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Sammanfattning

Numerisk simulering av effekter fran ett diurnalt atmosfariskt gransskikt och ett
diurnalt bergvindsystem
Robin Isaksson

Prognosmodellen WRF (Weather Research and Forecasting Model) anvandes for att
undersdka hur val den kunde representera ett omrade inom ett komplext vindsystem
och aven hur modellen paverkas av olika val vad galler drivningsdata och fysiksche-
man. Det som utgdr det komplexa vindsystemet ar dygnsvarierande effekter fran det
atmosfariska gransskiktet och dygnsvarierande mesoskaliga effekter fran den narlig-
gande bergskedjan Pyrenéerna. Totalt genomférdes sex olika simuleringar. Prognos-
modellen kunde representera omradet men med férbattringsbara resultat eftersom
det fanns fel i vindhastighet och vindriktning relaterande till det atmosfériska gréansskik-
tet. Modellen var speciellt utmanad i forutsagandet av vindhastighet och vindriktning i
ett lager nagra hundra meter ovanfér det atmosfariska gransskiktet. En tolkning baserad
pa atmosfarisk gransskiktshdjd ar dock svar eftersom det fanns flera definitioner var
toppen pa det atmosfariska gransskiktet 1ag.

Val om prognosmodellens fysikscheman och drivningsdata orsakade en skillnad i
resultat sinsemellan. Dessa val bor darfér noggrannt uppmarksammas fOor simuleringar
under liknande férutséattningar.

Nyckelord: Numerisk vaderprognos, atmosfariskt gransskikt, bergvindsystem, WRF
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Abstract

Numerical Simulation of Diurnal Planetary Boundary Layer Effects and Diurnal
Mountain-Wind Effects
Robin Isaksson

The Weather Research and Forecasting Model was used to study its accuracy and
representation in modelling a study area within a complex wind system as well as
the effects on the model when using different input data and physics schemes. The
complex wind system consists of diurnal mesoscale effects from the nearby Pyrenees
mountain range and diurnal effects from the planetary boundary layer. A total of six
different simulations were performed. The model was able to represent the study area
but the results could be improved as there were inaccuracies in wind speed and wind
direction associated with the planetary boundary layer. The model was especially
challenged at predicting the wind speed and wind direction in the layer from the top of
the planetary boundary layer to few hundred meters above it. The comparisons based
on planetary boundary layer height is however complicated by the fact that there are
different definitions in effect.

The choice of model physics schemes and input data led to some differences in
the results and warrants consideration when conducting similar simulations.

Keywords: Numerical weather prediction, planetary boundary layer, mountain-wind
system, WRF
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Figure 8. The WRF domain with color coded topography. The white border indicates where
the sub-domain is located i.e. the finer resolution domain. The white marker indicates the lo-
cation of Plateau de Lannemezan where in situ observations have been made in the BLLAST
field campaign.

Table 1. The set of n-levels that were used for each WRF simulation in this project. The den-
sity of vertical levels is highest near the surface.

n= 1.000, 0.999, 0.998, 0.997, 0.996,
0.995, 0.994, 0.993, 0.992, 0.991,
0.990, 0.988, 0.986, 0.984, 0.982,
0.980, 0.978, 0.976, 0.974, 0.972,
0.970, 0.960, 0.950, 0.940, 0.930,
0.920, 0.910, 0.900, 0.890, 0.880,
0.870, 0.860, 0.850, 0.840, 0.830,
0.820, 0.810, 0.800, 0.750, 0.700,
0.650, 0.600, 0.550, 0.500, 0.450,
0.400, 0.300, 0.200, 0.100, 0.000
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Figure 13. Temporal wind speed profile as predicted by WRF (top) and as observed by a UHF-
wind profiler (bottom). The planetary boundary layer is shown with markers. The white areas
are missing wind-profiler observations.
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Figure 14. Temporal wind direction profile as predicted by WRF (top) and as observed by a
UHF-wind profiler (bottom). The planetary boundary layer is shown with markers. The white
areas are missing wind-profiler observations.
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Figure 16. Vertical profiles of wind speed and wind direction observed by radiosondes as
well as simulated by WRF (time in UTC ). The lines show results made from radiosonde obser-
vations and the black dots show model results. Observations from three of the five radioson-
des are seen in the figure.
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Figure 17. Vertical profiles of wind speed and wind direction observed by radiosondes as
well as simulated by WRF (time in UTC ). The lines show results made from radiosonde obser-
vations and the black dots show model results. Observations from three of the five radioson-
des are seen in the figure.
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Table 6. Mean potential temperature 6, mean horizontal wind speed vy and mean meteoro-
logical wind direction ¢ for each WRF simulation for two short time periods and two layers with
regard to the PBL . The Radiosonde entry denotes two of the radiosondes used to make in
situ observations.

Time [UTC] 11:16 — 17:16 —
0kl wnlm/s] ¢ldeg] Okl wva[m/s] ¢ [deg]

ERA-MYJ-KF mean values

In PBL 299.08 3.063 87.338 300.46 4.4267 90.09
Above PBL 302.07 1.6553 2425 302.77 1.8845 113.79

FNL-MYJ-KF mean values

In PBL 298.43 3.5079 79.35 300.61 4.389 85.591
Above PBL 302.06 0.89709 171.6 303.09 2.2139 103.83

ERA-MYNN 2.5-KF mean values

In PBL 298.88 2.8311 75.361 300.42 3.1923 89.698
Above PBL 301.69 1.2814 19258 303.76 2.081 158.18

ERA-YSU-KF mean values

In PBL 299.22 3.069 78.717 300.89 3.7993 88.593
Above PBL 301.92 1.7471 222.17 303.34 1.6743 161.32

ERA-MYJ-BMJ mean values

In PBL 299.06 3.0746 86.75 300.52 3.8888 89.003
Above PBL 302.05 1.6462 242.01 302.98 1.2779 125.95

ERA-MYJ-NONE mean values

In PBL 299.08 3.0653 87.394 300.46 4.5306 88.656
Above PBL 302.07 1.6563 242.38 302.84 1.7862 110.8

RADIOSONDES mean values

In PBL 300.13 5.3513 143.61 302.75 4.8095 99.856
Above PBL 304.52 6.5134 245.07 302.98 4.1833 113.97
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domain with 9 km horizontal resolution might be able to adequately resolve neces-
sary cumulus convection events to provide accurate boundary conditions to the sub-
domain. Simulating additional days with more pronounced cloud cover may better re-
veal the differences that the choice give rise to.

Simulating locations within complex wind systems is possible with WRF. The choice
of input data and planetary boundary layer schemes are details worthy of scrutiny
as ECMWF ERA input data had better performance than NCEP FNL input data, as well
that the MYJ planetary boundary layer had the best performance in comparison to ra-
diosondes.
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Appendices
Appendix A. WREF in Practice

In this appendix | provide some background on working with WRF and some of my
experience in learning- and modelling with it. Modelling with WRF has been a cor-
nerstone of my project and my recount might serve as an interesting insight to the
reader. What is required to use WRF and what does it practically amount to?

WRF is an open source project and the software is provided by UCAR as source
code. This means that the user themselves need to compile the software. Both the
model portion (denoted just by WRF) and the preprocessing system WPS need to be
individually compiled. This can be done on both Windows and Linux platforms. The
Windows platform however need additional steps to setup an Unix environment which
WRF requires (something which is already integrated and a core part of GNU/Linux).
Any Linux distribution has the potential to run WRF. | decided to use Linux. | had the
best experience with a Debian based distributions (such as Ubuntu or Mint) as | ran
into unresolved problems using my first choice Arch Linux which were not present
with a Debian based distribution (I ran into open source Fortran compiler error mes-
sages when compiling WRF). Someone more versed in using Linux might find a res-
olution to these problems or they might not persist as WRF or other software are pro-
vided updates.

The WRF and WPS source code come with sophisticated build mechanisms which
facilitates the compilation. What is needed by WRF is precompiled libraries with a setup
Unix environment with the libraries and compiler options assigned to variables and li-
brary paths defined. The only required library is netCDF which provide the gridded
I/O filesystem WRF uses. | compiled additonal libraries to provide support for the GRIB2
filesystem in addition to native GRI/B1 which might be useful when preproccessing in-
put data to wprs. The libraries need be compiled with the same compiler that will be
used for WRF, and afterwards wpPsS. All this information is incredibly well documented
on the UCAR WRF website and in the WRF documents.

With these sometimes complicated steps completed terrestrial data need to be
supplied for wpPs such that it later can be interpolated together with meteorological
data to complete WRF input files. This data is provided by UCAR and can be down-
loaded for use with WRF with different resolutions and number of variables. Using the
UCAR provided terrestrial data is simple as it already has correct format to be used
by wWPS. The meteorological data required to do non-ideal simulations need to be ac-
quired and setup with wPs. As each source of gridded meteorological data potentially
have different formats an explicit specification of the data format is required. Thank-
fully WRF is provided with a set of such specifications (called Vtables, presumably
from Variable tables). The process of specifying to wrs which format the gridded me-
teorological data has is done by using a helpful shell script provided with the source
code.

After these steps the time has come to setup the WRF domains. This involves edit-
ing a text file called a namelist and changing values and fields as necessary for the
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customization of the simulation. This for example involves adding columns for nested
domains. Editing the namelist is a pretty intuitive process as the variables have de-
scriptive names. Setting up the nested domains is however not so intuitive as one
needs to have a grasp on the internal WRF coordinate system which is used to de-
scribe where inside a parent domain a nested domain has its corners. This is not at
all challenging but the arithmetic required might come as a surprise. An alternative
is to compile a tool which can help in the domain setup, such as WRF domain wizard
providing a graphical user interface for some steps, but learning to use such a pro-
gram also come with some learning curve.

With a setup domain, terrestrial data and specified gridded meteorological data
WPS is then used to interpolate this data onto the specified domain, outputting grid-
ded files that WRF later can use as input to run the simulation. Using WPS consist of
running three core programs which are supplied with the wPs compilation, which is
ungrib, geogrid and metgrid. Ungrib creates intermediary files from the meteorologi-
cal data and geogrid creates intermediary files from the terrestrial (geographic) data.
These intermediary files are then passed to metgrid which performs the penultimate
step of the preprocessing. The ultimate step is using a program external wps and
part of the WRF compilation called real (for real datacases, there exists other alterna-
tives but they are for ideal simulations). After this WRF is supplied with its necessary
simulation input data.

WRF like WPS has a configuration file which need to be edited per user require-
ments, another namelist which is more detailed as it also contains options and pa-
rameters for the actual simulation and not just the domains. This includes for exam-
ple the simulation timestep or which physics schemes to use and for which domain.
Appendix B contain such a namelist.

Above are the necessary steps required to reach the point where an actual simula-
tion can be commenced. The simulation is commenced by calling the program called
wrf from the terminal. | simulated 30 hour periods with 30 s timesteps for a 100 x 100
grid 9 x 9 km coarse domain with 50 vertical levels and with a nested subdomain with
3 x 3 km resolution. | had a different timestep at first which | had to adjust as WRF be-
came unstable after a few hours (resulting in a crash) but the 30 s timestep worked
without problems.

| performed my simulations on my personal computer which had a 1.7 GHz Intel
i5 dual core processor. Using a single computer is a suboptimal choice. Each of the
simulations took approximately 14 hours with this set up. About 100 hours of process-
ing time have been required to complete the computer simulations during the span of
this project. This was however just a minor inconvenience and to little consequence,
but with faster simulation times doing spin-up simulations would have been a possibil-
ity if | would have decided to involve myself in that process. With my simulation times
that is however an impossibility as it requires longer simulation periods which also ef-
fectively are simulated several times. Normally atmospheric simulations are done with
computer clusters but this goes to show that it is not always necessary and can be
done with a simple everyday laptop.
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Appendix B. Reference Run Configuration

namelist.input contents:

&time_control
run_days
run_hours
run_minutes
run_seconds
start_year
start_month
start_day
start_hour
start_minute
start_second
end_year
end_month
end_day

end_hour
end_minute
end_second
interval_seconds
input_from_file
history_interval
frames_per_outfile
restart
restart_interval
io_form_history
io_form_restart
io_form_input
io_form_boundary
debug_level

/

&domains

time_step
time_step_fract_num
time_step_fract_den
max_dom

e_we

e_sn

e_vert
p_top_requested
num_metgrid_levels
num_metgrid_soil_levels
dx

dy

grid_id

parent_id
i_parent_start
j_parent_start
parent_grid_ratio
parent_time_step_ratio
feedback
smooth_option

2011,

2011,

2011,
06,
20,
00,
00,
00,
2011,
06,
21,
06,
00,
00,

, .true .,
15,

136,
88,
50,

eta_levels

1.000, 0.999, 0.998, 0.997, 0.996,

0.995, 0.994, 0.993, 0.992, 0.991,
0.99, 0.988, 0.986, 0.984, 0.982,
0.98, 0.978, 0.976, 0.974, 0.972,
0.97, 0.96, 0.95, 0.94, 0.93,
0.92, 0.91, 0.9, 0.89, 0.88,
0.87, 0.86, 0.85, 0.84, 0.83,
0.82, 0.81, 0.8, 0.75, 0.7,

0.65, 0.6, 0.55, 0.5, 0.45,
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/

&physics
mp_physics
ra_lw_physics
ra_sw_physics
radt

0.4, 0.3, 0.2, 0.1,

sf_sfclay_physics =
sf_surface_physics

bl_pbl_physics
bldt
cu_physics
cudt

isfflx

ifsnow

icloud

surface_input_source =

num_soil_layers
sf_urban_physics
maxiens

maxens

maxens2

maxens3

ensdim
sst_update

/

&fdda
/

&dynamics
w_damping
diff_opt

km_opt
diff_6th_opt
diff_6th_factor
base_temp
damp_opt

zdamp

dampcoef

khdif

kvdif
non_hydrostatic
moist_adv_opt
scalar_adv_opt
/

&bdy_control
spec_bdy_width
spec_zone
relax_zone
specified
nested

/

&grib2
/

&namelist_quilt

nio_tasks_per_group

nio_groups
/

0.000,
3, 3,
4, 4,
4, 4,
3, 3,
2, 2,
2, 2,
2, 2,
0, 0,
1, 0,
0, 0,
1,
0,
1,
1,
4,
0, 0,
1,
3,
3,
16,
144,
0,
1,
1,
4,
2, 2,
0.12, 0.12,
290.,
0,
5000., 5000.,
0.01, 0.01,
0, 0,
0, 0,
.true ., .true
2, 2,
2, 2,
5,
1,
4,
.true ., false .,
.false., .true.,
0,
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Appendix C. Supplemental Figures: ERA - FNL comparison

Figure 19. Interpolated horizontal wind fields for ERA (top) and FNL (bottom) input data.
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