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SUMMARY 

The Research Council, in cooperation with the Data 
Processing and Environmental Quality Divisions, developed a 
set of three computer programs for analyzing historical 
meteorological data. These programs significantly improve the 
Department's ability to analyze and employ historical meteor- 
ological data. They are computationally efficient and require 
significantly less computer time than the currently used 
programs. They also allow the user to compute atmospheric 
stability categories .by either of two recognized algorithms, 
and admit the processing of temperature data as well as wind 
data. These programs have been designed to aggregate and then 
analyze meteorological data on a season and hour-of-day basis. 

iii 
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INTRODUCTION 

The methods and computer programs 
(1)currently employed 

by the Department to analyze historical meteorological data (2,3) 
require large amounts of computer processing time, produce a 
voluminous output, sometimes have confusing inputs, and offer 
only restricted capabilities. To replace these tools, the 
Research Council, in cooperation with the Data Processing 
and Environmental Quality Divisions, has developed a set of 
three computer programs which represent a significant 
improvement in the science of analyzing and employing his- 
torical meteorological data. 

The specific objectives of this developmental effort 
have all been met. In particular, the lengthy outputs 
currently used to summarize meteorological information by 
season, hour of day, stability class, wind speed, and wind 
direction have been replaced by a concise set of statistics 
which effectively characterize the meteorology. Furthermore, 
since this meteorological suntmary is to be used computationally 
in computer programs designed to evaluate the environmental 
impact of proposed highways, it is logically arranged and stored 
on computer tapes to be used as inputs to such environmental 
analysis programs. The new computer programs are also 
computationaily efficient and require significantly less 
computer processing time than the currently used program. 
The new programs allow the user to analyze stability categories 
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by either the Pas ill method (4) • or both the Turner and 
Pasquill methods( allow the user to process temperature data 
as well as wind data and to do so by categorizing the year by 
season and hour of day. 

The new package consists of three programs: PWTHRDCT, 
PWCLASS, and PNORMAL. The first program, PWTHRDCT, processes original meteorological data tapes to eliminate incorrect, 
incomplete, or othez•ise unusable records and produce a condensed 
tape which subsequently can be processed efficiently. The 
second program, PWCLASS, uses the output tape from PWTHRDCT as input. It determines atmospheric stability classes and outputs 
a tape containing the wind, stability, and temperature data. 
The final program, PNORMAL, uses the output tape from PWCLASS 
as input. It determines the mean and standard deviation of the 
temperature, and the mean vector and covariance matrix of the 
Cartesian wind vector conditioned on stability class for each 
of 96 time periods. The output of PNORMAL is designed for 
input to an environmental analysis program that is the subject 
of another report (5) The programs PWTHRDCT, PWCLASS, and 
PNORMAL, their inputs, outputs, and specifications are described 
below. 

PWTHRDCT 

The system's first progr•n, PWTHRDCT, inputs one. historical meteorological data tape and one parameter card. 
The program compares, the station numbers on the parameter card 
with those on the tape. If they are not equal, the program 
stops. For each hour of data, the program tests for invalid 
values in the ceiling, wind •direction, wind speed, and 
temperature fields, and replaces any invalid data with "-99". 
When the wind direction is valid, it is converted to degrees 
clockwise (CW) from North, with North itself being 360 degrees. 
(Zero degrees represents .0.0 m/s wind speed.) • The four sky 
conditions are resolved into one value by using the highest 
value of the four. The data for each hour are output to a 
tape in the following format: 

I) Columns 1-6, date of the observation (year/month/day), 
2) Columns 7-8, hour of observation, 
3) Columns 9-12, the ceiling value, 
4) Columns 13-16, the wind direction in degrees CW from North, 
5) Columns 17-20, the wind speed in knots, 
6) Columns 21-24, the dry bulb temperature in degrees 

Fahrenheit, and 
7) Columns 25-26, the sky condition. 
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The format for the input parameter card is- 

l) Columns 1-5, the station number, 
2) Columns 6-9, the tape's starting date (month/year) 
3) Columns 10-13, the tape' s ending date (month/year) 
4) Columns 14-17, the station latitude in degrees and 

minutes, and 
5) Columns 18-37, a 20 byte station description. 

The parameter card fields are written on the output 
tape as the first two records, the first 17 bytesin the first 
record and the description in the second. The two dates and 
the description in the parameter card are used only to label 
the data. 

A listing of PWTHRDCT and its associated documentation 
is given in Appendix A. The program is written in COBOL and implemented on the Department's IBM 370-148.2M,VS-I computer. 

PWCLASS 

The system's second program, PWCLASS, inputs the tape 
produced by PWTHRDCT and a parameter card. A "I" is entered in 
column I. of the parameter card when the user wants the program 
to compute both the Pasquill and Turner classes; otherwise, a "0" is entered in column 1 and only the Pasquill classes are computed. 

The program skips all data points that show "-99" in 
the wind direction or speed fields, and the computations for 
determining the Turner stability classes are not performed when 
the ceiling field equals "-99". (Stability classes are computed 
according to the logic which is explained in detail in the 
program's comments.) In addition to determining stability class, 
PWCLASS converts the wind speed to meters per second, and 
determines the X and Y components of the wind vector. The 
valid data for each hour are output to a tape in the following 
format 

i) Columns i- 6, the date of the observation (year/month/day) 
2) Columns 7- 8, the hour of the observation, 
3) Columns 9-11, the wind direction in degrees CW from North, 
4) Columns 12-16, the radial wind speed in meters/sec, 
5) Columns 17-22, the X component of the wind vector in 

meters/sec, 



6) Columns 23-28, the Y component of the wind vector in 
meters/sec, 

7) Columns 29-32, the dry bulb temperature in degrees 
F ahrenhe i t, 

8) Columns 33, Turner's class for this observation, which 
equals 1-6 for classes A-F, respectively, and equals "0" 
when this class is not computed, and 

9) Column 34, Pasquill's class for this observation, which 
equals 1-5 for classes A-E respectively. 

The format for the parameter card is: 

l) Column l, a "i" if both Turner and Pasquill classes are 
to be computed, and a "0" if only the Pasquill class is 
to be computed. 

A listing of PWCLASS and its associated documentation 
is given in Appendix B. The program is written in FORTRAN IV 
and implemented on the Department's IBM 370-148.2M,VSl computer. 

PNOP•IAL 

The System's final program, PNOR/,IAL, uses the tape 
produced by PWCLASS as its only input. PNORMAL analyzes this 
tape to produce the meteorological statistics which sun%marize 
the data on the input tape. These data are analyzed in groups 
defined by season, hour of day, and atmospheric stability. 
There are 96 categories by .season and hour of day (where here 
the four "seasons" are defined relative to the six months a 

year each of Daylight Saving• and Standard Time). These time 
categories are defined as follows. 

Time Periods Months Time 

1 00-00 to 01-00 ST 
to II, 12, 1 to 
24 23:00 to 24:00 ST 

25 00:00 to 01:00 ST 
to 2, 3, 4 to 
48 23:00 to 24:00 ST 

49 
to 
72 

5, 6, 7 
00:00 to 01-00 DST 

to 
23-00 to 24-00 DST 



Time Periods 

73 
to 
96 

Months 

8, 9, I0 

Time 

00:00 to 01-00 DST 
to 

23-00 to 24-00 DST 

Within each of these 96 time periods, the data are also 
categorized by the five atmospheric stability classes. 

PNORMAL groups the input data into these 480 5 × 96 
categories and determines for each category the covariance matrix 
and the means of the Cartesian wind vectors and the mean, max, min, and standard deviation of the temperature. 
(See re.ference (5) for an explanation of the sufficiency of these 
statistics.) The temperature statistics are output directly 
to the line printer so that they may be used to determine 
emission estimates for each of the time periods.. These emission 
estimates would then be used as inputs (by time period) to an 
air quality impact analysis program as in reference (5). 

The 480 5 × 96 output records containing the 
meteorological summary statistics are output as unformatted 
records with stability class incrementing from 1 to 5 within each 
of the 96 time periods. Each output record is a type real 
vector STATOT (Dimension 6). STATOT (I) = number of 
observations for the stability class and time period. STATOT 
(2) = the mean of the X components of the wind vectors. 
STATOT (3) = the mean of the Y components of the wind vectors. 
STATOT (4) 

= the variance of the X components of the wind vectors. 
STATOT (5) 

= the covariance of the X and Y components of the 
wind vectors. STATOT (6) the variance of the Y components 
of the wind vectors. 

APPLICATIONS 

Temporal variations in meteorological parameters are significant factors in the determination of air quality levels. 
Previous computer programs developed to analyze meteorology 
for highway air quality analyses did not provide the temporal 
resolution necessary for analyzing pollutants with hourly 
averaging times. This problem, combined with the stipulation 
that certain levels were not to be exceeded more than once a 
year, resulted in the utilization of "worst case" meteorological 
assumptions in the design of air quality analyses. 
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The three programs fulfill the .need for hourly 
meteorological data. Utilizing historical meteorological records 
from the National Climatic Center, a statistically valid profile 
of meteorology can be obtained. 

The development of these three programs presents new opportunities in the statistical analysis of air quality. They 
represent new capabilities for analysis of hourly parameters in 
determining pollutant levels. Although developed for use in 
-determining highway related air quality, the programs may be 
useful in other applications. The programs might be utilized 
for providing input to computer programs, similar to that in 
reference (5), which may be designed to evaluate point source 
air quality impacts and projections for the attainment and 
maintenance of standards in non-attainment areas. 

COST 

Approximate costs of the programs PWTHRDCT• PWCLASS, 
and PNORMAL are $22, $68, and $13 (6, 29, and 4 minutes of CPU) 
respectively. These estimates are based on Drocessing ten years 
of historical data from the National Climatic Center on the 
computer systems the programs were implemented on. 

RECO •MMENDATIONS 

The computer programs PWTHRDCT, PWCLASS, and PNORMAL 
represent a significant advancement in processing and utilization 
of meteorological data for environmental analysis. The 
Department should use the programs in conjunction with the 
PROBCOI program(5) for performing air quality analyses of the 
impacts of proposed highways on carbon monoxide levels. 

The Department should support research in identifying 
relationships between roadside and airport meteoroloqy. Careful 
consideration should be made in the selection of weather station 
data to represent meteorology. Considerations should include 
but not necessarily be limited to influences of distance, 
topography, land use, and exposure of meteorological equipment. 

The Department should encourage further development in 
the use of historical meteorological data and statistical 
programs in analyzing air quality pollutant levels. 
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