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SUMMARY 

A relatively simple stochastic model for simulating wind speed time 
series that can be used as an alternative to time series from representative 

locations is described in this report. The model incorporates systematic 

seasonal variation of the mean wind, its standard deviation, and the correlation 
speeds. It also incorporates systematic diurnal variation of the mean speed 

and standard deviation. To demonstrate the model capabilities, simulations 
were made using model parameters derived from data collected at the Hanford 
Meteorology Station, and results of analysis of simulated and actual data were 
compared. 

Generally, the major features found in the analysis of real data can be 
identified in the analysis of the simulated data. The frequencies of high 
hourly and daily average wind speeds are underestimated slightly by the model. 
However, the model is useful in its current state for examining the spatial 
correlation of winds at potential wind energy conversion sites, and for evalu­
ating techniques for adjusting climatological statistics derived from limited 
observations. 
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INTRODUCTION 

Recent wind energy studies have demonstrated a general need for consistent, 
long-term wind speed time series data. This need is particularly apparent in 
the evaluation of wind energy conversion system economics for utilities, where 
the value of wind energy depends on the correlation between energy availability 
and demand. The current trend in economic studies is to use data from a IIrepre­
sentative location" to incorporate realistic wind variability into economic 
models (e.g. JBF Scientific Corporation 1979; Electric Power Research Institute 
1979; Kahn 1978; Sorensen 1978). Even the wind simulation model developed by 
Cliff et al. (1978) for use in studying the economics of dispersed arrays of 
wind energy conversion systems depends upon the availability of a time series 
from a representative location. 

This dependence on a time series from a representative location has several 
drawbacks: among them are the problems attendant in finding a representative 
location and selecting a typical time series, and the problem of attempting to 
generalize from results based on a specially selected time series. A problem 
also arises if a representative location isn't found or doesn't have an adequate 
wind speed time series. 

This report describes a relatively simple stochastic model for simulation 
of wind speed time series that can be used as an alternative to those from repre­
sentative locations. Chou and Corotis (1981) have also developed a simulation 
model that does not require a time series for a representative location; however, 
its full implementation requires the user to specify values for 324 parameters. 
Our simulation model requires specification of at most 21 parameters. 

Our simulation model is developed in the next section by treating wind speed 
as a locally stationary stochastic process in which random variability is super­
imposed upon a mean wind that includes systematic, deterministic seasonal and 
diurnal variations. The magnitude of the random fluctuations is allowed to 
undergo seasonal and diurnal variations, and seasonal variation of the auto­
correlation is permitted. To test the model, wind data were simulated for the 
50-foot level of the meteorological tower at Hanford, Washington. The simulated 
wind data and actual data from the tower were analyzed and the analyses are 
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compared. Statistical measures used include cumulative frequency distributions, 
persistence of high wind speed events, and autocorrelations. Computer programs 
for the simulation model and evaluation of model parameters are presented in 
appendices. 
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MODEL DEVELOPMENT 

With sufficient past and current information and computer resources, the 
equations of fluid dynamics can be used to predict wind a short time into the 
future. However, such an approach to simulation of wind time series for wind 
energy studies is impractical both computationally and economically. It is 
more realistic to treat wind as a stochastic process and attempt to model the 
process in a way that incorporates the essential features of observed data. 

As a basis for model development, we make the fundamental assumption that 
the wind at any location can be described in part by a long-term mean wind 
speed that is not a function of time. In practice this speed can only be 
estimated with observed data. The estimate improves as the period of observa­
tion increases so that a reasonably stable estimate results when 10 to 20 years' 
data have been obtained. 

We also assume that there are no systematic variations with periods 
longer than a year. Thus we can concentrate on wind speed variations within a 
year. 

These shorter variations of the wind are related to the development and 
passage of synoptic scale weather systems and local circulation patterns. As 
a result, we expect systematic seasonal and diurnal cycles to be present in 
the wind. These cycles may be affected by local topographic features. We do 
not attempt to define these relationships or the effect of topography. 

Having placed these bounds on the model to be developed, we explore 
possible model forms. Most routine statistical analyses applied to random 
data assume that the data are representative of a stationary process. (The 
requirements for stationarity are discussed at length in texts on statistics 
and random variables, e.g., Bendat and Piersol 1971, and Papou1is 1965.) For 
a random process to be stationary in a wide sense, the expected value (mean) 
of the process must be independent of the time of observation and the auto­
correlation in the process must be a function only of the separation between 

observations. For wind speed to be considered a stationary process, even in 
the wide sense, there should be neither seasonal nor diurnal variations in the 
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mean. However, we have assumed both seasonal and diurnal variations in the 
driving force for the wind. Thus we are faced with development of a model for 
a nonstationary process. 

Bendat and Piersol (1971) describe three types of nonstationarity in data 
and discuss possible methods for their treatment. The types of nonstationarity 
discussed include: time-varying mean value, time-varying mean square value 
and time-varying frequency structure. In general, wind speed time series can 
be expected to exhibit each of these features. Thus, we start with the following 
generic model for wind speed 

U(t) = F(t) + G(t)X(t) 

where: 

U(t) is the wind speed time series to be estimated 
F(t) is the time-varying mean speed 
G(t) is the time-varying standard deviation of the random fluctuations 

(1 ) 

X(t) is a random variable with zero mean, unit variance and positive lag-one 
autocorrelation. 

In the remainder of this section we will develop expressions for F(t), G(t) and 
X(t). 

THE MEAN WIND SPEED 

The way in which we specify the mean wind speed is one indication of the 
extent of our knowledge of the wind. If our knowledge is meager we may only be 
able to specify a single, long-term average. As our information increases we 
can begin to describe the variation of the mean in time. Both seasonal and 
diurnal variations can be expected. 

On the basis of the factors, we will assume that the time-varying mean 
can be adequately described by a low-order Fourier series: 

F(t) A A . (2~t ) A . (2~t ) = a + 1 Sln 8766 + <1>0 + 2 Sln 24 + <1>2 . 
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AO is the long-term mean speed. Al and A2 are the amplitudes of the seasonal 
and diurnal components of the mean variation, and ¢O and ¢2 are phase angles 
needed to match the timing of wind characteristics at specific locations. If 
more detail is required in specification of the diurnal variations both A2 and 
¢2 can be permitted to undergo seasonal variation. Thus, the last term in (2) 
may be expanded to: 

THE STANDARD DEVIATION OF THE RANDOM COMPONENT 

The random component of the wind speed is modeled in two parts: a random 
variable with zero mean and unit variance, and a standard deviation that is used 
to scale the random variable. We will permit the standard deviation to vary in 
time as we did the mean. 

Following the same logic that led to the Fourier series representation of 
the mean wind speed, we assume a Fourier representation for the variation of 
the standard deviation of the random component. Thus, 

( 3) 

The parameters of (3) are analogous to those in (2), and again B2 and 62 can be 
expanded to include seasonal variations, i.e. the last term on the right becomes 

THE RANDOM VARIABLE 

To a small extent we have already defined the random variable. We have 

required zero mean and unit variance (also standard deviation). The requirement 
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for zero mean is necessary if we are to preserve the mean wind speed during 
simulation. If a non-zero mean were permitted for the random variable, the 
long-term mean of a simulated time series would not be equal to AO. Similarly, 
if the random variable were not required to have unit variance, it would be 
difficult to match the wind speed variability of a specific location in simu­
lation. Finally, there should be a positive correlation between consecutive 
random variables. This requirement is imposed in recognition of the role of 
synoptic conditions in determining winds. 

The random variable X(t) in (1) is a single sample drawn from an as-yet­
unspecified probability distribution. To obtain the proper correlation between 
consecutive samples we will generate X(t) from X(t-1) in the following manner: 

X(t) = Y(t) + rX(t-1) 

where Y(t) is drawn from a probability distribution with zero mean and unit 
variance and r is the autocorrelation coefficient. The sequence X(t) is a 
Markov series. If Y(t) is drawn from a Gaussian distribution, X(t) is also 
Gaussian. 

(4) 

However, wind speed distributions are generally not Gaussian. They tend 
to be positively skewed with wind speeds below average occurring more than 
50% of the time and extremely high speeds occurring more frequently than 
expected from a Gaussian distribution. The Rayleigh distribution has frequently 
been used to model the distribution of wind speeds. The Rayleigh distribution 
is not directly suitable for Y(t), because it has a non-zero mean and does not 
include negative values. These deficiencies can be corrected by a relatively 
simple transformation of variables. If Y1(t) is drawn from a Rayleigh distri­
bution with mean V and variance S2, then the variable Y(t) = [yl (t) - V]/S has 
zero mean, unit variance and is positively skewed. We will refer to this dis­
tribution as a standardized Rayleigh and denote it by R(O,l). 

The distribution of X(t), when generated using the R(O,l) variate Y(t), is 
neither Rayleigh nor Gaussian. It varies as the autocorrelation coefficient 
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varies from zero to one. For small correlations, the distribution is approxi­
mately R(O,l) and at high correlations the distribution tends toward Gaussian. 
The characteristics of the distribution X(t) are described in more detail in 
Appendix A. 

In a Gaussian Markov series, the autocorrelation between values decays 
exponentially with increasing separation. In the atmosphere, we would expect 
the autocorrelation to be a function of season. As a result, we model the 
autocorrelation as: 

r(t,T) = exp[-A(t)oT] 

where A(t) is a decay constant that describes the time variation of r, and T 
is the separation. Functionally, we will assume that 

(5) 

(6) 

and restrict our immediate consideration to the correlation between consecutive 
samples (T = 1). 

Thus, the full wind speed simulation model requires specification of 21 
parameters: 9 to describe the variation of the mean, 9 to describe the variation 
of the standard deviation of the distribution, and 3 to describe the variation of 
the autocorrelation. These parameters may be determined from available data, or 
they may be estimated from data available from nearby or similar locations. If 
the data available for parameter estimation are limited, it may be necessary to 
simplify the model. This can be accomplished by setting some of the parameters 
to zero. Setting Al , A2, A3, Bl , B2, B3 and Al to zero reduces the model to: 

(7) 

which requires specifications of only three parameters, AO' BO and AO' 
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MODEL PARAMETER EVALUATION 

A simulation model is useful only if model parameter values can be deter­
mined from available data. In this section we discuss the evaluation of para­
meters for the model just described. The order of evaluation is important. 
Parameters involved in the description of the mean should be evaluated first, the 
parameters for description of the variation of the standard deviation should be 
evaluated next, and those for description of the autocorrelation last. Further, 
it does not make sense to describe the variation of the standard deviation or 

the autocorrelation in more detail than is used for description of the mean. For 

example, if the description of the variation of the mean is limited to seasonal 
variation, no attempt should be made to account for the diurnal variation of 
standard deviation. 

Evaluation of the parameters for description of the mean wind speed begins 
with estimation of the long-term mean and the seasonal variation of the mean. 
If the long-term mean is known, the value of AD is also known. Long-term mean 
speeds are readily available for many locations, or can be estimated to within 
about 10% accuracy with 90% confidence with a single year's measurements (Rams­
dell, Houston and Wegley 1980). It is also relatively easy to obtain monthly 
average wind speeds. These averages can be used to estimate both the long-term 
mean and the seasonal variation of the mean. Bloomfield (1976) describes the 
determination of coefficients of a Fourier series. In our case we need only 
fit a first-order series with a period of one year to the monthly averages to 

obtain estimates of Ao' A, and ~O. Computer programs for analysis of data and 
time series simulation are presented in Appendices Band C. 

Evaluation of parameters to describe the diurnal variation of the mean 
follows the same format as the evaluation of the seasonal variation. Essentially 
the only differences are that data averaged by time of day are required, and the 
period of the variation is 24 hours instead of 1 year. The difference in per­

iods between the seasonal and diurnal variation is sufficiently large that 
monthly average wind speeds for each hour of the day may be used in evaluating 

parameters for the diurnal variation without incurring a significant loss of 

information. Monthly average wind speeds, as a function of time of day, are 
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contained in climatological publications including the Local Climatological 
Data (LCD) Monthly Summaries published by the National Climatic Center. 

Table 1 contains a summary of 15 years' wind data for the 50-ft level at 
the Hanford Meteorology Station (HMS), Washington (Stone, Jenne and Thorp 
1972). This table contains all of the data necessary to evaluate the 9 parameters 

in the model related to the mean wind speed. The last row and column in the 
table each contain summary data; the last row gives monthly averages and 
the last column gives annual averages by time of day. The speed in the bottom 
right-hand corner of the table is the long- term average. Thus, if we only 
need AO' it can be read directly from the table. If we are only interested in 
the seasonal variation of the mean, we only need the last row. If we are 
interested in the seasonal and diurnal variation of the mean, but do not want 

to include the seasonal variation of the diurnal variation of the mean, we 
need only the last row and last column. 

To determine the full set of parameters, we start with the January data 

and fit a first-order Fourier series to determine a mean and the amplitude and 
phase of the diurnal variation about the mean. This process is repeated for 
each month; we end up with 12 means, amplitudes and phase angles. Next we fit 
a first-order Fourier series to the 12 means. This gives us our estimates of 
AO' Al and ~o. We then repeat the process with amplitudes to obtain A2, A3 

and ~l. Finally we use the same procedure to get ~2, ~3 and ~4 from the phase 
angles. 

Evaluation of the parameters for the standard deviation proceeds in the 
same manner as the evaluation of the parameters for the mean. If a table 
similar to Table 1 can be prepared, all nine parameter$ can be determined. 
Otherwise, it may be necessary to limit the variability modeled. 

The total variability of the wind is composed of systematic and random 
components. The contribution of the individual components in the current model 

is: 

where S2 is the total wind speed variance. This relationship can be used to 
adjust the magnitude of BO as more detail is included in the model. 
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TABLE 1. Monthly and Annual Hourly Average Wind Speeds (mph) for the HMS 50-Ft 
Level: 1955-70 

Hour 
Beginning 

(PST) J F M A M J J 

00 
01 

02 

03 

04 
05 

06 
07 

08 
09 
10 

11 

12 

13 

14 

15 

6.2 6.9 8.2 8.7 
6.1 6.7 8.0 8.4 

6.0 6.7 7.9 8.0 

5.9 6.6 7.5 7.5 

5.8 6.6 7.3 7. 

5.7 6.5 7.2 6.9 

5.6 6.3 6.9 6.5 

5.5 6.0 6.6 7.6 

5.5 6.2 7.5 8.4 
5.6 6.6 
5.9 6.8 

6.5 7.3 

8.0 8.2 

8.4 8.4 

8.8 8.6 

6.9 7.7 9.2 9.1 
6.8 7.8 9.7 9.6 

6.7 7.9 10.1 10.2 
6.2 8.0 10.2 10.5 

9.0 9.9 9.8 
8.5 9.1 9.0 

7.9 8.4 8.1 

7.6 7.7 7.5 

7.3 7.5 7.1 

6.6 6.8 6.5 

6.9 7.7 7.1 
7.2 7.5 6.9 

6.8 6.9 5.6 
6.6 
6.8 

7.2 

7.6 
8. 1 

8.7 
9.4 

6.5 

7.0 
7.4 

7.6 
8. 1 

8.7 
9.4 

5.2 
5.6 

6. 1 

6.5 

7.2 

7.7 
8.3 

A S o N o y 

9.1 7.9 6.6 6.1 6.1 7.9 

8.3 7.3 6.3 6.1 6.0 7.5 

7.5 7.0 6.0 5.8 6.0 7.1 

6.9 6.8 6.0 5.7 5.8 6.8 

6.5 6.3 5.8 5.8 5.8 6.6 

6.0 6.1 5.8 5.5 5.5 6.2 

5.6 5.5 5.5 5.3 5.5 6.2 

6.1 5.9 5.2 5.2 5.4 6.3 

5.6 6.3 5.4 5.2 5.4 6.2 
5.2 6.1 6.2 5.9 5.3 6.3 

5.3 6.2 6.4 6.3 5.7 6.6 

5.6 6.6 6.3 6.5 6.1 6.9 
6.0 7.0 6.8 6.6 6.3 7.3 

6.6 7.0 7.2 6.7 6.4 7.6 

7.2 7.6 7.4 6.4 6.3 7.9 

7.8 8.1 7.5 6.3 6.0 8.1 

16 6.2 7.6 10.4 11.1 9.9 10.5 9.1 8.5 8.5 7.3 6.1 6.0 8.4 

17 6.4 7.4 9.6 11.3 10.7 12.0 10.3 9.5 8.8 7.4 6.5 6.2 8.8 

18 6.7 7.7 9.4 10.9 11.2 12.9 11.4 10.3 9.1 8.0 6.4 6.2 9.2 

19 6.8 7.6 9.5 10.9 11.3 13.0 12.1 11.2 9.8 7.9 6.4 6.1 9.4 
20 6.6 7.6 11.0 11.0 11.4 13.0 12.8 11.8 9.7 7.6 6.4 6.0 9.5 

21 6.4 7.3 9.1 10.5 11.5 12.8 13.2 12.0 9.3 7.4 6.2 6.0 9.3 
22 6.1 7.3 8.4 9.9 10.6 12.1 12.3 11.0 8.7 7.1 6.2 6.0 8.8 
23 6.1 7.2 8.3 9.1 9.8 10.9 10.7 9.9 8.1 6.8 6.2 6.1 8.3 

AVG 6.2 7.1 8.6 9.1 8.7 9.3 8.6 7.9 7.5 6.7 6.1 5.9 7.6 
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As an example of this use, assume that, initially, wind speed data are 
available in the form of frequency distributions for each month. These dis­
tributions provide sufficient information to estimate AO' Al , BO and Bl . They 
can also be combined to form a single frequency distribution that provides a 
direct estimate of S2. If we gain additional information that permits us to 

model the diurnal variation of the mean speed, that variation must be included 

without increasing the total wind speed variance. S2, Al and Bl must all remain 

constant. Thus, we must decrease BO. The new value of BO becomes 

Similar corrections would be required if an initial modeling effort were made 

with the simple model given in (7) and then additional information permitted 
modeling the seasonal variation of the mean and the standard deviation. 

The standard deviations needed to calculate the parameter values can be 

computed directly from wind speed observations, or they can be computed from 
wind speed frequency distributions. Wind speed frequency distributions are 
published in many places. The older issues of LCD Monthly Summaries (1964 

and earlier) contain wind speed frequency distributions by time of day for 
each month, as well as composite distributions for the month. Annual wind 
speed frequency distributions are presented by state in the Wind Energy 

Resource Atlas (PNL-3l95; 1980, 1981) prepared for the Department of Energy's 
Wind Energy Program, and Changery, Hodge and Ramsdell (1977) have prepared an 
index to summarized wind data available from the National Climatic Center in 
Asheville, North Carolina. 

If available data will not support a quantitative evaluation of the phase 
angles required by the simulation model but the approximate times of wind speed 
maxima are known, the phase angles can be estimated from Table 2. 

Unlike the evaluation of parameters for the variation of the mean and 
standard deviation, the evaluation of the parameters for the variation of the 

autocorrelation is not generally possible from standard wind data summaries. 
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TABLE 2. Approximate Phase Angles for Use with Qualitative Wind Data 

Time of Seasonal Time of Diurnal Phase Angle Phase Angle 
maximum maximum (degrees) (radians} 

Jan 15 0100 75 1.3090 

Feb 15 0300 45 0.7854 

Mar 15 0500 15 0.2618 

Apr 15 0700 -15 -0.2618 

May 15 0900 -45 -07.854 

Jun 15 1100 -75 -1. 3090 

Jul 15 1300 -105 -1.8326 

Aug 15 1500 -135 -2.3562 

Sep 15 1700 -165 -2.8798 

Oct 15 1900 165 2.8798 

Nov 15 2100 135 2.3562 

Dec 15 2300 105 1.8326 

The difficulty in evaluation of the parameters arises in the product of time­
lagged wind speeds required for calculation of the autocorrelation. The auto­
correlation for unit time lag can be computed from 

rrtr = [U(t)U(t - l~ - F(t)F(t - l)j 
G(t G(t - 1) (9) 

where the overbar denotes a time average at time t, which may be a particular 
hour of the day in a given month, or an hour of the month, and it is understood 
that X(t)X(t - 1) = rrtJ. The dependence on t is retained because we have 
assumed that the autocorrelation is subject to seasonal variations. 

From (9) it is clear that the value of r(t) is dependent upon the way in 
which F(t) and G(t) are described. If we know no more than the annual mean 
and standard deviation, then the autocorrelations computed from hourly wind 
speed observations may be significantly different than those computed if we 
know and remove the seasonal diurnal variations of the mean. Autocorrela­
tions reported in the literature (e.g., Corotis, Sigl and Cohen 1977; Justus, 
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Hargraves, Mikhail and Graber 1978; Justus, Mani and Mikhail 1979) should be 
used with caution until the user is satisfied that the systematic variation of 
the mean was properly treated in their computations. 

Evaluation of the product of hourly wind speed observations can be 
accomplished in smart data loggers, but is not a commonly reported statis-
tic. To be useful, this statistic must be tabulated by time of day, if 
diurnal variation is to be incorporated in the autocorrelation, or by month if 

the autocorrelation is to be limited to seasonal variations. Considering the 
relatively wide band of uncertainty about correlation coefficients computed 
from data with a limited number of degrees of freedom, we recommend that exten­
sion of the model to include diurnal variation of the autocorrelation coef­
ficient not be considered. 

If archived wind data must be used to compute the autocorrelation, it is 
necessary to properly account for the time lag between observations. Since we 
are primarily concerned with the simulation of a representative sequence of 
hourly observations, our basic time increment is 1 hour. The observations 
tabulated in recent LCD Monthly Summaries are taken at 3-hour intervals. If we 
wish to use them to estimate the autocorrelation at a time lag of 1 hour, we 
must account for the difference in observation frequency. To do this we can 
assume that the variations in A(t) are slow compared to the change in T in 
(5). With this assumption, we compute A(t) as follows: 

A(t) = -In [r(t,T)]/T (10) 

where T is 3 for observations reported 8 times a day, as is the current prac­
tice in the LCD Monthly Summaries. 
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MODEL PERFORMANCE 

Simulation of hourly observations was conducted five times using models 
of increasing sophistication. The parameters for each of the simulations are 
given in Table 3. In modell, hourly observations were simulated without includ­
ing any systematic variation in the mean, standard deviation or autocorrelation. 
In model 2, seasonal variations of the mean were added, etc. Model 5 includes 
seasonal and diurnal variation of the mean, and seasonal variation of the 
standard deviation and autocorrelation. When reference is made to an hourly 
wind speed simulation model without specifically indicating one of these models, 
model 5 can be assumed. 

TABLE 3. Hourly Model Parameter Values Derived from HMS Data 

Parameter 

AO 
Al 

¢O 
A2 

A3 

<1>1 

¢2 
<1>3 

¢4 
BO 
B1 
80 

AO 

A1 
Y 

Modell 
7.97 

5.87 

-0.477 

Model 2 

7.97 
1. 62 

-1.04 

5.64 

-0.477 

Model 3 

7.97 
1.62 

-1.04 
1.65 
1.41 

-1.54 
0.311 
2.96 

-2.37 
5.39 

-0.477 

Model 4 Model 5 
7.97 7.97 
1.62 1.62 

-1.04 -1.04 
1. 65 1.65 
1.41 1.41 

-1.54 -1.54 
0.311 0.311 
2.96 2.96 

-2.37 -2.37 
5.34 5.34 
0.619 0.619 
0.688 0.688 

-0.477 -0.477 
0.158 

-1.419 

The models all reproduced those systematic variations that were incorpo­

rated within the limits of the random variability introduced in the simula­

tions. There were no noticeable changes in phase of either the diurnal or 
seasonal variations. 
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The frequency distributions for hourly data simulated with the five models 
were essentially identical. Figure 1 shows the cumulative distribution for the 
simulated data and compares it with the cumulative distribution for data from 
Hanford. The cumulative distribution is also compared with the standardized 
Rayleigh and Gaussian distributions. The actual wind speed distribution is 
reasonably approximated by the R(O,l) distribution, although it has a larger 
frequency of occurrence of extremely high speeds than would be expected from 
the R(O,l) distribution. The distributions of simulated speeds match the 
R(O,l) distribution at speeds above the mean, and consequently the frequen­
cies of high simulated speeds are lower than the observed frequencies. The 
differences are somewhat exaggerated by the expanding frequency scale used in 
the figure. The actual data indicate that standardized wind speeds less than 
about 3 occur about 98.9% of the time, while the model has them occurring about 
99.6% of the time. Standardized speeds are determined from the actual speeds 
by removing the mean and dividing by the standard deviation. They are used 
exclusively in the remainder of this discussion. 

The persistence of high wind speed events in the simulated data is des­
cribed in Figure 2 for three standardized wind speeds. It does not appear that 
the number of parameters used in the model has much effect on the frequency of 
short-term persistence events. As the length of the events increases, however, 
model complexity becomes a factor. The frequency of occurrence of 12-hour 
events in which the speed exceeds 0.5 was a factor of 3 larger for modelS than 
it was for model 1. 

It appears that after an initially rapid decay, the decrease in frequency 
tends to become exponential. Corotis, Sig1 and Klein (1978) have previously 

reported an exponential model giving good fits to persistence frequencies. 
They have also described a power law model. Sig1, Corotis and Won (1979) 
also present a power law model. 

The simulated hourly data were combined to approximate daily wind speed 
averages. The cumulative distribution of averages thus formed is compared with 
the distribution of observed daily averages in Figure 3. The differences between 

the distributions are significant. The simulated daily averages show an approxi­

mately N(O,l) distribution, while the distribution of the actual averages is more 
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nearly R(O,l). When monthly averages of the simulated hourly data were formed 
there were similarly large differences between simulated and actual cumulative 
distributions. 

The model was rerun in an attempt to simulate the daily average wind speeds 
directly, and a modified model was run to simulate the monthly average speeds. 
Parameters used in these models are listed in Table 4. In the modified model, 
the random variate was assumed to have an N(O,l) distribution rather than an 
R(O,l) distribution. In other respects the modified model was unchanged from 
that used for the daily and hourly wind speed simulations. 

TABLE 4. Pa rameter Va 1 ues for Daily and Monthly Average Wind Speed Models 

Dai ly Monthly 
Parameter Average Average 

AO 7.88 7.68 

Al 1. 68 1.63 

<PO -0.948 -0.998 

BO 3.56 1.04 

Bl 0.700 0.390 
60 0.975 1. 167 

AO -1. 458 -1. 51 0 

A1 0.232 

Y 1.050 

Figure 4 shows the distribution for the results of the direct simulation of 
daily averages along with the cumulative distribution of the observed data. The 
improvement of direct simulation of daily averages over averaging simulated 
hourly speeds is Significant. 

The persistence of days with wind speeds above the mean is shown in Fig­
ure 5. Simulating daily averages directly and averaging simulated hourly data 
both give good approximations to the observed persistence frequencies. The 
comparison is particularly good for a standardized wind speed of 0.5. For the 

higher speeds, the frequencies are slightly underestimated. It should be noted 
that these statistics are for end-to-end 24-hour periods. 

19 



5.0 

-FROM HOURLY OBSERVATION MODELS • 
-'-N(O,I) A 

4.0 A 
---R(O,I) A' 
• HANFORD 1959-1978 6..,1 

A' 
c 3.0 ~I , 
~ . ~ ~ 
a.. 

It/~ 
, 

V) 

c Iff, z 2.0 ~,~ -3: 
c I~ ~ 

N 
C 
c::: 1.0 <C c 
Z 
<C 
l-
V) 

0 

-1.0 

-2. 0 L..Lll.lllllL--L...L..J..--L-L-J....-1.-.....I.-....I....-...L-..I..~"--'--I 
1 10 50 80 95 99 99.9 

CUMULATIVE FREQUENCY (PERCENT) 

FIGURE 3. Cumulative Frequency Distribution of Daily Averaged Wind Speeds 
Computed from Simulated Hourly Speeds with Comparative Data 

20 



c 
w 
W 
Q. 
(IJ 

C 

4.0 

3.0 

~ 2.0 
3: 
c 
W 
N -C 
a: 1.0 
c:( 
C 
Z 
c:( 
I-
(IJ 

o 

-1.0 

- DAILY AVERAGE MODEL 
--- N(O, 1) 
--R(0,1) 

• HANFORD 1959-1978 

-2.0~~~~--~~~~~~~--~~~~~~~ 

1 2 5 10 20 40 60 80 90 95 98 99.5 99.9 
30 50 70 99 99.8 

CUMULATIVE FREQUENCY (PERCENT) 

FIGURE 4. Cumulative Frequency Distribution of Daily Average Wind Speeds 
Simulated Directly with Comparative Distributions 

21 



i= 
Z 
w 
0 
c:c 
w 
CL 

w 
0 
z 
w 
c:c 
c:c 
:::> 
0 
0 
0 
~ 

0 
> 
0 
Z 
w 
:::> 
0 
w 
c:c 
~ 

100 

HMS DATA (20 yrs) 

0 SIMULATED DAILY DATA (25 yrs) 

6 DAILY AVERAGES FROM SIMULATED 
HOURLY DATA (10 yrs) 

10 

d'.». 
?-t 

;0 
?~ 

1 
0 

~ 
~ 
~ 

~ () e ~ 0 

~ ~ 
0 
.f$' 

"P 0 
'Z ~ 0 
"P ~ 

10-1 
~ 0 0 \\ 

10-2 0~~--~~L-~4--~~6~~--~8--~~1LO~ 
CONSECUTIVE DAYS 

FIGURE 5. Persistence of Above Average Simulated Daily Average Wind Speeds 

22 



The autocorrelation of daily average wind speeds is shown in Figure 6. The 
direct simulation of daily averages is again shown to provide results that more 
closely match the actual data than averaging simulated hourly data. The figure 
also shows the effect of the seasonal trend on the autocorrelation. It is 
responsible for essentially all of the correlation in the daily averages derived 
from simulated hourly data and for the correlation for lags of 3 days or more 
in the daily averages simulated directly. 

Cumulative frequency distributions for monthly average speeds are compared 
in Figure 7. Direct simulation of monthly averages gives an extremely good fit 
to the actual data. Averaging simulating and daily data does not give an ade­
quate fit to the cumulative distribution of observed monthly averages. By 
averaging the hourly data most of the random variability introduced in the 
simulation is eliminated. As a result, the remaining variability is from the 
systematic seasonal variation of the mean. The cumulative frequency distri­
bution shown for the monthly averages formed from the hourly data is close to 
the sigmoid curve that would be expected from the distribution of points on a 
sinusoid. 

The autocorrelations of the monthly average data shown in Figure 8 further 
demonstrate the decrease in random variability associated with averaging the 
simulated data. The autocorrelation of the hourly data closely follows the 
cosine curve that represents the autocorrelation of points along a sinusoid. 
The autocorrelation of monthly averages simulated directly follows the auto­
correlation of the data, and the autocorrelation of the averaged daily data 
falls between the other two sets. 

Finally, Figure 9 shows the persistence statistics for the monthly average 
speeds. 
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CONCLUSIONS 

A time series model has been developed for the simulation of wind speeds. 
The model provides for the incorporation of systematic seasonal variation of 
the mean speed, its standard deviation, and the correlation coefficient. It 
also provides for incorporation of the systematic diurnal variation of the 
mean speed and the standard deviation. 

As a demonstration of the model capabilities, a number of simulations 
have been made using model parameters derived from data collected at the Han­
ford Meteorology Station. The results of analyses of both sets of data, the 
simulated set and the real data, have been compared. In general the major 
features found in the analyses of the real data are identifiable in the cor­
responding analyses of the simulated data. The primary difference between the 
two data sets is in the frequency of high wind speeds. The frequencies of 
hourly and daily average wind speeds greater than 2 standard deviations above 
the mean are underestimated slightly by the model. 

A second inconsistency appears to exist in the model. That inconsistency 
shows up when the simulated data are averaged. Too much variability is lost 
in the averaging process and the wind speed distributions approach normality 
too rapidly. The cause of the inconsistency has not been isolated, but poten­
tial contributing factors include: use of a distribution for the uncorrelated 
random variates that has too small coefficients of skewness and kurtosis, too 
rapid decay of the autocorrelation, and the partitioning of the variance in 
determination of the parameters for the standard deviation. This apparent 
inconsistency is not considered to be a serious problem, because it has been 
demonstrated that the model is capable of simulating both daily and monthly 
average wind speeds directly. 

Since the simulations have been completed, the parameters for the diurnal 

variation of the standard deviation at the Hanford Meteorology Station have 

been evaluated. The phase of this additional variability is such that it would 
contribute significantly to the standard deviation at the time of the maximum 
mean wind speed. 
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With these possible restrictions mentioned, the model appears to be a use­
ful simulation tool that can be implemented without requiring excessive compu­
tational resources. Further tests with data from other locations are required 
to complete the model evaluation for economic simulation studies. Conceptually, 
however, the model is useful in its current state for detailed examination of 
the spatial correlation of winds at potential wind energy conversion sites, and 
for the evaluation of techniques for adjusting climatological statistics derived 
from limited observations. 
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APPENDIX A 

CHARACTERISTICS OF THE DISTRIBUTION OF THE CORRELATED SERIES 

The random variate used in the simulation of the hourly average wind 
speeds is derived from an underlying Rayleigh distribution. The distribution 
of the wind speeds is not Rayleigh. This appendix describes the distribution 
and its variation with increasing correlation coefficient. 

The time series of random variates is a Markov chain. It is generated as 
fo 11 ows 

x. = px. 1 + X I • 
1 1 - 1 

(A-l) 

where the xi are the correlated time series, p is the correlation between con­
secutive elements of the series, and Xl are uncorrelated random variates with a 
known distribution. If the distribution of the Xl is Gaussian, then the dis­
tribution of the xi is also Gaussian and the correlation between elements xi 
and xi - k is given by 

p(k) = exp(-Ak) (A-2) 

where k is the lag and A is a decay constant. 

In our simulation the Xl are not drawn from a Gaussian distribution, there­
fore we cannot assume that the xi have a Gaussian distribution. Similarly, it 
is not proper to assume that the xi have a Rayleigh distribution because the Xl 

are drawn from a Rayleigh distribution. As a result we have examined the 
behavior of the moments of the xi distribution. 

As a starting point, we note that if Xl has zero mean, then xi will also 
have zero mean. In our simulation we have generated Xl so that it has zero 
mean and unit variance. By taking the expectation of xi to the second, third 
and fourth powers, and recursively applying (A-l) we obtain the following 
results 
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E[x. 2J = 12 E[x ,2 J (A-3) 
1 1 - p 

3 1 3 E[X ,3J (A-4) E [x. J = 
1 1 - p 

E[x. 4J = 
6p2 {E[X ,2 ]}2 + 1 4 E[x4] (A-5) 

1 2 4 (1 - p )(1 - p ) 1 - p 

which express the moments of the correlated distribution in terms of the moments 
of the underlying distribution and the correlation coefficient. From these 
relationships we draw the following conclusions: the variance, coefficient of 
skewness, and coefficient of kurtosis of our correlated time series should be 

Var[x .J 1 = 2 1 1 - p 
(A-6) 

( 1 
2 3/2 

SK[x. J = - P3) Sk[x'J 
1 (1 - p ) 

(A-7) 

6p2 1 2 
K[xiJ + - p K[x I J = 2 2 1 + p 1 + p 

(A-B) 

respectively, where VAR[J is the variance and Sk[] and K[J are coefficients of 
skewness and kurtosis. Approximate values for Sk[x'J and K[x'J are 0.6322 and 
3.2450, respectively. 

Figure A-l shows comparisons of the standard deviations and coefficients 
of skewness and kurtosis of time series generated using (A-l) with values pre­
dicted using (A-6) through (A-8). The data shown in Figure A-1 were obtained 
in tests of the simulation procedure involving more than 9,000 elements. Three 
tests were run for each correlation coefficient. It is to be expected that the 
observed coefficients of skewness and kurtosis would show a larger scatter about 
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their predicted values than shown for the standard deviation because convergence 
to their predicted values is much slower. 

Relationships (A-3) through (A-B) apply for i sufficiently large that pni, 
n = 2, 3 or 4, can be assumed to be equal to zero. Thus, if we want the distri­
bution of xi to be constant throughout the simulation, we must discard the first 
few elements of the chain prior to starting the simulation. In practice, we 
have initialized the simulation by discarding the first 65 elements of the chain. 

Figures A-2 and A-3 show the behavior of the correlation coefficient for 
our chain. Figure A-2 demonstrates that the correlation observed between xi 
and xi - l is the same as that correlation used in (A-l). The effect on correla­
tion of increasing the separation between elements is shown in Figure A-3. The 
correlation used in (A-l) for each test was e-A. From this figure we conclude 
that changing the distribution of Xl from N(O,l) to R(O,l) has not negated (A-2). 
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APPENDIX B 

HOURLY WIND SPEED SIMULATION PROGRAM 

A computer program has been written to simulate hourly wind speeds using 
the model developed in the body of the report, combine the hourly data into 
daily and monthly averages, and analyze each of the data sets. This appendix 
describes the program. 

The program is divided into four basic sections: initialization, model para­
meter input, simulation and analysis. The initialization section sets variable 
types and array dimensions. It consists of the first 11 program lines. Line 
numbers are indicated to the left of the code in the listing at the end of the 
appendix. Array names and uses are listed in Table B-1, and variable names and 
uses are listed in Table B-2. 

Input of model parameters and parameters for control of the simulation takes 
place in the next section; lines 13 through 46. At the end of the parameter 
input section the value of each of the parameters is printed to provide a record 
of the input associated with the model output. Numbers at the extreme left of 
the program listing indicate do-loop nesting. The name and use of each of the 
subroutines used in the program are listed in Table B-3. 

Subroutine CARLOH, called in line 52, contains the simulation section of 
the program. It starts with pseudo-random N(O,l) deviates, forms Rayleigh 
deviates, then transforms the Rayleigh deviates to R(O,l). These deviates 
are combined with model parameters to give the hourly wind speed time series. 
The hourly speeds are written to disk a year at a time for temporary storage. 
CARLOH also computes daily average wind speeds from the hourly values. The 
daily averages are stored in an array in computer memory. 

The development of the wind speed time series in CARLOH is a step-by-step 
process. In lines 179 through 185 the seasonal variations of the mean and 

standard deviation are computed. 
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TABLE B-1. Arrays Used in the Wind Speed Simulation Program 

NAME USE 

ACOR Autocorre1ations 
ACV Autocovariances 
AVE Average wind speeds for day of the year 
CKURT Coefficients of kurtosis of daily average speeds for day of the year 
HEADER Title or description of simulation 
IYR Sequential number of year simulated 
LAMDA Model parameter for autocorrelation of simulated time series 
LIM Run length limits for persistence analysis 
NRUNS Accumulates runs for persistence analysis 
SO Standard deviations of daily average speeds for day of the year 
SKEW Coefficients of skewness of daily average speeds for day of the year 
SLIM Speed limits for persistence anlaysis 
SWS Simulated daily average wind speeds (day of year, year) 
VAR Variances of daily average speeds for day of year 
W Simulated dailly average speeds (1 dimensional array equivalent to 

SWS) 
WR Departures of daily average speeds from average for day of the year 

(1 dimensional array equivalent to WSR) 
WRM Departures of monthly average speeds from average for the month 
WS Simulated monthly average speeds (month, year) 
WSR Departures of dai ly average speeds from average for day of the year 

(day of yea r, year) 
Z Work space for temporary storage of the simulated hourly average wind 

speeds 
ZZ Work space for temporary storage of hourly wind speeds 
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TABLE B-2. Variable Names Used in the Main Program 

NAME USE 

AO Amplitude of the seasonal variation of the mean speed (Al in Eq. 2) 
Al Mean amplitude of the diurnal variation of the mean speed (A2 in 

Eq. 2a) 
A2 

B 

BO 
Bl 

BPHI 

DEL 
GAMA 

HAVE 
HKURT 
HSD 
HSKEW 
HVAR 
I DATE 
IPASS 
ITIME 
M 

MM 
NHS 
NYRS 
PHIO 

Amplitude of the seasonal variation of the amplitude of the diurnal 
variation of the mean speed (A3 in Eq. 2a) 
Standard deviation of the wind speed when no variability is treated 
(BO in Eq. 3) 

Mean standard deviation of the wind speed (BO in Eq. 3) 

Amplitude of the seasonal variation of the standard deviation of 
the wind speed (Bl in Eq. 3) 

Phase angle for the seasonal variation of the standard deviation 
(81 in Eq. 3) 

Wind speed band width for persistence analysis 
Phase angle for the seasonal variation of the autocorrelation decay 
constant (y in Eq. 6) 

Overall average of the simulated hourly wind data 
Overall coefficient of kurtosis of the simulated hourly wind data 
Overall standard deviation of the simulated hourly wind data 
Overall coefficient of skewness of the simulated hourly wind data 
Overall variance of the simulated hourly wind data 
Date of the simulation 
Switch used to select one of several possible simulation models 
Time of day of the simulation 
Number of days to be simulated 
Number of months to be simulated 
Number of hours per record for disk storage of hourly wind data 
Number of years to be simulated 
Phase angle for the seasonal variation of the mean speed (¢O in 
Eq. 2) 
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TABLE B-2 (contd) 

NAME USE 

PHIl Phase angle for the seasonal variation of the amplitude of the diur­
nal variation of the mean speed (¢1 in Eq. 2a) 

PHI2 Mean phase angle for the diurnal variation of the mean speed 
(¢2 in Eq. 2a) 

PHI3 Amplitude of the seasonal variation of the phase angle for the 
diurnal variation of the mean speed (¢3 in Eq. 2a) 

PHI4 Phase angle of the seasonal variation of the phase angle of the 
diurnal variation of the mean speed (¢4 in Eq. 2a) 

VBAR Long-term average wind speed (AO in Eq. 2) 
XLAMO Mean decay constant for the autocorrelation (AO in Eq. 6) 
XLAMl Amplitude of the seasonal variation of the decay constant for the 

autocorrelation (Al in Eq. 6) 
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TABLE B-3. Subroutines Used in the Wind Speed Simulation Program 

NAME USE 

ADATE 

CARLOH 

CMTSl 
CMTS2 

FREQ 

FREQA 

FREQM 

FTAUTO 

GGNML 

GROUP 
HCMTSl 
HFREQ 
HFREQA 
HRUNS 
RUNS 
WAUTO 
WDAT1X 

WDAT1Y 
WRUNS 

UNIVAC System routine used to supply the date and time of the 
simulation 
Monte Carlo simulation of hourly wind speeds and computation of 
daily average speeds 
Computes central moments of data in a l-dimensional array 
Computes the central moments of data in columns of a 2-dimensional 
array 
Compiles frequency and cumulative frequency distributions of data 
in a l-dimensional array 
.Compiles frequency and cumulative frequency distributions of data 
in a l-dimensional array using standardized bin widths 
Same as FREQ except for smaller bin widths, used for monthly 
averages. 
International Mathematical and Statistical Libraries, Inc. (IMSL) 
subroutine to compute autocovariances and autocorrelations 
IMSL subroutine to generate pseudo-random, normal deviates with 
zero mean and unit variance 
Combines daily average wind speeds into monthly averages 
Same as CMTS1, except reads data from disk, used for hourly speeds 
Same as FREQ except reads data from disk, used for hourly speeds 
Same as FREQA except reads data from disk, used for hourly speeds 
Same as RUNS except reads data from disk, used for hourly speeds 
Persistence anlaysis of data in l-dimensional arrays 
Output autocovariances and autocorrelations 
Output moments of the daily average wind speed sitributions by day 
of the year 
Output monthly average wind speed statistics 
Output results of persistence analysis 
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Seasonal variations of the amplitude and phase angles of the diurnal variation 
are also computed in this section. 

The section of CARLOH between lines 186 and 193 generates the first 65 
terms in the time series of R(O,l) deviates. The last of these values is used 
as the initial value in the simulation. The remaining values are discarded; 
their purpose is to allow the moments of the distribution of correlated devi­
ates to stabilize. The remainder of the simulated values are generated 
between lines 195 through 204. 

The section of the code between lines 205 and 218 ensures that the series 
of correlated deviates has zero mean and unit variance. This section could be 
eliminated if each simulated value were scaled by division by the theoretical 
standard deviation for the correlated time series derived in Appendix A. 

The conversion of the deviate time series to wind speeds occurs in 
lines 219 through 226. If diurnal variations of the mean speed and standard 
deviation are to incoporated in the model, their respective contributions must 
be computed and included in this section. This can easily be done by expand­
ing the left side of the equation in line 221. 

Lines 222 and 224 compute daily average wind speeds. The remainder of 
the program, lines 57 through 166, consists of the analysis section. Hourly 
wind data are analyzed first, lines 57 through 82. The analyses performed 
include: computation of the first 4 central moments of the wind speed dis­
tribution, compilation of frequency and cumulative frequency distributions, 
and compilation of persistence statistics for wind speeds above and below 
average. To facilitate comparisons between analyses of data from different 
time periods at a single site or different sites, frequency and persistence 
statistics are compiled in standardized wind speed ranges. 

Daily average speeds are analyzed following the analysis of the hourly 
speeds. The pattern of analysis of the daily averages initially follows that 
of the hourly values. After the persistence analysis is completed, the 

daily averages are determined. The initial correlation computation includes 
the effects of seasonal variation of both the mean and standard deviation. 
Monthly averages are compiled from the daily averages, then the seasonal 
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variation of the mean is removed and the autocorrelation of the daily averages 
is recomputed. Finally, the seasonal variation of the standard deviation is 
removed, and the autocorrelation is computed again. This pattern is repeated 
for analysis of the monthly averages. 

The simulation program, as it now exists, requires 44,500 words of user 
memory in a UNIVAC 1100/44. A large part of the memory requirement comes from 
the analysis portion of the program. A significant reduction in memory require­
ments could be achieved by optimization of the code and elimination of the 
analysis routines. Program execution requires about 12 seconds of CPU time 
per year of simulated data. Again, a large portion of the time is spent in 
the analysis of the data rather than the simulation. The complexity of the 
simulation model has little apparent effect on the time required. 
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1. 
~. 
3. 
4. 
S. 
6. 
7. 
A. 
9. 

10. 
I 1 • 
17. 
15. 
}6. 
17. 
18. 
19. 
ZOo 
21. 
22. 
23. 
13. 
14. 
~4. 

25. 
1 26. 
1 1'7. 

28. 
?9. 
30. 
31. 
l2. 
33. 
34. 
3':i. 
36. 
37. 
18. 
3~. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
4S. 
49. 
<;0. 
51. 
52. 
53. 

C 

C 

rNTEGER IYP (25) ,Ll'"! I 16) ,NRlJN~ 122, 16) 
REI\L LAMBDII!;».HfAIJERI20).SwS!365.10).W(1650).A[V(30), 

+ ACOR(30)'AVE(366).SO(166).V~R(3~~) 
• .~KEW(3b6).[KURT(3~6).~LIH(22).W~(12.?5).W5R(3~5.10).WR(3650). 

• WRM(300) 
COMMON IWSPACE/Z(8760).Z1(8760) 
INTEGER N'I'R5 
CHARACTER~P IOATE, ITI~E 

EQUIVALENCE(SW~.WSR) 
EQUIVALENCE (SW~;.W) 

EQUIVALENCE(WSR.WR),(W5,~RM) 

READ(S.llO) VBAQ.1\0.PHIO,Al,AZ.PHIl.PHI?PHI3,PHI4 
READ(S.110) B.BO,Hl,RPHI 
REAOtS.IIO) LAMROA(l).LAMRDA(Z).XLAMO.XLAMl.r,AHA 

110 FORMAT(9F8.4) 
REAO(S.lZO) NYRS.IPASS 

120 FORMAT (1615) 
CALL ADA1E(IDATE,ITIMEI 
"'.NYRS*365 
MM=IZ*NYRS 

90 READ(S.lOO.EhlO,.990) (HEADEQ(I),Isl.20) 
100 FORMAT(ZOA4) 

DO 195 I a 1. NYRS 
IYR(I) '" 

195 CONTINUE 
\omlTE(~.900) 

WRtTE(6.Z10) HEADER 
210 FORMATIlH .15)(,'MODH PA~AMETERS'.10X.ZOA4) 

WRITE(6,220) VBAR,AO.PHIO.Al,A2,PHI1.PHIZ.PH13,PHI4 
220 FORMAT(lHO.I0x,'PARA"'ETERS FnR SPECIFICaTION OF THE ~EAN ,.11 

• 15X.'V~AR .',F8.4,/15X.' AO s'.FA.4./l~~"PHIO S',FR.4,1 
• 16X.' Al =·,F8.4~/15X,' A2 .',FA.4./15X,'PHIl =.,F~.4" 
+ ISX.'PHI2 .'.F8.4./lSX,'PHI3 ='.F8.4./lSx,'PHJ4 - •• FB.4111) 
WRIT~16,230) B.BO.Bl,RPHI 

230 FORMAT(lHO.IOX,'PARAMETERS FOR SPECIFrC~TION OF THE ~T. DEVIATION' 
.,11 15X.' 8 .',F8.4./15X,' 80 ."FR.4./l~X.' 81 ='.FA.4,1 
• lSX,'ijPHI "'.F8.4111) 

WRITE(6,2401 LAMBOA(l).lA"'80AIZ).XLAMO.XLAMl.AAMA 
240 FO~MAT(lHO.IOX,'PARAMETERS FOR SPF.CIFIC~TION OF THE ~UTOCORRELATIO 

+N'.II 15X"LAMBOAl =.,F8.4./15X.'LAMADA7 ='.F~.4./lSX" XLAMO ='. 
• F8.4./15X,' XLAMI ~,.F8.4./lSX,. GAMA ='.FA.4111) 

190 CONTI NUE 
WRITE(6,24S) NYRS,IP~SS 

245 FORMAT(lHO.IOX"SIMULATING ,.13.' YEARS'.,IIIX.'IPASS s ',T3) 
C 
C GENERATE HOURLY TIME SERIES &NO COMPUTE [1lIlL Y AVER/IGES 
C THE HOURLY TIME SERIFS IS STnREO AY Y~ftRS ON DISK 
C THE DAILY AVERAGE~ ARE ~TOPEO IN SWS 
C 

CALL CARLOHIIPASS.NYRS,VRAR.AO.PHIO.~1.A2.PHTI.PHI2.PHI3,PH14, 
• R.BO.Bl,BPHI,LAHqOA,XLAMO.XLAMl.GAMA.SWS) 
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1 
1 
1 

c 
C 
C 

ANALYZf HOURlY TIME SERI~S 

~7. NHQ=A760 
qa. CALL HCMTSlfNYRS'NHS.HAV~,HSD.HVAR,HSKEW,HKU~T) 
~9. WRITEI6,250) HAVE.HSO,HVAR.HSKE~.HKURT 

60. 250 FOR~lAT(lHO,11 10X.'STATISTICS OF SIMULATED HOURI Y DATII'.II 
AI. • 15X.'AVERAGE ='.FIO.],/15X.'ST DEV •• ,.FIO.]./15X., VAR .'. 
6? • FlO.). 
63. • 116X.' SKEW .',FIO.)./l~X., KURT .'.FI0.JIIII 
64. WRITEI6.900) 
65. CALL HFREQAINYRS,NHS) 
~6. WRITF(6,9001 
A7. CALL HFREOfNYRS.NHS.HAVE.HSD) 
li8. C 
~9. C SET LIMITS FOR PERSISTENCE ~NAlYSIS OF HOURLY DATA 
'TO. C 
fl. no 300 1.1.16 
72. 300 LIM(I).I 
73. SLIM(12).HAVE+HSD/6. 
74. SLIM(lO)aHAVE-HSD/6. 
15. DEL=HSD/3. 
76. DO 310 1=13.21 
77. IJ=22-1 
78. SLIM(I).SLIM(I-ll.OEL 
7Q. 310 SLIM(Il)~SLIM(Il'l)-nEL 
no. CALL HRUNS(Nyns.NHs.SLIM.LTM.NRUNq) 
AI. WRITEI6,900) 
A2. CALL WRUNS(NRUNS.22.16.SLIM,LIM.ll 
H3. C 
84. C ANALYSIS OF DAILY AVERAGEQ 
(15. C 
Ab. WRITE(6.9001 
87. WRITF(6.902) 
nB. 902 FORMATIIHO.IIT12"ANALYSIS OF DAII Y AVERA6F:S'11l 
~9. CALL CMTS2(SWS.365.NYRS.ftVE.SD.VAR.SKFW.CKURT) 
90. CALL CMTSIIW.M.AVE(3~6),SOI1A6).V~RI'66) .SKEW(J66).CKUPT(166)) 
01. CALL WDATIX(SWS.36~.NYRS.IY.~VE.sn.VAP.qKEW.CKUDT) 
92. ~RITEI6,QOO) 

03. 900 FORM4TIIHl) 
94. CALL FREY(SW5.365.NYRS.VH4R.SDf366)) 
95. WRITEI6.900) 
96. CALL FREQAISWS.365.NYRSI 
97. C~LL FTAlJTOIW.M.24.1.S.AMEAN.AVAR.ACV.ACOP.XX.YY) 
98. C4LL W4UTOIAMEAN,AVAR.ACV.ACOR.24) 
q9. 

100. 
101. 
1(12. 
10). 
104. 
105. 
1(16. 
107. 
108. 
109. 
llO. 

c 
C SET LIM1TS FOR PERSISTENCE A~ALY~I5 
C 

c 

SLIM(12)zAVE(366).SD(3661/6. 
SLIM(lO).AVFI366)-SO(366)/6. 
OEL=SO(366)13. 

00 330 I = 13, ~1 

11 .. 22 - I 
SLIMII)=SLIM(I-I).DEL 

330 SLIM(11)=SLIM(II'11-UEL 
CALL RUNS (W, 3(,50. SLI M. LI M. "llWNS I 
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1 
2 

1 
2 

1 
Z 

1 
Z 

11 1 • 
II?. 
113. 
114. 
115. 
116. 
117. 
111'1. 
119. 
Il0. 
121. 
12l. 
Il3. 
12( •• 
125. 
1;:>6. 
121. 
121J. 
129. 
130. 
131. 
13l. 
133. 
134. 
135. 
136. 
1.7,7. 
138. 
139. 
]40. 
141. 
142. 
143. 
144. 
145. 
14". 
147 • 
148. 
149. 
150. 
151. 
152. 
153. 
154. 
155. 
156. 
151. 
ISA. 
159. 
160. 
161. 
162. 
163. 
164. 
165. 
11.6. 
161. 

C 

WRI H: (6.QOO 1 
CAll W~UNSINRUNS.~2.l6.SLIM.LtM.l) 
IoIRITf (6.900) 

C SIMULATE MONTHLY AVERAGES 
C 

C 

CALL GROUP(SWS,~YRS.WSI 
Do 350 Il=I0365 
no 350 JI=I.NVR~ 

350 WSRIIZ.JZ)=SWSIJZ,JZI-AVF(y7) 
CALL FTAUTO(WR,M.l4_1,~,~MEAN.AVAR.ACV.ACOR.XX,YV) 
CAll WAUTO(A~EAN.AVAR.Acv'AcnR_241 
no 360 11=1,365 
DO 360 JZ=l.NYRS 

360 WSR(tZ,JZ)aWSHltZ,JII/S~lll) 
CALL FTAUTO(WR.M.24",5'AM~AN.AV4R.ACV.ACOR,XX.YY) 
CAll WAUTO(AMEAN,aVAR.Acv,4cnR.24) 

C ~NALYZE MONTHLY AvE~AGES 

C 

C 

WRITE 16.900) 
WtHTE(6,901) 

901 FORMATIIHO,II.TI2.- ANALYSIS OF MONTHLY AVERAr,e:S-I/) 
CALL CMTS2 n.s, 12, NY~S. AVF. SO, V IIR. SKEW. CkllRT) 
CALL CMTSI (WRM.MM,AVEI131 .50(13) ,VARIl31 .SKEOI!l)) .r.KIIRT(13») 
CALL WOATIVI12.AVE.50.VaR.SI<EW,CKURTI 
W~ITf (6.9001 
CALL FREQM(WRM.MM,I) 
CALL FTAUTOI~RM,MM.24.1.5'AMEAN.AVAR.ACV'ACOR.XX.YY) 
CALL WAUTOIAMEAN'AVAR.Acv.AcnR,~41 

C SET LIMITS FO~ PERSISTENCE ANAt.YSIC:; 
C 

C 

SLIMI12,aAVF(13)·SO'131/~. 
SLIMCIO)=AV~(13)-SD(131/~. 

DEL=SD (13) 13. 
00 370 h13.21 
11=22-1 
SLIM( I I =SLTM I 1-1) .flEL 

310 SLTM(Il1:SLIM(Il+11-DEL 
CALL RUNS(WRM,MM,SLIM,LIM.NRUNS) 
WPITF: (6,QOOI 
C~LL WRUNSINRUHS,22.16.SLIM.lTM.11 

C COMPIITE AUTOCORRELSTTON$ FOR DETHFNOfO ~NO N0PMaLtZEO MONTHLY SfRI • FS 
C 

DO 3ao 17=1.12 
no 380 Jlel.NYNS 

380 WSIIZ,JZ,=wSIlZ"IZI-aVFItZI 
CALL FTAIJTO(WRM,MM.~4.1,5.aMEAN'AvaR.ACV'Ar.nR.xx.YYI 

CALL WAUTOIAMEAN.AVAR,ACV.AC n R,Z4) 
no3QO 17-1tl? 
DO 390 JZ=I,NvRS 

390 WS(IZ,JZI=WS(lZ.JZI/SO(IZ) 
CALL FTAUTO(WRM,MM.24,l.5'AMrAN,AVAR,ACV,~COR.XX'YY' 
CALL WAUTO(AMEAN.AVAR,ACv.~r.nR,~41 

GO TO 90 
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1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
2 
2 
3 
3 
3 
1 
1 
1 
1 
2 
3 
3 
2 
3 
2 
2 
3 
1 
1 

1~8. 990 CONTINUE 
169. END 

170. 
171. 
172. 
173. 
174. 
175. 
176. 
177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
IB5. 
186. 
187. 
1aA. 
1139. 
190. 
I'll. 
192. 
193. 
194. 
195. 
196. 
197. 
198. 
199. 
204. 
205. 
206. 
2r;7. 
208. 
2n'l. 
210. 
211. 
212. 
213. 
200. 
214. 
201. 
202. 
203. 
215. 
216. 

5UBROUTI~E CARLOH(IPA5S,NYRS,VAAR,AO,PHTO,Al.A2,PHIl.PHIZ.PHT3. 
• PHI4.R.RO.Bl,BPHI'LA M80A,XlAMO,XLA MI,GAMA.WSO) 

REAL X(366),~SO(365.NYRS),R(365),RY(365).LAMADA(2),HA(24).HA(365), 

.UU(365),W~124,365).WSlI8760),COEFI36S).O~OI36S),HCI365) 

EQUIVALENCE (WS,WSl) 
DOUBLE PRECISION OSEEO 
EXTERNAL M<;E.C 
M"'MSECI) 
X(300):O.O 
00 5 1=1.365 
ANG-O.0172*II-0.S) 
UUII)·VBAH+An*~INIANR+PHIO) 

HBII)sAl+A2*SI~IANG+PH[1) 

HC(I)·PHI2+PHI3*5INI4NG+PHI4) 
IFIIPAS5.EIl.ll 050111=8 
IF!IPA5S.GE.2) 050II)=HO+Bl*SINIANG+BPHI) 
IF!IPASS.GE.3) COEFII)=EXp!XLAMO.xLAMI*~tN(ANG+GAMA) 

5 CONTINUE 
DSEED=M 
CALL GGN~L(DSEEO,65.R) 
CALL GGNMLIDSEED.65,RY) 
IF(IPASS.LE.l) RCOEfsEXP(LAMADAIIPASS» 
DO 10 1=301.366 
IF 1 IPA5S.EQ.~) RCOEF=CUEf! 1-1) 
XII)=XlI-l)4RCOEf+ISQRTIRlt-300)**2+RYIT-300)**2)-1.253311/.65514 

10 CONTINUE 
00 150 N_l,NYRS 
1'10 100 1=1.24 
Il"lr-])*365 
CALL GGNMLIOSEEO,]6S.R) 
XIJ).XIJ-1I*HCOEF+ISQHT(RIJ-I)Oo2+RYIJ-J)*02'-1.2533tl/.655}4 
W51IIl+J-l)eXIJ) 

100 CONTINUE 
c;UM:n. 
<;UM},.O.O 
<;U'-12:oo0.11 
DO 110 J .. l.365 
00 110 1=1.24 
SUM=SUMH/S IT, J) 
SUM2 .. SUM2+WS(I,J)*o2 
CALL GGNML(O<;EEO.365.RY) 

110 CONTINUE 
X(l):XI366) 
DO 100 Js?.366 
IFIIPASS.~Q.l) RCOEf=COEFIJ-}) 
AVE=5UM/87"O. 
SO:o:SQRTISUMi'/J'l759.-SlJMOtf 2/!A760*A7';9.) 
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607. ';URRQUTtNE CMTSIIX.NX.XM.Xl.X2.~3.X41 
61\8. DIMENSION XINXI 
609, "l:O 

610. "lJM·O. 
611. 00 100 I:I.~I)( 

1 612. 5UM·5UM+XIJI 
1 613. N.N+l 
1 614. 100 CONTINUE 

615. XM .. 5UM/N 
616. <;2 .. 0. 
617. 53:00. 
618. <;4:0. 
619. 00 210 I.I.N\( 

1 620. Y:Xltl-XM 
1 621. YZ=yoy 
1 622. S2:S2+Y2 
1 623. 53=S3+Y*Y2 
1 624. S4:o54+Y2*Y? 
1 625. 210 CONTINUE 

626. X2-52/ IN-II 
627. Xl-SQRTIX21 
6?8. X3 .. S3/(N*Xl*X21 
629. x4=541 (l1*X2*X21 
630. RETURN 
631. END 

.. 79. "UARQUTINE CMT"?(X.N~.NR.X~.xl.X2,X3,X41 
580. OlMEN5ION XINC,NRI.XMINC),XIINCI,X2INCI.X3INr.l,X4INCI.NI1661 
581. 00 200 l=l,NC 

1 5AZ. N (II =0 
1 583. SUM-O. 
1 5134. DO 100 J_t.NR 
(> 5135. IF(X(ItJI.LT.O.lX(I.JI:oO. 
2 586. SUM=5UM+X(I.Jl 
2 587. N ( I ) :oN ( I 1 .] 
2 588. 100 CONTINUE 
1 5A9. XM(II·SU'lIN(TI 
1 590. 52:0. 
1 591. S3=0. 
1 592. 54=0. 
1 593. 00 150 J.1 ,I~R 
2 594. Y"XII.JI-XMIlI 
2 59<;. yy .. yoy 
? 596. S?=S2+YY 
2 597. c;3=SJ+Y<tYY 
i' 598. S4:54+YYoYy 
2 599. ISO COt.lTINUE 
1 600. X2(1)=52/(NIJI-l) 
1 601. XI (I)"SI)RTIX2(III 
1 602. X3(II=53/INI]I*x2111·xIIII) 
1 603. X4III=SIt/(N(IIOX2III.X2(111 
1 604. 200 CONTINUE 

605, RETURN 
606. END 
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1 
1 
1 
1 

1 
2 
2 
3 
3 
2 
2 
2 
3 
3 
2 

:l 
3 
1 

1 
1 
1 
1 
1 
1 
1 
1 

646. 
647. 
648. 
649. 
651). 
6S1. 
652. 
653. 
654. 
655. 
656. 
657. 
6'58. 
659. 
6bO. 
661. 
662. 
61i3. 
664. 
665. 
666. 
667. 

668. 
669. 
670. 
671. 
672. 
673. 
614. 
675. 
676. 
677 • 
678. 
679. 
6AO. 
681. 
6A2. 
683. 
684. 
685. 
686. 
~87. 

"8R. 
~89. 

SURROUTINE FREQ(WS.NC,NYRS.VBAR.STGMA) 
INTEGER 015(51), CUMCSl). GCUM(51) 
DIMENSION W5(NC.NYRS),VLIMC51) 
00 10 1",1.<;0 
VLIM(I)=FLOAT(2 u I-II/10.-3. 
GCUM(I)=O.O 
015(11=0.0 

10 CIJ"1 f II .0.0 
VlIM (51' =100 
Cf .. l00./(NYPS-NC) 
00 32 ML=l.NYRt.:; 
00 30 I=lt~JC 
WN=(W5(I.MLI-VBAR)/SIGMA 
00 20 J=1.50 
IF(WN.LT.VLIM(J)) GO TO ?5 

20 CONTINUE 
J .. 51 

2S DISCJ)20ISfJI+I 
nO 21 L=",o;O 
GCUMCL)=GCUM(L)+1 

27 CONTINUE 
00 30 K=lt.J-l 
CUM(K)=CIIM(KI+\ 

30 CONTINUE 
32 CONTINUE 

WRITEC6,SO) 
50 FORMAT(lHO,. vELOCITY(MPH) FREQlIENCY ClJMIJUTIVE FREfHJENCIfS', 

lit' MIN. MAX. Ol<;TRtB. OVER ~~AX IlNDER MAX·.II 
Vl=-9.99 
DO 60 1=1.50 
V2::VLIM C II 
O=OISClloCF 
C:oCUMIIloCF 
G=GCUM(IIOCF 
WRITE(6.5SIV).V?,O,C,G 

S5 FORMAT(lH ,F6.2,! TO'.F6.2.3)(,F5.2,1X,F6.2.5X,F6.?) 
VI=V2 

6n CONTINUE 
O"OISISll*CF 
C=CUM(51)OCF 
G-GCUM(51)*CF 
WRITE(6,55IVl.VLtMf51),Q,C.G 
RETURN 
EN!) 
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1 
2 
3 
3 
2 
2 
2 
3 
3 
2 
3 
3 
1 

I 
1 
1 
1 
1 
1 
1 
1 

690. 
691. 
692. 
693. 
694. 
695. 
696. 
697. 
698. 
699. 
100. 
701. 
702. 
703. 
704. 
705. 
706. 
707. 
71')8. 
709. 
110. 
111 • 
712. 
713. 
714. 
115. 
716. 
717. 
718. 
119. 
720. 
721. 
7n. 
723. 
724. 
125. 
72~. 

P7. 
7~8. 
1~9. 
1)0. 
731. 
732. 

SU~ROUTINE F~EQA(WS.NC,NYRSI 

INTEGER DIC;(511. CtiM(51). (;Cl IM(51) 
nIMENSION W~(NC,NYRS),VLTM(51) 
Oil 10 1-1.51 
VLIM (II sF'LOIlT (I) 

GCIJM (II =0.0 
DISIII=O.O 

10 CUMIIIsO.O 
VLIM (51)=100 
CF-I00./INVRS~NC) 
00 32 ML=I,NVf,lC; 
DO 30 1=1 '~'C 
00 20 J=I.50 
IFIWSlItMLI.LT.VLIM(,J)) ,~o TO ('5 

20 CONTINUE 
J ,. 51 

2S OISIJI=OIS(J)+' 
no 27 L=J.5n 
GCUMILI=OCUMIL)+1 

27 CONTINUE 
00 30 1(=1"J-l 
CUM I to -CUM I I<' I +1 

30 CONTINUE 
32 CONTINUE 

WRITE (6,501 
50 FORMATClHO,. VELOCfTV(MPHI FREQUENCY CUMULATIVE" FREI~UEt-.lClFS" 

110' MIN. MAX. OIST~rR. OVER MIIX "NDF:R MI\)(',/I 
Vl=O.O 
DO 60 1 .. 1.50 
V2=VLIMIJ) 
O::OISIII*CF 
C=CUM(IIOCF 
G=GClJM(I)I>CF 
WQITE(6.S5IVI.V2,D.C.r. 

55 FORMAT(IH .F~.2.· TO •• F6.?3X.F5.?1x.F~.?~X.F6.?) 
Vl=V2 

60 CONTINUE 
D=OIS(511·CF 
C=ClIM(511 0 CF 
G=GClJM(51IoCF 
WRITE(6,55)Vl,VLIM(SI),D.r..G 
RETURN 
END 
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1 
1 
1 
1 

1 
2 
3 
3 
2 
2 
2 
3 
3 
i' 
3 
3 
t 

1 
1 
1 
1 
1 
t 
1 
1 

9;>9. 
930. 
931. 
932. 
933. 
934. 
935. 
936. 
937. 
938. 
939. 
940. 
941. 
942. 
943. 
944. 
94S. 
946. 
947. 
948. 
949. 
950. 
951. 
952. 
953. 
90;4. 
95S. 
956. 
957. 
9S8. 
9<;9. 
960. 
961. 
962. 
963. 
964. 
965. 
966. 
967. 
'168. 
969. 
910. 
911. 

SUBROUTINE FREQ~IWS,NCtNYRS) 
INTEGER uI5(SI). CUM(Sl). GCUM(SI) 
DIMENSION WS(NC,NYRSI,VLIM(5)) 
00 10 1 .. 1.51 
VLIMII)=FLOATII)/4. 
SCU f1 ( I ) .. 0 • 0 

015(1)=0.0 
10 C"M(Il=O.O 

VLIM(Sll=lOO 
CF=IOO./(NYR5*NC) 
DO 32 ML=1,"IVRS 
00 30 I-l.I<JC 
DO 20 J=1.S0 
IF(W5II.MLI.LT.VLIM(J)) r.O TO ?5 

20 CONTINUE 
J = 51 

250IS(J,=OISIJI.l 
00 27 L=J.SO 
GCUM(L,=GCUMILI+l 

27 CONTINUE 
00 30 K=l.,.I-l 
CUM(KI=CUMII<I+1 

30 CONTINUE 
32 CONTINUE 

WRITEtl"o;OJ 

SO FORMAT (lHO. I VELOCITY (MPH) FREQUENCY CUMULIIT!VE FRF.(WENCIESI. 
II. I MIN. M/IX. OI5TRTR. OVER MII)( IINOFR M~)(I til 

Vl .. O.O 
DO 60 1=1.50 
vZIIVLIM (II 
O=OIS(I)*CF 
C=CUMlIloCF 
G=GCUM(II*CF 
WRITE(6.SSlvt,v2,O.C.G 

5S FORMAT(IH .F6.2. 1 TO"F6.2,3X'FS.2'1X.F~.?,C;X.F6.21 
Vl=V2 

60 CONTINUE 
OIlOIS(SII*CF 
C=CUM(SI)*CF 
Gl:IGCUMISll*rF 
~RITE(6.55'Vl'VLIMISll.D.C.G 
RETURN 
END 

END FT"I 3913 IBANK 22996 DRANK 17520 COMMON 
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B~"'. 
B'H. C 
898. C 
899. C 
900. 
901. 
9f)2. 

,- 903. 
1 qo~. 

2 91)5. 
2 9.)6. 

9~7. 

1 91)6. 
2 909. 
2 910. 
2 911. 
3 912. 
2 913. 
2 914. 

915. 
916. 

236. 
237. 
238. 
239. 
240. 
241. 
242. 
243. 

1 244. 
1 245. 
2 246. 
2 247. 

" 24A. 
1 249. 
1 250. 

251. 
252. 

1 253. 
1 2154. 
2 255. 
'i' 256. 
1 257. 
2 258. 
2 25C1. 
2 260. 
2 261. 
2 21'J2. 
1 263. 

264. 
265. 
26". 
i'F,7. 
268. 
269. 
270. 

SURROUTINE GROUPISWS.NYR~'WSl 

FORMS MONTHLY AV[RAGE WINO SPEFOS FROM n~TLY AV~RAAE~ 

OIMENSION SWSI16S.NYRSl,JOhYIl,l,NUMI121.WSIIZ,NYRSI 
DATA JOAY/0,31,S9,90,llO.151,181,?12.243.273.304.334.3651 
OATA NUM/31.?8.31,30.31.30,31,31,30.31.10,311 
00 10 J=l. 12 
DO 10 N=lrNYR'i 
w<;IJ,Nl"O.O 

10 CONTINUE 
00 50 N=l,NyRS 
no 50 1.=1,12 
JL:JDAYIU+) 
JK::zJDAYIL+l) 
00 40 J=JL.JK 

40 WSIL,N).WSIL,N)+SW~(J'NI 
WSIL,N)zWSIL·NI/NUMILI 

50 CONTINUE 
RETURN 
END 

SUAROUTINE ~CMTSIINY~S.N~'XM,Xl,X2,X3.X4) 
COMMON IwSP~CE/Z(8761)),Zl(A7~Ol 
~,=I) 

SUM=O. 
<;2=11. 
~3"O. 
0:;4=0. 
00 lOS NN=I,NYRS 
READIZ) I 
00 100 I .. l.NX 
SUM=SUM+ZITI 
N=N+l 

100 CONTINUE 
REwIND ;> 

105 CONTINUE 
XMsSUM/N 
DO 300 NN=),NYRS 
REAO (2) , 
00 110 I" 10~' x 
ZZ I I) cZ II I -'0" 

110 CONTINUE 
DO 210 1=1,,\lX 
Y=ZZIII*lZIP 
S2:S2+Y 
S3:aS3+Y"ZZ(!) 
C;4=S4+Y"Y 

21(l CONTINUE 
300 CONTINUE 

REioIINf) "2 
X2=S2I (N-l I 

Xl=SQIHI)(2) 
X3"S]/("J o Xlox21 
X4=S4/(NOX~")f2) 
RF.:TURN 
END 
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1 
1 
1 
1 

1 
1 
2 
2 
3 
3 
? 
2 
2 
3 
3 
Z 
3 
3 
1 

1 
1 
1 
1 
1 
1 
1 
1 

311. 
3}A. 
319. 
320. 
321. 
3<'2. 
323. 
324. 
325. 
3£'6. 
327. 
32R. 
3('9. 
330. 
331. 
332. 
333. 
334. 
335. 
336. 
331. 
318. 
339. 
340. 
341. 
342. 
343. 
344. 
345. 
346. 
3 .. 7. 
348. 
349. 
350. 
351. 
352. 
353. 
354. 
355. 
356. 
357. 
358. 
359. 
36/). 
361. 
362. 
363. 

SURROUTINE HFHEQINYHS.NC.V8AR,STr.~~1 

INTEGER IJISI'H" CUMI:'}I. "rUM!511 
COMMON IWSPACE/Z(A7601,Z7!A1~O) 
nlHENSION VLIMI~l) 
DO 10 1=1.50 
VLIMIII=FLOAT(2*1-1)/lo.-3. 
GCUM(II=O.O 
DI5111=0.0 

10 ClIMII)=O.O 
VLTM(511=100 
Cf=lOO./(NYRS~NCI 

DO 32 ML=I.NYPQ 
PEAo(ZI ZZ 
DO 30 I=l,Ne 
WN=IZZIII-VBAHI/SIGMA 
DO 20 J .. l.SO 
IFIWN.LT.VLr~IJII GO TO ?S 

20 CONTINUE 
J • SI 

25 OIS(JI=OIS(JI+1 
DO 27 L=J.SO 
GCUM(LI=GCUM(LI+l 

27 CONTINUE 
DO 30 K .. l'J-l 
CUM (10 =CUM (K 1 +1 

30 CONTINUE 
32 CONTtNUE 

RE\~INO 2 
IWITE(6,o;OI 

50 fORMATIIHO.' VELOCITY(~PHI FREQUENCY CUMUL.TIVE FREQUENCIES" 
II.' MIN. MAX. DISTRTB. OVER MdX "NOF:R MAXt.n 

Vt=-9.99 
00 60 1=1.,0 
V2=VLIM(11 
D=OIS(IlltCF 
C=CUM(II*Cf 
G=GCUMIIlltCF 
WRITE(6.S5IVl.vz,o.r.A 

55 FORMAT(lH .F6.Z.' TO',F6.2,3 •• F5.?7X,F6.2.~X.F6.?) 
Vl=VZ 

60 CONTINUE 
0:0ISI511·Cf 
C=CIJM(Sll*CF 
G=GCUM (S \ 1 ~rF 
WRITE(6,5SIVl.VLIM(~1).O.C.G 

RETUH", 
ENO 
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I 
1 
1 
1 

I 
1 
2 
3 
3 
2 
2 
2 
3 
3 
2 
3 
3 
1 

1 
1 
1 
1 
1 
1 
1 
1 

271. 
272. 
273. 
214. 
275. 
276. 
271. 
278. 
219. 
2130. 
2"!1. 
282. 
2113. 
2B4. 
2~5. 
286. 
287. 
288. 
289. 
290. 
291. 
292. 
2rn. 
.:?'~4 • 
295. 
2~6. 
297. 
298. 
299. 
300. 
31'11. 
302. 
JI13. 
3n4. 
305. 
306. 
307. 
308. 
309. 
310. 
311. 
312. 
313. 
314. 
3}5. 
316. 

SU~ROUTINE HFREQA(NYRS.~CI 

INTEGER 01"(511. CUM(511. GClIMI511 
COM~ON IWSP~CEII(8760) ,Z7.IR760) 
OIMENSION VLIMI~l) 

UO 10 I'Xl.SI 
VUM(I) =FLOAT (II 
GCUM(II::I).O 
015111 11 0.0 

10 CUMIII=D.O 
VLIM (511-1 on 
CF-lnO./(NYRSoNCI 
00 32 ML=l.NYHC: 
~EAD(21 Z7 
DO 30 l=l.~IC 

DO 20 J"\,so 
IF(ZZ(I).LT.VLIMIJI' GO TO ~~ 

20 CONTINUE 
J 2 51 

25 DIS(J)=DIS(J)+l 
00 21 L=J.50 
GCUM(LI2~CUMILI+1 

27 CONTINUE 
DO 30 Kal •. J-I 
CUM (10 -CUM (I(' • I 

30 CONTINUE 
32 CONTINUE 

Rn/IND 2 
WRITF.:(6.50) 

50 FORMAT(lHO.' VELOCIFYIMPHI FREQUENCY CUMUL~TrVE FREQUENCIES', 
110' MIN. MAX. OISTRtB. OVER "'AX UNDER MAX'.!) 

VIsO.D 
DO 60 1=1.50 
VZsVLIt'lI r I 
O .. OIS(I,<>CF 
C=CUM(IIOCF 
G=GCUM(IIOCF 
WR[TE(6,55IVl.V2.D.C,G 

S5 FORMAT(lH ,Fn.2,' TO"F6.2,~X,F5.?,7x,F~.2.S~,F6.21 
VlsV2 

60 CONTINUE 
0-015151'·CF 
C=CUM(Sl)·CF 
G:oGCUM(51'OCF 
WRITEC~.55IVI.VLIM(51),O.C,G 

RETURN 
END 
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1 
1 
2 

1 
1 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
4 
4 
4 
4 
4 

4 
4 
4 
3 
2 
2 
2 
2 
2 
3 

364. 
3('5. 
366. 
367. 
368. 
369. 
310. 
311. 
372. 
373. 
374. 
375. 
376. 
377. 
378. 
379. 
380. 
31ll. 
3A2. 
383. 
384. 
385. 
386. 
3~7. 

388. 
389. 
390. 
391. 
3Q2. 
393. 
394. 
3QS. 
396. 
397. 
398. 
399. 
400. 
4111. 
402. 
4113. 
404. 
4n5. 
4116. 
4n7. 
4(18. 
409. 
410. 
411. 
412. 
413. 
414. 
415. 
416. 
417. 
418. 
419. 

SUAROUTINE HRUN5(NYHS'NT.SLI~'l[H,NRUNS) 
COMMON /WSPACE/Z(87hO),ZZ(87~O) 

OI~ENSION ~LIM(el).LtM(16).Ir(22).N~UN5f2~.16) 

J2=0 
00 1 1=1.22 
IC(I) -0 
00 1 J"'I.16 
NRtJNS(I.J)=O 
00 600 NY=l.NYRS 
RE~D(2) 1 

C DETERMINE DEPARTURE 
00 600 IT::ltNT 
00 SO 111=12,21 
IF(Z(lT).GE".SLIMfIUI) (;0 TO 10 
IL=22-IU 
IF(Z(IT).Lf.SLIM(IL)) GO TO 20 
IF(ZIIT).LT.~LIMI12).ANO.Z(lTl.GT.C;LlMI10)1 r,O TO 60 
GO TO 100 

10 CONTINUE 
II "Ill 
GO TO 30 

20 CONTINUE 
II=IL 

30 CONTtNUE 
ICIIII=Ie(IT'·) 

SO CONTINUE 
GO TO 100 

60 CONTINUE 
II-II 
ICCII)-ICIII)+) 

100 CONTINUE 
r DETERMINE nUR~TION OF nEPARTURE 

Jl ::11 
IF(J2.FC.O) GO TO 500 
IF(Je-l11 200.300,400 

200 IFIJl.LE.Je) GO TO 500 
IF(Jl.LE.ll, J3=Jl·1 
IF (Jl.GT .121 J3 .. 10 
DO 230 t=J2.J3 
J=IC(I) 
DO 220 L'''1016 
LL=17-L 
IF(J.GE.LIMf\6)) GO TO 210 
IF(LIM(LL).GT.J) GO TO 220 

210 CONTINUE 
NRUNS (I, LLI "N~IJNS ( I • LLl .1 
1C(ll-0 
130 TO 23r) 

220 CONTINUE 
230 CONTINUE 

GO TO 500 
300 CONTINUE 

IF(Jl.EQ.ll) GO TO 500 
J=ICIll) 
DO 320 L=l,lf-o 
LL=17-L 
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3 
3 
3 
:; 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
3 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 

1 
2 
2 
1 

1 
1 
1 
1 

420. 
4?1. 
422. 
4?3. 
4;>4. 
4?5. 
426. 
427. 
428. 
429. 
430. 
431. 
432. 
433. 
434. 
435. 
436. 
437. 
4~8 • 
439. 
440, 
441. 
44?. 
443. 
444. 
445. 
446. 
447. 
448. 
449. 
450. 
451. 
'+52. 
4?3. 
454. 
455. 
456. 
457. 
458. 
459. 
460. 
461. 
462. 
463. 
4"4. 
4115. 
466. 
467. 
468. 
469. 

IFIJ.GE.LIMII61) 80 TO 310 
IfILIMILL).GT.J) GO TO ]20 

310 CONTINUE 
NRUNS(ll.LL)=NRUNSll1.lL)+1 
lC(1l1=O 
no TO C;OO 

320 CONTINUE 
GO TO 500 

400 CONTINUE 
IF(JI.GE.J?) GO TO 500 
IFIJI.GE.II) J3=Jl+1 
IF(JI,LT.ll) J3.12 
00 430 r-Jl.J2 
J=ICIl) 
IFIJ.LF..O) GO TO 500 
00 420 L=I,16 
LL=17-l 
JF(J.GE.LIM(\61 I GO TO 410 
IF(LIMILLI.GT.J)GO TO 42n 

410 CONTINUE 
NRUNSII.LL)~NRUNS(['lL)·l 
ICIII.O 
GO TO 43<' 

420 CONTINUE 
430 CONTINUE 
500 CONTINUE 

J2=Jl 
~OO CONTINUE 

REWIND ~ 

00 620 I .. l.?1 
J-IC(J) 
I~(J.LT.lI"1161) GO TO 610 
NRUNSlt,16)=NRUNSI[.16)+1 
no TO 620 

610 CONTINUE 
IFIJ.EQ.OI GO TO 62u 
NRUNSII,J'·NRUNSII.JI.\ 

620 CONTINUE 
DO 710 J=I.16 
DO 100 1 .. 1,21 
NRUNS(22.J)sNRUN~122.J).NRUN~IT.JI 

700 CONTINUE 
71 0 CONT I NUE 

DO 120 J=l.l(, 
JJ=11-J 
JJl=JJ-l 
NRUNS 122,JJll =NRUNS C22,JJll +NRIIN~ c22.JJI 

120 CONTINUE 
RETURN 
ENO 
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,. 

1 
1 
2 
2 

1 
2 
2 
2 
2 
? 
2 
? 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
3 
:] 

3 
3 
3 
3 
3 
3 
2 
1 
1 
1 
1 
1 
2 
? 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 

794. 
795. 
796. 
797. 
798. 
199. 
800. 
AO 1. 
802. 
803. 
a04. 
805. 
806. 
8!H. 
flOA. 
13r)9. 
BI0. 
811. 
812. 
B13. 
814. 
815. 
816. 
A17. 
818. 
B19. 
820. 
821. 
A??. 
1323. 
A24. 
825. 
82 .... 
827. 
828. 
829. 
1130. 
831. 
832. 
S33. 
834. 
835. 
836. 
837. 
838. 
839. 
840. 
841. 
842. 
843. 
844. 
845. 
846. 
847. 
848. 
849. 
850. 
851. 
8S? 
853. 
854. 
855. 
856. 
857. 
858. 
859. 
860. 
861. 
862. 
Ho3. 

SUAROUTINE PUNSIU.NT.SLIM'LIM,NRUN~) 
nlMENSION II(NTI.SLIM(211.LIM(16) .ICI2Z) ,NRUN<;(??,l") 
J2=0 
DO 1 1==1.22 
ICU) =0 
00 1 .)=1.16 
NRUNS(t,J)=O 

C DETER"INE DEPI\IHUHE 
DO 600 IT=I,NT 
DO 50 IU=12.21 
IF'IUIIT).GF.C;UM(IU» GO TO 10 
IL=22-IU 
IFIU(IT).LF.SLIMIILI) GO TO 20 
IF(uIIT).LT.SLTM(121.IINO.UIIT).GT.SLIHIlO)) r,0 TO 60 
GO TO 100 

10 CONTINUE 
tI=IU 
GO TO 30 

20 CONTINUE 
II=lL 

30 CONTINUE 
ICIII)zICIIll+l 

50 CONTINUE 
GO TO 100 

60 CONTI NUE 
11==11 
ICIlIlzIC(IJ)·1 

100 CONTI NUE 
C DETERMINE DURA TION OF" OEPl'dHUPE 

Jl=II 
IFIJ2.EQ,O) GO TO 500 
IFIJ2-11) 200.300,400 

200 IFIJl.LE.J2) GO TO 500 
IFIJl.LE.ll) J3=Jl-l 
IF (Jl.GT .12) J3=lO 
DO 230 I::J2 •. J3 
J=ICIIl 
no 220 L=l.l6 
LL-17-L 
IFIJ.GE.lIMI)6) GO TO 210 
IF(LIM(lL).GT,J) GO TO 22n 

210 CONTI NUE 
NRUNS(r,LL)~NRUNS(t,LL)·l 

ICIl)"/} 
GO TO 23n 

220 CONTINUE 
230 CONTINUE 

GO TO 501) 
300 CONTINUE 

IFIJI.fQ.1Il GO TO 5uO 
J~IC(ll) 

1)0 320 L-l.16 
LLc17-L 
IFIJ.Gf.LIM(161) GO TO 310 
IF(LIM(LL).r,T.JI GO TO 321} 

310 CO"lTINUE 
N~UNS(II.LL)~NnUNS(11.LL)·1 

IC<111:aO 
GO TO 500 

320 CONTINUE 
GO TO 500 

400 CONTINUE 
IF'IJl.GE.J2) GO TO 500 
IF(Jl.GE.ll) J3=Jl+l 
IF(Jl.LT.l1) J3=12 
DO 430 I:J3.J2 
J=ICII) 
IFIJ.LE,nl GO TO 500 
DO 420 l.:1.16 
LL:17·L 
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3 864. I F I J. GF. Ll M 1161 1 GO TO 410 
3 865. IFtLIMILLI,r.T.JIr.O TO 42~ 

3 866. 410 CONTINUE 
3 867. NRlJNStl,LL)r.NRUNSIT,Lll') 
3 8f1J8. ICIII-I) 
1 8f,9. (;0 TO 430 
3 870. 420 CONTINUE 
2 871. 430 CONTINUE 
1 872. 500 CONTINUE 
1 873. ,J2=J 1 
1 874. ~OO CONTtNUE 

875. DO 620 1 .. 1,21 
1 876, J=ICtIl 
1 877. IF tJ.l T .LlM t 161 ) GO TO 610 
1 878. NRLJNSIT,161="IRlJNSI[,16).1 
1 879. (;0 TO 620 
1 al1o. 610 CONTINUE 
1 881. IFIJ.EQ.O) GO TO 620 
1 BA2. NRUNStI,J)=NRUNSII,JI+1 
1 8 1B. 620 CONTINUE 

8114. no 71 0 J=1,16 
1 885. no 100 1=1.21 
2 886. NRUNSt22,JI=NRUNSt22,J).NRUN5IT,JI 
2 881. 100 CO~JTINUE 
1 888. 710 CONTINUE 

889. 00 120 J=lo16 
1 890. JJ-17-J 
1 891. JJl=JJ-l 
1 R12. NRlJNSI22,JJll=NRUNStZ2,JJll.NRUNSI22.JJI 
1 893. 120 CO"lTINUE 

894, RETURN 
895. END 
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ilt 

• 

783. 
784. 
785. 
186. 
187. 
71'18. 
189. 
190. 
191. 
792. 
793. 

392. 
393. 
394. 
395. 
396. 
391. 
398. 

1 399. 
1 400. 
1 401. 
1 402. 

4()3. 
404. 

1001 
+ 

1002 

1003 

SUBROUTINE WAUTO(AMEAN.VAR.ACV,ACQR.ND) 
DIMENSION ACV(NO),~COR(NO) 
WRITEI6.10011 M-1EAN, VAR 
FORMATI//,T20.'AUTOCOVARIANCE5 AND AUTO COQRFLATION5 •• T~5, 

'MEAN = '.FI'I.4,T85.'VARIANCE • ',FS.4./) 
WPITEI6.1002) (ACVII).I=l.NO) 
FORMAT(TIO.l2FIO.4./TIO,12FIO.4/) 
WPITEI6.l00)) IACORII) .1=1."10) 
FOR~AT(TI0.12FI0.4./TIO,12FIO.4/) 

RETURN 
END 

SUBROUTI~E WOATAX(X.NC.NR.tY.AVE.SD.VAR,5~fW.CKURT) 
n I MENS I ON X (NC. NR) • I Y I NR) "WE (NC + 1) • SO INC. 1) • V liP (NC.\ ) • SKEW (NC + 1 ) • 

• CKUPT(NC·l).NAME(~) 

nATA NAM~/'MEAN' •• 5D'.' VAP'.'SKEW'.'KURT'I 
WRITE 16.10) (IY IJ) .J:l .NR). (NAME (I). [=J .5) 

10 FORMATIIH .2x.12.19I5.1x.5(2X,A4) 
00 20 1<'=I.NC 
WR ITE 16 dO) (X (K, I ) • 1=1. NP) • AVE (K) ,SO (K) • VAP (K) • SKEW (K) • 

+CKlJRT (10 
30 FORMAT(lH .20F5.2.~f6.3) 
20 CONTINUE 

RFTURN 
END 

END FTN labl IRANI< 9428 OHANK 

917. 
918. 
919. 
920. 
921. 
922. 10 
923. 
924. 
925. 30 
926. 20 
921. 
9;>8 • 

SUBROUTINE WOATIYINC'AVE.SO,VAq,5~EW,CKU~T) 
DIMENSION AVE(NC.l),SD(NC+l).VAP(NC+l),$KEW(NC+l), 

+CKURTINC+l).NAMEIS) 
DATA NAME/'MEAN',' 50',' VAR','SkEw"'KURT'/ 
WRITEI6,10) It.lA~lECI) .1"'1.5) 
FOPH4TIIHO.tMONTH·.5(4X.A4) 
00 20 I-I.NC 
Wq ITE 16,30) I , A V E ( r ) • so I I ) • VAl< ( I ) .51': EW ( r ) • CK 1l,H ( t ) 
FORMAT(lH .I5.SFR.2) 
CONTINUE 
RETURN 
END 
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1 
2 

I 
I 
2 
? 
2 
2 

I 
2 
2 
2 

1 
2 
2 
2 
2 

1 

470. 
471. 
472. 
473. 
474. 
475. 
476. 
477. 
478. 
47q. 
480. 
4fH. 
482. 
483. 
484. 
4.q5. 
48(,. 
487. 
488. 
489. 
490. 
4(H. 
492. 
493. 
4Q4. 
495. 
496. 
497. 
498. 
499. 
500. 
Sol. 
S'l2. 
5'13. 
5114. 
50S. 
506. 
5117. 
5'18. 
Sn9. 
510. 
511. 
512. 
513. 
514. 
515. 
516. 
517. 
'518. 
519. 
520. 
521. 
522. 
523. 
524. 
525. 

C;UIJROUTII~E \oIRUNS HlRUNS. NR. NI':. SL 1M. L I ~. T <;\01) 

DIMENSION NRlJNS(NR.NCI.SI IM(NR) ,UM(NI':) .PRIJNS(2'5.201 
DIMENSION ICRUNS(21,16),CRUNS(21.1~) 

EQUIVALENCE (rCPUNS (1.1) ,r,HIINS (I, II) 
DO 1 1,,1.21 
00 I J"l.I" 
ICRUNSlItJ)=O 
WRITE 16,1001) LIM 

1001 FORMAT(IHl, T5.'PERSISTENCE ANALYSIS'I,T40,'PUN OURATJO~I 
+'/T5.'SPEEO·.5X.1(17) 

Of) 10 lei 010 
10 "'loll Tf (6, 1002) SL 1M I I) • INRUNS (I. JI ,J"l.N(') 

1002 FORMAT(T4,.<,.F5.2.5X,16I7) 
WRITfI6.1001) (NRUNS(ll.J).J~I.NC) 

1003 FORMATIT3"AVEPAGE',5X.1617) 
DO 20 1812.21 

20 WRITEI6,10041 SLIM(II.INRUN~II,JI,Jal.Nr.) 
1004 FORMATIT4">',FS.2.5X.16I7) 

WRITE (6. 1005) (NR1JNS (22,J) ,J.I.NC) 
1005 FOR~ATIT5"TOTAL'.5X.16171 

C 
C FORM CUMULATIVE RUN TABLES 
C 

DO 25 1=1.21 
JSUM=O 
00 25 Jel.I" 
JJ=17-J 
JS1)M=JSUM+NRtlNC;(r.JJ) 
ICRUNSII·JJI=ICRUNSII.JJI+JSUM 

7.5 CONTINUE 
00 26 1=2.10 
DO 26 J= 101" 
JJ:17-J 
ICRUNS I I .J,)):: ICRUNS (I.JJ)' rCIWNS (T-I .JJ) 

26 CONT INUf 
()O 27 1=1.9 
DO 27 J"'lolf, 
Il=21-1 
JJ"'17-J 
rCRUNS (I I .JJ) -rCRUNS (1 I.JJ)" IC~UNS (I I'I.J," 

27 CONTINUE 
WRITEI6.IOIOI LIM 

1010 FORMATI/IH .TS.'EXCEEOENCE AN~lYstS OF PER~r~TENCE EVE~IT~ •• T55. 
+ 'LOW WINfi SPEEO fVENTS,./150,'RUN nURATTON IN ~ONTHS'./T5. 
• 'SPEEO'.5~.16T71 

On 28 1=1010 
2R WRITE(6tlOO?) SLlM(1J '(ICRUNS(J,JltJ=ltl~1 

WRITF:(6.1011) '-l~ 

lOll FORMATI/IH .T5S,"'AVERAGE" WINO SPEEn EVF~ITS,./T5.'SPEEO'.5X, 
• 1(11) 

WRITEI6,10031 IICRUNS<1I.J) .J"'loll') 
WRITEI6.1012) LIM 

1012 FORMATI/IH .TS5.'HIGH wINO SPEED EVENTS •• /T5.'SPEEO,.SX,16I71 
00 29 I .. 12.ill 

29 wRITE16,lU041 SLIM(I1,(IC~lJNS(r.J),J=10161 
IF(ISw.FQ.OI RO Tn ~q9 
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1 
2 

1 
2 

526. 
5;.>7. 
5?8. 
529. 
530. 
S.H. 
532. 
533. 
534. 
535. 
536. 
537. 
538. 
539. 
540. 
541. 
542. 
543. 
544. 
545. 
546. 
547. 
548. 
549. 
550. 
551. 
552. 
553. 
554. 
555. 
556. 
557. 
5r;~. 

559, 
560. 
561. 
562. 
563. 
564. 
565. 
SM. 
567. 
568, 
569. 
570. 
571. 
572. 
573. 
574. 
575. 
576. 
577. 
578. 

C 
C CONVERT NRIINS TO PERCENT n~EQUENCY 

C 
WRITF(6,lfJOOI 

1000 FORMAT(1Hl) 
TRUNS=NRUNS(?2.1)/IOO. 
no 30 1=I,n 
00 30 J=I,NC 

30 PRUNS (I.J) =NRUNS I I ,J) InWNS 
WRITf.(6,100l)LJM 
00 40 1=1.10 

40 WRIT~16.1006) SLIMIl),(PRUNSII.JI.J=l.NCI 
1006 FORMAT(T4,.<·.F5.2.~x.16F7.31 

WRITEI6.1u07) IPRUNS(ll.J),J=l.NC) 
1007 FORMAT(T3,'AVERAGE'.5X.16F1.3) 

DO 50 1=12.21 
50 WRITE(6,100R) SLIMII).IPRUNSII.JI,J=l,NC) 

1008 FORMAT(T4">',FS.2,sw.I6F7.3) 
WRIT~16.100ql CPRUNSI22.J).J=1.NC) 

1009 FORMATIT5.'TOTAL',5X.16F7.3) 
C 
C CONVERT CUMULATIVE RUN T~BlE~ TO PERCENT FREQUENCY 
C 

TRUNS=ICRUNSIlO,l) 
no 60 1=1.10 
DO 60 J=},}" 

60 CRUNS(I,JI~ICRUNSCI.JI/TRUNS*100. 
TRUNs-rCRUNSCll,ll 
no 65 J=1.16 

65 CRUNS(ll,J) .. rCRUNSlll.JI/TRIJNS*lOo. 
TRUNS~ICRUNSC12,1) 

DO 70 J=l,l(, 
on 70 t=12,2\ 

70 CRUNSCt,JI=ICRUNSIl.JI/TRUNS*100. 
WRITE(6,1013) LIM 

1013 FORMATC/}H ,T5,'PROBABILITY OF LOW WIN~ SPEf.D EVENTS HAVING LOWER 
+MAGNITUDE OR GREATER DURATION THAN INDICATION',/T~,'SPEED',5X, 
• 16r71 

Of) 15 I=IdO 
75 WRrTE(6,10061 SlrMII),CCRUNSCI.JI.J=l.t(,) 

WRITEC6,10141 LIM 
1014 FORMATCllH .T5, 'PROBaBLE DUR/ITION OF AVERAGE WI~'!) SPEED EVE"ITS'I 

+ T5,'SPEFO',5x.16r1) 
WRITE(6tlOO1) CCRIJ'~Slllt.J) ,J=1.16) 
WRITE(6,lOl~) LIM 

1015 FORMATC/IH ,T5.'PROHAAILITY OF HJGH wI~n SPEED EVENT~ HAVING HIGHF 
+R MAGNITUUE OR LONGER DURATION THAN INDIC/lTE!),./T5.tSPEEn',~x, 

+ 16171 
00 eo 1 .. 12,21 

eo WP.ITEC6.100~' ~LIMCI).(CQUNSII,J).J=1.1(,' 

999 CONTINUE 
RF::TURN 
ENO 
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APPENDIX C 

WIND SPEED ANALYSIS PROGRAM 

This appendix presents a program for analysis of wind data to provide the 
parameters required for wind speed simulation. As listed at the end of the 
appendix, the program is set to accept data from 1 day every other month, 
starting in January. It is assumed that the day chosen is about the middle of 
each month. In our data analysis we used the 15th of each month. We used 24 
observations for each day, although the program can be modified to accept 
fewer observations. 

The heart of the analysis is in 4 subroutines: CMTS3, FFIT1, FFIT2 and 
FTAUTO. Table C-l provides brief descriptions of the subroutines. FFITl and 
FFIT2 are nearly identical. The primary difference between them is in the 
assumed spacing of the observations. In FFIT1 it is assumed that the obser­
vations occurred at the center of the observation interval, while in FFIT2 
it is assumed that the observations occurred at the center of the first half 
of the observation interval. This difference is apparent in the definition of 
ANG in the 2 subroutines; lines 268 and 283 in FFIT1, and lines 185 and 200 in 
FFIT2. The reason for the difference is the data used. Data were available 
for each hour; therefore each observation corresponds to one increment in the 
angle and can be assumed to occur at the center of the interval. With data 
available every other month, however, each increment in angle must correspond 
to 2 months. Thus, the observation or average is assumed to occur at the 
center of the appropriate month rather than the center of the interval. If 
the wind observations used had been reported 8 times a day, the period for the 
Fourier series would have been 8 rather than 24, and the constant subtracted 
from RI in the definition of ANG would have been 1/6, 1/2 or 5/6, depending on 
the time of the observation. 

The basic organization of the program is: data input, determination of mean 
speeds as a function of time of day and month, computation of wind speed standard 
deviations as a function of the time of day and month, analysis of the standard 
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TABLE C-1. Subroutines Used in the Wind Speed Analysis Program 

NAME USE 

CMTS3 
FFIT1 

FFIT2 

FTAUTO 
WDATAX 

Computes moments of data in columns of a 2-dimensiona1 array 
Evaluation of the amplitude and phase angles for seasonal variations 
of standard deviation and decay constant 
Evaluation of the amplitude and phase angle of the diurnal variation 
of the standard deviation 
IMSL subroutine to compute autocovariances and autocorre1ations 
Output data and statistical moments for data in a 2-dimensiona1 array 

deviations, computation of a decay constant for day and an average decay constant 
for each month, and evaluation of the seasonal variation of the decay constant. 
The analysis of the standard deviations starts with the determination ot a mean 
and the amplitude and phase angle of its diurnal variations. 

Lines 5 through 11 in the program are used for initial data input. It is 
likely that they will require modifications to accomodate the format of avail­
able data. Lines 19 through 39 compute the average wind speeds. If sufficient 
data were available, this section would generate a table similar to Table 1 
that could be used for evaluation of the seasonal and diurnal variation of the 
mean. The required programming would be similar to the programming used for 
the analysis of the standard deviations. 

The wind speed standard deviations for each time of day and month are com­
puted and printed by the section of the program between lines 43 and 75. The 
amplitude and phase angle for the diurnal variations of the standard deviations 
for each month are computed and printed by lines 83 through 95. Seasonal vari­
ations of the mean and diurnal amplitudes and phase angles of the standard devi­
aions are determined by the code between lines 96 and 116. Finally, the section 
of the program from line 118 through 127 computes parameters for simpler models 
of the standard deviation. 

The last section of the program analyzes the hourly deviations from the 
mean to determine decay constants. In lines 131 thrugh 138, a decay constant is 
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computed for each day's data. These decay constants are analyzed between lines 
144 and 151. Initial analysis of the decay constants involves the computation 
of the moments of the distribution for each month. The seasonal variation of 
the monthly means is then evaluated, and model parameters are computed and 
printed. 

Tables C-2 and C-3 list the arrays and variables used in the main program 
and briefly describe their usage. 

TABLE C-2. Arrays Used in the Wind Data Analysis Program 

NAME USE 
ASPD 
AVLAM 
CKURT 
HEADER 
IYR 
SO 
SDAMP 
SDBAR 
SDPHI 
SKEW 

Average wind speeds (hour, month) 
Average decay constant (month) 
Coefficient of kurtosis of decay constant distribution (month) 
Title or description 
Year of the data being analyzed 
Standard deviation of the decay constant distribution (month) 
Amplitude of the diurnal variation of the standard deviation (month) 
Mean standard deviation (month) 
Phase angle of the diurnal variation of the standard deviation (month) 
Coefficient of skewness of the decay constant distribution (month) 

SPD Wind speed observations, also used in computation of the standard 
deviations (hour, month, year) 

VM Standard deviations of speed (month + annual) 
XLAM Decay constant (month, year) 
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TABLE C-3. Variable Names Used in the Wind Speed Analysis Main Program 

NAME USE 

ACOR 
ACV 
COS CO 
F 

GAMA 

NHOURS 
NMTHS 
NYRS 
RV 
SINCO 
V 
WB 

Autocorrelation from FTAUTO 
Autocovariance from FTAUTO 
Cosine coefficient for first-order term in Fourier series 
F-statistic for evaluation of the fit of the Fourier series 
Phase angle for the seasonal variation of the decay constant 
(y in Eq. 6) 
Number of hours per day for which data are being analyzed 
Number of months per year for which data are being analyzed 
Number of years for which data are being analyzed 
Residual variance after fitting a Fourier series 
Sine coefficient for first order term in Fourier series 
Variance returned from FTAUTO, not used 
Mean returned from FTAUTO, not used 

XAMP Amplitude of the variation of the standard deviation 
XLAMO Mean decay constant (AO in Eq. 6) 

XLAMl Amplitude of the seasonal variation of the decay constant (Al in 
Eq. 6) 

XPHI Phase angle for the variation of the standard deviation 
XVE Mean standard deviation from the fitting of the Fourier series 
XX Work space for use of FTAUTO, not used 
YY Work space for use of FTAUTO, not used. 
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I 
2 

1 
2 
2 
3 
2 
2 
2 
2 
2 

1 
2 
3 
3 
3 
1 
3 
3 

1 • 
2. 
1. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
ll. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
ZZ. 
23. 
24. 
2S. 
;>6. 
27. 
.?~. 
29. 
30. 
JI. 
3Z. 
33. 
34. 
~5. 

36. 
37. 
313. 
:"19. 
40. 
41. 
4Z. 
43. 
44. 
45. 
46. 
41. 
4A. 
49. 
50. 
51. 
52. 
53. 

c 
C 
C 

C 
C 
C 

c 
C 
C 

r 
C 
C 

DIMENSION HFJ\OERI20'.IYRI2S,.SPOI24ol2,2S"ASPDIZ4.l2,.Xl.AMlf...20, 
+ ,AVLAMIIZI,S[)IIZI,VARIIZI.SKEWIlZI,CKURTI121 

DIMENSION VM(131,SDHARIIZI.SDAMPI)21.snPHII121 
FORMATIlHl) 
READIS,IOOO) HEAOE~ 

1000 FORMATIlOA4) 
READIS.IOOI) NYRS.NMTH5,NHOURS 

1001 FORMATIIOX,14IS) 
DO 10 lY=l.NYRS 
00 10 lM=l.~MTHS 

10 READIS,10021 lYRIIY),ISpnIIH.!M,IY),IH=l,NHOURS) 
1002 FOPMATI12,(o,K.Z4FJ.0) 

NYl=N"RS+ 1 
NY2=NYRS+2 
NY3=NYRS+J 

COMPUTE AVfRAGE SPEEO BY MONTH AND TIME OF DAY 

DU 30 
00 30 
SUM=O. 

IM=l,NMTHS 
IH=l.NHOU~S 

DO 20 IY=I,NyRS 
20 SUM=SUM+SPDIIH,IM,IY) 

ASPU(IH,IM)=SUM/NYRS 
30 CONTINUE 

WRITE AVERAGE SPEEDS HY MONTH ftND TIME OF D~Y 

WRITE(h,l) 
WRITEI6,1003) HEADER 

1003 FORMAT(IH ./1 TS,20A41//) 
WRlTE«(,,10051 

1005 FORMAT 11M ,lOX, 'AVERAGE SPEfO BY MONTH ANn TIM~ OF nAY'.11 
+ TIO,'MON1H',9X,'1',9X,'3'.9X,'S',9X,'7',9X,'9'.Ax.'ll'IITll, 
+ 'HOUR' ) 

DO 100 IH=l.NHOURS 
WRITE(6.1006) IH-l,(A~PDIIH.IM),IM=I.NMTH~) 

1006 FORMATCIH ,TIJ,I2,6FlO.I) 
100 CONTINUE 

COMPUTE HUURl.Y DEVIIIT[ON~ 

00 40 IM=l.NMTH~ 

DO 40 IH=1.NH01N'; 
no 40 ]Y=l.NY~S 

SPD(IH.IM'IY)=SPD(IH,IM.IYI-~SPDIIH,IMI 

SPOCIH.IH,NY7)=SPOCIH.IM.NY21+SPO(!H,IM.IYlo07 
40 CONTINUE 

00 42 
DO ~2 

I H= 1 • fmou~-.; 
I~I= I .I~MTH<; 
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1 
1 
2 
2 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

54. 
55. 
56. 
'H. 
58. 
S9. 
flO. 
bl. 
b2. 
63. 
fl4. 
65. 
Fo6. 
61. 
('8. 
69. 
70. 
71. 
1? 
13. 
14. 
7'i • 
16. 
77. 
78. 
79. 
80. 
IH. 
"'2. 
83. 
R4. 
AS. 
86. 
81. 
Ra. 
a9. 
00. 
91. 
92. 
93. 
<)4. 
95. 
96. 
97. 
9B. 
99. 

100. 
101. 
102. 

C 

SPO(JH'IM.~Yl)=SQRT(Spn(IH.IM.NY~)/(NYR5-1» 

42 CONTINUE 
VMCl31=O. 
00 44 IMsl,NMTHS 
VIHIMI=O. 
00 43 IHsl.NHOURS 
VH(IM)=VM(IM)"PO(IH,IM.NY~) 

43 COt>lTINlJE 
VM(13)sVM(I3)+VM(I~1 

VM ( I H) sSIJRT (VM ( I H) I (NYRS*NHOlJRS-l ) ) 
44 CONTINUE 

VH(131 s SURT(VMI13)/INYRsoNHOURS*NMTHS-I) 
wRITE 16.11 
wRITE(6.l00J) HEADER 
WRITE (6. 10071 

1007 FORMAT(lH .lox.-STANDARD DEVIATIONS BY MONTH AND TIME OF DAY'.II 
• Tlo,'MONTH,,9X.-l',9x,'3',9X,-5'.9X,'7-,9X,'9'.8X,'ll ' IITII. 
• 1 HOUR' ) 

00 110 IH=),NHOURS 
W~ITE(Ft.100R) IH-].(SPOIIH,IM,NY11.IM=I.NMTHS) 

1008 FORMAT(lH .TI3,12.6F10.2) 
11 0 CONT INUE 

C ANALYSIS Of SEASONAL AND DIURNAL VARIATION OF STANDARD DEVIATION5 

WRITE(6.1I 
WRITE(b.l0031 HEADER 
WRITE (6.1009) 

1009 FORMATIIH ,IITS.'ANALYSIS OF DIURNAL VARIATIONS ell) 
00 120 IM=I,NMTHS 
IH=1 
CALL FFIT2(SPOIIH.IM.NY1),NHOURS.24 •• lJ.XVE,COSco.SINrO.F.SpD(IH.IH 

• ,NY]) .RV) 
S09AR(IM)=XVE 
SOAMP(IM)=SQRT(COSCO*·?+SINCO··~) 
SOP~I(IM)=ATAN2(COSCO.SINCO) 

120 CONTINUE 
00 121 I~=I.NMTHS 
WRI rF.: (6.1010) IM,Sn.,,,R (1M) ,SOIlMP (1M) .SDPHI (1M) 

1010 FORMATIIH • 20X"~ONTH :'.Il,~X.-SDAVE ='.FA.3.5X.-SOAMP =-.F8.3. 
• 5X.'SUPHASE =',F8.3/1 

121 CONTINUE 
CALL FFITll~DHAR.NMTHS.6.'1,(VE'C05CO.5TNCO,F.SDqI\R.RVI 
"~ITE (6.1011 I 

lOll FORMAT(IH ,TIO.-SEASONAL VARIATION -II 
XAMP=SQRTICOSCO*o2+S1NCO·O?) 
XPHI:ATAN2(COSCQ,SINCO) 
WRITE(6.101?1 XV~.XAMP.XPHf 

1012 FORMAT(lH ,TlO.IHEAN al.F8.],5X'-AMPLITU~E =1.Fn.3.~X"PHASf ANGLE 
103. + =',F8.311) 
104, CALL FFITll<;IJAMP,NMTHS,6.,I.XVE,COSCO.S{NCO.F,SUAMP,RVI 
IDS. WRITF.(6,10131 
106. 1013 FO~MAT(lH tTIO.IS~"SONAL VI\R1ATION OF THE /lMPLITllDf nF THF OIlJRNAL 
101. + VARIATION (IF THE Sf OEV.'/) 
IDA. XAMP=SQRr(C(lSCO.o2'SINCU*O~) 
109. XPHl=A TAN2 (cnSCo.<; (NCO) 
110. WRITE(6.101~) ~VE.XAMP.XPHt 
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III • 
112. 
113. 
114. 
115. 
116. 
117. 
11~. 
119. 
120. 
121. 
122. 
1?3. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 

1 132. 
2 133. 
2 134. 
2 135. 
2 136. 
2 137. 
~ 138. 

139. 
140. 
141. 
14Z. 
143. 
144. 
145. 
146. 
147. 
148. 
149. 
150. 
151. 
152. 

C 

WRITE 1t.,I0]4) 
1u14 FORMATIIM ,TIO,'SEASONAL VARIATION OF THE DIURNAL PHASE'I) 

CALL FFITlISDPHI,NMTHS,6.,t.XVE,COSCO.StNfO,F.SnPHI,HV) 
XAMP=5QRTIC05Cooo2'~INCOO*?) 

XPHI=ATANc(COSCO,SINCO) 
WRITEI6.101~) XVE.XAMP,XPHI 
WRITE(6,1' 
WRtTE(~.10031 HEAVER 
WRITEI6tl015) 

1015 FORMATIIH .IIT5.'ANALYSIS OF SEASONAL VARIATION OF THE ST DEV.'111 
CALL FFITIIVM.~IMTHS.h.,I.XVE,COSCO,SINCO'F.VM.RVI 
XAMP~SQ~TIcn5CO**2·S1NCO**?) 
XPHI4ATAN2ICOSCO.SINCOI 
IIIRtTEI6.1U12) XVE,XAMP.XPHI 
WRITEI6,lOlhl VH(13) 

1016 FORMATf1H tlIIT5,'ST. DEVIATION WITHOUT <;EAC;ONIIL OR DIURNAL VARIAT 
• ION =', FlO. 31) 

C COMPUTE HOUR-TO-HOUR CORRELATIONS 
C 

c 

DO 50 IY=l,NYRC; 
00 50 I~:l,NMTHC; 

CALL FTAUTOIC;POIl,IM,IY),NHOURS,1,0,5.WR,VoACV,ACOR,XX.yV) 
IFIACOR.GE.O.05) r,O TO 45 
XlAMIIM,IY)=-99.0 
GO TO 50 

45 XLAM(IM,IY)=ALOG(ACUR) 
50 CONTINUE 

WRITE 16,11 
WRITElh,lUOJ' HlADER 

C COMPUTE AVERAGf LAMSnA ~Y MONTH 
c 

CALL C~TS3(XlAM.NMTHS.NYRS.AVLAM.SO,VAR.SKEW,CKURT) 
CALL WOIITAX(XLAM,NMT~S,NYRS,JYR,AVLAM,Sn,VAP.SKEW,CKIJRT) 

CALL FFITIIAVLAM,NMfMS,6.,l,xVE,COSCQ,STNCQ,F,AVLAM.RV) 
XLAMO=XVE. 
GAMA-ATAN2ICOSCO.SINCO) 
XLAMl~SQ~TICOSCO*02.SINC0002) 

~RITEI6,1004) XLA~O,XLAM1.GAMA 

1004 FURMATI///TIO,'LAMBUAO -',F8.4.' lAMB~Al =',F8.4,' GIIMA =',FR.4) 
END 
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363. 
364. 
3n5. 

1 366. 
1 367. 
1 3M~. 

? 369. 
2 370. 
2 371. 
2 372. 
1 3n. 
1 374. 
1 375. 
1 316. 
1 371. 
2 378. 
r. 379. 
2 3HO. 
2 381. 
2 3A? 
2 3R3. 
? 384. 
t 3AS. 
t 386. 
1 387. 
1 3AS. 
1 389. 

390. 
391. 

SIJHROIIT 1 NE ell T 'U (X .Ne. 1IIf.<. x,",. )( 1 • x 2. x 3, X,., 
DIMENSION )( INC,NRI .XM (NCI .lIl INCI .X7INCI ,X3 (NCI .X4INCI ,N(3('''' 
no 2<'0 I"liNC 
NIJI=O 
5UM=O. 
DO 100 J,.11P\JR 
IfIX(I.J).LT.-90.1 GO TO 100 
<;UM=SU""X(I,JI 
Nit 1 "'N ( I I + 1 

100 CONTINUE 
Xt-4 II I =SUM/N ( II 
52=0. 
53"0. 
54=0. 
00 150 J=I,NR 
IFIX(I.J).LT I -90.1 GO TO 150 
y=xll.JI 
'('("'1'.'1' 
S2=S2+YY 
S3"53'Yoyy 
S4-54.YYoyy 

150 CONTI NUE 
)(2111=52/(NIII-11 
XIIII=SQHT(x?'IIII 
X3(II=S3/INIII*X2{ll*x1{T)1 
X4(II=54/(NIII*X2(1)*X2(II, 

200 CONTINUE 
RETURN 
ENI) 
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1 
2 
2 
2 
1 
I 

1 
1 
1 
2 
2 
2 
2 
2 
'/ 
I 
I 
1 
1 
I 
1 

1 
1 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 

229. 
230. 
231. 
232. 
233. 
234. 
235. 
236. 
237. 
238. 
2J9. 
240. 
241. 
242. 
243. 
244. 
245. 
24(,. 
247. 
248. 
249. 
250. 
251. 
252. 
253. 
254. 
255. 
256. 
257. 
258. 

2t>0. 
2"1. 
262. 
263. 
('64. 
265. 
266. 
267. 
268. 
2t>9. 
270. 
211. 
272. 
273. 
274. 
275. 
27". 
277. 
27~. 
219. 
280. 
2~1. 
2132. 
2A3. 
284. 
285. 
?Al>. 
287. 
2A8. 
289. 
290. 
291. 
292. 
293. 

r. 
C 
C 
C 
C 
C 
C 

C 

SUBROUTINE FFITl(X,NX,PER.MENO,AO,AM,RM,FM.RF.S,RV) 

SUBROUTINE FFITI FIT5 AN MTH ORDER FOURIER SERIES TO A DATA SET 
AND COMPUTES AN F STATISTIC FOR EACH NEW PAIR OF TERMS. TH~ 
METHOD OF FITTING THE FOURIER SERIES IS DESCRIBED tt~ SECTION 2.4 

OF RLOOMFIELD (1976). THE F TEST IS DESCRJAEO IN SFCTION 13.8 OF 
~ROWNLEE (1965). 

DIMENSION X(NX),AM(MENO),SM(MENO),FM(MENO),RE5(NX),RV(MENO) 
Tl=6.2A311:1/Pf.:R 
51=0. 
52=0. 
P=O 

C COMPUTE AND REMOVE MEAN 
C 

r 
C 

C 

DO 10 I=! ,NX 
IFIX(I).LT.-90.) THEN 

P=P.l 
GO TO In 

ENI) IF 
SI=SI.X!!) 

10 CONTINUE 
AO=Sl/(NX-P) 
DO 20 l=l,NX 
IF(X(Il.Lr.-90.1 GO ro 211 
RES (I I =x (I) -AO 
S,?=S2.RES (I) 'H.? 

21) CONTINUE 
SSQl=S2 

COMPUTE THF FOlJRIER COEFFICIENTS 

1)0 40 
53=0. 
54=0. 

M=J ,MEND 

no 30 l=lol\JX 
IF(X(I1.Ll.-90.1 60 TO 30 
I~ I = I 
ANG=T}*(Rl-.75)*M 
S3=S3+RES(II*COSIANGI 
S4=S4.RESII)*SINIANG) 

JO CONTINUE 
AM(M)=53/(NX-PI*2 
B~(M)=S4/INX-P'·2 

40 CONTINUE" 

C COMPU1E THE CUMPARISON F STATI~rIC 
C 

c 

DO 60 M=I,MEND 
<;5=0. 
D050I=1,NX 
IF(X(I).LT.-90.) GO TO 50 
RI=I 
ANG=TI·(RI-.7~)·M 
RE5III=RES(I)-AM(M)*COS(ANGI-RM(M)·SIN(~NG) 

S5=SS.RES(t)*HES(I) 
so CONTINUE 

SS(~2=S5 

VAR=SSQ2/(IN~-PI-2*M-l) 

RV (M) = VAR 
FM(M):(SSQ1-SSQ21/t2*VARI 
SSQ}=SS 

60 CONTrNtJE 
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294. 
295. 
7.96. 
2'H. 
?9R. 
ZQ9. 
300. 
30 I. 
31)2. 
.303. 
304. 
305. 
J06. 
307. 
30A. 
309. 
310. 
311 • 

c: 
C 

W~ITE OUT RESULTS OF FIT 

WRITE(~,lOOO) AO,PER 
1000 FORMATllHO. f20,'RESULTS OF FITTING FOURIER SERIES',IITlO, 

• 'MEAN =',FIO.3,10X,'AASrr. PERIOD ='.FIO.3,/TS,'ORnER'.TlS, 
• COS COEF',T30,' SIN COEF',T45,' F STAl'.T60. 
+ 'OOF N',T70.'DUF D'.T80,' A ',T95,' PHI',TIOA.'RV'I 

IOFN=Z 
no 70 M=l,MFND 
lUFO=INx-PI-2~M-1 
A=SQRTIA~(MI~*'+BM(MI~*21 

PHI=ATAN2 I AM (1.1) ,AM 1M)) 
WHITf(6,lOOll M,AM(MI.BMIMI.FMIM),IDFN,TOFn,A,PHI,RVIMI 

1001 FORMATIIHO,TS.IS.T15.FIO.3,T30.FIO.3.T45.FIO.4,T60,IS,T70.15,T80, 
+3FIO.3,lll 

70 CONTINUE 
RETURN 
EN() 
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1 
Z 
Z 
Z 
1 
1 

1 
1 
1 
1 

1 
1 
1 
2 
2 
2 
Z 
2 
2 
1 
1 
1 
1 
1 
1 

1 
1 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1~3. SUBROUTINE FFIT?(X'NX,PE~'~END'AO.AM.~M.FM,RFS,~VI 
1~4. DIMENSIUN XINXI.A~(MFNn) .RH(MEND),FMIMENO).PES(NXI.~V(MFNn) 
155. Tl=6.Z831~/PFH 

156. 51=0. 
151. S~=O. 
158. p=o 
1,9. C 

IhO. 
11.1. 
1b2. 
163. 
164. 
165. 
166. 
167. 
161:1. 
169. 
110. 
171. 
17 Z. 
173. 
114 • 
175. 
17(' • 
1 71. 
178. 
179. 
100. 
181. 
lAZe 
1A3. 
IB4. 
185. 
186. 
1A7. 
1AI:I. 
le9. 
1YO. 
l'H. 
lQZ. 
191, 
194. 
19<;. 
1Y6. 
191. 
lYA. 
199. 
2nn. 
201. 
2n2. 
203. 
2114. 
205. 
Z06. 
Z\l7. 
208. 
209. 
211l. 
211. 
Z12. 
Z13. 
214. 
215. 
216. 

C 
r. 

c 
C 
C 

c 
C 
C 

C 
C 
C 

COMPUlE ANO ~EMOVE MEAN 

00 10 1=I,NX 
IF(X(II.LT.-90.1 THEN 

P=P.l 
GO TU 10 

END IF 
51=51+X(11 

10 CONTINUE 
AO"SI/(NX-PI 
00 20 1=1,1'1)( 
IF(X(II.LT.-90.1 GO TO 20 
~ES(lI=XIlI-AO 
SZ=S2+RES(Il lJlJ 2 

20 CONTINUE 
SSQl=S2 

COMPUTE rHE FOURIER COEFFICIENTS 

00 40 
53=0. 
'54:::0. 

M=I.MEND 

00 30 1=1,1'1)( 
IFIX(JI.LT.-90.1 GO TO 30 
fH=l 
ANG=T1 lJ (RI-.501*M 
S3=S3+RESIIllJCOS(ANGI 
S4=S4+PESIII*SINIANGI 

30 CONTINUE 
AM(M)=S3/INX-P) lJ 2 
HM(M)=S4/INX-PI lJ 2 

40 CONTINUE 

CO~PUTE THE CUMPARISON F STATISTIC 

()r) 60 M=l,MENO 
55=0. 
00 50 I:::l,NX 
IFIXIII.LT.-90.1 ,,0 TO 50 
HI=I 
ANG=TIlJ(HI-.5\1)*M 
RES(I)=RES(II-AM(M)*COS(ANr,I-BM(MIlJSIN(~NG) 

SS=SS+RES(I)lJRFSIII 
50 CONTINUE 

SSQ7:SS 
VAR=SSQ2/1(NX-PI-2lJ~-1) 

RV(~I .. yAP 
FM(Ml=ISSQ1-SSQ71/(2*VAR) 
SSQ1:S5 

M CONTINUE 

WR lTE OUT RFSllLlS OF FIT 

WRITE(~,lOOO) AU,PER 
1000 FORMAT(}110. ri'O,'RESULTS OF FlTTI~JG FOllRIER SERIFS',IITlO. 

• 'MEAN =,.flO.3,10X,'HASIC PtHIOD ='.FIO.1,/T5,'OROER'.T15. 
• COS cnEF'.T30,' SIN CO~F'.T'~.' F STAT'.T~O, 
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217. 
21~. 
219. 

1 220. 
1 221. 
1 222. 
1 223, 
I 224. 
1 225. 
1 22(,. 

227. 
2~A. 

• 'nOF N'.T70.'OOF U',T60.' A '.T~5,' PHI'.TIOA,'RV'I 
IDFN:2 
00 1 n "4= 1 f ''If ND 
IOFD=(NX-P)-2*M-l 
A=SQRT(A~(M)~~?HM(M)··2) 

PHI:ATANZ(AM(MI,ij~(M)1 

WRITE(6,IOOII M,AM(MI,eM(M),FM(~),IDFN.rDFn.A,PHI.PV(M) 

1001 FORMAT(lHO,TS.IS,TlS.FlO.J.TJO.FlO.J.T45,FIO.4,T60.15,T70.15.T80. 
.3FIO.3.111 

70 CONTINUE 
RF.TURN 
END 
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632. 
6'33. 
634. 
635. 
636. 
637. 10 
638. 
639. 
640. 30 
641. 20 
642. 
643. 40 
644. 
61.5. 

SUBPOUTINE WOATIXIX.NC.NR,IV,AVE.SO,VAR,SKEW.CKURTI 
DIMENSION X(NC.NPI.IYINR',~Vfl~C+II.S0(NC+11.VARINC+1),SKEW(NC+1I. 
+CKURTINC·il,N~MEI51 

DATA NAME/'MEAN'., SO'.' VAR'.'5~Ew'.'KURT'1 
WRITE 16.10) (NAME: 111.1=1.51 
FORMAT(lHO.'OAY',514X.A41) 
DO 20 lsi,NC 
WR ITE 16.30) It 1\ VE II , .501 11 , VA R 1 I ) • <;KEW 1 J ) • CKURT ( n 
FORMATIIH .13.5F8.2) 
CONTINUE 
WRITE(6,40) AVE(NC+ll.SO(NC+ll.VAR(NC+ll,SKEW(NC+ll.CKURT(NC+ll 
FORMATCIIIHO,tTOTAL'.F~.~.4F9.~) 
RF:TURN 
END 
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