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NEWA: The mesoscale wind atlas

e Spatial coverage:
e entire EU + 100 km offshore
 + Turkey (project partner)

 Complete North and Baltic
Seas

e Simulated with the model WRF
* 3 km grid spacing
* 30 years (1989-2018)

* Furthermore: 1 year WRF
Ensemble runs to assess
model uncertainties
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The long road towards the NEWA Mesoscale Wind Atlas...

2015

2016

2017

2018

2019

-
Initial sensitivity studies (PBL schemes and initialization)

L —> Bringing all parties to a common level of understanding and working routine

p
Further sensitivity tests (domain size, PBL/SL, forcing data,

L simulation length, HPC system and much more)

Assembling and running a large Ensemble

“ Find optimal WRF setup
Configure final NEWA Ensemble (few for the production run

members with same statistics as large
Ensemble to be run for all Europe) NEWA

NEWA Ensemble Production Run

Uncertainty quantification
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The long road towards the NEWA Mesoscale Wind Atlas...

p
Initial sensitivity studies (PBL schemes and initialization)
— Bringing all parties to a common level of understanding and working routine

simulation length, HPC system and much more)

p
Further sensitivity tests (domain size, PBL/SL, forcing data, J

Assembling and running a large Ensemble

“ Find optimal WRF setup
for the production run

Configure final NEWA Ensemble (few

Ensemble to be run for all Europe) NEWA

NEWA Ensemble Production Run

Uncertainty quantification
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Large Mesoscale WRF Ensemble (1 sub-domain, 1 year)

e 62 bers defined/tested
members defined/ Multi-physics runs

* Based on previous tests/experience +

suggestions from external reviewers PBL scheme
Surface layer scheme

Land surface model
Sensitivity experiments various combinations of the above

* 47 members successfully completed (1 year)

Nudging options
2-way nesting

. _ Other model physics
Forcing (reanalysis)

WRF version | Icing |
Roughness (annual cycle, aggregated z0) Microphysics
SST data Radiation scheme
Radiation time step (for timing) Convection scheme
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Ensemble members that change the results

e 13 “sensitivity” runs:

Reanalysis data

Roughness coefficient changes
Changes in nudging

Radiation scheme

WRF version

e 20 (=all) “multi-physics” runs

Type |No. |Ensemble member Code Sensitivity

1 base EESB1_ 2551040004
2 |xw_36 yw 36 EESS81 2551040004 2 |not sensitive
3 |large_relax EESB1_2551040004_B not sensitive
4 |2-way-nest EES81 2551040004 _C  |not sensitive
5 |grid-nudging-D3 EES81 2551040004 _H sensitive
6 |grid-nudging-D1 EES81 2551040004 T sensitive

o 7 |spec-nudging-D3 EESB1_2551040004_J sensitive

| 8 [ERAI IIS81 2551040004 sensitive

E 9 |MERRAZ2 MMSB1 2551040004 sensitive

‘= | 10 |FMNL FFs81_2551040004 not sensitive

% 11 |Vers-361 EEsSel_ 2550040004 sensitive

@ | 12 |MYNN-unmod EES81_ 2550040004 sensitive

2| 13 |Z0-cycle EESB2 2551040004 sensitive

-; 14 [Z0-cycle-NCAR EESB2Z_Z551040004_~ |sensitive

E 15 |Z0-aggr EESB3_ 2551040004 sensitive

3 16 Z[]-aggr-COF{ EESB4_2551040004 sansitive
17 |HRSST EEH81 2551040004 not sensitive
18 |OISST EE081_ 2551040004 sensitive
19 |SST_ERAS EEEB1_ 2551040004 not sensitive
20 |radt 3 EESB1_2551040004_D not sensitive
21 |radt 12 EES8B1 2551040004 _E not sensitive
22 |cam EESB1 2551040003 sensitive
23 MY NMN-MMS EESB1_ 2511040004 sensitive
24 MY NMN-MO EESB1_ 2521040004 sensitive
25 |MYJ-MO EESB1 2220040004 sensitive
26 |YSU-MMS EES81_ 2110040004 sensitive

@] 27 |[RUC EES81_ 3551040004 sensitive

E; 28 |RUC-VEG EESB1_ 3551040004 A sensitive

= 29 |RUC-MYMNN-MO EESB1_ 3521040004 sensitive

= 30 |RUC-YSU-MMS EES81_3110040004 sensitive

'g 31 |RUC-ACM2Z-PX EESB1_3770040004 sensitive

£ | 32 |PXLSM-ACM2-PX EES81_ 7770040004 sensitive

> 33 |PXLSM-ACM2-MMS EES81_7710040004 sensitive

g 34 |SLAB EESB1_ 1551040004 sensitive

"g 35 |SLAB-MYJ-MO EESB1_ 1220040004 sensitive

w | 36 |SLAB-YSU-MMS EESB1_ 1110040004 sensitive

B | 37 |SLAB-ACM2-PX EESS81_ 1770040004 sensitive

8| 38 [NOAHMP EESB1_ 4550040004 sensitive
39 |INOAHMP-MYNN-origMP |EESE1_4550040004_2  |sensitive
40 |NOAHMP-MYNN-optsfc2 |EES81_4550040004_B  |sensitive
41 |NOAHMP-MYJ-MO EESS81_ 4220040004 sensitive
42 |NOAHMP-YSU-MMS EESB1 4110040004 sensitive
43 |wms05_icing EESB1_2551040004_F not sensitive

w | 44 |wms05_icing2 EESB1_2551040004_0G not sensitive

_E_ 45 |thomps_icing EES81_ 2551080004 not sensitive

© | 46 |grell-freitas EES81_ 2551040304 not sensitive
47 [rrtmg EESB1 2551040024 not sensitive
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Ensemble members that change the results

Differences in annual mean wind speed

YSU-MMS5 - base, bias, m/s at 100m SLAB-MY]-MO - base, bias, m/s at 100m
; '0.9 A '0.9
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- 0.0
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Comparison with observations from tall masts
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Comparison with observations from tall masts

BIAS, m/s
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Finding the production run setup

e Ratio of RMSE ensemble member
vs. base run

* No single simulation performs
best at all sites

* MYNN-MO slightly better at 2-3
sites, so it was chosen as
production run
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Towards the configuration of the final NEWA Ensemble:
Comparison of means vs. comparison of distributions

SLAB-YSU-MM5 - base, bias, m/s at 100m EMD metric wind_speed SLAB-YSU-MMSI
4 0.008
0.45
0.007
Y 0.30
0.006
0.15 L 0.005
0.00  0.004
— 0.003
- —0.15
h . — 0.002
y d - ~0.30
: > - 0.001
* (.‘M -0.45 Va p—_—
Bias of one member against the base EMD metric: Difference in the wind

run (annual mean wind speed) speed distribution
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Further information on poster PO.160:

Are mesoscale ensembles useful for
estimating the uncertainty of wind

resource atlases?
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Are mesoscale ensembles useful for estimating Fﬂrwiﬂd.ﬁ _

PO.160 the uncertainty of wind resource atlases?
Bjarn Witha', Andrea Hahmann®, Tifa Sile?, Fidel Gonzilez-Rouca®, Elena Garcia-Bustamante’s, &“Ewa

Jorge Navarro®, Martin Dérenkimper®, Yasemin Exber’, Mariano Sastre®
*Forwing, University of Oldenburg, Germary, *OTU Wind Energy, Denmark, *Depantment of Physics, University of Latia, ‘Opto. Flsica de la Tiem,
Urnversidad Complubense de Kadid, ‘Aenewable Energy Division, CEMAT, Spain, “Fraunhofer IWES, Genmany, Tistanba Technl cal TinlGersity, Turey

The New European Wind Atlas

*  New European Wind
Aklas (NEWA] ERA-NET+ '.'_']', =y
praject running from
20152014 [1,2] -

* 30 partrers in Bountries

Objoct s of MEWA:

* ‘Generabe mescacaks wind atias (3 km resolution)
based an the WRF moded [3]

* Mionoscabe climatological downscaling bo 500m

* Develop a mocded chain: ghobal - masa -3 micra

= Quamtify uncestalniles through ensembile
simulations 3 focus of this passer

= Feld experiments to validate models and wind
atlas

* NEWA otias will be heanchied in o 2019 - dota
froely avalioble

Me e WRF Ensemble

Two obijecthes

1) Find the best WRF setup for the wind atias
production run

2] Try to quantify sncertalaty In the wind atlas

resulting from the choices made in the madel
setup

1 sta: Define and run a bege Ensemblie based on
many different configuration opikans for a small
medel domaln.

24 ctop: Generabe a reduced ensemibbe that fas the
same ensemb le statistics fe.g. spread) as the lange
ensemble and run it for the complete NEWA domain.

=2 Miain question: How to choose these members?

Comparisan against obser
vations for 8 sites offshane
or cuer “simple” termain e
fimd the best setup for the
NEMIA productian run

P01 14 B- I
ray 188 .

v b 1B -

R
st -2

b 832
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= No single simulation parforrs best ab all sites,
RMSE s mainy site depending

= MYNN-O slightly better at 2-3 shes, o it was
chasen as production ren

Ensemble members

* 60 ensembl: members defined, anly 47 wens
successhully computed

= 1year simulates {2005}, 500 x 300 kn” domain

= Majority of mambers shawed sensitivtty
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Hiow b0 charactenze and guamtify the ensemble
properties of wind speed distributions both at a single
grid podnt and in the whole compatatianal domain?

1} Shm ple comparizon of means (2 members)

I = Problem: grmilar maan bt
different distriburtions!

2| Earih Mower's Distance [ENID]

amount of wark that is
required ta change one

-
distribution inko anather, -\: '\\-
L=/ A\

cabculated at each grid paint.

mow, the difference
between distribartions
Is  considered.  The
magnitsde af EMD is
mainly depending cn
land use dass and

roughiness

How to comnpare many members

in many grid points?

1) Simply sumening the EMID values cwer the demain

Problem: How can that the resulk s
robust and does not depend on the spedfic domain?

2) Maximam futfillment approach

Fatle of masmum pessible spread in each grid point
between reduced four-member-ensemble and full
ensemble:

Ovange: redhuced ersem
5!5__ falls to reproduce
maximum spread of the
Initial ensemibile

Green: reduced ersem
ble cam mpm-dutm
o the spread of the
Inikiad ensemble

Conclusions and next steps

= A robust method of ensemble member selaction
has been found based an EMD and maximum
fulfillment approach

» Enmemble simulations [2-5) will be nun for all
NEWA damains

= The spread may quantify the model canfiguration
“uncertainty”, but pesshbly not the wind atlas
uncertainty

* Quantification of the WRF error based on the

ensemble spread is still under inwestigation, main
canstraint s lack of chservations

Acknowledgements

We acknowledge PRACE for
asarding us  Mpem W PRACE
Mamehcatrum  at  Barcelona
PRrCa Mputing Center
{B=C), Spain.
E g

sz well

di:

1 Stwruock i al. | ation of ihe hdwanced
FERarcE War  Ampart HCARTH-
ATTHETE: MOAR

COMFERENCE
E EXHIBITION
H

EUROPE

windeurope.org/confex2019

#WindEurope2012

Downlead
the poster




Mesoscale Production Runs — Final Setup

WRF version: modified v3.8.1 (PBL, icing)

Grid: 27 km - 9 km = 3 km; 61 vertical levels

10 regions

8-day runs incl. 24 h spin-up, spectral nudging in D1
MYNN PBL scheme (modified) + MO surface layer
Forcing: ERA5 reanalysis (0.3°)

OSTIA SST and sea-ice (1/12°)

Adaptive time step (where working)

CORINE 100 m land use data, USGS where CORINE
not available

NOAH land surface model

Icing (WSMS5 + icing code + sum of qcloud and qgice)
Radiation time step = 12 minutes

480 cores, 10 Quilting (1 node used for output)
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Managing the Mesoscale Production Runs

* 57 million core hours on the supercomputer MareNostrum4 in
Barcelona granted by PRACE consortium (peer-reviewed proposal)

e from 01 April 2018 — 31 March 2019
* 30 vyears x 52 weekly simulations x 10 domains; 30 min output

* Each weekly simulation took 6-8 hours on 480 cores (plus considerable
queueing time)

* 6 Petabytes of raw data produced

— impossible to store, immediate postprocessing required

Bottleneck: “only” 100 TB disk space

—> only 3-4 runs could be active at the same time
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Managing the Mesoscale Production Runs

* Largely automated and easy to handle procedures (python and bash scripts)
* 1 main responsible person per week (including evenings and weekends!) + 1 assistant
* Alot of communication in an online project forum (Slack)

NEWA Production Run:
A B c D E F G H | J K L M N o] P Q R s T u v W X Y z AN AB AC AD AE AF

NEWA Production Run:

region /
year 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993 1992 1991 1990 1989 1988

BA
CE
FR
GB
GR
1B
IT
SA
SB
TR

*week 000 only
Transfer by hand; no remowve Main run done; some weeks failed; waiting to run
Run completed and data transferred Run completed; transfer initiated ERAS data not yet available/downloaded |:[
Job submitted; running or waiting to run WPS done, WRF failed/was canceled

Run completed; waiting postprocess Test
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Results from the production runs
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Results from the production runs

Annual mean wind speed 2017 (m/s) 100 m height
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Results from the production runs

65°N —

60°N

55°N

50°N

45°N

40°N

35°N

30°N

Annual mean wind speed 2017 (m/s)
30°W  15°W  0° 15°E 30°E 45°E
1 1 1 | | |

100 m height
60°E
|

%,

B
@
1

| A

J W
\f‘w’c't\ - SR g .
SAfar
W éi’ef/f’ ,Ai}'ﬂf,,:\ —~ e
"&fi}, A 7.5 \“'quj L B \
ety 2;,}%,0; i N, )

~ |

~ &
o M

10°W 0° 10°E 20°E 30°E 40°E

65°N

60°N

55°N

50°N

45°N

40°N

35°N

- 30°N

11

10

CARL

OSSIETVZ?S';I’
universitdt[OLDENBURG

g
Research Alliance &*/
Wind Energy

ForWind

Center for Wind Energy Research

Bremen
Hannover
oldenburg



Results from the production runs

Annual mean wind speed 2017 (m/s)
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Results from the production runs

Annual mean wind speed 2017 (m/s)
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Results from the production runs

Annual mean wind speed 2017 (m/s) 100 m height
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Results from the production runs
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Results from the production runs

Annual mean wind speed 2017 (m/s) 100 m height
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Results from the production runs
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Results from the production runs
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Conclusions

e Mesoscale wind atlas = core of NEWA

 Massive amount of WRF simulations: 30 years time series for Europe in
3 km resolution

* Not only wind atlas production but a lot of testing, sensitivity studies
and validation behind it!

* Great team effort!
* Uncertainty assessment based on a WRF Ensemble:

* Quantifies the model configuration uncertainty, not the complete
wind atlas uncertainty
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