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Abstract An open source software system, called WRFLES,
has been developed that greatly simplifies running the WRF
atmospheric model in Large Eddy Simulation (LES) mode.
The work was funded by the Bergen Center for Computa-
tional Science, Uni Research AS, in Norway, and carried
out by the Institute for Meteorological Research in Iceland.
Here, the system is tested in three different situations. Firstly
it is found that modifying the land-use data, so as it be-
comes coherent with the high resolution topography data, is
of importance for both simulated surface winds and temper-
ature. This is especially true for coastal regions. Secondly,
it is found that for a weather event of weak synoptic forc-
ing the LES simulations overestimate the surface wind speed
and underestimate the surface temperature, compared to ob-
servations and simulations done with the Mellor-Yamada-
Janjic planetary boundary layer (MYJ PBL) scheme. This
behavior is largely independent of the number of vertical
sigma levels chosen, ranging from 55 to 139. Thirdly, when
used to simulate a strongly synoptically forced weather event
the over-prediction of surface winds of the WRF model in
LES mode is still present. The under-prediction of surface
temperature is however not present. This may be connected
to how the LES model interacts with the surface model. In
particular, the energy transport between surface and the at-
mosphere may have to be refined with the LES model.

Olafur Rognvalsson - Halfddn Agistsson

Institute for Meteorological Research, Orkugardi, Grensasvegi 9, 108
Reykjavik, Iceland, Tel.: +354-5281690, Fax: +354-5281699, E-mail:
or@belgingur.is

Halfdén Agistsson and Haraldur Olafsson

University of Iceland

Haraldur Olafsson

Icelandic Meteorological Office and Bergen School of Meteorology

Haraldur Olafsson

1 Introduction

A novel, open source, software system has been developed
that greatly simplifies running the WRF atmospheric model
(Skamarock et al, 2008) in Large Eddy Simulation (LES)
mode. The system is named WRFLES, and was funded by
the Bergen Center for Computational Science, Uni Research
AS, in Norway, and carried out by the Institute for Meteo-
rological Research in Iceland. Running the WRF model in
LES mode can be both time consuming and confusing. Typ-
ically, one runs the model with a regular planetary boundary
layer (PBL) scheme down to a horizontal resolution of few
kilometers using the model’s nesting option. Using the out-
put data from the innermost (i.e. highest resolution) PBL
domain, one can create initial and boundary data for the
WRF model in LES mode. This is done by using a com-
ponent of the WRF modeling suite called NDOWN (short
for Nest DOWN). Once that is done, one can finally run the
WRF model in LES mode for the chosen area. Care must
be taken when editing the WRF model’s control files (called
namelist.wps and namelist.input) during this procedure. As
the user defines the domain setup "top down", it can be very
time consuming getting the exact location of the innermost
domain correct. The new software package solves this by al-
lowing the user to define the exact location, and extent, of
the innermost domain. Either by defining two corner points,
or by setting the domains center latitude and longitude as
well as a radius. From these information the system than
sets up the necessary control files in such a way that the
innermost domain is as the user wishes for. The system fur-
ther sets up a unique directory structure for each simula-
tion, copies or links relevant input data and creates the nec-
essary runtime scripts that make it straight forward to run
the WRF model through all the necessary steps. Addition-
ally, the system includes methods to use the (near global)
1 second ASTER topography data and the high resolution



Corine land-use data, that are available for large parts of Eu-
rope. The system has been tested for a number of locations
in Norway, Denmark and Iceland. Main usability is foreseen
in research of wind energy for regions with relatively com-
plex terrain.

Here we describe how the WRFLES system works and
represent results from three types of tests. Firstly the effects
of syncing the land-use categories with the high resolution
ASTER topography data are investigated. Secondly, the ef-
fects of varying the number of vertical levels on surface
winds and temperatures is investigated for a weakly synop-
tically forced event of the coast of W-Norway in June 2008.
It is also investigated how the relatively coarse resolution
(1350 meters) LES simulations differ from simulations done
with the Mellor-Yamada-Janjic (MYJ) PBL scheme (Janjié,
2001), and how the LES simulation respond to increased
surface roughness. Model results are further compared to
available surface observations. Thirdly, the system is tested
on a southwesterly windstorm in W-Iceland in 2011. The
windstorm is of the same type as described as a stone-mover
in the saga of Egill Skallagrimsson and is influenced by the
mountains south of the town of Borgarnes, located in the
fjord of Borgarfjordur in W-Iceland.

2 Features of WRFLES

The WRFLES software tool includes the following features:

— Setting up a directory hierarchy suitable for executing
the steps of a WRF LES simulation.

— Calculating the namelist parameters corresponding to user
defined criteria for the simulation region and generating
the necessary namelists.

— Generating PBS scripts from templates that take care of
the various steps in a WRF run.

— Includes stand alone python scripts to correct the geo_em
and met_em files.

— Includes instructions on how to import 1 second ASTER
topography data into WREF.

— Can be used with high resolution Corine land-use data.

In the WRFLES system the WRF model is run in LES mode
and fully coupled to the surface physics of the Noah Land
Use model. To our best of knowledge, this is the only setup
which allows users to run WRF in LES mode, and with
full surface physics (Jian-Wen Bao, personal communica-
tion). Figure 1 shows a typical domain setup resulting from
WREFLES. In this case the innermost domain covers the is-
land of Utsira off the west coast of Norway. The only part
of WRFLES that is hard-coded to the system is the total
number of domains used for the setup, currently the num-
ber of domains is six. The two outermost domains are run
in PBL mode and are used to create the necessary input
data for the remaining four LES domains. The resolution
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Fig.1 Example of a six domain setup, using WRFLES. The innermost
domain, covering the island of Utsira (top panel), has a 50 meter hori-
zontal resolution, but the outermost domain has 8100 meter resolution.

of the domains is defined by the user, the user defines the
resolution of the innermost domain directly. The horizontal
resolution of the remaining domains is than set by defin-
ing the grid ratios (typically 2 or 3) between the domains.
In the example shown in Fig. 1 the ratios are defined as
3(50 x 3 = 150m=D05),3(3 x 150 = 450m=D04),3(3 x
450 = 1350m=D03),2(2 x 1350 =2700m=D02) and 3(3 x
2700 = 8100m=DO0L1).

A link to a tar bundle containing the WRFLES software
suite, and detailed documentation of it and its use, is given
in an appendix at the end of this report.



3 Sensitivity to land-use data

To test the sensitivity of the LES model to changes in land-
use we choose to simulate an event over the Danish island
of Sjelland, with a focus on the hill of Bolund, just north of
Roskilde (cf. Fig. 2). The reason for this choice is twofold.
Firstly, the topography is relatively smooth and the effects
of modified land-use will not be masked by local orography.
Secondly, in late 2007 and early 2008 Risg/DTU hosted a
field campaign' in order to provide a comprehensive dataset
for validating models of atmospheric flow in complex ter-
rain.

Sjeetland

Fig. 2 Overview of Sjellend (left panel), the Bolund hill (right panel)
is approximately 200x 200 meters a side.

Due to this, the WRFLES system includes a pre-configured
setup for the Bolund area. Figure 3 shows the differences
in two meter temperature (top panel) and ten meter winds
(middle and bottom panels) between LES simulations using
the un-modified Corine land-use data and land-use data that
have been synchronized with the high resolution ASTER to-
pography data (modified minus un-modified). Not surpris-
ingly, the main differences are near the coast and close to
water bodies, i.e. in locations where grid cells are changed
from being a "water point" to "land point” or vice versa.
Figure 4 shows a time series of simulated wind speed at the
Bolund hill (cf. black dot in Fig. 3) at 1 January, 2008. The
resolution of the LES model is 1350 and 50 meters. For this
particular location and time there is little difference between
the 1350 and 50 meter resolution simulations. The simulated
wind speed with the modified land-use is on average about
1 m/s greater than the simulated wind speed with the un-
modified Corine land-use data.

! http://www.risoe.dtu.dk/da/research/sustainable_energy/wind_energy/projects/vea_bolund.aspx?sc_lang=en
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Fig. 3 Differences in surface temperature (top panel) [K] at 1350 (left panel) and 50 meter (right panel) resolution between modified and un-
modified land-use. Middle panel shows the difference between east-west wind speed [m/s] at 10 meters above ground and bottom panel shows the
difference between north-south wind speed component. The location of the island Bolund is indicated with a black dot. The difference is plotted
at 1900 UTC, 1 January 2008.
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Fig. 4 Simulated surface wind speeds at Bolund, Denmark, at 50 and 1350 meter horizontal resolution with WRF in LES mode. The simulated

wind speed is on average 0.5 to 1 m/s greater (top two lines labeled LUfix-50m and LUfix-1350m) when the Corine land-use data has been
synchronized with the 1 second ASTER topography data. The simulations are valid for 1 January, 2008.



4 Sensitivity to vertical resolution and surface
roughness

Figure 5 shows the domain setup of the 1350 meter resolu-
tion simulations for the island of Utsira. The domain is the
same as the one marked as "D03" in Fig. 1 (bottom panel).
All simulations were initialized with operational analysis
from the ECMWF and are valid for 1 June, 2008. Number of
full o-levels range from 55 to 139 (55, 90, 91, and 139). In
addition to different total number of sigma levels, the num-
ber of levels in the lowest 2000 meters differ between the
setups. At 55 sigma levels there are approximately 30 levels
in the lowest 2000 meters, about 15 for the 90 sigma level
setup, 45 for the 91 sigma level setup and approximately 60
for the 139 sigma level setup.

Upper air observations for this day (00, 12, 24UTC) from

Stavanger airport, located approximately 60 km southeast
of the island of Utsira, show calm winds at the surface with

southerly flow aloft. Surface observations reveal weak northerly

flow during the night, veering to the south in the early morn-
ing and back north in a clockwise direction between 10 and
11 UTC.

Figure 6 shows the simulated surface wind speed at 1350
meter horizontal resolution using the MYJ PBL scheme (left
panels) and the LES method (right panels) with various num-
ber of vertical levels. All simulations are valid at 18UTC, 1
June, 2008. Initially (04UTC) the simulated surface flow is
from the south, compared to observed flow from the north
and northeast in the late night/early morning. The observed
veering from southerly to northerly flow is delayed by 2-3
hours in all simulations compared to surface observations.
This can presumably be linked to too short spin up time in
the simulation used to force the 1350 meter grid. For the
purposes of this study this is of little importance, but may
play an important role in operational forecasts in situations
where there is weak synoptical forcing. In all cases the wind
speed is greater when simulated with the LES method com-
pared to the MYJ PBL scheme. The total number of vertical
sigma levels does not seem to be a decisive factor for sur-
face wind speed in the LES simulations. Rather, the number
of levels in the lowest 2000 meters is of greater importance.
Coarser resolution, i.e. the 90 sigma level simulation, leads
to weaker surface winds, compared to the other three se-
tups (cf. Fig. 7). Figure 8 shows the difference in simulated
surface winds and two meter temperature using the MYJ
PBL scheme and the LES method (LES minus PBL). In all
cases the LES simulations have greater wind speed, espe-
cially over land. The least difference in wind speed is when
simulated with 90 sigma levels. The LES simulations are
also in general slightly colder than the PBL simulations. The
abnormal temperature difference seen in the top right panel
of Fig. 8 (i.e. the difference between LES and MYJ PBL at
55 sigma levels) is an artifact of the NDOWN procedure and
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Fig. 5 Terrain height above sea level [m] of the 1350 meter resolu-
tion domain, the island Utsira is located in the center of the domain.
Locations of cross-sections are indicated with the two straight lines.

will be discussed in greater detail in subsection 4.1. This can
also be seen in the time series for the two meter temperature
at the Haugesund airport (cf. Fig. 7, green solid line, bottom
panel). Figure 9 shows the differences between the LES
and MYJ PBL simulations along the SW-NE cross-section
shown in Fig. 5. All simulations are done at 1350 meter res-
olution and for various number of sigma levels (55, 90, 91,
and 139). It is seen that the differences between the LES and
PBL simulations at the surface are a shallow feature and are
not found aloft. The differences between simulated flow in
the lowest 200 hPa is linked to differences in vertical reso-
lution rather than to different methods used to simulate the
flow (LES vs. PBL). The low level wind shear is also similar
in all simulations, regardless of which method is used to pa-
rameterize vertical transport of momentum. This indicates
that the vertical mixing within the two methods are simi-
lar away from the surface. Energy transport between surface
and the atmosphere is however different and needs to be re-
fined with the LES model. This task is however beyond the
scope of the current study.
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Fig. 6 Simulated surface winds [m/s], and streamlines, at 1350 meter horizontal resolution using the MYJ PBL scheme (left panels) and the LES
(right panels) for various number of vertical sigma levels: 55 levels (top), 90 levels (bottom). Simulations are valid at 18UTC, 1 June 2008.
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Fig. 6 continued. Simulated surface winds [m/s], and streamlines, at 1350 meter horizontal resolution using the MYJ PBL scheme (left panels)
and the LES (right panels) for various number of vertical sigma levels: 91 level (top), and 139 levels (bottom). Simulations are valid at 18UTC,
1 June 2008.
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Fig. 7 Observed (black lines) and simulated surface wind speeds [m/s] (top panel) and two meter temperatures [°C] (bottom panel) for the
Haugesund airport (approximately 25 km ENE of Utsira). Simulations are made with LES (dashed lines) and the MYJ PBL scheme (solid lines)
for various number of vertical sigma levels (55 - green, 90 - red, 91 - blue, and 139 - yellow). Horizontal resolution is the same for all simulations,
1350 meters. Simulations and observations are valid at 1 June, 2008.
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Fig. 8 Difference in surface wind speed [m/s] (left panel) and two meter temperature [K] (right panel) between simulations using the LES and

MYJ PBL scheme (LES minus

-PBL) for various number of vertical sigma levels: 55 levels (top), 90 levels (second from top), 91 level

MY]J

2008.

>

(second from bottom), and 139 levels (bottom). Simulations are valid at I8UTC, 1 June



Fig. 9 Cross-sections along the SW-NE line (cf. Fig. 5) showing horizontal wind speed [m/s] (color scale to the right), circulation vectors, and
isolines of potential temperature. Simulations are done at 1350 meter horizontal resolution using the MYJ PBL scheme (left panels) and the LES
(right panels) for various number of vertical sigma levels: 55 levels (top), and 90 levels (bottom). Vertical coordinates are pressure based [hPa].
Simulations are valid at 18UTC, 1 June, 2008.
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Fig. 9 continued. Cross-sections along the SW-NE line (cf. Fig. 5) showing horizontal wind speed [m/s] (color scale to the right), circulation
vectors, and isolines of potential temperature. Simulations are done at 1350 meter horizontal resolution using the MYJ PBL scheme (left panels)
and the LES (right panels) for various number of vertical sigma levels: 91 level (top), and 139 levels (bottom). Vertical coordinates are pressure
based [hPa]. Simulations are valid at IS8UTC, 1 June, 2008.
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4.1 Impacts of using NDOWN

The abnormal simulated temperatures (cf. Fig. 8, top right
panel and Fig. 7, green solid line, bottom panel) was traced
back to the NDOWN method with 55 sigma levels and the
MYJ PBL scheme. Using the MYNN PBL scheme (Nakan-
ishi and Niino, 2006), using the same initial and boundary
data as when running the MYJ PBL scheme, gives results
very similar to that of the 90, 91, and 139 sigma MYJ PBL
simulations (not shown) and that of using regular nesting

with 55 sigma levels. Figure 10 shows the difference be-
tween the 55 sigma NDOWN simulation and the one using
regular nesting. During the morning (cf. Fig. 10, top) the
NDOWN simulation is considerably colder over land (right
panel) near the surface and simulated wind speed is greater
for most of the domain (left panel). At 18UTC (cf. Fig. 10,
bottom) the situation has changed, the NDOWN simulation
now being warmer over land than the simulation using regu-
lar nesting. Differences in wind speed are less distinct. Fig-
ure 11 shows this behavior for the island of Utsira.



Fig. 10 Difference in surface wind speed [m/s] (left panel) and two meter temperature [K] (right panel) between simulations using the MYJ PBL
scheme with the NDOWN method and direct nesting (NDOWN minus no-NDOWN) at 55 sigma levels. Simulations are valid at 07UTC (top), and
18UTC (bottom), 1 June, 2008.
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Fig. 11 Oberved (black lines) and simulated surface wind speeds [m/s] (top panel) and two meter temperatures [°C] (bottom panel) for the island
of Utsira comparing two different methods of nesting. Red solid lines shows the results for the simulation using regular nesting and the blue solid
lines for the simulation using the NDOWN method. Simulations and observations are valid at 1 June, 2008.
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4.2 Effects of surface roughness and comparison with
observations

To investigate the effects of friction on the LES simulations
we increased the surface roughness by a factor of ten. When
this is done the simulated winds become weaker and simu-
lated two meter temperature increases (cf. Fig. 12). Notably,
the surface winds and temperature for the 1350 meter resolu-
tion LES simulation (cf. Fig. 12, blue dashed line) are remi-
niscent of the MYJ PBL simulation using the same NDOWN
procedure (cf. Fig. 11, blue solid line). This

indicates possible problems with the NDOWN procedure,
and as such was not investigated furhter in this report. Fig-
ure 13 shows the simulated wind speed (left panels) and two
meter temperature (right panel) at 50 meter horizontal reso-
lution for the island of Utsira at 15UTC, 1 June, 2008. The
simulations run at a 50 meter resolution reveal considerable
spatial and temporal variability. At this resolution, the 90
sigma simulation shows more disturbances at the domain
lateral boundaries, indicating that the relatively coarse reso-
lution in the lowest 2000 meters may be insufficient.
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Fig. 12 Simulated and observed (black line) surface wind speeds [m/s] (top panel) and two meter temperatures [°C] (bottom panel) at the island
of Utsira. Horizontal resolution is 1350m (blue lines), 450m (red lines), 150m (green lines), and 50m (yellow lines) and the simulations are done
with unmodified (solid lines) and increased (dashed lines) surface roughness. Number of vertical levels are 55. Simulations and observations are
valid at 1 June, 2008.
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Fig. 13 Simulated surface winds [m/s] (left panels), and two meter temperature [K] (right panels), at 50 meter horizontal resolution for the island of
Utsira using the LES model. Number of vertical levels are 55 (top two panels) and 90 (bottom panel). Results from the simulation using increased
surface roughness (by a factor of ten) is shown in the middle panel. Simulations are valid at ISUTC, 1 June, 2008.



5 Stone moving winds

A severe wind storm hit SW-Iceland in the afternoon of
10 April, 2011. During this storm 10 minute average wind
speed exceeded 24 m/s at Keflavik international airport with
maximum gusts exceeding 42 m/s. Due to this, the airport
was closed for all traffic for more than five hours in the
afternoon (cf. Fig. 14). The winds were also very strong
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Fig. 14 A sever wind storm hit SW-Iceland in the afternoon of 10
April, 2011.

in the fjord of Borgarfjordur, W-Iceland, where cars were
damaged by moving stones when crossing a bridge over
the fjord (cf. Fig. 15). This event has been simulated us-
ing the MYJ PBL scheme and the LES model down to a
horizontal resolution of 450 meters. In this case, initial and
boundary data are from NOAAs GFS forecasting system.
Figure 16 shows the simulated surface wind speed and di-
rection using the MYJ PBL scheme and the LES method
at 18UTC. Both simulations show strong wind speed with
the LES simulation creating even stronger winds than the
MY]J PBL run. The two meter temperature field, shown in
Fig. 17, is however quite similar in the two simulations. Ob-
served and simulated wind speed and temperature at loca-
tions Hafnarmelar (west of mountain) and Hvanneyri (north
of mountain, cf. Fig. 15) is shown in Figures 18 and 19. The
figures show that the MYJ PBL simulation does not cap-
ture the full strength of the wind storm but the LES model
is over-predicting the average winds by a factor 1.5 (Hafn-
armelar) to 2 (Hvanneyri). In fact, the simulated wind speed
from the LES model is closer to the observed maximum
gusts for the two locations. This raises the question whether
the simulated winds from the LES model should perhaps be
compared to 1 minute averaged observed winds rather than
10 minute averages. There is little difference between the
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Fig. 15 Region of interest and location of observational sites (top
panel). Bottom panel shows the domain setup and terrain height [me-
ters above sea level] of the 450 meter resolution LES and PBL simula-
tions, straight lines show the location of the cross sections.

two models in simulated two meter temperature. Both simu-
lations underestimate the temperature west of the mountain
and tend to over-predict the temperature north of the moun-
tain. Figures 20 and 21 show cross sections along lines
S—N and SW-NE (cf. Fig. 15) at I8UTC. The cross sections
reveal that the MYJ PBL simulation creates a substantially
greater deceleration than the LES simulation immediately
upstream and downstream of the 1000 meter high mountain
in a non-blocked flow. The flow along the fjord (i.e. along
line SW-NE, cf. Fig. 21) in the LES simulation shows hardly
any deceleration at the surface at all. This again emphasizes
the need to refine the energy transport between surface and
the atmosphere in the LES model. The LES simulations of
the 1 June case for Utsira proofed to be quite numerically
robust and showed limited sensitive to vertical resolution.
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Fig. 16 Simulated surface wind speed [m/s] using the MYJ PBL scheme (left panel) and the LES method (right panel). Both simulations are run
at 55 sigma levels. Simulations are valid at 18UTC, 10 April, 2011.

Fig. 17 Simulated two meter temperature [K] using the MYJ PBL scheme (left panel) and the LES method (right panel). Both simulations are run
at 55 sigma levels. Simulations are valid at I8UTC, 10 April, 2011.
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Fig. 19 Observed (black lines) and simulated surface wind speeds [m/s] (top panel) and two meter temperatures [°C] (bottom panel) for location
Hvanneyri. Simulations and observations are valid at 10 April, 2011.
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Fig. 20 Cross-sections along the S-N line (cf. Fig. 15) showing horizontal wind speed [m/s] (color scale to the right), circulation vectors, and
isolines of potential temperature. Simulations are done at 450 meter horizontal resolution using the MYJ PBL scheme (left panels) and the LES
(right panels). Vertical coordinates are pressure based [hPa]. Simulations are valid at 18UTC, 10 April, 2011.
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Fig. 21 Cross-sections along the SW-NE line (cf. Fig. 15) showing horizontal wind speed [m/s] (color scale to the right), circulation vectors, and
isolines of potential temperature. Simulations are done at 450 meter horizontal resolution using the MYJ PBL scheme (left panels) and the LES
(right panels). Vertical coordinates are pressure based [hPa]. Simulations are valid at 18UTC, 10 April, 2011.
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The 1 April case for W-Iceland was however different. Us-
ing 55 sigma levels resulted in the LES model becoming nu-
merically unstable when run at a 150 meter horizontal res-
olution, showing that vertical resolution plays a more crit-
cal role in steep terrain and under strong synoptic forcing.
Indeed, Doyle et al (2009) used 110 vertical levels to sim-
ulate the formation of lee side rotors in the steep terrain of
the Sierra Nevadas during the T-REX experiment. Of these
110 vertical levels, 50 were in the lowest 2500 meters, com-
pared to approximately 30 in the lowest 2000 meters in the
55 sigma level setup. One clear difference between the is-
land of Utsira and the Borgarfjordur area in W-Iceland is
that the terrain in Iceland is much steeper with mountains
reaching 1000 meter altitude compared to 50 meters in Ut-
sira. This should be kept in mind when choosing vertical
configuration of the LES model.

6 Summary and conclusions

Synchronizing the land-use categories with terrain height
has effects on simulated surface temperatures and winds,
both at 1350 and 50 m resolution. This effect is most pro-
nounced for coastal regions and in areas close to water bod-
ies.

The LES simulations give significant stronger wind speed
than the MYJ PBL simulations. In both the Utsira and the
Iceland windstorm case, the LES simulations give far too
strong surface winds.

The total number of sigma levels (55, 90, 91, and 139)
does not seem to be a decisive factor when it comes to sim-
ulated wind speed in the LES model when there is a weak
synoptic forcing and the terrain is relatively smooth. Rather,
the number of sigma levels in the lowest 2000 meters is
more important. The simulation with 90 sigma levels, but
with the least number of sigma levels (15 levels) in the low-
est 2000 meters gives in general lower wind speeds than the
other three simulations conducted at 1350 m resolution. The
differences in surface temperature are less distinctive. How-
ever, when used to simulate a strongly synoptically forced
event in steep terrain, the LES model became unstable at
150 meter horizontal resolution when using 55 sigma levels.

In the Iceland windstorm, the MYJ PBL scheme gives
a substantially greater deceleration than the LES simulation
immediately upstream and downstream of a 1000 m high
mountain in non-blocked flow.

The LES and MYJ PBL simulations give similar 2 m
temperatures in both the Utsira and Iceland cases. However,
the ground surface temperatures are lower in the LES simu-
lations and dependent upon time of day.

The MYJ PBL simulation with 55 vertical levels, simu-
lated with NDOWN gives unrealistic 2 m temperatures in
the Utsira case. This reveals strong sensitivity to the nu-
merical configuration. Further exploration of this sensitivity

should be carried out where high-resolution 4-dimensional
observations of winds and temperature of the boundary layer
are available.

When run with increased surface roughness the LES sim-
ulated winds become weaker and the simulated two meter
temperature increases. The results described here emphasize
the need for a more dense mesonet of observations with high
temporal resolution is necessary in order to properly validate
this kind of simulations. Such observations are also neces-
sary in order to re-calibrate the roughness lengths in the sur-
face flux calculations for LES applications when the land
surface model (in this case Noah LSM) is used to provide
the lower boundary conditions required by the LES method.
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A Available data and software

A number of WRF output files have been made available on an open
ftp server, as well as data that has been post-processed with RIP. The
links are:

— ftp://betravedur.is/pub/wrf/icam2011/wrfoutput/

— ftp://betravedur.is/pub/wrf/icam2011/RIP/

The WRFLES software suite is further available for downloading on
the same ftp server:

— ftp://betravedur.is/pub/wrf/icam2011/WRFLES.tgz

The tar bundle includes a technical report descripting the system, and
its use, in detail.



