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Inngangur

Innan LOKS verkefnisins eru prir verkpaeettir er IUta sérstaklega ad aflraenni (e.
dynamic) nidurkvordun vedurs:

1. Reikningar i péttu neti. Vedur dranna 1958-2009 verdur reiknad i 27 og 9
km neti fyrir allt landid og fyrir skemmra timabil a 3 km neti (“vatnsarin”
1994-2009). Ennfremur verda valin svaedi reiknud & 1 km neti fyrir skemmri
timabil.

2. Nidurkvoroun styrikeyrslu. Timabilid 1960-09-01 til 1990-09-01 ur
styrikeyrslu vedurfarslikansins Arpege verdur kvardad nidur a 27, 9 og 3 km
net.

3. Nidurkvordun a valinni svidsmynd. Timabilid 2020-09-01 til 2051-09-01
Ur Arpege verdur kvardad nidur & 27, 9 og 3 km net. Svidsmyndin sem um
raedir er SRES A1B (Nakicenovic et al., 2000).

Verdur hér leitast vid ad varpa ljosi & pa adferdafraedi sem byr ad baki pessum
reikningum.

Aflraen niourkvoroun

Aflraen nidurkvordun nefnist pad par sem finkvarda lofthjupslikan er pvingad med
jadarskilyrdum sem byggja & gréfkvarda lofthjipsgreiningu. | okkar tilfelli kemur
greiningin fra Evropsku reiknimidstddinni i Reading (ECMWF). Baedi var notast vid
ERA40 greininguna (Uppala et al., 2005), en fra og med september 1999 var
notast vid hefdbundna lofthjupsgreiningu (e. operational analysis).

Lofthjupsgreiningin er byggd jafnt a maelingum og vedurreikningum og lysir
hnattraent hvad best astandi lofthjupsins a hverjum tima. Upplausn gagnanna
(steerd reiknimbskvanna) er pé ekki naegileg til ad pau taki fullnaegjandi tillit til
landslags par sem fjoll eru ha og brott, likt og a Islandi.

Timabilio 1957 til 2009

Med fyrrnefndri nidurkvordun var finkvarda lofthjapslikaninu AR-WRF (Skamarock
et al., 2005) beitt til pess ad endurreikna &stand lofthjapsins yfir islandi i haerri
upplausn svo landslagi sé betur lyst, og par af leidandi einnig stadbundnu vedri i
floknu landslagi. betta er gert fyrir allt Island med Iaréttri reikniupplausn sem er
27, 9 km (timabilid 1957-09-01 til 2009-09-01) og 3 km (timabilid 1994-09-01 til
2009-09-01), og med 55 reikniflotum fra yfirbordi og upp i haed 50 hPa flatarins.
Ennfremur var bjérsar-, Tungnaarsvaedid reiknad med 1 km reikniupplausn fyrir
timabilid 2002-09-01 til 2009-09-01. Stadsetning og steerd reiknisvaeda er synd &
1. mynd.
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Mynd 1: Uppsetning reiknisveeda fyrir aflreena niourkvéroun innan LOKS verkefnisins af
lofthjupsgreiningu fra Evropsku reiknimiostédinni | Reading. Timabilio 1957-09-01 til 2009-09-01
hefur verid reiknad med 27 og 9 km méskvum. Timabilio 1994-09-01 til 2009-09-01 hefur ennfremur
verid reiknad med 3 km moskvum. Loks hefur timabilio 2002-09-01 til 2009-09-01 verio reiknad med 1
km méskvum fyrir Pjorsar-, Tungnadrsveedio.



Framtidarsvidsmynd og styrikeyrsla

A sambaerilegan méta mé kvarda nidur framtidarvedurfar, p.e. reikninidurstédur
ar grofkvarda likdnum er lysa framtidarsvidssmyndum vedurfars. betta hefur verid
gert fyrir reiknigégn Ur Arpege likaninu fyrir timabilid 2020-09-01 til 2051-09-01.
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Mynd 2: Uppsetning reiknisveeda fyrir aflreena niourkvoroun ur Arpege likaninu. Efri hluti
myndarinnar synir stadsetningu og steero reiknisveeda (27, 9 og 3 km) en nedri mynd synir likanheo
yfir sjo fyrir reiknisvedi med 27 km moskvum.



Lysing & Arpege gognunum er ad finna i greinargerd® sem unnin var fyrir
vedurfarshdép CES verkefnisins og er hun fylgiskjal med afangaskyrslu pessari.

Ennfremur hefur styrikeyrsla sama likans verid kvordud nidur fyrir timabilid 1960-
09-01 til 1990-09-01. Larétt reikniupplausn var 27, 9 og 3 km og fjoldi I6dflata fra
yfirbordi til 50 hPa flatarins var 41. Reiknisvaedin eru synd a 2. mynd. bar ed
innlagsgogn fra Arpege eru & 60ru snidi en gogn Evréopsku reiknimidstdédvarinnar
burfti ad leysa ymis praktisk
vandamal adur en haegt var ad nota
pbau inn i AR-WRF likanid. bessu er
lyst ndnar i greinargerd
Régnvaldsson & Agustsson, 20092,
pPau vandamal sem enn voru til
stadar i arslok 2009 voru leyst
farsseellega i arsbyrjun 2010. Lausnin
félst i ad Utbla svokallada LAND-SEA |
skra sem innihélt upplysingar, a
sama reiknineti og innlagsgoégnin fra
Arpege, um hvada reiknimoskvar
voru “sjor” og hvada reiknimoéskvar
voru “land”. Med pessu moéti var
heegt ad brua sjavarhita rétt ad
strandlinum og losna par med vid
O6raunhaefa hitastigla par sem
brattlent var og/eda joklar gengu
neerri sjo, svo sem vid SA-strond
Islands. Réng brdun sjavarhita leiddi
medal annars af sér ad AR-WRF
likanid hof hafismyndun & kynlegustu
st6dum (sja mynd 3 i Régnvaldsson &
Agustsson, 2009), ennfremur vard
urkomumynstur éraunhaeft (mynd 7
t.v. i Rdgnvaldsson & Agustsson,
2009).

Pridja mynd hér til haegri synir gloggt

vid hvad var ad glima. Athugid ad

hitagildi sjavar yfir landi eru ekki

notud innan AR-WRF likansins pott 4

bau seu synd & myndinni til Mynd 3: Briun sjavarhita vur gréfmoskvagognum frd

gloggvunar. Arpege reyndist sniiin aour en LAND-SEA gégnin voru
buin til. Petta sést gloggt a efri hluta myndarinnar, en
bar neer kaldur massi Vatnajokuls langt ut fyrir SA-
strond Islands, eins og hun litur 1t i 3 km reiknineti.
Eftir ad LAND-SEA skrain var utbuin var heegt ad brua
sjavarhitann @ mun raunscerri mata (nedrvi mynd).
Hitakvardi er i graoum Kelvin (mio mynd).

1 0. Rognvaldsson, H. Agiistsson og H. Olafsson, sja fylgiskjal.
2 Fylgiskjal med greinargerd pessari.



Uppsetning reiknilikans og utlagsgogn

Taflan hér fyrir nedan gefur yfirlit yfir reitskipt maeli- og reiknigégn,

reikninga og gagnaflutninga fréd Noregi til islands.

asamt stodu

Nafn Uppruni Timabil Net Fjoldi punktai Likan |Athugasemd
innlagsg reiknisvaedi ir
agna
E-WRF27 |ERA40 og |Sep 1957 |27 km|43x42x55(z) WRF - |Lokid, buid ad
ECMWF  til Sep V3.0.1 |flytja gogn til
op.analys [2009 Islands
E-WRF9 ERA40 og Sep 1957 |9 km |95x90x55(z) WRF - | Lokid, buid ad
ECMWF til Sep V3.0.1 |flytja gogn til
op.analys 2009 Islands
E-WRF3 ERA40 og |Sep 1994 |3 km |196x148x55(z) |WRF - |Lokid, buid ad
ECMWF til Sep V3.0.1 |flytja gogn til
op.analys 2009 Islands
E-WRF1 ERA40, Sep 2002 |1 km |202x202x55(z), |WRF - |Lokid, verid
ECMWEF til Sep pjérsar- V3.0.1 |ad flytja gogn
op.analys {2009 Tungnaarsvaedi til Islands
0
CtrArp27 |ERA40/Ar |Sep 1960 |27 km 350x180x41(z) |WRF - |Lokid, verid
pege til Sep V3.1.1 |ad flytja gogn
1990 til Islands
CtrArp9 ERA40/Ar [Sep 1960 |9 km |94x91x41(z) WRF - | Lokid, verid
pege til Sep V3.1.1 |ad flytja gogn
1990 til Islands
CtrArp3 ERA40/Ar [Sep 1960 |3 km |196x148x41(z) |WRF - |Lokid, verid
pege til Sep V3.1.1 |ad flytja gogn
1990 til Islands
A1BArp27 |Arpege Sep 2020 |27 km |350x180x41(z) |WRF - |Lokid, verid
til Sep V3.1.1 |abd flytja gogn
2051 til Islands
A1BArp9 Arpege Sep 2020 |9 km |94x91x41(z) WRF - | Lokid, verid
til Sep V3.1.1 |abd flytja gogn
2051 til Islands
Al1BArp3 Arpege Sep 2020 |3 km |196x148x41(z) |WRF - |Lokid, verid
til Sep V3.1.1 |ad flytja gogn
2051 til Islands
LtPrecCtr |ERA40 1961 til 1 km |allt island, LT likan |Gégn & Vi
1990 urkoma PC
obsT2Ctr | Maelingar 1961 til 1 km |alltisland, hitii |Sigga |Gégn & Vi
Vi 1990 2m Sif

Tafla 1: Yfirlit yfir reitskipt gogn.




Onnur tafla gefur yfirlit yfir helstu reikniskjemu sem notud voru fyrir mismunandi
uppsetningar og utgafur af AR-WRF likaninu.

Reikniskjema

V3.0.1 af AR-WRF

V3.1.1 af AR-WRF

microphysics

Thompson graupel

WSM 3-class simple ice

cumulus Betts-Miller-Janjic Kain-Fritsch
planetary boundary layer |2EQ Bao scheme YSU

LW radiation RRTM CAM

SW radiation Dudhia CAM

surface physics NOAH LSM Thermal diffusion

surface layer physics

Monin-Obukhov

Monin-Obukhov

Tafla 2: Yfirlit yfir helstu reikniskjemu sem notud voru fyrir mismunandi likanuppsetningar og utgafur.

Munurinn & likanuppsetningum milli V3.0.1 og V3.1.1 helgast fyrst of fremst af
reiknihrada og nakveemni. Uppsetningin fyrir nidurkvordun a gégnum fra Evrépsku
reiknimidstodinni midadist vid ad fa sem nakvaemastar reikninidurstédur sem
myndu likja sem best eftir raunverulegu vedri sidustu aratuga. Nidurkvordun &
framtidarsvidsmynd er hins vegar had 68rum og steerri évissupattum en peim sem
koma fram vegna akvedinnar uppsetningar & likaninu. Var pvi valin uppsetning
sem veeri léttari i reikningum og vitad var ad veeri reiknilega stédug (upplysingar
fra Ulla Heikkila vid Bjerknes Center i Bergen). Til ad gaeta samraemis milli
styrikeyrslu og framtidarsvidsmyndar var sama likanuppsetning notud vid
nidurkvordun styrikeyrslunnar.

Midlun reiknigagna og urvinnsla

Reiknistofa i vedurfraedi hefur nylega fest kaup a 6flugri gagnavél og er verid ad
flytja gogn fra Noregi yfir @ hana. NU pegar er haegt ad nalgast likannidurstodur i
gegnum vefslédina http://rav.riv.is, athugid ad enn er pé takmarkad magn af

gdgnum adgengilegt. Ennfremur a eftir ad ganga endanlega fra uppsetningu
skraarsveeda. Loks ma nalgast hluta reikninidurstada a ftp pjéni Reiknistofunnar:
ftp://metphys.org/pub/LOKS.

Urvinnsla gagna er pegar hafin, sja til ad mynda umfjéllun i fylgiskjali 1 sem og i
Minnisbladi fra 1. november 2010 (fylgiskjal 3). Frumnidurstédur nidurkvérdunar a
framtidarsvidsmynd voru ennfremur kynntar i fyrirlestri Haraldar Olafssonar a 90
ara afmeelirddstefnu Vedurstofu Islands, sem haldin var i desember sidastlidnum

(H. Olafsson, 2010).

Nidurlag

Aflraenni nidurkvordun vedurs er lokid, eins og henni er lyst i verklysingu LOKS
verkefnisins, og verid er ad flytja gdgn til islands til frekari arvinnslu. Buid er ad
tryggja diskaplass fyrir gognin og hanna opid adgengi ad reikninidurstddum sem
og adferdir til ad einfalda og létta Urvinnslu pessa gridarlega gagnamagns.
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Dynamic downscaling of precipitation

In order to assess the impact of horizontal resolution on stratiform precipitation,
the atmosphere has been simulated for selected areas at different resolutions
(Fig. 1). The simulations are carried out with the WRF model (Skamarock et al.,
2008) with microphysics parameterized by the WSM3 scheme (Hong et al., 2004).
The outermost domain is very large (400x200 grid-points) with a horizontal
resolution of 27 km. There is one-way nesting to a 9 km domain (202x202 grid-
points) covering Southern Scandinavia and parts of Finland (cf. Fig. 1b). Within
the 9 km domain, there are four domains (one-way nesting) with a 3 km
horizontal resolution (cf. Fig. 1c). The 3 km domains are as follows: W-Norway:
70x70 points (44.100 km?), Central-Sweden: 142x142 points (181.500 km?),
Denmark: 70x94 points (59.200 km?2) and S-Finland: 55x70 points (34.650 km?).
The simulations are forced by a global simulation by Arpege model (Déqué et al.,
1994), run by the Bergen group (BCCR) on a T159c3 irregular grid. The
simulated period is 1 September 2010 to 31 August 2011. The scenario chosen is
the SRES A1B (Nakicenovic et al., 2000). Values of sea surface temperature (SST)
are calculated as ERA40 (Uppala et al., 2005) SSTs plus smoothed SST anomalies
from ECHAM5/MPI-OM, corrected for drift. Biases in the ice-edge are corrected to
remove excessive ice cover in certain regions. The time varying forcing agents
are varied, based upon observations. The varying forcing agents constitute of
CO2, CH4, N20, CFC11 (including other CFCs and HFCs), CFC12 and sulfate
aerosols (Boucher data, only direct effect). Non-varying forcing agents include
background aerosols such as black carbon, sea salt, desert dust, as well as
stratospheric and tropospheric ozone, solar irradiance (1368 W/m?) and the
distribution of land cover types. No volcanic aerosols were included in the
simulation.

For more technical details, see Rdgnvaldsson and Agustsson (2009) and
references therein.

Results and discussion

Figures 1 and 2 show the accumulated one-year precipitation, simulated at
different horizontal resolutions and Figure 3 gives the maximum number of days
per year when the grid-point precipitation, for each region and at various
horizontal resolutions, exceeds different thresholds. In short, the highest
horizontal resolution (3 km) gives the greatest precipitation and maximum
number of extremes. However, the sensitivity of accumulated precipitation to



horizontal resolution is only moderate, except in the Norway region, where the 3
km domain gives about 50% greater precipitation than the 9 km domain. The
large increase of precipitation in the mountainous regions of Norway is expected.
This increase is related to direct forcing of ascending motion above the
mountains that are not resolved at the coarse resolutions. The increase in
precipitation over land is greater than indicated by Fig. 2, as approximately one
fifth of the grid points of the Norwegian region are over sea, and as such not very
sensitive to improved representation of the terrain. The precipitation extremes
that appear at the fine resolutions (9 and particularly 3 km) are much more
pronounced in Norway than elsewhere. This difference must be associated with
strong winds and ascending motion over the mountains. In spite of mountains
being present inside the Swedish domain, the total impact of increased resolution
is much less in that region, than at the West coast of Norway. This difference is
presumably related to the height and the spatial scale of the mountains.
Mountains also cover a relatively larger part of the Norwegian domain, than the
Swedish domain and this is reflected in the smaller sensitivity of the total
precipitation in the Swedish domain to horizontal resolution presented in Fig. 2.

In spite of the land being relatively flat both in the Denmark and the Finland
regions, simulated precipitation increases with resolution. The sensitivity in
Denmark is very limited, but the signal is more clear in Finland. Figure 1 reveals
that there is a precipitation maximum aligned with the coast of Southern Finland.
This maximum becomes more pronounced when resolution is increased,
indicating that increased resolution may enhance coastal convergence and that
this effect may be important in climate context. A similar feature can be
detected in the Denmark domain (Fig. 1), but the size of the Danish domain is
such that this effect does not appear clearly in the accumulated precipitation in
Fig. 2.
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Figure 1. Accumulated stratiform precipitation simulated with the WRF model
with boundaries from the Arpege T159c3 (SRES A1B) simulated by the Bergen
group (BCCR). The simulated period is September 2020 to September 2021 with
horizontal resolution a) 27 km, b) 9 km and c) 3 km.
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Figure 2. Accumulated precipitation in the regions in Fig. 1 for different horizontal
resolutions.
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Introduction

Dynamical downscaling (DD) is a method for obtaining high resolution climate, or
climate change, information from relatively coarse resolution global climate
models (GCMs). Typically, GCMs have a resolution of 100-200 km by 100-200 km.
Many impact-models require information at scales of 10 km or less, so some
method is needed to estimate the smaller-scale information.

The idea behind dynamical downscaling is relatively simple. Take output from a
coarse resolution model (e.g. a GCM) and use it to force a limited area model
(LAM) at a higher horizontal and vertical resolution. As resolution is increased,
processes governed by the interaction of the large scale flow and topography
become better resolved by the models. One drawback of this approach, which is
not present in global climate models, is that the simulations are dependent on the
lateral boundary conditions. These can constrain the model dynamics and hence
affect the results (e.g. Warner et al., 1997). To minimize the constraining effects of
the boundary conditions, Qian et al. (2003) suggested consecutive short term
integration, overlapping in time as to minimize the effects of spin-up, instead of a
single long term integration. Other investigators (e.g. Giorci and Mearns, 1999) opt
for longer integration times, emphasizing the importance of the model to be free
to develop its own internal circulations.

It should be pointed out that state of the art LAM, such as the WRF model?, have
the possibility of “nesting”, i.e. one can create a relatively coarse outer domain
and “nest” smaller domains, at a higher horizontal resolution, within this “mother
of all domains” (MOAD). This approach can than be used to minimize the negative
effects of coarse resolution boundary effects, granted that the MOAD is
sufficiently large to allow the LAM to create it's own atmospheric flow.

The project

The current project involves using the DD method to scale down a future climate
scenario simulation, made by the Bjerknes Centre for Climate Research? (BCCR) in
Bergen, Norway, for selected regions of the Nordic countries (shown in Fig. 1) for
the 30 year period 2020 to 2050.

The modeling approach used in this experiment is that of Giorci and Mearns (1999),
i.e. we opt for a very large MOAD and long simulation times (one year).

1 http:// www.wrf-model.org
2 http://www.bjerknes.uib.no/
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Figure 1: Domain setup for the dynamical downscaling of the Arpege simulation. The
MOAD is 400x200 points, the 9 and 3 km domains covering Iceland are 94x91 and
196x148 points, respectively. The large 9 km domain covering Scandinavia and S-Finland
is 202x202 points, the large 3 km domain over Sweden is 148x196 points and the
remaining 3 km domains are 55x55 grid points each. The number of vertical levels is 41.

The GCM simulation

The atmosphere model used by BCCR is the Arpege model (Deque et al., 1994), run
on a T159c3 irregular grid. The scenario chosen is the SRES A1B (Nakic enovic” et
al., 2000). Values of sea surface temperature (SST) are calculated as ERA40 (UppaLa
et al., 2005) SST's plus smoothed SST anomalies from ECHAM5/MPI-OM corrected
for drift. Biases in the ice-edge is corrected to remove excessive ice cover in
certain regions. The time varying forcing agents were varied based upon
observations. The varying forcing agents constituted of CO2, CH4, N20, CFC11
(including other CFC's and HFC's), CFC12 and sulfate aerosols (Boucher data, only
direct effect). Non-varying forcing agents included background aerosols such as
black carbon, sea salt, desert dust, as well as stratospheric and tropospheric
ozone, solar irradiance (1368 W/m?2) and the distribution of land cover types. No
volcanic aerosols were included in the simulation.

Prior to being pre-processed be the WRF model the Arpege data were regridded to
a regular 1.125°x1.125° grid. The reason for this relatively coarse resolution was
to prevent the creation of spurious high frequency noise by the regridding process
in areas far from the high resolution part of the original Arpege simulation.

Pre-processing of the Arpege data

In order to be able to use the Arpege simulations as input to the WRF model the
data needed to be pre-processed. In particular, the Arpege data files needed to be
converted from their native netCDF format to the WRF systems intermediate



format. Once on that format, the Arpege data could be ingested by WRF pre-
processing system. For this step of the process we were able to take some
advantage of software that has been developed at BCCR. The BCCR conversion
code is threefold:
* Interpolate the Arpege data to a regular 1.125°x1.125° grid
* Reduce the resulting global data set into the required “area-of-interest”
domain
» Extract the necessary variables and write them to the WRF intermediate
format

The LAM simulation

Once the Arpege data has been converted to the intermediate format, by the
BCCR code, one can start making use of the default WRF pre-processing software

WRF Preprocessing System
Static id
Geographical  fd geogri
Data
Gridded Data: \ \
NAM,GFS,RUC, L
AGRMET. etc. Gridded data:
ARPEGE

Figure 2: Schematics of the WRF pre-processing system. Instead of using the
ungrib option, we use the code developed at BCCR in order to create the
necessary intermediate format files.

(cf. Fig. 2). The intermediate files are ingested by the metgrid program that
interpolates the meteorological data horizontally to the model domains (cf. Fig. 1).
The resulting met_em_do0>? files are than processed by the real program to create
initial and boundary data for the WRF atmospheric model.

However, the process turned out to be more complex and less well behaved than
hoped for. It turned out that the real program created sea-ice in regions where no
sea-ice should exist (cf. Fig. 3). The reason for this behavior took some time to
emerge. Apparently the variables SST and SKINTEMP (used by WRF) were not
default output fields from Arpege. Instead the variable “surface soil temperature”
was used to represent the SST/SKINTEMP variables. This caused irregularities in
sea surface temperature values in coastal areas and in areas were the Arpege
Land/Sea mask was considerably different from the higher resolution WRF
Land/Sea mask (cf. Fig. 4). These irregularities finally lead to the WRF model to



“blow” after few weeks of simulation time.

500 1000 1500 2000 2500 3000

Figure 3: Sea-ice distribution (red) for the 27 km domain (top). Notice the spurious sea-
ice formations in regions like off the coast of SE-Iceland, coastal areas of Great Britain
and Ireland and the Mediterranean as well as inland Scandinavia. Bottom part shows the
model orography, the color scale is in meters.

In order to solve this problem we duplicated the Arpege data file containing the
“surface soil temperature” variable to another file named “sst”. This new SST
variable was than “masked”, i.e. values that occurred over land were given a
default value of 32766.0 (cf. Fig. 5). The BCCR code was than modified in order to
handle this “new” variable. Having created a “true” SST field (i.e. one that has un-
identified, or default, values over land points) the idea was to use the metgrid



and real programs to correctly handle surface temperature values, over land as
well as over sea. We have had some success in this regard but at present the
metgrid code is still producing faulty input data, leading to unstable simulations.
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Figure 4: Values of SST for the 9 km domain covering Scandinavia, color scale is in
degrees Kelvin. Notice the sharp temperature gradients (yellow) along the coast of
Norway and the very cold areas (light green and blue) south of Norway and within the
Baltic sea.
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Figure 5: Map showing the SKINTEMP (top) and the “new” SST (bottom) isolines. Notice
how the SST isolines are undefined over land areas.

Current status

A one month period, January 2020, has been simulated on the grid shown in Fig.
1, with the exeptions of the 3 km domains in Scandinavia and S-Finland. The
simulation results on the four domains have a plausible structure and there are no
signs of spurious, or out of control, wave formations. Figure 6 shows the
perturbation pressure at two different timesteps for the large 27 km MOAD
domain. The top part shows a complex low pressure system that has formed south
of Greenland and the lower part a typical bi-polar system, low pressure south of
Greenland and a high pressure system over Great Britain.
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Figure 6: Perturbation pressure [Pa] (color scale) for 2020-01-11 06 (top) and 2020-01-
19 18 (bottom).

The precipitation field also looks realistic, Fig. 7 shows the accumulated one

month preciptation for Iceland (3 km grid), both convective and explicitly resolved
precipitation.



Figure 7: Accumulated convective (left) and explicitly resolved (right) precipitation
[mm] for January 2020. Note the different color scales for the precipitation amounts.

The effects of the incorrect SST mask can clearly be seen in the cumulus precipitation
field of the south coast of Iceland.

Figure 8 shows the same results as Fig. 7 but for Scandinavia (9 km resolution).
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Figure 8: Accumulated convective (left) and explicitly resolved (right) precipitation
[mm] for January 2020. Note the different color scales for the precipitation amounts.



Figure 9 shows the timeseries of two meter temperature at 27 and 3 km
resolutions for Reykjavik, SW-Iceland.

T2(K)

o4 260 268 IT0 2TE OI¥4 2T 2FE IR0

T2 (K)

262 5265 26T.02V0 2TZA2ZTS 2TV 5280

260

Time
Figure 9: Two meter temperature time series at location Reykjavik, SW-Iceland at 27

(top) and 3 (bottom) km resolution. Simulation results are written to a file every six
hours. Hence, twenty time steps represent five days.




Next steps

In order to overcome the numerical instability the WRF model is experiencing at
the 3 km resolution domains in Scandinavia and S-Finland, we need to be able to
mask the SST field correctly. We are currently seeking advice from within the WRF
user community and hope to have the matter resolved soon.

If we still experience numerical instability, we might have to resolve to shorter
integration periods, weeks/months instead of a year. This would however not be
an optimal solution, rather a solution of last resort.
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Verkpeettir

1. Reikningar i péttu neti. Vedur dranna 1958-2009 verdur reiknad i 27 og 9
km neti fyrir allt landid og fyrir skemmra timabil a 3 km neti (“vatnsarin”
1994-2009). Ennfremur verda valin sveedi reiknud a 1 km neti fyrir skemmri
timabil.

2. Nidurkvordun styrikeyrslu. Timabilid 1960-61 til 1989-90 ur styrikeyrslu
vedurfarslikansins Arpege verdur kvardad nidur & 27, 9 og 3km net (sja
mynd 1).

3. Nidurkvordun a valinni svidsmynd. Timabilid 2020-21 til 2050-51 ur
Arpege verdur kvardad nidur a 27, 9 og 3km net, sja mynd 1.

4. Urvinnsla og tulkun svaedisbundinna vedurfarssvidsmynda.
Reikninidurstédur fyrir vind, hita og urkomu ar lidum 1 til 3 verda bornar
saman fyrir afmorkud timabil og svaedi. Fyrir Urkomu verdur um ad reeda
samanburd & reiknadri urkomu i 1km reiknineti vid maelda drkomu fyrir
pjérsar- Tungnaarsvaedid yfir sjo ara timabil (2002-03 til og med 2008-09).
Urkoma verdur borin saman vid maelda trkomu, baedi punktgildi og
akomugogn af Hofsjokli og Langjokli, sem og vid urkomu reiknada med
reitskiptu LT likani Vedurstofunnar.

Reiknud urkoma i 27 og 9km neti verdur borin saman vid fyrirliggjandi
maelingar, baedi punktgildi og dkomumaelingar af joklum, eftir pvi sem slik
gogn eru adgengileg, sem og sambeerilegt timabil Ur styrikeyrslu (1960-61
til og med 1989-90). Reiknud Urkoma i framtidarvedurfari verdur borin
saman vido badar pessar keyrslur og mat lagt a breytingar. A3 sama skapi
verdur reiknadur hiti og vindhradi i einstaka reikniméskvum fyrir 27 og 9km
keyrslur borinn saman vid meaelingar og styrikeyrslu og mat lagt a breytingar
i framtidarvedurfari. Loks verdur reiknadur hiti &8 3km neti Ur styrikeyrslu
borinn saman vid meeldan, netsettan, hita fyrir timabilid 1960-61 til 1989-
90. Reiknadur hiti og vindur Ur 3km reiknineti, fyrir timabilid 1994-95 til og
med 2008-09, verdur borinn saman vid meaeld punktgildi eftir pvi sem
maeligogn leyfa.

Notast verdur vid netsett gogn ad pvi marki sem pau eru til. Midad er vid
framtidarvedurfar aranna 2020-21 til 2050-51 og 1960-61 til 1989-90 til
samanburdar (styritimabil). Vid tdlkun reikninganna verdur 16gd sérstok
ahersla @ hugsanlegar stadbundnar breytingar sem ekki koma fram i gisnu
reiknineti, par a medal breytingar a hlutfalli drkomu i fjalllendi og drkomu a
laglendi.

Leitast verdur vid ad fa nidurstédur birtar i ritryndum timaritum.

5. Sveedisbundnar vedurfarssvidsmyndir. Greining a vedurfari a Islandi i
sveedisbundnum vedurfarssviosmyndum (Prudence/Esembles), m.a. med
reikniveenni nidurkvordun (LT likan). Unnid af Vedurstofu Islands (VI) i
samvinnu vid HI. | tengslum vid pennan |id verdur leitast vid ad greina
nattdrulegar sveiflur & stadbundnu vedurfari, einkum drkomu.
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Mynd 1: Uppsetning reiknisvaeda fyrir nidurkvéroun framtidarsviosmynda i LOKS/CES verkefnunum.

Lidir 1-4 verda unnir af RV { samvinnu vid Hi, Vi og UiB, en veenta ma framlags UiB
i formi adstédu og vinnu. Lidur 5 er fjarmagnadur og unninn af VI.

Lidir 1-2: 1.810 vinnustundir (med 20% eiginframlagi : 1448 + 362 /8.3 + 2 mm)
Lidur 3: 1.170 vinnustundir (med 14% eiginframlagi — CES : 1006 + 164 /5.75 +
0.9 mm)

Lidur 4: 552 vinnustundir (med 20% eiginframlagi : 442 + 110/ 2.5 + 0.6 mm)
Lidur 5: 1.000 vinnustundir (VI)

Timadeetlun verklida 1 til 4

2008
Nidurkvordun & eldra vedri med WRF vedurlikaninu hefst.

2009

Unnid verdur ad adlogun WRF likansins ad reiknigdgnum (framtidarsvidsmyndum)
fra Bjerknes midstodinni i Bergen. Val a ytri keyrslu fyrir svidsmyndir til
nidurkvoérdunar. Nidurkvordun a eldra vedri med WRF vedurlikaninu heldur afram.

2010

Nidurkvordun & framtidarvedurfari verdur lokid a 66rum arsfjéordungi. Nidur-
kvordun a eldra vedri verdur lokid & fjorda arsfjordungi dsamt nidurkvordun a
styrikeyrslu framtidarvedurfars. Endurreikningum & framtidarvedurfari fyrir island
lokid & fjorda arsfjérdungi.

Afangaskyrsla um hermireikninga ritud a fjérda arsfjérdungi.

2011
Fragangur gagna, skrif lokaskyrslu og greina til birtingar i ritrynd timarit; unnid a



fyrsta til fjorda arsfjéordungi.

Stada mala 1. névember 2010

CES - Nidurkvordun a valinni svidsmynd:

BUid er ad keyra timabilid 2020-09-01 til og med 2051-09-01 fyrir 6ll svaedi synd &
mynd 1. Buid ad er eftirvinna 3km svaedin fyrir Skandinaviu (gera CF-compliant)
og afrita yfir til DMI. Ole Bgssing hja DMI hefur svo eftirunnid goégnin frekar svo
bau passi inn { ENSEMBLE straktarinn. Eftirvinnsla & 3km sveedi fyrir island er
lokid, p.e. gera CF-compliant. Hafa pau gogn verid vistud a ftp sveedi RV, par ed
DMI treysti sér ekki til ad halda peim til haga.

Pvi midur hefur 6llum 27 og 9km gégnum verid eytt af Hexagon og parf ad reikna
bau aftur. Buid er ad endurpyda WRF likanid p.a. nu er haegt ad styra magni
Utlagsgagna betur. betta leidir af sér ad gagnamagn verdur mun minna, léttir pad
baedi og einfaldar eftirvinnslu.

LOKS - Reikningar i péttu neti:

BUid er ad keyra timabilid 1957-09-01 til 2009-09-01 a 27 og 9km reikninetum.
Timabilid 1994-09-01 til 2009-09-01 hefur verid reiknad & 3km reiknineti.
Ennfremur er buid ad reikna 2002-09-01 til 2005-09-01 med 1km neti fyrir bjorsar-
Tungnaarsvaedid (steerd sveedis er 200x200 km).

Verid er ad endurreikna 1km svaedid fyrir timabilid 2005-09-01 til 2009-09-01.
pessir reikningar eru mjog pungir, en pad tekur um sex vikur ad reikna hvert ar.
Gert er rad fyrir ad reikninidurstodur liggi fyrir um eda upp Ur midjum desember.

Verid er ad endurreikna timabilid 2020-21 til og med 2050-51 & 27, 9 og 3km
reiknineti. baer keyrslur settu ad vera tilbodnar um midjan névember. Undirbdningur
er hafinn ad reikningum & styritimabili (1960-09-01 til 1990-09-01). Gert er réd
fyrir ad peim reikningum verdi lokid um manadarmotin ndvember-desember.

LOKS - Urvinnsla og fragangur gagna:

Adferdir til ad medhondla og eftirvinna reiknigdgn eru i stédugri préun, sem og
pbroun a hugbunadi til ad bera gogn saman vid meelingar & skjétan og peaegilegan
mata. Sem deemi ma nefna hugbunad til ad varpa uUtlagsgégnum WRF
vedurlikansins yfir a svokallad “CF-compliant” form (p.e. “Climate and Forecasting
compliant”), en med pvi méti ma medhéndla gégnin med hefdbundnum GIS
télum. Hugbunad til ad gera reiknadar gagnaseriur samfelldar i tima, p.e. hreinsa
Ut gogn sem skarast, og skrifa Ut valdar breytur i minni og medfaerilegri
gagnaskrar. Hugbunad til ad velja breytur ur stokum, eda strjalum, reikniméskvum
og vista & CSV formati sem hefdbundnir toflureiknar rdda vid. Ennfremur er stodug
pbréun i teiknirdtinum ymiskonar.

Ymis kort og gagnaskrar mé finna & netinu pétt hinn eiginlegi gagnagrunnur sé
ekki enn tilbdinn. Ma par nefna kort af medalvindhrada hvers manadar fyrir
timabilid 1995-2008 (http://www.betravedur.is/halfdan/RAV/MeanMonthlyWinds/),
og kort sem syna uppsafnadan vetrarsnjé fyrir Oxnadalsheidi fyrir sama timabil
(http://www.betravedur.is/halfdan/Cloudicing_Landsnet/).



http://www.betravedur.is/halfdan/RAV/MeanMonthlyWinds/
http://www.betravedur.is/halfdan/CloudIcing_Landsnet/

Tafla yfir reitskipt meeli- og reiknigogn:

Nafn Uppruni Timabil Net |Fjoldi punktai Likan |Athugasemd
innlagsg reiknisvaeoi ir
agna
E-WRF27 ERA40 og Sep 1957 |27 km|43x42x55(z) WRF - |Lokid, gdgn
ECMWEF  til Sep V3.0.1 |enna
op.analys [2009 Hexagon
E-WRF9 ERA40 og Sep 1957 |9 km |95x90x55(z) WRF - |Lokid, er ad
ECMWF  til Sep V3.0.1 |flytja gogn til
op.analys 2009 IS. 1994-2002
adgengilegt,
2002-03 og
2003-05 a
diskum
E-WRF3 ERA40 og |Sep 1994 3 km 196x148x55(z) 'WRF - | Lokid, gégn a
ECMWF  til Sep V3.0.1 |Islandi
op.analys [2009
E-WRF1 ERA40, Sep 2002 |1 km [202x202x55(z), |WRF - |Verid ad
ECMWEF  til Sep pjérsar- V3.0.1 |endurreikna
op.analys |2005 Tungnaarsveedi 2005 til 2009,
o) onnur gogn a
diskum
CtrArp27 ERA40/Ar [Sep 1960 |27 km|350x180x41(z) |WRF - |Ekki byrjad ad
pege til Sep V3.1.1 |reikna
1990
CtrArp9 ERA40/Ar Sep 1960 |9 km [94x91x41(z) WRF - |Ekki byrjad ad
pege til Sep V3.1.1 |reikna
1990
CtrArp3 ERA40/Ar [Sep 1960 |3 km [196x148x41(z) |WRF - |Ekki byrjad ad
pege til Sep V3.1.1 |reikna
1990
A1B1Arp27 |Arpege Sep 2020 |27 km |350x180x41(z) |\WRF - |Verid ad
til Sep V3.1.1 |endurkeyra
2051
A1B1Arp9 |Arpege Sep 2020 |9 km |94x91x41(z) WRF - |Verid ad
til Sep V3.1.1 |endurkeyra
2051
Al1BlArp3 |Arpege Sep 2020 |3 km |196x148x41(z) |\WRF - |Verid ad
til Sep V3.1.1 |endurkeyra
2051
LtPrecCtr  |ERA40 1961 til 1 km |alltisland, LT likan |Gégn & Vi
1990 urkoma PC
obsT2Ctr  |Meelingar 1961 til 1 km |alltisland, hitii |Sigga |Gégn & Vi
Vi 1990 2m Sif
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