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1. INTRODUCTION

Environmental concerns and rising fossil fuel
prices have prompted rapid development in the
renewable energy sector. Wind energy, in par-
ticular, is projected to emerge as one of the
fastest-growing renewable energy technologies in
the world (U.S. Energy Information Administration
2012). In fact, the U.S. Department of Energy has
examined a scenario in which 20% of the energy
needs of the U.S. are provided by wind energy
by the year 2030 (U.S. DOE 2008). Such a sce-
nario could reduce annual carbon dioxide emis-
sions from the energy sector by 825 million metric
tons but would require a large increase in the in-
stalled wind capacity in the U.S. (U.S. DOE 2008).

It has been estimated that the Great Plains re-
gion possesses the country’s highest wind power
potential (Fig. 1). The land in the Great Plains is
mostly flat and located far away from both ocean
coasts; the lack of complex terrain allows wind to
flow unimpeded for great distances. These fac-
tors, in addition to the prominence of the nocturnal
low-level jet, create a vast, largely untapped po-
tential for wind power in the Great Plains. How-
ever, wind farm siting is often a meticulous pro-
cess that requires examining the site’s wind cli-
matology at turbine hub heights, which typically
range from 60 to 100 m above ground level (AGL)
(Schwartz and Elliott 2005). As most standard me-
teorological observation sites were not designed
for wind energy applications, there is a substan-
tial lack of meteorological data at these heights
(Petersen et al. 1998b). Thus, researchers and
engineers often extrapolate wind speed data from
near-surface observation stations to typical hub
heights to estimate wind power potential (e.g.,
Schwartz and Elliott 2005).

Typical extrapolation methods include the use
of power laws and the application of Monin-
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Figure 1: Wind resource map for the United
States. From WindPoweringAmerica.gov.

Obukhov similarity theory (Petersen et al. 1998a).
However, simple power laws include a single ex-
ponent, which can vary with height, stability, and
surface roughness (Petersen et al. 1998a). Monin-
Obukhov similarity theory assumes that surface
fluxes of heat and momentum are constant with
height (Arya 2001), an assumption that is gener-
ally untrue at night when the boundary layer is sta-
ble (Pahlow et al. 2001).

In this work, 10-m wind speed data from the
Oklahoma Mesonet and 80-m wind speed data
from a tall tower are used to evaluate the power
law extrapolation method and two different forms
of Monin-Obukhov similarity theory. The gradi-
ent Richardson number, calculated from the Okla-
homa Mesonet data, is used to separate the wind
speed data into stability classes.

2. BACKGROUND

2.1. Data Sources

The Oklahoma Mesonet is comprised of over
110 surface observation stations across the state
of Oklahoma. Jointly operated by the University



of Oklahoma and Oklahoma State University, the
Mesonet began network-wide data collection in
1994. Every 5 minutes, each Mesonet site re-
ports standard surface variables, including solar
radiation, rainfall, pressure, air temperature, and
wind speed. Some Mesonet sites also record soil
moisture and temperature at several different lev-
els. Air temperature is measured with thermistors
at 1.5 and 9 m AGL. Cup anemometers provide
wind speed at 2 m and wind monitors provide wind
speed and direction at 10 m (McPherson et al.
2007).

Tall data collection towers in Oklahoma are
maintained by the Oklahoma Wind Power Initia-
tive (OWPI), housed at the University of Okla-
homa. Several towers were constructed near po-
tential wind farm sites and in some locations, wind
instrumentation was added to existing communi-
cations towers. Wind speed and direction are
collected by cup anemometers and wind vanes
at several heights, ranging from 20 m to 80 or
100 m at some of the higher towers. More in-
formation can be found on the OWPI website —
http://www.ocgi.okstate.edu/owpi/default.asp.

2.2. Extrapolation Methods

In this paper, three approaches are used to
produce correlations between 10- and 80-m wind
speeds.The first approach involves the use of
a power law to relate wind speeds at different
heights to a reference wind speed at a reference
height close to the ground (typically 10 m AGL).
The power law that is commonly used in wind en-
ergy is defined by the following equation:

u(z) = uref ( z
zref

)p

where u(z) is the wind speed at height z, uref is
the wind speed at height zref , and p is the power
law exponent. Traditionally, neutral atmospheric
conditions have been associated with p = 1/7,
with values higher (lower) than 1/7 indicating sta-
ble (unstable) conditions (Petersen et al. 1998a).
High values of the shear exponent indicate that the
wind speed changes rapidly with height, which is
common in stable regimes when the surface layer
is decoupled from the rest of the boundary layer
and vertical momentum transport is limited. In
contrast, low values of the shear exponent indicate
that wind speeds are fairly uniform with height,
which is common during unstable regimes with
substantial vertical mixing (Garratt 1992).

Monin-Obukhov Similarity Theory (MOST)
uses a series of similarity functions to estimate the
vertical wind speed profile. The modified “log-law”
equation is used to estimate the mean wind speed
at different heights, z, AGL:

ū(z) = u∗
κ

(
ln z
zo
−Ψm(ζ)

)
u∗ is the friction velocity, zo is the roughness

length, and Ψm(ζ) is a function that takes stability
into account. ζ is the normalized Obukhov length,
z/L, where L = − u3

∗θv

κgw′θ′v
. θv is the mean virtual

potential temperature at the measurement height,
κ is the von Kármán constant (commonly set as
0.4), g is acceleration due to gravity, and w′θ′v is
the heat flux measured at the surface (Arya 2001).
If an eddy-covariance measurement system is
available, the heat flux and friction velocity can be
estimated and inserted into the Obukhov length
equation. If flux measurements are not available,
the gradient Richardson number can be used to
approximate the non-dimensional Obukhov length
(Dyer and Hicks 1970).

One major disadvantage of MOST is that it as-
sumes fluxes are constant with height, which is
typically only valid in the surface layer. Gryning
et al. (2007) showed that the wind profile based
on MOST is only valid up to 50–80 m AGL for a
variety of stability conditions and developed a new
set of relations to extend the wind profile above
the surface layer. This method, referred to as Ex-
tended MOST (EMOST) in this paper, uses a set
of length scales to estimate the wind speed pro-
file. The characteristic wind profile length scale,
l, is related to unique length scales in the surface
layer, middle boundary layer, and upper boundary
layer in the following equation:

1
l = 1

LSL
+ 1

LMBL
+ 1

LUBL

In the method of Gryning et al. (2007), the fol-
lowing general equation is used to estimate the
wind speed profile for different stability conditions:

ū(z) = u∗
κ

ln z
zo
−Ψm(ζ)︸ ︷︷ ︸
Stability

+ z
LMBL︸ ︷︷ ︸

MiddleBL

− z
zi

z
2LMBL︸ ︷︷ ︸

UpperBL


Ψm(ζ) is a parameter that takes stability

into account, similar to the stability parameter
in MOST, LMBL is the length scale in the mid-
dle boundary layer, and zi is the boundary layer
height.



3. WIND SPEED DATA

Wind speed data for the month of August 2011
were used for this study. This month was cho-
sen because the weather is typically quiescent in
Oklahoma during the month of August. An anal-
ysis of 500-mb height charts during this time pe-
riod indicated that flow was zonal for most of the
month, with a large ridge over much of the South-
ern Plains. Thus, variations in wind speed were
likely influenced primarily by diurnal variations.

Wind speed data at 80 m were obtained from
a tall tower in Roger Mills County. Because the
data are proprietary, the exact location of the
tall tower cannot be disclosed. The Cheyenne
Mesonet site, located within 25 km of the tall tower,
was used to obtain 2- and 10-m wind speed data,
as well as 1.5-m and 9-m temperature. Wind
speed data from the tall tower are available in 10-
min averages, while Mesonet data are available
in 5-min averages. Thus, the 5-min averages from
the Mesonet were further averaged to produce 10-
min averages to match the tall tower data.

A scatter plot of all the 10-m and 80-m wind
speed data for the month of August 2011 is shown
in Fig. 2. Although many of the wind speed points
are clustered in the same area, there are several
outliers that represent a significant amount of wind
speed shear. Generally, the 80-m wind speeds
were higher than the 10-m wind speeds, although
this was not always the case.

Figure 2: Scatter plot of 10-m wind speeds
from the Cheyenne Mesonet site and 80-m wind
speeds from a nearby tall tower for the month of
August 2011. 1:1 line is shown for reference.

In order to separate the wind speed data into
more clearly defined stability regimes, the gradi-

ent Richardson number, Ri was calculated. Ri is
defined by the following equation:

Ri =
g

To

∂θ
∂z

(∂u∂z )2

where g is the gravitational acceleration, To is the
surface temperature, and ∂u

∂z and ∂θ
∂z are the verti-

cal gradients of wind speed and potential tempera-
ture, respectively. In this study, Ri was calculated
from the Cheyenne Mesonet station following the
method of Bodine et al. (2009):

Ri =
g[(T9m−T1.5m)/∆zT +Γd)]∆z2u

T1.5m(u10m−u2m)2

where T9m and T1.5m are the temperatures at 9
and 1.5 m AGL, respectively, u10m and u2m are
the wind speed magnitudes at 10 and 2 m AGL,
respectively, and ∆zT and ∆zu refer to the differ-
ences in measurement levels for T and u. The
vertical gradient of potential temperature is ap-
proximated by adding the dry adiabatic lapse rate,
Γd, to the temperature gradient. Ten-minute av-
erages of the wind speed and temperature data
were used to calculate a different value of Ri for
every 10 min of observations.

In this work, stability classifications were
loosely based on the classifications of Mauritsen
and Svensson (2007) and defined as follows:

Strongly unstable: Ri < −0.2
Unstable: −0.2 ≤ Ri < −0.1
Neutral: −0.1 ≤ Ri < 0.1
Stable: 0.1 ≤ Ri < 0.25
Strongly stable: Ri ≥ 0.25

According to these classifications, 22% of the wind
speed data pairs during August 2011 occurred
during a strongly unstable regime, 7.6% occurred
during an unstable regime, 30.3% occurred during
a neutral regime, 30.5% occurred during a stable
regime, and 9.6% occurred during a strongly sta-
ble regime.

A scatter plot of 10- and 80-m winds strati-
fied by stability classification is show in Fig. 3.
The unstable 10-m wind speed observations ap-
pear to be approximately linearly correlated with
the 80-m wind speed observations; in fact, many
of the unstable observations are located near the
1:1 line. This makes sense, since unstable at-
mospheres often have well-mixed, uniform profiles
of wind speed (Garratt 1992). In contrast, most



of the observations corresponding to stable con-
ditions are located above the 1:1 line, indicating
that 80-m wind speeds are higher than 10-m wind
speeds and wind shear exists in the vertical direc-
tion.

Figure 3: As in Fig. 2, but different stability classi-
fications are indicated by colored circles.

4. EXTRAPOLATION METHODS: RESULTS

In this section, the 10- and 80-m wind speed
data for the month of August 2011 are fit to a
power law. In addition, Monin-Obukhov similarity
theory and the extended Monin-Obukhov similar-
ity theory of Gryning et al. (2007) are used to pre-
dict the 80-m wind speeds for the various stabil-
ity classes. The accuracy of these extrapolation
methods is explored for different stability regimes.

4.1. Power Law

First, the wind speed data were used to fit a
power law of the form u(z) = uref ( z

zref
)p. uref was

taken to be the wind speed measured at 10 m by
the Cheyenne Mesonet site, as 10 m is a common
reference level used to fit the power law in wind
energy studies (Petersen et al. 1998a). The statis-
tics toolbox in MATLAB was used to fit a linear re-
gression to the wind speed data, and a best-fit line
of the form u(80m) = u(10m) ∗ slope was found.
For the power law, the slope is equal to (z/zref )p.
Solving for p gives p = ln(slope)/ln(z/zref ) =
ln(slope)/ln(80m/10m). Different values of p were
calculated for the different stability classes, then
used to calculate 80-m wind speeds from 10-m
wind speeds.

Values of the coefficient of determination, R2,
and shear exponent, p, for the power law fit are

shown in Table 1. The values of p are lower than
the neutral value of 1/7 (= 0.143) for unstable con-
ditions and greater than 1/7 for stable conditions.
In addition, the value of p approximated from the
wind speed data increases with increasing stabil-
ity, as expected (Petersen et al. 1998a).

Scatter plots for the power law fit are shown in
Fig. 4. The power law fit the strongly unstable, un-
stable, neutral, and stable regime wind speed data
very well, with R2 values exceeding 0.9 (Figs. 4a–
d). However, the power law did not fit the strongly
stable regime wind speed data as well, producing
an R2 value of 0.826 (Fig. 4e).

4.2. Monin-Obukhov Similarity Theory

Next, the 10-m wind speeds were used to find
the Monin-Obukhov similarity functions at each
observation time, and a modified log-law equa-
tion was used to estimate the 80-m wind speeds.
The process to compute the similarity functions
largely follows the gradient method outlined in
Arya (2001).

First, the non-dimensional height, ζ = z/L,
was calculated from the gradient Richardson num-
ber using the following equations:

ζm = zm
L = Ri;Ri < 0

ζm = zm
L = Ri

1−5Ri ; 0 ≤ Ri < 0.2

where zm is the mean geometric height used for
the calculation of Ri. For this work, zm was taken
as
√

10m ∗ 2m = 4.47m. Although Ri in the gra-
dient method is typically calculated assuming log-
arithmic profiles for wind speed and temperature,
the previously-calculated value of Ri was used for
simplicity.

Next, the Obukhov length, L, was calculated
by dividing zm by ζm. Values for ζ at 10 and
80 m were calculated by dividing the heights
of 10 and 80 m by the Obukhov length. The
similarity functions for momentum at 10 and 80
m were obtained from the Businger-Dyer relations:

φm = (1− 15ζ)−1/4;−5 < ζ < 0
φm = 1 + 5ζ; 0 ≤ ζ < 1
Ψm = −5ζ; ζ ≥ 0

Ψm = 2ln( 1+x
2 ) + ln( 1+x2

2 )− 2tan−1(x) + π
2 ; ζ < 0

where x = (1− 15ζ)1/4.



Figure 4: Estimated 80-m wind speeds from power law fit compared to true 80-m wind speeds for a) strongly
unstable b) unstable c) neutral d) stable and e) strongly stable regimes. Observation/estimation pairs are
indicated by blue circles and 1:1 line is shown by thick black line for reference.



The friction velocity, u∗, was found through the
equation for the dimensionless wind speed gradi-
ent: (

κz
u∗

) (
∂ū
∂z

)
= φm( zL )

For this work, z was set to zm in the equation
above, κwas set to 0.4, and the derivative of uwith
respect to z was found using a finite-difference ap-
proach, assuming a logarithmic wind profile:

∂ū
∂z = u10m−u2m

ln( 10m
2m )zm

Mean values of u∗ were approximately 0.3 m s−1.
Next, the roughness length, zo, was calculated by
assuming a modified log-law profile for the wind
speed:

ū(z) = u∗
κ

(
ln z
zo
−Ψm(ζ)

)
Values for ū and Ψm(ζ) at 10 m were used to solve
for zo. Mean values of zo derived from the data
were approximately 0.03 m, which is fitting for the
open fields near the Cheyenne Mesonet site (Stull
2000). Finally, the calculated values of u∗, zo, and
Ψm(80m) were used to calculate the wind speed at
80 m from the modified log-law equation outlined
above.

Results from the Monin-Obukhov similarity
theory method are shown in Fig. 5. (Note that
the Monin-Obukhov method assumes a maximum
Ri of 0.2, so similarity theory was not applied to
the strongly stable regime wind speeds.) Simi-
larity theory produced fairly good results for the
strongly unstable, unstable, and neutral regimes
(R2 > 0.9); the observation/estimation pairs were
scattered somewhat evenly about the 1:1 line, in-
dicating that similarity theory produced approxi-
mately equal numbers of overestimates and un-
derestimates of the 80-m wind speed (Figs. 5a–c).
However, many of the similarity theory estimates
were inaccurate for the stable regime (R2 = 0.692;
Fig. 5d).

The stable regime wind speeds estimated
from MOST appear to be separated into two
groups: several estimates are scattered below the
one-to-one line, while several more estimates are
scattered above the one-to-one line. It is possible
that these two separate groups of wind speed es-
timates are related to different degrees of stability.
This would not be surprising, considering the vary-
ing amount of wind shear between the 10-m stable

regime wind speeds and the corresponding 80-m
wind speeds (Fig. 3). In general, the inaccuracy
of Monin-Obukhov similarity theory for the stable
regime is likely related to the underlying assump-
tions of the theory. Monin-Obukhov similarity the-
ory assumes that heat and momentum fluxes are
uniform with height (Arya 2001), which is likely not
true when the boundary layer is stable and highly
stratified (e.g., Pahlow et al. 2001).

4.3. Extended Monin-Obukhov Similarity Theory

Finally, the EMOST method of Gryning et al.
(2007) was used to estimate 80-m wind speeds
for different stability regimes. By using different
length scales for different parts of the boundary
layer, Gryning et al. (2007) show that the wind
speed profile in neutral conditions can be deter-
mined through the following equation:

ū(z) = u∗
κ

(
ln z
zo

+ z
LMBL,N

− z
zi

z
2LMBL,N

)
LMBL,N is the length scale in the middle bound-
ary layer under neutral conditions. By using tower
observations, Gryning et al. (2007) determine an
empirical fit for LMBL,N , given by:

LMBL,N = u∗o
f /(−2lnu∗ofzo

+ 55)

where f is the Coriolis parameter.

The estimated wind profiles for stable and un-
stable conditions include a correction factor for
stability. The stable wind profile is given by the
following equation:

ū(z) =
u∗
κ

(
ln z
zo

+ bz
L (1− z

2zi
) + z

LMBL
− z

zi
z

2LMBL

)
In this paper, the constant b was set to 5, following
the Dyer and Hicks (1970) method.

Similarly, the wind profile for unstable condi-
tions is given by the following equation:

ū(z) = u∗
κ

(
ln z
zo
−Ψ( zL ) + z

LMBL
− z

zi
z

2LMBL

)
where Ψ( zL ) = 3

2 ln
1+x+x2

3 −
√

3tan−1( 1+2x√
3

) + π√
3

and x = (1 − 12z/L)1/3. For stable and unstable
conditions, Gryning et al. (2007) determined the
following empirical relation for LMBL:

LMBL = u∗o
f /((−2lnu∗ofzo

+ 55)exp(−u∗0/fL400 ))



Figure 5: Estimated 80-m wind speeds from Monin-Obukhov similarity theory compared to true 80-m wind
speeds for a) strongly unstable b) unstable c) neutral and d) stable regimes. Observation/estimation pairs
are indicated by blue circles and 1:1 line is shown by thick black line for reference.

Values of u∗ and zo were determined the same
way they were determined for MOST in the previ-
ous section.

One of the parameters in the EMOST wind
profile equations is the boundary layer height,
zi. Gryning et al. (2007) estimate the mean
boundary layer height for different stability regimes
by examining heat and momentum fluxes from
sonic anemometers on a tower and extrapolating
the flux measurements upward. However, sonic
anemometers are not available on either the tall
tower or the Mesonet station, so a simple param-
eterization for the boundary layer height was used
in this paper. Gryning et al. (2007) suggest that
the approximation zi ≈ 0.1u∗o/f be used when
the boundary layer height is not known, so this ap-

proximation was adopted for the present study.

The wind profile estimation results from the
EMOST method are shown in Fig. 6. Similar
to the MOST estimates, the 80-m wind speed
estimates from EMOST were most accurate for
strongly unstable, unstable, and neutral regimes.
However, the EMOST wind speed estimates for
stable regimes are significantly closer to the ob-
served 80-m wind speeds (R2 = 0.896) in com-
parison to the MOST estimates (R2 = 0.692). In
addition, unlike the MOST estimates, the EMOST
wind speed estimates are not separated into dif-
ferent groups for the stable regime wind speeds
(Fig. 6d). Thus, there does seem to be a slight
advantage to using the extended Monin-Obukhov
Similarity Theory of Gryning et al. (2007), at least



for stable regime wind speed estimates.

5. Summary and Conclusions

In this work, 10-m wind speed data from the
Cheyenne Mesonet site and 80-m wind speed
data from a nearby tall tower were used to evalu-
ate different wind speed extrapolation techniques.
The gradient Richardson number was calculated
from the Mesonet data and used to separate the
wind speed data into five different stability classes:
strongly unstable, unstable, neutral, stable, and
strongly stable.

The R2 values for the different extrapolation
methods and stability regimes are shown in Table
1. The results for all three methods were simi-
lar for the strongly unstable, unstable, and neutral
regimes, although R2 values were slightly higher
for the power law method for all three regimes.
Monin-Obukhov Similarity Theory produced the
lowest R2 value for the stable regime wind speed
data, and also appeared to separate the extrap-
olated wind speed data into two different groups
(Fig. 5d). The discrepancy in R2 values for the
stable regime wind speed data is likely the result of
the assumptions of similarity theory; as previously
discussed, MOST assumes that surface fluxes are
constant with height, which is generally untrue for
stable regimes.

As tall tower data were also available at 31,
50, and 65 m, mean wind speed profiles pro-
duced by the extrapolation methods can be com-
pared to the actual mean wind speed profiles ob-
served at the tall tower. The mean wind speed
profiles produced by the extrapolation techniques
are shown in Fig. 7 and mean estimation errors
are shown in Fig. 8. The power law method pro-
duced good fits for the strongly unstable and un-
stable regime wind speed data. This is not sur-
prising, as wind speeds tend to be well-mixed in
unstable boundary layers and highly correlated
at different heights (Garratt 1992). However, the
power law method produced poor results for the
strongly stable and stable regimes, likely because
wind speeds in the stable boundary layer are of-
ten highly sheared and turbulence and momentum
transport are weak and intermittent (Garratt 1992).
The power law tended to underestimate, on av-
erage, the 80-m wind speeds for the stable and
strongly stable regimes (Figs. 7a, 8a), suggesting
that the power law does not adequately capture
the amount of vertical wind shear present in stable
atmospheric regimes. However, the mean wind
speed error produced by the power law method
was within +/- 2 m s−1 for all heights and stability

regimes (Fig. 8a).

Both the MOST and the EMOST fit overes-
timated wind speeds for the stable regimes, but
produced fairly accurate estimates for the strongly
unstable and unstable regimes (Figs. 7b,c, 8b,c).
For the MOST fit, the stable regime wind speed er-
ror increases with height (Fig. 8b), suggesting that
similarity theory becomes less and less valid with
increasing height. In contrast, the EMOST errors
for the stable regime are relatively constant with
height (Fig. 8c).

In conclusion, extrapolation methods that use
Monin-Obukhov Similarity Theory only appear to
produce accurate wind speed estimates for unsta-
ble regimes. The extended similarity theory de-
veloped by Gryning et al. (2007) requires the use
of several additional approximations and parame-
terizations, but could produce better wind speed
estimates for stable regimes in comparison to tra-
ditional Monin-Obukhov Similarity Theory. Sur-
prisingly, the most simple method in this paper,
the power law method, appeared to produce the
smallest mean wind speed errors for all heights
and stability regimes. This method does not make
any assumptions about stability or constant fluxes
in the surface layer. However, the shear parame-
ter in the power law is highly dependent on atmo-
spheric stability, and is likely location-dependent
as well.

The power law was also the only method that
directly used 80-m wind speeds in the extrapola-
tion fit. While the shear exponents for the power
law fit were derived from the wind shear between
10 and 80 m, the parameters in the MOST and
EMOST fits were solely determined from the 2-
and 10-m Mesonet observations. Furthermore,
MOST, unlike the power law, assumes that wind
speed increases logarithmically with height in the
surface layer; this assumption was invalid when-
ever the 10-m wind speeds were larger than the
80-m wind speeds, which was true for some por-
tions of the study time period (Fig. 2). These dis-
crepancies could have influenced the superior per-
formance of the power law in comparison to MOST
and EMOST.

In the future, more complex, non-linear meth-
ods such as neural networks (Bishop 1995) could
be explored to produce better fits for wind speeds
in the stable boundary layer. More stability and
wind shear parameters may need to be integrated
in order to relate 10-m wind speeds to 80-m wind
speeds in the stable boundary layer. In addition,
80-m wind speeds could be integrated into the



Figure 6: Estimated 80-m wind speeds from extended Monin-Obukhov similarity theory compared to
true 80-m wind speeds for a) strongly unstable b) unstable c) neutral and d) stable regimes. Observa-
tion/estimation pairs are indicated by blue circles and 1:1 line is shown by thick black line for reference.

Method Strongly Unstable Unstable Neutral Stable Strongly Stable
Power Law 0.936 ( p = 0.108) 0.959 (p = 0.105) 0.926 (p = 0.179) 0.903 ( p = 0.288) 0.826 (p = 0.438)

MOST 0.928 0.954 0.916 0.692 -
EMOST 0.934 0.953 0.913 0.896 -

Table 1: Coefficient of determination (R2) values for different extrapolation methods and stability classes.
For power law results, value of shear exponent, p, is shown in parentheses.

MOST and EMOST methods to provide more fair
comparisons to the power law method.
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Figure 7: Mean wind speed profiles produced by different extrapolation techniques. Estimated profiles are
denoted by solid lines and tall tower observations are denoted by circles.



Figure 8: Mean wind speed error profiles for different extrapolation techniques. Error profiles are denoted
by solid lines and error bars and and tall tower observations are denoted by circles.


