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12.1

Introduction

Meteorological data is commonly supplied as time series, meaning large data amounts. There is a large range
of data sources, from local measurements to refined mesoscale model data. While local measurements often
have gaps or erroneous values and cover typically shorter periods, model data are usually available for long
periods back in time, whilst at the same time not being so accurate.

Different data sources complement each other, and efficient tools for comparisons and manipulations are
essential for preparing the data representing the long-term meteorological reality at the specific location. In
windPRO the tools for importing, screening, comparing, repairing and validating meteorological data can handle
most situations thanks to decades of development.

This chapter describes two main components:

.3
The Meteo Object ¥ ™*: For importing, screening, analyzing, synthesizing, merging, wake-cleaning (along with
PARK calculation), etc. data from a single source (mast, remote sensor, model output, etc.) with one or more
heights.

The Meteo Analyser }g: For comparison of multiple Meteo Objects data series (same station or different
stations), featuring cross-predictions, substitutions, gap filling and RSD (Remote Sensing Device) verification.

In both components, the SCALER function can be used. See details in Chapter 3 Energy on this comprehensive
model-based tool to transfer/extrapolate time series from one to another point for comparison and thereby
evaluation/calibration of the model.

Finally, it's worth mentioning the online data service, whence data from all over the world can be downloaded
into a Meteo Object (subject to license conditions). It is probably the easiest-to-use and most comprehensive
service to be found in the business.

12.2

Meteo Object: the data container

k

+

Fr The Meteo Object is the input object for wind data and other measurements or model data.

Input can be from the very simplest form:
e input manually one wind speed (annual mean) in one sector together with Weibull k=2, and you can
calculate AEP based on just a simple mean wind speed and a Rayleigh distribution (Weibull with k=2)

to the very advanced form:

e import measurements from a SODAR or LIDAR file with 25 different heights for a long measurement
period with high time resolution. The data files might even have changed format or units during the
measurement period. The Meteo Object importer can also read from compressed files, such as .ZIP
directly. Finally, it can read the NRG logger files (.RWD) directly (although this is processed through the
NRG data retriever software that must be installed).

Data from other loggers must first be converted to ASCII files (such as .txt or .csv) with the logger
proprietary software. Additionally, windPRO has an automatic filter for Zephir LIDAR data files so that
all definitions for all channels are filled out automatically.

¢ A newer option is to load data directly from databases through an API. This is currently established for
Ammonit online system. At a later stage more systems can be added on request.

The measurements can be used directly (i.e. without use of models) for AEP calculations in the calculation

module METEO. The most common method of use, however, is with MCP for long-term correction (see Chapter
3) and using these data and terrain information to generate a long-term representative wind statistic or time
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series. These can then be used to calculate AEP with ATLAS, WASP interface or (most commonly) the PARK
module.

12.3 Meteo Object —tab by tab

12.3.1 Guide —including online data description

The different options for starting are explained here.

W teteorological Data  (Mast trimmed) O X

Position Layers | Guide | Purpose Data Graphics Statistics Shear Report Description
Meteo object - getting started

Cancel
INTRO: The Meteo object is an advanced "data container” and data screening/analysis tool for meteorological data, Al —
specifically focused on wind speed and direction data for wind energy calculation purposes. Apply
A Meteo object shall only include data from one position (one measurement mast or one "model” point), preferably
with data for more heights a.g.|. to utilize the strong features for wind profile analyses.
Comparing data from more positions (masts) or substituting (patching) data for a specific mast are done in the Meteo
analyser, which writes back the data to the relevant METEQ objects.

[~

Ok

. GO time series Prev

Import logger data files or ASCII time series and setup import filter
Next

GO statistics

Get data from histogram or weibull data

GO web API

API -
Fetch meteo data through a web API

- GO Online
‘L[?]J

Go directly to load data placed on accessible server at EMD (see what is available)
Wizard

/ Help me learn more about wind data and getting data loaded into METEQ object

(- Import

Import a Meteo Data Export. Meteo Data can be exported by clicking 'Export’ in the Data Setup.

Figure 1 Guide in Meteo Object

.+ . & | GO time series
| P, B - L
VAVAFA":

J'q,! \f e ¥ Import logger data files or ASCII time series and setup import filter

Typically, time series will be the most common format in which data is made available — if users have any
doubts about reading them, start with the Wizard.
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' \winde:!.,...

AP i GO web AP

Fetch meteo data through a web API

APIs make it possible to download measurement data from external data servers.

Two options are currently available: the Ammonit server and the generic EMD Meteo API:

API -

Meteo API

Ammonit

The EMD Meteo API is an open API interface which allows you to connect to your own data servers by
implementing the EMD Meteo API. For more information on how to connect please contact
support@emd.dk

Once connected and logged in, you can download your company’s own data directly from windPRO:

@ Meteo API - Select dataset o X
Meteo APT Server

Description Main hei... | Data from | Data to Created Created by | Modified | Modified... | () OpenStreetMap contributors
~ Project A

~ [l Mast EMD Lon: 9,99 Lat: 57,01 Elev: 25,0
Rev. 1 Raw data (windPRO meteo export) 90,5 31/12/2012 31/12/2019 05/01/2023 John Stone  13/01/2023 - John Stone
Rev. 2 Cleaned mast shadow 90,5 31/12/2012 31/12/2019 06/01/2023 ' Mia Wong  06/01/2023 * Mia Wong
Rev. 3 Add data from january 2020 90,5 31/12/2012 31/01/2020 07/01/2023 Fonnappa Pr 07/01/2023 - Ponnappa Pr, \
Rev. 4 Add synthesized height 120,0 31/12/2012 31/01/2020 07/02/2023 | Ang Li 07/02/2023 1 Ang Li

~ [l Mast Strandby  Lon: 10,50 Lat: 57,49 Elev: 25,0 (
Rev. 1 Raw data 88,8 31/12/2012 31/12/2010 05/01/2023 - peter@exam 05/01/2023 - peter@exam 1) i

| Rev. 2 Cleaned data 88,8 31/12/2012 31/12/2019 06/01/2023 peter@exam 06/01/2023 - peter@exam
~ Project 8

~ Ml Lidar Viborg  Lon: 9,40 Lat: 56,45 Elev: 15,0
Rev. 1 Raw data (mesores format) 250,0 01/01/2020 31/12/2020 15/11/2021 . natalie@exal 15/11/2021 - natalie@exal J

~ M Lidar Aars Lon: 9,50 Lat: 56,80 Elev: 15,0 Sendsyssel
Rev. 1 Raw data 250,0 01/01/2020 31/12/2020 15/11/2021 " natalie@exar 15/11/2021 *natalie@exai g

~ Ml Lidar Hobro  Lon: 9,80 Lat: 56,65 Elev: 15,0 s
Rev. 1 Raw data 123 2208 312 & 250,0 01/01/2020 31/12/2020 15/11/2021 natalie@exal 15/11/2021 - natalie@exal, b

~ Project C T )

~ [l Mast Aabybro  Lon: 9,78 Lat: 57,21 Elev: 11,0

Rev. 1 Raw data (plaintext timeseries data) 70,0 01/01/2010 31/12/2011 13/12/2022  natalie@exal 29/01/2023 - natalie@exal | -Mors

Figure 2 Example implementation of the EMD Meteo API

The other API option is the Ammonitor API:
To access the Ammonit server, select this option, and enter your project credentials and a name in the
Appld (e.g. windPRO):
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.\wind

' Import Ammonit Logger

(1) Login

Username: ||

Froject Key:
AppId:

Auth-Token:

Lagin

Open a browser and log into AmmonitOR and visit the Project settings:

Setti nis
Device
Alarms

Filters
Wind turbines (remiem

Click the Edit button under “API: 3 party applications”:

API" 3rd party applications

Click the Allow access button for the application name you chose for AppID (e.g. “windPRO”):

windPRO 2022-12-19

Go back to windPRO and click Login to select which data to download. You can filter by logger and by
start/end date:

@ import Ammonit Logger O x o
|
(1) Login (3) Select File(s) |
|
Username: your@email.com Start date (incl.) 21/12/2011 -
|
Project Key: EWNP End date (incl.)  |12/08/2020 -
| Appld: windPRO D110057_20120121_0000.csv
D110057_20120120_0000.csv
Auth-Token: :l4ddlBlSedf9C98edd1bQDb| D110057_20120119_1301.csv

| D110057_20120119_0000.csv
D110057_20120118_0000.csv
D110057_20120117_0000.csv

| D110057_20120116_0000.csv

(2) Select Logger D110057_20120115_0000.csv
| D110057_20120114_0000.csv
D110057 D110057_20120113_1629.csv

D184064 D110057_20120113_0000.csv
225109 D110057_20120112_1614.csv
| D110057_20120112 0000.csv
| D110057_20120111_0000.csv
| D110057_20120110_0000.csv

| ok | | Cancel |
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Hitting Ok starts the data download and everything is loaded into the Meteo Object.

The new EMD Meteo API is aimed at programmers, modellers or analysts who work with machine-driven
interfaces and workflows, typically using programming languages like python or R. It provides access to
more than 1Pb of high-quality climate data and other services at EMD.

To obtain access, contact the EMD Sales Dept.: sales@emd.dk.

- G0 Online

Li1)
A Go directly to load data placed on accessible server at EMD (see what is available)

This option gives access to data on the EMD online server, where we add (mostly) free data for fast and
easy download. Data for purchase is also available, and in this case the EMD server links to commercial
data servers. Click the GO Online button to see your current options. These are expanded regularly. If a
Meteo Object with online data is reopened, the Online button changes into “Refresh online data”, to allow
you to update previously downloaded data.

The online data download interface looks like this:
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\ Meteo Object — tab by tab

@ select data point

Coverage | Climate data types Latest Dow
available | nloa
data d
v EMD Meso-scale data
N EMD-ConWx Meso Data, EUROPE 30/08/2019
> [l v/ EMD-WRF Europe+ (ERAS) 30/06/2023

& [_| EMD-WRF Middle-East NW
B [ EMD-WRF Middle-East SW
R EMD-WRF Middle-East E
M [ EMD-WRF South Africa
8 ["] EMD-WRF South Korea (ERAS)
& [ EMD-WRF South Korea
8 [ EMD-WRF India (ERAS)
B EMD-WRF India
& ] EMD-WRF China [SAMPLE]
B EMD-WRF Indonesia [Danida ESP3]
= [] EMD-WRF Brazil
> Custom EMD Meso-scale data
> 3rd Party Meso-scale data

v Global assimilation data

> [l V| MERRA-2 31/05/2023

>l ERAS5(T) Rectangular Grid 30/06/2023
X ERAS (Gaussian Grid) 30/06/2023
= | MERRA
X8 1 ~con

High resolution Meso scale data modelled by EMD
(http://woww.emd.dk).

The meso scale model is run in-house at a spatial resolution of 3x3
km with hourly temporal resolution. ERAS data from ECMWF
(http://www.ecmwf.int) has been used as the global boundary data
set. The data set covers most parts of Europe.

Coverage selection

Select all Deselect all Check for coverage

j
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Figure 3 Online data download in Meteo Object —

The first screen shows the list of available datasets. Here, check relevant datasets to test if there is

coverage near the site. The date of the most recent record is shown.

The list of the datasets available is nowadays very long. The focus is on wind, but several data sets have

with spatial coverage check

several other climate parameters, including Heliosat solar irradiation and the Danish Wind Index.

The datasets are regularly updated, and the latest information about the data can be found here:
help.emd.dk/mediawiki/

After coverage check, dots on the map and radio buttons in the list show the locations of the data.

Click on one of the dots to see which database it refers to. With Ok the selected dataset will be downloaded.

The data will automatically be imported in the Meteo Object, ready for analyses.

Note that it is possible to download more datasets at a time from the Meteo Analyser! Users have the choice

of filtering the download period according to the available data and their own requirements.
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.\wind

. Select data point
) (c) OpenStreetMap contributors—
Coverage Climate data types Latest Dowe Ay =
available | nloa
data d
~ EMD Meso-scale data
\\E EMD-ConWx Meso Data, EUROPE ~ 30/08/2019
b . v| EMD-WRF Europe+ (ERAS) 30/06/2023
B Llon:9.74, Lat: 51.23
B lon: 9.74, Lat: 51.25
B lon: 9.70, Lat: 51.22
B Llon: 9.69, Lat: 51.25 . , A
B EMD-WRF Middle-East MW A *
= EMD-WRF Middle-East SW
&
= EMD-WRF Middle-East E *
= EMD-WRF South Africa
] EMD-WRF South Korea (ERAS)
B EMD-WRE South Korea i Hessisch Lichtenau\_.
. ]
] EMD-WRF India (ERAS) o
s —aam asaoe— T - ’ ik
A
Figure 4 Selection of data set for download.
12.3.2 Purpose
@ Meteorological Data (Mast) [m| x
Position Layers Guide  Purpose |Data Graphics Statistics Shear Report Description
The Purpose setting helps you avoid seeing irrelevant data in other places within the model. This is done by selecting the appropriate
Select all Deselect all Cancel
Height A B C|D E F |G Apply
100.70m - M R R R N R
100.50m - v M M M MM
81.00m - v | [ | [ v M ¥
60.80m - J v o v v o v
10.00m - E v ¥ ¥ @ M M Prev
Next
Legend
A) Long term data for STATGEN (creation of wind statistics)
B} Long term data for "direct” Energy calculation (no MODEL involved for horizontal extrapolation)
C) Long term / reference data for MCP ("reference” in long term correction)
D) Short term data for MCP ("local data” in long term correction)
E} Short term data for STATGEN (“special purpose” like follow up, temporary calculations etc.)
F) Short term data for "direct” Energy calculation {(no MODEL - “special purpose”)
G) Data for meteo analyser (for substituting (patching) data in other METEO objects)

Figure 5 “Purpose” settings help to structure the data and their use.

If there are several datasets loaded in a windPRO project, giving them a purpose may provide a better overview.
Only the relevant data based on the purpose chose in this tab will be available in specific places within windPRO.
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‘ Meteorological Data (Mast) O X
Position Layers Guide Purpose Graphics Statistics Shear Report Description
) Import filters
é Files/folders (must have exact same structure, if different structured files, add more import filters) Cancel
E C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r| * Add file(s) Add folder(s) -
il C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r Apply
5 C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r Remaove Edit
) C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r View il
% C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r - View e
= R T 1t o VS BT S SR L [ RSV Ry | P -
= b 4 5 Online data
E] '«—
o | | Time zone for measurements: Same as in the project properties: (UTC+01:00) Amsterdam, Berlin, Bern, Ror =
o
Eﬂ Structure of the files (import filter): Prev
5 Auto detect Load Save
= Mext
El
g Select all columns | Set all selected columns to: | Ignore = | Sub type: = | Unit: - Apply [ ]
ol
% Time stamps are logged in: Beginning of a period - seconds o Use text-to-number  Text to number
B
Line with header Header field separator  First line with data  Data field separator  Additional
u 1 Tab -2 Tab = | [Mone -
d
3
3 Column | Header First data | Channel | Type Sub type Unit Height | Name Conver’tedo
% 2 Date 28.09.2013 Time stamp - Date - d.m.y 28/09/2013
= 3 Time 00:00:00 Time stamp - Time - him:s 00:00:00 add
Al
! 4 WS 100.7m Mean 72 Wind speed - Mean -~ mfs -~ 100.70 WS 100.7m Mean_Mean 72.00 mfs
_rg 5 WS 100.7m Max 83 wind speed - Max - mfs - 100.70 WS 100.7m Max_Max 83.00 m/fs Remove
E 6 WS 100.7m Min 62 wind speed - Min -~ mfs - 100.70 WS 100.7m Min_Min 62.00 m/fs Rename
‘g 7 WS 100.7m Stddev 4 wind speed - StdDev - mfs - 100.70 WS 100.7m Stddev_StdDev 4.00 m/s
= |l WS 100.5m Mean 72 Windspeed - Mean - m/s - 100.50 WS 100.5m Mean_Mean  72.00 m/s Id";‘tpa”’:xm;tt‘?u
. 9 WS 100.5m Max 84 wind speed - Max - mfs - 100.50 WS 100.5m Max_Max 84.00 m/fs port:
= 10 WS 100.5m Min 61 wind speed = Min - mfs = 100.50 WS 100.5m Min_Min 61.00 mfs . o
mpo
[ E5E WS 100.5m Stddev 4 wind speed - StdDev - mfs = 100.50 WS 100.5m Stddev_StdDev 4.00 m/s P
]z WS 81m Mean 68 wind speed - Mean - mfs - 81.00 WS 81m Mean_Mean 68.00 m/fs
. 13 WS 81m Max 80 wind speed - Max - mfs - 81.00 WS 81m Max_Max 80.00 m/fs
= 14 WS 81m Min 56 wind speed = Min - mfs - 81.00 WS 81m Min_Min 56.00 mfs
g |15 WS 81m Stddev 4 wind speed * StdDev - mjs - 81.00 WS 81m Stddev_StdDev  4.00 m/s
@
2 |1/16 Wind Direction 1~ 153 wind direction - Mean ~ Degrees -~  98.70 Wind Direction 1_Mean 153.0 Degrees
o
g .1?7 3 d -
7| |@

Figure 6 The Data tab - Import setup

The Data tab controls and hosts a number of functions and applications, listed as further tabs to the left side of
the window; before importing data:

Import setup (identifying file structure(s))

Calibration (applying correction to the data)

Configuration (input of configuration of the measuring equipment and check against standards)
Data setup (setting up the signals required for each height)

and after importing data more tabs will appear:
e Time series (raw data table, can be sorted by any signal)
e Frequency table (summary table binned by sector and wind speed)
o Weibull data (Weibull fit parameters per sector)
e Turbulence data (summary table binned by sector and wind speed)

Below, each function in this tab is explained.

12.3.3.1 Import setup

This is the heart of the importing system. It teaches windPRO how the files are formatted and should be read.
File types supported: Only ASCII files can be imported. This means raw logger files, Excel files or database

files must be converted to text files before data can be imported. Compressed text files are supported (.zip, .rar
etc.).
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Add file(s): links to the data files to be imported. Note, these MUST all have the same structure — if not, add
more “Import filters” and add the different files “below” each import filter.

Add folder(s): links to folder(s) with the data files to be imported. Note, these MUST have the same structure —
if not, add more import filters. If there are data from more masts or different files in the folder, it is possible to set
a mask, e.g. “".txt”, so only relevant files will be used.

W Add folder/zip O ®

Treat zip-file as folder

Selected path/zip
C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\,

Browse Show files while selecting path

File mask (e.g. *.bit or wind*_*)
o]

Include subdirectories

ok Cancel

Figure 7 Adding folders in Meteo Object, and specifying the optional “file mask”.

Remove: removes the selected files in the list from the import filter.

Edit: edits the import setting, like the file mask in “Add folder(s)”.

View file: shows the selected file with the current import settings applied. This is very useful to identify the
structure of the file and see if the import settings will work as desired.

Online data (requires an active license for the METEO or MCP module): starts a communication with EMD
server (see help.emd.dk/mediawiki/index.php?title=Category%3AWind Data).

Time zone: if data are in UTC/GMT (the meteorological standard), or in any time other than the project time
zone, they will automatically be transformed to the time zone set in the Project Properties. For the individual
measurement heights, you'll later have the option to shift in time the data series individually. This is needed, for
example, when importing NCAR data where 10 m data are actually forecasts 6 hour ahead, whereas the other
data refer to the indicated time.

Import filter (structure of the files): each file structure defined in this window is called a “Filter”, and given a
name (I1, 12, ...), and can be saved for later use. This helps saving time if similarly formatted files are used in
different projects. If you do not have a Filter saved, use the “Auto detect” feature.

Auto detect: a powerful tool to recognize the “base structure” of many types of data files.

Use text-to-numbers: converts, for example, wind directions described as N, NNE, ENE, etc., to numbers.

When "Auto detect" is used, the lower part of the window is filled automatically. Several standard logger output
files can be automatically detected, and new types are continuously added. Some file formats, however, must
be manually set up, if they are, for example, user-defined Excel exports etc. Let’s see how to do this.

There must be an entry for each data signal which will be used in the object. The signals not used will just be
ignored if the option “ignore” is chosen. Signals can always be set up and used at a later stage.

1. Choose “type” in the dropdown list, such as “Time stamp” or “wind speed” (note that the standard
deviation (StDev) of a wind speed signal is also classified as a wind speed).

2. Choose “sub type”, such as “year” or “mean” etc.

3. Choose “unit” — note that non-metric units (e.g. mph, knots, Fahrenheit) will be automatically converted
to metric units in the object.

4. Choose “height” — this must be in meters. Files set to “feet” will be auto converted to meters. Always
check that height is correct.
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@ Meteorological Data (Mast) m}
Position Layers Guide Purpose Graphics Statistics Shear Report Description ok
Import filters
~ Files/folders (must have exact same structure, if different structured files, add more import filters) Cancel
C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r| * Add file(s) Add folder(s)
g C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r Apply
-§ C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r Remaove Edit
5, C:\Users\Maur\z?o\DDcuments\W?ndPRO Data\PmJ:ects\wPRO Tra?m?ng course Jul 23\Data_course_Kassel\Mast r View file
£ C:\Users\Maurizio\Documents\WindPRO Data'Projects\wPRO Training course Jul 23\Data_course_Kassel\Mast r
5 T A S P b AR Bnknd Pl oA Tmii L e in s 1 AN A e oo @ onlme dato
g Time zone for measurements: Same as in the project properties: (UTC+01:00) Amsterdam, Berlin, Bern, Ror ~
S | structure of the files (import filter): Prev
Q Auto detect Load Save
2 Next
&
=
gr. Select all columns | Set all selected columns to:  |Ignore = | Sub type: = | Unit: - Apply [ ]
£l
=] Time stamps are logged in: Beginning of a period - seconds o Use text-to-number  Text to number
g Line with header Header field separator  First line with data  Data field separator  Additional
E 1 Tab | |2 Tab = ||None -
=
B | Column | Header First data | Channel | Type Sub type Unit Height | Name Converted @ | |-
g 2 Date 28.09.2013 Time stamp ~ Date - d.my 28/09/2013
g 3 Time 00:00:00 Time stamp - Time = him:s 00:00:00 Add
ﬁ- 4 WS 100.7m Mean 72 Wind speed - Mean - mfs - 100.70 WS 100.7m Mean_Mean 72.00 mfs Remove
5 WS 100.7m Max 83 Wind speed - Max - mfs - 100.70 WS 100.7m Max_Max 83.00 m/fs
! 6 WS 100.7m Min 62 ‘Wind speed - Min - mfs - 100.70 WS 100.7m Min_Min 62.00 m/fs Rename
_'.3 7 WS 100.7m Stddev 4 Wind speed - StdDev - mfs = 100.70 W5 100.7m Stddev_StdDev 4.00 m/s Import meteo
2 8 WS 100.5m Mean 72 Wind speed - Mean * mfs » 100.50 WS 100.5m Mean_Mean 72.00 mfs data export:
?, 9 WS 100.5m Max 84 Wind speed - Max - mfs = 100.50 W5 100.5m Max_Max 84.00 mfs
% 10 WS 100.5m Min 61 Wind speed - Min - mfs - 100.50 WS 100.5m Min_Min 61.00 m/s Import
. 11 WS 100.5m Stddev 4 Wind speed - StdDev - mfs - 100.50 WS 100.5m Stddev_StdDev 4.00 m/s
= 12 WS 81m Mean 68 ‘Wind speed -~ Mean - mfs - 81.00 WS 81m Mean_Mean 68.00 m/fs
2 |13 WS 81m Max 80 Wind speed - Max - mfs - 81.00 WS 81m Max_Max 80.00 m/fs
= 14 WS 81m Min 56 Wind speed - Min - mfs - 81.00 WS 81m Min_Min 56.00 m/fs
. 15 WS 81m Stddev 4 Wind speed - StdDev - m/s - 81.00 WS 81m Stddev_StdDev 4,00 mfs
g 16 Wind Direction 1 153 Wind direction -~ Mean - Degrees ~  98.70 Wind Direction 1_Mean 153.0 Degrees
= g n
g &

Figure 8 Setting up import filter in Meteo Object

langre Solar irradiation (diffuse)

Time stamp Temperature difference

wind speed Relative humidity

Wind speed vertical Battery

Wind direction Stability

Temperature Heat flux

Turbulence intensity Friction velocity

Pressure Precipitation

Cloud cover Voltage

Demand Current Icing load

Power CHR/SNR Instrumental icing

{ Electricity Price  Availability {Meteorological icing
Solar irradiation Wiper count Inflow angle

Solar irradiation (direct) |Icing intensity ___||other |

Figure 9 The signal types available currently.

The signal type list is expanded when new demands occur. Above the status of predefined types are shown.
Some types have sub types and more units to choose from. And some types will have a special status. E.g. the
Solar irradiation is dedicated to irradiation on horizontal plane, the only type that can be used in Solar-PV
calculations at present, where direct and diffuse just can be used for evaluations.

When all signals are set up, go to the “data setup” tab.
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12.3.3.2 Calibration

The Calibration tab is used to:

1. View the scale and offset parameters input in the logger, when available in a file format recognized by
windPRO.

2. Input correction or recalibration parameters (scale and offset) to be applied to the data when necessary.
This can be relevant when the values from the data logger differ from the values from calibration
certificates. Knowing the official values from calibration certificates, windPRO can automatically
calculate the needed correction to be applied on the “wrongly” logged data.

3. Check the average magnetic declination value valid at the position of the Meteo Object for the middle
of the data period. Wind direction data can be then corrected for magnetic declination if necessary

4. Provide documentation of data treatment, through the Report (see 12.3.8)

The tab consists in two main parts: the Calibration table and the Timeline. The Calibration table and timeline are
automatically created from the Import setup tab. If files are added at a later stage, these will be detected, and
the table will be amended accordingly.

W Meteorological Data (Mast raw) m] X
Position Layers Guide Purpose|Data |Graphics Statistics Shear Report Description

. Recalibration View magnetic declination Cancel

g Clear and (Re)load all Logger Correction Result Comment Apply

j From data file User input

é Channel | Type Height [m] | Serial Mo | Period | Start End Scale Offset Scale Offset [ ]

Q | 1 Wind speed 124.20 1 07/06/2022 12:30 29/06/2023 23:50 0.045832 0.243188 1.13m/s

g | [l Wind speed 120.00 1 07/06/2022 12:30 29/06/2023 23:50 0.045935 0.24514 1.09 m/s

g | ] Wind speed 100.00 1 07/06/2022 12:30  29/06/2023 23:50 0.045722 0.254537 1.26 m/s Prev

a M Wind speed 80.00 1 07/06/2022 12:30 20/06/2023 23:50 0.045881 0.245827 1.13 m/s

% Cc5 Wind speed 60.00 1 07/06/2022 12:30 29/06/2023 23:50 0.045853 0.229308 0.37 m/s Next

‘E Cc6 Wind speed 40.00 1 07/06/2022 12:30 29/06/2023 23:50 0.045772 0.254364 0.53 m/s

% D1 wind direction 120.00 1 07/06/2022 12:30 20/06/2023 23:50 0.351563 180 186.0 Degrees

Z D2 Wind direction 100.00 1 07/06/2022 12:30 29/06/2023 23:50 0.351563 180 184.3 Degrees

% M A2 Temperature 118.00 1 07/06/2022 12:30 29/06/2023 23:50 100 -30 20.9 Deg C

E A4 Temperature 10.00 1 07/06/2022 12:30 29/06/2023 23:50 100 -30 22.5Deg C

s Al Pressure 7.80 1 07/06/2022 12:30  29/06/2023 23:50 60 800 1,007.4 hPa

. A3 Relative humidity 118.00 1 07/06/2022 12:30 20/06/2023 23:50 100 0 76.9 %

&

E' Channe | Type Height [m

H |« Wind speed pez®ey . |

I |c2 wind speed 1200 1

E c3 Wind speed 1,010 0 I

3 c4 Wind speed oy ' |

g |c5 Wind spead 60.00

© c6 Wind speed 40.00

B o Wind direction 120.00

2| |p2 wind direction 100.00

E; A2 Temperature 11,8, 010 1 —

|| 3022 Aug-2022 ' Oct-2022  Nov-2022 ‘ Jan-2023  Feb-2023 ' Apr-2023 ' Jun-2023

g

Figure 10 Calibration tab

Calibration table

Each line of the calibration table relates to a calibration period of a given sensor.

A calibration period is defined as an interval of time for which a specific set of scale, offset and magnetic
declination relating a specific dataset from a given sensor. A given sensor can have more than one calibration
period, for example when it has been recalibrated as recommend by Measnet after 2 years.

The calibration periods are firstly automatically created by windPRO after screening all data files defined in
Import setup.

A calibration period is created for each time interval with constant Channel (if available), serial number (if
available) AND constant 2 scale/offset values (if available), for any Type of data (speed, direction, temperature
...) with sub type defined as “Mean” in the import filter.

Please note that windPRO detects only one calibration period per file. It is therefore not recommended to gather
all data into one data file if several calibration periods are covered.
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The calibration periods can also be created manually using the + at the bottom of the table or a right click on the
line and select Duplicate line. An existing line can be splitin 2 lines to allow the user to identify distinctive periods

for different calibration factors in case this has not been detected automatically. Alternatively, right click on a line
of the table.

The columns From data file under the header Logger relate to the Scale and Offset values read from the file
(if available).

The columns User input under the header Correction allows the user to decide which scale and offset to apply
to a dataset. The same correction is applied to all signals under the same channel, like mean wind speed, min
and max wind speed. The standard deviation is however only using the scale factor, not the offset.

The Result column shows the result of the correction of first data of the first file loaded under the given Import
filter. It can be useful to make a sanity check of the result to expect. In the rare case when several calibration
periods are created from files under a same import filter (occurring if the scale and offset information from the

files changes in raw data files), then it is only the result of the first file which is shown and not the result for each
file.

The Comment column is available for user text input.

Recalibration table

The Calibration table can be extended to a more advanced table by checking the checkbox Recalibration in
the upper left corner. The recalibration table is used to:

e Provide documentation of the calibration values applied to the data
e Calculate the corrections to apply to data in case of mismatch between the logger and official values

& Meteorological Data (Mast)
Fosition Layers Guide Purpose| Data |Graphics Statistics Shear Report Description

| Recalibration View magnetic declination

Clear and (Re)josd al Logger official (from certificate) Correction .
From data file User input User input Calculated User input Final

Channel | Type Height [m] | Serial No | Period | Start End Scale | Offset | Scale | Offset | Scale offset Scale @ | Offset | Scale | Offset | Apply | Scale | Offset (]
Wind speed 100.70
Wind speed 100.50
Wind speed 81.00
Wind speed 60.80
Wind direction 98.70
Wind direction 58.80
Temperature 10.00
Pressure 5.00

|| Relative humidity 10.00

+

28/09/2013 00:00  30/09/2014 23:50 0.46 23 0.04603 0.2303 0.100065 0.00015 Calcul: -~ 0.100065 0.00015 7.20 m/s
28/09/2013 00:00  30/09/2014 23:50 0.459 2.4 0.04592 0.2399 0.100044 -0.000205 Calcul: - 0.100044 -0.00020¢ 7.20 m/s
28/09/2013 00:00  30/09/2014 23:50 0.46 2.4 0.04597 0.2418 0.099935 0.001957 Calcul: - 0.099935 0.001957 6.80 m/s
28/09/2013 00:00  30/09/2014 23:50 0.46 2.4 0.04595 0.2381 0.099891 -0.001639 Calcul: - 0.099891 -0.00163¢ 6.29 m/s
28/09/2013 00:00 9/2014 23:50
28/09/2013 00:00  30/09/2014 23:50
28/09/2013 00:00  30/09/2014 23:50 0.1
28/09/2013 00:00  30/09/2014 23:50
28/09/2013 00:00  30/09/2014 23:50

-34 User - 1 -34 119.0 Degrees
-34 User - 1 -34 118.0 Degrees
-273.15 User - 0.1 -273.156.9DegC
None - 1 0 956.0 hPa
None - 1 071.0%

| dmes eleq ueneunByuod | uoneiged | dnyes Hodul

Figure 11 Recalibration table

The columns User input under the Logger header allows to manually enter the scale and offset as setup in the
logger, when these are not available or properly detected.

The columns under the header Official (from certificates) give the option to input the scale/offset values as
presented in the calibration certificates documents.

Under the Correction header, the Calculated columns are automatically filled when data is available in the
Logger columns and the Official (from certificates) columns.

The calculated correction for scale is calculated as: Scale(official)/Scale(logger).

The calculated correction for offset is calculated as: Offset(official)-(scale(official)/scale(logger))xOffset(logger)
When both logger values are available in the From data file or User input columns, only User input is used for

the Calculated correction columns. If a cell of User input is left blank, the value 1 is assumed for scale data and
0 for offset data.

The Final columns under the Correction header consists firstly in the selected of the correction to apply, that is
either the calculated one as presented in the Calculated columns, or the User Input ones or none. Then to the

right of the Apply column a final visual check of the correction selected and used later on in windPRO can be
made.

Note that some EMD on-line data have calibration factors for heatflux automatically input in the table while
downloading.

Timeline

The Timelines gives an overview of the different calibration period(s) for each sensor as defined in the Calibration
table. This feature is especially useful when a sensor is concerned by several calibration periods. If a sensor
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has been (re)calibrated over time, a new calibration period is created on the same line in a lighter color. Clicking
on a line will mark the corresponding line in the table and vice versa.

Note that the function of the timeline is to provide a view of different calibration periods, not of the data
availability. If there are holes in the time series, they will not be reflected here but for example under Graphics
tab, Recovery.

Magnetic declination

By checking View magnetic declination, it is possible to see the magnetic declination as provided by the
International Geomagnetic Reference Field, 13" Generation, released in December 2019
(http://geomag.bgs.ac.uk/data_service/models _compass/igrf_calc.html). The value is calculated at the position
of the Meteo Object and for the central date of the whole measurement period.

W Meteorological Data (Mast)

Position Layers Guide Purpose|Data |Graphics Statistics Shear Report Description

| Recalibration v| View magnetic declination

‘

) 5 Logger official (from certific Correction

B Clear and (Re)load all Result | Commer
2 From data file User input User input Calculated User input Final For mag. decl.

B

E Channel | Type Height [m | Serial Nc | Perioc | Start End Scale | Offset | Scale | Offset | Scale Offset scilf) | Offset | Scale | Offset | Apply | Scale | Offsel [ ]

*'-‘i‘ H Wind speed 100.70 1 28/09/2013 00:00 30/09/2014 23:5( 0.46 2.3 0.04603 0.2303 0.1000¢ 0.0001% Calc - 0.10001 0.0001 7.20 m/s

g | Wind speed 100.50 i 28/08/2013 00:00 30/09/2014 23:5( 0.459 24 0.04592 0.2399 0.1000< -0.0002 Calc - 0.1000- -0.0007 7.20m/s

g | | Wind speed 81.00 1 28/09/2013 00:00 30/09/2014 23:5( 0.46 2.4 0.04597 0.2418 0.0999: 0.0019: Calc -~ 0.0999: 0.0019 6.80 m/s

o | Wind speed 60.80 1 28/08/2013 00:00 30/09/2014 23:5( 0.46 2.4 0.04595 0.2381 0.0998¢ -0.0016 Calc - 0.0998!-0.001¢ 6.29 m/s

g,_, Wind direction 98.70 1 28/09/2013 00:00 30/09/2014 23:5( -34 Usel ~ 1 -34 v 2.2 121.2 Degrt

'E Wind direction 58.80 1 28/08/2013 00:00 30/09/2014 23:5( -34 Usel ~ 1 -34 v 2.2 120.2 Degri

g

= Temperature 10.00 1 28/09/2013 00:00 30/09/2014 23:5C 0.1 -273.15 User ~ 0.1-273.1¢ 6.9 Deg C

3

= Pressure 5.00 1 28/08/2013 00:00 30/09/2014 23:5( Mon ~ 1 0 956.0 hPa

% [ | Relative humidit 10.00 1 28/09/2013 00:00 30/09/2014 23:5C Non ~ 1 0 71.0 %

8|+ -

E

L]

B [ cronne| Type Height [m Magnetic Declination

§ Magnetic declination calculated for the central date of the
- wind speed 100.70 whole measurement period [source: International

E Wind speed 100.50 Reference Field]:

] wind speed 81.00

m Wind speed 50.80 is | 22 © Fast fositive)

= bl R o Allowr correction of vane offset for magnetic;

= Wind direction 58.80 eclination

3 Temperature 10.00 g

ﬁ Pressure s.00 The correction for magnetic declination is only relevant J
& - if it has not been considered during the installation of

o Relative humidity 10.00 the wind vane(s) nor in the input of calibrating factors
™ in the logger. The automatic magnetic declination has

- to be added in order to get the direction relative to true
= north (assuming that the vane has been installed

g relative to the magnetic north). The final correction

= : : : ) : : : : ! : : : applied to the data can be seen and changed in the

. Nov-2013 Jan-2014  Feb-2014 Apr-2014 Jun-2014 Jul-2014  Aug-2014  Sep-2014 table above. J
a4

Figure 12 Magnetic declination

If needed, the direction data can be corrected for the magnetic declination by checking Allow correction of
vane offset for magnetic declination. The correction for magnetic declination is only relevant if it has not been
considered during the installation of the wind vane(s) nor in the input of calibrating factors in the logger. The
value of magnetic declination is added to the direction data in order to get the direction relative to true North
(assuming that the vane has been installed relative to the magnetic North). The final correction applied to the
data can be seen in the Calibration table, where it can also be deselected or changed manually.

12.3.3.3 Configuration

The Configuration tab is used to:
e Document the configuration of the sensor installation on a typical mast
e Evaluate the compliance of this configuration to standards for wind data measurements (at the moment
IEC 61400-12-1 ed. 2).
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W Meteorological Data (Mast)
Fosition Layers Guide Purpose | Data |Graphics Statistics Shear Report Description
. | Met station Logger
5 Type: Manufacturer Model Serial number Software version | Sample frequency [H | Averaging period | Start End Height AGL [m]
] Lattice mast, square section
A <No data to display>
@ .
2 | Top mounted anemometer(s): e
s
9 Single -]  mNotes
g Height of mast structure AGL: e.g reference to installation report, eic...
g Tl
g . - . .
S Sensor/Eauipment installation LOAD channels Clear Guide
&
ﬁ Horizontal boom Vertical boom Sensor (anemo./ Mast Finial
E Suppor Alignm
g Used in ting Calibra Distanc | ent
5| Chann Height | Device | Serial | o o WindPRO | Mounting tube Body @ | ton  NWIGRS eto directio
@ || el [m] name no. Height [cm] numbe RGN anemo. | n with
o heights
B AGL r [cm] anemo.
[m] e
] -~ T
= Cup anen - 100.70 28/09/2013 0C 30/09/2014 27 100.70m - 0.5
E Cup anen -~ 100.50 28/09/2013 0C 30/09/2014 2: 100.50m - 0.5
E Cup anen ~ 81.00 28/09/2013 0C 30/09/2014 2: 81.00m - Side-mour ~ 0.5
& Cup anen ~ 60.80 28/09/2013 0C 30/09/2014 2. 60.80m - Side-mour ~ 0.5
. Wind van - 98.70 28/09/2013 0OC 30/09/2014 2% 100.70m - , 1 Side-mour ~ 0.5
.m";‘ Wind van - 58.80 28/09/2013 0C 30/09/2014 2 60.80m - Side-mour ~ 0.5
2 Weather ~ 10.00 28/09/2013 0OC 30/09/2014 2 10.00m - E  Side-mour ~
&
3 Weather - 5.00 28/09/2013 OC 30/09/2014 2 10.00m - E  Side-mour -
g Weather ~ 10.00 28/09/2013 0OC 30/09/2014 2: 10.00m - E  Side-mour ~
@ Lightning - 0.00
|-
z R
g Compliancv to standards: Main wind direction [deg]:
i ® IEC 61400-12-1 ed 2 (2017) Advanced settings
g Show compliancy check
E

Figure 13 Configuration tab

Met station

It is possible to define the type of Met station between Lattice mast, (triangular or square section), tubular mast,
SODAR or LIDAR. The difference between lattice (whatever section type) and tubular has an influence on the
IEC check for the distortion from the mast (involving Ct value or not, see below). For SODAR or LIDAR, no
configuration table nor compliancy check is available at present.

It shall be specified if the top mounted anemometer(s) is single or side-by-side, since this is relevant for the IEC
checks.

The height of the mast structure AGL is the total height of the lattice or tubular mast from bottom to top.

Logger
If available in the raw data file, information on the logger, such as the manufacturer, Model, serial number ... is

presented automatically. It is also possible to input the information manually and to add a line if the logger has
been changed with a new one during the measurement campaign.

Notes
This field is available for user-defined text for documentation purposes. It could be relevant to enter references

to various installation and maintenance reports related to the installation and operation of the measurement
mast.

Sensor/Equipment installation

The sensor/Equipment installation table lists the various sensors involved in the measurement campaign of the
data defined in Import filter and allows to input the dimensions relevant for the compliancy check to standards.
The relevant input concerns:

e the horizontal booms (direction, length from mast center and diameter)

e the vertical booms, that is both the smaller tube directly attached to the sensor and the supporting tube.
The supporting tube is the additional tube used to stabilize the smaller tube attached to the body of
single or side-by-side top anemometers
The body diameter of the sensor
The calibration number from the certificates (for documentation purposes)

The mast width and thrust (Ct), the latter only in case of lattice tower
The distance to anemometer and the alignment with the anemometer of the lightning finial.

The dimensions of certain sensor/equipment types are not relevant for compliancy check and therefore not
available for input in the table (grey cell).

The cells of the table can be filled in from the Clipboard (preferably from a Copy from Excel) using Paste relative
to currently selected cell will.
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The dimensions are presented in the diagram below, using the same colour as the headers of the table.

Tube @ »< Finial @
>q

A

Supporting tube @ *

Lﬁ Height above hor. boom

11’

Hor. boom length

Hor. boom @

= I

Figure 14 Diagram of the dimensions to input in the Sensor/Equipment installation table

This diagram is also available under the Guide button.

The table is based on the Calibration table but changing the data type (wind speed, wind direction, ...) to
corresponding sensors (anemometer, wind vane, ...). Wind speed signal is by default assumed to come from a
cup anemometer. It is possible to change the Type of sensor to sonic anemometer in the drop-down menu of
the Type column. The data such as temperature, pressure or humidity are reported as belonging to a sensor
type called Weather station.

Loads Channels: (Re-)Loads the Sensor/equipment installation table based on the Calibration tab.

If two calibration periods have been defined for a data type in the calibration tab, two sensor lines will be created
in the configuration table matching each period and assuming that the configuration between the two periods
could be different. If this is not the case, lines can be manually deleted (with the — at the bottom of the table) or
modified; the Start and End date can also be manually changed.

At the bottom of the list, a line is added for a lightning finial.

Mounting
The mounting is relevant for the IEC compliancy checks. The mounting is filled in automatically as a first best
guess. It is recommended to check that it corresponds to the mast configuration at stake. The mounting of the
top anemometer(s) and of the lightning finial require user input. The different types of mounting are:
e Single-top: The top anemometer is placed on the top of the mast and centered on the cross section
e Side-mounted: The sensor is placed on a horizontal boom
e Shared boom: The sensor is placed on a horizontal boom together with another sensor (at the same
height and direction)
e Top (Lightning finial): The lightning finial is placed on the top of the mast and centered on the cross
section
e Boom (lightning finial): The lightning finial is placed on horizontal boom

Used in windPRO heights

This column is automatically filled once the data have been setup and loaded under the data setup tab. It refers
to the heights that are defined and used in the Meteo Object from the Data setup tab. It can be used for
traceability of the data.

Lightning finial, distance, and alignment

The horizontal distance between the finial and a given top anemometer is calculated automatically in windPRO
for most of the common combination of anemometer and finial mounting, as presented in the following table.
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Table 1. Automatic input of distance and alignment direction between finial and anemometer in
Sensor/Equipment installation table used for the IEC checks about distortion from finial.

Combinations of anemometer and finial Automatic input in Configuration table

Anemometer mounting Finial-anemometer alignment direction
Single, top (centred) On a boom Length of finial boom direction of finial

Single, side mounted Top (centred) Length of anemometer boom | 180 + direction of anemometer boom
Single, side mounted On a boom - -

Side-by-side, top Top (centred) Length of anemometer boom | 180 + direction of anemometer boom
Side-by-side, top On a boom - -

The calculated distance or alignment can be modified manually in the table (“Distance to anemo.” Column).

Main wind direction
The input of main wind direction is used for the check of the mast distortion and of the lightning finial giving wake
in compliance with IEC 61400-12-1 Ed 2.

Advanced settings

Checking the advanced settings gives access to tolerance values used in some Compliance checks. The
IEC/Tolerance for boom orientation vs main wind direction gives a margin (+/-) around the ideal orientation of
the boom that will return OK to compliancy.

The tolerance IEC/Wake sector for distortion from finial is the wind direction sector in which the finial is supposed
to give wake, assuming that it is centered on the finial.

The default values are arbitrary and can be changed.

Main wind direction [deg]: 30.0

Advanced settings
IEC/Tolerance for Boom orientation vs main wind direction +/- [deg]: 2.0
IEC/Wake sector for distortion from finial [deqg]: 15.0

Compliancy check

The input made in the Sensor/equipment installation table is used to check the configuration of the mast to the
most important requirements defined in Annex G of the IEC standard 61400-12-1 Ed.2.0 Wind energy power
generation systems — Part 12-1: Power performance measurements of electricity producing wind turbines.

Once the table is filled, provided there is an input in all the green cells (Height of mast structure, Main wind

direction and Mounting of lightning finial), the Compliancy check can be launched clicking on the button Show
compliancy check.
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| '=_'-:“:'.=“:i 3 - Mast1- [m] *

Compliance with IEC 61400-12-1 ed 2 (2017)

Distortion from Distortion qog:t
Distortion from mast Distortion from boom & tubes i - " from enough to
ightning finial top
sensors ‘
Boom ‘
orientaton From lower | Distance of
: vs. main . Distance to | Anemomete
Used in Height Distance to | Wake on sensorson | sensors to
. X Regarding wind and @ of r body @ >= Commen
Channel | Type Height Serial no. | windPRO Mounting above hor. anemomete | anemomete | top top
mast width | direction. supporting anemomete ts
heights boom r(s) r(s) anemomete | anemomete
Tolerance tube rtube @ (s) .
+-:2.0
deg.
D1 Windvene  120.00 124.20m - €1 Side-moun [N T |
D2 windvene  100.00 100.00m - ¢ side-moun (RN O o
A2 Weather st 118.00 124.20m - €1 Side-moun ok fexc ]
A4 Weather st 10.00 10.00m-  Side-moun R o ‘
Al Weather st 6.50 10.00m-  Side-moun’ O o
A3 Weather st 118.00 124.20m - €1 Side-moun o fexc ]

For more detail about the checks conducted, please refer to the online documentation: https://www.emd-
international.com/files/windpro/210629 Notes-compliancy%20check.pdf, also available from the Compliancy
Check window through the link in the bottom right corner in the window.

A color code is used to give a quick overview of the result of the compliancy check. Green color is used for
compliancy, red for non-compliancy and orange for a non-critical non compliancy. When a check involving two
condition is not passed, the result is NO. It is possible to see which condition is not fulfilled by mouseover the
cell, as shown in the example below.

Distortion from mast Distortion

Boom
orientation
WS, main

Regarding | wind

mast width | direction. above hor.

boom

Tolerance !
+/-: 2.0
deqg.

C 124.20 124.20m - C1 Single-t I

Up anemc m Ingie-top Mast structure outside 11:1 cone I
c2 Cup anemc 120.00 120.00m - C: Side-mourn

3 Cun anemc 100.00 100.00m - C= ’-'-iidp-mnlln'___

Figure 15 Example of explanatory text in case one condition is not met

Used in Height
Channel | Type Height Serial no. | windPRO Mounting

heights

In case of missing data, the checks cannot be performed. The required input from the configuration table is listed
for each check in the online documentation

Note that it is possible to select whether all or only some compliancy checks shall be presented in the final report
(See 12.3.8).
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12.3.34 Data setup

19

This is the tab where we can finally load the data from the files whose structure has been defined previously.

Note: in the Meteo Object, “Heights” always refer to the height of wind speed measurements!

This is how to proceed. Ignore the Add... button for now, as it will be treated later.

1

Heights

Add ... -

Remaove
Clear and load all
Load new

Update online

2 3
Heights Heights
Il 100.70m - | |100.70m -
[ ]100.50m - M 100.50m -
[ ]81.00m - W ai.00m-
[ ]&0.80m - M c0.80m -
Add ... - Add ... -
Femove Femove
Clear and load all Clear and load all
Load new Load new

Update online

Auto create Auto create
Setup Setup
Export Export
Import Import

Heights refer to wind
speed measurement
heights. Other signals
can be taken from
other heights.

Heights refer to wind
speed measurement
heights. Other signals
can be taken from
other heights.

Update online
Auto create
Setup
Export

Import

Heights refer to wind
speed measurement
heights. Other signals
can be taken from
other heights.

Figure 16 The data panel in the Data setup tab. (1) Click Auto-create, to create signals at the available heights.
(2) Click Clear and load all to load data into the signals. (3) Click Add... to add more wind data at other heights.

The “Auto Create” button is, by default, green, as this will be the typical starting point. This will automatically
create all the wind speed measurement heights in the import setup, providing the file can be read by windPRO.
The signals created by default are:

e Wind speed

e Wind direction

e Turbulence intensity
Wind direction is taken from the wind vane vertically closest to each anemometer/wind speed signal.

Clear and load all will clear data, in case of already loaded data. If new data have been added to the import
filter, the Load new will make sure the data already loaded data are maintained with flagging, disabling etc.

And this is how the window will look like, after importing data.
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Combined  8.47 m/s 2.6054 7.53 m/s 302.2 W/m2 other heights.

Turbulence table data
| Activate

@ Metearological Data (3 - Mast 1- Ty) O X
Position Layers Guide Purpose Data|Graphics Statistics Shear Report Description ok
Name Height [m] Data type Displm. height  First data Last data Helghis
- ™= 120.00m - C2 Cancel
Cc2 120.0 - | |Mast - 0.0/m 12.1 months fmd 100.00m - C3
5 .  50.00m - C4 Apply
3 | Mrmelseries) i 650.00m - C5
@ | Activate Lock existing time series from: - Deviation from standard time [min] 0 i 40.00m - C6
= 10.00m -
S
a Column | Required signal Based on Signal name Low limit High limit
% 1 Mean wind speed - C2_Anemometer 2;wind_speed;Avg_Mean (120.0m) - Mean wind speed -1 75
g
% 2 ‘Wind direction - D1_wind Vane;wind_direction;Avg_Mean (120.0m) - Wind direction 0 360 .
¢
= 3 Turbulence intensity - C2_Anemometer 2;wind_speed;Avg_Mean (120.0m);C2_Anemometer 2;wind_spee - Turbulence intensity 0 rev
é’ 4 Max wind speed - C2_Anemometer 2;wind_speed; Max_Max (120.0m) - Max wind speed Add ... - Next
%’ 5 Min wind speed - C2_Anemometer 2;wind_speed;Min_Min (120.0m) = Min wind speed =il 75 Remove
Q. 6 Temperature - A2_Hygro/Thermo;temperature;Avg_Mean (118.0m) - Temperature -50 60
g
= 7 Relative humidity = A3_Hygro/Thermo;humidity; Avg_Mean (118.0m} Relative humidity 0 100 Clear and load all
E 8 Temperature = A2_Hygro/Thermo;temperature;Avg_Mean (118.0m) - Temperature -50 60 Load new
& :
g Update online
= Delete signal
. Auto create
= Records Record interval Disabled o Out of range  Duplicates Errors Vmean, all Vmean, enabled Vmean, enabled wind and dir Setup
% 52705 10 min 253 30 0 0 7.39 7.40 7.40
E - - Export
2 (Re)load all files for selected height ‘ Load new files for selected height
Import
| Frequency table data
| [« Activate Heights refer to wind
2 speed measurement
E Weibull data heights. Other signals
3 | v Activate A parameter  kparameter  Vmean Power density can be taken from
g
@
=
o

Figure 17 The Data setup tab, after data loading

You can now switch between different measurement heights by clicking in the Heights panel to the right.

Never change the value indicated in the Height [m] field on the left! This would effectively modify the height
of that particular instrument/signal!

Furpose | Data | Graphics Statistics Shear Report De

H&ght Jh] Data type Displm. height
120N~ | [Mast - 0.0/m
Lidar
Lack existin ggodar -
Model
ired signal  |Meso
- Macelle :
wind speed o mcP swind_speed; Avg
direction Otherfunknown id_direction; Avg_

Figure 18 Data type and displacement height

It is possible to set a displacement height, if the mast is, for example, in a forest (positive disp. height) or on a
very narrow rock (island) (negative disp. height), which is NOT included in the elevation data. The data type,
mast, Lidar, etc. can be specified. This information can be used by modules like PARK and SITE COMPLIANCE,
and is used in the wind profile graphic, discussed later. The data type Mast, Lidar etc. can be selected and is
used for relevant purposes. For example, for downscaling Meso data in Scaler the data type must be Meso.
Creating a wake-cleaned wind speed signal will be handled differently if the datatype is Nacelle or Mast. If
Nacelle, the turbine nearest the Meteo Object is not included in calculations. However, it is checked that there
is indeed a Turbine Object within 5 m distance.

Add... (Figure 16) adds a new height. We will treat it later.
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Update online refreshes data previously loaded from On-line data (updates with most recent months and,

optionally, extends data back in time, if data are available).

Setup allows setting of rules for concurrency, disabling of turbulence and rules for use of data for the turbulence
table. Also, a special feature is available for very-high time resolution data.

Export exports all or selected data into a flat text file format. The flag definitions are included in the export (see
their explanation in the text file itself). Below is an example where 80m and 60m data are exported:

W Time Series Export Form O >
Selections: Select all - | |Heights - Apply
Feriod begin and end: 28/09/2013 - | (30/09/2014 -

Export all decimals (Increases size of export considerably)

File format

Fixed localization. Date time format: yyyy-MM-dd hh:mm. Decimal separator:

® |ocal PC localization. Date time format: dd/mm/yyyy hh:nn. Decimal separator: ".

Include | Display name Time series start Time series end

> v 100.70m - 28/09/2013 30/09/2014 23:50:00

R 100.50m - 28/09/2013 30/09/2014 23:50:00

> v 81.00m - 28/09/2013 30/09/2014 23:50:00

o 60.80m - 28/09/2013 30/09/2014 23:50:00
Export to file Copy to clipboard Cancel

Figure 19 Export selections
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WindPRO Meteo Data Export version 7
Geographical Coordinates ( Longitude 9.707051 Latitude: 51.24978
Local Coordinates: (UTM (niEasting: ~ 549346.4 Northing: 5677839 EPSG: 32632

Description: Mast
User label:
Date time format: dd/mm/yyyy hh:nn

Decimal separator: .
Digit group separator: ,

Displacement height [m]: 0
All time stamps: (UTC+01:00) Amsterdam, Berlin, Bern, Rome, Stockholm, Vienna
UTC offset [minutes]: -60

StatusValues:

Ok 0
Disabled 1
Below limit 2
Above limit 4
Duplicate 8
Null value 16
Missing 32
Other error 128

Note that SampleStatus takes precedence over DataStatus which means that DataStatus is only relevant if SampleStatus is OK.

TimeStamp MeanWin Directionl TurbIntUIl Comment TimeStam SampleSt: DataStatu: DataStatu DataStatu MeanWin Directionl TurbIntUll Comment,
[m/s] [Degrees] [m/s] [Degrees]
28/09/2013 00:00 7.2 119  0.0556 0 0 0 0 0 7.2 119  0.0556
28/09/2013 00:10 7.2 119  0.0556 0 0 0 0 0 7.1 119  0.0563
28/09/2013 00:20 7.1 120  0.0563 0 0 0 0 0 7 120  0.0571
28/09/2013 00:30 7.2 118  0.0694 0 0 0 0 0 7.2 118  0.0694
28/09/2013 00:40 7.71 118 0.039 0 0 0 0 0 7.7 118 0.039

Figure 20 Export format from Meteo Object

Status values are coded, so the sum in the status columns can be decoded for precise identification of, for
example, “disabled”, “out of range” (this means that multiple flags can be applied to the same data point). There
is also a status column for all signals as well as one for each signal. The headers are exported unicoded (UID),
meaning that the same text will appear no matter from which Windows language it is exported. Thus, it is easy
to maintain a large database with exports from many different users around the world, as only one windPRO

meteo importer will be needed.
Import imports data from the export file (Note: a whole Object export can be performed from the Object List).

Back to the central part of the Data setup tab:

Add signal Delete signal
Records Record interval Disabled @ Out of range Duplicates Errors Vmean, all Vmean, enabled Vmean, enabled wind and dir
52092 10 min 0 ] ] 0 6.35 6.35 6.35
(Re)load all files for selected height Load new files for selected height

Figure 21 Data panel below the signals in Data setup tab

Add signal is used for adding other signals not automatically considered by windPRO; for example, temperature
or max. wind speed. The range of signals that can be included is constantly expanded:
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Std dev wind speed Solar irradiation (direct) |Friction velocity

wind speed vertical Std dev direction Solar irradiation (diffuse) |Precipitation )

wind direction Pressure Temperature difference |Voltage Icing load
Temperature Cloud cover Relative humidity Current Instrumental icing
Turbulence intensity Demand Battery |CNR/SNR |Meteorological icing
Vertical turbulence intensity |Power Inflow angle | Availability Shear

Max wind speed Electricity Price Veer Wiper count Stability (1/L)

Min wind speed Solar irradiation Heat flux Icing itensity User defined

Figure 22 Current predefines signals.

Full flexibility is given for creating a specific signal at a certain height from other signals/measurements. The
signals available match the import filter types + sub types and some extra signals, calculated from more signals,
e.g. Turbulence Intensity, which requires wind speed and Std.dev wind speed.

Let's see a few examples.

If the data come from files with different formats (multiple import filters used), always check the dropdown buttons
in the column “Based on” to see if the signals from the different import filters (11, 12, ...) are correctly included:

Time series

v| Activate Lock existing time series from: - Deviation from standard time [min] 0

Column | Required signal Based on Signal name Low limit
1 Mean wind speed - I1.WS 100.7m Mean_Mean (100.7m) =+ Mean wind speed -1

2 Wind direction - I1.Wind Direction 1_Mean (98.7m) - Wind direction 0

3 Turbulence intensity - I1.WS 100.7m Mean_Mean (100.7m);I1.WS 100.7m Stddev_StdDev (100.?n/' Turbulence intensity 0

4 ]

Import filter | Wind direction_Mean

n -
P 12.Wind Direction 1_Mean (98.7 ~ |

Figure 23 In this example, wind speed data come from Filter |11, which refers to certain data files only, whereas
the direction is going to be read from Filter 12, referring to other files, with a different data structure. The Filters
were defined in the Import Setup tab

Note also the column Low/high limit (next to Signal name): this is used to define the valid range of the values
the data can assume. By default the low limit for wind speed is -1 m/s. It is important not to set this to “0”. If “0”
wind speeds are not included in the data set, the Weibull distribution will be wrong and the calculations will be
wrong.

Shear can be added as a signal, giving options for comprehensive analyses of shear within the Graphics tab.
Since shear requires more heights, these can be selected in drop-down buttons as illustrated in next figure.

When adding shear, the user has full flexibility about which heights will be used to calculate the shear time series
(minimum of 2 heights is needed).
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Column | Required signal Based on Signal name
1 Mean wind speed - WS 100.7m Mean_Mean (100.7m) - Mean wind speed
2 Wind direction - Wind Direction 1_Mean (98.7m) - Wind direction
3 Turbulence intensity ~ WS 100.7m Mean_Mean (100.7m);WS 100.7m Stddev_StdDev (100.7m) = Turbulence intensity
4 Temperature - Temperature_Mean (10.0m) Temperature
5 Shear - WS 100.7m Mean_Mean (100.7m);WS 81m Mean_Mean (81.0m) / Shear
Select wind speed signals for shear calculation /ﬂ
Signal Use

WS 100.5m Mean_Mean (100.5m)

WS 100.7m Mean_Mean (100.7m) |~
WS 60.8m_Mean (60.8m)

WS 81m Mean_Mean (81.0m) v

ok Select all Deselect all

Figure 24 Setup of shear calculation

Delete signal removes unwanted signals from a height.

(Re)load all files for selected height loads the data from the files for the selected height only. The right side
button (Load new files for selected height) only loads new files added after the last load operation. The Reload
button preserves the results of any data cleaning (“disabling”) operation that might have been done previously.
This doesn’t happen with the “Clear and load all” button presented earlier.

Mame Height [m] Data type Displm. height  First data Last data
100.7 - | |Mast - 0.0/m 12.1 months

Time series
~| Activate Lock existing time series from: - Deviation from standard time [min] a0

Figure 25 Features at the top of the tab

The various Activate options activate the different types of data presentations, such as the Weibull or
Turbulence tabs. If you have no intention of using the Weibull distribution, or you have table data but no time
series data, this feature is useful.

Lock existing time series is used when new data are added, but previously loaded data do not exist as files

on the PC or they have been added with different import settings in WindPRO 2.5 or previous versions. Basically,
adding new data requires intact import filters and files for all data except when older data series are locked.

12.3.3.4.1 The Add... button: adding & generating wind data at new heights

Add.. |-
Add height
Add merged height
Add synthesized height
Add scaled height
Add stability
Add wake cleaned height

Mext

We have so far left behind a very important feature: the Add... button. It essentially creates a new measurement
height, where wind data can be read from files or generated by different methods.
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Its submenu gives hints of the different features and purposes:

Add height simply creates a new height, where the presence of wind data is automatically assumed,
and the user will have to select their source, as in Figure 23.

Add merged height allows to merge two or more wind speed time series based on wind direction; it is
typically used to remove the mast shading effects when two anemometers are mounted at the same
height

Add synthesized height gives access to a shear calculator that extrapolates measured data to another
height on the basis of the measured wind shear.

Add scaled height creates a new data series, which can be, for example, a downscaled mesoscale
time series (if EMD mesoscale data are loaded) or the output of a flow model used to extrapolate wind
data from one or more measurement heights to a new height. There are many possible scenarios here
due to the high flexibility of the Scaler tool.

Add stability creates an artificial atmospheric stability classification based on user-defined classes for
day, night and season.

Add wake-cleaned height is based on a PARK model (which must be pre-run), which cleans the
measured data series from wakes generated by neighbouring turbines.

Let’s discuss the details of each feature.

12.3.3.4.2 Remove tower shading: Add merged height

W Merge wind speeds from 2 heights [m] X
A merged data series takes data from 2 J % Time series data (Concurrent
"heights" and merge these into a new =
series. 3] .

This can be used if you have two 0.36 F
anemometers placed on each side of mast, '%;’ \ 03 ¢
it is OMLY recommended if the heights of .
the two anemometers are similar! 024
Height 1 will always be preferred if there “ 018
are data in both series fulfilling - Gun shot
requirements iy, 012 @ # Directional binned
Height 1 will give the default height for the 006 ) .
new merged series. . Wind speed at height
Only enabled data from height 2 will be
used in merged series. _ :
- minus 5
Wind speed at height
J 0.3 0.2
w
Height1 [100.70m -
X Limit period

Height 2 100.50m -

Merge data from Height 2 in wind direction B e 28/09/2013

interval: e : N

012 S T o
From [deg] To [deg] 30/09/2014 23:50:00
: 0.18 h
. Directional bin size [] §
| Show wind speed difference graph £/ 03 30 -
038 U &
o
Graph options
& 100.70m - - 100.50m - = O mis | Setup

Figure 26 Compare wind speeds by direction

When two wind speed measurements are at the same height, both measurements can be used to remove the
influence of tower shading and thereby get a “clean” signal. Note that the original data are never modified: we
will create a new time series, merging the two existing ones.

This procedure should be used only after the quality control procedures have filtered out (“disabled”) bad data.

A typical setup is shown above. Here, wind speed data from “Height 1” is used as “base” and wind speed data
from “Height 2” is merged into the “base” data within the given sector defined by “From [deg] - To [deg]”. Only
wind speed data from “Height 2” that have survived quality control are used for the merging. The merging is not
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performed if the direction data of “Height 1” are disabled. Looking at the data above, it is obvious that wind speed
data from “Height 1” are underestimated due to mast shadow between 320° and 350° (the difference, "Height
1” minus "Height 27, is negative). We then enter this angular window in the relevant fields; clicking on Ok, the
following screen appears:

W Meteorological Data (Mast) O X
Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description
Name Height [m] Data type Displm. height First data Last data RicShi
- ld 100.70m - Cancel
I Merge 100.7 - | |Mast - 0.0/m 0.0 months b 100.50m -
81.00m - Apply
Time series E 60.80m - APPY

E 10.00m - E

Reference height: 100.70m -

E)
=
5]
=)
&
5
0
=
5 Column | Required signal Merge from when ndd
-3 Al e -
E i Mean wind speed [100.50m - IF (100.70m - .Wind direction >= 320.0000 AND 100.70m - .Wind direction <= 350.00007] Prev
Q 2 wind direction No merge Remove
é" 3 Turbulence intensity [100.50m - IF (100.70m - .Wind direction >= 320.0000 AND 100.70m - .Wind direction <= 350.0000)] - Clear and load all ext
a
=] Load new
El
g Update online
ar
ﬁ Auto create
s Records Record interval Disabled @ Out of range  Duplicates Errors Vmean, all  Vmean, enabled Vmean, enabled wind a Setup
0 0 min 0 0 0
o Export
3 (Re)load all files for selected height ‘ Load new files for selected height
9 Import
= Frequency table data
@ | [ Activate Heights refer to wind
speed measurement
- ‘Weibull data heights. Other signals
E | Activate A parameter k parameter  Vmean Power density can be taken from
= . other heights.
@ | Combined
gf Turbulence table data
z Activate

Figure 27 Merging data from more sensors

The rules established for the merged series are shown. Before loading the merged data (green button), the rules
can be edited by clicking the small dots to the right of each rule; any rule based on any signal can be created.

12.3.3.4.2.1 Shear-extrapolate to new height: Add synthesized height

Data can be scaled to a new height based on a shear extrapolation. Referring to Figure 28, the two first options,
Internal shear and External shear, rely on a shear matrix, calculated within the current Meteo Object in the
first case or exported from another Meteo Object in the second case. The third option uses a shear table from
the shear tab of the current Meteo Object (see 12.3.6 about the shear tab).

The Reference height is the height from which wind speed will be extrapolated from to the target height
specified in Height. Both heights need to be specified to start the shear matrix calculation.

To calculate the shear values, at least two heights must be selected and one of them will also define the direction.

The shear matrix contains shear values in several bins: monthly bins (yearly variation), hour bins (daily
variations) and directions. It is up to the user to define these resolutions.

The shear matrix is calculated from Weibull-fitted mean wind speeds in each bin (season, time of day and
direction) and will therefore partly represent atmospheric stability conditions. The extrapolation to a new height
will then be based on the individual bin values for shear. Note: In complex terrain, on a smooth hill, or in a forest,
very inaccurate extrapolations can occur. Using a model, such as WAsP (or better, WAsSP-CFD, when terrain is
really complex) for the extrapolation will be the best choice.

The shear matrix can be more or less detailed, depending on how good and long-term period of data is available.

If there is too little data for a bin (direction sector, diurnal period and seasonal period), the bin will be given data
based on the following priority:
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1. Annual value for the direction and diurnal period.
2. Mean value for the nearest two directions
3. Overall mean

For instance, if a direction has almost no data, not even a year’s worth of values might be present for a certain
diurnal bin, then the two nearest directions are used. If those (or just one of them) also have too little data, the
algorithm moves to step 3. Note that these substitutions are not very critical, since they will basically represent
bins where wind is rarely experienced.

Note that if a fixed displacement height is entered in the Meteo Object, it will be applied to the height used to
create the shear values as well as to the reference and target heights. If the met mast is experiencing a
displacement height, it is recommended to include the displacement height in the Meteo Object to calculate the
shear matrix.

' Synthesized time series setup O x

Select type
O] §nterna| shear [Calculate/export shear matrix from data in this meteo object?

External shear (Load shear matrix)

Shear table (Import from Shear tab)

Reference height
Height [m]
Create shear values based on matrix with following elements:

Exclusion direction Exclusion direction Use to find sector

Height start end
100.70m -
100.50m -
81.00m -
60.80m -
Use: ® All From i ]
Max. bins Bins Interval start
| Seasonal ’—12 6 ~ || January - |Manth
+| Diurnal ’—24 12 - 00 - |0'cock
~| Sectors ,—35 12 -
Statistics:
Total max number of cells: | 864 | | % cells with data
Enforced shear limits:
Minimum shear value -0.20 ’— I— % below minimum
Maximum shear value 1.00 ’— I— % above maximum
Within limits ’— I— % of shear profiles
Minimum number of samples 5 ’— I— % below minimum count
Ok Cancel Calculate shear matrix Show shear matrix Export shear matrix

Figure 28 Create synthesized data

Finally, click on Calculate shear matrix. Once it has been calculated, it can be viewed (and/or exported) and
finally used to synthesize the data (clicking OK).
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@ shearvalues O X
Direction  |All - <0 [ negative! 0.2-0.3 [ rormal, high
o-0.1 [ Edreme low 0.3-0.4 [ Very high
0.1-0.2 Normal, low 0.4 [ ©Sdreme high
Shear mean | Count
Diurnal | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Year
00-02
w0 (NS
oo (NS
w12 [ 0.13
114 [ 0.15
1e16 [NOES
o1 (0E
Al G
*} Value outside valid shear range #) Value below valid minimum number of samples
0ok
Figure 29 Shear matrix (shown here for all directions)
. Meteorological Data (Mast) O ®
Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description
Name Height [m] Data type Displm. height First data Last data
N |F Synth | |120.0 - | |Mast - | | O.U|m | H | 0.0 months -
E) Appl
| [—
g Activate Lock existing time series from: | | - | | Deviation from standard time [min]
£
=
:
5 Column | Required signal Based on height | Displacement height [m] | '
El 1 Mean wind speed 100.70m - 0.0 Prev
§ 2 Wind direction 100.70m - 0.0
& 3 Turbulence intensity 100.70m - 0.0 Clear and load all
5 4 Shear From shear matrix 0.0
:
El
a
:
s Records Record interval Disabled @ Out of range  Duplicates Errors Vmean, all  Vmean, enabled Vmean, enabled
G | Omin 0 e e || |
- Export
:
2. | Frequency table data
i |v| Activate Heights refer to wind
] speed measurement
- Weibull data heights. Other signals
@ Y Acivate A parameter kparameter  Vmean Power density can be taken from
c : other heights.
2 | Combined ‘ | ‘ | ‘ |
§ Turbulence table data
1 [v] Activate

Figure 30 Load synthesized data with the green button

The new synthesized height is created and must be loaded. With the “Edit” button you can go back to the shear

calculation setup and adjust.

When data are loaded, the tabs with the different data presentations will be added.

In the case of an exported shear matrix, a .shearmat file is created. This file contains all the information needed
to replicate the matrix in another Meteo Object (or the same). This option can be useful especially for co-located
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remote sensors (LIDAR, SODAR). Care must be taken that an imported shear matrix is representative (for
example concurrent in time or same terrain or stability conditions) of the data that it is going to be applied to.

12.3.3.4.2.2 Add Scaled height

Here, the Scaler is used e.g. to downscale mesoscale data to the microscale and create a time series within the
Meteo Object. Then, it will be easy to compare the scaled data to the original data within the Object.

W scaled time series setup O x|
Height [m]: 125,0
Scale from
o elliMesoscale downscaling scaler setup -
Select meteo objects to scale from.
Hame Data type Use in Shear Sample Duration Recovery First Last
scaling heights rate [min] | (enabled) | (enabled)
[years] [%]

~ [v] EmdWrf_528.779_W050.0( Meso

» 10,00m - L o 60,0 10,0 100,0 31/12/2004 21.00  30/12/2014 20.00
> 25,00m - hd v 60,0 10,0 100,0 31/12/2004 21.00 30/12/2014 20.00
» 50,00m - nd i 60,0 10,0 100,0 31/12/2004 21.00  30/12/2014 20.00
> 75,00m - v v 60,0 10,0 100,0 31/12/2004 21.00  30/12/2014 20.00
» 100,00m - bl L 60,0 10,0 100,0 31/12/2004 21.00 30/12/2014 20.00
> 150,00m - v v 60,0 10,0 100,0 31/12/2004 21.00  30/12/2014 20.00
> 200,00m - hd v 60,0 10,0 100,0 31/12/2004 21.00 30/12/2014 20.00
» 2,00m - H 60,0 10,0 100,0 31/12/2004 21.00  30/12/2014 20.00
|
| Ok | ‘ Cancel |

Figure 31 Selecting the scaler and heigths

It is important to note that the data are scaled to the same position of the current Object. Therefore, it is possible
to move a Meteo Object containing mesoscale data to a position where a “virtual mast” is needed. The
mesoscale-based Meteo Object knows its original position and uses the mesoscale terrain from this position,
but then the microscale terrain is used for the new current position.

12.3.3.4.2.3 Create atmospheric stability statistics: Add stability

This tool creates a statistic of the climate of atmospheric stability on site, relying entirely on user input. In other
words, the user must know, and enter, the expected stability conditions at different times of the day and year.
This is useful if this knowledge is available, but no hard data are at hand, on the matter.

One can decide in how many classes atmospheric stability should be classified (with a minimum of three, Stable,

neutral and unstable), and also how day and night are defined. Then, for each season and period of the day,
the expected mean stability condition must be entered:
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W stability setup
Stability class setup:

Season and day/night setup:

Set selected periods to:

Day
Spring
Sumrmer
Autumn
) Unstable
Winter Mear unstable
MNeutral
MNear stable
Ok Stable
Very stable

| ot
7 classes - Setup
EMD Default - Setup
- Apply Select all
Night

Figure 32 Setting up stability class definitions

The resulting user-made statistic can be shown in various histograms under the Graphics tab, where a new
tab called Stability view will be created.

It is worth mentioning that a more appropriate way of investigating the behaviour of atmospheric stability on site
is to estimate its state from hard data (Monin-Obukhov length, heat flux, Temperature differences, ...): many of

these parameters are available from mesoscale models, such as the EMD-WRF.

@ Meteorological Data (EMD-WRF Europe+ (ERAS)_NS51.223976_ED08.697571 (2) (1))

Position Layers Guide Purpose|Data | Graphics Statistics Shear Mesores Report Description

5 | MName Height [m]
=

= 1000 -
b

2 | Time series

=}

= | Activate

Bl

&

o Column | Required signal
=

= 1 Mean wind speed
g 2 Wind direction

[=1]

in 3 Temperature

5 4 Turbulence intensity
m s Stability (1/L)

Data type

Meso

Lock existing time series from:

Displm. height First data

- m

Based on

wSpeed.100_Mean (100.0m) -
wDir.100_Mean (100.0m) -
temnp.100_Mean (100.0m) -
wSpeed.100_Mean (100.0m);sqrtTKE.100_StdDev (100.0r -
rmol_Mean (2.0m)temp.100_Mean (100.0m);psfc_Mean (.

Figure 33 Stability can be imported in Meteo Object

Last data

20 years 0 months

Deviation from standard time [min] ]

Signal name Lows limit High limit
Mean wind speed -1 75

Wind direction 0 360
Temperature -50 60

Turbulence intensity 0
Stability (1/L)

Above, the EMD-WRF Europe+ mesoscale data. The “rmol_mean” signal is the inverse Monin-Obukov length
available in this data set. Stability can be viewed in Graphics tab under Stability View:
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@ Meteorological Data (EMD-WRF Europe+ (ERAS)_N51.223076_ED09.697571 (2) (1)) X
Position Layers Guide Purpose Data | Graphics |Statistics Shear Mesores Report Description
e 10 ability classes
a = [y ]
= © Number of graphs:
£ vs
‘3 70
5 L3 Stability signal
% g g 0 Binning options:
g g £ g I;;.e;;':ersfnrhmmng‘
2 » in by:
& : 2 o
. £ 2 Month
H o . g
H : : e
‘% 0 1 2 3 4 5 6 7 8 9 10 MHmwrz 13 14 15 16 17 18 19 20 21 22 23 Bin size:
g [ Very unsteble B Unsiable @ Newiral B Siable W Very sisble [ very unsiabie @ Unstabie @ nevral W Ssbie @ very siabie 7| Bechbin o 100 %
v g vort
g o - [all -5
3 o o Hour
S : : R
¢ : T eminaspesa s = " e S
(@ Very unstable @ Unsiable @ Neutral W Stable W Very stable [®@ Very unstable @ Unstable @ Neutral M Siable W Very stable
Figure 34 graphic view of stability classes.
Different settings are available. The graphic view is the first step; in future versions of windPRO, the Stability
information will be included in calculations.
@ Project stability classes O >
7 classes Name
5 classes
3 classes | |
‘ Class name MOL Start MOL End MOL Typical | Interval Type | Range |
I very unstable -100 0 -50 Range -100 < L <=0
[ unstable -200 -100 -150 Range -200 < L <=-100
B nieutral -200 200 10,000 Qutside L < -200; L > 200
| New | | Copy | M stable 50 200 125 Range 50 < L <= 200
B very stable 0 50 25 Range 0<L<=50
| Bport || Import | Number of classes: ® MOL (L) RMOL (1/L)
| ok | | Cancel |

Figure 35 Setup of stability legend.

In the legend above, the grouping of the stability classes can be user defined. Note in EMD-ConWx mesoscale
data, it is the reverse Monin Obukov length (1/L) that will be imported, in the definition above it is the Monin
Obukov length, L that is shown, with option for showing 1/L.

12.3.3.4.2.4 Clean measurements from wake effects: Add wake-cleaned height
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W Wake cleaned setup O *
Select PARK calculation: 3.6.360: -
Height to wake clean [m]: 94.00m - -
Select mast data type: Nacelle -
The data type specifies whether this meteo object represents a turbine or a free device. If "Nacelle" is selected a WTG must be
found in the selected PARK calculation within 3 meters of the meteo object. For "Mast", "Lidar" and "Sodar" the position of the
meteo object will be added to the calculation.

{c) OpenStreetMap contributors \ N Rubae
[
k
T
2 ) .
b
5
\ [ ] ﬂqa\v"w
%
' ﬁuﬁ&e
s
ester Hornum = y
an L]
2
ok Cancel

Figure 36 Setup of the calculation for wake cleaning

Lastly, it is possible to remove the effects of turbine wakes on measurements. This requires to run first a PARK
calculation.

The setup window simply requires you to load the PARK result, the height of the instrument affected and to

define the kind of instrument you have at that height. This can be a real device on ground (mast, RSD, ...), or a
nacelle anemometer.

In the first case, the measurement device coordinates are already known from the selected PARK calculation.
In the case of a nacelle instrument, the software checks if there is a WTG Object in the PARK calculation within

few meters from the Meteo Object used: if not, the calculation cannot be performed. If there is, this WTG Object
is automatically removed from the PARK calculation.

The wake cleaning is based on the calculation of a wake reduction matrix with resolutions of 1° and 1 m/s. Note
that a simplified PARK model is actually run, where time-based turbulence is not used (a fixed wake decay
constant for invalid turbulence values would be used instead). Similarly, curtailment settings will not be included.

v| Advanced

® Time step wake decay constant (WDC) based on turbulence intensity (TI) scaled to turbine position and hub height

from scaler (® from meteo object:

Userdefined | c [0.4000 d [0.0000 minwpc | 0.01 Maxwpc | 0.20| woc=c=TI+d [WoCforinvalidT1 | N |

Wind direction in wake loss calculation controlled by: First WTG in calculation list | User select

Figure 37 Advanced wake settings of the PARK calculation are not included in wake cleaning. The WDC for
invalid Tl is used, instead of time-dependent values
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When the wake-reduced wind speed matrix is calculated, the method is: for each time step, a lookup in the
matrix from the wake-reduced wind speed identifies the free wind speed, and replaces the recorded value with
this in the wake-cleaned time series.

It is, of course, of high importance that the wake model settings are correct, and that the wake model does a
reasonable job.

The advantage of this method compared to e.g. a simple scaling, is that the wind speed reduction dependency
on wind speed is handled correctly.

12.3.3.5 Time series

‘ Meteorological Data (Mast)

Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description

Name Height [m] Data type Displm. height  First data Last data Syl
'._ 60.8 - | Mast - 0.0{m 121t E 133;3? -
= - = 81.00m -
S Time stamp All records ™ 60.80m -
R SO
s Disabled jQIJ\:ETI]'IinE,rBErn: wind Wind direction Turbulence intensity | Comment Full disabled < || 1DD:?Dm -G Syn'?}'
g Rome, [anees]d [Degrees] S - [ 149.00m - H Synth
s Stockholm, ! Part disabled
gr_ Vienna 16205 :
2 13/11/2013 18:10 2.10 315.0 0.0953 Out of range :
S 13/11/2013 18:20 1.80 322.0 0.1112 5 .
‘E 13/11/2013 18:30 1.30 335.0 0.1540 uplicates .
& 13/11/2013 18:40 1.00 339.0 0.1002 g - Add ... -
2 13/11/2013 18:50 0.80 336.0 0.2505 Errors _ Remove
g 13/11/2013 19:00 0.60 346.0 0.1671 gamments x Clonr ot lond a1
in 13/11/2013 19:10 0.00 341.0 -60.9416 .
£ 13/11/2013 19:20 0.00 274.0 0.0000 Elagged . Load new
| 13/11/2013 19:30 0.40 218.0 0.7531 o - Update online
g 13/11/2013 19:40 0.80 213.0 0.2505 celected
] 13/11/2013 18:50 1.40 203.0 0.0715 I Auto create
%_ ¥ 13/11/2013 20:00 1.70 199.0 0.0589 Setup
i ¥l 13/11/2013 20:10 1.90 195.0 0.0527 Select -
[ | 13/11/2013 20:20 1.70 200.0 0.0589 Selected Export
= 13/11/2013 20:30 2.00 191.0 0.0500 Copy Import
2 13/11/2013 20:40 2.80 169.0 0.1429 Delete
3 13/11/2013 20:50 3.00 169.0 0.1001 Disable HEighdtS refer to “"“”td
% 13/11/2013 21:00 2.60 176.0 0.0770 ::j:'e - ﬁﬂ?gehts”_”giﬁﬁfsﬁ';en”als
13/11/2013 21:10 3.09 178.0 0.0323 can be taken from
L 13/11/2013 21:20 3.19 188.0 0.0625 Advanced disable/delete | | Ot heights.
§ 13/11/2013 21:30 3.39 188.0 0.0883
g 13/11/2013 21:40 3.10 186.0 0.0313 Toggle duplicates |-
- 1214012 918N 27BN 170 N N NESES T

Figure 38 Time series data

With a coloured background, data characteristics such as “Out of range” are clearly shown. Click in the coloured
field and the cursor jumps to the first event. Data can be sorted by clicking on the header.

Select: allows to select data with different characteristics — a selection can also be performed “manually” by
dragging the mouse in the list.
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Select -

Clear

All

Disabled
Enabled
Out of range
Duplicates
Errors

Flags

Selected: once data have been selected, you can apply on the selected data any of the actions listed (Copy,
Delete, ...). For example, data can be copied to clipboard and pasted to other programs, e.g., Excel.

Enable/disable: can be performed manually in the list by checking the checkbox next to the time stamp, as
shown above, or via the “Advanced disable/delete” tool, which allows to disable or delete the data according to
specified conditions:

' Filter for advanced disable / enable / delete ] ple
All conditions must be fulfilled (AND)

By period By month By hour By flag

~| Use Use Use Use

From 28/09/2013 01:00:00 ~

To 30/09/2014 23:50:00 ~
By minute
Use
Timeseries Signal Operator | Value
g 100.70m - - Mean wind speed o= - 99.9|
-

All requirements must be fulfilled (AND)

Action Close

Figure 39 Advanced disable/enable/delete

Once the conditions have been entered (above in time and on a specific signal, the wind speeds at 100.7 m),
pressing the "Action" button opens the Advanced disable/enable/delete feature for ALL heights and signals (with
same time stamp or within £ 5’) that fulfill the conditions in the filter settings. Then the user decides which signal
should be disabled in those circumstances:
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' Advanced disable / enable / delete

28/09/2013 01:00 - 30/09/2014 23:50

Disable / enable / delete action matrix

B 149.00m - H Synth

B 100.70m - ¥
M 100.70m - F Merge

M 100.70m - G Synth

W 100.50m -

W 51.00m-

W co.80m -

W i0.00m-E

Disable Enable Delete Cancel

Height All | wind direction | Mean wind speed | Pressure

Relative humidity | Shear | Temperature | Turbulence intensity | Comment

Figure 40 Advanced disable/enable/delete tool

12.3.3.6 Frequency table

35

Only Enabled data not out of range or duplicated are used in the aggregated presentation described here. The

aggregated data are automatically updated if changes in the original time series data are performed.

. Meteorological Data (Mast)

Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description
5| Name Height [m]  Data type Displm. height  First data
§ F Merge 100.7 - | Mast - 0.0/ m
g :
5 | MNumber of decimals for wind speed 2,
& | Interval start Interval end  Step
g 0.50 40.00 1.0 Fill
g
g’ Decimals 0 . Sectors 12/ | Apply to all heights
L% Bin Start End Sum N NNE ENE E
g | Mean 6.59 4.93 4.96 5.27 6.58
o0 0.49 51 2 10 9 3
a1 0.50 1.49 981 96 a3 88 84
§ 2 1.50 2.49 2468 194 192 134 165
= i3 2.50 3.49 3906 264 201 216 227
. 4 3.50 4.49 5561 438 354 277 276
5‘ 5 4.50 5.49 6337 578 456 206 341
g 6 5.50 6.49 6853 554 503 245 311
ﬁ' 7 6.50 7.49 6334 202 325 245 310
. 8 7.50 8.49 5408 103 132 143 365
o 9 8.50 9.49 4516 48 53 83 267
_’g 10 9.50 10.49 3240 30 13 75 232
E 11 10.50 11.49 2104 12 7 22 177
g 12 11.50 12.49 1361 7 8 4 83
T |3 12.50 13.49 780 i} 1 4 27
. 14 13.50 14.49 449 i} i} 2 9
= 15 14.50 15.49 258 i} i} 0 3
% 16 15.50 16.49 149 i} i} 0 3
= 17 16.50 17.49 84 i} i} 0 0
. 18 17.50 18.49 40 0 0 0 0
5' 19 18.50 19.49 18 0 0 0 0
g 20 19.50 20.49 9 0 0 0 0
]
2 Sum 51004 2618 2428 1843 2883
£lle - .

Import Paste Export Clear table

Last data L=l
| 100.70m - Cancel
12.1 months | 100.50m -
i 81.00m - Apply
| 50.80m -
b 10.00m - E
| 1100.70m - F Merge
M 100.70m - G Synth
M 149.00m - H Synth
Prev
ESE SSE s s5u-
6.26 6.63 7.27 7.0 fext
3 4 3
74 65 77 1
188 173 164 2]
258 359 361 3l
358 467 482 5§
385 384 485 78
310 349 639 107 Add ... -
300 310 786 10¢ : Remove
377 329 831 10:
201 332 742 q; Clear and load all
200 320 455 5¢ Load new
114 238 283 3t d i
48 130 212 i Update online
15 58 123 27 Auto create
19 23 47 14
Setup
8 a 55 i
2 0 18 3 Export
i} a g 4
Import
0 0 2 :
0 0 1 Heights refer to wind
o 0 0 SpEEd measurement
heights. Other signals
can be taken from other
2059 3541 5771 802 heights.

Figure 41 Data frequency table

© EMD International A/S e

e windPRO 4.0 ¢ September 2023


http://www.emd.dk/
http://windpro.com

\ Meteo Object — tab by tab 36

‘\wind

12.3.3.7 Weibull

Only Enabled data not out of range or duplicated are used in the aggregated presentation described here. The
aggregated data are automatically updated if changes in the original time series data are performed.

The method for Weibull fit is energy weighted with the same method used by WAsP, as described in the
“European Wind Atlas”. The Weibull distribution can be used as input if the Meteo Object data are used for
further calculations, e.g., with the WAsP model.

W Meteorological Data (Mast) O x
Position Layers Guide Purpose | Data | Graphics Statistics Shear Report Description
; ; ; ] Heights
Name Height [m] Data type Displm. height First data Last data
[ 100.70m - Cancel
F Merge 100.7 -~ | |Mast - 0.0/m 12.1 months g 100.50m -
fd 81.00m - Apply
Input  60.80m -

f 10.00m - E
100.70m - F Merge

M 100.70m - G Synth
149.00m - H Synth

E)

<

[=]

a3

&

£

=}

e}

o

5

=

E Sector | A parameter | k parameter | frequency | Mean wind speed Add... N

E Ap p q ¥ W p Prev

o | Mean 7.511 2.3839 100.000 6.657 Remove

o

ERIET 5.683 3.0905 5.133 5.081 Mext

=1 Clear and load all

5 1-NMNE 5.748 3.1205 4.760 5.142

g | 2-EnE 6.023 2.3884 3.613 5.339 Load new

o 3E 7.593 2.6556 5.652 6.749 Update online

& |4-ESE 7.198 2.5100 5.802 6.387

ﬁ, 5-SSE 7.557 2.3967 6.943 6.690 Auto create

© 65 8.337 2.9337  11.315 7.437 Setup
7-55W 8.548 2.3984 15.726 7.578

=

' |s-wsw 8.425 29030  15.644 7.512 Export

o e-w 7.731 2.5715 6.098 6.865 Import

1]

= | 10-wWnw 7.570 1.9266 6.543 6.714 ) -

n Heights refer to wind
11-NNW 5.966 23457 12972 5.286 speed measurement

- heights. Other signals

© can be taken from other

E=} .

= heights.

m

=1

=]

&

o

& Paste

Figure 42 The Weibull fitted data.

12.3.3.8 Turbulence

Only Enabled data not out of range or duplicated are used in the aggregated presentation described here. The
aggregated data are automatically updated if changes in the original time series data are performed.

Turbulence data can be shown as mean values and as standard deviations. By copying these two tables to

Excel, any combination of mean and standard deviation can be made for turbulence evaluations (e.g.,
Characteristic values as defined in IEC 61400-1 ed.2: mean + 1 x StDev and ed. 3: mean + 1.28 x StDev).
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@ Meteorological Data (Mast) O =
Position Layers Guide Purpose|Data |Graphics Statistics Shear Report Description

5| Name Height [m] Data type Displm. height First data Last data Bengil=
] [ 100.70m - Cancel
3| |FMerge 100.7 - | |Mast - 0.0/m 12.1 months fd 100.50m -
il f 81.00m - Apply
5| Mumber of decimals for wind speed 27 fd 50.80m -
b 10.00m - E

o
% Interval start Interval end  Step : [ 100.70m - F Merge
5 0.50 40.00 1.0 Fill M 100.70m - G Synth
= [ 149.00m - H Synth
=1
g Decimals 2 . Sectors 12| | Apply to all heights Mean value
= Prev
&
S || Bin Start End Mean N NNE ENE E ESE SSE S 58
=
S | |Mean 0.11 0.12 0.12 0.12 0.12 0.09 0.07 0.10 0 ext
o |0 0.49
=
o |1 0.50 1.49
w
g2 1.50 2.49
= i3 2.50 3.49
. 4 3.50 4.49 0.12 0.11 0.14 0.14 0.14 0.11 0.12 0.11 0
4
S||o 4.50 5.49 0.12 0.12 0.12 0.13 0.1z 0.10 0.10 0.11 0
E G 5.50 6.49 0.11 0.11 0.11 0.13 0.13 0.11 0.07 0.10 0 Add ... -
E' 7 6.50 7.49 0.11 0.11 0.10 0.12 0.12 0.07 0.06 0.10 0 Remove
. 8 7.50 8.49 0.11 0.13 0.11 0.11 0.12 0.07 0.05 0.10 0 . 4 load al
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Figure 43 Turbulence data
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The Graphics tab holds advanced features for the evaluation of the measurements. Also included are features

for disabling erroneous data found by the graphic screening of the data.

On each graph there is a “Copy to Excel” button. The graph data “as seen” can be copied to clipboard, and,

from there, pasted to Excel or similar.

The Graphics tab has the following main tabs, each with different viewing options:

Time series
Weibull/table

Rose view
Turbulence

Wind speed relations
General XY graph
Profile

Only a selection of the graphs within each tab will be shown below, as the others should be self-explanatory.

Time series
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‘ Meteorological Data (Mast)
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Figure 44 The time series view

The time series view is efficient for finding erroneous data visual comparison — then simply right-click in the
graph at the start and end of erroneous data to disable that particular period. You can also add comments (right-
click) and these will be listed in a separate report. Zooming by mouse drag is possible as well.
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With the check boxes for each height and signal, viewing can be controlled.
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Figure 45 Disable by right-clicking and dragging the mouse along the time series graph.

W Advanced disable / enable / delete

20/01/2014 05:01 - 26/01/2014 23:20

Disable / enable / delete action matrix
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Furthermore, data can be highlighted with flags based on logical expressions. See section 12.6.
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Cancel

Apply
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Mext

23/01/2014 ~

Edit flags

The graphs showing the individual data points, like the “Gun shot” and XY graph, data points can be disabled
by right-click on the data point. Thereby obvious outliers can be eliminated.

Fosition Layers Guide Purpose Data | Graphics | Statistics Shear Report Description

el »

) SuOe[al paads puiyy BDUBINGINL MBIA BSOY  B(qEL/|INgIAA | SBUSS Bl

Figure 46 In scatter plots, disabling is available by right click.
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12.3.4.2 Weibull/Table
' Meteorological Data  (Mast) [m] X
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Figure 47 The Weibull/Table graph for two different heights

The measurement histogram and the relevant Weibull fit are shown here.

Note that the axis can be scaled

manually by the “Edit graph” feature, activated with the 8 button or by double-clicking on the graph. This
feature is of course available almost anywhere in windPRO.

W Editing

Please note that these graph settings are not persistent.
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Figure 48 Advanced editing of the graph setup
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Figure 49 Turbulence graphs
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In the Turbulence graphs, different options for including comparisons with the IEC Standard are available. Note
that the axes can be scaled manually by the “Edit graph” feature mentioned above.

12.3.4.4 Rose view

The Rose graphs are shown below for one height, in a monthly view

user-defined number of graphs at a time.

@ Meteorological Data (Mast)
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Figure 50 The monthly Rose graphs

12.3.4.5

Wind speed difference

42

Based on two different wind speed sensors, usually at the same height, a difference/ratio plot can be created.
This is a useful way to evaluate boom directions and influence. Data points in the graph can be binned by

direction, and flags can be defined and shown on the graph.
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‘ Meteorological Data (Mast)
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Graph options

Setup

Cancel
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Figure 51 Plot of the directional distribution of the ratios of wind speed from two same-height anemometers

12.3.4.6

General XY graph

With the General XY graph, you can plot any signal versus any other. When the cursor is placed on top of a

data point, the hint box shows the values, the date and time. This is an efficient tool to evaluate “outliers”:

Double-click on the point, and you’re taken to the relevant time in the time series.

Right-click on the point to disable its data.
Use the “Select points tools” to select and possibly disable a whole batch of outliers.

Finally, one can colour-code the data points with a third time series, thus adding a third dimension to the graph.

© EMD International A/S

e windPRO 4.0 ¢ September 2023



http://www.emd.dk/
http://windpro.com

.\windfln

:\ Meteo Object — tab by tab

@ Meteorological Data (Mast)

Position Layers Guide Purpose Data| Graphics |Statistics Shear Report Description
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Figure 52 General XY graph

12.3.4.7 Profile

@ Meteorolagical Data (Mast)

Position Layers Guide Purpose Data| Graphics | Statistics Shear Report Description
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Figure 53 The profile graph

The profile view shows the terrain together with the wind speed profile. This is an efficient tool to analyse data
and compare them to model results.
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The profile viewer illustrates how the measured wind profile looks by showing the best fits of both power law
profile and logarithmic profile. Also, a WAsP-calculated profile can be shown.

There are 3 view options:

e Aggregated (average values of concurrent data for all heights used; default)

e Runtime (record by record)

e Manual (aggregated, but manually controlled values for power and logarithmic profiles)

The “height for fixed data” will be used as input in a WAsP calculation, if the WAsP profile is chosen. (WAsP can
only calculate from one measurement height, and creates the profile shape based on a fixed profile, modified

by surface and terrain effects).

Note that only in flat terrain the power or logarithmic profiles can be extrapolated to higher levels with reasonable
accuracy. If there are flow compressions due to hills, simple power or logarithmic profile extrapolations should
NOT be trusted. A WAsP profile will be a better estimate since it will include corrections by a flow model to

account for the compression effects.
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The profile view window holds many options. To mention the more important ones:

Select heights by type — a quick way to select and show data: e.g. only the original data, so the calculated
shear values are not influenced by other “artificial” data (remember that only concurrent data are shown!); or

only wake-cleaned data, to get the free wind flow expected shear.
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Select all Deselect all

w
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& [

Diriginal data

Merged
Synthesized
Scaled
Substituted
Wake cleaned

Ok Cancel

Show MODEL profile — Here, you select the model for generating the mean wind speed profile.

w

Show MODEL profile

WAsP, simple average -

WAsP-CFD, simple average
Scaler/Calibrator, full flexible

45

The Scaler-calculated profile has the advantage of being based on the whole time series, thereby resulting in
time-dependent profiles, to be compared with the relevant measured profiles.

Include disp. height — Includes in the graph a fixed or sector-wise displacement height, the latter calculated on

the basis of tree height data to be provided by the user.

~| Include disp. height 9

Fixed m

# Calc. (mean) m
Based on forest heigl -

Copy profile data — Used for extracting the data which make up the graph. Includes information such as Meteo
Object name and displacement height.

12.3.5

There are three different tabs for statistics:

Statistics

Main statistics

Monthly means

Recovery (data availability)
Monthly Weibull parameters
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. Meteorological Data  (Mast)

Position Layers Guide Purpose Data Graphics | Statistics | Shear Report Description

‘ Weibull mean | Weibull A par | Weibull k par |

Main statistics | Monthly means Recovery Monthly weibull parameters
| Expand all | | Collapse all |

‘ ‘ Unit ‘ Count ‘ Of period ‘ Mean ‘ Std dev ‘ Min ‘ Max

> Signal : Mean wind speed, all

v Signal : Mean wind speed, enabled
100.70m - m/s 52986 100.0% 6.35 0.00 2221
100.50m - m/s 52986 100.0% 6.34 0.00 22,21
81.00m - m/s 52086 100.0% 5.95 0.00 21.29
60.80m - m/s 52986 100.0% 5.48 0.00 20.18
100.70m - F Merge m/s 52086 100.0% 6.36 0.00 2221
100.70m - G Synth m/s 52986 100.0%  6.36 0.00 22.46
149.00m - H Synth m/s 52086 100.0% 7.11 0.00 24.30

> Signal : Pressure, all

» Signal : Relative humidity, all

> Signal : Shear, all

> Signal : Temperature, all

» Signal : Turbulence intensity, all

> Signal : Turbulence intensity, enabled

» Signal : Wind direction, all
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Figure 54 First view of Main statistics.

. Meteorological Data (Mast)

Position Layers Guide Purpose Data Graphics| Statistics |Shear Report Description

Main statistics | Monthly means | Recovery Monthly weibull parameters

Data point (Enabled data)

|Mast.100.70m - -]

Signal

|Meaﬂ wind speed - |

| Mast.100.70m - Mean wind speed [m/s] | 2013 | 2014 | Mean, all data | Mean of monthly means

January 5.10 |5.10 5.10
February 8.25 8.25 8.25
March 6.45 6.45 6.45
April 577 5.77 5.77
May 6.05 6.05 6.05
June 5.25 5.25 5.25
July 5.04 5.04 5.04
August 5.89 5.89 5.89
September 9.46 5.65 6.00 7.56
October 7.70 7.70 7.70
November 6.77 6.77 6.77
December 8.09 8.09 8.09
Mean, all data 7.5 592 6£.35

Mean of months 8.00 5.94 6.49

Apply

m} x

Figure 55 Monthly means
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Monthly means can be shown signal by signal — by right-clicking, the tables can be copied to the clipboard and
easily integrated into documentation.

@ Meteorological Data (Mast) O X
Position Layers Guide Purpose Data Graphics Statistics | Shear Report Description
Main statistics Monthly means| Recovery | Monthly weibull parameters
Height: |Mast.1DD.?Dm - - | Change status of selected samples to: -
Signal(s): |Mean wind speed + Wind direction - | |Enah\ed - | | ok | Apply

All: 96.3%  Effective data period: 11.6 months  Total period: 12.1 months
Enabled *): 96.3%  Effective data period: 11.6 months  Total period: 12.1 months

*) Recovery rate of available data between first and last enabled sample.

Mast.100.70m -

09/2013
10/2013
11/2013
122013
01/2014
02/2014
03/2014
04/2014
05/2014
06/2014
07/2014
08/2014
09/2014
Al

Figure 56 Data recovery view

Data recovery can be shown height by height and for a signal alone or a combination of wind speed AND
direction. In this case, the data are considered available only if BOTH signals are available. The table shows the
percentage of available data in the first column and then the number of samples enabled per day and hour.

Color coding gives a fast overview of the availability. Green shows that no samples are missing nor disabled.
The cells in red show that all samples are missing or disabled, and yellow is in between.

The Effective data period equals the total period x recovery rate.
The results presented under “Enabled” are relative to the enabled period. In this case, if data are disabled at the
start or the end of the measurements, the recovery is calculated only between the first and last enabled data.

Change status of selected samples allows to graphically select data in the table and change their status to
enabled/disabled.
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12.3.6

| Line shear
Wind speed vs. height

Reference height [m]

T T T T T T
0 50 100 150 200 250 300

— Matrix 100.50m; 81 .00m; 60.80m;
— Wieibull 100.50m; §1.00m;

— Matri 100.50m; 81.00m; 60.80m;
— Weibull 100.50m; 1.00m;

\ Meteo Object — tab by tab 48
Shear
@ Meteorological Data (Mast) O X
Position Layers Guide Purpose Data Graphics Statistics| Shear | Report Description
Show in Shear values can be entered manually, added from weibull table, from shear -
shear graphs Name Delete  Imatrix and Profile graph. They can be used: Cancel
1) for vertical extrapolation in the meteo object (Data tab / Add synthesized
-~ Matrix 100.50m; 81.00m; 60.80m; Delete height) Apply
v Weibull 100.50m: 81.00m: Delete |2) for vertical extrapolation in energy calculations based on "measured data”
(except time varying)
3) to copy to other tools where shear values are needed Ll
Please note that vertical extrapolations can be off significantly, especially in non j
Shear by direction - radar Shear by direction - line Prev
Add shear: Log law % % 042 4
Erom matrix Sector Power law | surface & & 0] Next
exponent | roughness ’
From weibull length N & oo
P— Average 0.306 3.4290 0.36
From clipboar N 0.266  2.0039 034
Manually NINE 0.261 1.9597 03z A
ENE 0.329 4.2936 3 4
Sectors: 03 J
E 0.080 0.0004 028 1
Used in height interval
sed in height interval [m] | eoe 0.214  0.8489 025 ]
From: SSE 0.255 1.7897 024 ]
To: 100.5 |5 0.356 5.4191 0221
55w 0.373 6.1859
k-parameter correction 0.2
" WsW 0.310 3.5806 018
. er meter A8
0.0000] p W 0.298 3.1548
/| Shows all graphs Wiw 0.214  0.8497 Be
0.14
Graphs NNV 0.423 8.4776 12 ]
v| Radar shear a1 ]

Figure 57 Shear for simple METEO calculations and evaluations

In the graph above, two different shear calculation options are tested against each other.
When doing a METEO AEP calculation based on a Meteo Object, the shear tables available here can be
selected as input for the calculation.

Shear can be either entered manually or calculated on the basis of different models:

Add shear:

From matrix

From weibull

From clipboard

Manually

The most robust method is based on the shear matrix, and this also adds value analyzing the data (see
12.3.3.4.2.1).

The Shear tab can hold an unlimited number of shear calculations. The text in the yellow dialog box explains its
use.

The shear calculations based on Weibull method use the Weibull mean wind speed. Direction from only one
height is used, so the mean Weibull wind speed used is based on concurrent time records.
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12.3.7 Mesoscale terrain
This tab only appears in Meteo Objects holding EMD-WRF mesoscale data. It contains the EMD-WRF
mesoscale terrain used in the model.
@ Meteorological Data  (EMD-WRF Europe+ (ERAS)_N51.223976_E009.697571 (2) (1)) O x
Position Layers Guide Purpose Data Graphics Statistics Shear Mesores | Report Description
Info
Latitude: 51.22 Cancel
Longitude: 9.70 -
Apply
Elevation: 412.11
Terrain data
Name Filename Start time End time
~ Type : Orography
C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul } ; Prev
Oragraphy 23\Data_course_Kassel\ObjectImports\EmdEuropeErasTerrain_Y0644_X0663.meso 0101 12
v Type : Roughness Next
C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul : .
Max roughness 23\Data_course_Kassel\ObjectImports\EmdEuropeEraSTerrain_Y0644_X0663.meso 15-04 15-10
C:\Users\Maurizio\Documents\WindPRO Data\Projects\wPRO Training course Jul _ ~
I g 23\Data_course_Kassel\ObjectImports\EmdEuropeErasTerrain_Y0644_X0663.meso LAk Eas

Add as result layer Add from .mesores

Icing results

Height [m AGL] PDF Report Excel report

<No data to display>

Figure 58 Mesoscale terrain in Meteo Object

Note: there are two different roughness files - a min. (winter) and a max. (summer). The mesoscale model uses

seasonal surface roughness.

If an EMD-WRF Icing calculation has been run on our server, additional parameters such as icing intensity, ice
load, instrumental icing and meteorological icing will appear here. If at least 10 seasons are included in the
calculation, additional reports will apper. These can be accessed in the lower part of the window:

Icing results

Height [m AGL]

PDF Report Excel report
100.0 Show Show
150.0 Show Show
200.0 Show Show

CSV statistics

o

[a:]

Sav
Sav
Saw

[1:]

fi
to folder
ti

o folder

o folder

The mesoscale terrain map and icing maps can be added as a result layer by clicking “Add as result layer”.
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Min roughness

clo

. \windpnu\ Meteo Object — tab by tab

Figure 59 Mesoscale minimum roughness as a Result layer shown on map

Report

50

. Meteorological Data  (Mast trimmed)

Position Layers Guide Purpose Data Graphics Statistics Shear | Report | Description

General settings

(Profile settings in main report are taken from Graphics | Profile)

Report setup

Report name:

| | rint

Heights with data to include in main report

[] Include description from Meteo object on reports

Heights with data to include in detail
report

B 124.20m- C1

B 124.20m - MM Merge
B[~ 124.20m - MM Merge Subst
W iz0.00m- 2

W 100.00m - c3 =

80.00m - C4

60.00m - C5

] 40.00m - C6

B 124.20m - C1

B[] 124.20m - MM Merge

B ¥ 124.20m - MM Merge Subst
W 1z0.00m-C2

B 100.00m - C3

B s0.00m-c4

B 60.00m-Cs

B[] 40.00m - C6

* Chosen as fixed height in profile graph.

Detail settings

Save as default

Cancel

Period to include in report
(Main and Detail)

(@ Full period

() Last full calendar year
() Last full calendar quarter
() Last full calendar month
() Select period

From |08/06/2022
to |29/06/2023

Include
[] Monthly wind speeds

"] Mean turbulence
[ standard deviation on turbulence

[] Frequency distribution (TAB file data)

[] Mean + 1 x Stddev on turbulence (IEC ed. 2)

Mean +1.28 x Stddev on turbulence (TFC ed. 31

Number of sectors (used in all reports)

Load default

Save template

Load template

A main report with 2 pages has a fixed layout with the main results. In addition to this, the user can define which elements to include in detail report. After
pressing the <Print> button, the Main and Detail reports can be selected separately in the print setup.

~ Import filters, files and heights ¥ Calibration ¥ Configuration ¥ Data availability + Time series graphs| " Tables |+ Graphs, miscellaneous

O
=]
=

*

Apply

Frev

Figure 60 Reports from Meteo Object

The Report tab lets you create a report, where a number of optional tables and graphics can be included. A

template with a preferred setup can be saved for later use.
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12.4

Meteo analyser

The Meteo Analyser is a tool started from the Climate tab:

File Definitions Geo Data Climate

+.  Meteo analyser ""'['_LI MCP .ﬂ—'l =1

The Meteo Analyser works directly on the data from one or several Meteo Objects. It can therefore perform
operations that are not possible within the individual Meteo Objects, such as:

Graphic comparison of data from multiple Meteo Objects.

Disable/Enable concurrent data from multiple Meteo Objects.

Substitute/Fill data from one signal to another, with the option of applying scaling factors.

Cross predict to set up and perform a cross prediction based on the WAsP model from height to height, and
from mast to mast (test the accuracy of the model vertical and horizontal extrapolations). In addition, RIX
correction parameters can be found.

Time variation data files ((WTI) can be generated from one or more time series affected by gaps, by
merging/interpolating/patching. The .WT] files generated hold a complete one-year dataset with user-defined
time resolution for use in time-varying PARK calculations or for detailed loss calculations.

Scaling creates a new time series based on the Scaler, for immediate comparison with measurements (e.g.
downscale mesoscale data to a measurement mast and compare the two signals. This can then be used for

post-calibration of the initial result to get a perfect match with measurements).

RSD verification based on the IEA Wind Expert Group recommended practices.
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12.5 Meteo analyser: tab by tab

12.5.1

Data: overview and selection of data

W Weteo analyser a x
Data | Graphics Substitute Cross predict Time variation Scaling RSD verification Apply
Overview of Heights from all Meteo objects with time series data ‘
Close
Use Changed | Height Sector count | Purposes First data | Last data | Months | Displacement height | Rec rate | Distance [km] | Files up to date
~ Mast
False 100.70m - 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
~| False 100.50m - 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
~| False 81.00m - 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
~| False 60.80m - 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
False 10.00m - E 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 100.0 % 0.2 ?
~| False 100.70m - F Merge 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
False 100.70m - G Synth 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
False 149.00m - H Synth 12 For Analyser 28/09/2013 30/09/2014 12.1 0.0 96.3% 0.2 ?
~ EMD-WRF Europe+ (ERAS)_N51.223976_E009.697571 (2) (1)
False 10.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 25.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 50.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 75.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
~| False 100.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 150.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 200.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 300.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
False 2.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0% 1.4 ?
v ERAS (Gaussian Grid)_N51.288034_E009.583333 (5)
False 10.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0 % 10.6 ?
~| False 100.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0 % 10.6 ?
False 2.00m - 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0 % 10.6 ?
w Mast Kassel LT with EMD-WRF [Regression] (&)
[0 False 149.00m - Mast Kassel LT with EMD-WRF [Regression] 12 For Analyser 01/01/2001 01/01/2021 240.1 0.0 100.0 % 0.2 ?
Un-use all View setup Load files.. - ® Show table view Show time lines
Update status Advanced disable/delete Import .mesores ©[ | Use concurrent data only
Create meteo objects from online data Update Online data Update data path(s) Change sectors Export
Figure 61 Selection of data in Meteo Analyser
W Meteo analyser O X
Data | Graphics Substitute Cross predict Time variation Scaling RSD verification Apply
‘Overview of Heights from all Meteo objects with time series data
Close

Use Height
v Mast
100.70m -
~| 100.50m -
~| 81.00m -
~|  60.80m -
10.00m-E

10.00m -
25.00m -
50.00m -
75.00m -
~| 100.00m -
150.00m -
200.00m -
300.00m -
2.00m -

10.00m -
~| 100.00m -
2.00m -

Un-use all

~| 100.70m - F Merge
100.70m - G Synth
149.00m - H Synth

~ EMD-WRF Europe+ (ERAS)_N51.223976_E009.697571 (2) (1)

~ ERAS (Gaussian Grid)_N51.288034_E009.583333 (5)

~ Mast Kassel LT with EMD-WRF [Regression] (&)
149.00m - Mast Kassel LT with EMD-WRF [Regression] 12

View setup

Update status Advanced disable/delete

Create meteo objects from online data

Sector count | Time line from 01/01/2001 01:00:00 - 01/01/2021

Load files.. N

Import .mesores

Update Online data

Show table view ®

Use concurrent data only

Update data path(s)

Change sectors

Figure 62 "Show time lines" gives a nice temporal overview of selected data
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@ setp O X

View setup

(® List data with purpose "Data for meteo analyser" onhg

List all meteo data

Color setup

Color theme
EMD_DEFAULT.csd v Edit

v| Group heights by meteo object

Maximum difference in time stamps for concurrency 6/ minutes

Ok Cancel

Figure 63 The view allows to filter the visible datasets by the Purpose given in the relevant Meteo Object

12.5.2 Graphics: Compare time series

. Meteo analyser

Data | Graphics | Substitute Cross predict Time variation Scaling RSD verification

Mean wind speed [mfs](UTC-*m :00) Amsterdam, Berlin, Bern, Rome, Stockholm, Vienna

os@,@

1y ny I'I‘I

104 |\ il N Ll \ J l I‘ ﬁ l‘ j 1 l‘* '
TR ATRE TR R ‘111 ‘\ \h.M A !.1.“' Jﬂ
i 1 } ¥ :1 ‘. hl |I Y | | !
i K&Il‘ t

04/01/2014 11012014 18/01/2014 25/01/2014 01/02/2014 08/02/2014

‘Wind direction [Degress]

&0

HdEJE AX |RJRURD suone|ad paads PuIRy 20UBINGINL MBIA 350  2|qRL/|INgIaf | SBUSS Bl

04/01/2014 111012014 1810112014 25i01/2014 01/02/2014 08/02/2014

® Time series
Gun shot
Monthly
Diurnal
Radar
Heights
v |®| Mast
100.70m - F
v
u Merge
Il 100.50m -
M 51.00m -

M 650.80m -

Signals

| Mean wind speed

| Wind direction
Turbulence intensity
Temperature

Averaging None

Days in window 42.2  ~

Center 22/01/2014 ~

Show: User
~| Show flags Edit flags
Show comments
Graph options
Setup Scaling

Apply

Close

Figure 64 Graphic comparison of more Meteo Object data.

53

In the Graphics tab you will see the same graphs as in a Meteo Object, but coming from multiple Meteo Objects.
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12.5.3 Substitute: Perform data substitutions

We never overwrite the original data. Thus, first of all, a new data series will be created — or selected, if one or
more substituted series have been created. The name of this new dataset will get the extension “Subst.” as the
last part of the name.

W Meteo analyser O 4

Cross predict Time variation Scaling RSD verification Apply

Substitutes wrong data and/ or fill missing data periods into a new "substitution data series" |
Close

® Create a new substitution data series
Use a previously created

Base new substitution data series ON:

Mast.100.50m - - Create

Start substitution:

Manual Will switch to tab "Graphics" - right click to insert START-END
intervals, then decide source and scaling. Substitute mode is
cancelled when the "Graphics" tab is left.

Auto Will open dialogue for definition of source and detailed settings for
substitution of a full time series.

Figure 65 Substitution of data

Then, choose the time series that needs substitutions/repair in the field Base new substitution data series on.
Then click Create.

Now, there are two ways to perform the substitution:
e Manual: based on a time series graphic view, where intervals for substitution are marked manually:
select "start" and "end" of interval by right clicking.

e Auto: where the entire time series is checked for gaps to be filled.

In both cases, the final window you’ll get is the following. Here, you can decide which signal(s) are to be
substituted and the source and transfer function (scale and offset).

Typically, only disabled and missing data records will be substituted (while disabling of “bad data” is performed
first), and only enabled data are used for the substitution.
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W substitute O *
Target

Description | Data point All | Wind direction | Mean wind speed | Turbulence intensity
Mast 100.70m - Subst hd
Source

Description | Data point All | Wind direction | Mean wind speed | Turbulence intensity
Mast 100.70m -

Mast 100.50m - o L

Transfer function (Target = Source * Factor + Offset)

Description Wind direction | Mean wind speed | Turbulence intensity
Factor 1
Offset 0

Operate only on data in target that : Substitute from Source:

+| Disabled/out of range ® Enabled data only

+| Missing data Both enabled and disabled
Enabled

Substitute Cancel

55

Figure 66 After choosing between Manual and Auto, this screen will let you decide what data from the Source
instruments should be used to patch missing or disabled data in the Target.

12.5.4

Cross predict: WAsP vertical and horizontal extrapolation

Cross prediction from one mast or height to another by a model based on concurrent data is the best way to find
how well the model performs on a site. The model’s ability to horizontally and vertically extrapolate is tested in
one process on concurrent data.

Four different models can be currently tested. The selection is done by choosing in the field Use the type of link
between windPRO and WASP:

a Site Data Object, for a WASsP calculation
a WAsP-CFD result file

the Scaler, to run the calculation in the time domain (again, choose with WAsP or WAsP-CFD)

Next, choose the link itself in the sixth column of the table, which will change name according to your choice
above. For example, in the case of a classic WAsP-based calculation, we select the Site Data Object used for

STATGEN:
‘ Meteo analyser
Data Graphics Substitute | Cross predict | Time variation Scaling RSD verification
Setup & main results | Profile Rix correctionfevaluation
Use: |Site data object -
: . Displaceme
::edlcted Description | Height ID H[E;E?t nt height | Site data object used by Predictor
[m]
A West mast 80.00m - 80.0 0.0 Site data: STATGEN (328)
B West mast 100.00m - 100.0 0.0 Site data: STATGEN (328)
C East mast 100.00m - 100.0 0.0 Site data: STATGEN (328)
D East mast 80.00m - 80.0 0.0 Site data: STATGEN (328)

b B B =1
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Then, select between which signals/heights the calculation should be done. Typically, between different heights
at one mast, and between same heights at different masts.

Finally, click Calculate.

The results will be shown by default as the relative error made by the model, but you can switch to the absolute
error, or simply the calculated wind speed, which can be compared with the measurements, already shown:

W Meteo analyser

v| Use obstacles

Setup & main results | Profile Rix correction/evaluation

Data Graphics Substitute | Cross predict | Time variation Scaling RSD verification

Use: |Site data object - Pre
Displaceme Measured
gtrEd'CtEd Description | Height ID H[ellﬁ]ht nt height | Site data object used by Predictor spleldd A BB clc D|D
[m] |
[m/s]

A West mast 80.00m - 80.0 2.8 Site data: STATGEN (328) - 6.81 v -1.1 v -8.6
B West mast 100.00m - 100.0 2.8 Site data: STATGEN (328) - 7.14 L -0.3 v -9.5
C East mast 100.00m - 100.0 0.0 Site data: STATGEN (328) ~ 7.59 i 7.3 o 0.0
o} East mast 80.00m - 80.0 0.0 Site data: STATGEN (328) - 7.37 il 5.7 ol -2.3

First record Last record Record interval Number of concurrent records  Mumber of months with data

19/11/2011 12:00:00 19/11/2012 11:50:00 10 min 48352 11.0

Sectors (12 Edit WASP parameters Select all

Current WAsP

Show

Calculate profiles for graphics display version: WAsP 11

All wind speeds are Weibull mean wind speeds.
® Overprediction percent

. _ Mote: The more predictions checked, the longer calculation tir
Overprediction windspeed

Predicted wind speed Calculate

Figure 67 Results of cross predictions

If cross predictions are poor, there can be several reasons:

1.
2.
3.
4
5.

For the

Measurement equipment is poorly calibrated

Masts are wrongly positioned in the terrain

Terrain is not described well enough (roughness, height contours, summit detail, local obstacles)

The wind climate is not the same at the different masts (and thereby the model is not able to cross-
predict accurately)

The steepness in the terrain is high and a well-know modelling problem, related to flow separation,
results in poor model handling of the wind flow transformation.

last one a “fix” is available: the RIX correction. If steepness seems to be the problem, the tab RIX

correction/evaluation can be used to find the best RIX correction parameters (and to evaluate if the RIX method
seems to fix the cross prediction issue). It can only be used if at least two masts are available on site!

The RIX correction/evaluation tool shows the logarithmic wind speed deviation versus the Delta RIX. From the
site-specific trend line obtained from the cross prediction errors, the slope (Alfa) is extracted, and can then be
used in the RIX correction, either in PARK or in LOSS & UNCERTAINTY. In the figure below, the value for Alpha
of 0.5 would be the choice in the RIX correction tool.
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Result: Alfa = 0.50

When a "best fit” is obtained for a site, the calculation
parameters should be used in PARK-Rix and the Alfa
value in Loss&Uncertainty module when calculating
Rix-Bias for the wind farm.

Predicted - ) i Displacement i
at Description | Height Height height Rix
A West mast 80.00m - 80.0 2.8 0.02
B West mast 100.00m - 100.0 2.8 0.02
C East mast 100.00m - 100.0 0.0 0.18
D East mast 80.00m - 80.0 0.0 0.18
RIX calculation parameters @
Based on radius 3500/ |m 0.07
'r-S} 0.08
Directional step 5| | degrees 0.0
. 0.04
Based on terrain slope 16.7|, | degrees 0.03
* | og 0.02
30.0[ . | % 001
Directional weight controlled by = 0
. 2 oo
& Equally distributed Frequen g
qually quency 2 00
- -0.03
Set all to default 0,04
-0.05
Elevation data is taken from line object set for TIN -0.08
calculation -0.07
-0.08

Predictor
Delfa | b | peita Rix | € | Delta Rix | D | Delta Rix
RIX
0.00 ~ 0.00 -0.16 +~ -0.16
~f 0.00 0.00 v -0.16 -0.16
0.16 0.16 0.00 0.00
-f 0.16 0.16 0.00 0.00
3,500 m; 5deg; 30.0deqg; Equally distributed
-
L]
@
L
-0.15 -0.1 -0.08 0 0.05 0.1 015
Delta RIX

| == Trendline: ¥ = 0.50X, R*2 = 0.9279
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@ Meteo analyser X
Data Graphics Substitute | Cross predict | Time variation Scaling RSD verification Apply
Setup & main results Profile | Rix correction/evaluation
Close

Figure 68 The RIX correction/evaluation tool

Only the cross predictions calculated on the previous tab can be used in the Rix evaluation. See further
documentation on RIX calculation in 3.4.11 RIX calculation or in the PARK or LOSS & UNCERTAINTY manual
sections.

In complex terrain, however, the real solution is to abandon a linear model such as WAsP, and upgrade to a
CFD calculation!

Finally, the prediction versus measurement can be inspected with the Profile viewer. But note that only one
measurement point is shown - the one from the selection “Predicted at”. However, more profiles can be shown
based on the different predictors (if more exist). For analyses of how well the vertical profile is predicted, use
the Meteo Object.
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Setup & main results | Profile | Rix correction/evaluation

Figure 69 Prediction versus measurement inspected in the Profile viewer

NOTE: The profiles are ONLY shown if you have checked the “Calculate profiles for graphic display” BEFORE

running the cross prediction calculation:

First record Last record Record interval Number of concurrent records ~ Mumber of months with data
[19/11/2011 12:00:00 | [19/11/2012 11:50:00 | min  |48352

Sectors |12 Edit WASP parameters | Select all

[] Use obstacles

Current WASP Show
version: WAsP 11

| [v| Calculate profiles for graphics display |

Overprediction percent

5
Prafile setup From m agl Overprediction windspeed
To 200 m agl Predicted wind d
s ’5—| " Calculate

All wind speeds are Weibull mean wind speeds.

Mote: The more predictions checked, the longer calculation time.

Figure 70 Check for profile calculation

1255 Time variation: complete 1 year of data

WTI (WindTImevariation) is the extension given to the file generated with this tool. Therefore, the tool is simply

named the WTI Generator.

The basic idea is that, for some purposes like calculation of the expected AEP variation in time (as, for example,
12-24 tables for PPA negotiation), often some data are missing, e.g. 15 days. Therefore, no production will be
calculated for that half month. Leaving out half a month is, of course, not realistic, but it might not need to be a
very accurate calculation for that half month. In this case, the WTI generator is convenient since it can fill in the
gaps in reasonably smart ways and make sure that every 10’ or 1 h record has a reasonable value for wind

speed and direction (and other parameters like temperature, if selected).
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W Meteo analyser O *
Data Graphics Substitute Cross predict | Time variation | Scaling RSD verification Apply
Select meteo object data serie(s) to generate from: @ The purpose of the WTI file generation is to construct a complete time Close

East mast.100.00m - ¥ Add series with no gaps. It can be used from PARK to distribute an AEP

West mast, incomplete.100.00m - calculation in time (but it does NOT change the calculated AEP), for e.g.
creation of 24-12 AEP tables. And it can be used in Loss & Uncertainty
module to distribute AEP in time so e.g. time depending losses, like e.g.
Bat curtailment, can be calculated. For these purposes, the accuracy of
the data is less critical than for AEP calculations, but it is important to
have complete data. More precise time varying calculations are
available in windPRO by use of Scaler.

Selected data series: (First in list has highest priority)

Description First data Last data Maonths Time step (m)
West mast, incomplete 100.00m - 19/11/2011 19/10/2012 11 10
East mast 100.00m - 19/11/2011 19/11/2012 12 10
Signals to include: Date/Time setup: Evaluation tools:
® One year period Show data availability
Wind direction

| ) )
Turbulence intensity User defined period

Start date: |19/11/2011 -

End date:
Time step: 10| min
Maximum difference in time stamps for concurrency: 50 %
Data manipulation setup: Result:
v| Autogenerate file name
Offset direction by adding: 7| Degrees g
wurse Jun 23\Aparados da Serra\West mast, incomplete_0.wti Browse
Increase of time resolution and filling of gaps
by linear interpolation for gaps < 2 hours File name setup
Larger gaps will be filled by patching (copying nearest period) Show 24-172 statistic

Figure 71 Generation of complete time series with no gaps. The setup for generation of a complete wind data
series. It can then be used for calculating a “complete” time varying AEP and/or detailed loss calculation.

Another use is in loss calculation. If, for example, the loss due to shut down below -20 °C shall be calculated, a
time series with both wind and temperature can be used, where the loss module finds how much energy is
calculated to be produced in the time steps where temperature is below 20 °C. If the temperature sensor was
not working all the time (1 year), or simply not present, data can be substituted from a nearby met station or
mesoscale data into the basic measurement so that all relevant variables are available after the processing by
the WTI generator.

Basically, three methods are available for filling gaps:

o Take from other measurement (other height, other mast or a dataset like NCAR)
¢ Fill the gap by linear interpolation (if the gap is smaller than X hours)
¢ Fill by patching (copying nearest period of same length into the gap)

The three methods can be used in combination. Data will be “resampled” to any user-defined time resolution,
but, typically, a 10’ or 60’ resolution should be used. NOTE: taking data from another mast does not include any
scaling options! Eventually, scaling is needed to bring the two masts to the same level. This must be done
upfront with the Substitute function in the Meteo Analyser.

The .WTI file is, by default, saved in the project folder and can be selected from PARK Time Varying calculation
or from the LOSS & UNCERTAINTY module. The wind speed data is automatically scaled to the calculated
mean wind speed for the actual site in order to have as correct of a distribution of the calculated AEP on time
stamps as possible, even though the data might not be from the hub height or maybe not even from the site.
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12.5.6 Scaling — create a new scaled time series using the Scaler

The scaling can be used on measurements as well as model data. The most obvious use is to scale mesoscale
data to a mast position for comparison. This approach is described here.

The procedure is to compare mesoscale data downscaled to a measurement station (cleaned using mesoscale
terrain and applied with local microscale terrain) to the actual measurements. If the match is not perfect, the
downscaled data can then be forced to match an iterative procedure using scaling factors on directional, diurnal
and monthly wind speeds. The following is a demonstration of the procedure.

‘ Meteo analyser

Data | Graphics Substitute Cross predict Time variation Scaling RSD verification

Overview of Heights from all Meteo objects with time series data

Use Changed | Height Sector count | Purposes First data | Last data | Months | Displacement height | Rec rate | Distar
> West mast

> Emdwirf_S28.779_W050.003

~ East mast
False 100.00m - 12 For Analyser 19/11/2011 19/11/2012 12.0 0.0 946 % 1.0
False 80.00m - 12 For Analyser 19/11/2011 19/11/2012 12.0 0.0 943 % 1.0
False 60.00m - 12 For Analyser 19/11/2011 19/11/2012 12.0 0.0 93.4% 1.0
False 90.00m - D 12 For Analyser 19/11/2011 12/11/2012 11.8 0.0 85.5% 1.0

> MERRAZ2_S29.000_W050.000 (362)
> West mast, incomplete
» MCP patching West Mast [Regression] (376)
> Sample mast
> West Mast LT (Local Scaling) (390)
v Default Meteo data description (400)
False 100.00m - 12 For Analyser 19/11/2011 18/11/2012 12.0 0.0 100.0 % 0.3

Figure 72 List of data sets (Meteo Objects) in Meteo Analyser

The Meteo Obijects in the project are shown above. You only need to check the datasets used for the operation
— the Meteo Object representing the measuring station where the mesoscale data shall be “scaled to” - in this
case, the East Mast. Then proceed to the Scaling tab:

W Meteo analyser

Data Graphics Substitute Cross predict Time variation Scaling | RSD verification

Creates new data series in "Scale to” Meteo object, using data in "Scale from" Meteo Objects with the selected Scaler
Scale to
Meteo object: |East mast ~ | Heights: 100.00m -

Create scaled data series
Scale from
Scaler: |EMD Default Meso Scaler - Setup

Select meteo objects to scale from.

Name Data type Use in Shear | Sample rate Duration Recovery First Last
scaling | heights [min] (enabled) [years] | {enabled) [%]

> ‘West mast Other/unknown

~ || Emdwirf_S28.779_\W050.003 Meso
> 10.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 25.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 50.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 75.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 100.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 150.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014
> 200.00m - v v 60.0 10.0 100.0 31/12/2004 30/12/2014

> East mast Other/unknown

> MERRA2_S29.000_W050.000 (362)

> ‘West mast, incomplete Other/unknown

Figure 73 Scaling setup in meteo analyser
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The only Meteo Object that appears in the “Scale to Meteo Object” field is indeed the one selected above.

“Scale from” is where the Scaler is chosen and set up, and the source Meteo Object(s) is selected. In this
scenario, the EMD Default Meso Scaler is chosen, together with the EMD-WRF mesoscale data near the mast.

Click Create scaled data series and the transfer function created by the Scaler generates a time series based
on the mesoscale data, at the mast position.

Now, let’'s Switch to the Graphics tab to start the comparisons:

W@ Meteo analyser O X
Data | Graphics | Substitute Cross predict Time variation Scaling RSD verification -
o
El Meanwind speed [m/s] cl
o & 45 (UTC-03:00) Erasilia % Time series ose
[} % Gun shot (Concurrent)
] 40 Monthly (Concurrent)
= & Diurnal (Concurrent)
g 35 Radar (Concurrent)
= Heights
“5 30 ~ |v| East mast
&
5 25 | [l 100.00m -
-3 100.00m - Scaled
& 20 | [l EMD Default Meso
H Scaler
H 15 £
= .
g L\,\\\)‘\ A NN
% \\ e “UJGDP v,\rf Signals
§ ol ~ "M gy ~| Mean wind speed 4
= ~| Wind direction
El 0110902012 D2/0912012 D2/0912012 03082012 03082012 0410872012 041092012 Turbulence intensity
m o Temperature
o ‘Wind direction [Degrees] v
E 380 .
\
i @ 340 \ M,
& i?,} 320 L I i .
g 300 \ S h
~
@ 280 /]‘T—\ \o L I‘
R N N
3 240 \/“n]\ ./tﬁ‘, | |
a 220 v WA | Averaging Hone -
§ 200 | D in window (3.7 * 2o
& 180 | \n ays in window |3. .
2 180 \ | Center 03/08/2012 -
E 140 \ ‘ \ N ;
120 { \ N - Show: User -
\ 7 ~—
100 | f'l L L
80 | w ﬁ v| Show flags Edit flags
60 5 I
J A \‘ﬁﬁl \ nl Show comments
40 \ I \
20 I'L
0 Graph options
01/08/2012 02/09/20712 02/09/20712 03/08/2012 03/08/2012 04/08/2012 04/09/2012 -
. ; Setup Scaling

Figure 74 Compare scaled to measured time series (10’ vs 1h values, of course!)

If the match looks reasonable at a time series level, the real evaluation will be on the aggregated presentations
of concurrent data.

Mean wind speed [m/s]
9 //_'__-.__:_—hmxﬁ“‘m
8 / e m___,_m:__
7 ——— Bi—— = AN -
6 —  — “__d___f—::;_ff c\“__
5
4
3
2
1
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
| 100.00m - West mast 100.00m - Scaled Downscaling WRF West mast

Figure 75 Monthly comparison scaled and measured
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Looking at the monthly wind speeds, it is seen the monthly variations match reasonably well, although there is
clearly a seasonal bias (overestimation in winter months and viceversa in summer — the site is in the Southern

emispherel).

Another interesting comparison is by direction:

Mean wind speed [mis]
=

N _ _ B

i /, S d:. ~-:IL___+G_ ______ i I\_.»"”\ y o

! ij f_"'-\ll[;\____ﬂ_ ______ '_‘ﬁl i
! [ [

(%]

Figure 76 Directional comparison, scaled (green) and measured (red)

If we want a perfect match, the post-calibration can be used. The number of sectors can be increased for a more
detailed work.

Click the Excel button on the graph, and copy the data that constitute it.
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L J

Data | Graphics | Substitute Cross predict Time variation Scaling RSD verification

Maan wind speed [mis]
& \ bRy
& Export data u] X “t ‘ ' -i-'{'“wk

Hint: Recommended way to get data to Excel: Use the text format, choose copy and then
"paste” in Excel.

f":

[y

Warning for polar graphs:

Please note that the angle-values are mirrored, i.e. in order to get the actual values you

Picture MNative Data

Series: Include  QOptions  Format
fall) -

[ Point Index

Point Labels

[¥] Header

[IPoint Colors

ydesb Ax |eiausg suonejal paads pUIA BJUBNGIN] MAIA 3S0Y  3|qRL/|INGIBA | S3143S BWIL

Risyiew

Angle 100.00m - West mast Angle 100.00m - Scaled Downscaling WRF West ma
360 7.30980201679086 360 7.57036695165013

330 5.2353846060924 330 4.61996968483686

300 5.03165792455703 300 4.67060189648391

270 5.00260051171635 270 5.13799795916867

240 5.96771145406054 240 5.6586212812037

210 4.34198108205716 210 4.46333603103146

180 4.47692306287639 180 3.64525933730988

150 4.98422024732502 150 3.36828379713151

120 6.52789143530461 120 4.83374489834759

%0 8.13608186928152 90 9.13926391250947

60 9.46584991693066 GO 11.6339179750418

30 9.57212318985102 30 12.1863913550189

1 »

| Copy | Save.. Preview... Close

kS et . o

Figure 77 Extracting data from the graph

F2 - F =+C2/E2
A B C D E F
REAL 100.00m - 100.00m - Scaled DownscalingWRF Measured/
1 |Direction Angle West mast Angle West mast Scaled
2 0 360 7.31 360 ?.5?' D.S?.I
3 30 330 5.24 330 4.62 1.13
4 60 300 5.03 300 4.67 1.08
5 90 270 5.90 270 5.14 1.15
& 120 240 5.99 240 5.66 1.06
I 150 210 4.34 210 4.46 0.97
8 130 130 4.48 180 3.65 1.23
2 210 150 4.98 150 3.37 1.48
10 240 120 6.53 120 4.83 1.35
11 270 90 8.14 30 9.14 0.83
12 300 60 9.47 60 11.64 0.81
13 330 30 9.57 30 12.19 0.79

Figure 78 Calculating the ratios in Excel. Note that the angle shown is mirrored. This is just how the graphic tool
works. The order of the sectors is always N — E — S — W. Also note the huge correction required in Sectors 8
and 9.

The data are copied to Excel, and the ratio measured/scaled (sic!) is calculated.

Now, return to the Scaler tab and open its Setup. Here, the ratios are inserted by pasting them in the Post
calibration tab, sector-wise approach.
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Scaler setup

Name: |Downscaling WRF | Terrain scaling v| Post calibration

Terrain Rix setup Displacement height Turbulence | Post calibration

Wind direction offset added to scaled wind direction
Offset: 0.0000

Wind speed correction factors multiplied (offset added) on terrain i
Main scale: 1.0000 Main offset: 0.0000 Insert from clipboard -
Include: Maonth Diurnal By speed

Setup

Setup

Sector Select araph tvoe: |Sector -

Intervals: 12 -~
Limits (%) max dev. from 1:  25.00 @
0.9700 i
1.1300
1.0800
1.1500
1.0600
0.9700
1.2300
1.2500
1.2500
0.8900
0.8100
0.7900

[r=- I Y T N VR

[
S R = ]

— Correction factors: Sector

64

Figure 79 Enter the post calibration factors in the Scaler. Note how the very large corrections required in Sectors
8 and 9 have been trimmed by windPRO to the default limit of £25%, a value that can be changed above, if

really needed.

Click Ok to return to the main window, where you re-run the model; and the result is:
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IMean wind speed [m/s]

Loy
Jaf’ fr

P bt

|7 100.00m - West mast — 100.00m - Scaled Downscaling WRF YWest rﬂaSt|

Figure 80 Compare calibrated scaled data to measured. The two sectors where the calibration was not sufficient
are the only ones not perfectly matching the measurements.

Now, other aggregated results can be evaluated, and further corrected with the same procedure.

Iean wind speed [m/s]

1 2 3 4 5 G 7 8 g 10 11 12

Marth

— 100.00m - Westmast — 100.00m - Scaled Downscaling WRF West mast

Iean wind speed [mfs] (UITC-03:00) Brasilia

Hour

|— 100.00m - West mast — 100.00m - Scaled Downscaling WRF West mast

Figure 81 Monthly and diurnal comparison of measured and scaled data
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What is important to notice is that the scaling can sometimes be a compensation for how well the calculation
model handles the terrain. If the hill speed-up is over/under estimated, this can be compensated with the scaling.
This compensation would not then work for all the site, only at the parts of the site that have similar speed-up
errors. Therefore, the scaling must be handled very carefully, especially in complex terrain. Having more masts
to test the Scaler settings will, of course, be the best method since it gives a more detailed feedback.

When the Meteo Analyser session is finalized, the Apply button writes the modifications to the Meteo Objects.
For example, the series to the mast Object will be written there, and the data can be used in calculations as a
long-term (!) virtual mast.

12.5.6.1 Structured establishment of main scale and offset

One of the wishes when post calibrating Meso data to match local measurements is to have a similar Weibull
distribution. This can be established by following procedure in MCP module:

' MCP Session: Copy of Copy of MCP session (1)

Session Setup | Measure | Filter | Madel Input Data | Concept Choicel Model LT |

Data |Meteo object and height
1: Local measurements (site data) Mew site mast (heights uncertain-DIR subst).40,00m -
EmdConwax_N55.070_W008.230 (21).50,00m -

Use scaler for reference: [SEDNVEGET]SNEERG TS - o Edit scaler...

Figure 82 Downscaling in MCP module

Use a default MESO scaler (no post calibration). The MESO data will then be downscaled.

Model Input Data | Concept Choice| Model LT|

training the models. That is, concurrent filtered data.

|Meteo object and height |First date |Last date Time step [min]
) News site mast (heights uncertain-DIR subst)|26-09-1999 03-06-2000
EmdConwx_N55.070_W008.230 (21).50,00r|01-01-1994 30-06-2017

(% Frequency (2 Speed ( Energy N

I ,’_’ () All data (=) Concurre
' Sector Wise Data
- - ‘\\\
,/"/ Average is of all data, and ratio is of filtered data.
o \\ Correlation is sample vs sample.
= \\ min 4,0/ mfs max 90,0/ deg
A - _— HIKH Measured wind speed Reference wind speed
\\\_,/"/ Sector |Count Mean [m/s] |Std. Dev. [m/:| Mean [m/s] |Std. Dev. [mf |1
All 5.250 10,53 5,6 9,55 4,8
N 271 6,80 3,4 5,85 2,0
HNE 429 9,61 4,4 7.72 4,2
ENE 221 6,02 2,8 5,21 2,1
E 199 741 4.3 6.44 31

Figure 83 Statistical output from MCP

On the Model Input data page, under “Data statistics”, find the Mean and st.dev for the measurements and the
downscaled reference.

Now use the formulas from next figure.
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Based on the assumption that the cumulative
distributions of the modelled data shall be the
same as the measured, this equation is used:

Umodel—-Umean,model
StDev,model

_ Umeas—Umean,meas
StDev,meas

From this following formulas for needed Post calibration can be derived:

Scale = Stdev.Measured/Stdev.Modeled
Offset = Mean.measured - ((Stdev.Measured/Stdev.Modeled) x Mean.Modeled)

Meas Model
Mean 6,23 7,72 Scale Offset
St.dev 2,86 3,48 | o082 -011

Figure 84 Establish calculation in Excel or similar tool.

And calculate the Scale and offset.
Meas Model
10,53 9,55
56 4,8 |

Offset
-0,61

Scale
1,17 |

Mean
St.dev

Results from shown example.

Based on the MCP2005:
Create a scaled series in Meteo analyser based on “Default meso scaling” (no Post calibration)

Read the measured and scaled series in MCP module, load data, go to “correlate” and load concurrent data:

On the “correlate” tab you find the very useful

information: For enabled data  Wind (site) /i (1)

Mean {6,23 m/s ‘ [7,72 m/s ‘
_, Standard deviation ‘2,86 m/s ] 13,48 m/s ‘
e
Local measurements (site data) |WT_1-10_rot.140,0m - i
= r On this tab sheet the concurrent
WT_1-10_rot.140,0m - Scaled measurement points from the two
time series are extracted. Here you
First observation 01-11-2013 00:00 um difference in time stamps allowed mainly inspect data and disable the
. — = 100 raintas data where there are obvious errors,
Laet obacovation PL:AZ7013 04.00 i like a frozen wind vane or similar.
For enabled data wind (site) WS ratio ind Veer  Minimum wind speed and maximum wind veer You can also find out that there are
for example disagreements in time
Mean 6.23m/s | (7.72m/s | [0,838_-5,8 [deg]| used for mean and stondard deviation of WS 1 O o
= ratio and Wind veer
Standard deviation 2,86 m/s | 3,48 m/s 70,184 22,4 [deg) direction calibration sensor and go
. e win| 4,0lmvs max| 99 back to MEASURE tab to set up
Weighted mean of sector wise correlations 10,8519 oed filters. These 4
values tell
Wind A
| arme | 00 | ot | 97 | i | i | v e exact how
# | Disabled |Date(ref) [MC (ste-ref Fed | ratio f diectiin | Fyeey
€0 | Ymin | (SR | (80 [(gherrer] () | (re) |(steren) otk to post
| tmys] | (s |5 [deg] | [deg) | [deg]
0 [u] 01-11-201 00:00:00 | 0,0/ 84/ 114 07 2096 2221 -12; sca Ie t he
1 O o1-11-201/01:00:00 | 0,0 79| 108 07 2160 2265 -105 "k”ms e St
2 O [01-11-201/02:00:00 0,0 81 103 o8] 258 2305 -147 - s
3 o 01-11-201 03:00:00 0,0 8,7 10,0 09 221,5 235,0 -13,5 Seact 7 downscaled
T Al
4 =] 01-11-201 04:00:00 0,0 7,5 9,5 08 228,7 234,5 -5,8
5 o 701-11-201705:00:00 | D'D, 7,1‘ 9,9 0,7v 233,17 231,7V !,4 | M ESO data
6 a 01-11-201»06:00:00 | 0,0 6,6 9,8 0.7» 2404 234,5 59
7 ] 01-11-201 07:00:00 | 0,0‘ 7,0, 9,7‘ 0,7 238,6. 236,2‘ 24
8 a 01-11-201 08:00:00 | 0,0‘ 69 9,0 08 2354 2340 14
9 a 01-11-201 09:00:00 | 0,0, 7,8_ 7.8 1,0_ 220,5 229,9 94|
10 a 01-11-201 10:00:00 | 0,0‘ 5,5‘ 7,8 0,8 216,2. 228,6 -124
1 | a 01-11-201 11:00:00 | 0,0 6,7, 7.9 0,0» 2178 228,3 -10,5
12| 0O 101-11-201/12:00:00 0,0 57|83 07 2178 2272  -94
Ok Cancel

Figure 85 The correlation tab in MCP2005 gives mean and st.dev for both series
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Note also the wind Veer. If this is high (here only based on wind speeds > 4 m/s), it is most likely that the
measurement mast has a direction sensor calibration problem. This should be fixed by recalibration before later

directional calibration.

The formulas given in figure “Establish calculation in Excel or similar tool.” tells how Scale and Offset are
calculated to give the best possible Weibull fit between measured and scaled. This is a very good “basis
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calibration” to start with. Afterwards more refined Post calibrations can be performed as described in previous

paragraph.

12.5.7 RSD verification

Remote Sensing Devices (RSD) will often be installed next to a traditional measurement mast to evaluate the
quality of the device. An expert group has established recommendations:

iea wind

EXPERT GROUP STUDY ON
RECOMMENDED PRACTICES

15. GROUND-BASED VERTICALLY-
PROFILING REMOTE SENSING FOR
WIND RESOURCE ASSESSMENT

FIRST EDITION, JANUARY 2013

Submitted to the Executive Committee
of the International Encrgy Agency Implementing Agreement
for
Co-operation in the Research, Development, and Deployment of
Wind Encrgy Systems

January 2013

These recommendations have been transferred onto the RSD Verification tool in windPRO, which will reproduce
exactly the same tables and graphs required in the IEA text. A link to the document is available in windPRO:

please refer to it for knowledge.

© EMD International A/S e e windPRO 4.0 ¢ September 2023


http://www.emd.dk/
http://windpro.com

\ Flagging and data screening 69
[ JUES R B B o - - o o m] X
;Data Graphics Substitute Cross predict Time variation Scaling | RSD verification -

| Remote Sensing Device verification

| RSD height: |LIDAR.100.00m - Mast ref. height: |West mast.100.00m - = | | Calculate graphs o
Draw scatter on bins (slow)
Document data | WS Scatter WS Uncertainty TI Scatter TIUncertainty WD Scatter WD Uncertainty WS diff. by WS WS diff. by WD TIdiff. by TI TIdiff. by WS TI diff. by WD
@ Frequency offiltered RSD data @ Cumulative distribution
550 100
s‘a} 500 s,ej a0
.\ 450 .\ 80
400 0
. 350 .
7 —
S w £
= 50
3 = 8
40
200
180 0
100 20
50 10
]
4 5 6 7 8 9 10111213 14 15 16 17 16 19 20 21 22 23 24 25 26 27 28 4 8 8 10 12 14 18 18 20 22 24 26
Ursd [mis] Ursd [m/s]
@ ‘Wind speed data counts @ Diurnal cycle
= 1,800 = 2% L s H
& i 24 4 . *3 '
.
1,800 22 ! * ; ¢ &3
1,400 ] '
18
1,200
_ = 18
= 1000 = 14
: P
3 800 £ 12
10
600 s
400 & I
4
200 2
] ]
012 3 4 5 86 7 8 9 10111213 14 156 16 17 18 19 20 21 22 23 01 2 3 4 5 & 7 8 9 101112131415 18 17 18 19 20 21 22 23
Time of day [hour] Time of day [hour]

Figure 86 Example graph from RSD verification tool

12.6

Flagging and data screening

windPRO lets you visually highlight data which meet a set of logical expressions, with the purpose to assist in
screening and cleaning data without having to scroll through multiple signals simultaneously to spot problematic
data.

For information about how to use flags, see: Quick guide — Cleaning Data with flagging in meteo. The following
section goes into details about the flagging system.

12.6.1 What is a flag?

A flag is a set of logical expressions which can be used to define certain phenomena such as icing, spiking and
faulty sensors (or any other trigger). A simple example could be the one below:

If (“Wind speed” is less than 0.2 m/s AND “Temperature” is less than 0°)
OR (“Wind direction” changes less than 2° AND “Temperature” is less than 0°)
THEN Show a blue flag at the time where the above conditions are met.

Such a set a of conditions will result in a flag being displayed in the background of the time series graph, XY
graph or wind speed relations graph:
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Mean wind speed [mis]

70

(UTC+01:00) Amsterdam, Berlin, Bern, Rome, Stockholm, Vienna

27/11/2013 06:00 271112013 12:00 2741112013 18:00

261112013 00:00
Temperature [Deg C]

26/11/2013 06:00

28/11/2013 12:00 261112013 18:00 28/11/2013 00:00

27/11/2013 00:00

27/11/2013 06:00 271172013 12:00 27/11/2013 18:00

26/11/2013 00:00

26/11/2013 06:00

28/11/2013 12:00 26/11/2013 18:00 28/11/2013 00:00

Flags do not directly influence or change the data in any way but are stored as metadata. Flagging can however

be used to disable some or all the highlighted data. Any changes to the original data only occur when you actively
decide to disable data.

A flag consists of a name and color. A flag can contain multiple cases, which group conditions together. The
properties of a flag can be seen below:

Condition 1
Case 1 AMD Action
Condition 2
Flag A |f==0OR
u Condition 1
Case 2 AND Action
Condition 2
=R
Flag B Condition 1

Notice the “Action” property. This allows you to create a flag which looks at the temperature but applies the flag
to the wind speed signal. The signals used in a condition may thus not be the same as the signals being flagged.

12.6.2

Building conditions

To add a new flag, open your Meteo Object (also from the Meteo Analyser). Select the “Graphics” tab and click
on the “Edit flags” button. This will open the Setup window. windPRO comes with four pre-defined categories of
flag: Icing, Bad signal, Mast shadow and Other. Since they are all site-specific, they are still empty. You can edit
these flag categories or create your own.

When you Add a new case under a certain category, and the Add a condition, the following window appears,
consisting of five parts:
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‘ \wind..

W Create flag condition O *
Flag sample if the Value - Type of data to evaluate
signal type
of Signals to evaluate
® signal name Temperature - E @ 10.0m -
is < Lessthan or equal to . Operator and threshold to
evaluate data against
Deg C
over a period of 2 consecutive time steps Duration for which the
condition should stay true
Special considerations
Ok Cancel

In the following section the properties of the different parts are explained

Type of data to evaluate

The first property to define is the type of data to evaluate. The choice of data type influences the options available
further on. The formulas of the types of data to evaluate can be found below:

Type of Data Example Mathematical expression
Value Ais equal to 0.5 If
Difference Difference between A and B is equal to 0.5 If
Absolute difference Absolute difference_between A and B is equal to 0.5 If
Ratio Ratio between A and B is equal to 0.5 If

You can decide if data should be
flagged when B=0 using the
“Condition met if second signal is
zero”

Shear Shear between A and B is equal to 0.5 if

You can decide if data should be
flagged when B=0 using the
“Condition met if second signal is
zero”

Change in time Change in time of A is equal to 0.5 If

Signals to evaluate
Next step in the condition building process is to select which signal(s) to evaluate. You can decide to evaluate

a specific signal with a name (e.g. the wind speed at 60 m), or all signals of a certain type (e.g. the mean wind
speed from any sensor):

© EMD International A/S e e windPRO 4.0 ¢ September 2023


http://www.emd.dk/
http://windpro.com

‘ \wind..

\ Flagging and data screening

® signal type

signal name

Any Mean wind speed

In the above example, the conditions will be tested against all the signals categorized in the Data setup as “Mean
wind speed”. If just one of the mean wind speed signals meets the conditions, then the condition will be true.
Bear in mind, that you can flag another signal than the one used in the condition. For instance, you can use the

Turbulence Intensity signal in a condition, and then display a flag only on a wind speed signal.

When you chose a type of data involving the evaluation of two signals, you can use the “signal type” to evaluate
against any other signal of the same type, but at lower, same or higher height. This can for instance be used for

identifying wind speed inversions.

® signal name

Flag sample if the Difference
signal type
between :
® signal name Mean wind speed @
signal type
and

Mean wind speed @

100.7m

100.5m

| @

Operator and threshold to evaluate data against

A number of operators are available to compare the signal to a threshold. For example, consider a wind speed

signal with the following values: 0,5,10,15,20 m/s. The conditions will then be true for the data below:

If value of wind speed @80m is | Equal to 10 Then the condition is true for | 10

If value of wind speed @80m is Not equal to 10 Then the condition is true for | 0;5;15;20
If value of wind speed @80m is | Less than or equal to 10 Then the condition is true for | 0;5;10

If value of wind speed @80m is | Greater than 10 Then the condition is true for | 15;20

If value of wind speed @80m is Greater than or equal to 10 Then the condition is true for | 10;15;20
If value of wind speed @80m is | Within interval 5and 15 | Then the condition is true for | 5;10;15
If value of wind speed @80m is | Outside interval 5and 15 | Then the condition is true for | 0;20

If value of wind speed @80m is

Missing

Then the condition is true for

Condition over multiple consecutive time steps

When building a condition, it is possible to specify for how long this condition must stay true before the flag is

applied to the data.
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‘ \wind..

W Create flag condition O *

Flag sample if the Change in time -1 @

® signal type Any Mean wind speed -
of
signal name

is < Less than or equal to -

over a period of 6 consecutive time steps

The conditions are evaluated differently over time depending on the type of data being evaluated:

Example Type of Data Flag data

Value of A is equal to 0.5 over 2 consecutive time steps If AND
Difference between A and B is equal to 0.5 over 2 If AND
consecutive time steps

Absolute difference between A and B is equal to 0.5 If AND
over 2 consecutive time steps

Ratio between A and B is equal to 0.5 over 2 If AND
consecutive time steps

Shear for A and B is equal to 0.5 over 2 consecutive if AND
time steps

Change in time of A is equal to 0.5 over 3 consecutive If

time steps AND No missing samples between and

Special considerations

They appear only in some cases. If a condition involves dividing numbers (ratios), there is a chance that the
denominator will be zero. How to handle division by zero can be controlled using the “Condition met if second
signal is zero”. Checking it means the condition is considered true, even if there is no value due to division-by-
zero.

12.6.3 Multiple conditions
A case can contain multiple conditions. All conditions must be met before a flag can be applied to the time step.

Conditions for case, Icing

Value of Temperature - E @ 10.0m is Less than or equal to 0.2 Deg C over a period of 2 consecutive time steps
Change in time of Any Mean wind speed is Less than or equal to 0.20 m/s over a period of & consecutive time steps

12.6.4 Actions for flags

Once the conditions have been defined, it is time to decide which signals to flag. Per default, the flag will be
applied to all signals used in the condition builder, but this can be changed. There are two ways of specifying
which signals should be flagged:
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o “Affected signal”: Flag (some of) the signals which are used in the conditions.
o “Specific signal’: Flag whatever signal you want, no matter which signals are used in the condition.

Apply Icing flag to:

® Affected signal All affected signals

+| All affected Mean wind speed signals
All affected Wind direction signals
All affected Turbulence intensity signals
All affected Temperature signals
All affected Pressure signals
All affected Relative humidity signals
All affected Shear signals

Specific signal

Extend flag to: 0| time steps before conditions are met

Extend flag to: 0| time steps after conditions are met

Example: Create a case with two conditions: One involving temperature, and another involving wind speed.
You can specify what should happen when these two conditions are met:

o All affected signals: The flag will be applied to the temperature signal and wind speed signal used in the
condition at the time steps where both conditions are met.

o All affected Mean wind speed signals: The flag will only be applied to the wind speed signal used in the
condition at the time steps where both conditions are met. The flag will thus not be applied to the
Temperature signal.

If you select both All affected Mean wind speed signal and All affected Temperature signals, this will be equal
to selecting All affected signals.

If you select Specific signal, you can specify that the flag should be applied to a signal, regardless of the signals
used in the conditions.

Apply Bad signal flag to:

Affected signal B | vean wind speed @ 100,0m -
B | wind direction @ 100,0m
B | Turbulence intensity @ 100,0m

B P T 1

® Specific signal

You can decide if the flag should be applied to more data than just the data which meets the conditions:

Extend flag to: 0| time steps before conditions are met

Extend flag to: 0| time steps after conditions are met

For example, the data surrounding an icing event are often suspicious. Then it's possible to extend the flag, so
it is applied to more data than meets the conditions:

Time steps where conditions are met:

Time steps to flag:
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These extensions can also be negative numbers, so fewer time steps are flagged.

The actual number of flagged samples can be seen in the left-side window:

Showr on graph: Samples
w |+ Icing 13150
+| Icing 77064

Each case applies a flag to a number of samples. Since multiple conditions can be met at the same time, the
total number of applied flags is not necessarily the sum of samples meeting the conditions of the cases. In the
image above, the two cases flag data in many of the same time steps.

12.6.5 Flags in Meteo Analyser
The flagging feature is used in the same way in the Meteo Analyser as in the Meteo Object.

When creating conditions in Meteo Analyser, the list of available signals depends on the selection of Meteo
Objects in the Data tab.

No flags created in the Meteo Analyser are added to the individual Meteo Objects. Likewise, flags created in the
individual Meteo Objects are not added in Meteo Analyser. It is therefore possible to define one set of flags in
the individual Meteo Object, and another set of flags in the Meteo Analyser. As always, any disabling made in
Meteo Analyser is applied to the individual Meteo Object.

Flagging data with different resolutions

Often in Meteo Analyser, you will have data at different temporal resolutions, e.g. one dataset in 1-hour time-
steps, and another in 10-minute time-steps. If you create a condition which applies the flag to both datasets,
then it is not possible to see which dataset the flag is applied to, as the flags for each dataset will be merged on
the graph. When using the disable or enable features in the flagging window, the two time-series will be treated
individually, however this cannot be distinguished when viewing the graph.

12.6.6 Import/Export flags
Flags can be exported from the “Edit flags” window by clicking the Export button:
Delete Clone
Import Export

The entire flag setup (flag names, colors, cases, conditions and actions) is saved in a XML file in a user-defined
location. The exported flag definition can be used in different Meteo Objects, projects, and in Meteo Analyser.

To Import a flag setup, click the Import from the Edit flags window. Any existing flag definition will be
overwritten.

If you import flag definitions from a Meteo Object which does not contain the same signals as the Meteo Object
you are exporting to, you will be asked to re-assign the signals in the conditions:
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'\wind..

‘ Import flag setup O X

Flag condition "Value of Temperature - E @ 10.0m is Less than or equal to 0.2 Deg C"
for case "Icing" refers to a signal which does not exist

First signal

Any Mean wind speed -

signal name

Update

Cancel

Considerations for creating templates

Using the Import/Export functionality, you can create templates for use in other projects. When creating such a
template it is recommended to always define the conditions using the “signal type” conditions, and then apply
the flag to an “Affected signal”:

Flag sample if the Value N
#) signal type
of
signal name

Apply Icing flag to:

® Affected signal All affected signals

~| All affected Mean wind speed signals
All affected Wind direction signals
All affected Turbulence intensity signals
All affected Temperature signals
All affected Pressure signals
All affected Relative humidity signals
All affected Shear signals

Specific signal

This way, the template can be used in any Meteo Object without having to reassign any missing signals. This
strategy can also be useful when re-using flag definitions for multiple Meteo Objects in the same project.

12.6.7 Showing flags in time series graph

Flags can be shown in three graphs: the time series graph, XY graph and Wind speed relations graph. They can
also be shown in the Time series table (Data tab).

To see the flags in the Time series graph, make sure the “Show flags” checkbox is ticked.

+| Show flags Edit flags

If you only want to display some of the flags or cases, you can open the flag window and untick the relevant
checkboxes in the flag list:
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=+ Icing
Anemometer stuck
Wind vane stuck

Add new case

12.6.8
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Showing flags in time series table

Flags are shown in the time series table found in the Data tab. The flags are shown as a small square next to
the values flagged:

Time stamp
(UTC+01:00)
) ﬁms_terdam, Mean wind | Wind direction Turbulence
Disabled | Berlin, Bern, . : ) Comment
speed [m/s] | [Degrees] intensity
Rome,
Stockholm,
Vienna
28/11/2013 00:30 6.70 263.0 0.0597
28/11/2013 00:40 6.30 262.0 0.0615
28/11/2013 00:50 1.00 255.0 2.1997
28/11/2013 01:00 0.00 233.0 0.0000
28/11/2013 01:10 0.00 233.0 0.0000
28/11/2013 01:20 0.00 2534.0 0.0000
28/11/2013 01:30 0.00 262.0 0.0000
28/11/2013 01:40 0.00 265.0 0.0000
28/11/2013 01:50 0.00 266.0 0.0000
28/11/2013 02:00 0.00 270.0 0.0000
28/11/2013 02:10 0.00 263.0 0.0000
22/11/7012 N7-20 0 on 270 0 n nnan

Hover the mouse over a flag to display the flag name.The flags shown in the time series table reflect the choice
of visible flags in the “Edit Flags”.

You can select all data with a certain flag using the Select button in the right-hand side:

Dﬁad signal

| Select

Clear

All

Dizabled
Enabled

Out of range
Duplicates
Errors

l Flags

I:‘Mast shadow

[icing
I:‘cher

12.6.9

Showing flags in XY graph and Wind Speed Relations graph

When showing flags in the XY graph, the data points will be colored with the same color as the flag:
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If you use the “Color code with third series” option, the flagged samples will be shaped as triangles:
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12.6.10 Cleaning data with flags
There are two ways to disable data with flags.

One way is to use the graph controls in the bottom of the “Edit flag” window. The graph setup can be used
without having to close the “Edit flags” window. You can jump between flagged data segments using the Next
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or Previous buttons in the “Edit flags” window, when showing the time series graph. You can control which flags
to jump between by highlighting a flag in the list of flags.

' Setup flagging

Flags and cases:
Show on graph: Samples

> |+| Bad signal ]
w |+ Icing 13202
: 77430

» |+| Mast shadow
» ¥| Other
Add new flag (28 left)

Delete Clone

Import Export

Graph controls for Icing flag

< Previous Mext = Disable - Enable -

To disable the flagged data which has been highlighted in the graph, simply click the Disable button. If you want
to speed up your disabling process, you can click the small Disable menu, and select Automatically move to
next flag, after disabling. Then the next flag will be highlighted.

Alternatively, you can disable the traditional way using the select “Advanced Disable/enable” functionality, see
section 12.3.4.1.

Currently, flags are completely independent from disabling, so any changes to the flag will not influence the
disabling and vice versa. It is not yet possible to print a report of the amount of data disabled due to a flag.
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