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Wind in the Great Plains: 
Speed and Direction Distributions by 

Month 

E.L. Skidmore and John Tatarko, Agricultural Research Service and Kansas 
Agricultural Experiment Station, Manhattan, Kansas. 

Skidmore, E.L. and J. Tatarko, 1991. Wind in the Great Plains: Speed and 
Direction Distributions by Month. Pages 245-263 in: J.D. Hanson, M.J. Shaffer, 
D.A. Ball, and C.V. Cole (eds.), Sirstainable Agriculture for the Great Plains, 
Syniposiuni Proceedings. USDA, ARS, ARS-89, 255 pp. 

ABSTRACT 
Wind erosion and drought threaten the sustainability of agriculture in the Great 
Plains. Strong winds constrain crop production by blowing snow off the fields, 
increasing potential evaporation, and eroding soil. To better cope with the wind in 
the Great Plains, we have developed a detailed data base. We used Wind Energy 
Resource Information System (WERIS) data obtained from the National Climatic 
Data Center for 208 locations in the Great Plains. We analyzed the WERIS data to 
determine scale and shape parameters of the Weibull distribution for each of the 16 
cardinal directions for each month at  each location. We also summarized wind 
direction distributions by month for each location. The wind direction summaries 
give the probability of wind from each of the 16-cardinal directions plus calm pe- 
riods. Additionally, the monthly average ratio of daily maximum to minimum hourly 
wind speed. hour of maximum wind speed, and air density are given. These data 
indicate not only wind speed and wind direction probabilities by month but also 
provide additional information for calculating wind power and diurnal and hourly 
wind speed variations. 
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INTRODUCTION 
The wind is of interest to many people. Wind energy developers, hydrologists, 
meteorologists, climatologists, farmers, ranchers, sportsmen, environmentalists, 
conservationists, agricultural pest managers, housewives, and others all have 
reasons to know about the wind. 

This need to know about the wind has prompted several studies, particularly by 
those interested in wind as a source of energy (Hagen et  al. 1980, Reed 1975, Elliot 
et al. 1987) and those concerned with erosion of soil by wind (Lyles 1976, Lyles 
1983, Zingg 1949, Skidmore 1965, Skidmore 1987). 

Skidmore (1965) computed wind erosion force vectors from frequency of occurrence 
of direction by wind speed groups. The wind erosion force vectors were used to 
compute monthly magnitudes of wind erosion forces, prevailing wind erosion direc- 
tion, and preponderance of wind erosion forces in the prevailing wind erosion direc- 
tion. These factors, which indicate, respectively, potential need for wind erosion 
protection, proper orientation of erosion control measures, and relative merits of 
proper orientation of the control methods, were furnished by month for 212- 
locations throughout the United States (Skidmore and Woodruff 1968). The result- 
ing handbook since has been used for conservation planning and wind erosion pre- 
diction. The prevailing wind erosion direction and preponderance data are included 
in the recent SCS National Agronomy Manual (1988). In that manual, magnitude of 
wind erosion forces was presented in an erosive wind energy distribution format, as 
developed by Bondy et al. (1980) and Lyles (1983). 

Although these wind analyses were essential for conservation planning and wind 
erosion prediction with the wind erosion equation of Woodruff and Siddoway (1965), 
they are not adequate for the evolving wind erosion technology (Hagen 1988). The 
purpose of this research was to develop a wind data base suitable for use in the 
stochastic approaches in the current wind erosion modelling effort. The same data 
should benefit other scientists and resource managers needing wind data. 

METHODS 
We obtained the Wind Energy Resource Information System (WERIS) data base 
from the National Climatic Data Center on digital 9-track tape in ASCII format. 
This data base contains information for more than 900-locations in the U.S. and 
208-locations in the Great Plains (Fig. 1). The data base was prepared by the Pacific 
Northwest Battelle Laboratory for the U.S. Department of Energy (Elliot et al. 
1987). During 1981 and 1982, the WERIS data base was integrated into a com- 
puterized data base and transferred to the National Climatic Data Center, Ashville, 
North Carolina (NCC TD 9793). 

Each location in the WERIS data base is identified by a unique Weather-Bureau- 
Army-Navy (WBAN) station number. WERIS includes data for various periods of 
record during 1947 through 1978 for which the anemometer height, anemometer 
location, and frequency of observation remained constant. 

WERIS consists of 19-tables of wind statistics for each location (Table 1). Data were 
extracted from these tables and, in some cases, analyzed further to create a data- 
base suitable for our needs. 
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Figure 1. Locations in the Great Plains for which wind data are summarized. 

From WERIS Table 5. we obtained a ratio of maximumlminimum mean hourly wind 
speed and hour of maximum wind speed by month. From WERIS Table 10, we 
obtained monthly mean air density and Occurrences of blowing dust. Air density is 
used to calculate wind power and wind shear stress. Although we are not using 
Occurrence of blowing dust in our current modelling effort, we thought i t  important 
to archive in our data base for future studies. 

We used data from WERIS Table 12 A-L. joint wind speedldirection frequency by 
month (Table 2). to calculate scale and shape parameters of the Weibull distribution 
function for each of the 16 cardinal wind directions by month. The cumulative 
Weibull distribution function F(u) and the probability density function f(u) are de- 
fined by: 

F(u) = 1 - exp(-(u/c)k) (1) 

and 

f(u) = dF(u)/du = (k/c)(u/c)k-l exp(-(u/c)k) (2) 

where u is wind speed, c is scale parameter (units of velocity), and k is shape 
parameter (dimensionless) (Weibull 1951, Apt 1976). Since anemometer heights 
varied from location to location, all wind speeds (Column 1, Table 2) were adjusted 
to a 10-m reference height according to the following: 

where u l  and u2 are wind speeds at  heights z l  and 22, respectively, (Elliot 1979). 
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Table 1. Summary of statistics in the Wind Energy Resource Information 
System (WERIS) (Elliot et al. 1987). 

Table Description No. of Pages 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Hourly Mean Speed and Frequency by Month 
Annual Hourly Mean Speed and Frequency 
Annual hourly Speed Duration 
Average Wind Speed and Wind Power (Hr. Month, Season) 
Maximum and Minimum Mean Hourly Wind Speed by Month 
Average Wind Speed and Power (Month, Year) 
Standard Deviation of Speed and Power (Month, Year) 
Wind Speed Pattern Factor (Month. Year) 
Number of Observations (Month, Year) 
Significant Weather Parameters and Events by Month 
Monthly Wind Speed Frequency 
Joint Wind Speed/Direction Frequency by Month 
Annual Joint Wind Speed/Direction 
Annual Joint Wind PowerlDirection Frequency 
Wind Speed Duration by Direction by Month 
Annual Wind Speed Duration by Direction 
Annual Wind Power Duration by Direction 
Wind Speed Persistence above Speed Threshold 
Wind Direction Constancy by Direction 

Total No. of Pages 

12 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

12 
1 
1 

12 
1 
1 
1 
1 

52 

The calm periods were eliminated, and the frequency of wind in each speed group 
was normalized to give a total of 1.0 for each of the 16-cardinal directions. Thus, 

Fl(u) = ((F(u) - Fo)/(l - Fo)) = 1 - exp(-(u/c)k) (4) 

where Fl(u) is the cumulative distribution with the calm periods eliminated. and Fo 
is the frequency of the calm periods. The scale and shape parameters were calcu- 
lated by the method of least squares applied to the cumulative distribution function, 
Equation (4). Equation (4) was rewritten as 

1 - Fib)  = exp(-(u/c)k). ‘(5) 

Then by taking the logarithm twice, this becomes 

In(-ln(1 - Fl(u))) = - k * ln(c) + k 
If we let y = In(-ln(1 - Fl(u))). a = -k * ln(c), b = k, and x = ln(u), Equation (6) may 
be rewritten as 

y = a + bx. 

ln(u). (6) 

(7) 

Fl(u) was calculated from information in tables like Table 2 for each wind speed 
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group, to determine y and x in Equation (7). This gave the information needed to 
use a standard method of least squares to determine the Weibull scale and shape 
parameters. To recover the real distribution, one can rewrite Equation (4) as 

Fl(u) = Fo + (1 - F0){1 - exp(-(u/c)k)). 

Wind direction distribution was summarized by month from the "total" row in Table 
2 for each location. 

Other pertinent data. obtained from the Wind Energy Resource Atlas of the United 
States (Elliot et  al. 19871, included latitude. longitude. city, state, location name, 
WBAN number, period of record, anemometer height, and number of observations 
per 24-hour period. 

We eliminated WERIS sites if they represented less than 5-years of data, the 
anemometer height was not known, or fewer than twelve observations were taken 
per day. This process of elimination reduced the number of Great Plains sites from 
208 (WERIS) to 161 (Appendix A). Where more than one observation sitelperiod 
remains in a metropolis area, one may pick the site with the best combination of the 
following: 

maximum number of hours per day observations were taken, 
longest period of record, 
one-hourly versus three-hourly observations, and 
best location of anemometer (ground mast > beacon tower > roof top > 
unknown location). 

(8 )  

RESULTS 
Tables 3, 4. 5 ,  and 6 give examples of wind information we compiled for 161 Great 
Plains locations (Appendix A). The data are stored in computer files in ASCII 
format and require approximately 600 kilobytes. 

The scale and shape parameters (Tables 4 and 5 )  are used in Equations (1) and (2) to 
define the wind speed probability distribution functions and have much utility for 
describing the wind speed regime. Equation (2) can be used to calculate the probabil- 
ity of wind for any specified speed. The integrated form of Equation (1) can be used 
to calculate the probability of wind speeds being greater than, less than, or between 
specified values. The mean wind speed of the observation period from which the 
distribution parameters were calculated is very nearly 0.9 times the scale parameter 
(Johnson 1978). 

An example of wind speed distributions with various scale and shape parameters is 
presented in both bar graph and xy plot in Figure 2. The bar graph was produced 
from original data as in Table 2. The wind speed data were corrected to an ane- 
mometer height of 10 m and normalized to 1.0 for total in each cardinal direction 
before plotting. The continuous curve (xy plot) was calculated from Equation (2); 
scale and shape parameters were obtained from Tables 4 and 5, respectively. cor- 
responding to specified month and wind direction. Scale parameter of Figure 2a is 
located in Table 4. month 12. and direction 6; likewise, shape parameter of Figure 
2a is located in Table 5 .  month 12. and direction 6. Weibull scale and shape param- 
eters were used to calculate the wind speed distributions illustrated by Figure 3. 
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Table 3. Ratio of maximum to minimum hourly wind speed, hour of maximum 
wind speed, air density, and Occurrences of blowing dust, Lubbock, 
Texas. 

Month 
~~~ 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

MaxlMin 1.5 1.5 1.6 1.6 1.6 1.6 1.6 1.7 1.5 1.6 1.6 1.5 
Hr. Max 15 12 15 15 18 18 18 15 15 15 12 15 
AirDen. 1.14 1.13 1.11 1.09 1.07 1.06 1.05 1.06 1.07 1.09 1.12 1.13 
Dust 43 56 122 119 41 28 3 3 1 4 25 49 

Table 4. Weibull scale parameters (m s 4  by month and direction. Wind speed 
was adjusted to a height of 10-meters, Lubbock, Texas. 

Direction' Month 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

8.0 8.2 8.8 8.3 8.0 7.6 5.8 5.0 6.4 7.5 7.5 7.9 
8.2 9.2 9.0 8.6 8.3 7.6 6.0 5.7 7.3 7.5 6.7 8.1 
6.6 7.8 8.0 8.3 7.9 7.2 5.8 5.8 5.9 7.0 6.5 6.8 
6.5 6.5 7.8 6.9 7.3 6.3 5.9 5.2 5.3 6.2 5.7 6.3 
6.0 6.3 6.7 6.4 6.6 6.3 5.2 4.8 4.6 5.2 5.0 5.0 
5.3 6.4 6.8 7.1 7.1 6.2 5.3 5.0 5.2 5.1 5.1 4.2 
5.5 6.4 7.2 7.2 7.4 6.8 6.0 5.5 5.5 5.3 4.8 5.2 
5.9 6.1 7.5 8.5 8.0 7.5 6.3 5.8 5.9 6.2 5.8 5.2 
6.2 7.0 7.9 8.5 8.1 8.0 6.8 6.5 6.5 6.6 6.2 6.5 
7.2 7.2 8.7 8.5 8.1 7.7 6.9 6.5 6.9 6.9 6.9 7.4 
7.3 7.6 8.2 8.4 7.6 6.9 6.1 5.9 6.1 6.2 6.5 6.9 
6.5 7.0 8.0 8.6 7.8 7.0 5.4 5.0 5.2 5.9 6.4 6.0 
6.7 6.8 8.3 8.8 7.2 6.4 4.9 4.4 5.3 5.1 6.3 6.4 
7.1 7.2 7.8 8.1 7.0 5.6 4.3 4.2 4.6 5.1 6.0 6.9 
6.1 6.1 7.2 7.2 7.1 5.3 4.6 4.5 4.4 4.9 6.4 6.5 
7.1 7.7 7.7 8.3 6.6 5.7 4.8 3.9 4.9 6.4 7.1 7.2 
6.8 7.3 8.1 8.2 7.7 7.3 6.3 5.8 5.9 6.3 6.4 6.7 

The directions are clockwise starting with 1 = north. Directiois 17 is for total 
wind. 
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Table 5. Weibull shape parameters by month and direction, Lubbock, Texas. 

Direction' Month 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

2.5 2.5 2.7 2.6 2.8 2.3 2.2 2.6 2.3 2.5 2.7 2.7 
2.8 2.4 3.2 2.9 2.8 2.7 3.2 2.3 3.1 2.8 2.7 2.6 

3.9 3.4 3.0 3.5 3.0 2.6 2.8 2.9 3.2 3.1 2.7 3.2 
3.1 3.2 3.3 2.9 3.0 3.4 3.1 3.2 3.3 3.0 3.6 2.8 
3.4 3.6 3.9 3.3 3.6 4.4 3.7 3.9 3.3 3.5 3.6 5.1 
3.7 3.3 3.3 3.3 3.4 3.6 3.5 3.5 3.9 4.1 3.6 5.4 
3.2 4.1 3.3 3.5 3.3 3.5 3.8 3.7 3.5 2.9 3.0 4.5 
2.9 3.2 3.6 3.3 3.3 3.7 3.7 3.7 3.4 3.3 3.3 3.2 
3.1 3.5 3.7 3.7 3.2 '3.5 3.9 3.6 4.0 3.2 3.5 3.2 
3.4 3.2 2.7 3.2 3.2 3.0 3.5 3.0 3.4 3.0 3.2 3.2 
2.5 2.6 2.5 2.4 2.5 2.9 3.4 3.6 3.0 2.7 2.6 2.6 
2.1 2.4 2.2 2.5 2.6 2.2 3.3 3.1 3.0 2.4 2.2 2.2 
2.1 2.2 2.3 2.5 2.4 3.6 4.1 3.5 2.6 2.4 1.8 2.0 
2.4 2.6 2.2 2.5 2.5 3.1 3.3 2.9 2.9 2.0 2.2 2.3 

2.6 2.6 2.7 2.9 3.0 3.1 3.3 3.2 3.0 2.7 2.6 2.6 

2.8 3.1 3.3 2.8 2.7 2.9 2.8 3.3 3.2 3.3 3.0 3.2 

2.2 2.6 2.7 2.3 2.8 3.3 2.6 3.5 2.5 2.1 2.4 2.4 

The directions are clockwise starting with 1 = north.. Direction. 17 is for total 
u)in& 

Figure 3 is intended to give a visual overview of wind speed distributions at  a 
location. Each of the eight ridges in the figure is at  45 degree intervals and oriented 
in the direction of the wind it represents. For example, the two ridges that approach 
the axis a t  the left and right 0 are for wind speed distributions from the west and 
south, respectively. It is seen by comparing these ridges to their parallel wind speed 
scales that the westerly winds have a higher probability than southerly a t  high wind 
speeds but that southerly winds have a higher probability at  medium wind speeds. 

We determined the distribution of the coefficients of determination, r-squared. of 
the fit of the Weibull parameters to the wind speed data (direction and month) for 
four sites in each of the 10 Great Plains states: sample size equalled 7.680. The 
percentages of r-squared exceeding 0.98. 0.96. and 0.94 were 37. 67, and 82, respec- 
tively. In December, less than 2% of the wind was from ESE (Fig. 2a). whereas 
more than 27% was from the south in July (Fig, 2d). The corresponding r-squares 
were 0.90 and 0.99, respectively. 
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Wind direction distribution data, as in Table 6, are plotted for February and July in 
Figure. 4. No strongly favored direction is apparent for February, but the winds are 
strongly southern in Julyy. 

Table 6. Wind direction distribution (%I by month, Lubbock, Texas. 

Direction' Month 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

8.2 9.7 7.8 5.5 5.3 3.1 2.3 2.9 5.9 6.3 8.8 9.0 
5.0 4.9 4.8 3.6 3.7 2.2 1.5 2.6 4.8 5.0 4.4 4.8 
5.0 5.9 5.1 4.1 4.1 3.2 3.9 4.2 6.3 5.3 4.8 4.7 
3.8 4.2 2.9 4.5 4.8 4.1 3.8 4.7 4.9 4.1 3.1 3.1 
4.0 4.3 4.9 5.3 5.9 5.0 5.9 6.7 6.3 4.3 4.4 2.2 
3.1 3.8 3.8 4.7 6.6 6.1 5.7 6.3 5.7 3.0 3.2 1.9 
3.3 3.8 5.1 6.5 10.5 10.4 10.0 9.7 7.5 4.2 3.4 2.1 
2.9 3.3 4.9 4.9 8.3 9.5 11.6 14.9 13.6 9.0 5.4 3.7 
9.0 8.7 12.2 16.4 16.4 26.8 27.4 24.1 18.6 19.7 11.7 9.4 
6.0 5.7 6.8 6.5 6.9 9.2 8.8 7.2 7.9 9.6 7.5 7.4 
9.6 8.5 8.9 7.7 7.3 5.9 5.9 5.1 6.2 8.2 9.9 10.1 
9.6 9.3 8.5 7.9 4.7 3.4 2.4 2.8 3.5 6.0 9.0 9.8 

12.3 10.8 9.9 6.7 5'1 3.3 2.0 1.7 3.5 6.1 9.0 11.8 
6.3 6.2 5.74 .6 3.0 1.5 1.0 1.11 .7 3.2 5.1 7.7 
4.7 4.9 4.0 3.4 2.6 1.6 0.8 1.1 2.0 3.0 4.3 5.3 
3.0 3.4 3.0 3.0 1.8 1.1 0.6 1.1 2.1 2.9 3.0 4.0 
2.7 2.7 1.7 1.4 1.8 1.5 3.15 .O 4.0 3.6 4.8 4.3 

' The directi0n.s are clockwise starting with 1 = north. Direction 17 represents 
calni periods. 

SUMMARY 
These data provide detailed wind statistics useful for many purposes. Wind speed 
and wind direction need to be known by natural resources scientists and managers. 
Our immediate use is for the wind component in potential evapotranspiration 
models and for modelling wind erosion prediction systems. 
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Figure 2. Wind speed distributions from summarized data (bar graph) compared to 
Weibull calculated distributions for various combinations of months and wind di- 

rection, Lubbock, Texas. 
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Figure 3. Wind speed probability distributions, Lubbock, Texas, March. 
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Figure 4. Wind direction probability distributions for Lubbock, Texas. 
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