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•  Wind	  energy	  is	  becoming	  more	  important	  over	  large	  geographic	  
areas.	  	  

•  Numerical	  Weather	  Models	  can	  be	  used	  to	  produce	  wind	  power	  
es@mates.	  

•  Incorpora@ng	  more	  informa@on	  into	  the	  processing	  of	  NWPM	  
outputs	  should	  increase	  the	  accuracy	  of	  the	  wind	  power	  es@mates	  

•  Rotor	  Equivalent	  Wind	  Speed	  (REWS)	  provides	  a	  simplis@c	  way	  to	  
incorporate	  shear	  over	  the	  rotor	  swept	  area.	  

	  
•  The	  “full”	  power	  equa@on	  provides	  a	  novel	  technique	  to	  account	  

for	  changes	  in	  wind	  speed	  over	  @me	  (between	  the	  model	  output	  
periods).	  

•  A	  suitability	  metric	  that	  incorporates	  variability	  is	  inves@gated.	  

Mo@va@on	  and	  Purpose	  



•  The	  Rapid	  Update	  Cycle	  (RUC)	  Assimila@on	  Model	  is	  leverage	  for	  
every	  hour	  of	  the	  years	  of	  2006,	  2007,	  and	  2008.	  It	  is	  13	  km	  
resolu@on.	  We	  are	  currently	  extending	  this	  to	  include	  2009	  to	  2014.	  

•  The	  Assimila@on	  model	  is	  the	  “op@mal	  es@mate”	  of	  the	  state	  of	  the	  
atmosphere	  when	  incorpora@ng	  observa@ons,	  a	  background	  state,	  
and	  error	  covariance.	  
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Figure 1. Schematic diagram of the rotor area with variables for the computation of the Rotor Equivalent Speed weights. It can be
seen that weights need only be calculated for one half of the rotor, and the other half is the reflection.

half is automatically found by symmetry. The area of each segment is the area of the sector (ASi) minus the area of the
triangle encased by the chord of the top of the last segment (ATi) minus the previous segments calculated (Aj),
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By inserting Eqs (3) and (4) into Eq. (2), we derive the formula for each segment area explicitly as
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where ↵i is the weights for the RES computation. The RES, UR, is defined mathematically as

UR =

NX

i=1

↵i · Ui. (7)

The definition of the RES from Eq. (7) remains valid as long as the rotor diameter is not larger than the horizontal
resolution of the model (here they are not). The limit of the RES is a continuous function of the wind speeds integrated
over the rotor height. If the resolution of the model were to be so high that the rotor diameter is greater than the horizontal
grid spacing, then the RES would need to be recomputed using both horizontal and vertical slices. The ultimate limit to the
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*	  We	  also	  perform	  the	  same	  technique	  to	  
obtain	  the	  Rotor	  Equivalent	  Density	  
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Table I. Turbines used to calculate the Generic Coefficient of Power Curves for the IEC classes.

Turbine Rated Power (MW) Cut-In Speed (m/s) Max Output Speed (m/s) Cut-Out Speed (m/s) Rotor Diameter (m)

IEC-I Siemens 3.0 MW 3.0 3.0 14.0 25.0 101.0

Gamesa G80 2.0 4.0 17.0 25.0 80.0

Nordex N90HS 2.5 4.0 14.0 25.0 90.0

Vestas V90 3.0 4.0 14.0 25.0 90.0

IEC-II Vestas V112 3.0 3.0 13.0 25.0 112.0

Siemens 2.3 MW 2.3 3.0 13.0 25.0 93.0

GE1.6 82.5 1.6 4.0 12.0 25.0 82.5

GE2.5xl 2.5 3.0 14.0 25.0 100.0

IEC-III Vestas V100 1.8 3.0 12.0 20.0 100.0

GE1.6-100 1.6 3.0 12.0 25.0 100.0

Repower 3.2M 3.2 3.0 12.0 22.0 114.0

IEC-IV Siemens 3.6 MW 3.6 4.0 14.0 25.0 107.0

GE4.1MW 2.3 4.0 14.0 25.0 113.0

Repower 6M 6.15 3.5 14.0 30.0 126.0
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Figure 2. The coefficient of power graph for the three IEC wind classes and offshore wind.
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Figure 3. The power curve for the three IEC wind classes and offshore wind.

normalized power curves are shown in Fig. 3. The Cp values are to produce a power output from the turbines in MW
rather than W, and hence are 10

�6 smaller than usually displayed. At peak efficiency the turbines are approaching 50%
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RES would be the double integral of continuous wind speeds over the entire rotor swept area. In our estimate of RES, we
compute eight wind speeds in the center of each of the rotor segments. The rotor diameter in the present paper is assumed
to be 112 m (more information on the wind turbine specifics is in subsection 2.2). Since our chosen hub height is 90 m
AGL the winds are interpolated from the native ⌘-levels to 41 m, 55 m, 69 m, 83 m, 97 m, 111 m, 125 m, and 139 m.
It should be noted that the formula in Eq. (6) does not depend on the rotor diameter; it is only needed to define the wind
speed heights. This is important because if one uses eight segments for a different sized turbine then the same weightings
can be applied (with different wind speeds). If the wind shear is uniform with height, the RES will be identical to that of
the hub height wind speed. We are applying the RES to numerical weather data, which is not addressed in the literature
thus far. There is a detailed description of using the procedure with wind measurements in Wagner et al. [17]. The results
from the RES calculations on the RUC data are described in section 3. In that section, we also compare the differences
with the hub height wind speed and wind power estimates.

2.2. Wind Power Modeling

The full production of wind speed estimates is complex and requires multi-disciplinary analysis. However, we did
circumvented the majority of the work required to produce wind speed estimates because we took the data from the
operational archives of the RUC [18]. Our work focuses on producing the rotor equivalent speed and the wind power
estimates. The energy content of the wind in a infinitely small volume is simply the kinetic energy (mv2/2) of the wind
contained within the volume. Hence, the power contained in the wind is the time derivative of the kinetic energy;

Pw(U(t)) =
d[Ew(U(t))]

dt
=

d
dt


1

2

·m(t) · U2
(t)

�
. (8)

Here, Pw(t) is the power contained within the wind, m(t) is the mass of the air, and U(t) is the speed of the wind. We
substitute for m(t) in Eq. (8) to project over a larger volume,

Pw(⇢(t), U(t)) =
d
dt


1

2

·A · ⇢(t) · L(t) · U2
(t)

�
, (9)

where A is the cross section area normal to the direction of the wind, ⇢(t) is the density of the air, and L(t) is the length
of the volume in the direction of travel of the wind. A major assumption for Eq. (9) is that the wind speed and density do
not change over the cross sectional area A. If Eq. (9) is expanded using the product rule and algebraic manipulation it can
be shown that

Pw(⇢, U) =

⇢AU3

2


1 +

✓R
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dt
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2
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Equation (10) represents the wind power contained within a finite volume; assuming the wind speed is constant over the
cross sectional area normal to direction of motion of the wind, but is varying through time. If we assume the wind speed
and density do not change with time (or are negligible) then we recover the well known equation for wind power [20]

Pw =

1

2

⇢AU3. (11)

The other terms in Eq. (10) that become zero when considering steady wind are related to fluctuating motions; we assume
these terms are small compared with the first term, so we neglect the them in the present paper. It is noted by the authors
that these additional terms could be non-negligible in steep ramp conditions.

The ratio of the electric power created by the wind turbine divided by the power available in the wind is defined as the
coefficient of power (Cp = Pt/Pw). Thus the power from a wind turbine is written as

Pt =
1

2

Cp⇢AU3, (12)

where ⇢ is the air density (kg/m3), A is the area swept out by the wind turbine blades (m2), U is the wind speed (ms�1).
For wind power estimates using hub height wind speeds, we change U in Eq. (12) for UH (hub height wind speed), while
for the RES version we replace U with UR. To produce the wind power estimates, values for the coefficient of power
(which is an empirically derived curve from simulations and performance of individual turbines) are needed. We assume
that the same Cp curve can be used for hub height wind speeds and the rotor equivalent wind speeds. That is, we assume
that the wind turbine is as efficient at extracting power from the wind in the presence of the shear for the same values of
RES and hub height wind speed. For the present paper, we take the composite of three or four specific turbines for each of
the International Electrotechnical Commission (IEC) classes I, II, III and offshore (IV) and back calculate the Cp curves.
The turbines used are found in Table I. The Cp curves are shown in Fig. 2 and their corresponding, more commonly seen,
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RES would be the double integral of continuous wind speeds over the entire rotor swept area. In our estimate of RES, we
compute eight wind speeds in the center of each of the rotor segments. The rotor diameter in the present paper is assumed
to be 112 m (more information on the wind turbine specifics is in subsection 2.2). Since our chosen hub height is 90 m
AGL the winds are interpolated from the native ⌘-levels to 41 m, 55 m, 69 m, 83 m, 97 m, 111 m, 125 m, and 139 m.
It should be noted that the formula in Eq. (6) does not depend on the rotor diameter; it is only needed to define the wind
speed heights. This is important because if one uses eight segments for a different sized turbine then the same weightings
can be applied (with different wind speeds). If the wind shear is uniform with height, the RES will be identical to that of
the hub height wind speed. We are applying the RES to numerical weather data, which is not addressed in the literature
thus far. There is a detailed description of using the procedure with wind measurements in Wagner et al. [17]. The results
from the RES calculations on the RUC data are described in section 3. In that section, we also compare the differences
with the hub height wind speed and wind power estimates.

2.2. Wind Power Modeling

The full production of wind speed estimates is complex and requires multi-disciplinary analysis. However, we did
circumvented the majority of the work required to produce wind speed estimates because we took the data from the
operational archives of the RUC [18]. Our work focuses on producing the rotor equivalent speed and the wind power
estimates. The energy content of the wind in a infinitely small volume is simply the kinetic energy (mv2/2) of the wind
contained within the volume. Hence, the power contained in the wind is the time derivative of the kinetic energy;

Pw(U(t)) =
d[Ew(U(t))]

dt
=

d
dt
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·m(t) · U2
(t)

�
. (8)

Here, Pw(t) is the power contained within the wind, m(t) is the mass of the air, and U(t) is the speed of the wind. We
substitute for m(t) in Eq. (8) to project over a larger volume,

Pw(⇢(t), U(t)) =
d
dt


1

2

·A · ⇢(t) · L(t) · U2
(t)

�
, (9)

where A is the cross section area normal to the direction of the wind, ⇢(t) is the density of the air, and L(t) is the length
of the volume in the direction of travel of the wind. A major assumption for Eq. (9) is that the wind speed and density do
not change over the cross sectional area A. If Eq. (9) is expanded using the product rule and algebraic manipulation it can
be shown that
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Equation (10) represents the wind power contained within a finite volume; assuming the wind speed is constant over the
cross sectional area normal to direction of motion of the wind, but is varying through time. If we assume the wind speed
and density do not change with time (or are negligible) then we recover the well known equation for wind power [20]

Pw =

1

2

⇢AU3. (11)

The other terms in Eq. (10) that become zero when considering steady wind are related to fluctuating motions; we assume
these terms are small compared with the first term, so we neglect the them in the present paper. It is noted by the authors
that these additional terms could be non-negligible in steep ramp conditions.

The ratio of the electric power created by the wind turbine divided by the power available in the wind is defined as the
coefficient of power (Cp = Pt/Pw). Thus the power from a wind turbine is written as

Pt =
1

2

Cp⇢AU3, (12)

where ⇢ is the air density (kg/m3), A is the area swept out by the wind turbine blades (m2), U is the wind speed (ms�1).
For wind power estimates using hub height wind speeds, we change U in Eq. (12) for UH (hub height wind speed), while
for the RES version we replace U with UR. To produce the wind power estimates, values for the coefficient of power
(which is an empirically derived curve from simulations and performance of individual turbines) are needed. We assume
that the same Cp curve can be used for hub height wind speeds and the rotor equivalent wind speeds. That is, we assume
that the wind turbine is as efficient at extracting power from the wind in the presence of the shear for the same values of
RES and hub height wind speed. For the present paper, we take the composite of three or four specific turbines for each of
the International Electrotechnical Commission (IEC) classes I, II, III and offshore (IV) and back calculate the Cp curves.
The turbines used are found in Table I. The Cp curves are shown in Fig. 2 and their corresponding, more commonly seen,
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Accurate Wind Speed and Power Estimations C. T. M. Clack et al.

RES would be the double integral of continuous wind speeds over the entire rotor swept area. In our estimate of RES, we
compute eight wind speeds in the center of each of the rotor segments. The rotor diameter in the present paper is assumed
to be 112 m (more information on the wind turbine specifics is in subsection 2.2). Since our chosen hub height is 90 m
AGL the winds are interpolated from the native ⌘-levels to 41 m, 55 m, 69 m, 83 m, 97 m, 111 m, 125 m, and 139 m.
It should be noted that the formula in Eq. (6) does not depend on the rotor diameter; it is only needed to define the wind
speed heights. This is important because if one uses eight segments for a different sized turbine then the same weightings
can be applied (with different wind speeds). If the wind shear is uniform with height, the RES will be identical to that of
the hub height wind speed. We are applying the RES to numerical weather data, which is not addressed in the literature
thus far. There is a detailed description of using the procedure with wind measurements in Wagner et al. [17]. The results
from the RES calculations on the RUC data are described in section 3. In that section, we also compare the differences
with the hub height wind speed and wind power estimates.

2.2. Wind Power Modeling

The full production of wind speed estimates is complex and requires multi-disciplinary analysis. However, we did
circumvented the majority of the work required to produce wind speed estimates because we took the data from the
operational archives of the RUC [18]. Our work focuses on producing the rotor equivalent speed and the wind power
estimates. The energy content of the wind in a infinitely small volume is simply the kinetic energy (mv2/2) of the wind
contained within the volume. Hence, the power contained in the wind is the time derivative of the kinetic energy;

Pw(U(t)) =
d[Ew(U(t))]

dt
=

d
dt
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Here, Pw(t) is the power contained within the wind, m(t) is the mass of the air, and U(t) is the speed of the wind. We
substitute for m(t) in Eq. (8) to project over a larger volume,

Pw(⇢(t), U(t)) =
d
dt
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·A · ⇢(t) · L(t) · U2
(t)
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, (9)

where A is the cross section area normal to the direction of the wind, ⇢(t) is the density of the air, and L(t) is the length
of the volume in the direction of travel of the wind. A major assumption for Eq. (9) is that the wind speed and density do
not change over the cross sectional area A. If Eq. (9) is expanded using the product rule and algebraic manipulation it can
be shown that

Pw(⇢, U) =

⇢AU3
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Equation (10) represents the wind power contained within a finite volume; assuming the wind speed is constant over the
cross sectional area normal to direction of motion of the wind, but is varying through time. If we assume the wind speed
and density do not change with time (or are negligible) then we recover the well known equation for wind power [20]

Pw =

1

2

⇢AU3. (11)

The other terms in Eq. (10) that become zero when considering steady wind are related to fluctuating motions; we assume
these terms are small compared with the first term, so we neglect the them in the present paper. It is noted by the authors
that these additional terms could be non-negligible in steep ramp conditions.

The ratio of the electric power created by the wind turbine divided by the power available in the wind is defined as the
coefficient of power (Cp = Pt/Pw). Thus the power from a wind turbine is written as

Pt =
1

2

Cp⇢AU3, (12)

where ⇢ is the air density (kg/m3), A is the area swept out by the wind turbine blades (m2), U is the wind speed (ms�1).
For wind power estimates using hub height wind speeds, we change U in Eq. (12) for UH (hub height wind speed), while
for the RES version we replace U with UR. To produce the wind power estimates, values for the coefficient of power
(which is an empirically derived curve from simulations and performance of individual turbines) are needed. We assume
that the same Cp curve can be used for hub height wind speeds and the rotor equivalent wind speeds. That is, we assume
that the wind turbine is as efficient at extracting power from the wind in the presence of the shear for the same values of
RES and hub height wind speed. For the present paper, we take the composite of three or four specific turbines for each of
the International Electrotechnical Commission (IEC) classes I, II, III and offshore (IV) and back calculate the Cp curves.
The turbines used are found in Table I. The Cp curves are shown in Fig. 2 and their corresponding, more commonly seen,
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RES would be the double integral of continuous wind speeds over the entire rotor swept area. In our estimate of RES, we
compute eight wind speeds in the center of each of the rotor segments. The rotor diameter in the present paper is assumed
to be 112 m (more information on the wind turbine specifics is in subsection 2.2). Since our chosen hub height is 90 m
AGL the winds are interpolated from the native ⌘-levels to 41 m, 55 m, 69 m, 83 m, 97 m, 111 m, 125 m, and 139 m.
It should be noted that the formula in Eq. (6) does not depend on the rotor diameter; it is only needed to define the wind
speed heights. This is important because if one uses eight segments for a different sized turbine then the same weightings
can be applied (with different wind speeds). If the wind shear is uniform with height, the RES will be identical to that of
the hub height wind speed. We are applying the RES to numerical weather data, which is not addressed in the literature
thus far. There is a detailed description of using the procedure with wind measurements in Wagner et al. [17]. The results
from the RES calculations on the RUC data are described in section 3. In that section, we also compare the differences
with the hub height wind speed and wind power estimates.

2.2. Wind Power Modeling

The full production of wind speed estimates is complex and requires multi-disciplinary analysis. However, we did
circumvented the majority of the work required to produce wind speed estimates because we took the data from the
operational archives of the RUC [18]. Our work focuses on producing the rotor equivalent speed and the wind power
estimates. The energy content of the wind in a infinitely small volume is simply the kinetic energy (mv2/2) of the wind
contained within the volume. Hence, the power contained in the wind is the time derivative of the kinetic energy;

Pw(U(t)) =
d[Ew(U(t))]

dt
=
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dt
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Here, Pw(t) is the power contained within the wind, m(t) is the mass of the air, and U(t) is the speed of the wind. We
substitute for m(t) in Eq. (8) to project over a larger volume,

Pw(⇢(t), U(t)) =
d
dt
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·A · ⇢(t) · L(t) · U2
(t)
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, (9)

where A is the cross section area normal to the direction of the wind, ⇢(t) is the density of the air, and L(t) is the length
of the volume in the direction of travel of the wind. A major assumption for Eq. (9) is that the wind speed and density do
not change over the cross sectional area A. If Eq. (9) is expanded using the product rule and algebraic manipulation it can
be shown that

Pw(⇢, U) =
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Equation (10) represents the wind power contained within a finite volume; assuming the wind speed is constant over the
cross sectional area normal to direction of motion of the wind, but is varying through time. If we assume the wind speed
and density do not change with time (or are negligible) then we recover the well known equation for wind power [20]

Pw =

1

2

⇢AU3. (11)

The other terms in Eq. (10) that become zero when considering steady wind are related to fluctuating motions; we assume
these terms are small compared with the first term, so we neglect the them in the present paper. It is noted by the authors
that these additional terms could be non-negligible in steep ramp conditions.

The ratio of the electric power created by the wind turbine divided by the power available in the wind is defined as the
coefficient of power (Cp = Pt/Pw). Thus the power from a wind turbine is written as

Pt =
1

2

Cp⇢AU3, (12)

where ⇢ is the air density (kg/m3), A is the area swept out by the wind turbine blades (m2), U is the wind speed (ms�1).
For wind power estimates using hub height wind speeds, we change U in Eq. (12) for UH (hub height wind speed), while
for the RES version we replace U with UR. To produce the wind power estimates, values for the coefficient of power
(which is an empirically derived curve from simulations and performance of individual turbines) are needed. We assume
that the same Cp curve can be used for hub height wind speeds and the rotor equivalent wind speeds. That is, we assume
that the wind turbine is as efficient at extracting power from the wind in the presence of the shear for the same values of
RES and hub height wind speed. For the present paper, we take the composite of three or four specific turbines for each of
the International Electrotechnical Commission (IEC) classes I, II, III and offshore (IV) and back calculate the Cp curves.
The turbines used are found in Table I. The Cp curves are shown in Fig. 2 and their corresponding, more commonly seen,

4 Wind Energ. 2014; 00:1–16 c� 2014 John Wiley & Sons, Ltd.
DOI: 10.1002/we

Prepared using weauth.cls

Accurate Wind Speed and Power Estimations C. T. M. Clack et al.

RES would be the double integral of continuous wind speeds over the entire rotor swept area. In our estimate of RES, we
compute eight wind speeds in the center of each of the rotor segments. The rotor diameter in the present paper is assumed
to be 112 m (more information on the wind turbine specifics is in subsection 2.2). Since our chosen hub height is 90 m
AGL the winds are interpolated from the native ⌘-levels to 41 m, 55 m, 69 m, 83 m, 97 m, 111 m, 125 m, and 139 m.
It should be noted that the formula in Eq. (6) does not depend on the rotor diameter; it is only needed to define the wind
speed heights. This is important because if one uses eight segments for a different sized turbine then the same weightings
can be applied (with different wind speeds). If the wind shear is uniform with height, the RES will be identical to that of
the hub height wind speed. We are applying the RES to numerical weather data, which is not addressed in the literature
thus far. There is a detailed description of using the procedure with wind measurements in Wagner et al. [17]. The results
from the RES calculations on the RUC data are described in section 3. In that section, we also compare the differences
with the hub height wind speed and wind power estimates.

2.2. Wind Power Modeling

The full production of wind speed estimates is complex and requires multi-disciplinary analysis. However, we did
circumvented the majority of the work required to produce wind speed estimates because we took the data from the
operational archives of the RUC [18]. Our work focuses on producing the rotor equivalent speed and the wind power
estimates. The energy content of the wind in a infinitely small volume is simply the kinetic energy (mv2/2) of the wind
contained within the volume. Hence, the power contained in the wind is the time derivative of the kinetic energy;
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=
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Here, Pw(t) is the power contained within the wind, m(t) is the mass of the air, and U(t) is the speed of the wind. We
substitute for m(t) in Eq. (8) to project over a larger volume,

Pw(⇢(t), U(t)) =
d
dt
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·A · ⇢(t) · L(t) · U2
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where A is the cross section area normal to the direction of the wind, ⇢(t) is the density of the air, and L(t) is the length
of the volume in the direction of travel of the wind. A major assumption for Eq. (9) is that the wind speed and density do
not change over the cross sectional area A. If Eq. (9) is expanded using the product rule and algebraic manipulation it can
be shown that
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Equation (10) represents the wind power contained within a finite volume; assuming the wind speed is constant over the
cross sectional area normal to direction of motion of the wind, but is varying through time. If we assume the wind speed
and density do not change with time (or are negligible) then we recover the well known equation for wind power [20]

Pw =

1

2

⇢AU3. (11)

The other terms in Eq. (10) that become zero when considering steady wind are related to fluctuating motions; we assume
these terms are small compared with the first term, so we neglect the them in the present paper. It is noted by the authors
that these additional terms could be non-negligible in steep ramp conditions.

The ratio of the electric power created by the wind turbine divided by the power available in the wind is defined as the
coefficient of power (Cp = Pt/Pw). Thus the power from a wind turbine is written as

Pt =
1

2

Cp⇢AU3, (12)

where ⇢ is the air density (kg/m3), A is the area swept out by the wind turbine blades (m2), U is the wind speed (ms�1).
For wind power estimates using hub height wind speeds, we change U in Eq. (12) for UH (hub height wind speed), while
for the RES version we replace U with UR. To produce the wind power estimates, values for the coefficient of power
(which is an empirically derived curve from simulations and performance of individual turbines) are needed. We assume
that the same Cp curve can be used for hub height wind speeds and the rotor equivalent wind speeds. That is, we assume
that the wind turbine is as efficient at extracting power from the wind in the presence of the shear for the same values of
RES and hub height wind speed. For the present paper, we take the composite of three or four specific turbines for each of
the International Electrotechnical Commission (IEC) classes I, II, III and offshore (IV) and back calculate the Cp curves.
The turbines used are found in Table I. The Cp curves are shown in Fig. 2 and their corresponding, more commonly seen,
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•  Correc@on	  terms	  are	  related	  to	  ramp	  events	  
and	  turbulence	  

•  As	  integra@on	  period	  decreases	  so	  does	  the	  
magnitude	  of	  the	  correc@on	  terms	  

•  Constant	  speed	  and	  density	  results	  in	  the	  
standard	  power	  equa@on	  

•  Simple	  way	  to	  adjust	  NWPM	  outputs	  to	  
incorporate	  more	  informa@on	  



“Full”	  Power	  Equa@on	  
•  The	  “full”	  power	  equa@on	  does	  not	  significantly	  alter	  the	  hourly	  average	  values	  over	  the	  

whole	  study	  period.	  
•  Shows	  significant	  differences	  over	  individual	  hourly	  @me	  steps.	  
•  Valida@on	  is	  required	  to	  confirm	  the	  usefulness	  of	  the	  “full”	  power	  equa@on	  
•  It	  will	  be	  incorporated	  into	  the	  Wind	  Farm	  Parameteriza@on	  and	  work	  for	  this	  has	  already	  

begun.	  

Yearly	  average	  difference;	  en@re	  color	  range	  is	  2%	  to	  5%.	  
Black	  denotes	  negligible	  difference.	  

A	  single	  hour	  difference	  plot	  of	  “full”	  power	  equa@on	  vs.	  
standard	  formula.	  Dark	  red	  is	  +25%,	  dark	  blue	  is	  -‐25%.	  



Coefficient	  of	  Varia@on	  

2" 13"7.5"0.5$ 2.0$1.25$

The	  coefficient	  of	  varia@on	  (CV)	  allows	  the	  direct	  comparison	  of	  the	  dispersion	  of	  distribu@ons	  
with	  different	  mean	  values.	  	  	  	  



Suitability	  Metric	  
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Figure 11. The coefficient of variation (CV) for the RES wind power estimates (left) and the relative difference between the RES CV
and the hub height CV for power.

its volatility and average power should be considered. To attempt to address combining volatility and power the coefficient
of variation seems a logical choice; however, it is somewhat confusing as lower numbers define a more appropriate site.
Therefore, we define the suitability metric as the capacity factor divided by the coefficient of variation

S =

CF
CV

= µ
µ
�

=

µ2

�
, (14)

which has units of normalized power. The suitability metric can be used to isolate sites that have both low volatility and
high mean power. Alternatively, it could determine that one site may have a lower overall mean power, but the volatility is
lower and therefore a more appropriate site to develop in terms of grid integration. In addition, higher volatility will likely
decrease the forecast capabilities in that geographic location.

1.175%0.85% 1.50%

Figure 12. The suitability metric for wind power over the US. Sites with a value less than 0.85 are not included in the plot.

In Fig. 12, we show the suitability metric produced from the three-year dataset over the US. Comparing Fig. 12 with
the left panel of Fig. 6, differences and similarities can be seen. Regions of rich resource are broadly aligned in the two
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•  Based	  on	  resource	  only	  

•  All	  sites	  penalized	  in	  a	  
homogenous	  way	  

•  Incorporates	  seasonal	  
variability	  

•  Includes	  the	  diurnal	  cycle	  

•  Simple	  to	  calculate	  

•  Data	  is	  processed	  on	  
hourly	  @me	  steps	  

•  Largest	  values	  indicate	  
higher	  capacity	  factors	  
with	  lower	  variability	  



Conclusions	  and	  Future	  Work	  
•  Produced	  a	  demonstra@on	  of	  resource	  mapping	  using	  REWS	  and	  “full”	  power	  equa@on	  to	  

include	  extra	  informa@on	  that	  can	  be	  missing	  from	  NWPM	  derived	  products.	  

•  Created	  a	  simplis@c	  suitability	  metric	  that	  can	  be	  u@lized	  to	  look	  at	  wind	  sites	  that	  include	  
the	  variability	  of	  the	  resource	  along	  with	  the	  poten@al.	  	  

•  The	  REWS	  and	  the	  “full”	  power	  equa@on	  alter	  the	  resource	  map	  due	  increased	  
informa@on	  being	  included.	  The	  main	  effects	  are	  at	  the	  individual	  @me	  steps.	  It	  is	  not	  yet	  
known	  if	  these	  altera@ons	  are	  consistent	  with	  observa@ons.	  To	  do	  this	  we	  need	  power	  
data	  within	  the	  study	  period.	  

ü  We	  are	  increasing	  the	  size	  of	  the	  data	  set	  from	  2006-‐2008	  to	  2006-‐2014	  at	  13	  km	  and	  
2010-‐2014	  at	  3	  km.	  

ü  The	  “full”	  power	  equa@on	  is	  being	  coded	  into	  the	  WFP	  to	  see	  if	  there	  is	  any	  altera@on	  
in	  the	  power	  produc@on	  at	  NWPM	  integra@on	  @me	  periods.	  

ü  Turbulent	  intensity	  via	  Reynold’s	  decomposi@on	  is	  to	  be	  incorporated	  in	  the	  resource	  
mapping	  shortly.	  
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