
 

 
 

 
 

SEAWATCH WIND LIDAR BUOY WS158 OFFSHORE IN SITU 

VERIFICATION 

Quality assessment of the 

Fugro Seawatch Wind LiDAR 

Buoy WS158 
Fugro Norway AS 

 

Report No.: 10148549-R-1, Rev. A 

Date: 2019-06-14 
 

  



 

 

 

GL Garrad Hassan Deutschland GmbH   

 

 

 

 

IMPORTANT NOTICE AND DISCLAIMER 

1. This document is intended for the sole use of the Client as detailed on the front page of this document to 
whom the document is addressed and who has entered into a written agreement with the DNV GL entity 
issuing this document (“DNV GL”). To the extent permitted by law, neither DNV GL nor any group 
company (the "Group") assumes any responsibility whether in contract, tort including without limitation 
negligence, or otherwise howsoever, to third parties (being persons other than the Client), and no company 
in the Group other than DNV GL shall be liable for any loss or damage whatsoever suffered by virtue of any 
act, omission or default (whether arising by negligence or otherwise) by DNV GL, the Group or any of its or 
their servants, subcontractors or agents.  This document must be read in its entirety and is subject to any 
assumptions and qualifications expressed therein as well as in any other relevant communications in 
connection with it.  This document may contain detailed technical data which is intended for use only by 
persons possessing requisite expertise in its subject matter.  

 
2. This document is protected by copyright and may only be reproduced and circulated in accordance with the 

Document Classification and associated conditions stipulated or referred to in this document and/or in DNV 
GL’s written agreement with the Client. No part of this document may be disclosed in any public offering 
memorandum, prospectus or stock exchange listing, circular or announcement without the express and prior 
written consent of DNV GL.  A Document Classification permitting the Client to redistribute this document 
shall not thereby imply that DNV GL has any liability to any recipient other than the Client. 

 
3. This document has been produced from information relating to dates and periods referred to in this 

document. This document does not imply that any information is not subject to change. Except and to the 
extent that checking or verification of information or data is expressly agreed within the written scope of its 
services, DNV GL shall not be responsible in any way in connection with erroneous information or data 
provided to it by the Client or any third party, or for the effects of any such erroneous information or data 
whether or not contained or referred to in this document.  

 
4. Any wind or energy forecasts estimates or predictions are subject to factors not all of which are within the 

scope of the probability and uncertainties contained or referred to in this document and nothing in this 
document guarantees any particular wind speed or energy output. 
 

KEY TO DOCUMENT CLASSIFICATION 

Strictly Confidential : 
For disclosure only to named individuals within the Client’s 
organisation. 

Private and Confidential : 
For disclosure only to individuals directly concerned with the 
subject matter of the document within the Client’s organisation. 

Commercial in Confidence : Not to be disclosed outside the Client’s organisation. 

DNV GL only : Not to be disclosed to non-DNV GL staff 

Client’s Discretion : 

Distribution for information only at the discretion of the Client 
(subject to the above Important Notice and Disclaimer and the 
terms of DNV GL’s written agreement with the Client). 

Published : 
Available for information only to the general public (subject to 
the above Important Notice and Disclaimer). 



 

 

 

GL Garrad Hassan Deutschland GmbH   

 

  

Project name: Seawatch Wind LiDAR Buoy WS158 

offshore in situ verification 

DNV GL – Energy 

Renewables Advisory 

GL Garrad Hassan Deutschland GmbH 

Sommerdeich 14 b 

25709 Kaiser-Wilhelm-Koog 

Germany 

Tel: +49 4856 901 0 

VAT No. DE 118 606 038 

Report title: Quality assessment of the Fugro Seawatch 

Wind LiDAR Buoy WS158 

Customer: Fugro Norway AS, 

Pirsenteret Havnegata 9  

7010 Trondheim  

Norway 

Contact person: Arve Berg  

Date of issue: 2019-06-14 

Project No.: 10148549 

Report No.: 10148549-R-1, Rev. A 

  

 

Task and objective: 3rd Party Assessment of an offshore in situ verification of the Fugro SEAWATCH Wind 

LiDAR Buoy WS158 at Hollandse Kust (noord) Wind Farm Zone, Netherlands 

 

 

Prepared by:  Verified by:  Approved by: 
     

Andreas Mark 
Senior Engineer 

Loads & Power Performance & Wind 

Resource 

 Stephan Fiedler 
Senior Engineer 

Loads & Power Performance & Wind 

Resource 

 Matthias Steger 
Deputy Section Head 

Loads & Power Performance & Wind 

Resource 

 

  ☐ Strictly Confidential Keywords: 

LiDAR, Floating Lidar Device, Pre- and Post-

deployment Verification 

☐ Private and Confidential 

☐ Commercial in Confidence 

☐ DNV GL only 

☒ Client’s Discretion 

☐ Published 

 Reference to part of this report which may lead to misinterpretation is not permissible. 

 
Rev. No. Date Reason for Issue Prepared by Verified by Approved by 

A 2019-02-27 DRAFT A. Mark   

A 2019-06-14 Final report A. Mark S. Fiedler M. Steger 



 

DNV GL  –  Report No. 10148549-R-1, Rev. A  –  www.dnvgl.com  Page 1 

 

Table of contents 

1 INTRODUCTION .............................................................................................................. 2 

1.1 Clarification Note 2 

1.2 Settings and Specs of SWLB and REF Unit 2 

2 VALIDATION RESULTS ..................................................................................................... 4 

2.1 Data provision 4 

2.2 Meteorological conditions during the trial 4 

2.3 Accuracy 4 

2.4 Summary of verification results 7 

3 CONCLUSIONS ON SWL BUOY TECHNOLOGY IN CONTEXT OF COMMERCIAL ROADMAP ........... 9 

4 REFERENCES ................................................................................................................ 10 

APPENDIX A – APPLIED KEY PERFORMANCE INDICATORS AND ACCEPTANCE CRITERIA FOR FLD 
VALIDATION ................................................................................................................ 11 

APPENDIX B – CAMPAIGN METEOROLOGICAL CONDITIONS, TIME SERIES AND WS/WD 
CORRELATION PLOTS – WS158 VS. WS156 ..................................................................... 13 

 
 

List of abbreviations 
 

Abbreviation Meaning 

SWLB Seawatch Wind Lidar Buoy 

GH-D GL Garrad Hassan Deutschland GmbH, part of DNV GL group 

REF Reference Lidar 

FLD Floating LiDAR Device 

MSL Mean Sea Level 

SL actual Sea Level 

LAT Lowest astronomical tide 

KPI Key Performance Indicator 

AC Acceptance Criterion 

WS Wind Speed 

WD Wind Direction 

 
 
 



 

DNV GL  –  Report No. 10148549-R-1, Rev. A  –  www.dnvgl.com  Page 2 

 

1 INTRODUCTION 

On 2019-02-12, Fugro Norway AS (Fugro or the Client) commissioned GL Garrad Hassan Deutschland 

GmbH (“GH-D”), part of the DNV GL group (“DNV GL”) to perform an offshore in situ verification and to 

provide a technical note for a SEAWATCH Wind LiDAR Buoy (SWLB) unit with the serial number WS158. 

DNV GL was asked by Fugro to compare data of WS158 (test) to data of WS156 (the reference), which 

were both deployed offshore (see Figure 1). The comparison is performed like the previous pre- and 

post-validations by DNV GL. 

The validation of this already “Roadmap-Pre-Commercial” staged Floating Lidar Device (FLD) [1] was 

performed against another verified SWLB of the same type. Data evaluation was performed for specific 

wind data quality related Key Performance Indicators (KPIs) and Acceptance Criteria (AC) as formulated 

in the Roadmap towards Commercial Acceptance [2]. 

DNV GL has not been involved in the data collection. The data were provided by Fugro on 2019-02-12. 

The campaign covers the period 2018-11-25 09:00 to 2019-01-31 23:50. 

This report is used to document the results with respect to the offshore in situ verification of the Fugro 

SWLB WS158 against another validated SWLB (WS156). 

 

1.1 Clarification Note 

It is important to note that the validation approach applied for this campaign focusses on the capabilities 

of floating LiDAR technology (namely in this case for the SWLB with the buoy’s S/N WS158 employing a 

ZephIR Lidar with the S/N Z417) measuring primary wind data, namely wind speed and wind direction. 

Therefore, while the SWLB currently features additional measures the scope of this document is limited 

to its primary wind data measurements. 

 

1.2 Settings and Specs of SWLB and REF Unit 

The two buoys were validated against a Reference Land Lidar at Fugro’s test site at Frøya (see [3] and 

[4]). Since the unit Z513 which was initially mounted on WS158 had to be sent to the manufacturer for 

service, the unit Z417 was removed from WS140 and mounted on WS158. 

SWLB Floating Lidar Device (FLD): 

• SWLB S/N  WS158 

• ZephIR S/N  Z417 

• Height settings  200, 180, 160, 140, 120, 100, 80, 60, 40, 30 m above mean sea level 

 

Reference Lidar (REF): 

• SWLB S/N  WS156 

• ZephIR S/N  Z501 

• Height settings  200, 180, 160, 140, 120, 100, 80, 60, 40, 30 m above mean sea level 

 

The assessment of the KPIs and their respective Acceptance Criteria regarding wind data accuracy was 
performed at height levels between 30 m and 200 m. 
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DNV GL has been informed by Fugro that the Lidar unit Z501 of buoy WS156 was sent to the 
manufacturer in 2018 for service and maintenance. DNV GL has the compliance that the maintenance 
work will have no impact of the performance and validation of the Lidar. No optical components have 

been modified or worked on. A re-verification of the Z501 is not required. 
 

 
Figure 1: Location of the offshore in situ verification. WS158 was deployed at the HKNB 
position. WS156 was deployed at the HKNA position. (Source: Fugro, edited by DNV GL). 

 

The reference buoy WS156 was deployed approx. 310 m south of the tested buoy WS158. Both buoys 

are moored in 25 m of water depth and the mooring arrays allow a horizontal sway freedom of 

movement around the anchors of about 100 m. The mooring coordinates of both buoys are shown in 

Table 1. 

Table 1: Coordinates of the tested Buoy (WS158) and the reference (WS156) 

 Longitude Latitude Longitude Latitude East North 

 Decimal Degrees Degrees, Decimal Minutes UTM Zone 31U 

HKNA (WS156) 4.2419° 52.6878° 4° 14.514 52° 41.268' 583943 5838265 

HKNB (WS158) 4.2422° 52.6906° 4° 14.532' 52° 41.436' 583957 5838577 
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2 VALIDATION RESULTS 

For the offshore in situ verification of Fugro’s SWLB WS158, the following period was evaluated: 

• WS158 vs. WS156: 2018-11-25, 09:00 to 2019-01-31, 23:50 (67.6 days) 

 

2.1 Data provision 

The Following remarks and reservations with respect to data transfer, traceability and processing are 

noted: 

• The data was provided to DNV GL for the whole campaign period by Fugro, directly. 

• SWLB LiDAR wind statistics were returned by the central controller unit (called GENI) installed on 

the SWLB. This unit collected the 1-sec raw data from the on-board ZephIR 300 Lidar to 
calculate the 10 minute wind data statistics. 

 

2.2 Meteorological conditions during the trial 

During the validation period of WS158 vs. WS156, the device encountered a wide range of wind 

conditions facing 10 minute averaged wind speeds of up to 22.3 m/s at the lowest comparison level (30 

m) and 25.7 m/s at the upper most level (200 m). 

Related time series are displayed in Appendix B and Appendix C. 

 
Table 2: Maximum 10 min averaged wind speeds measured at the REF and by the tested FLD 
across the total campaign period. 

 

2.3 Accuracy 

DNV GL has analysed the wind data against the relevant KPIs and Acceptance Criteria given in [1] and in 

Appendix A which are related to the WS and WD accuracy of the SWLB unit. 

The comparisons in this section are based on ten-minute average values at both the floating LiDAR unit 

and the REF. For the analysis conducted in this section, a low wind speed cut-off of 2 m/s has been 

applied for the wind speed comparisons and for the wind direction comparisons. 

2.3.1 Data coverage results 

In accordance with the data coverage requirements outlined in the Roadmap [1], DNV GL has assessed 

the data coverage of the floating LiDAR system at the ten (10) measurement heights considered. This 

has been conducted according to the following requirements: 

WS MAX WS156-Ref WS158-Test

Height / m

200 25.66 25.72

180 25.31 25.66

160 25.37 25.37

140 25.20 25.20

120 24.32 24.84

100 24.08 24.26

80 23.91 24.49

60 23.67 23.79

40 22.85 22.62

30 22.03 22.27

WS / m/s
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a) Minimum number of 40 data points required in each 1 m/s bin wide reference wind speed bin 

centred between 2.5 m/s and 11.5 m/s, i.e. covering a range between 2 and 12 m/s. 

→ This criterion has been fulfilled. 

b) Minimum number of 40 data points required in each 2 m/s bin wide reference wind speed bin 

centred on 13 m/s and 15 m/s, i.e. covering a range 12 m/s to 16 m/s. 

→ This criterion has been fulfilled. 

c) Minimum number of 40 data points in each 2 m/s bin wide reference wind speed bin centred on 

17 m/s and above, i.e. covering a range above 16 m/s only if such number of data is available 

→ This criterion is not mandatory. 

 
Table 3: Wind speed data coverage per WS bin. Bins including at least 40 values marked in 
green. 

 

 
 

2.3.2 Wind speed accuracy 

A summary of the findings for each wind-speed-related KPI is presented in Table 4. The wind speed 
accuracy assessment has been conducted at ten heights between 30 and 200 m above MSL. 

 
The slopes (Xmws) and Coefficient of Determination (R2

mws) are presented for all compared heights. It can 
be seen that the KPI for slope at heights between 30 and 200 m fulfils the best practice acceptance 
criterion [0.98 > XMWS > 1.02] as given in [1]. 
 
With regards to the Coefficient of Determination (R2

mws) the best practice acceptance criterion [R2
mws > 

0.98] is passed at all heights. Plots for WS regression results together with WS time series plots selected 
for a few comparison levels can be found in Appendix B. 
  

Bin Center / [m/s] 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 13 15 17 19 21 23 25 27 29

Level / [m]

200 63 132 259 241 317 486 518 530 484 473 688 882 642 405 214 174 30 0 0

180 67 125 260 250 306 494 509 537 503 454 734 901 625 386 218 155 15 0 0

160 65 128 267 239 318 492 546 529 500 463 757 915 591 369 213 138 10 0 0

140 70 127 260 247 314 509 543 543 512 463 788 952 550 333 216 108 5 0 0

120 65 136 255 244 332 508 551 568 511 469 810 982 521 288 209 86 3 0 0

100 70 133 261 242 330 534 577 539 529 481 891 950 472 283 178 67 3 0 0

80 73 137 257 243 346 555 611 532 531 504 947 923 434 236 170 40 0 0 0

60 71 156 274 238 355 598 606 552 551 512 1040 824 394 216 129 25 0 0 0

40 82 168 256 263 405 639 596 593 557 557 1065 728 337 205 85 4 0 0 0

30 88 180 252 285 437 696 569 625 577 604 1063 635 279 204 46 1 0 0 0
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Table 4: Overview of linear regression analysis results for wind speed comparisons WS158 vs. 
WS156 at ten comparison levels. Colour shading indicates the compliance with the prescribed 

best practice or minimum KPI’s Acceptance Criteria (see legend). 
 

  

  

# values slope R
2

WS-avg 
WS156-Ref      

(Reference)

WS-avg 
WS158-

Test         

(Test)

mean diff.
rel. mean 
difference

 -  -  - [m/s] [m/s] [m/s] %

WS-range KPI Xmws KPI R
2
mws

All >= 2 m/s 6538 1.004 0.993 12.04 12.08 0.047 0.39%

 4 - 16 m/s 4878 1.005 0.989 10.32 10.36 0.045 0.43%

All >= 2 m/s 6539 1.003 0.993 11.96 12.00 0.036 0.30%

 4 - 16 m/s 4948 1.003 0.988 10.36 10.39 0.033 0.32%

All >= 2 m/s 6540 1.003 0.993 11.86 11.89 0.033 0.28%

 4 - 16 m/s 5026 1.003 0.989 10.37 10.40 0.033 0.32%

All >= 2 m/s 6540 1.002 0.993 11.74 11.77 0.033 0.28%

 4 - 16 m/s 5131 1.004 0.989 10.41 10.45 0.040 0.38%

All >= 2 m/s 6538 1.003 0.993 11.60 11.64 0.037 0.32%

 4 - 16 m/s 5230 1.004 0.989 10.43 10.47 0.041 0.39%

All >= 2 m/s 6540 1.002 0.992 11.44 11.47 0.033 0.29%

 4 - 16 m/s 5334 1.003 0.988 10.41 10.45 0.035 0.34%

All >= 2 m/s 6539 1.002 0.991 11.25 11.28 0.030 0.27%

 4 - 16 m/s 5449 1.003 0.987 10.39 10.42 0.032 0.31%

All >= 2 m/s 6541 1.003 0.990 10.99 11.03 0.039 0.35%

 4 - 16 m/s 5550 1.003 0.986 10.30 10.34 0.037 0.36%

All >= 2 m/s 6540 1.002 0.989 10.69 10.72 0.031 0.29%

 4 - 16 m/s 5659 1.003 0.985 10.18 10.22 0.034 0.33%

All >= 2 m/s 6541 1.003 0.989 10.42 10.46 0.040 0.39%

 4 - 16 m/s 5743 1.004 0.984 10.06 10.11 0.047 0.47%

120 m level

100 m level

80 m level

60 m level

40 m level

180 m level

160 m level

140 m level

200 m level

30 m level KPI

KPI

KPI Failed

Passed Best practice

Passed Minimum
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2.3.3 Wind direction accuracy 

The wind direction data comparison was conducted at the same ten (10) heights between 30 and 200 m 

above MSL. 

The results for the wind direction comparison are shown in Table 5 where the Wind Direction Regression 

Slope (Mmwd), the Mean Offset (OFFmwd) and the Coefficient of Determination (R2
mwd) are presented. Plots 

for WD regression results selected for a few heights can be found in Appendix B. 

 
Table 5: Overview of linear regression results for WD comparisons WS158 vs. WS156 at the 
ten (10) WD comparison levels. Colour shading indicates compliance with prescribed best 
practice or minimum KPI’s Acceptance Criteria (see legend). 
 

  

 

2.4 Summary of verification results 

2.4.1 Campaign Duration 

The duration of the verification campaign was 67.6 days. The test period was sufficient to achieve the 

required data completeness in all required WS bins for data analysis, being compliant to the Roadmap in 

terms of significance of SWLB wind data accuracy results. 

2.4.2 Wind Measurement Accuracy 

The wind speeds of both the SWLB and the REF at all comparison heights correlated very well, showing a 

low level of scatter and good agreement in terms of linear regression analyses. This comparison 

campaign indicates that the SWBL is able to reproduce the reference Lidar wind speeds at a relatively 

high level of accuracy. 

The Best Practice criteria for the KPI “Mean Wind Speed – Slope” were passed at heights between 30 and 

200 m. The “Mean Wind Speed – Coefficient of Determination” passed the best practice acceptance 

criterion at heights between 30 and 200 m. 

For wind direction KPI “Mean Wind Direction – Slope” the Minimum criterion is passed at all heights, for 

the KPI “Mean Wind Direction – Coefficient of Determination” the Best Practice criterion is passed at all 

heights and for the KPI “Mean Wind Direction – Offset” the minimum criterion is passed at all comparison 

Height level # values slope offset [°] R
2

[m] [ - ] KPI  Xmwd KPI OFFmwd  KPI R²mwd

200 6535 1.045 5.937 0.989

180 6532 1.047 5.924 0.990

160 6537 1.046 5.814 0.989

140 6536 1.046 5.816 0.990

120 6535 1.046 5.654 0.990

100 6537 1.047 5.624 0.989

80 6535 1.046 5.600 0.989

60 6534 1.046 5.350 0.989

40 6532 1.047 5.343 0.990

30 6536 1.048 5.543 0.990

WS filtering for  WS > 2 m/s

KPI

KPI

KPI Failed

Passed Best practice

Passed Minimum



 

DNV GL  –  Report No. 10148549-R-1, Rev. A  –  www.dnvgl.com  Page 8 

 

heights. This indicates the SWLB’s capability of reproducing the reference Lidar wind directions at an 

acceptable level of accuracy up to 200 m. 

The detailed results with respect to KPIs and ACs for wind speed and wind direction comparisons are 

given in Table 6 below. 

 

Table 6: Summary of achievement with regards to KPIs and Acceptance Criteria for the data 

accuracy assessment 

KPI Definition / Rationale 

Acceptance Criteria across total 

campaign duration 

Best Practice Minimum 

Xmws Mean Wind Speed – Slope 

Assessed for wind speed range 

[all above 2 m/s] 

 

[4 to 16 m/s] 

0.98 – 1.02 

Results: 

[1.002 – 1.004  

Passed at all heights 

[1.003 – 1.005  

Passed at all heights 

0.97 – 1.03 

R2
mws Mean Wind Speed – Coefficient of 

Determination 

Assessed for wind speed range 

[all above 2 m/s] 

 

[4 to 16 m/s] 

>0.98 

Results: 

[0.989 – 0.993]  

Passed at all heights 

[0.984 – 0.989]  

Passed at all heights 

>0.97 

Mmwd Mean Wind Direction – Slope 

Assessed for wind speed range 

[all above 2 m/s] 

 

0.97 – 1.03 0.95 – 1.05 

Results: 

[1.045 – 1.048] 

Passed at all 

heights 

R2
mwd Mean Wind Direction – Coefficient of 

Determination 

(same as for Mmwd) 

> 0.97 

Results: 

[0.989 – 0.990] 

Passed at all 

compared heights 

> 0.95  

OFFmwd Mean Wind Direction – Offset,  

in terms of the mean absolute WD difference 

over the total campaign duration 

(same as for Mmwd) 

< 5°  < 10° 

Results: 

[5.343 – 5.937] 

Passed at all 

heights 
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3 CONCLUSIONS ON SWL BUOY TECHNOLOGY IN CONTEXT OF 
COMMERCIAL ROADMAP 

An evaluation of the Fugro Seawatch Wind Lidar Buoy WS158 was completed by comparing its 

measurements against data of a Reference Floating Lidar Device (WS156) deployed near WS158. 

DNV GL concludes that the Fugro SWBL unit WS158 has demonstrated its capability to produce accurate 

wind speed and direction data (in relation to the available reference buoy WS156) across the range of 

meteorological conditions experienced in this trial. 

The assessments of the Roadmap KPIs for the complete data set (from 2018-11-25 until 2019-01-31) 

show that all FLD-Roadmap Acceptance Criteria for wind speed are met at heights between 30 and 

200 m and all FLD-Roadmap Acceptance Criteria for wind directions are met at heights between 30 and 

200 m, passing best practice or minimum CT Roadmap acceptance criteria. 
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APPENDIX A – APPLIED KEY PERFORMANCE INDICATORS AND 
ACCEPTANCE CRITERIA FOR FLD VALIDATION 

 

 
Wind Data Accuracy assessment 
 
The KPIs and Acceptance Criteria relating to accuracy are defined in the following table. To assess the 
accuracy a statistical linear regression approach has been selected which is based on: 
 

a) a two variant regression y = mx+b (with m slope and b offset) to be applied to wind direction 

data comparisons between floating instrument and the reference ; and, 
 

b) a single variant regression, with the regression analysis constrained to pass through origin 
(y = mx+b; b = 0) to be applied to wind speed, turbulence intensity and wind shear data 
comparisons between floating instrument and the reference. 

 

In addition, Acceptance Criteria in the form of “best practise” and “minimum” allowable tolerances have 
been imposed on slope and offset values as well as on coefficient of determination returned from each 
reference height for KPIs related to the primary parameters of interest; wind speed and wind direction.  
 
 
 

KPI Definition / Rationale 

Acceptance Criteria 

Best Practice Minimum 

Xmws Mean Wind Speed – Slope 

Slope returned from single variant 
regression with the regression analysis 
constrained to pass through the origin.  

A tolerance is imposed on the Slope 
value. 

Analysis shall be applied to wind speed 
range  

a) 4 to 16 m/s 

b) all above 2 m/s 

given achieved data coverage 
requirements. 

0.98 – 1.02 0.97 – 1.03 

R2
mws Mean Wind Speed – Coefficient of 

Determination 

Coefficient returned from single variant 
regression 

A tolerance is imposed on the 
Coefficient value. 

Analysis shall be applied to wind speed 
range  

a) 4 to 16 m/s 

b) all above 2 m/s 

given achieved data coverage 
requirements. 

>0.98 >0.97 
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KPI Definition / Rationale 

Acceptance Criteria 

Best Practice Minimum 

Mmwd Mean Wind Direction – Slope 

Slope returned from a two-variant 
regression.  

A tolerance is imposed on the Slope 
value. 

Analysis shall be applied to  

a) all wind directions 

b) all wind speeds above 2 m/s 

regardless of coverage requirements. 

0.97 – 1.03 0.95 – 1.05 

OFFmwd Mean Wind Direction – Offset,  
in terms of the mean WD difference 
over the total campaign duration 

(same as for Mmwd) 

< 5° < 10° 

R2
mwd Mean Wind Direction – Coefficient 

of Determination 

(same as for Mmwd) 

> 0.97 > 0.95 
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APPENDIX B – CAMPAIGN METEOROLOGICAL CONDITIONS, TIME 
SERIES AND WS/WD CORRELATION PLOTS – WS158 VS. WS156 
 

Polar plots of wind directions and wind speed for 40 m and 160 m comparison heights: 
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Wind speed and wind directions time series for 30 m and 200 m comparison heights: 
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WS regression plots for three (3) selected comparison heights, i.e. at 40, 100 and 160 m above MSL 
 
Shown are results for linear WS regressions “forced” through the origin as discussed above, and for 

information “un-forced” linear WS regressions, yielding as well the WS offset in terms of intercept of the 
regression line of the y-axis. 
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WD correlation plots for three (3) selected comparison heights, i.e. at 40, 100 and 160 m above MSL 
 
Shown are results for linear “un-forced” WD regressions “un-forced” linear WS regressions, yielding as 

well the WD offset in terms of intercept of the regression line of the y-axis and in terms of the mean WD 
difference. 
 

  
 

 
 

 

End of report 
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