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WIND POWER ESTIMATION IN THE GREAT PLAINS 

Gary C. Thomann and Mark T. Jong 
Wind Energy Laboratory 

Wichita State University 
rlichita, Kansas 67208 

Abstract 

Some aspects of wind power estimation are examined. Confidence in
tervals for wind power density are calculated from existing National 
Weather Service wind data for the Great Plains area. Correlation of 
yearly mean wind speed and yearly mean wind power density, and long term 
(yearly) and short term (3 hourly) correlation between stations of wind 
speed and wind power density are investigated. It is concluded that 
twenty years of wind data would be required to make an estimate of the 
average wind power to within 5 - 10% with 95% confidence. There exists 
a strong correlation between yearly mean power density and yearly mean 
wind speed. A low level of correlation is found between the stations of 
yearly mean wind power. However. short term correlation analysis showed 
a higher correlation between stations with an inverse relationship between 
the correlation and the distance between the stations. 

INTRODUCTION 

If large scale generation of electric power using wind turbines be
comes economically feasible for areas with moderate wind regimes? the 
Great Plains area of the United States should be a good area for generator 
location. A large area is available with mean wind speeds of perhaps 12 
to 15 mi/hr, and it would be easy to locate large "farms" of wind machines 
in the plains with enough spacing between the farms to perhaps generate 
capital credit in addition to just fuel savings. Unfortunately, the very 
vastness of the plains region and the lack of outstanding topographic 
features make it difficult to select good sites, but since the economics 
of wind power generation depend so heavily on the wind speed, it is im
portant to find those sites where the available energy is a maximum, even 
if the wind speed is only slightly above that available nearby . 

In order to make a first estimate of the distribution of wind power 
over the Great Plains and to determine the relationship between wind speeds 
at various sites. existing data from National Weather Service (NWS) stations 
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in the Great Plains was obtained for processing. The stations for which 
data was obtained are shown in Fig. 1 and the stations are listed. along 
with the years for which data was available at each station in Table I. 

Previously calculations had been made of overall n~an wind speed and 
mean power density, yearly. monthly. and hourly mean wind speeds and power 
densities. wind speed and power distribution functions, and wind speed 
and wind energy direction distribution diagrams for the first six stations 
listed in Table I. This information is available in another report (Jong 
and Thomann. 1978). The additional data was obtained to provide more 
complete coverage of the plains. From parts of this complete data set. 
estimates are presented here of the length of record of wind data required 
to make estimates of the wind power at a site to a given preCision, the 
correlation between yearly average power density at sites in the Great 
Plains, the instantaneous correlation between wind speeds at various sites, 
and the reduction in power variation which can be expected by operating 
wind generators at spaced sites in the plains. 

For all calculations made here wind speed data was adjusted to a 
height of 25 feet assuming that wind speed varied with height as the one
seventh power. The anemometer heights at the stations usually were close 
to the 25 foot level, so no large corrections were required. In addition, 
all calculations were made using data at three hour intervals. Some of 
the earlier NWS data is at hourly intervals, but initial calculations 
showed little difference in calculations using hourly data when compared 
to three hourly data over the same period, so the three hourly data has 
been used exclusively. 

Table I. National Weather Service stations from which wind speed and 
direction data was obtained and the years of data available. 

STATION YEARS OF OATA TOTAL YEARS 

Wichi ta 1954-1975 22 
Russell 1950-1975 26 
Oodge City 1948-1975 28 
Goodland 1948-1964 17 
Dalhart 1949-1964 6 
La Junta 1948-1964 17 
Oklahoma City 1945-1976 32 
Lubbock 1948-1976 29 
Amarillo 1948-1976 29 
North Platte 1948-1976 29 
Clayton 1948-1976 (only 1948-1951 

good on tape) 
Enid 1949-1970 22 
Garden City 1948-1954 7 
Childress 1948-1954 (from Aug. 1948) 
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Figure 1. Location of National Weather Service stations in the Great Pl ains 
for which wind speed and direction data was obtained . 
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CONFIOENCE INTERVALS FOR POWER DENSITY 

95~ confidence intervals were estimated about the mean power density 
at several of the stations. The mean power density is the average power 
per unit area obtained by averaging over all data available at the sta
tion. Yearly values were calculated by averaging the three hour measure
ments over each year. It was assumed the population of yearly power 
densities has a nonmal distribution. The estimates of the confidence 
intervals were made using the overall mean power density and the stand
ard deviation of the yearly power densities calculated from all the 
station data. The values were then used in the standard formula for 
calculating confidence intervals for normally distributed data. In 
Table II are listed the overall mean power density, the standard devia
tion about this mean, and the estimated width of 95% confidence inter
vals for 5, 10, and 20 years data for several stations. 

From Table II it appears that, if the 95% confidence interval 
were used as a criteria for accuracy, ten years of data would allow an 
estimate of the yearly energy available within perhaps 10-15%. Twenty 
years would allow maybe 5- 10% accuracies and five years of data only 
20 - 30% wi dths . 

Table II. Estimates of the mean power density, standard deviation, 
and 95% confidence interval widths for five, ten, and 
twenty years of data. 

95% CONFIDENCE INTERVAL WIDTH 
STATION YEARS OF MEAN STANDARD PERCENTAGE OF MEAN 

DATA DEVIATION 5 YEARS 10 YEARS 20 YEARS 

WICHITA 22 178 w/m2 26.4 w/m2 ±20. 1% ' 10.9% .7.0% 

RUSSELL 26 193 32.8 23.1 12.6 8.0 

DODGE CITY 28 200 27.8 18.9 10.3 6.6 

GOODLAND 17 187 46.5 33.5 18.2 11.6 

DALHART 6 337 68.7 25.8 14.0 8.9 

The ten year interval estimates are drawn in Fig. 2a and actual ten year 
confidence intervals for the years 1955 to 1964 are shown in Fig. 2b. 
In Fig. 2a it can be seen that in general there would be some difficulty 
in ranking the stations on ten years of data despite the fact that the 
means differ considerably. The actual confidence intervals in Fig. 2b 
illustrate that an estimate would be very difficult from this particular 
ten years. 

4 



WICHITA 
a. CONFIDENCE INTERVAL EST-

RUSSELL IMATES FOR 10 YEARS OF 
DATA 

DODGE CITY 

GOODLAND 

DALHART 

.. 

WICHITA 

I RUSSELL b. CONFIDENCE INTERVALS FOR 
1955 TO 1964 DATA 

I DODGE CITY 

I GOODLAND 

160 200 240 280 320 360 . 400 
POWER DENSITY W/M2 

Figure 2. 95% confidence intervals about the mean power density 
for several stations. (a) contains estimates of what 
the intervals would look like for 10 years of data and 
(b) contains actual intervals calculated from 1955 to 
1964 data. 

Actual 95% confidence intervals for each station calculated from all 
data available are shown in Fig. 3. From these intervals it appears that 
some ranking is possible, with power levels increasing toward the south
west or at least western part of Kansas. but an absolute ranking of 
Dodge City, Russell, and Goodland would still be subject to uncertainty 
based on the 95% confidence interval criteria. 

CORRELATION OF AVERAGE WIND SPEED AND AVERAGE POWER DENSITY 

For the stations both average wind speed and average power density 
were calculated for each year from the three· hour data. A strong corre
lation between yearly mean wind speed and power level would mean that 
the complete wind distribution at a site would not have to be measured; 
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Figure 3. Actual 95% confidence intervals calculated 
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instead only the average wind speed or "run of the wind" for a period 
of time would be necessary. As an example, the relationship between 
the yearly mean wind speed and the yearly average power density for 
28 years of Dodge City data is graphed in Fig. 4. Dodge City was 
selected because of the large number of years of data available. It 
can be seen that there is a strong dependence between mean wind speed 
and Dower level. Correlation coefficients were calculated for sev
era" stations and the results are shown in Table Ill. Correlation 
betwee~ ~an wind speed (V) and power density and mean wind speed 
cubed (V ) and power density are ~hown. The line drawn in Fig. 4 
is a least square fit between (V) and P. The standard error of esti
mate is found to be 10.91 W/m2, which is 5.45% of the mean power dens ity. 
Slightly higher correlations could probably be obtained using a third 
order regression fit to the data. but a simple equation was sought and 
it is doubtful that the correlation coefficient would be much higher 
using a curve fitted to the data since the wind speed range i s so 
small. 

The data from all five stations grouped t0gether is plotted in 
Fig. 5~ a cubic curve fit to the data is also shown. The root mean 
square error between the cubic curve and the data ;s 20.9 W/m2. which is 
about 10% of the mean power density at the stations. Widger (1976) in
vestigated the relationship between V and power density over a wide range 
of wind speeds by assuming the square root of wind speed to be normally 
distributed. The data in his Table I is interpolated for the average 
air density of 1.15 glcm' in the plains , and the result is also plotted 
in Fig . 5. A close agreement is noticed between his curve and the least 
squares fit to the data, except at the lower wind speeds. where his es
timates are lower. It is believed that the cubic curve represents a 
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Figure 4. The relationship between yearly mean wind speed and yearly 
mean power density for Dodge City for the years 1948 to 1975. 
A least-sQuare-error curve fit between mean wind speed cubed 
and power density is also shown. 

Table Ill. Correlation between V and power density and V' and power 
density for several stations in the Great Plains and for 
the data from the several stations grouped together. 

STATION V and P V' and P 

WICHITA .960 .962 

RUSSELL .800 .807 

DODGE CITY .913 .919 

GOODLAND .959 .969 

DALHART .978 .979 

ALL .888 .915 
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Figure 5. The relationship between yearly mean wind speed and yearly 
mean power density for the five stations of Wichita, Dodge 
City. Russell. Goodland and Dalhart. The solid curve shows 
the least squares fit to the data and the dashed line shows 
the interpolation from Widger's data. 
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CORRELATION BETWEEN STATIONS OF THE YEARLY AVERAGE MEASUREMENTS 

Even though the power density at a location could probably be esti
mated adequately from the mean wind speed, a long period of data is nec
cessary to estimate the mean wind speed itself. This requirement makes 
evaluation of new sites very difficult and also makes relative comparison 
of sites difficult. If there were a strong correlation of yearly average 
wind speed between the stations. perhaps shorter term measurements could 
be taken at two sites and compared on a year by year basis. New sites 
could then be evaluated more readily and existing stations could be 
ranked more confidently. 

The correlation between yearly power densities at several stations 
will be considered first. The power densities for each year from 1950 
to 1975 for Dodge City and Russell are plotted in Fig. 6. It appears 
from the figure that there is no strong relationship between the power 
available at Dodge City and the power available that same year at Russell. 
despite the fact that the stations are separated by sli9htly less than 
100 miles. Actual correlation values for all the Kansas stations are 
shown in Table IV. Correlation values for yearly power density and also 
for yearly average wind speed are shown. All the correlation values are 
low except for the pair Goodland and Dodge City. These two stations are 
separated by about 150 miles; no reason is known for why they should 
show a higher correlation. Goodland and Wichita show extremely low values 
of correlation but since there are only eleven years of common data between 
the stations, a high level of confidence might not be given to this value. 

Table IV. The correlation between yearly mean wind speed at sev
eral stations and the correlation between yearly power 
densities for the same stations (in parentheses). 

Wichita Russell Dodge City 

Russell .23(.20) 

Dodge City .48(.37) .37(.31) 

Goodland .07(.03) .18(.30) .56(.39) 

The general low level of correlation indicates that there would be 
difficulty in using short term comparative data at sites for wind power 
rating purposes. For sites located closer to existing stations there 
might be a much higher correlation and comparative data could perhaps 
be used. For spacings of about one hundred miles or more, though, the 
data from the stations in Kansas indicate that comparative analysis might 
not be feasible. Because of the above results, it is presently believed 
by the authors that the initial investigations of site selection for wind 
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Figure 6. Correlation of yearly power density levels between 
Dodge City and Russell for the years 1950 to 1975. 

generators in the Great Plains should proceed from topographic consider
ations and from the overall wind regime of the Great Plains using the 
existing NWS data~ rather than from a direct measurement program. Long 
term indicators such as biological indicators might also be valuable. 

SHORT TERM CORRELATION AND OPERATION OF WIDELY SPACED WIND GENERATORS 

A single wind generator typically has an output which is highly 
variable, with the variation having periods of from a few seconds to a 
period of days or even longer. If several wind generators were located 
at a single site in an array, hopefully much of the short term variation 
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would be averaged out. If a series of these arrays were established at 
spaced sites, it might be possible to also reduce the longer term varia
tions which have fluctuation periods of hours or days. The available 
NWS stations were examined for common data, and the best time period to 
use for a correlation analysis appeared to be the twenty-two years be
tween 1954 and 1975. The correlation between the three-hour measurements 
for the stations with that period of data available is shown in Table V. 

Table V. Wind speed correlation between three-hour measurements 
at various stations for the 22 years, 1954 - 1975. 

Wichita Dodge City Russell N. Platte Amarillo 

Dodge City .541 

Russell .523 .629 

North Platte . 324 .397 .376 

Amarillo . 410 .470 .391 . 292 

Lubbock .406 .372 .289 .287 .536 

Oklahoma Ci ty .596 .378 .332 . 275 . 368 

Lubbock 

.463 

From Table IV. this short term correlation is greater than the correlation 
between the yearly averages of wind speed. The correlation coefficients 
are low enough so that some reduction in output power variance could be ex
pected from the spaced generators. Correlation appears to decrease with 
the separation between stations; a presentation of correlation coefficient 
versus distance is shown in Fig. 7 and in general it can be seen that corre
lation varies inversely with separation. The seasonal and daily change in 
correlation for all the sets of stations in Table V has been investigated . 
Correlation coefficients were calculated for each month and four representa
tive curves of the monthly variation in the correlation are plotted in 
Fig. 8. No particular rationale was used in selecting these four pairs 
for display, other than they represented four different overall levels of 
correlation. In each case the correlation seems to be highest in the 
earlier spring, which corresponds to the period of highest wind speeds in 
the Great Plains. and the lowest correlation occurs in July and August 
which is nonmally the period of least wind . The correlation then returns 
to a secondary high peak in the fall which is nearly as high in some cases 
as the one in the spring. There does not, however, appear to be any con
sistent trend in the relationship of the correlation coefficient to the 
time of day. Coefficients at three hour intervals are plotted in Fig. 9 
for five stations. It might be expected that the strongest correlation 
would occur in the afternoon when winds are usually at a maximum and the 

11 



• 
'" • 

• • >- • z 

"" ~ -u - • "- • "-

"" 0 
u 

~t • • z • 0 • • ->- • • • "" • --' 

"" '" • • '" 0 
U M 

• • • • 

'" 
o 1 00 200 300 400 500 600 700 

MILES BETWEEN STATIONS 

Figure 7. The variation of correlation coefficents with distance between the stations. 

-N 



2{3 

~ 

I-
Z 
w -u -... ... 
w ... 
0 
u 

z 
0 -I-
« 
~ 

w '" '" '" 0 
u 4{5 

N 

J F M A M J J A s o N o 

MONTH OF THE YEAR 

Figure 8. The daily variation in correlation coefficient for 
several station pairs calculated from 1954 to 1975 
data. The numbers represent : 1 - Wichita, 2 - Dodge 
City, 3-Russell, 4-North Platte, 5-Amari110, 
6 - Lubbock, 7 - Oklahoma City . 

13 

J 



"' 

>-z 
w -u ... -~ ... 
w 
0 
u 

z 
0 - '" >-« 
-' 
w 

'" '" 0 
U 

N 

M 

Figure 9. 

3 6 

2/3 
/'""-

5/6r-..~ 

6/7 

9 N 3 6 

CENTRAL STANDARD TIME 

9 M 

The monthly variation in wind speed correlation 
coefficient for several station pairs calculated 
from 1954 to 1975 data. The numbers represent: 
1 - Wichita. 2 - Dodge City. 3 - Russell. 4 - North 
Platte. 5 - Amarillo. 6 - Lubbock. 7 - Oklahoma 
City. 

14 



lowest correlation to be at night wh~n the winds are lighter. This effect 
does seem to occur between Dodge City and Russell and between Amarillo 
and lubbock but not between the other stations shown. It is thought that 
the distance between stations might have an effect on this variation. 

The desired effect of the decorrelation in wind speed between sta
tions depends somewhat on the characteristics of the wind generators 
to be used. The cut-in velocity, or wind speed at which the wind gen
erator can begin operation, is of critical importance. Wind character
istics below this cut-in speed have little significance because operation 
of the generators has not begun. With a series of widely spaced generators 
it would be desirable to have a high probability of always having some of 
the machines in operation. In an attempt to show the effect of the corre
lation of wind speed on this problem, some joint probabilities between 
station pairs are shown in Table VI. The probability values center 
around two wind speeds, six and nine knots (the units of knots are used 
because NWS records in these units). For each station pair, the joint 
probabilities having both stations with wind speeds ~reater than 6 (9) 
knots, both stations with wind speeds less than 6 (9) knots, one station 
having a wind speed greater than or equal to 6 (9) knots while the other 
station is less than 6 (9) knots, and the reverse of the previous condi
tion are shown. 

As an example of the improvement in output characteristics which 
would be obtained from spaced generators, several hypothetical generators 
were located at some of the NWS sites, and their operation monitored for 
a period of time. For display here, the NASA MOO I 2-MW generator being 
constructed by the General Electric Company (Sarchet, 1977) was selected. 
The cut-in velocity for which operation of this system begins is 11 mi/hr, 
it reaches rated power at 25 mi/hr, and is shut down for wind speeds of 
35 mi/hr or above. The output of a single generator at Dodge City as 
calculated from the NWS data for the months of March 1971, April 1972 
and June 1973 is plotted in Fig. 10. Fig. 11 shows a pair of generators 
at Dodge City and Russell with their outputs averaged together for the 
same months, while Fig. 12 shows the average output at five stations-
Wichita, Dodge City, Russell, Lubbock, and Amarillo. In order to see 
the improvement in the output characteristics with widely spaced genera
tors. the percentage of time with no power output from the MOO I genera
tors for the three months monitored is tabulated in Table VII. Significant 
reduction in power outage is noticed when generators are placed in wide
spread areas. These results are considered preliminary and a more de
tailed analysis is presently being made with respect to performance char
acteristics of widely spaced wind generators in the Great Plains area. 
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Table VI. The probability of the wind speed at each station pair being greater 
Ib 

than or equal to 6 (9) knots, less than 6 (9) knots, and the prob-
abilities of one station having a wind speed greater than or equal 
to 6 (9) knots while the other station wind speed is less than this 
value. The upper figures are for 6 knots and the lower ones for 
9 knots. The i stations are listed vertically, while the j stations 
are listed horizontally . 
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Wichita .79 .77 .62 .78 .75 .76 

. 51 .49 .33 .49 .46 .49 

D. City .03 .82 .65 .83 .79 .79 
.18 .55 .37 .55 .49 .49 

Russell .03 .03 .64 .81 .77 .77 
.20 .19 .36 .52 .46 .46 p(.6.6) 

'~9,J~9 
N. Platte .07 .04 .05 .64 .62 .62 

.25 .21 .23 .36 .33 .33 

Amarillo .02 .02 .02 .04 .80 .79 
p(,6·6) 1.c;9,J<9 

.16 .14 .14 .20 .52 .49 

lubbock .04 .02 .02 .06 .03 .77 
.20 .15 .15 .24 .17 .48 

OK City .05 .02 .02 .06 .02 .04 
.23 .15 .16 .24 .15 .20 

Wichita .06 .08 .23 .07 .10 .09 
.12 .14 .29 .13 .16 .13 

D. City .12 .08 .26 .07 .12 .12 
.19 .15 .33 .15 .21 .22 

Russell .12 .06 .25 .07 .12 .11 P(i~~,j<~) .18 .11 .31 .15 .21 .21 

N. Platte .08 .05 .06 .06 .08 .08 
.12 .09 .10 .10 .12 .13 P(i<~.j?~) 

Amarillo .12 .07 .10 .26 .11 .12 
.21 .16 .19 .35 .19 .22 

lubbock .11 .07 .10 .24 .07 .10 
.18 .15 .18 .31 .12 .06 

OK City .10 .07 .10 .24 .07 .10 
.14 .15 .17 .31 .15 .16 
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Figure 10. The output of NASA MOD-1 generator as calculated from wind data for 
Dodge City for the months of March 1971, April 1972, and June 1973. 
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