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11.0 Introduction to MCP and step-by-step guide

This document gives an introduction to the Measure-Correlate-Predict tools (MCP) that are included in
WindPRO. The MCP module in WindPRO consists of the following features:

Included in license is free download of EMD Online data from METEO object

Load of time series data from WindPRO Meteo objects — filtering features available
Correlation: Extraction of concurrent data and correlation analyses on those

Linear Regression MCP

Matrix method MCP

Weibull Scale MCP

Wind Index MCP

STATGEN — generation of wind statistic from MCP result

Write back long term corrected time series to METEO objects

The Measure-Correlate-Predict toolbox in WindPRO (MCP) enables the user to calculate long term cor-
rected wind data directly in WindPRO. The MCP module provides not only a direct access to different
MCP-methods, but also provides reporting through overview-reports and detailed reports for each of the
methods available. The global set of like NCEP/NCAR long-term reference data as well as SYNOP and
METAR data is available for WindPRO users with an Internet connection and license to the MCP mod-
ule. In addition purchasable data from selected providers are available for easy use for MCP.

Data that are used by the MCP-methods are contained in the WindPRO Meteo object(s). This object is
the data container for wind data saved as either time series data, table data or Weibull distribution pa-
rameters. Most MCP-methods require two overlapping time series, each holding a concurrent time series
for long-term reference data and site data (local measurements). But the long-term reference data could
be divided in a concurrent time series for the duration of the local site measurements and “just” a Weibull
distribution or table data (histogram) for the entire reference period.

The result from the MCP analysis is — typically — a wind statistic generated with WASP based on a terrain
description and the long term corrected site data. Then the data can be used directly for WAsP PARK
calculations or wind resource map calculations. But for non WAsP use (or further analyses) the long term
corrected site data can be written back to an auto generated Meteo object. This Meteo-object is located
at the exact same position as the one holding the short-term site measurements.

11.1.1 About the Application of MCP

MCP is the abbreviation for Measure-Correlate-Predict techniques, which is widely in use for establishing
a long-term wind statistic using limited wind data from the local site and long-term data from a more-or-
less nearby site.

The task of any estimation of a long-term wind statistic is to establish a transfer model between the
available short-term local data and the concurrent data from a long-term reference data set. The transfer
model can be grouped into (at least) four different types:

Physical models (e.g. CFD flow models)
Statistical models

Empirical models

Other (combinations of the above, e.g. like WAsP)

PwnNPE

MCP-models may belong to any one of the categories or a combination hereof, indicating that the appli-
cation of MCP-models has a very wide scope:

Some MCP-models operate on large timescales — like index correction methods, where monthly data

typically are used. Other MCP-models tries to decode a one-to-one relationship between wind speeds
and wind directions on site and at the reference mast, calling for high quality measurements. In some
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situations, MCP-methods are applied in order to correct the lack of ability for a model to take long-term
variation into account. This is the case when using local short-term site data in a WAsP analysis. Unfor-
tunately, not all methods will perform equally well in all situations, calling for the user to get acquainted to
the performance and limitations of the individual methods.

In general, the applied MCP method modifies one or more of the following descriptive data:

Wind energy index

WTG energy index (measured production from the WTGs)
Weibull A-parameter + Weibull k-parameter

Wind speed and possibly also wind direction

In WindPRO methods working on (1), (3) and (4) are implemented.

11.1.2 A Conceptual Model for the MCP-Framework

A conceptual model for the measure-correlate-predict model is shown in the figure below. From this fig-
ure it is seen that three potential different measured datasets are input to the MCP-model:

Reference data: Long data
Reference data: Short term data (concurrent data)
Site data: Short term data (concurrent data)

The long-term data could be any type of distribution, e.g. Weibull data, table data (joint wind distribution)
or time series data. The concurrent datasets are typically required to be time series data. Not only mea-
surements on wind speeds and wind direction could be used as input to advanced MCP models but also
temperature differences could prove useful. However none of the models in WindPRO currently uses
other input than wind speed and wind direction.

{MODEL: Long-Term Data (SITE) !
1

Conceptual Model for Measure-Correlate-Predict Models.

Note: When doing MCP calculations in WindPRO, the input data are always internally treated as three
different input sources. However, in many cases the long term reference data and the concurrent refer-
ence data series may come from the same time series data source. In such situation, WindPRO will au-
tomatically select the same series for both input sources.
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11.1.3 The MCP facilities in WindPRO
Below is a list of sub-sections briefly outlining the MCP facilities, which are available in WindPRO

11.1.3.1 ON-Line data extraction
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11.1.3.2 Linear Regression MCP
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Data from the several different sources like
NCEP/NCAR reanalysis project is available to
users of WindPRO if the local PC has access to
the Internet. The download is started from a
METEO object, choosing option “ON-Line data”.
A list of available data sources for the project site
is generated and specific data sets can be se-
lected and downloaded. Also purchasable data
are available. The available data sources are
constantly improved and more added. When new
data are available thee are included in the online
generated list — no local software update is re-
quired.

The (Linear) regression tool
| enables the user to inspect
the fit directly through an
animated graph. If the fit is
; not satisfactory, a wide
e range of parameters may be

L fine-tuned to provide a better

fit. The regression tool is not
limited to linear regression,
but also higher order poly-
nomials may be used in

R S e L

11.1.3.3 Matrix Method MCP

-

Wi pheadl I relecenon Dol

modeling wind speeds and
wind veer.

4

. : The matrix method in WindPRO mod-
els the changes in wind speed and
wind direction through a joint distribu-
tion fitted on the ‘matrix’ of wind speed
bins and wind direction bins. The user
may choose to either use polynomials
fitted to the data statistics or — where
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-------------------
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appropriate - to use the measured
samples directly when doing the ma-
trix MCP.
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11.1.3.4 Weibull Scale MCP

Energy levels
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11.1.3.5 Wind Index MCP
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The Weibull Scale method is
a very simple empirical me-
thod, which does its manipu-
lation directly on the Weibull
form and scale parameters
(A,k) as well as on the fre-
guency distribution.

The Weibull scale method
has the advantage, that it will
match the nature of the wind
at most places, but beware
that application of this me-
thod should be done with
caution on locations with
significant non-Weibull distri-
butions.

The index correlation method
is a method typically making
the MCP analysis by using
monthly averages of the
energy yield, thus disregard-
ing the directional distribution
of the winds. Even though
this method may seem rather
crude and primitive when
comparing to other more
advanced MCP methods, it
has its advantages in stabili-
ty and performance — even in
the cases where other MCP
methods seem to fail.

The Wind Index MCP me-
thod in WindPRO offers the
opportunity to calculate the
wind indexes using real
power curves from the wind
turbines included in the wind
turbine catalogue in
WindPRO. Also a generic
power curve may be chosen.
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11.1.4 Step by step guide

Prepare two time series in one or two Meteo objects: a local data series (short) and a reference data se-
ries (long). See chapter 3.3.2 for details. Prepare eventually several long term reference data series,
where more ON-Line data sources typically are available.

Set up a site data object for purpose Statgen with link to roughness, orography and obstacle description.
See chapter 3.3.1.1 for details. (Only needed if you want to use the WAsP method later)

Start calculation module MCP from the main menu.

On Measure tab sheet, select the local data series and the reference data series and press Load data.
Inspect the time series and make any necessary filtering of the local or reference data. If any filtering has
been selected press “apply filter values to time series”.

Go to Correlate tab sheet and press Load data to get the time series of the concurrent data points.
Inspect the data and test for correlation. There are many options for that. Use e.g. the Graphics - Corre-
lation feature or print the Report. That might give feed back on periods with erroneous data. These can
be disabled, easiest at the Graphics — time series by right clicking on the graph for isolating and disabling
of data periods.

Go to the Predict tab sheet. Select a prediction method: Regression, Matrix, Weibull scale or Wind index
method.

Each method has individual settings, but all has reasonable default parameters, so it is possible to click
next through the pages without selecting any specific parameters.

Linear regression and Matrix produce a graph comparing observed and predicted values for the concur-
rent period. Wind index compares local and reference monthly index.

Run a Statgen calculation producing a wind statistic by default at the end of the prediction run. Note:
Requires a Site data object for Statgen and the WAsP software.

Run eventually additional methods (or change to other long term reference data, which require you go
back to “load” on the Measure tab). Each result is listed in the Predict table for easy comparison.

It is possible to go back to the Measure tab sheet and select a different reference and then repeat the
process and compare results both based on different methods and reference data.

View reports on individual combinations of reference data and methodology and hopefully get an idea of
what seem to work best or find an average between the ones you feel comfortable with.

Select the best qualified and either Save wind statistic or write to METEO, which will create a Meteo
object at the location of the local Meteo object with the long term corrected data.

Exit the MCP module with OK and “Start calculation” (Generate report and save the settings/results for
later inspections/modifications).

Create a Site data object for WASsP calculation selecting the newly produced wind statistic. You can now
perform an energy calculation (e.g. PARK or wind resource map).

11.2 MCP users guide

11.2.1 Preparation for a MCP

11.2.1.1 Meteorological data

Before running an MCP calculation, data must be prepared. Essentially the MCP requires four sets of
data:

Site data

Long term reference data

Concurrent site data

Concurrent reference data

If data exist as time series it is only necessary to specify the site data and the reference data. But if the
long-term reference is only available as an accumulated distribution (a .tab file or weibull) then the con-
current part of the reference must be available as a time series and thus three data sets are needed (two
for the reference and one for the local data).

The data sets are prepared in the Meteo object. For details, please refer to chapter 3.3.2. It is important

that the Meteo object with site data is located on the actual location of the mast and with the correct
measurement height; but the position for the reference data is irrelevant.
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11.2.1.2 Site data object

In order to get the full use of the MCP module the user can prepare a Site data object for purpose Stat-
gen. Here a description of roughness, orography and obstacles around the local mast must be defined.
The reason for this object is that the MCP module can calculate a wind statistic based on the long term
corrected data and thus save you the extra step of running a STATGEN calculation. If you do not have
WASP interface module or do not wish to calculate a wind statistic from the MCP module you can skip

the Site data object and instead write a long term corrected time series data set to a Meteo object. For
details on the Site data object please refer to chapter 3.3.1.

11.2.2 Measure

11.2.2.1 Loading data

Start the MCP calculation from the main menu by left-clicking the MCP text or by the green arrow. If the
arrow is yellow you do not have a valid license for this module.

You enter the MCP calculation on the Measure tab sheet and will work your way through the tab sheet
towards the right. The Measure tab looks like the window below.

% Define calculation . g
Seton | Fepon besders Ugaaure | Comes | Fradict
Relecl ihe MCP sounce data (s becrclogical measuiements) from the lable Below
(¥ Une & shao form tima senes a5 aie @nd a long tarm Gme sangs as miemnce
7 Uk & ahed lorm lima seiles &b ails and & shoil lefm bme sees and d long larm Lable o wistbal dialibulion &5 relsrenis
METEQ objed Show, FirstOals  LastDate | Tima Oata | Enobdsd  Mean Timi
n Siep | Painis winm SEriEg
araph il [haty?
Mew Salnm 31 - Horh FNAL 55 2m - 1 [ 20-00-200723-1220000 10mn SEOTS  1000% O0fmb Yoz
Mz DU TREE-J00% 3.0m - v [ 34061609 10082008 Wmin  EehEL 100.0% 442 mis Yag
Termeg of e seres daln Graph of the measured dala [Nighl clck B graph 1o changefedil)
| ]2
| Disamied Enates ihe dsadied dala =R B
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{ Time sheft Shit B ime stamps i the Ame saniss | o 5
| !
| ¥iind pee. Shit e wind ditecion [ 4
Dusatiad | Oates | seoraging | Teme Shin | veer 3
= 2
£aleci il youwant b indude and wse the dota hat s | 1
marind a5 @aablud @ N moelso-objoo — o
II"l M M M 900 M 010E 0906 0407 M08 0109
- 1. Local measurements (ste datalSoeed)
2. Long Leemn neferenos Speed)
1] | >
¥ wind speed I — G =]
A 1 mants | Doysinwindow (3722 =
[ wind direchon earnd |1 mant! —_— il | =
| ™ wind anurgy Shaes oncurrent | Show all | Copy Gragh
| Vaaris-punr vEnandit; wing spasd 3 0%
S0 dov. of annpl vk oF Ing e ARRNCE, Onify Catutied mh 0ald Koy mong (han 3 e
o= J Cancsl

Figure 1 Note that the Year-to-year variability is calculated for the long term reference (if at least 5 y) and
shown in the lower part of the screen. This can be used later in the LOSS & UNCERTAINTY module.

The first thing to do is selecting local measurements (site data) and long-term reference. Click on the
little arrow by Select data next to Local measurements to select the Meteo object and height holding the
local data. It may take three clicks to activate, select and open the selection menu. Repeat this for the
long-term reference data. Press LOAD data to accept the selection and load the data. The full period
time series will now appear in the graph window.

NOTE: In case that your long term reference data is available as table data only; then — in addition — you
will also have to select two concurrent time series for your local mast and the reference mast respective-
ly. This must be done to establish the relation (correlation, transfer function) between the two sites.
When you have selected all three datasets - then press LOAD data button once again.
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The local data are identified with a blue color and the reference with a red color.

Use the selection buttons below the graph to select between wind speed, wind direction and wind energy
index (using generic power curve unless otherwise specified). As default an averaging of 1 month is
used on the data for display purpose, but this can be changed with the Averaging selection. Also the
number of days in window can be changed. A more useful view can be obtained by pressing the Show
concurrent button, which limits the view to the concurrent period. Show all reverts to the full period as
defined by the long-term reference.

NOTE: The most important task at this screen is to evaluate if the long-term data seem to be consistent.
Often long term reference data from meteorological offices has a trend. E.g. trees have grown up around
the reference mast over the years and the wind speed decrease continuously. Such data cannot be used
for long-term correction! One way to see if it is so can be to start loading an alternative source for long-
term data, e.g. the EMD-Online data from NCAR as “Local data” and then compare the two long-term
data series.

11.2.2.2 Filtering the data

The blue and the red graph provide a first visual indication of correlation. Matching graphs mean that
variations in climate are represented in both data sets, which is a minimum requirement for correlation.

However data can be offset in different ways that can hide or spoil a good correlation. Such offsets can
be compensated using the filtering options on the left side.

The upper part contains check boxes for each type of filtering, where it can be selected whether the filter-
ing should be done to the local data or the reference data. The combinations selected become active in
the lower part.

The lower part holds five small tabs referring to five different kinds of filtering. Each tab is divided into two
vertical tabs referring to local data (blue) and reference data (red). The possible filter settings are:

Disabled
Here it can be selected whether the data, which was disabled in the Meteo object, should be included in
the MCP calculation. By default the disabled parts are not included.

Dates
A specific period can be selected, which excludes data outside this period.

Averaging

This averages the data selected and it is possible for example for create hourly average values based on
10 minute data series. The averaging is a moving average and is made on the preceding period up to the
time stamp indicated. Since the averaging time for local data should be the same as for reference data.
This function is particularly useful when the reference data are hourly or 3-hourly data, but an average of
the period and not the standard last 10 minutes of the period.

Time shift

If there is a time shift between local and reference data this can be corrected here. Days, hours, minutes
or seconds can be added or subtracted. Since some of the correction methods build a transformation
between matching concurrent data, it is important that the time stamps refer to the same moment in time.

Wind veer
Adds or subtracts an offset in the direction to local or reference data.

When one or more filtering options have been selected and specified, press Apply filter values to time

series. You will now notice that the time series you filtered have split in two: a fat graph, which is the fil-
tered values and a thin line, which is the unfiltered data.
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Reset all filter values will reset your settings. Create a Meteo Object with the filtered data will just estab-
lish a Meteo object at the location of the Local data with the filtered data time series at local data mea-
surement height.

11.2.3 Correlate

The idea with the Correlation tab sheet is to test for the correlation of the concurrent datasets. Actually
this is a process that started in the Measure tab and will continue in the Predict tab when the individual
prediction method has been chosen (and thereby also different correlation methods), but the Correlation
tab is the place where much of the correlation analyses will be done.

Correlation is simply when a systematic relation between the two data sets can be found. This relation
can be linear, polynomial, nonlinear or on an aggregated monthly level. The point in analyzing the corre-
lation is that if the correlation between the local and reference data are too poor, the long term prediction
will also be poor, and in worst case give massive errors in the later calculated energy production. Rea-
sons for poor correlation can be that the reference mast has another wind climate than the local mast,
e.g. at the other side of the mountain, where wind conditions could be totally different. But poor correla-
tion could also be due to poor data quality based on e.g. systematic errors in data collection equipment.
If just parts of the concurrent data do not correlate well, these can be disabled. A reason could be tempo-
rarily frozen equipment in one of the data sets. Then only the well correlating data will proceed to the
prediction models.

NOTE: The purpose of the correlation analyze is NOT just to disable all non-correlating data. This would
give a false basis for the prediction. If the correlation in general really is poor an extract of the few good
correlating data for the prediction might result in large errors!

11.2.3.1 Loading data

Go to the Correlate tab sheet and press Load Data. This will extract the concurrent period of matching
time stamps from the Measure tab. If a filtering has been applied it is the filtered data, which are loaded.

WindPRO can allow a specified deviation in the time stamp between local and reference data and still

call them concurrent. This allowance can be specified in the Maximum difference in time stamps allowed
box.
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The concurrent data are organized in a long table, which can be inspected directly in the table. Sort the
table by columns by clicking on the column header. While all concurrent data are included in the table
wind speeds less than a specified velocity and records with difference in wind direction larger than a
specified veer are grayed out and not included in the calculation of the correlation. Standard limits are 4
m/s and 99 degrees.

11.2.3.2 Correlation

At the tab “Correlate” some basic statistics on the wind speed, wind speed difference and difference in
wind direction (Wind veer) is shown. Below these is the key figure “The weighted mean of sector wise
correlations”. This is the correlation boiled down to a single figure. It comes from the correlation calcu-
lated for each 30-degree direction bin weighted with the frequency of that particular sector at the refer-
ence.

Correlation Quality of
Coefficient reference
0,5t0 0,6 Very poor
0,61t00,7 Poor

0,7t00,8 Moderate
0,81t00,9 Good

0,9t01,0 Very good

The table gives a qualitative rating of the quality of the reference as a function of correlation value. It is
not certain that a high correlation means that the reference is good and likewise, a poor correlation can
be sufficient for a good prediction. However, the correlation coefficient is a good indication of quality.

If a linear regression is performed, the correlation coefficient is identical to the “r" parameter. In Excel

urZH

is often given when doing regression analysis, but the connection to the correlation coefficient is only
valid when the regression is linear.
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The right side buttons on the Correlate tab

The “Correlation” button presents the concurrent period as yearly, monthly, weekly or daily averages, or
not averaged at all.

N
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'
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T T
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Wind d . A =
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r : Show all | Copy Graph |
Caorrelation, wind energy: |0,9820 StdErr, wind energy: |7 21

Correlation, wind speed: |0 9345 StdErr, wind speed:  |0,38 mis

It can be selected to show the wind speed, wind direction or wind energy index (calculated by specifica-

tions on the Setup tab sheet). Correlation and Standard error is calculated based on the chosen averag-
ing.

The object of this display is to give a visual impression on the correlation during the concurrent period.
The two datasets must hint at the same climate and so catch the same highs and lows. With the wind

energy index a representation is given on what kind of relative production can be expected for each
month, as this is often what really matters.
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Report
Reports

heasure data - overiew

Concurrent data - overiew

Concurrent data - wind speeds

Concurrent data - wind veer (direction)
Concurrent time series plot - wind speeds
Concurrent time series plot - wind veer (direction)

Report language (local for these repaorts)

English |

Close |

11.2 MCP users guide

The report button gives a number of detailed results of the analyses visualized and documented.

A few examples are shown here, but the reports are in general self-explanatory.

Correlation in sector from 225 to 255 degrees

Correlation: 0,8433
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Wind speeds: Site data as function of reference data for each sector with calculated correlation.

531

This is the correlation typically referred to. If there is no good correlation it could be due to a change in
wind direction. This issue some of the prediction methods handles, so even with a poor correlation here,
the final results might come out quite well.
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Correlation in sector from 102 to 132 degrees
Correlation: 0,1435
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Wind veer for each sector as function of wind speed.

What is interesting here is not so much the correlation value, since the direction change should be inde-
pendent from the wind speed. Actually, the veer should be constant with the wind speed. At low wind
speed the veer varies significantly, but at higher wind speeds where the transformation function must
perform well the veer must be well defined and not changing with wind speed.

Tirme series data from 01-03-1994 to 01-04-1994 Dristribution of dev iation
hean =-0,6, StdDew = 2,6

|
T T T T T T T T T T T T T T T T T T
04-03 1994 11-03 1984 1503 1994 25.03- 1824

Time series sections with wind speed differences.

Extracted sections of the time series with the wind speeds of the reference and of the local data, and the
deviation of the wind speeds. For each section the deviations are plotted in histograms and will most of-
ten resemble normal distributions, which confirms or refute whether the Matrix assumption is valid (see
later).

11.2.4 Predict
Go to the Predict tab to perform the actual corrections and predictions.

Here four different methods can be applied on the data sets chosen in Measure and for the concurrent
part extracted and fine tuned in Correlate. When a method has been applied the result will appear as a
row in the lower part of the form and another method can be applied resulting in a second row. In this
way a number of different methods can be tested with different parameter settings. Another reference
can also be selected in the Measure tab and loaded through correlate to compare with the first selection.

When a preferred setting has been found the relevant calculation can be selected and either saved as a

wind statistic with the “Save wind statistic” button or written to a Meteo object at the location and height
of the local data with the “write to Meteo” button.
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At the "predict" form different prediction methods can be started and the results evaluated,
compared, reported and saved as results, either in a Meteo object or as a wind statistic.

Data basis
The data resource for the prediction is listed in the two rows in the top; Local data and Long-term refer-
ence data. These rows give the mean wind speed of the entire length of the data set and the concurrent

part.

WindPRO will retain information on which time series were used the last time the MCP calculation was
run, but it will need to reload the data series every time you restart the MCP calculation. Pressing the
“Reload data in Measure and Correlate” is a one-touch way to do that.

If it is known that the correct long-term level (here called the very long term level) is different from that of
the long-term reference it is possible to change this with the Edit button.
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r N
Edit long term reference level li_E-J

Long term reference  Wery long term

[ Adjust to new wind energy index 0,0 %

[ Adjust to new mean wind speed 442 mfs 0,00 m/s

If you know that your long term reference data does NOT represent the very
long term wind level expectations, e.g. you have 10 years, but know that
these 10 y were above or below real long term expectations, you can offset
the long term reference data here.

Example 1: Your 10 y data were from a period with 105% wind energy index,
you enter 105% and the wind statistic will be scaled down with 5%.

Example 2: Your 10 y data has 7 m/s average, but the real long term wind

speed at the reference site had 7.5 m/s - you enter 7.5 m/s and the wind
speed in the used long term reference data will be scaled up with 7.5/7

Ok | Cancel

he

The adjustment of wind energy index level makes a correction to the resulting wind statistic, which is ap-
plied when it is used to calculate production output.

The adjustment to a particular new mean wind speed adjusts all the wind speeds in the resulting time
series so the new average becomes this value.

11.2.4.1 Long-term correction methodologies

The long-term correction methods are described in detail in the theoretical section. The following text
only deals with the practical application and gives a short guide to best practice.

Regression and the Matrix methods are both classical MCP methods. They build a transformation func-
tion based on the concurrent data, which is used to convert the reference data to the conditions on the
site of the local measurement. The success on this conversion is largely based on the ability to success-
fully transfer the reference data to the site and, secondly, consistency in reference data outside the con-
current period with the local data.

The first requirement is covered by the correlation coefficients, but this should include a well-defined re-
lation between the wind directions at the two sites and a sufficient frequency of measurements, particu-
larly for the reference data. Well correlating ground stations will usually be predicted well with these me-
thods, while reanalysis data will often be too infrequent and with too poor directional correlation to give
an adequate prediction. If the relation is linear of nature the Linear regression method will often be a
good choice, while non-linear relations are often best handled by the Matrix method.

Long-term consistency is more difficult to detect from the data. Sudden jumps in data or sloping trends
can indicate inconsistency. This is most easily detected when comparing two different long term data
sets in the Meteo objects (or at the measure tab sheet by loading an alternative long term data series as
local data). But most often the inconsistency will be detected by studying the history of the metering. The
most common sources for inconsistency are:

The mast has been moved

The anemometer was changed to a different height

The anemometer was replaced with another instrument of different calibration

Houses or trees were placed or removed from the fetch of the mast

Growing trees are a particularly sneaky contamination because it happens gradually over many years.
Particularly low masts are suspect to this kind of influence
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It is more difficult to look at the history of reanalysis data because they consist of so many different
sources of input. That makes them less vulnerable to individual contamination, but not impregnable and
the sources have been changing over time.

As a rule of thumb reference data can be used as far back as the latest source of inconsistency.

When the quality of the reference is not good enough, like with reanalysis data, the Wind index method
is an option. With this method the energy study is performed on the actual measured data and only the
final result is adjusted with a correction factor. This factor is based on the relationship between the entire
reference and the concurrent part of the reference and only relates to wind speed converted to wind
energy. Therefore a wind direction correlation is not so necessary and a good match on the matching
concurrent data points is not so important if the correlation exists on the larger scale, like monthly basis.

The Weibull scale is the maverick method that does not really involve a transformation function and with
a linear scaling of the Weibull parameters does not even involve good math. Nevertheless, because it
scales the wind data with the distribution that best describes them, it is able to predict the long term wind
regime surprisingly well. Therefore it is an excellent second opinion method that attacks the problem
from another angle.

11.2.4.2 Regression model
To run the Regression model press the Add Regression button.

This opens the parameter selection window. The parameters are pre-selected with settings and values,
which will be suitable for most situations. Only in cases where special tests are wanted or data require
special attention there will be a need for change of parameters.

¥ Regression MCP SHECIHL X

Transfer Function Setup Data Constraints

Find transfer function for each 1 degree &

LIS LI e Skip angle differences larger than [deg] 360,00

Sector window [deg] 30,00 Skip wind speeds less than [m/s] [ 2,00]

Wind Speeds: Regression Model Wind Directions: Regression Model

Regression Model Regression Model

|Linear (1st order palynomial) (recommended) ﬂ |Cunstant (0th order polynomial) (recommended) j
Residual Model Residual Model

|Advanced Gaussian: Mean and std.dev. conditioned on winj |ND model (recommended) j

| "Residual resampling” means that the information from the scatter of the regression analysis is used in the modelling of the long-term
corrected time-series. not just the average (or direct use of the regression line). This generally improves the long-term correction, that
can otherwise be biased based on the regression method used. Using the advanced 1st Order Gaussian model, which takes into
account the change in standard deviation versus wind speed is experimentally proven to give the most correct result, while using either
no model or the normally distributed Gaussian model tends to give biased results. Using the advanced 2nd Order Gaussian model is
only recommended for experimental use!

Name  [New Salem #1 - North FINAL.59,2m - /Mandan NDAWN 1999-2009.3,0m - Next> | _Cance

e

Parameters for transfer function calculations including residual resample model.
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The parameter settings are from the top down:

Transfer function type - Sector handling

The transfer functions can be made for either x sectors or for 360 directions, meaning 360 transfer func-
tions. Division in a number of sectors (typically 12) is the typical way for “home made” Excel applications.
This should be chosen for comparison with such calculations. But letting the software tool do the hard
work, making 360 transfer functions based on a specific window size will be more accurate and is here
chosen as default.

Sector window

Each transfer function will be made on the basis of data from a range of directions centered on the direc-
tion in question. The directions refer to the reference directions and 30 degrees is default. If 360 are cho-
sen only one transfer function is made based on all data.

Skip angle difference larger than

Particularly at low wind speeds the angle between matching reference and local data may deviate signif-
icantly and cause a lot of noise. By rejecting point with large difference in direction this noise can be re-
duced. However this means discarding information that could be important. Default all data are included.

Skip wind speeds less than

As very low wind speed contribute with a lot of noise and often deviate from the linear relation seen at
higher wind speeds it is useful to simply discard them from the transformation function. This does not
mean that they are discarded from the full reference data set being transformed though. Depending on
the amount of noise and actual wind speeds at the reference this limit can be set freely but 2 m/s is de-
fault.

Regression model (wind speed)

Here the type of regression on the wind speed is selected. Linear regression means first order and a two
component linear regression will usually be preferable to a regression through origo (0,0) as this pro-
vides a better fit in the wind speed range relevant to production. This is also default. An alternative is a
2" order regression, which will fit a parabolic curve to data. This may create a better fit, but allow deviat-
ing extreme wind speeds to influence the fit at high wind speeds.

Regression model (wind direction)
Usually the direction change is independent from wind speed and so a 0" order regression should be
used.

Residual model

The residual resampling method from v2.5 had the limitation that the regression plot needed to have the
same spread in the scatter at all reference wind speeds and that the scatter had to be centered on the
regression line. Basically the transfer function became y = ax + b + e. Applying this method on data sets
with poor correlation or oddly distributed scatter could lead to an error, often seen as an over-prediction.
In such cases the advice would be to simply not do residual resampling.

In v2.6 and later it is still possible to perform the residual resampling in the same way as used in v2.5. It
is now called “Gaussian resampling”. In addition we have added an “Advanced Residual Resampling”
method. This method is a function of the reference wind speed so that the regression formula now is: y =
ax + b + e(x). The reference wind speed range is divided into a number of intervals. Within each interval
the observed scatter is found as a standard deviation of the scatter together with the bias on the obser-
vations. Both are then applied when transferring the reference data to the site. The bias of the mean of
data can be illustrated by switching on a LOWESS fitting to the regression curve. The observed standard
deviation is modeled as either a first or a second order polynomial and is displayed in the scatter plot on
the right (see Figure 52). The result is a much more dynamic fit than a standard linear regression. On
well and fairly well correlating data, internal tests have shown a significant improvement on the precision
of the long term prediction. The second order residual resampling do have the problem that few very
scattered points at high wind speed can exaggerate the resampled scatter unreasonably. It is therefore
recommended to use it carefully and if in doubt stay with the default first order advanced Gaussian resi-
dual resampling.

Press Next to calculate the regression functions.
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"4 Regression MCP [P
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Figure 2 Linear regression fitting illustrating the LOWESS local regression curve (blue fitting) and the
advanced residual model (green curves in scatter plot).

Three graphs are presented as described in the theory: The site wind speed against the refer-
ence wind speed and the best fit, the residuals and the distribution of residuals.

The presentation of the regression fits is divided into a wind speed page (above) and a wind direction
page (below). The wind direction for which the regression has been made can be viewed using the bar or
the selection field below the graphs. Animate will slowly scroll through the directions. The direction
shown is the center angle and the points shown those within the window width specified at the previous
form.

The closer the data points are to the regression fit the better prediction can be expected. How much the
residuals scatter can be seen on the Residuals shown as points plot, where the modeled residual re-
sampling is also shown. If this modeling of the residuals seem to fit the actual distribution of the residuals
the residual model is a good choice to the transformation.
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< Back | Mext = |

Cancel ‘

The wind direction page is similar, though the regression fit is different. Direction changes get
better defined with higher wind speed but the average value should not change.

Copy Coefficients will copy the regression parameters to the clipboard (typically for paste into Excel) in
15 degree sectors, while Copy Graphs will copy the graphics to clipboard (typically for paste into docu-

mentation).

The wind direction page is similar, though the regression fit is different. Direction changes get better de-
fined with higher wind speed but the average value should not change.

Press Next to perform the conversion and test how close the prediction is to the measured values.
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Comparing predictions with the measured data is the “ultimate” test of how well the prediction
model performs.

This page is similar to the Correlation graph of the Correlation tab, except for a few extra key result
fields. The correlation on wind speed and wind energy tests the correlation between the predicted and
the measured wind speed using the selected averaging. Because of the smoothening over the longer
periods this parameter often correlates better with a longer averaging, but such a correlation is not com-
parable with correlation using shorter averaging periods. The standard error gives the typical difference
between concurrent values in the resulting graphs.

For a transfer function to perform satisfactorily it must be able to transform the concurrent part of the ref-
erence time series into something resembling the measured time series. A good correlation on monthly
energy averages is a good indication of successful prediction of production output.

When pressing finish, WindPRO asks to continue to generate a wind statistics (or just end with the me-
teo data). The wind statistic will be based on the entire long term corrected local data set.

To start the calculation of a wind statistic the program will call WAsP. Two calls will actually be made:

One for generating the windstatistic and one for calculating the wind speed based on the wind statistic —
both based on the coordinates of measurement mast position.

A row will have appeared with key figures for the calculation. The row will contain the following parame-
ters:
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Measurement height of local data

Predicted mean wind speed at measure height (based on Weibull fit)

The key calculation height selected in the Setup tab

Predicted mean wind speed at key height based on a WAsP calculation

Relative wind energy level for using the wind statistics relative to 3300 kwWh/m2/year for roughness class
1 and 50 m hub height

Relative WTG energy level for using the wind statistics relative to 1025 kWh/m2/year for roughness class
1 and hub height 50 m. This figure is directly related to the production output resulting from using these
data. That makes it possible to compare the consequence of applying different models, parameters and
references directly measured in relative calculated wind energy production.

A flag set if the wind statistic is saved.

The very long term wind speed level

The very long term wind index

Correlation factor r on individual measured and predicted wind speed

Standard error on individual measured and predicted wind speed

Correlation factor r on monthly mean wind energy indexes

Standard error on monthly mean wind energy indexes

Time stamp for the calculation

To the left of the row a green button will indicate that the result up to date and ready for export. A red
button indicates that the result needs to be rerun to be updated as the resulting time series and wind sta-
tistics are not preserved when leaving the MCP module. A yellow button means that the raw data needs
to be reloaded before updating the calculation.

Regression report
Highlight the calculation row and press the Report button to view the result printout.

Reparts

Measure data - overview i
Detailed Statgen

Mlain repont Regression MCP Close |
Linear MCP report (basic/overview)

Linear MCP report - details on wind speed fit

Linear MCP report - details on wind veer fit

Linear MCP report - details on wind speed residuals (Gauss ¢
Linear MCZP report - details on wind veer residuals (Gauss pa

Report language (local for these reports)

|English |

The available reports from regression MCP.

The reports should be self-explanatory.
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11.2.4.3 Matrix
Press Add Matrix method to start the wizard. This opens the first parameter page.

Measured tramiter hmchong

Sochon wandow [dog| ETiL

Skip angln diferances Largor than |deal 380,00
Wind speed wandow [ms] 1.0
The Brst glep m Malna method w oxfraction of measured trangles lunchons rom concaren] rederence 10 ode
measimnments meqanimg wend spoed up end deoction change for sach | mds wind speed and 1 dogoes dinection bn
Ther numbinr of rnighbar bing usad for sach bin 16 got & reasonablo numbee of mcords foe sach hin is docided by the

spocified size of the windows

["mn alaght meed miadd [haight' 30 D0 wwia (haight S0 00 Cancel

Parameters for transfer function calculations.

The parameter settings are from the top down:

Sector window

Each transfer function will be made on the basis of data from a range of directions centered on the direc-
tion in question. The directions refer to the reference directions and 30 degrees is default. If 360 are cho-
sen only one transfer function is made based on all data.

Skip angle difference larger than

Particularly at low wind speeds the angle between matching reference and local data may deviate signif-
icantly and cause a lot of noise. By rejecting points with large difference in direction, this noise can be
reduced. However this means discarding information that could be important. Default all data are in-
cluded.

Wind speed window

Since the Matrix builds a list of possible outcomes for the transformation for each degree and each 1 m/s
wind speed bin, you can decide to include also neighbor wind speed bins for each bin in calculation. De-
fault only the wind speeds within the bin in question is used.

Press Next to calculate the measured relations between reference and local data for concurrent data
sets.

The distributions are plotted in colorful plots presenting the mean and standard deviation of the lists of
wind speed and wind direction changes registered for each bin. The color-coding indicates the magni-
tude. The standard deviation on the wind direction change is often large at low wind speeds, but de-
crease with higher wind speeds. In general the lower the standard deviation the better precision on the
transformation, however it is a strength of the Matrix method that it can cope with the scatter.

The samples button presents a plot of the location of the concentrations of samples. This number is

much larger than the actual number of concurrent data points because each data points typically are
used like 30 times if a 30 degree window were chosen.
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The measured transfer functions

Press next to proceed to the second parameter page.

Modeled transfer function

tinimurm records behind bin to accept in palynomial ﬂtting:l 5
Direction window size for polynormial fitting [Degrees]: I 10

The hatrix model will calculate transfer functions for all 1 s wind speed and 1 degree direction bing based an
interpolations/extrapolations in measured transfer functions using a polynomial fitting within a specified direction windaw
size. Bins with too few records behind not will be used. To picture it, imagine a smoothening surface that will be "draped”
on top of all the transfer functions to eliminate extremes and to establish correspondence to neighbor bins. As well
average ratioséchanges as standard dewiations are a part of the transfer functions

Palynarmial
Direction change [degrees] Average Minimum Maximum order
Mean | 1455 | 8020 | 6137 0]
Stddev. [ 2824 | 189 | 13403 1
Wind Speed ratios
Mean [ 030 [ 4m2 [ 3g8 | 1
Stddev. | 241 | 03 | 597 | 2

You can decide the order of polynomial to be used in the fitting process - normally you should not change the defaults.

The statistic shown is based on the settings in the form "Measured transfer functions” - if you find this unacceptable, go
<Back= and change.

ICrunaIaght met mast (height: 30 00)wwa (height: 50,00) < Back | Ment = I Cancel

Set up for Matrix model calculation
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Now the measured transfer functions will be converted to a “full model”, so also the direction-wind speed
combinations that did not have enough data to get a measured transfer function, will get one. But also a
smoothening of the calculated ones could be an improvement.

Minimum records behind...
To avoid bins based on very few data records to influence the model, these can be filtered.

Direction window size...
Transfer function regression will be based on all transfer function within a specific window width.

The observed extreme minimum and maximum values of mean and standard deviation on direction and
wind speed change are listed. Extreme values indicate highly uncertain transformations. If this shall be
changed, you must go back to the setup of the parameters for calculating the transfer functions.

Polynomial order

For each of the parameters a polynomial regression can be fitted to describe the transformation function.
The order can be freely chosen and can even be different from parameter to parameter. The default
choice for mean wind speeds is a 1* order fit as this is less sensitive to deviating extreme values. For
mean change of wind direction a 0" order polynomial is default (wind speed independent direction
change). For the standard deviations, 1% order higher is recommended for wind veer and 2" order for
wind speed.

Press Next to continue

On this display page the model parameters can be viewed in the form of mean changes and standard
deviation of the changes.
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ETY bd]
T 11
Fay

4
10

PRYBEYgREEEIRARAE BT

Wi clerachion ol redenencs poalion [deal

Wind vane || Mian | St | Copy graph
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The modeled transfer functions

Press Next to continue.
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Matrix method output
" Lse modeled transfer function for all bins
& Lse measured transfer function if the minimum number of
data records the bin is based on is at least:
Using measured transfer functions bring the corrections closer to the
observed nature. But the modeled might better smoothen out
faultyfextreme observations and could be better if less good data
quality.
ICronaIaght met mast (height: 30, 00)Awwa (height: 50,00) < Back | Mext = I Cancel |

Output options for transferring long-term reference data to local site.

Use modeled transfer function for all bins

If this is chosen only model transfer functions will be used, which give more smoothening. Alternative is
to use the measured transfer functions directly, if at least x records behind the transfer function. Using
measured transfer functions mean that each reference data point is transferred to the site by randomly
picking a destination value among the observed values for that particular bin.

Original data

The data being converted with the transformation function will usually be taken from the time series and
in that case be in sequential order rather than random order as this allows the predicted time series to be
compared with the measured one. However if the full reference is only available as a directional distribu-
tion (.tab file) data must be taken from the table tab or the Weibull tab of the Meteo object and sequential
transformation is not possible.

The next page is the comparison between predicted and measured data of the concurrent period. This
page is described in detail for the Regression model. Note that because of the random scatter nature of
the Matrix transformation the individual data records may be predicted less good than with linear regres-
sion. With longer averaging periods however this difference has been evened out.

When pressing finish, WindPRO asks to continue to generate wind statistics (or just end with the meteo
data). The wind statistic will be based on the entire long term corrected local data set.

A new row is created in the history list.
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Matrix report
Reports

Measure data - averview
Cetailed Statgen

Mlain report Matrix MCP Close |
Matrix MCP report (basic/overview)

Matrix MCP repart - details on wind speed fit

Matrix MCP repart - details on wind veer fit

Report language (local for these repaorts)

English |

Reports should be self-explanatory. Some examples from reports are shown below.
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In the report each direction sector are plotted visualizing measurements and model.
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11.2.4.4 Weibull scale
The Weibull scale solver is started by pressing Add Weibull scale method.

There are no parameters to be chosen.

rResults for Weibull scale

Scale factors (Site/Reference)

Rl RNE |ENE |E |ESE |SSE |s |st |WSW |W |WNW |NNW
Apar [100 109 090 084 082 09 09 05 095 057 101 097
kpar |101 100 072 09 074 097 08 03 084 085 103 078
f 121 089 078 D076 080 089 108 142 109 103 108 145

[« | A

Weibull scale factors to multiply on reference data

i MME EME E ESE S5E =3 SEN WS i IR PRI
| [ Reference frequency —B- A parameter —8— k parameter —b— freguency |
Marme
[Cronalaght met mast (height: 30 D0)/wwa (height: 50 00) Finish | Cancel |

Weibull scale shows the calculated scale factors for Weibull A, k and frequency.

When pressing finish, WindPRO asks to continue to generate wind statistics (or just end with the meteo
data, here no time series will be established, only the Weibull distribution). The wind statistic will be
based on the long term corrected local data set.

A new row is formed in the history list. With this model no correlation between measured and predicted
concurrent period can be calculated, as the method does not generate a transformed sequential time
series. These figures are therefore missing from the result row.

Weibull report

Page one is identical to page one of the regression model.

Page two gives the Weibull and frequency parameters for each sector for the data sets involved in the
calculation. Also the resulting correction factors and the resulting long term corrected Weibull and fre-
guency parameters are given.
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Reports

Wleasure data - overview
Detailed Statgan
tain report YWeibull Scale MCP

Repart language (local for these reports)

|English |

W Weibull Scale MCP report (basic/oveniew)
M Weibull Scale MCP report - details on scaling

The reports of the Weibull scale MCP

11.2.4.5 Wind index

The Wind index solver is started by pressing the Add Wind index button.

The settings window appears.

—Parameters for Wind index MCP

11.2 MCP users guide

* lze actual power curve of a selected WTG

" Usze simple power cutve approx
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Simple power curve - truncate at: I 140 ms
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{will be used for scaling wind speeds to correct level for wind index calculation)

Powver curve

700 F 1
BO0 |
500 |

z

= 400

%m0
o
200 4 -

100 - -

Copy graph |

'
'

Loan
T
[
SfEoao =
[
[
-
[

Selected povwer curve
Simplified poweer curve [sar(Wysp] |-

based on an actual WTG or a simple

]
4
]
'
=
'
T

T T T T T T T T T T T T T T
1011 1213 14 1316 17 1619 2021 22 23 24 25
Wind speed [mf=]

The wind index method is independent fram wind direction. The correlation is based on wind speeds, typically
scaled to expected mean wind speed at hub height at site. The wind speeds is filtered with a power curve

power curve approximation (squared wind speeds).

Save power settings as default

Mame

ICronaIaght met mast (height: 30,000 Awewea (height: 50,00)

MNext = I Cancel

Setup for wind index MCP calculation.
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The measured wind speeds must be converted to power output values. This can be done in two ways:

Actual power curve

The power curve for the turbines involved in the project can be chosen in the WTG type field. This ac-
cesses the wind turbine catalogue and the mode of selection is identical to selecting turbines in the WTG
property dialog box (chapter 2.5.2).

Simple power curve

As an alternative a simple power curve can be used by checking the Use simple power curve box. The
simple power curve is the squared wind speed truncated at a wind speed given in the Truncate at field.
The simple power curve is useful for projects where no specific turbine type has yet been chosen.

The graph compares simple and actual power curve. It can be copied or edited using the two buttons to
the right.

Use only periods with at least ...

This option is used to exclude months, which are poorly represented in the concurrent and/or long term
reference data sets. While such months does little harm to the actual correction the correlation parame-
ters can be badly affected by months with only few data points. The data are excluded only from the vis-
ual presentation and calculation of correlation. All data, including months with few data, are included in
the actual wind index correction.

Scaling

If the mean wind speed for the local data or reference data differs a lot from the expected wind speed at
hub height at site, different parts of the power curves will be used and the correction factor will be wrong.
The user must therefore enter expected approximate (+/- 0.5 m/s) long term mean wind speed at hub
height — which might not be known at calculation time, and there might therefore be a need for a few ite-
rations. It works in this way: The Long term reference is first scaled to the wind speed entered. Then for
the concurrent part of the reference data the average wind speed is found. This is then used to scale the
concurrent local data. As scaling compares to applying a shear factor to the data this is a valid modifica-
tion of data.

Pressing Next compares the energy index of the concurrent period for local and reference data. The av-
eraging can be changed but the correlation figures relate to the monthly averages like in the Correlation

tab. A difference is that the concurrent reference data are normalized with the full reference, which is set
to 100. The concurrent site data are normalized with the same value as the reference concurrent.

The better the graphs match the more successful the correction has been.
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The wind index method only compares the wind energy level of the prediction based on refer-
ence data with the measured.

When pressing finish, WindPRO asks to continue to generate wind statistics (or just end with the meteo
data). The wind statistic will be based on the entire long term corrected local data set, not just the con-
current part.

A result row is generated. Like with the Weibull scale method no correlation between measured and pre-
dicted is given. Instead the correlation and standard error is between concurrent site and reference data.
A new parameter though is the Correction from Wind index. This is the correction factor, which will be
applied to the production result when using the wind statistic generated from this calculation.

Wind index method Report
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Reports

Measure data - overview
Detailed Statgen

Main report ¥Wind Index MCP Close |
Wind Index Calculation - input data

Wind Index Calculation - results

Report language (local for these reports)

|English |

The reports from Wind index MCP

11.2.4.6 Report All
This report gives a summary of all the calculations done.

11.2.5 Setup
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One of the important functionalities of the WindPRO MCP module is that it can generate a wind statistic
from the generated long term corrected time series directly and thereby the “end result” needed for a typ-
ical WAsP PARK calculation. To generate the wind statistic a terrain description is needed. This is in
WindPRO collected in a Site data object for STATGEN purpose.

The Site data object, which should be used, can be selected in this tab.

When wind index is calculated, either used in the Wind index MCP method or used as a “test option” in

the other MCP methods, a few settings for wind index calculation is needed. See details described in
11.2.5.5 Wind index.
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One of the evaluations compares wind energy level (wind index), where the wind
speeds are filtered with a power curve based on an actual WTG or a simple power
curve approximation (sguared wind speeds).

Ok I Cancel |

The filter settings for calculating Wind energy index

11.2.6 Report Headers

11.2 MCP users guide
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In this tab sheet the headers and calculation name, which should be used in printouts, can be selected.

The feature is described in further details in chapter 2.
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