
Study Guide for

Atmospheric Sciences 5270: Wind Power Meterology

Example Questions

(The number after question is the relevant subsection in the Wind Resource Assessment Handbook.)

1. Calculate the average wind speed and the average wind power density for a site at which the
wind speed is 4 m/s for 75% of the time and 8 m/s for 25% of the time. The air density is 1
kg m−3. (10.1)

2. Based on the wind rose shown below, what is the most frequently occurring wind direction?
For which two wind directions is the wind power density the largest? (10.1)
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The directional distribution of the wind resource is a key factor affecting the design of a wind project. In 

most projects, the spacing between turbines along the principle wind direction is much greater than the 

spacing perpendicular to it. This configuration maximizes the density of wind turbines while keeping wake 

interference between the turbines, and hence energy losses, manageable.  

 

A polar plot displaying the frequency of occurrence, mean wind speed, or percentage of total energy as a 

function of direction is called a wind rose. The wind rose plot is created by sorting the wind data into the 

desired number of sectors, typically either 12 or 16, and calculating the relevant statistics for each sector:  

 

Frequency: ! "## $%& 

Mean speed: ! "
!"  

Percent of total energy: ! "## '
' $%& 

 

In these equations, Ni refers to the number of records in direction sector i, N is the total number of records 

in the data set, vj is the wind speed for record j, WPDi is the average wind power density for direction sector 

i, and WPD is the average wind power density for all records. Figure 10-4 contains a typical wind rose plot, 

this one showing frequency and percent of energy. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10-4 Wind rose plot example. (Source: AWS Truepower) 
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3. The power law equation relates the wind speeds at two heights:

v2

v1
=

(
z2

z1

)α

.

What is the wind speed v2 at height z2 if v1 = 10 m s−1, z1 = 50 m, z2 = 80 m, and the wind
shear exponent α = 0.14? (10.1, 11.1)

4. The log wind speed profile is

v =
u∗
k

log
(

z

z0

)
,

where u∗ is the friction velocity and z0 is the roughness length. Apply this formula to the
wind speed at two different heights, z1 and z2 to obtain

v2

v1
=

log(z2/z0)
log(z1/z0)

.

According to Table 11-1, what value of z0 corresponds to α = 0.14? Use this value for z0 and
the same values for v1, z1, and z2 as in the previous problem, and calculate the wind speed
v2 at height z2. (Lecture 6: Surface layer wind profiles; 11.1: Eq. 11-7)

5. Using the formula for the total uncertainty of two independent (uncorrelated) components,

σ =
√

σ2
1 + σ2

2 ,

calculate the total uncertainty if σ1 = 4% and σ2 = 2%. (14.3: Eq. 14-2)

6. Using the formula for the uncertainty of the average obtained from N measurements,

σ =
σ1√
N

,

where σ1 is the uncertainty of the average from a single measurement, and N is the number of
measurements, what is the uncertainty in the long-term mean wind speed based on 15 years
of measurements if the uncertainty based on a single year of measurement is 4%? (14.3: Eq.
14-3)

7. The basis of the climate adjustment process is to use the longer period of record at a refer-
ence station to reduce the uncertainty of the average wind speed obtained from one year of
measurements at the target station. The uncertainty of the long-term mean wind speed at
the target station in this case is

σ = σA

√
r2

NR
+

1− r2

NT
,

where σA is the uncertainty of the annual mean wind speed, (σA is assumed to be the same for
the reference and target sites), r is the correlation coefficient between the target and reference
station (usually for daily average wind speeds), NR is the number of years of reference data,
and NT is the number of years of concurrent reference and target data. For σA = 4%, NT = 1
year, and NR = 16 years, for what correlation, r, is σ, the uncertainty of the long-term mean
wind speed at the target station, the least? The greatest? What are the corresponding values
of σ? (12.2: Eq 12-1)
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8. Using the plot shown below, determine the uncertainty of the long-term mean wind speed
at a target site if the interannual variation is 5% and the correlation coefficient between the
reference site and the target site is either 60% or 90%.
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Here, A is the standard deviation of the annual mean wind speed as a percent of the mean; for simplicity, it 

is assumed to be the same for the reference and target sites. An analysis of ASOS data indicates this value 

is typically around 3-5%; although some wind farms may experience more or less interannual variability 

than observed at these airport stations. NR is the number of years of reference data, and NT is the number of 

years of concurrent reference and target data. (Because of seasonal effects, this equation should not be used 

if NT < 1.)  

 

The chart in Figure 12-3 plots this equation as a function of r2 for the observed range of values of A. One 

year of concurrent reference-target data is assumed. Looking at the middle curve, when there is no 

correlation, the error margin simply equals the annual variability, in this case 4%. For mid-range values of 

r2, the MCP process reduces the uncertainty by one-fourth, to about 3%. If the correlation is very high, the 

uncertainty is reduced by nearly 70%, to 1.3%. As this chart suggests, there is usually no point in 

employing a reference station with less than a 50% r2 value; many resource analysts do not consider 

stations with values of r2 below 60-70%. 

 

 

Figure 12-3 Uncertainty margin in the estimated long-term mean wind speed at a site, assuming one year of on-

site data and 10 years of reference data, as a function of the r2 coefficient between them and of the interannual 

variation in the wind at the site (the standard deviation of annual mean wind speeds divided by the long-term 

mean). (Source: AWS Truepower) 

 

An important question is what averaging interval should be applied to the wind speeds when using the 

MCP process. The optimal averaging interval for MCP is related to the time scale at which wind 

fluctuations may be experienced simultaneously by the reference and target sites. If the interval is too short, 

then a large proportion of the speed fluctuations may contain no useful information about the relationship 
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