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Extreme wind analysis at Stadlandet

Summary

Data from 25 years at Svingy lighthouse are analysed by the Gumbel extreme value method.
From this analysis the 50 year 10 min extreme wind speed is calculated to 41 m/s. The sector
coefficients show a rather strong variation, from 0.52 at south-east and 1.00 at- south-west,
giving sectorial 50 year wind speeds from 21 to 41 m/s. From the shorter period 1993-98
sectorial coefficients from Svingy to the very exposed station, Krikenes are calculated, giving
a 50 year value of 49 m/s. The strongest wind comes from south-west, while in the sector E to
SE the 50 year value is only 23 m/s due to the shielding from land.

There are established coefficients from Krakenes to the anemometer in the top of each of 11
project masts. From this comparison and the sectorial values of Krakenes, the 50 - year values
of wind speed of the project stations are established. The tables below show the extreme
values of the 10 min mean wind speed, u, and the next table the corresponding values of the 2
sec. wind gusts. The all - direction 50 - year values of the wind gusts vary from 54 to 71 m/s,
and are typically slightly higher than at Krakenes.

ull0 ulll wuli2 w13 ull4 ull5 ull6 ull? ull8 ull9 ul20

N 1292 257 268 265 31.0 329 307 247 306 264 322
NE | 283 313 264 316 300 338 292 300 296 328 308
E | 262 244 213 238 226 239 248 219 256 238 235
SE | 403 360 340 405 397 351 392 359 444 342 231
S 332 484 338 39.1 354 361 387 412 388 30.1 403
SW | 455 467 47.1 487 382 421 426 518 475 301 495
W 1365 363 379 338 329 334 353 385 361 283 367
NW 1302 250 265 274 291 303 270 220 276 221 302

All 46 50 47 49 41 42 44 52 49 35 50

ugll0 wuglil wgli2 uglld uglld ugll5 ugllé6 ugll7 ugll8 ugll9 ugl20 ugK

N 1368 336 364 369 41.0 463 382 335 362 33.1 400 369
NE | 362 372 39.1 405 437 454 408 381 370 394 462 385
E 322 294 275 302 325 334 312 276 324 297 333 280
SE | 49.0 515 449 515 509 444 507 447 533 505 436 424
S 428 598 42.0 462 447 457 481 561 521 501 535 524
SW 1 594 637 587 596 545 579 570 708 640 499 607 592
W 437 535 469 435 449 445 465 548 491 463 488 498
NW 353 344 339 368 394 420 343 336 386 343 380 355

All 59 65 59 60 56 58 57 71 64 54 61 59




1. Introduction

There have been carried out wind measurements at Stadlandet- in Selje community since:
August 1998. The aim is to describe the wind climate at the peninsula and to find out the
possible wind energy production. The measurements are carried out 50 m above ground and
some 400 m above sea level. The peninsula Stadlandet is sited at the North-western corner of
Norway, known as one of the most windiness areas of Norway. Roughly spoken, the area is a
mountain plain with no tall vegetation and steep escarpments at most sides.

Kjeller Vindteknikk have carried out the measurements for Statkraft SF. Site and topography,

sensors and sensor masts are described in the report «Description of wind monitoring system
at Stadt» (1).

The collected data clearly suggest that wind mills in this area have to deal with large wind
loads. However, more exact knowledge of the return periods of extreme wind is essential to
choose the opt1mal strength of the constructions.

This work is made for Kjeller Vindteknikk, using the data collected from August/September
1998 to the end of December / the beginning of January 1999. The report should not be
distributed w1thout perm1ssmn from the employers

2. Data procession and data quality |

The received data from Kjeller Vindteknikk include 11 stations at the Stadlandet (1). The
quality of the data was first inspected. The wind directions and wind speeds from the two
measuring levels in each mast were cross - checked, and all speeds from all top levels were
compared. The gust factors from each top level were verified. The gust factor is defined by the
maximum wind gust from a 10 min period divided to the mean value of this period.

For mean winds above 15 m/s, all those controls were made. Some gust factors, gf < 1.00 due
to errors, and such data were removed. Besides, gf>2.0 suggests questionable data except at -
high turbulent sites. Such data were inspected and obvious errors removed. Besides, all storm
values used in the extreme value statistics were carefully controlled.

By use of the data quality control, some peak gust values (49 - 60 m/s) due to noise were
found. All such values were easy identified, they occurred during periods of much lower wind
speed at all other sensors, including the sensor showing the peak value. The easy
identification was essential since the effect on the extreme statistics would have been rather
striking. There were, however, not many such peaks, indicating that such noise should be of
rather low confidence when using all-wind statistics.

The stations 110, 112, 113, 114, 115, 116, 118 and 120 have reasonable long periods of
registration, while at the stations, 111, 117 and 119 the wind are measured in some shorter
periods.




3. Reference stations

The record lengths from the test stations are far to short to produce any extreme values
without comparing to any reference station of long records. There are two stations operated by
the Norwegian Meteorological Institute, DNMI in the neighbourhood. Svingy lighthouse is
situated at a small islet some 18 km NNE of the Stad area, while Krikenes lighthouse is
situated at an outer peninsula 18 km SSW of the area. The stations so may be of equal validity
when used as reference stations for the project area.
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Figure 1.
Map of the Stad area and the position of reference stations Svingy and Krdkenes.

At Krékenes data have been stored electronically since 1993 with a sampling frequency 1/hour.
Wind gusts, 10 min wind speed, and the corresponding maximum values every hour are stored,
together with the wind direction. The data from this period are homogenous, and the only
problem has been some periods with no signals due to defaults of the automatic weather
station. Before 1993, however, the quality of the data are less good due to instrumental
changes, and wind gusts have not been measured. Related to extreme value analysis, the most
serious matter is due to the upper limit of the registration equipment, about 30 - 35 my/s.
Krékenes is a very windy station, and this upper limit is exceeded almost every year, and by the
strongest storms, during several hours with no possibility of extrapolating the real value. So
the station cannot be used alone as a long-time reference station.

Svingy, on the other side, have been operated by Fuess 90z, which is a better anemometer,
also measuring gust. However, this anemometer as well has too low upper limits; 40 - 45 m/s



for wind gusts and 30 m/s for mean wind speed. But the station is somewhat less wind
exposed for the strongest storms from south to south-west, and there have been possible to
give reasonable extrapolations of data by inspecting the trace and comparing to neighbouring
stations. The record length is far homogenous from 1974 to 1998. However, data from the
station are stored electronically only from each 6 hours. Data stored are 10 mean wind speed,
3-5's wind gust and wind direction, measured at 00, 06, 12, and 18 GMT. Also the maximum
values last 6 hours of the wind gust and 10 min wind speed are stored. Continuous
registrations exist, but at paper strips.

The maximum wind speed of each of the 8 wind directions is earlier read by students and exist
as a part of an extreme value data basis.

4. Methods and results

A method of calculating extreme values from a long data series at Svingy (1974/75 - 98/99)
and comparing these data to Krakenes using the shorter period 1993-98 was chosen. Data
from Krékenes were transferred to a project reference station and from this station further to
the rest of the project masts, using some 5 months during auturnn 1998.

4.1 Extreme value analysis of the Sviney data

Data from 25 years at Svingy lighthouse (1974/75 - 1998/99) are analysed by the Gumbel
extreme wind method. The results is given in Figure 2. The analysis is made using U? as free
variable. The parent data at Svm;ay are Rayleigh - distributed (Weibul - distribution with the
form parameter of 2), and then U* have a better convergence than U (2). As seen, the fit to the
data is rather good, except from the data point of 46 m/s, representing the hurricane of 1.1.92.
This storm value is objectively plotted as an outlier. An up to day analysis using an automatic
method suggested by R. Harris (3) to determine the Gumbel parameters by the Lieblein
technique is used. This method gives less weight to the highest and lowest yearly extremes.




Extreme value analysis using the Gumbel-Lieblein method
modified for numerical calculation by R.1.Harris
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Extreme value analysis of data from Svingy lighthouse- including transfer factors from the all-
direction value to the specified directional extremes.

The 50 year 10 min extreme wind speed at Svingy was calculated to 41.0 m/s by the Gumbel
analysis. The sector coefficients were calculated by a procedure of choosing the highest
episodes of each sector through the period, the results are 0. 58 to 1. OO giving sectorial 50
year wind speeds from 21.3 to 41.0 m/s.

Table 1

Sectorial transfer coefficients and 50 - year extreme values of 10 minute wind speed at Svingy
N NE E SE S S SW W NwW All

Tr.coeff. | 0.70 0.69 0.58 0.52 0.86 1.00 0.92 0.68 1.00

EO yr.w. 287 28.3 238 21.3 356.3 41.0 37.7 27.9 41.0

4.2 Transformation from Sviney to Krakenes

From the period 1993-98, sectorial coefficients from Krékenes to Svingy were calculated for 7
sectors; N, NE, E+SE, S, SW, W, and NW. The 5 highest wind episodes were individually
sorted, giving 7 transfer coefficients. The results are given in Table 2. It is there seen that the
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wind at Krakenes is stronger than at Svingy, especially the wind from south-west. The 50 -
year value at Krakenes is calculated to 49.4 m/s, which is very high. The reason probably is a
combined effect of the local speed-up at Krakenes lighthouse and a little more regional effect
usually referred to at the corner effect at Stad.

The 50 year extreme wind speed at Krakenes then are given in the right column of Table 2.

Table 2
Sectorial and all-sector 50 year wind speeds at Svinay and Krédkenes,
and directional transfer coefficients from Svinay to Krdkenes.

Usose  Ux/Usy  Usox
N 286  1.03 295
NE 281 110 308
E+SE [ 236 099 234
S 352 114 401
SW | 410 121 494
W 376 112 420
NW 277 1.06 294
All 41.0 49.4

4.3 Relations between Krakenes and the project siations

To select the project reference station, a correlation analysis was performed, using the average
value from all stations and each of the stations in turn. For the 10 min mean wind speed, the
correlation coefficient varied through 0.94 to 0.97 for the stations of longest data series. The
fluctuation of the wind direction was also calculated by adding the squared deviation between
each station and the average value. The square root of this value varied in average from 27 to
40°. The station no 118 was chosen as the reference station due to the combination of a high
correlation coefficient- and a low direction deviation (0.96; 27°). The station also has
continuos data series and is situated far out at the plateau, being an average in the further
computations.

At Krékenes the maximum wind gust, Ug and the maximum 10 min wind speed, U, o, are
stored each hour. The same data were chosen from station no 118. Then all periods showing
missing data at one of the two stations were removed also from the other station. All time
spots where the values of U, g, 210 m/s at one of the two stations were stored also at the
other station, while other data were removed. The remaining data were divided in 8 wind
directions (N, NE, E, SE, S, SW, W and NW) by use of Krikenes as direction indicator. Ug
and Uyomin from each station and each sector were then independently sorted. The
independent sorting procedure is suitable because all noise due to uneven distributed wind
fields then easily smoothes out.

The same procedure was used in comparing stn. 118 and each of the other project stations.

Transfer coefficients from Krékenes to stn. 118 and further to the other stations were so
calculated, using U, ;onmi, from Krakenes as the free variable. The coefficients were calculated
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using the n strongest wind-data, n=1,2,3,....... . The choice of the actual value of n to be used

in the further work, is a compromise between the need

strongest wind episodes.

for data, and the wish of using the

The coefficients from the mean wind, U,om at Krakenes to the project stations are shown,
using the average of the 5 highest speeds to the corresponding wind (Table 3) and wind gusts -
(Table 4). Table 5 shows that there are rather small differences using 5 or 10 episodes, typical
0 to 5 %, being a weak tendency of slightly lower coefficients using n=10. Therefore, n=5 is
used in the further analysis, since the long return periods are of primary interest.

Table 3

Transfer coefficients from the Uy ] gmin data at Krdkenes to the project stations calculated by
the procedure given in chapt.4, using n=5 number of data. _

n=5 | ull0 wlll wll2 ull3 wull4 ull5 ull6 ull7 ull8 ull9 ul20

N 099 087 091 090 1.05 1.11 1.04 0.84 1.04 090 1.09

NE | 092 101 086 1.02 097 1.10 095 097 096 1.06 1.00

E 1.12  1.04 091 1.02 097 1.02 1.06 094 1.10 1.02 1.00

’ SE | 1.73 154 146 173 170 150 1.68 154 190 1.47 . 099

‘S 083 121 0.84 098 088 090 097 1.03 097 0.75 1.01

SW 092 095 095 099 077 085 08 1.05 096 061 1.00

W [087 086 090 080 078 0.80 0.84 0091 0.86 0.67 0.87

NW 1103 085 090 093 099 . 1.03 092 075 094 0.75 1.03
Table 4

Transfer coefﬁcients Jrom the Uy | Omin data at Krékenes to Ug at the project stations '
calculated by the procedure given in chapt.4, using n=5 number of data.

n=5 |ugll0 ugill wugll2 wugll3 ugll4 ugllS ugll6 ugll? ugll8 wugll9 wugl20 ugk
N 1.25 114 124 125 139 157 130 1.14 123 1.12 136 1.25
NE | 1.17 121 127 131 142 147 132 124 120 128 150 125
E 1.38 126 1.18 129 139 143 134 1.18 138 127 142 120
SE | 210 220 192 220 218 190 217 191 228 216 187 1.81
S 107 149 105 115 111 114 120 140 130 125 133 - 1.31
SW 1120 129 119 121 110 117 115 143 129 101 123 120
w 1.04 127 111 103 1.07 106 1.11 130 117 1.10 1.16 1.18
NW [ 120 1.17 116 125 134 143 1.17 114 131 1.17 129 121




Table 5

The relation between the transfer coefficients from Krdkenes to the project stations calculated
by the procedure given in chapt.4, using n=5 and n=10 number of data.

n10/n5| ulld wlll ull2 ull3 ulld4d uil5 wll6 ull?7 ull8 ull9 ul20

N 1.01 097 099 100 099 101 100 098 099 097 1.00
NE | 1.00 099 1.01 097 100 097 099 100 1.02 1.03 1.03
E 095 103 104 103 1.03 1.01 1.02 1.04 1.04 1.00 1.01
SE [ 093 095 095 096 095 09 09 095 095 1.02 0.95
S 102 098 1.00 1.01 099 1.00 1.00 098 1.00 097 1.00
SW | 095 099 098 098 1.00 097 097 097 097 099 099
W 1100 094 099 099 0.99 098 097 092 098 0.99 0.97
NwW |1 1.00 097 1.01 101 1.02 097 101 098 1.00 092 0.98
n10/nS| ugl10 uglil wugll2 wuglld wugll4 ugll5 ugll6é ugll7 ugll8 ugll9 ugi20 ugk

N | 100 099 099 099 099 099 099 099 1.01 1.04 0.99 1.00
NE {097 098 099 099 101 1.00 1.04 099 1.03 1.02 1.00 099
E (097 106 101 101 100 096 101 104 1.03 1.00 1.00 1.00
SE [ 099 095 094 095 094 096 096 093 095 098 095 095
S |102 098 104 104 099 1.00 100 098 1.02 100 1.02 0.99
SW [ 098 097 099 1.00 097 099 101 096 098 1.02 099 1.00
W | 099 096 099 096 0.98 102 099 093 1.00 0.99 1.01 1.01

NW | 1.02 1.00 1.04 1.00 099 099 1.02 097 1.00 095 099 1.01

The transfer coefficients now are used to give extreme values for the different measuring sites
at Stadlandet. For calculating the all-sector values, it is presumed that each sector contribute
to this value by a lower probability than 0.02, and thus that the sum of the sectorial
contributions give 0.02. This means that the all sector value give some higher extremes if 2 or
more sectors give extremes of approximately the same speed.

If other return periods; T should be of interest, the coefficients U;/Us, from Figure 1 are
recommended.

Table 6

Calculated extreme values of 10 min. wind speed with 50 year return period at the 11 project
stations on the Stadlandet peninsula.

ull0 wlll wll2 ull3 ull4 wli5 ull6 ull7 ull8  ull9 ul20

N 1292 257 268 265 310 329 307 247 306 264 322
NE | 283 313 264 316 300 338 292 300 296 328 308
E 262 244 213 238 226 239 248 219 256 238 235
SE | 403 360 340 405 397 351 392 359 444 342 23.1

S 332 484 338 39.1 354  36.1 38.7 412 388 30.1 403
SW [ 455 467 47.1 487 382 4211 426 518 475 30.1 495
W 1365 363 379 338 329 334 353 385 361 283 367
NW | 302 250 265 274 291 303 270 220 276 22.1- 302
All 46 50 47 49 41 42 44 52 49 35 50




"Table 7

Calculated extreme values of 2-3 sec wind speed with 50 year return period at the 11 project )
stations on theAStadlandet peninsula, and Krakenes lighthouse.

ugll0 uglil wugll2 wugll3 uglld4 wugll5 ugll6 ugll7 ugli8 wugll9 ugl20 ugk

N 36.8 33.6 364 369 410 463 382 335 362 331 400 369

NE | 36.2 37.2 391 40.5 437 454 408 381 370 394 46.2 385

| E 322 294 275 302 325 334 312 276 324 29.7 333 280
| SE 49.0 51.5 449 51.5 509 444 50.7 447 533 505 436 424
S 428 598 420 462 447 457 481 561 521 501 535 524

SW | 594 63.7 58.7 59.6 545 579 570 708 64.0 499 60.7 59.2

W | 437 53.5 46.9 435 449 445 46.5 548 49.1 463 48.8 4938

NW | 353 344 339 368 394 420 343 336 386 343 380 355

59 65 59 60 56 - 358 57 71 64 54 61 59

The typical 50 year wind gust at the area is calculated to 60 - 70 m/s, 50 m above ground. The
high value of 71 m/s at site 117, is probably due to a combination of a ridge and a saddle point
exposed to south-west. On the opposite, when the strong south-westerly wind hit the cliff at
site 119, it separates, increasing the turbulence, confusion the local wind direction, but lower
the wind speeds. This is especially seen as the low value of the 50 year 10 min wind speed
| from SW, 30 m/s. The reason for the non-equal extremes in the area is due to the rough
terrain. For sites at other places than at the measuring sites, it therefore should be reasonable
to choice the highest spot value.
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Appendix

Table A.1 : '
Independent sorted hourly maxima of the 10 min mean wind speed and the 2-3 sec. wind

gusts, and the variation of the transfer coeﬁiciént according to number of episodes used.
Stations: Krakenes and stn. 118.

N

Ukx Ukg U118 Ugll8 Ukg/Ukx U118/Ukx UG118/Ukx
206 256 21.37 255 1.24 1.04 1.24
202 255 21.10 245 1.25 1.04 1.22
200 251 20.82 245 1.25 1.04 1.22
199 249 2072 245 1.25 1.04 1.23
198 246 2022 245 1.25 1.04 1.23
19.7 242 20.01 245 1.25 1.03 1.23
19.3 239 1993 245 1.25 1.03 1.23
192 238 19.62 245 125 1.03 1.24
189 237 1927 235 1.25 1.03 1.24
187 233 19.10 235 1.25 1.03 1.24

NE -
Ukx Ukg Ull8 Ugll8 Ukg/Ukx U118/Ukx UG118/Ukx
21.8 285 2065 275 1.31 0.95 1.26
214  27.0 2029 255 1.28 0.95 1.23
21.0 258 1998 245 1.27 095 121
20.6 245 1970 245 1.25 "0.95 1.20
19.5 245 1941 23.5 1.25 0.96 1.20
182 230 1834 235 1.25 0.97 1.21
181 21.8 18.02 23.5 1.25 0.97 1.23
177 217 17.71 235 1.24 0.97 1.24
17.7 - 21.7 1750 22.5 1.24 0.98 1.24
175  21.1 1736 .21.5 1.24 0.98 1.24

Ukx Ukg U118 Ugll8 Ukg/Ukx U118/Ukx UG118/Ukx
20.0 232 1972 225 1.16 0.99 1.12
16.4 19.3 1798 225 1.17 1.04 1.23
15.4 18.5 1717 225 1.18 1.06 1.30
14.7 184  17.00 225 1.19 1.08 1.35
14.6 179 1695 225 1.20 1.10 1.38
14.2 172 1674 21.5 1.20 1.11 1.40
14.0 171 1647 215 1.20 1.12 1.42
14.0 17.0 1640 20.5 1.21 1.12 1.43
13.8° 165 1626 195 1.20 1.13 1.42
13.3 16.2 16.19 195 1.21 1.14 1.43
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_ Table A.1 cont.

SE
Ukx Ukg U118 Ugl18 Ukg/Ukx U118/Ukx UG118/Ukx
13.7 253 2622 305 185 1.91 2.22
135 233 2512 305 1.79 1.89 2.24
127 - 232 2503 295 1.80 1.91 227
126 228 2379 295 1.80 1.91 2.28
121 225 2258 275 1.81 - 1.90 2.28
120 204 2125 255 1.80 1.88 2.26
11.5 187 2098 245 1.77 1.87 2.24
11.3 183 20.79 24.5 1.76 1.87 2.23
113 177 1836 21.5 1.74 1.84 2.20
113 177 17.09 215 1.72 1.81 2.17

Ukx ng U118 Ugli8 Ukg/Ukx Ul18/Ukx UG118/Ukx
338 453 3190 425 1.34 0.94 1.26
324 438 31.73 425 1.35 0.96 1.28
319 407 31.04 415 1.32 0.97 1.29
317 402 3083 415 1.31 0.97 1.29
30.5 39.7 2973 405 | 131 097 1.30
304 388 2944 405 @ 1.30 097 - 130
30.2 383 2920 405 '1.30 0.97 1.31
29.8 38.1 29.04 40.5 1.30 097 132
29.7 379 2899 40.5 1.29 0.97 1.32
29.6 37.5 2897 405 1.29 0.97 1.33

SW :
Ukx Ukg U118 Ugl18 Ukg/Ukx U118/Ukx UG118/Ukx
38.6 458 3572 475 1.19 0.93 1.23
36.1 45.5 3457 475 1.22 0.94 1.27
34.7 40.1 3431 475 1.20 0.96 1.30

335 40.0 32.66 44.5 1.20 0.96 1.31
335 399 3233 415 1.20 0.96 1.29
333 39.6 3221 405 .20 0.96 1.28
329 395 29.66 395 1.20 0.95 1.27
31.8 387 27.84 395 1.20 0.94 1.27
31.7 38.0 2691 395 1.20 0.94 1.27
30.7 379 2639 395 1.20 0.93 1.27
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Table A.1 cont.

W
Ukx Ukg U118 Ugli8 Ukg/Ukx U118/Ukx UG118/Ukx
240 286 23.88 325 1.19 0.99 1.35
233 274 21.80 265 1.18 0.97 1.25
231 272 18.10 265 118 . 0091 1.21
228 270 1760 24.5 1.18 0.87 1.18
218 259 1724 245 1.18 - 0.86 1.17
216 259 17.19 245 1.19 0.85 1.16 .
209 259 17.09 245 1.19 0.84 1.16
202 257 16.86 245 1.20 0.84 1.17
202 241 16.83 235 1.20 0.84 1.17
20.1 240 1678 23.5 1.20 0.84 1.17

NWwW
Ukx  Ukg UlI8 Ugll8 Ukg/Ukx U118/Ukx UG118/Ukx
20.6 235 17.74 235 1.14 0.86 1.14
17.7 222 1762 235 1.19 0.92 1.23
174 21.6 16.59 235 1.21 0.93 1.26
16.9 20.0 15.76 235 1.20 0.93 1.29
16.0 19.7 15.69 225 1.21 0.94 1.31 .
15.9 19.6 - 14.97 225 1.21 0.94 1.33
15.8 19.5 14.95 225 1.21 0.94 1.34
15.7 194 1490 205 1.22 0.94 1.34
15.7 19.4 1487 195 1.22 0.94 1.33
- 15.6 193 1485 195 122 0.94 1.32



