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Algorithm Type
Linear Least Squares
Total Least Squares

Variance Ratio
Bulk Speed Ratio
Welibull Fit
SpeedSort
Vertical Slice

Matrix Time Series

Abbrev.

LLS

TLS

VR

BSR

WBL

SS

VS

MTS
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Description

The classisc least squares fit to the scatter plot of target and reference speeds

A slight modification of LLS that minimizes orthogonal distance to the best fit

A simple linear mapping that aims to preserve the variance of the target data

The simplest possible algorithm, based on the ratio of mean wind speeds

A power law fit whose parameters derive from the Welbull parameters of the
target and reference data

A linear fit to the relation ship between target and reference cumulative
frequency distributions

A piecewise linear fit tot the scatter plot of target and reference speeds

An implementation of the classic matrix method that we modified to produce
realistic time series data
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The 'Linear Least Squares' MCP algorithm is a method of correlating target and reference speed data based on a straightforward application of the linear least squares procedure to the

scatter plot of target speed versus reference speed. The resulting linear curve fit is described with a slope and intercept value, i.e. as a relationship of the form y = mx + b.

Windographer uses the following equations to calculate the slope and intercept for the LLS algorithm:

S

xy

S V

M =

Where S, and Sxy @re given by the following equations:

Sev =Y (2, —7) error
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The "Total Least Squares' MCP algorithm, also known as 'orthogonal least squares’, is a method of correlating target and reference speed data that minimizes the orthogonal distance to
the line of best fit. The resulting linear curve fit is described with a slope and intercept value, i.e. as a relationship of the form y = mx + b.

Windographer uses the following equations to calculate the slope and intercept for the TLS algorithm:

S, =Sy +4J(5, =5, ) +45,

m =

Where S, Sxpr and Sy, are given by the following equations:

5 €rror
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This article uses x to denote observed reference wind speeds, y to denote observed target wind speeds. Using that notation, a linear model to predict target wind speeds from observed reference wind speeds
appears as follows:

y=mx+b
The Variance Ratio algorithm aims for the variance of the predicted target wind speeds to equal that of the observed target wind speeds, so:
o (v)=c*(y)=c(mx+b)=m’c*(x)
So the square of the slope is equal to the 'variance ratio’, meaning the ratio of the variance of the observed target wind speeds to the variance of the observed reference wind speeds:

, o (y)

" T

The slope itself is therefore equal to the ratio of the standard deviation of the observed target wind speeds to that of the observed reference wind speeds:

c,
m=—
c

x

The Variance Ratio algorithm also aims for the mean of the predicted target wind speeds to equal the mean of the observed target wind speeds, so:

— _ o, _
V=y=mX+b=—X+b
':r.'-l:'
Solving that for the intercept yields:
—_ E‘,’ —_
b=y-—X
I:r.'-l:'

where x is the mean of the observed reference wind speeds and y is the mean of the observed target wind speeds.
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The "Weibull Fit' algorithm is an MCP algorithm proposed by van Lieshout (2010). It uses a power law model of the form: o 75° - 105°
y=ax”
— 1
where x denotes observed reference site wind speeds and v denotes observed target site wind speeds. E
F
To calculate the exponent, Windographer calculates the Weibull shape factors of the two data sets and calculates their ratio: f &
5
5
B = ky Z
k *
The scale factor is equal to the Weibull scale factor at the target site divided by the Weibull scale factor at the reference site, raised to the exponent . .
’ ° H.EfE-F-E-I':IE-E-WiI'II:I EpLid {mJ's) = =
A_ _ Diata === Best Fit

The graph below shows an example of a Weibull Fit curve fit with a decidedly non-linear character. Note that it follows from the curve fit equation that the line of best fit will always pass through the origin.
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The SpeedSort algorithm is an MCP method described fully in King and Hurley (2005).

SpeedSort is unique among MCP algorithms in that it does not operate on the original scatter plot of target speed versus reference speed. Rather, it involves sorting the data points before performing the curve
fit process.

SpeedSort uses a linear model of the form y =mx + 5. However, the model also incorporates a "dog leg’ from that line down to the origin for speeds below a certain threshold. Windographer calculates the curve
fit parameters and the wind speed threshold using the following process:

1. It independently sorts reference and target speeds in ascending order, then plots a scatter plot of the sorted target speeds versus the sorted reference speeds.
2. It chooses the threshold wind speed for the 'dog leg’ as the lesser of 4 m/s or half the long-term mean reference wind speed.
3. It uses orthogonal least squares to fit a line to the portion of the sorted scatter plot above the threshold reference wind speed.

The graph below shows an example of a SpeedSort curve fit. The graph shows the original (unsorted) data, the sorted data, and the best-fit line. Note the slight 'dog leg’ at around 2.5 m/s (reference). The
angle of the 'dog leg’ will be greater in cases where the line of best fit has a y-intercept value farther away from zero.
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The 'Wertical Slice’ algorithm, described fully in Leblanc et al. (2009), is an MCP algorithm that performs a piecewise linear curve fit on the scatter plot of target wind speeds versus reference wind speeds.

To obtain the piecewise linear curve fit, Windographer first splits the target wind speed versus reference wind speed scatter plot into N equally sized bins (vertical slices) along the x-axis. Then it calculates the
mean target wind speed value for each of these bins. Windographer then assigns a point to each bin where the x value is the midpoint of the bin along the x-axis and the y value is the mean target wind speed in
that bin. The piecewise linear curve then simply consists of these points connected by straight lines.

In an ideal situation, each vertical slice would contain enough data to calculate a reliable mean target wind speed value for the bin. In real data sets, however, this will not always happen, especially if the data set
Is short, heavily filtered, or has been divided into a large number of direction sectors. Therefore for slices with insufficient data (fewer than 5 data points), Windographer calculates the mean target wind speed by
another method: using the value predicted for the midpoint of the bin by the overall linear least squares fit.

Also, the curve fit generated via the above method does not cover reference speed values below the midpoint of the first bin, or above the midpoint last bin. Therefore to handle low wind speeds, Windographer
adds the origin as another point in the piecewise linear curve fit. To handle high wind speeds, it extrapolates the curve fit upwards from the last calculated point using the slope of the overall linear least squares
fit.

The graph below shows an example of a vertical slice curve fit, along with the points that define each linear segment.
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1month 3month 6month 9month 12month 15month
BSR 0.2124 0.1319 0.0672 0.0442 0.0319 0.0292
MTS 0.2067 0.1362 0.1105 0.0686 0.0243 0.0404
SS 0.1965 0.1214 0.0590 0.0461 0.0330 0.0323
TLS 0.2047 0.1239 0.0602 0.0496 0.0350 0.0332
VR 0.2128 0.1311 0.0685 0.0502 0.0347 0.0340
WBL 0.2265 0.1386 0.0716 0.0493 0.0342 0.0349
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Mast2
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Mast4

Duration 6 years
RA2 0.644

Recovery Rate 99.29%
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