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In this presentation
#BulletPoints<3 #IEC61400-3

Hindcasts = {Reanalysis; Downscaled Reanalysis (for ex using WRF)}
Resolution and Fidelity, relevance for*:

> Normal Wind Conditions
> Fatigue Loads

» Normal Sea State

> Extreme Sea State
> Extreme Loads (for ex: 1/50 annual probability)

> Severe Sea State _

*foundation design; IEC61400-3 terminology



Main topic for discussion

#BulletPoints<3 #IEC61400-3

Trivial to say it: wind, waves, water level and currents vary in time and space, with scales

covering several orders of magnitudes.

We typically have, at hand for design work, a variety of wind information:
> What datasets for what type of analysis ?
> How do they fit together in the Design Basis ?

r Spatial resolution Temporal resolution

Vert. Averaging. Frequency Sampling. Length.
(step)

Cup

measurements.

LiDAR 10 m 10 m
measurements.

Mesoscale models 1 km 10 m
Reanalysis models 10 km 100 m

10 min 10 min 1 year

10 min 1ls 10 min 1 year
10minto 1h  1-10s 1lh 10 year

1h 1 min 1h 10-100 year






Hindcasts: Reanalysis

Global.
Atmosphere/Ocean.
Datasets.

~10-100km
Surface + ~100m AGL

1-12 hours.
10-100+ years.

Free.

H#Plethora #Free #GladeUsers

Research Data Archive

Computational & Information Systems Lab

Find Data Ancillary Services About/Contact Data Citation

First-time visitor to our site?
Please take a video tour of our home page

Dataset Search:
|Keyword(s)

|| Search | Advanced Options

Look For Data:
All Datasets Variable/Parameter

Platform

Type of Data

Time Resolution Spatial Resolution

Topic/Subtopic Project/Experiment Supports Project
Data Format Instrument Location
Recently Added/Updated

Recently Added Datasets: (within the last 6 months)
* GPCP Version 2.3 - Monthly Analysis - Test | | GPCP Version 1.3 - Daily Analysis - Test
* NOAA CPC Morphing Method (CMORPH) Global Precipitation Analyses, Version 1.0 (0.25 degree, 3-
hourly resolution)

Other Ways to Explore:
* GCMD Topic:
Agriculture ® Atmosphere ® Biosphere ® Climate Indicators ® Cryosphere
Human Dimensions ® Hydrosphere ® Land Surface ® Oceans ® Paleoclimate e Solid Earth e
Spectral/engineering ® Sun-earth Interactions ® Terrestrial Hydrosphere

* Atmospheric Reanalysis Data:
All Reanalysis Datasets ® BPRC Arctic System Reanalysis (ASR) e
ECMWF 20th Century Reanalysis (ERA-20C) » ECMWF ERA 15 Reanalysis (ERA15) o
ECMWF ERA4D Reanalysis Project (ERA40) ® ECMWF Interim Reanalysis (ERA-I}
ECWMF ERAS Reanalysis (ERAS) * JMA Japanese 25-year Reanalysis (JRA25) »
IJMA Japanese 55-year Reanalysis (JRASS) e
NCAR Global Climate Four-Dimensional Data Assimilation Reanalysis (CFDDA) »
NCEP Climate Forecast System Reanalysis (CFSR) e
NCEP North American Regional Reanalysis (MARR) ® NCEP/DOE Reanalysis Il [NCEPR2) ®
NCEP/NCAR Reanalysis Project (NNRP} ® NOAA-CIRES 20th Century Reanalysis (20CR)

* Station Observations:
Land Surface Air Temperature: Hourly, Monthly
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Web Services

e data e ¢l

Go to Dataset:

Get Help:
+ Frequently Asked Questions
+ Reset your password
* A-Z Site Index
+ RDA Users Email List
+ RDA Blog
+ RDA video tutorials
+ Email Us

From Our Blog:

« Notice: new Globus endpoints

» Alternate access to NCEP data products
through NCEP Data Portals

« NCAR data experts seek input at AGU
fall meeting for summer 2018 workshop

on digital data repository service
More blog posts ...
GLADE Users:

Much of the RDA is directly accessible from
CISL's GLobally Accessible Data
Environment. /glade files can be read
directly in place from CISL HPC systems. You
can find more information under the "Data
Access" tab of individual datasets, including
detailed lists of /glade files.

Tools for Visualizing and
Manipulating Data:
= NCL (NCAR Command Language)
« PyNIO

+ CDO (Climate Data Operators)

« GrADS (Grid Analysis and Display
System)

* NASA Panoply Data Viewer




Hindcasts: Downscaled Reanalysis
#ModelsNestedInModelsNestedinModels

RUNE project, DTU Wind Energy, Final Report. Chapter 3.

Mesoscale Models WHF, DOMAIN 1, Ax=13.5km

Atmosphere.

Use Reanalysis as input.

Refined landuse/orography.

1-10km s
Surface + [10,20,...,250

Figure 3. Surface elevation (m) af the outer domain with the locarion four nested model domains
indicated.

D2, Ax=6km D2, Ax=4.5km D2, Ax=3 km D3, Ax=2 km
WRF Land Use Sl WEF Lard Lsa Class

Hourly.

10-30 years.

D3, Ax=1.5km

Commercial product.

7 Figure 4. Land use classes derived from the CORINE dataset in the region of the fourth domain.
The solid line shows the location of the cross section analvzed in Sec. 6.3,






Normal Wind Conditions
#introduction

Normal Wind Conditions = Wind distribution + Shear exponent + Free Stream T/
Y
Not in this presentation.

State of the Art:
measurements
+ long-term correction (reanalysis/mesoscale)
+ spatial extrapolation.

Typical problem:

| have some long-term corrected wind distribution at height h at location A, while
the wind farm is at location B.

« | can choose between several model products, for ex:
A map over average 20-years wind speeds, at h, which covers A and B.
A time series at location A, and one at location B.

« The spatial resolution of both products vary between the suppliers.

« What product should | choose ?



Normal Wind Conditions
#WindResourceAssessmentlsLaw

Near-shore wind resource estimation

oo Using lidar measurements and modelling
H Rogler Floors, Andrea N. Hahmann and Alfredo Pefia

For design of foundations, the mean wind —

conditions + shear are of lesser importance
compared to the wave conditions and park T/.
The accuracy demand is less than that of wind
resource assessment.

Typically: Normal Wind Conditions are taken
from Wind Resource study.

Yet, it is important to capture correctly:
the wind rose
bi-modal distributions
shear exponent [0.2Vref; 0.4Vref]

Reminder: from literature (and from
experience), mesoscale model fidelity can
decrease when the resolution increases.

10

DTU Wind Energy

_ Horizontal transects Velocity spectra and error metrics

The atrmospheric flow in the coastal zone is
investigated using {scanning) lidars, mast
meeasurements and the mesoscale WRF model. The
'WRF miodel is set-up in 12 different configurations
using 2 planetary boundanylayer schemes, 3
harizontal grid spacings and varied sources of land
uze, and initial and lower boundary conditions.

Describe the impact of boundary layer scheme,
resolution, land use data and atmospheric
forcing on the WRF modelled wind speed

- Estimate the wind resource using scanning and
vertically profiling lidars
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The horizontal gradient in mean winds speed acrass the
experimental site from 5 km offshore up 10 2 km Infand is
shown above. Data were filiered based on the CNR ratio
[measurement quality) and availability in the whole
tranzect, leaving 731 transects at 50, 100 and 150 m. The
from all simutatio

Veloity spectra are aften used to gain insight in the.
atility of madels or abservations o represent
atmaspheric motins. Below the spectral energy from the
at 100 m at the
a5 a function of frequency. At low frequencies (left] the
‘maded and observations compare well, showing the
maded resolves the encrgy at these scales. At
frequencies, the moded setsups with fine horizontal grid

spacing have more energy than the abservations. This has
an impact on the mode| performance (see belaw].

h )
T W o [

i
The tatbe below shows 3 summary of different metrics
during the whole camapaign for 3l sites, for eamele the

g
the same 10-min Interals.

Generally the moced prediction show slightly higher wind
wind

or [RMSE] and Pearsan correlation
coeffickent (R). There wene 237493 10-minute mean
measurements aallable. The simulations with the M1

speeds offshore. Over land at 50m
speed Is much lower than the modelled wind . The WRF
model cannot capture the effect of the cliff well, partly
due to its coarser resolution.

Both scanning lkdar systems agres well far offshare. The
vertkal prafiling lidars shaw 2 lower mean wind speed.

Vertical profiles
] :: ;. - I

i artical mise scvad
profies a1 & diffesent
Incations (i ruap it the
Iofe) cbarven By lidars asd
el with The MY
scharme |abbrviations
weplinad 1o tha lefi).

In the figure above it can be seen that shape of the wind
profile is modelled well by 3l model simadatians and than
the bias ks genserally less tham 0.5 myfs. Note the different
scale at the waxis: the wind speed at the inland locations
s musch lower than at offshore locatians dase to the:

the lowest RMSE and mean absolute emor. It can be seen

that esing 2 higher resclutian leads to warse error
metrics.

Conclusions

‘The WRF modelied wind speed was close ta scanning
lidar ohseratians in a transect acmss the coastiine,
akhough all simulations showed wind speeds that were
shghtly higher than observed. Inland at 50 m, the model
did net eapture the strong decresse in mean wind speed
resutting from the surface roughness change when
mowing eastward from the caastine. Using ERAsinterim
data as boundary canditions impraved the model skill
scores. Using a finer hortontal grid spacing deseriorated
the moded perfarmance. Modelled and observed spectra
were compared and shawed that the horizontal grid
spacing had a lange Impact an the abllty of the different
setups ta capture high frequency atmospheric matians.
Comibining the WRF model with lidar measurements can
e useful to describe and understand the flow in the
coastal zone.
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Normal Sea State

#0neOutOf50,000

For one load calculation (wtg + fou):
Wind Speed, shear, T/ (10-minute)
Wave Height and Period -> Wave spectrum (typically 3-hours)
Wind Direction and Wave Direction

State of the Art for parametrisation of sea state: use of spectral wave model driven by

a reanalysis dataset (at 10mMSL).
Article

Probabilistic Forecasting of Wave Height for Offshore Wind
Turbine Maintenance

January 2018 - European Journal of Operational Research
DOL: 10.1016/j.ejor.2017.12.021

Fig. 4. (a) Scatter plot of wave height and wind speed. (b) Scatter plot of wave height and period.
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Normal Sea State

How do 10mMSL extrapolated 10-minute measurements compare with 1-hour
reanalysis data ?

K13 (3.2203E;53. 217TN;+28.6mMSL) K14 (3.6333E,53. 2667 N +0.0mMSEL)
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Figure 3.16 Scatter comparison of measured and CFSR wind speeds at K13, K14, Europlatform and LEG (left to right
and top to bottom). Based on CFSR U1 data
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Normal Sea State

How do 10mMSL extrapolated 10-minute measurements compare with 1-hour
reanalysis data ?

o

Wind Farm Zone Hollandse Kust (zuid)
& Hollandse Kust (noord)

Metocean Study
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Normal Sea State

We now have two wind datasets, that need be used for design:

> The Normal Wind Conditions at hub height: meso- to micro scale information.
> The wind field used for driving the spectral wave model: synoptic wind information.

Method:

1) When both wind distributions can be fitted using Weibull: scale the reanalysis wind
field so that it matches the one from the wind resource.

2) Derive wind/wave correlation using wind time series from 1).

In effect, the wind speed time series used for deriving the correlation has a much lower
fidelity than the one from the wind resource. However, this is usually acceptable as the
most important is to preserve the correlation between wind and waves.

Caveats:

> What if the distributions are not well represented by Weibull ?

> What if the wind roses show a significant difference ?

> What id the hub height is only mildly correlated with the surface wind ?
> Generally: the low-fidelity of the scaled reanalysis time series.



Normal Sea State

Note on the importance of the landmask spatial resolution of the reanalysis dataset:

CSFR v2



Normal Sea State
#ERAS5vsCFSR

Caveats:

> What if the distributions are not well represented by Weibull ?

> What if the wind roses show a significant difference ?

> Generally: the low-fidelity of the scaled reanalysis time series, for any other use..

So how could this be improved ? By driving the wave model with a wind dataset which
contains both an good fidelity 10m and 100m wind. For instance:

> The best-reanalysis-dataset-ever-so-far: ERAS. It contains both a quality 10m and a
quality 100m wind time series that require less adjustments than other reanalysis.

> Or, use a mesoscale model (WRF) wind dataset to drive the spectral wave model.

Caveats:

> Need make sure that there is no loss of fidelity of the wave model (!). Only part of the
wave spectrum is driven by local winds, therefore wave model nesting is crucial for
success. Calibration is always expected in any case.

> With WRF: one mesoscale time series is (of course) not enough. Large custom-made
domains are needed. Therefore this is a more expensive option.
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Normal Sea State

Figure 5.1
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Figure 5.35
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Extreme Sea State

Assessment of extreme loads from wind and
waves. Here, extreme 10-minute wind speed
need be combined with extreme 3-hour
seastate. Reanalysis data is not an option for
assessing the 10-minute extreme wind.

Extreme wind estimate can be made using
WREF, but the results need be corrected. Here
again, increasing the spatial resolution may
not help.

Journal of Physics: Conference Series

PAPER « OPEN ACCESS

Extreme Winds in the New European Wind Atlas

To cite this article: David Bastine ef al 2018 J. Phys. Conf. Ser. 1102 012006

View the article online for updates and enhancements.

35
—Measurements

30 —WRF ]
----- WRF filtered 10

—Measurements
—WRF
=—WRF filtered
----- WRF {filtered) + SCM
0.1 12
f[day™]

10"

5 10 72

1980

1785 1790
t

[days]

1795

Figure 2. Wind speed time series at the
location of FINOL.

Figure 3. PSD of measurements (blue) and
simulations (gray) and filtered simulations

(black). The rted dashed line shows
the corrected PSD based on the filtered
h‘pe(:t.rllm.
Annual average max. [ms—'] | FINOIL FINO2 FINO3 Cabauw
Table 1.1 Recommended wind speed conversion factors for tropical cyclone conditions.
WRF 27806 26206 274206 208x£04
Exposure at +10m Reference Dust Faclor . 5 WRF + SCM 30.0£0.7 28.3+£0.7 29606 223204
Class Description T, (s) 3 50 720 780 500 Measurements 30711 2844£08 308+£10 244411
3600 1.75 1.28 1.19 1.15 1.08
i 1
i | R (B B T e i )
B o coi e terrain 120 155 13 100 WRF ] 3284123 3164123 322422 243415
BETWEEN VARIOUS WIND 60 1.49 1.00 WRF + SCM 359+25 348425 347+23 261+1.6
"AVERAGING PERIODS IN 3600 160 122 1.15 1.12 1.06 Measurements 3934136 353130 385+L35 340L39
Offshore 600 1.52 1.16 1.09 1.06 1.00
Off-Land "{‘)‘;‘::ﬂ;’;‘: 1% :j; 1;: : g; 1.00 Table 2. Extreme wind speeds: Estimates of average annual maxima and 50-year winds
160 136 100 - for measurements, WRF simulations and the corresponding corrected value. The statistical
3600 1.45 147 111 1.09 1.05 uncertainties are denoted as one standard deviation.
Onshore 600 1.38 111 1.05 1.03 1.00
Off-Sea winds at a 180 131 1.05 1.00 1.00 FINO1 FINO2 FINO3 Cabauw
coastline 16200 };g 133 1.00 ? WRF + SCM (Correction factor) 108 1.08 1.08 1.07
3600 130 111 1.07 106 [(_1.03 e
20 km 500 1.23 1.05 1.02 1.00 : Annual average maxima (Measurements/ WRF) 1.10 108 112 L17
At-Sea offshore 180 1147 1.00 1.00 1.00 50-year wind (Measurements/WRF) 1.20 1.12 1.20 1.38
120 1.158 1.00 1.00 )
60 11 1.00 Table 3. Estimated correction factors and ratios of measured and simulated extreme winds.



Extreme Sea State

9.2 Offline CFSR-MIKE modeling 15 storms: assess-
ment of CFSR wind forcing

The calibrated MIKE 21 SW model was also forced with the global CFSR wind
field (corrected for atmospheric stability, see section 5.5.1) for the 15 calibration
storms. The results are presented in the following sections. It should be noted
that the wave model was calibrated to the WRF wind field (see section 5.6) and
not the CFSR wind field, however a comparison was still made to assess the
impact of the different wind fields.

Theresults from the model test are presented in Fig. 49 to 50. The significant
wave height produced from the CFSR wind field forced MIKE 21 SW model
produced a reasonable representation of the observations for the North Sea and
western Danish Coastline. From the Taylor diagrams on the left hand side of
Fig. 50 and Fig. 51, a comparison to the final calibration of the WREF forced
model can be made. Of these stations, neither the CFSR or WRF forced wave
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model is suggested to outperform the other. Note that the full storm list cannot J
be compared as CFSR forced model was only run for the 15 calibration storms, : e | osp A
and thus comparisons are limited, however with these results there is no strong
evidence of significant differences on wave modelling when using CFSR reanalysis

or WRF downscaling.
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Project report

The project has delivered all planned deliverables in time. Though some of the
planed deliverables have been merged into one due to the overlapping content
and relevance between them. All deliverables have been presented to
energinet. dk in Interim report format. The following list is an overview of the
deliverables with the references included.

D1.1: The offline coupling system and the online coupling system (Interim
report | \ Only the technical reports in the original Interim report are provided
The description of the work progress and financial budget as in the original

report can be feund with energinet.dk)

D1.2- Implementation of wave stress in the atmaspheric model WRF (Access
Interim report V here)

D1.3: MIKE 3 coupling added value (Access Interim report VI here)
D1.4+D1 9: Database of simulated storms_ (Available at www xwiwa dk/data)

D1.5: Atlas of the 50-year return wind at hub height for the Danish coastal zone
{Available at vwww.xwiwa.dk/data)

D1.6: Journal paper about the improved atmospheric modeling of storm cases
(Access joumals here)

D1.7- Journal paper about the sensitivity of the modelina on the resolution

f »in
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> Interim report I
> Interim report Il
> Interim report IV
> Interim report V
> Interim report VI
> Interim report Vil

> Final project report
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Figure 49: Comparison between WRF-MIKE and CFSR-MIKE over 15 storms. A
statistical representation of significant wave height (H,,,) at Ekofisk (upper panels),
Fjaltering (middle panels) and Hirtshals West (lower panels) for the two offline MIKE
21 SW model with WRF (blue) and CFSR (red) wind forcing through a Taylor Di-
agram (left panel). The black point represents the observations. Scatter plot of the
modelled significant wave height with forcing from the global CFSR wind field for the
15 calibration storms between Nov-1999 and Apr-2012 (right panel, corresponding to
red point in Taylor diagram ).



Severe Sea State

Here, we estimate, for normal wind
conditions (for instance 6 m/s), what the
extreme 3-hour seastate is.

Nov 27 Nov 28 Nov 29 Nov 30 Dec 01 Dec 02

This happens for instance when the wind
speed suddenly drops after a long-lasting
storm.

Nov 27 Nov 28 Nov 29 Nov 30 Dec 01 Dec 02 Dec 03 Dec 04

2010

Generally well captured by WRF-driven
models, and not well captured when using s} 4
reanalysis datasets. Z o0 ¥ T[]

3 |
0 i
However’ these load cases are genera”y not Nov27  Nov28  Nov29  Nov30  DecO1  Dec02 | Dec03  Dec04
. . . . 1
design-driving, and they can be characterised .
conservatively.
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A medium storm that is hard to catch
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Wrap-up

For Normal Wind Conditions:

> Best is to rely on detailed wind resource assessment (measurements + mesoscale).

> For that purpose, increased spatial resolution of the mesoscale model is not always
key.

* > Recommended to focus instead on the parametrisation schemes and the
orography/landuse input.

i\( > The model is very likely making an error — need to guess and assess uncertainty.

For Normal Sea State:

> Spectral wave models driven with reanalysis data work satisfactorily.
Always need to assess effect of land/sea mask.

>
i\(> Local wave models driven by higher fidelity wind data do not necessarily perform

much better, but provide a hub height wind time series that requires only small
adjustments -> increased fidelity.

For Extreme and Severe Sea State:

> Advantage in using mesoscale time series compared to reanalysis.
i\(> Yet, the 10-minute extreme wind speed is out of reach for models.
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