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It is a common issue that the modeled winds from mesoscale models are smeared Approach |: Spectral Correction
due to the spatial and temporal resolutions. This Is reflected In the spectrum
domain as an energy deficit in the mesoscale range. The energy deficit indicates
smaller moments and thus underestimation in the extreme winds. We developed
two approaches for calculating the smoothing effect due to the mesoscale U,r — 1

resolution on the extreme wind estimation by taking into account of the difference p = > (1)
of the spectral taill between the modeled and measured spectra in the mesoscale

range. Both approaches give the estimation of the smoothing effect in good is derived as a function of the spectral moments m, and m.,:
agreement with measurements from several sites in Denmark and Germany.

I /mo
The problem e \/2 o <

The wind time series Is assumed to be a Gaussian process and the exceedance
following a Possion process at a large thresold. The peak factor k;, , defined as

As .|Il.us_trated In Fig. 1, due to the smoothing effect of resolutlpn, there Is an energy R e P
deficit in the mesoscale range, here ~ 2 < f < 72 day, in the spectra of the
simulated wind time series compared to that of the measurements. The spectral i
. . m; = 2 p(w)w’! S(w)dw
tail from measurements has a slope of approximately -5/3, and those from models . (3)
have slopes -3 and -4. This implies that the extreme winds are underestimated In
the mesoscale modeling because the wind variation in this range is important in o= 2rf, and ¢(w)=sIin(oT,/2)/(oT,/2) Is a filter due to temporal averaging T,. The
contributing high winds and hence in the peak effect. wind variation in high frequency range contributes significantly to m.,/m, and
hence k, and the mean annual wind maximum ;; .
. . P U mex
Simulations from three well-used mesoscale models _ L _ _ _
(HIRHAM, REMO and WRF) for wind energy study in “f s The core of this recipe is to replace the spectral tail of the simulated winds (the
Northern fEurope are analyzed, see details in Table | e T R oo | dots in Fig. 2) with a slope of -5/3 and extend it to f = 72 day-*(solid lines in Fig. 2
| s | with the tail start at f = 1 and 2 day* respectively).
models resolution  period large scale forcing 0 f '; g obs
HIRHAM5-ECHAM5 25 km 1961 - 1990 ECHAMb5 ] ; : e ® WIREEICE Sk
HIRHAM5-ERA40 25 km 1961- 1990 ERA40 3 ; 10, 2 + WRE1SKm
REMO 50 km 1979 - 2003 ERA15 and ECMWF analysis % _ I \‘%\; F REMOMOi
REMO 10 km 1979 - 2003 ERA15 and ECMWF analysis b i ANON :
WRF 45 km 1999 - 2009 NCEP reanalysis Il 102} —_ S I o = :.
WRF 15 km 1999 - 2009 NCEP reanalysis |I | . | s 01 - AR
‘ Table I: Model descriptions. All simulations give hourly outputs. s .0;5/3\ % 0.01; \ - ’”..
o ? '
o ok ¥
. % 0.001 - 3\ e,
Fig. 1: Spectra of wind speed at 10 m at Horns Rev, measurements 10 — N 6h Bhih gh %* 1 10min
and six model simulations. = - 0.01 0.1 1 10 ol e Tore
; day_l 10 fday_110
P U r p O S e Fig. 2: Modification of the spectrum of hourly simulated Fig. 3: Lines show the spectrum from measurements varying
. . . . winds by replacing the tail for f > ., here f. =1 and 2 day™ up with averaging time from 10 min to 6 hours. Also shown are
The purpose Is to develope approaches to take into account the difference in the to 72 day*. (Approach ) six spectra from simulations. (Approach If)
measured and simuated spectrum Iin the mesoscale range and to estimate the
Impact from this difference on_the extreme wind, In connection with the Annual Approach |l: Effective Temporal Averaging
Maximum Method. The correction by the approaches will bridge the gap between | | | | |
the current models’ resolution (tens of km or in hours) to that of the upper limit of We approximate the combined spatial and temporal averaging effect in the
the mesoscale range (a few km or in 10 min). mesoscale modeled winds into the temporal effect and use the statistical model
derived in [1] to calculate the underestimation in the extreme wind (see Fig. 3).
Measurements The model from [1] assumes the wind time series a Gaussian process and it

calculates the temporal resolution effect on the annual wind maxima. The peak
factor Is a function of the autocorrelation coefficient p:

In order to validate the approaches, we use 10 min wind measurements from six

stations in the mid-latitude, see Table II. Stations Data Period Location Height
: : : Sproga 1979 - 1999  (10.974E, 55.331N) 11 m | — 1+ In(— 4
wind using Eq. (1) for the offshore site Tystofte 1982 - 2010 (11.33E, 55.24N) 10 m vt (14 p) In( T\ 1+ p) (4)

Horns Rev only while not the land sites Kegnaes 1991 - 2006 (9.936F, 54.856N) 10 m
in order not to go into discussions about 7" 1983 - 2004 (8.449E,55.9428) ~ 10'm where N is the number of 10 min values in a year. Both N and p decrease with

: _ FINO 2004 - 2010 (6.588]3,54.0141\') 50 m .n r .n - .n t.m d k
the models’ performance induced by e 1L dolls o7 e o INCreasing averaging tme, SO Goes K.
‘ factors other than the model resolution.
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Drawback: there Is not always a good approximation for the combined effect as a
temporal effect, e.g. REMO and WRF spectra in Fig. 3. Thus the estimation of the
smoothing effect is rather in a range (Table II), which means larger uncertainty.

Results

> The mean kp calculated from 10 min wind time series at six stations i1s 5.07.

>k, andU x  from 10 min measurement at Horns Rev are 4.96 and 27.2 m/s. Conclusions

The corresponding peak factors and mean wind maxima corrected from the > For the mesoscale modeled winds, the spectral energy deficit in the mesoscale
simulated hourly data using approach | are given in Table Il and they are in good range reflects the smoothing effect of both spatial and temporal resolution. This
agreement with measurement. These numbers fit rather well with the estimation energy deficit is essential in the extreme wind underestimation.

given by approach Il (Table II). _ . . . . .
» Both approaches give consistent estimates Iin the smoothing effect in the peak
Table Il For the site Horns Rev.

(1) are peak factors calculated from the simulated hourly wind time series. factor, with the first approach more straightforward in handling the combined spatial

ko(Il) are peak factor calculated with the modified spectrum shown in Fig. 2, equivalent to 10 min. and tempora| SmOOthing effect.
SE, the smoothing effect calculated with SE=1-k,(1)/k(1l).

<Upac> IS the mean annual wind maximum calculated with k(11), using Eq. (1). > Th imation of th m hin f in k f r in he reci is in
variables OBS AIRAANE REVIO WRE e est qto Oof the smoothing etiect In pea _acto using the recipe IS _good
agreement with measurements. For the offshore site Horns Rev, the conversion to
ECHAMS ERA40 | 10km 50km | 15km 45 km h ' wind maximurm i el -dina to the dat idation
- k(1) 118 417 213 210 4717 107 € mean annual wi aximum IS Successiul accoraing to tne data valldation.
s SE 165%  165% | 17.1% 18.0% | 16.7% 18.1% References
o <U,ax> (M/S) | 27.2 | 26.6 25.5 26.5 26.5 26.6 254 1. Larsen X. G. and Mann J. The effects of disjunct sampling and averaging time on mean maximum wind J. Wind Eng.
— Ind. Aerodyn., 94, 581-602, 2006.
k, (approach ) 12.5-15% 12.5-15%  12.5-17% 15-17/% 12.5-16.5% 16.5-17% 2. Skamarock W. Evaluating mesoscale NWP models using kinetic energy spectra. Monthly Weather Review, 132, 3019
— 3032, 2004.
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