shown for each station as obtained by Eliasson et al. (2009) using
the Block Maxima method, Block Maxima and Peak-over-Threshold methods with MLE
based on daily precipitation from the entire ICRA dataset, and Peak-over-Theshold with
MLE based on 24-hour precipitation from the entire ICRA dataset. The first 12 stations
(bold) are the control stations.

Station Block Maxima | Block Maxima Peak-over- Peak-over-

Eliasson Threshold Threshold

mm day™ mm day™ mm day™ mm 24-h™
Eskifjorour 120 94 95 103
Flateyri 63 59 61 70
Héfn i Hornafirdi 76 71 76 87
Isafjorour 53 58 58 67
Kvisker 159 183 182 205
Laufbali 128 127 129 153
Neskaupstaour 105 103 104 117
Olafsfjorour 79 89 95 130
Reykjavik 42 33 34 42
Seydisfjorour 103 112 117 134
Siglufjorour 73 95 99 108
Sudavik 41 40 41 48
Grindavik 60 44 46 54
Korpa 48 38 39 46
Hellisskard 84 114 114 131
Olkelduhals 78 116 116 133
bingvellir 72 54 53 61
Hvanneyri 72 60 60 71
Fiflholt 58 44 47 55
Gufuskalar 41 47 46 51
Olafsvik 61 117 126 142
Grundarfjérdur 67 125 127 141
Stykkisholmur 41 36 39 45
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Patreksfjordur 69 55 59 66
Talknafjérdur 69 50 54 60
Bildudalur 55 54 54 60
Bolungarvik 56 44 45 52
Nautabu 30 31 31 35
Blonduods 28 28 29 35
Modruvellir 42 28 29 34
Akureyri 34 31 32 38
Dalatangi 99 82 84 93
Egilsstadaflugvollur 54 42 44 49
Raufarhofn 36 32 34 39
Karahnjtkar 41 33 33 37
bykkvibeer 58 45 44 50
Samsstadir 58 51 51 60
Kirkjubajarklaustur 66 71 72 84
Kaltholl 65 53 53 61
Burfell 60 53 53 62
Vatnsfell 51 37 38 42
Veidivatnahraun 52 39 40 47
Hveravellir 65 61 65 78
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