WRF4PALM: A Mesoscale Dynamical Driver
for the Microscale PALM Model System 6.0
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Introduction — WRF UucC

* The Weather Research and Forecasting (WRF) model
e Popularin the atmospheric research community

* Widely applicable across the world

* Free and open-source
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The Parallelised Large Eddy Simulation Model (PALM)
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Mesoscale and Microscale ucC

= Reynolds Averaged (Navier-Stokes) Simulation (RANS) = Large Eddy Simulation (LES)
= Parameterize turbulence over the whole eddy spectrum = Apply a local filter
= Computationally inexpensive, fast = Large eddies are explicitly resolved
= Applications that only require average statistics of the = The impact of small eddies on the large-

flow (i.e. the mean flow)
= Turbulent fluctuations not explicitly captured

scale flow is parameterized

= Highly turbulent flows can be simulated

RANS, k-£: ensemble average * LES: volume average X

Usually for mesoscale (104 to 2x10° m) Usually for microscale (1072 to 103 m)
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Offline Nesting in PALM UQC s cinterscry

hitps://dai.ora/ 10.5194/gmd-2020-285 Abstract Assets Discussion Metrics
=://doi.org/10.5194/gmd-2020-285
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Offline-nesting is realised as that: * PALM only implement tools to use COSMO
1. Mesoscale dynamical data are passed onto PALM after (Consortium for Small Scale Modelling) data
mesoscale simulations are finished
2. PALM does not have to run along with or provide any
feedback to the mesoscale model * Not currently available to many regions outside of
Europe

* COSMO is free to use but not open-source
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Tools to create a dyanmic driver to enable WRF-PALM offline nesting

Upload Communities

September 6, 2020

dongqi-DQ/WRF4PALM: d
WRF4PALM._release_v1.0 e a“

Donggi Lin

Release version 1.0 of WRF4APALM

Preview

WRF4PALM-WRF4PALM_v1.0.zip

B dongqi-DQ-WRF4PALM-9d76410
o [ LICENSE 35.1 kB
o [ README.md 6.7 kB
o @ cfg_input

= [J chch_50m_example.cfg 170 Bytes

» [ chech_ NW_10m.cfg 168 Bytes

= [J chch_NW_5m.cfg 188 Bytes
o [ create_cfg.py 2.3kB
o [ create_dynamic.py 26.2 kB
o @ dynamic_files

= [ chch_50m_example_dynamic_2hour 5.7 MB

» [J chch_NW_10m_dynamic_1hour 24 5MB
o [ python_env_list 13.4 kB
o I util

« @ pycache

= [ geostrophic.cpython-37.pyc 29kB

= [ geostrophic.cpython-38.pyc 2.8 kB

‘l‘::::i!jein

21 2

@ views & downloads

See more details...

e

GitHub

Indexed in

OpenAIRE

Publication date:
September 6, 2020

DOL:

DOI 10.5281/zenodo.4017005
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Input from users: Configuration fll

STAHT

User to speclfy: l

cent lat, cent lon - £
- . - Em— create c Py
cdx, dy, d=z B

nx, Ny, Nz

4

containing domain
information

Their own WRF output
Location to extract WRF data v
Timestamps and update e
frequency of boundary l
conditions P Ee

}

Read WRF output

(rarray, wrf-pyvthon)

.| PALM dynamic driver

)

Locate PALM domain in
WRF domain

¥

in netCDF format

Determine datetime in
WRF to extract data

v

Horizontal interpolation
(scipy)

Vertical interpolation
(wrf-python)

¥

Interpolate the
w component of wind
(wrf-python)

¥

Calculate geostrophic
winds

¥

« start and end datetime stamp ||

« Update frequency of lateral and
top boundary conditions

« vertical layers of soil

Solve surface NaN

!

Calculate initial vertical
profiles

¥

Interpolate vertical profiles
of soil moisture and soil
temperature

END
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Case Study uC

 To verify the performance of WRF4PALM, several case studies have been carried out

 WREF s initialised with ERAS data, the fifth generation of European Centre for Medium-Range Weather
Forecasts (ECMWF) atmospheric reanalysis of the global climate

http://www.bom.gov.au/australia/charts/archive/index.shtml
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171°E

172°E

173°E 174°E

WRF domains:
e D01-27km
e D02-9km i
e« DO03-3km t i
D04 — 1 km 3
S
3
3
O |
3
=
4/?.’!
AWS |
operated by |
MetService

PALM domain:

Directions ~ Total lengths  Grid points  Grid resolutions

X 3600 m 30 10m
¥ 3600 m 360 10m
z+ 2050 m 20K) 10m

42 vertical grid rezplution is trenched with a factor of 102 above 7= 200 m with max
vertical grid msoluetion of 3 m
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Initial and Boundary Conditions
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U-component of wind
1400 NZDT 13 February 2017

Left (west) boundary
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Cross-Sections in WRF and PALM
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U

U-component of wind WRF
1400 NZDT 14 February 2017

Vertical cross sections
(near AWS location)
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e Comparing PALM and WRF modelled data with AWS observational data
* PALM has better Root Mean Square Error (RMSE) and Index of Agreement (I0A)
1 (a) — AWS —— PALM —— WRF N @ : 20000
. . . — AWS —e— WRF —— PALM
Wind direction t = 25.0 T 1 18000
= 55§ emperature
| " L16000
3 200 14000 £
151 (@) — AWS —e— WRF —— PALM 2 17.51 E"
T i . g ] 112000 £
L inds g 15.0
E U \'mrﬁ d speed : 3
o : ' N ik ~ 1251 -100000
MR A A
n Ll | i-.,lh“.. 1M 10.0-
o 5 " PR 1 : L8000
i i ‘ 7 l',,l LT " /
= L \_1‘_‘.-“' fa 7.5
o d Cloud height -6000
' ' ' ' ' ' ' ' ' ' ' ' 5.0 . . | | | : : : : : :
5.00 1100, 4000 91:00 5300 4100 300, 5P §1:00, 4000, 4100, 4300 0 0 0 0 0 0 0 .. 0 0 0 0
A AR A3 3 e a0 a0 a0 a0 a0t A 450 4100 4007, 9107 9307, 0107, 0307, 0507, 0107, 0207, 4107, 430
g0 et g0t cgb T et e ;?b T AR -\ R - g e ?E‘D:ﬁ ?eb:ﬂ ?E\D'{a b E\U—"ﬁ’ ?9‘0’13 ?evlb' o b ceb” b ced” A ced” A ?e‘n'lw?eb'lﬂ'
Time (NZDT) Time (NZDT)
Counterparts Temperature RMSE ~ Temperature IOA  Wind RMSE  Wind T0OA

North-westerly Case

AWS and WRF 2.02 0.72 2,70 0.50
AWS and PALM 1.44 0.81 2.42 0.56
WRF and PALM 0.91 0.87 1.54 0.75
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Conclusions ///\Global UC

* Realistic mesoscale forcings are important for 2
microscale LES |

Regional

* A novel utility WRF4PALM is developed to link
WRF to PALM

* Case study shows good performance of
WRFAPALM

*  WRF4PALM could be widely applicable for
mesoscale and microscale studies

Outlook

*  We will keep improving and developing
WRF4PALM

* We welcome all users to optimise, modify and
contribute to the code

e  WRF4PALM can be used to link WRF-Chem to
PALM in the future
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