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— Relatively meaningless

plot of hourly data. ..

average windspeed is
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given by the pink line.

More meaningful plot of
frequency distribution -
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Welbull distribution:
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Most windspeed patterns fit the Weibull distribution
reasonably well over long time periods.

Note: there are two parameters the define the
characteristics of the distribution.

C - the scale parameter (the Blue Book callsthis v,
and also refersto it as the characteristic velocity).

k - the shape parameter (the Blue Book calls this b).
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Weibull distribution plots with ¢ =5 and var ying val ues of k
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Weibull distribution plots with k =2 and varying values of ¢
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How doesthis...
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Fit this?
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Frequency distribution of windspeeds
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And with what values of ¢ and k?
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First, relate the mean windspeed to these parameters. ..

for any variable x that occurs with a certain probability P(x),
the mean of x, denoted by x, is given by the following
integral:

X = ?xP(x)dx

Smilarly, for windspeed with a Weibull distribution, the
average windspeed is given by...



The solution of thisintegral is given by a set of functions
called Gamma functions defined by the following
relationship:

(0]

r(y)= | xY L exp[- x] dx

So, with some creative substitution, letting x = (u/c)k and
dx = (k/c)(u/c)«1du we get

u :CI(X)llkeXp[—Xk]dX
0
Which can also be written as a Gamma function like this...
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But why is this useful ?777?



e Oneoptionisto calculate u directly and useit to find
the parameters c and k for example:
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Ratio of ¢ to u as a function of k
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Note: theratio of cto uisrelatively constant (~1.12) over a
wide range of shape parameter k so, to a good
approximation, we can assumec ~ 1.12 u



Another option isto linearize the distribution function
and do aregression to determine the parameters...
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Take theintegral of f(u) - this gives you the cumulative
distribution function F(u)...

f(u) = di F(u) sothat (without going through all of the details)
u

Cumulative frequency distribution of
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Now take the natural log two times (to linearize bothe
the exponential and the power functions). With some
rearrangement this gives us...

In[in(L- F(u)) = kIn(u)-kIn(c)

This can be plotted asastraight line: y = ax + b (don’t
confuse the b in this equation with the b that the Blue
Book uses to represent the shape parameter, which isk
In this derivation).

Here, the lope of theline‘a will be equal to the shape
parameter k and the intercept of theline, ‘b’ iIsequal to
-k In(c) so that ¢ = ek,

Thistreatment is pretty smpleto do in excel. Plot it,
and do alinear curvefit...



...and the result of the regression looks something like this,
though the fit parameters depend strongly on which data
points you include or exclude. That’s for you to
decide...
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