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ABSTRACT

The theory and programming of statistical tests for evaluating the
Real-Time Air-Quality Model (RAM) using the Regional Air Pollution Study
(RAPS) data base are fully documented in four volumes. Moreover, the
tests are generally applicable to other model evaluation problems. Vol-
ume 3 presents the software used in the statistical tests for evaluating
the RAM. Six statistical tests are described, with attention to the pro-
gramming philosophy behind them. Also presented is a review of the
auxiliary software that sort, retrieve, format, and display the data.
This report was submitted in fulfillment of Contract No., 68-02-2770 by
SRI International under the sponsorship of the U.S. Environmental Pro-
tection Agency. This report covers a period from 1 October 1977 to 1

April 1979, and work was completed as of 1 April 1979,
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SECTION 1

OVERVIEW

BACKGROUND

The programs described in this volume are meant to be general-purpose
tools useful to anyone with a computer supporting the FORTRAN IV program-
ming language and a graphics display. However, from a practical stand-
point, we had to tune our programming efforts to EPA's National Computer
Center (NCC) in Research Triangle Park, North Carolina. The mainframe is
a Univac 1110 computer. (The executive system, Exec 8, 'is described in
Volume VII of the NCC User Reference Manual.l) Standard peripherals were
used whenever possible. For graphics, the Tektronix 4014 terminal is
the only device on which the plotting programs can operate. (Graphic
output in this text are from the 4014 using a Tektronix 4631 hardcopy

unit.)

Most of the programs were written in Univac's FORTRAN V language.
(See Volume III of the NCC User Reference Manual.) Certainly the pro-
grams as they now exist would require only minimal effort for conversion
to FORTRAN IV. For graphics, FORTRAN-callable Tektronix subroutines in
the Advanced Graphing IIz and the Terminal Control System3 manuals were
used. A few programs were written in the special Statistical Packages
for the Social Sciences (SPSS) language.4 Many major computer facilities

have this software package or one that is quite similar.

From the above description, it should be clear that the software
presented will operate only on the NCC system. However, with minimal
modification it should be readily adaptable to most other major computer
systems. For the remainder of this text, we assume that the reader is
familiar with the hardware and basic software used. We do attempt to

point out code that is usually specific to the NCC computer system.



DISCUSSION OF STATISTICAL PROGRAMS

The six statistical tests recommended in Volume 2 were programmed,

debugged, and tested. The tests and program names are given below:

*
Test Name Program Name

Accuracy score M21ADO*STATO1.ACSCOR

Residual time series M21ADO*STATO2 . TIMSER

Chi-square goodness-of-fit M21ADO*STATO3,CHIFIT

Bivariate regression

and correlation’ M2 1ADO* STATO4 , REGANA

Interstation error

Correlation M21ADO*STATO5.COREL2

Multiple regression

of error residuals M2 1ADO* STATO6 . SPSSRUN

The Pearson's correlation coefficient and linear regression tests were
combined because (1) it was computationally efficient to do so and (2)
results from both tests have historically been presented together when
evaluating air-quality models. The six programs are fully described in
Section 3 of this volume. (Note that the 0's are zeros in M21ADO and
STATOl through STAT06 and are the letter O elsewhere.)

*The program names are given in typical Exec 8 file designation format--
FILENAME.ELEMENT. On the NCC computer, one must often qualify the file
with an account code--ACCOUNT*FILENAME.ELEMENT. The account qualifier
for these statistical programs is M21ADO. All the source, relocatable,
and absolute elements found in files M21ADO*STATOl through M21ADO*STATO6
are backed up in a single file labeled SRI*SRI. 1In this file an absolute
such as M21ADO*STATO1.ACSCOR is also known as SRI*SRI.ACSCOR. The test
data base in data element M21ADO*STATO1l.COQS2N is also known as
SRI*SRI.COQS2N. All other source, data, and relocatable elements follow
the example for M21ADO*STATO2.CASE2 which is also contained in
SRI*SRI.CASE2/STATO2.

Combines the features of two tests: ' (1) linear regression with confi-
dence and prediction bands and (2) Pearson's correlation coefficient.
See Volume 2 for a complete description,



Each of the program files (STATOl through STATO6)W contains all the
subroutines and run streams (control language statements) required to run
the statistical test in question. In addition, a test data base is con-
tained in M21ADO*STATO1.COQS2N. All programs except those contained in
STATO6 are written in FORTRAN V. STATO6 programs are written in the SPSS
language. In addition to the multiple regression program, SPSS is also
used to plot frequency distributions of any variable, to plot scattergrams,
and to retrieve subsets of the data base. These auxiliary data-retrieval

and display programs are discussed in Section 2,

PROGRAMMING PHILOSOPHY

Before discussing the details of the software, we wish to impart
some of the philosophy used during development. Our approach is a compro-
mise between practical considerations in computing efficiency and the

ideal software from the users' perspective.

The ideal programs would never need to be modified regardless of the
data base used and the application in question. Furthermore, they would
work on a large number of computers, given that these computers were

equipped with certain software.

Having defined our concept of programs ideal to a user community, we
now alert the reader that our programs do not satisfy that definition.
However, we have standardized where practical, and through the documenta-
tion provided in this volume, the user can readily customize the programs
to his application and system, assuming that the system supports FORTRAN
IV, Tektronix graphics, and SPSS. (As stated earlier, we attempt to
point out sections of the program that are specific to the NCC Univac

system.)

wta

“For brevity, the account qualifier--M21ADO--is often omitted.



SECTION 2

DATA-BASE CONSIDERATIONS

CONTENT

In their simplest form, the data for most statistical tests consist
of n pairs of observed and predicted concentrations. These data are
denoted (OC, PC),(OCZ,PCZ),...,(OCn,PCn). (This data set may include all
the data gathered or only a selected subset thereof.) The concentrations
might refer to hourly averages, three-hour averages, daily averages, etc.,
at a particular monitoring station or from any number of stations. Except
for the residual time series test, the data pairs need not be sequential

nor time ordered in any particular fashion.

Since it is desirable to assess model performance under a variety of
meteorological and emission conditions, the data base should be arranged
so that it can be subdivided into many nonexclusive subsets, according

to the following parameters:

¢ Date, D

e Time period, T

] Locatién, L

¢ Pasquill-Gifford stability class, Gy
* Wind-speed class, G2

* Wind-direction class, Gj

e Mixing-height class, G,

¢ Emission class, Q

¢ Observed concentration, OC

e Predicted concentration, PC.

STRUCTURE AND FORMALS

General Structure

The exact stru-ture (or hierarchy) of the data depends on the fea-

tures of the data base to be tested. Consequently, the format chosen for



our statistical programs was determined by features of our test data base.

The data file (in card image form) is ordered as follows:

Card/Line Number Data
1 (p,T,L,G;,62,63,Gy,Q,0C,PC)
2 (D,T,L,61,Gy,G4,G4,Q,0C,PC)y
n (D,T,L,Gq,Gy,G3,64,Q,0C,PC)

(We will refer to each record by line number rather than card number,

since normally the records will be stored on disk.)

The only requirement for this structure is that all the observed and
predicted concentrations--(0C,PC) through (OCn,PCn)--be distinct. Now,
we must recognize that the data file can include concentrations for a
number of monitoring locations, denoted by L. Also, for each time period,
T, we may choose to concern ourselves with only one set of meteorological
and emission parameters. (This would typically be the case when evalu-
ating the RAM.) Therefore, if we expand our subscript notation somewhat,

our data file would typically be ordered as follows:

Card/Line Number Data
1 D]_’Tl’l’(G]_’GZ’G3’G4’Q)1’OC1’PC1
2 DI’T]_’Z’(G]_’GZ 3G3 ’GA)Q)]_,OCZ ’PCZ
ns D]_,Tl,ns’(Gl,Gz,G3,G4,Q)1,OCnS,PCns
ns + 1 D2’Tz’]"(GI’GZ’G3’G4’Q)2’0Cns+l’PCns+l
2*[13 D2 ’TZ , 1S s (GI,GZ ,G3 ,G4 ,Q)Z ’OCZ*DS ’PCZ*HS
p*ns Dp an » 18, (G]_ 9G2 ’G3 Gy, ’Q)P ’Ocp*ns ’Pcp*ns



where ns = number of monitoring stations (locations), p = number of time
periods, and ns*p = n = number of observed and predicted concentration

pairs. Generally speaking, our test data base is structured as above.

While the structure described above is functional, it is probably
not always computationally efficient. This is particularly true if we
must apply the programs to a large data base (such as that for the RAPS).
The inefficiency stems from having to store the time, date, meteorolog-
ical, and emissions data once for each monitoring site. Thus repetition
consumes a moderate amount of storage space. (In a one-year period, we
are storing over 50,000 words of redundant data.) Consequently, for
larger data bases, we would recommend storing the data in a more effi-

cient manner.

For the RAPS data base, we note that meteorological data are col-
lected at each of the monitoring stations. As discussed in Volume 4,
it may be desirable to store these station-specific meteorological data
for use in our analysis even though these data are not used directly by
the model. Therefore, depending on the application, we may wish to retain
additional data that will require format changes. In Volume 4, we dis-
cuss specific recommendations for evaluating the RAM using the RAPS data

base.

As suggested in the above discussion, the exact structure (and even
content) of the data base may vary according to application, user conve-
nience, and computational efficiency. It generally requires modification
of only one or two lines in the program code to accommodate a slightly
different data structure. When we discuss the individual programs (in
Section 3), we point out the sections of code that control the data-
base interface and the exact data requirements., We stress that the user
should have a flexible attitude concerning the exact format, allowing for

changes that befit the application at hand.



Test Data Base

Standard (FORTRAN) Format=--

The data base is stored in free-form format in STATOLl.COQSZN
(file.element). Appendix A contains a listing of the data. In all, there
are 10l line (or card) images. Each line image contains the following

information, in the order presented:

e Date--six digits

e Time--four digits

¢ Station--one digit whose value is 1, 2, or 3

o Atmosphere stability--one digit whose value varies from 1 to 6

» Wind-speed class--one digit whose value varies from 1 to 6

o Wind-direction class--two digits whose value varies from 1 to 16

¢ Observed concentration--a number between 0.0 and 1000.0 (one
significant figure to the right of the decimal point)

e Predicted concentration--same format as above.

The mixing-height class and emissions class were not required when the
test data base was acquired. (Refer to Volume 1 for a description of

the field study during which the test data base was acquired.)

SPSS Format=--

The SPSS system of computer programs is used to perform the multiple
linear regression test, which relates meteorological parameters to
observed and predicted concentration residuals. The SPSS is also useful
in retrieving and displaying subsets of the data base. (This is described
on pages 10 and 11.) Prior to using any of the SPSS procedures, the input
data must be converted to a special SPSS format. This can be done within
each program or, alternatively, done once and then stored in the special
SPSS format. This latter approach is more efficient when an assortment
or SPSS programs is continually applied. 1In the next paragraph, we dis-

cuss the program that converts a standard FORTRAN file into an SPSS file.



The program to reformat the data is stored in STATO6.SPSSDAT. (In
discussing the SPSS procedures and codes, the reader should refer to the
SPSS manual® for a complete description. Our descriptions will be brief
and will not ~ver all the features of the statements involved.) The pro-

gram stored in SPSSDAT appears in Figure 1 below.

@DELETE HSPRNT,
@ASG,PU HSPRNT,
BASG,A SPSSINPUT.
@uUsSe 8,,SPSSINPUT,
@ASG,PU SPSSFILE.
@USE 4,,SPSSFILE.
@BRKPT PRINTS/HSPRNI

esPSssS
RUN NAME TEST MODEL
FILE NAME SPSSDATA

VARIABLE LIST DATE,TI¥f,S1TE,ASC,wSC,uDC,NC,PC
INPUT MEDIUO™ TAPE
N OF CASES KW
INPUT FORMAT FIXED (12%,2F6,0,+4,0,2F3.0,F4,0,7X,2F8.1)
MISSING VALUES ALL (BLANKS)
COMPUTE RESID = QC~-PC
VAF LAHBELS RESID,RESIDUAL
ASC, STABILITY CIL.ASS
wSC, WInD SPFED CLASE
WwoC, wIbD DIFFCTIUM CLASS
0C, UBSERVED CORCEILTRATION
PC, PREDICITED CUNCENTRATION
LIST CASES CASES = 1000/
VARIAKLES = AILL
READ [NPUT DATA
SAVE FILE
FINLISH
B3IRKPI PRINTS
@FREE HSPRNT,
@SYM,U HSPRuT,,,tD04PK

Figure 1. SPSSDAT program.

Note that two files were assigned and related to peripheral devices (4
and 8). The first file SPSSINPUT is simply a copy of the test data base
contained in STATOL.COQS2N. (SPSS cannot work directly with data con-

tained in elements. Therefore, a system utility was used to copy data



from STAT01.COQS2N to SPSSINPUT.) The second file, SPSSFILE, is the output
file, which will become the specially formatted SPSS file used in subse-
quent SPSS programs. The @SPSS control card is the manner in which the

NCC system calls the complete SPSS package. Subsequent cards will then

be. recognized as SPSS procedure cards. The remainder of the Exec 8 state-
ment™ control the routing of the print file, HSPRNT, to the desired termi-

nal (FDO4PR in this case).

In Figure 1, the statements following @SPSS are the SPSS control
statements. (These begin in column 1. The specification of the desired
parameters begins in column 16.) In our example, the RUN NAME is arbi-
trarily titled TEST MODEL, which thus becomes an identifier/header on the
output listing. The FILE NAME has been called SPSSDATA, which becomes
the output SPSS file referred to by future SPSS programs. Through the
VARIABLE LIST statement we choose the desired parameter names to corres-
pond with the data in our input file. The INPUT MEDIUM, for Exec 8,
recognizes only a CARD or TAPE specification. TAPE simply identifies
that the input will be read from a mass storage file, always named "8".
(Thus, through the @USE statement, SPSSINPUT is identified to SPSS as the
input file.) The N OF CASE statement that follows can be set to UNKNOWN
if cards are not used for the input. By specifying FIXED on the INPUT
FORMAT statement, we are able to use a standard FORTRAN format for the
parameters in the VARIABLE LIST statement.

The preceding paragraph fully specifies the input file. Next, we
describe how SPSS is used to manipulate the data and store them on the
output file. First, by the MISSING VALUES statement, we could assign
values to any parameters when they are missing in the input data. In our
case, this is not a consideration, so we leave such data blank. The
COMPUTE statement enables us to compute any desired parameters. Since we
use concentration residuals in another SPSS program, we compute the RESID

variable as shown. *

7<A1ternative1y, for the NCC only, routing of the output file can also be
controlled by using the @AB*US.SUSPEND and @AB*US.RESUME statements as
shown in Figure 2, page 11.



The VAR LABELS statement is used to assign meaningful names to the
parameters and subsequently cause these parameters to be better documented
in the ouput of the program. The LIST CASES enables us to produce an
output listing of a user-specified number of cases (e.g., 1000) and the

desired variables (e.g., ALL).

The READ INPUT DATA statement instructs the program to begin reading
the data. The SAVE FILE instructs the system to save the processed file.
Using Exec 8, SPSS expects that the file available for writing will be
named ''4", (Thus, the @QUSE statement causes the file to be called
SPSSFILE.)

The above SPSS program is by no means the only way to generate an
SPSS file. Some of the statements are specified in a somewhat arbitrary
fashion. We leave it to the reader to further familiarize himself with

the SPSS statements involved.

DISPLAY AND RETRIEVAL SOFIWARE

Prior to selecting, applying, or interpreting a particular test, we
may wish to examine the data base in some detail., For instance, we may
wish to strafify the data for a given meteorological class and then run
the test on that subset; or we may wish to closely examine the meteoro-
logical conditions associated with concentration comparisons that fall

outside the 90 percent probability bounds in a regression analysis.

A number of computer languages could be used to satisfy the above
types of requirements. Standard FORTRAN programs could be written or a
data-base management language (e.g., System 20005) could be applied.

For our immediate needs, the most attractive choices of procedures are
those available within SPSS. Two general SPSS data-retrieval and display

programs are discussed in the following paragraphs.

A program stored in STATO6.SPSSSORT is an example of how SPSS can
be used to selectively sort, retrieve, and display data in an SPSS file.

The program is given in Figure 2 below.



@ASG,A HGSSORT,
QUSE 15.,,HGSSNKT,
QAB¥US,SUSPEND
BASG,A SPSSFILEF,
BUSE 3.,SPSSFILL,

@5PSS

RUN WAYE SURT FILE

GET FILE SPSSOATA

FAw QUTPUT UNIT 15

¥SELECT IF (ASC Ey 4)

WRITE CASFS (2F6,0,F3,G,2F3,0,F3,0,7x,2F8 1) DATE,T1¥E,SITE,ASC
«SC,wlC,0C,PC

¥SLLECT IF (ASC EQ 4 AnD SIIE E¢ 1)

FREQUENCIES INTEGER = wDC(1,16) ~8C(1,0)

OPIIONS 3,8

FINISH

@AB*US.RESUME ,P FLOA4PE

Figure 2. SPSSSORT program.

The input file, SPSSFILE, is named "3". (Note the QUSE control state-
ment.) Within the SPSS program, the GET FILE statement automatically
looks to Unit 3 for the input. SPSSDATA is the file name previously
assigned by the SPSSDAT program (see Figure 1). The RAW OUTPUT UNIT 15
statement, coupled with the @ASG and QUSE Exec 8 statements, identifies
HGSSORT as the output file. (Note that the SPSS output will omit decimal
points. Hence, the output as written must be divided by 10 in the
FORTRAN program. Alternatively, we could drop the least significant
figure and use integers.) The first *SELECT IF statement, followed by
WRITE CASES, causes an output file to be written on HGSSORT in the format
and order specified in the WRITE CASES field. The resulting file will
contain those cases where the atmospheric stability classes (ASC) were

class 4., This file can then be read by a FORTRAN program.

The second *SELECT IF statement, followed by the FREQUENCIES state-
ment, causes the SPSS to generate a histogram on the line printer for the
identified variables--wind direction and speed--for station 1 and an
atmospheric stability class of 4. The resulting output is shown in
Figure 3. OPTION 3 causes the output to be left-justified on an 8-1/2
by 11 format; OPTION 8 causes a histogram to be printed for each variable
specified on the FREQUENCIES statement.

11
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There are a number of variations that can be used with the above
program. Some of these are considered in Volume IV, in which we describe

techniques for applying the statistical tests.

AUXILIARY SOFTWARE

As will be discussed thoroughly in Volume 4, simple graphic comparie
sons can provide very useful information during the model-evaluation pro-
cess. Examples, plotted on a Tektronix 4014 terminal, are shown in Fig-
ures 4 and 5. The first graph (Figure 4) displays on logarithm-probability
axes the frequency distribution of both observed and predicted concentra-
tions; the second graph (Figure 5) displays the frequency distribution
of the percentage difference (residual) in observed and predicted

concentrations.

The programs to draw the axes and plot the data were developed by
EPA. SRI's subcontractor, Comp-Aid Incorporated, adapted the program to
our test data base and added some annotations. Options for three differ-
ent graphs can be exercised. (An example of the third type of graph,
frequency distribution of the absolute value of the concentration residual,
is discussed in Volume 4.) The listings of the programs are given in
Appendix B. The mapped (or linked) program is stored in SRI*SRI.FREQ
(account*file.element). The run stream, stored in SRI*SRI.DATAFREQ,
which shows its execution with our test data base (contained in

M21ADO*STATOL.COQS2N) is given in Section 1 of Appendix B.

The figure for SRI*SRI.MAPFREQ, Section 2 of Appendix B, shows how
the program is "mapped" and serves to identify the subroutines. The main
program, SRI*3SRI.FREQ, is given the name of the executable. Its listing
is given in Section 3 of Appendix B. The subroutine listings are given in
Section 4 of Appendix B. The principal subroutines are contained in
SRI*SRI.ORDER, SRI*SRI.GRAPH, and SRI*SRI.GRALIN. The other subroutines,
SRI*SRI.BOX, SRI*SRI.HEADER, and RAPS*UTILITY.COMPOZ, are used to draw the
frame around the plot and annotate the data executed (upper-right-hand
corner in Figures 4 and 5). These last three subroutines are discussed

further in Section 3,
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SECTION 3

STATISTICAL PACKAGE

INTRODUCTION

In this section we discuss the structure and logic of the programs
and their data requirements. Each program has been tested using our test
data base stored in M21ADO*STATO1l.COQS2N. The programs can operate on
any other data base in the same way, provided that the data base is for-

matted in the same way.

We assume chat the data base has been arranged to include the de-
sired conditions., As discussed in Section 2, the data-sorting procedures
within SPSS can be used to stratify the data according to any parameter
(e.g., meteorological class, emissic '~ c:ass). Because it is often
desirabie to conduct the statistical test for each station, we have
included provisions within some of the programs to sort the data by sta-

tion. Such provisions are discussed for the specific test in question.

Also, it is important to realize that in some cases the software may
be somewhat specific to the test data base and the features of the NCC
system. We feel that these cases are minimal; however, we do point out

these areas in our discussion or by comments in the code itself.

ACCURACY SCORE (STATOL,ACSCOR)

The accuracy score is the recommended "final evaluation statistic."
It consists of eight separate statistical tests, which are computationally
quite simple. The tests are fully described in Volume 2. Their equa=-
tions are briefly summarized in Figure 6, which is a reproduction of a

portion of a terminal session.
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# SELECT OWNE TEST NG, FrOM THE FULLCWING ...

1. MMFAN ABSOLUTE ERRUR ,,.

£ = (1,978 % (SUMCARSE(GC(IY=EC(TI) ) wHERE 1=1,n
2. MEANY SOUARE ERROF ...

E = (1,0/8)%(SuM(0C(1)/PC(T))%x%2)) wHERE 121,8
3. ARSOLUTE ERRUT THRESFULL L.

Eo= (1,0/8)Y%(SuM(C(T))) whbrE =1 ,u
SHERE C(I) = © 1F ARS(OC(I)=PCCIM),LE.EL
sHERE C(1) = | IF ABS(OC(1)=-PC(1)).GT.E1L

3. PERCEMTAGE FREDF IHFESHULD 4.

b= (1,0/70)%(Suv(C(IdN WHE K& IT=1,RN
sHEFE C(1) = ¢ TE ARS((OC(I)=kPC(1))/0C(1))LELKZ
wdERE C(1) = 1 TE ABRS((OC(I1)=FC(L)Y)/LC(LY)LG1LE2

5. SYMMETRIC HIGH=L{In LOSS FOKRCTIOM ..,
B (1.0/K)%(SUNCCCIY ) 2HERE 1=1,i0e
AHERE C(I) = 0 1F PCCI) AND GLC(]).Le.,nUKM, £3
1F PC(1) AAD OC(1)GT nUBRM
~HFRE C(4) = 1 1F UTHEKWISE,
he ASYMMETKIC HIGH=T.Ow 1.OSS FUNCTINN ...

E = (1.0/R)Y%(Suv(C(1)1)) whekE I=L,N

#HRPE C(I) = LI IF PC(T1),CGT . WUKNM, E4
Eivh NCL)Y LT NGRM
AHERE C(1) = 1?2 IF FC(I) LT NURM

AND UGC(I)CT NNR4
7. USKER SHPELIFS 1088 “ATRIX ...
E = (1,0/N)*(SUN(C1))) wHERE I=1,H
FHERE C(I) = L(J,R)
AHERE BC(L) = J ALD OC(I) = k
8, MAXIWUM CONCFMIRATION LOCATICH ..
E o= (1.09/9)%(SUm(h(1))) wHFFE T=1,N
wHEKF D(1)=DISTANCE

Figure 6. Accuracy score equations.
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The program is sufficiently simple that it lends itself to interac-
tive operation, permitting the user to exercise several options, as
follows:

e Modify constants within six of the eight tests. (The other two

tests involve no such constants.)

¢ Perform the test for the combined data from all monitoring sta-
tions or from each of the stations, or from any selected station.

e Analyze any file in the correct format and order.

e Choose tutorial or brief-prompting interactive modes. (Figure 6
is an example of the summary printed in the tutorial mode.)

e Select any or all the statistical tests.

e Disgplay the accuracy score on a rudimentary map. (For illustra-
tive purposes and subsequent application with the RAPS data base,
a St. Louis map was selected.)

Program Logic

The logic of the program structure is illustrated in the flow chart
of Figure 7. The FORTRAN V code is given in Section 1 of Appendix C. To
simplify relating the flow chart to the source listing, we give the line

of the code next to the logic blocks in Figure 4.

Summarizing the logic of Figure 7, we note that the first operator
entry is the number of data points and monitoring stations. Knowledge of
the number of data points enables us to eliminate computer-specific end-
of-file checks or the need for inserting special identifiers indicating
the end of the data. The number of stations is obviously well known.
The number of data points will be known after prescreening the data.
(The SPSS data-display software will list the size of the data base.)
The next interaction requires the user to select whether the tests will
be conducted on the entire data base, or for all or any one of the moni-
toring stations. If tests are to be done for each station, the user has
the option of displaying the results on a geographical map, assuming a

Tektronix 4014 terminal is available.
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(000163)

ENTER NUMBER OF DATA
LINES AND STATIONS

(000166) )
TEST EACH STATION SELECT TEST Nth STATION
N = —1) Sgg;\ (N =1, NS)
MAP
DISPLAY
? (N =0} Y UNSORTED
\ {000185)
SET IMAP = ENTER DATA
(000215) (000215)

(000247)

D

ETAILED SELECT ABBREVIATED
IMODE = 1 INTERACTIVE IMODE = 2

MODE

(000276) \ 1

SELECT DESIRED TEST(S)

¥ 1 ¥ 1 T 1 T N
TESTNUMBER 1 2 3 4 &5 6 7 8

' I RS W SR 1 1

b ENTER TEST-SPECIFIC

‘| 'I THRESHOLDS AND CONSTANTS
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(000746)

YES

(000752}

YES

(000756}

YES

END

Figure 7. Flow diagram for the accuracy-score program.
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Prior to opting for a graphical display, the user must enter the
data base either directly or by attaching a file. Using FORTRAN V and
Exec 8, the user can attach the test data base during the interactive

session by simply entering

@ADD M21ADO*STATOL1.COQS2N .

Once the data base has been entered, the user must then choose between
the tutorial (detailed) or abbreviated modes. This is followed by a
choice of the desired test(s). (As discussed later, there are options

for changing constants within most tests.)

The program now proceeds to perform the simple calculations specified
by the user. After the results have been printed, the program checks to
see if the map option was selected and computations were made. If these
conditions are met, accuracy scores are then plotted on a geographical

background map of St. Louis, on a Textronix 4014 terminal (see Figure 8).

After all of the output is presented, the user is given the option
of continuing the session by selecting another test, mode, or data sort.
The user may choose to conduct the same test with different constants.
In this case he would respond "yes" when asked "Would you like to try
another mode?" He would then opt for the same test and have the chance
to choose different constants. Definitions of constants for each test,

along with typical values for the test data base, are given in Table 1.

Sample Session

The first part of the terminal session is illustrated in Figure 9.

As shown, the user must answer questions on the number of data points and
stations, the sort code, and the mode code. Prior to entering the mode

code, the user must enter the data base.

The mode code determines the degree of detail in future interaction.
If mode-code 1 is entered, the most detailed messages are printed. The

next message, after mode selection, will be a listing of the tests and
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*réex STATISIICAL 1ECHNIYUES FOK EVALUATING MODELS *¥#%4

# ENTER THbk NU, UF DATA (uD) AND THE KO, UF MOMITORING STATIUNS (NS),
>101 3
# SELECT A DATA SORTING CULE m0O, FROM THE FOLLOWING ,,,
-1, EXECULIE TES1(S) Nk DAIA FUK EACH STATION,
0, EXECUTE TEST(S) ON DATA FUF ALL STATIUNS,
Ny EXECHIE TESI(S) ON DATA FOF THF NIH STATICK (wHERE h=1,0LS),
# SOKI CODLE?
>0
8 ENTER ND LINES OF THE FOLLO#ING DATA ...
DATE (YEMDDA)
TI#E (HRMN)
MONTTORING SIMTE NGO,

OBSFRVED VALUE
PREDICTED VALUE

S W N
® o & & =

>@ADD STATO1,C00S2Y4
# SELECT OnE “NDE NG, FROM THE EOLLOWING ...

1., DETAILED=RUN (FOF UN-IN1TIATED HSFRS)
2, QUICk=RUN (FOR INMITIATEDL USERS)

# MODE COULE?
>1

# SELECTI ONE TEST NO, FROM THE FOLLUWING .,.

Figure 9. First part of the accuracy score session.

equations (See Figure 6). In Figure 10, a-sample of the remaining part
of the session is given. (Test 7 was arbitrarily selected for illustra-

tive purposes.

A sample session for mode-code 2 is given in Figure 11. Note that
we have the ability to specify any group of tests (by a series of l's and
0's). The program then proceeds to conduct the tests, interacting and

outputting results as shown.
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TABLE 1,

FOR THE ACCURACY SCORE TEST

DEFINITION OF USER=-ENTERED VALUES

Test Constant Description Test Value*

El Error threshold 50

4 E2 Percentage error threshold 0.2
E3

5 (NORM) Concentration cutoff 400
E4

6 (NORM) Concentration cutoff 400
L1 Overprediction loss 1
L2 Underprediction loss 2

7 -- Loss matrix STATOl.ERRLOST
CMAX Anticipated maximum concentration 1000

8 -- Distance matrix STATOI.DISTANT

ot

"Suggested test values

Test elements in file

# TEST COD

>1

SITE ALL

STATOL.

NOTE ...

E?

, TEST1: MEAN ABSOLUTE ERROR IS

95% CONFIDENCE INTERVAL: .3844+02 TO

for the test data base, STATOLl.COQS2N.

TEST8 IS VALID ONLY FOR SORT CODE -1.

« 458402

« 532402

# WOULD YOU LIKE TO TRY ANOTHER TEST ... TYPE YES OR NO.

>NO

WOULD YOU LIKE TO TRY ANOTHER MODE ... TYPE YES OR NO.

>YES
# MODE COD

Figure

E?

10. Accuracy score session (MODE CODE = 1),

See Figure 9 and then Figure 6 for the first part of the session.
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#MODE CODE?
>2
#SELRCT TES™ NOS. WITH A SERIES OF 1 (YES) AND O(NO).
1. MFAN ABSOLUTE ERROR.
2. MEAN SQUARE ERROR.
3. ABSOLUTE ERROR THRESHOLD.
4. PERCENTAGE ERROR THRESHOLD.
5. SYMMETRIC HIGH-LOW LOSS FUNCTION.
6. ASYMMETRIC HIGH-LOW LOSS FUNCTION.
7. USER SUPPLIED LOSS MATRIX.
8. MAXIMUM CONCENTRATION LOCATION.
>10101010
SITE Ol, TEST1: MEAN ABSOLUTE ERROR IS .858+02
85% CONFIDENCE INTERVAL: .633+02 TO .109+03
SITE 02, TEST1: MFAN ABSOLUTE ERROR IS 280402
95% CONFIDENCE INTERVAL: «215+02 TO « 345402
SITE 03, TEST1: MEAN ABSOLUTE ERROR IS «232+02
957 CONFIDENCE INTERVAL: .1914+02 TO +272+02
#TEST3, ENTER El:
>25
SITE 01, TEST3: ABSOLUTE ERROR THRESHOLD IS  .765+00
95% CONFIDENCE INTERVAL: .695+00 TO .835+00
SITE 02, TEST3: ABSOLUTF ERROR THRESHOLD IS  .364+00
95% CONFIDENCE INTERVAL: .230+00 TO «497+00
SITE 03, TEST3: ABSOLUTE ERROR THRESHOLD IS  .294+00

957 CONFIDENCE INTERVAL: «204+00 TO «385+00

fTEST5, ENTER E3:

Figure 11, Accuracy score session (MODE CODE = 2),
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Program Structure

The program (software) structure is given in Figure 12. (The Exec 8
control statements that '"map' or link the subroutines are contained in
file STATOL.MAPIT. A listing is given in Section 2 of Appendix C.) As
shown in Figure 12, the main program, STATO1.ACSCOR, calls for statistical
subroutines, STATOLl.TESTS and STATOl.CONLIM, and, as a user option,
plotting-routine SRI*SRI.RAMMAP. This plotting routine calls two FORTRAN
subroutines, SRI*SRI.BOX and SRI*SRI.HEADER, a special RAPS utility,
RAPS*UTILITY.COMPOZ, and the standard Tektronix software, GRAPH*TEKTRONIX.

MAIN PROGRAM
M21ADO*STATO1.ACSCOR

] L
\ \

DATA ELEMENTS MAIN PLOTTING ROUTINE STATISTICAL SUBROUTINES
M21ADO*STATO1.COQS2N SRI*SRI.RAMMAP M21ADO*STATO1.TESTS
M21ADO*STATO1.ERRLOS M21ADO*STATO1.CONLIM

M21ADO*STATO1.DISTAN

1 Y
SRI*SRI.HEADER |- SRI*SRI1.BOX

|
RAPS*UTILITY.COMPOZ

Figure 12. Software structure for the accuracy score program.

The data elements in STATOl are available as a user option for
testing the software. The first, COQS2N, is the test data base previ-
ously described. The second element, ERRLOS, can be used in Test 7 as
the user-supplied loss matrix, while the third, DISTAN, can be used in
Test 8 as the distance-loss matrix. These data elements are further

discussed in the next subsection, Data Entry.
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The programs are written in the FORTRAN V language. The main pro-
gram and statistical subroutines are written for general application on
any computer. The plotting programs, however, do use some specialized
software (e.g., RAPS*UTILITY.COMPOZ). Also, the map is specific to the
St. Louis area and the RAPS monitoring locations. Therefore, when apply-
ing the accuracy score programs to other geographical areas, one must, of

necessity, write new plotting software for the specific area in question.

The primary function of the main program, STATO1.ACSCOR, is to con-
trol the interaction between the user and the computer. This interaction
includes the data entry, which in turn controls which of the eight tests
will be conducted, in addition to all the other user-specified options.
The statistical calculations are performed within the subroutine contained
in STATO1l.TESTS. (The subroutines are listed in Section 3 of Appendix C.)
This subroutine has a separate entry point for each of the eight tests.
Shortly after calling the TESTS routine, the main program calls
STATO1l.CONLIM, which performs the key confidence-interval calculations.

The mapping subroutine, RAMMAP, is called at the user's option.
(Refer back to Figure 8 for an example of the output display.) Most of
the plotting is controlled in the RAMMAP routine, listed in Section 3 of
Appendix C. The program contained in SRI*SRI.HEADER annotates the plot
by producing the small box and test shown in the upper-right-hand corner
of the plot. The RAPS*UTILITY.COMPOZ routine retrieves the date and time
information displayed by the HEADER program. The SRI*SRI.BOX routine,
called by both RAMMAP and HEADER, is used to draw frames around the map

and header. All the above routines are listed in Section 3 of Appendix C.

Data Entry

Some of the information on data entry has just been described,.
As stated, the user, upon interrogation, must enter the number of data
points and monitoring stations. The other interrogations also involve

entry of one or two variables, as described in Table 1.
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The data base to be tested is requested during the session by the

prompt:
# ENTER ND LINES OF THE FOLLOWING DATA...

DATE (YRMODA)

TIME (HRMN)
MONITORING SITE NO.
OBSERVED VALUE
PREDICTED VALUE

wmt W N

The contents and format of the test data base is given in Table 2. (See
Appendix A for the listing of the test data base.) While the ISTC, IWSC,
and IWDC parameters are not used within the program, we must allow for
them when entering our data. Using the first line of data in Appendix A
as an example, we could format the first line of our data entry at the
terminal as follows (where the three consecutive 2's are arbitrary but

necessary for formatting purposes):

741012,0900,1,2,2,2,309.7,322.8

TABLE 2. DESCRIPTION AND FORMAT OF TEST DATA BASE

Ttem Name Format Description
1 IDATE 16 Calendar date--YRMODA
2 ITIME 14 Time, 0000-2300
3 ISITE Il Monitoring station number, 1-3
4 ISTC Il Stability class, 1-6
5 IWSC I1 Wind speed class, 1-6
6 IWDC 12 Wind direction class, 1-16
7 0Cs F5.1 Observed concentration
8 PCS F5.1 Predicted concentration
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The above format would be repeated for each set of comparisons (''ND" lines
total). For data entry, the user has the option of attaching a data base
in an existing file or entering the data base during the session. 1In the
former case, as previously stated, a data base can be attached by entering

a statement such as:

(@ADD MZ2IADO*STATO1.COQS2N ’

which will enter our test data base. Alternatively, we can enter data
as specified by the "READ" statement (see lines 000185, 000215, and so
forth, of the ACSCOR code):

READ (INP,3) IDATE(T),ITIME(I),ISITE(I),ISTC,IWSC,IWD,0CS,PCS "

where the first three parameters (IDATE,ITIME,ISITE) and last two para-
meters (OCS,PCS) are specified, and dummy variables are entered for

ISTC, IWSC, and IWDC.

After data are entered, each record is examined to ensure that the
observed and predicted concentrations are valid (or missing). Invalid
data are designated as such by negative numbers. The ACSCOR program
checks to see if either of the concentrations is negative (e.g., see

line 000190). It negative, the data are not used in the calculation.

The remaining input data are entered as shown in the sample inter-
active sessions (see Figure 9). Usually, each query involves the input

of one or two numbers, but there are two exceptions, Test 7 and Test 8.

When Test 7 is specified, the program will request a user-supplied
loss matrix. As the program now stands, this is a 5 by 5 loss matrix
that can be entered directly during the session or by attaching a file.
For instance, our test file (see the listing in Section 4 of Appendix C)

can be entered by:

(@ADD M21ADO*STATO1l.ERRLOS .
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Alternatively, we could directly enter five data lines, or rows
(J =1 to 5), each with five loss indexes (K = 1 to 5). Each index is
a loss associated with predicting concentrations in class J while observ-

ing them in class K. (The loss is usually set to zero when J = K).

As shown in line 000627 of the ACSCOR program, the loss matrix is
read into the AS array. This corresponds to five evenly divided cate-
gories of predicted and observed concentrations. The categories J and K
are calculated in lines 000059 and 000061 of the TESTS program. Note
that 5 and 0.2 (1/5) determine how many categories are entered. CMAX is
the user-entered expected maximum concentration (see Table 1). The num-
ber of categories can be respecified by changing lines 000059 through

000062 and the size of the AS array in the ACSCOR and TESTS programs.

For Test 8, the distance-loss matrix is currently specified as a
3 by 3 array because there are three stations. When asked for the
distance-loss matrix, the user can attach the existing file (see Section

4 of Appendix C) by entering:

(@ADD M21ADO*STATO1.DISTAN

Alternatively, the user can enter three rows (J = 1 to 3), each containing
three loss indexes (K = 1 to 3). The resulting matrix should be symmetric.
Each index in the matrix is a loss associated with predicting the maximum
concentration at one location, J, while observing it at another, K.

(The loss is usually set to zero when J = K.) This information is read
into the DD array (see line 000703 of the ACSCOR program). The number

of monitoring stations previously entered determines the required size

of the entered matrix. The DD array needs to be dimensioned so that the
number of rows and columns equals the maximum number of monitoring sta-
tions. (Even though a 3 by 3 matrix is sufficient, the DD array is cur-
rently dimensioned by a 5 by 5 matrix in the COMMON statements labeled
DAT.) The above changes are all that are required to adapt the program

for inclusion of additional stations.
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RESIDUAL TIME SERIES (STATO2,TIMSER)

The residual time series program is an "intermediate evaluation
statistic” used to detect cyclical components in the data. An unbroken
sequence of observed-predicted concentration pairs is required. Missing
concentration values are accepted by the program if flagged in sequence
with a negative number. The output is entirely graphic, so it is assumed
that a Tektronix 4014 terminal will be used. There are two graphs dis-
played for each station. The first, shown in Figure 13, is a plot of the
autocorrelation function against time lag (in user units which equal the
concentration averaging time). The second, shown in Figure 14, is a plot
of the cumulative periodogram. These plots are generated for each moni-

toring station of interest.

From a programming standpoint, the logic is quite simple because it
contains few options. The program structure for the Residual Time Series
Program is shown in Figure 15. Execution of the program and data entry
are controlled by the Control Element, M21ADO*STATO2.CASEl. (Parameters
within the Control Element may be varied to specify different options or
data. Hence, we refer to CASEn in Figure 7 because there are many varia-
tions. However, the structure remains the same.) As shown in the listing
for CASE1l, Section 1 of Appendix D, the first line specifies the execution
of the program contained in M21ADO*STATO02.TIMSER. Execution for CASElL

is begun by entering on the Tektronix terminal:
(@ADD,L M21ADO*STATO2.CASEl

Execution of the TIMSER program will then begin, with the data beginning

in line 000002 being read in under program control.

The mapping of the subroutines required by the TIMSER program is
shown in Section 2 of Appendix D. The source listing for the main pro-
gram, TIMSER, is given in Section 3 of Appendix D. The main program per-

forms all the calculations, most of the plotting, and the data entry.
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Figure 13. Display of the autocorrelation function for Station 1 of the test data base.
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Figure 14. Display of the normalized cumulation periodogram for Station 1
of the test data base.
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CONTROL ELEMENT MAIN PROGRAM

M21ADO*STATO02.CASE M21ADO*STATO2.TIMSER
Y |

DATA ELEMENT PLOTTING SUBROUTINES

M21ADO*STATO1.COQS2N M21ADO*STATO02.SETUP

]

AUXILIARY PROGRAMS

M21ADO*STATO2.USESET
SRI*SRI.BOX
SRI*SRI.HEADER
RAPS*UTILITY.COMPOZ

Figure 15. Program structure for the residual time series.

Referring to the TIMSER listing, we see that comment statements
(lines 000041 through 000081) are used to define the input data require-
ments and program options. The corresponding READ statements are imme-
diately before and after the comment statements. The input data will be
read line by line, starting with line 000002 of the Control Element,
Section 1 of Appendix D. The data base for observed and predicted con-
centration is specified in line 000011, our COQS2N test data base. Alter-
natively, other elements could be specified or, as discussed earlier on
page 27, the data could be specified directly, starting in line 000011

and continuing for ND lines.

The format requirements of the TIMSER program for data input are
identical to those of the other programs. However, the time sequence of

the data is important. In general, the data should be read in equal,
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ascending time intervals. When a data base contains more than one site,
then for each time period one data record per site must be presented.
After the record for the last site, the records for the next time period

should follow, starting with the first site.

Referring to the TIMSER listing, we see that the data are read on
line 000092. The next two lines of code check to see if the data fall
within the specified timeframe (see line 000082). After more time and
data checks, the program computes the parameters of the residual time
series, starting in line 000119. The calculations for the autocorrela-
tion function begin at line 000121; its values, ACF(K) are computed on
line 000159. The calculations for the normalized cumulative periodogram

begin on line 000209; its values, CNP(J), are computed on line 000231.

The principal subroutine, SETUP, controls plotting of the axis and
some of the annotation. 1In turn, it calls the HEADER, BOX, and COMPOZ
subroutines (described earlier). The listing for SETUP is given in Sec-

tion 4 of Appendix D.

CHI-SQUARE GOODNESS~OF=-FIT (STATO3.CHIFIT)

The chi-square goodness-of-fit program can be useful as either an
intermediate or a final evaluation statistic. As was the case for the
residual time series program, the output is completely graphic. So a
Tektronix 4014 terminal must be used. The output consists of two dis-
plays, each containing two plots. The first output display, Figure 16,
consists of histograms for both the observed and predicted concentration
data sets; the second output display, Figure 17, consists of histograms
of the difference between observed and predicted concentrations, absolute

and percentage.

The chi-square statistic, X?, and the number of samples, N, are
printed in the lower-right-hand corner of the second plot. (The statis-
tic, X?, is simply the summation of the square of the observed and pre-

dicted concentration differences divided by the observed concentration.)
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Figure 16. Histogram of concentrations for the test data base.
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The program structure for the chi-square program is shown in
Figure 18. The Control Element is used to execute the program and supply
the requisite input data. To initiate the program from the Tektronix
terminal, the user gives the Exec 8 command (see listings for the Control

Element in Section 1 of Appendix E):

(@ADD,L M21ADO*STATO3.CASEl .

Note that the first line specifies execution of the program

M21ADO*STATO3.CHIFIT. Its elements are shown in the mapping routine,
listed in Section 2 of Appendix E.

CONTROL ELEMENT MAIN PROGRAM
M21ADO*STATO03.CASE M21ADO*STATO3.CHIFIT
|
DATA ELEMENT PLOTTING SUBROUTINE
M21ADO*STATO1.COQS2N M21ADO*STATO3.HISTO

AUXILIARY PROGRAMS

M21ADO*STATOS3.SETUP
SRI*SRI*BOX

Figure 18. Structure of the chi-square goodness-of-fit program.
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The main program, CHIFIT, controls the data flow, computes X?,
divides the data into categories, and computes the frequency of occurrence
in each category. The listing for CHIFIT is given in Section 3 of Appen-
dix E. The input data for CASEl starts in line 2 (Section 1, Appendix E).
Each line corresponds to a READ statement, the first of which appears as
line 000043 of CHIFIT. The last READ statement (line 000073) specifies
the entry of the concentration data base. (For CASEl, our test data base
STATO1.COQS2N is specified.) Each read-in parameter is defined in the
listing for CHIFIT (lines 000023 through 000042 and lines 000055 through
000066) .

The four frequency distributions are calculated within CHIFIT,
beginning in lines 000087, 000113, 000132, and 000142. The X? sta-
tistic is calculated along with the last distribution (CHI2 in line
000148). After the second and fourth distributions are calculated, the
dual histograms are plotted by calling subroutine HISTO, whose listing

appears in Section 4 of Appendix E.

Within the HISTO subroutine, subroutines SETUP and BOX are called
(see Section 4 of Appendix E). Subroutine SETUP performs some of the
standard functions used in all histograms, such as framing the plots and

partially annotating the graphs.

BIVARTATE REGRESSION AND CORRELATION (STATO4,REGANA)

The bivariate (linear) regression and correlation program is most
often used as an intermediate evaluation statistic. The graphic output
consists of a scatterplot with options to display the least-squares fit,
probability and confidence limits, and "sensitivity" bounds. (The util-
ity of the options is described in Volume 4 of this report.) As for the
two previous programs, this program must be executed on a Tektronix 4014
terminal. An example of the program output is given in Figure 19. Note
that the correlation coefficient, regression coefficients, and number of

samples are displayed in the lower-left-hand corner of the plot.
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The program structure for the bivariate regression and correlation

program (REGANA) is shown in Figure 20. Execution of the program and

data entry are controlled by the Control Element M21ADO*STATO4.CASEG6.
(This particular CASE results in the plotting of confidence and proba-
bility limits about the regression line, as shown in Figure 19.)

The
listing of the CASE6 Control Element is given in Section 1 of Appendix F.

CONTROL ELEMENT

MAIN PROGRAM
M21ADO*STATO4.CASEn

M21ADO*STATO4.REGANA

|

DATA ELEMENT

STATISTICAL SUBROUTINES
M21ADO*STATO01.COQS2N

M21ADO*STATO4.LINLSQ
M21ADO*STATO04.STAB

AUXILIARY
PLOTTING SUBROUTINES
SRI*SRI.HEADER
SRI*SRi.BOX

Figure 20. Structure of the regression and correlation program.

Execution is begun by the command:

(@ADD,L M21ADO*STATO4.CASEG6

This will cause the REGANA program to be executed, with the data begin-

ning in line 000002 being read in under program control.
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The mapping of the subroutines required by the REGANA is shown in
Section 2 of Appendix F. The source listing for the main program is
given in Section 3 of Appendix F. The main program controls the entering
of data, calling of statistical subroutines, and plotting of scattergrams,

regression lines, and confidence limits.

Referring to the REGANA listing, we see that comment statements
(lines 000023 through 000045 and lines 000060 and 000071) are used to
define the input data requirements and program options. The corresponding
READ statements start in line 000046 and culminate in line 000076. (These
two lines correspond to the data given in lines 000002 and 000017 in the
CASE6 element.) In line 000103, REGANA calls the LINLSQ subroutine,
which computes all the statistical parameters of interest. The program
then proceeds to plot the scattergram (line 000138) and limit lines,

depending on the options (the ICODE parameters).

In plotting the scattergram, the program distinguishes among the
site codes (ISITE) for each of the three stations in the test data base.
They are stored in three separate arrays--(X1, Y1), (X2, Y2), and
(X3, Y3)--and plotted with different symbols., The logic starting in line
000081 and ending in line 000096 determines that the array suffix cor-
responds to the monitoring station number. The actual plotting of the

arrays i1s programmed in lines 000216, 000224, and 000228,

The parameter ICODE determines which, if any, of the regression or
limit lines will be plotted on the scattergram. The READ statement for
ICODE is in line 000048. (For our example, the data are contained in
line 000003 of the CASE6 element. The first parameter, "6", is ICODE
for this case. The second parameter specifies that the X and Y axes will
be linear.) The logic starting in line 000232 shows how the ICODE value

controls the six different options available to the user.

The ICODE options are defined in the comment statements (lines
000027 through 000033). Specification of ICODEs of 3 through 6 causes
statistical subroutines to be called. Subroutine LINLSQ, which is called

for all ICODEs, is used somewhat differently when an ICODE of 3 is
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specified. Note that after sensitivity bounds are calculated (lines
000116 to 000124), the LINLSQ program is called (line 000134) for only
those points falling outside the sensitivity bounds. (Note the sensi-
tivity bound check in line 000129.) The significance of this calculation

is discussed in Volume 4.

For ICODEs of 4 through 6, the FORTRAN function routine, STAB, is
called in line 000256. (See Section 4 of Appendix F for a listing of
STAB.) STAB assists in computing the 90 percent confidence intervals

using Student's t-distribution read into the TAB array.

The subroutine LINLSQ, called in line 000103, computes most of the
statistical parameters of interest. The listing for LINLSQ is given in
Section 4 of Aépendix F. The label COMMON LSQ contains most of the

parameters of interest, as follows:

RECNOP - reciprocal of the number of samples

A - constant in the regression-line equation

B - X coefficient in the regression-line equation

XSD - standard deviation of observed concentrations

YSD - standard deviation of predicted concentrations

CIL - lower 95 percent confidence limit for the correlation
coefficient

CIU - upper 95 percent confidence limit for the correlation
coefficient

SXMXB - square of the accumulated differences between the actual
and mean observed concentrations

RC - estimate of Pearson's Correlation Coefficient

RMSE - root-mean-square error

ESD - estimated standard deviation of predicted concentrations
about the regression limit

XBAR - average observed concentration.

Not all the above parameters are used in subsequent calculations by the
main program REGANA. However, they are useful statistical parameters

that can be displayed as an option.
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INTERSTATION ERROR CORRELATION (STATOS5.COREL2)

The interstation error correlation (COREL2) test computes the corre-
lation coefficient between the residual concentration (observed minus
predicted concentrations) at different monitoring stations. The output
consists of two matricies. The sample output for our test data base,
COQS2N, is shown in Figure 21, The first matrix is the correlation coef-
ficient between each of the true stations in our data base. The second
matrix shows the upper and lower 95 percent confidence limits for the

correlation coefficients.

CURRELATION MATRIX ,..

S1Ie 1 2 3
1 1.00 .78 «715
2 .18 1,00 .74
3 .75 JTH 1,00

9S=PERCENT CUNFIDENCE LIMITS MATKIX ...
SITE 1 2 3

1 L 1.00 .60 LR
U 1.00 B3 Y7

2L .00 1,00 .57
u .89 1,00 JHT

3 L +«54 .92 1,97
«87 .37 1.0¢6

c

Figure 21. COREL2 output for test data base.

Figure 22 displays the structure of the COREL2 program, whose sub-
routines are shown mapped in the listing contained in Section 1 of Appen-
dix G. The main COREL2 program (listed in Section 2 of Appendix G) con-
trols data input and output and calls the statistical subroutine XYCORR,

which controls the calculation of the correlation coefficient.
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MAIN PROGRAM
M21ADO*STAT0O5.COREL2

DATA ELEMENT
M21ADO*STATO01.COQS2N

SUBROUTINE
M21ADO*STATO5.XYCORR

SUBROUTINE
M21ADO*STATOS5.LINLSQ

Figure 22, Structure of the interstation error correlation program.

The input parameters (parameters are defined in lines 000016 through
000030) are entered as specified by the READ statements in lines 000033
and 000046 of the main program. The first input requires the number of
data points, the number of stations, the option code, and the first and
second monitoring statiun numbers. For our test data base, if we want

the comparisons for all three stations, the following input would be

entered:

101,3,2,1,2 .

The next read statement requires 10l lines of input data in the pre-

scribed order. Using our test data base, we would enter:

(GADD M21ADO*STATO1.COQS2N .
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Entering our input data in this order will produce the output shown in

Figure 21.

The subroutine stored in M21ADO*STATO5.XYCORR computes the residual
concentrations for each monitoring station. As shown in the listing
(Section 3 of Appendix G), XYCORR computes the DC1l and DC2 arrays (lines
000013 and 000014) and then calls the LINLSQ subroutine (line 000019).
The LINLSQ subroutine, listed in Section 4 of Appendix F, is the same
one used in the STATO4.REGANA program.

MULTIPLE REGRESSION OF ERROR RESIDUALS (STATO6.SPSSRUN)

The multiple regression of error residuals, using the meteorological
and emission classes as the independent variables, is an intermediate
evaluation statistic. Its purpose is to detect the model input parameter
that contributes most to the difference between observed and predicted
concentrations. These residuals were computed in the STATO6.SPSSDAT pro-

gram described in Section 2,

The procedure for conducting a regression analysis on the residuals

in SPSSFILE is given in Figure 23,

The general format of an SPSS program was described earlier. The
program simply finds the correct file, SPSSDATA, which is contained in
SPSSFILE. (Using Exec 8, the program automatically looks to Unit 3 for
the desired file.) Three specifications are found in the field of the
SPSS REGRESSION statement. The first, VARIABLES, identifies the parame-
ters required. If any are missing, a diagnostic will be given. The
second and third specifications are REGRESSIONs, Each of the REGRESSION
statements identifies the type of regression to be performed. The first,
RESID with ASC, WSC, WDC (1), specifies the regression of the concentra-

tion residuals on the three meteorological parameters; the second
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ADELETE PRINTZ2,
RASG,PU PRINTZ,
©ASG,A SPSSFILF,
BUSE 3,,SPSSFILF.,
RBRKPT PRINTS/PRINTZ

RSPSS

KDnN NAYE TEST rUw KO, |

GET F 1Lt SPSSDATA

REFGRESS194 VARIAGLLES = TImk ,831F ,AS8C,wSC,v0C, w810/
REGRESSINN = RESIH wllkH ASC,aSC,uDC(1)/
RKEGRESSION = KESIDL w]ITk TIME ,S1TEC1)/

OPTIONS 6,1l

STATISTICS ALL

F1n1SH

ARRKPT PRINTS
BFREE PRINTZ,
@SYM, U Pkiwt2,,,FL04PF

Figure 23. Example of a regression procedure.

specifies the regression of residuals on time and site. The program

output summaries are given in Figure 24 and 25.

The OPTIONS and STATISTICS statements are used to specify which
parts of the computations or output presentations are to be included.
The reader is referred to the SPSS manual for a complete summary of the
features associated with the REGRESSION procedure. Volume 4 of this
final report contains a detailed explanation of the interpretations of

the program output.

To complement the REGRESSION output, it is sometimes desirable to
plot a scattergram. For instance, the regression analysis of residuals
on meteorological parameters reveals that the best linear correlation
exists between RESID and ASC, SPSS can be used to plot a scattergram on
the line printer with three simple statements. With the same Exec 8
control statements given in Figure 23, the following three SPSS state-

ments follow the @SPSS:

GET FILE SPSSDATA
SCATTERGRAM RESID (LOWEST, HIGHEST) WITH ASC (3, 6)
FINISH
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The output for the SCATTERGRAM procedure is given in Figure 26. Note,

as specified in the SCATTERGRAM field, that the RESID scale adjusts to

the values between the lowest and highest in the file while the ASC scale

is from 3 to 6. Again, refer to the SPSS manual for a complete descrip-

tion of the SCATTERGRAM procedure.
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APPENDIX A

LISTING OF TEST DATA BASE M21ADO*STATOL.COQS 2N
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B.1 Run Stream Example, SRI*SRI.DATAFREQ
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B.2 Map of Program, SRI*SRI.MAPFREQ

SELT,L S.MAPFREQ
ELTO07 SL73RY 11/C1/78 (9:36:48 (4,)

€0o00 000 @8FOR SRI*SRI.FREGQ
(00C02 0006 aMAP ,SRI*SR1.FREGQ
{04603 000 IN SRI*SRI.FREQ

00304 000 IN SRI*SRI.ORDER
coocos 000 IN SRI*SRILGRALIN
€00006 000 IN SRI*SRI.GRAPH
({sJele]erg 006 IN SRI*SRI.PROB

€00008 co4 IN SRI*SRI.HEADER
cocdaoe 004 IN SRI*SRI.BOX

€aGo10 004 IN RAPS*UTILITY.CCMPOZ
€0G011 000 SADD GRAPH*TEKTRONIX.PREVIEW/MAPECL
END ELT.
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B.3 Listing of the Main Program, SRI*SRI.FREQ

wELToL Se.FREQ
ELTJ07 SL73R1 11701778 09:35:38 (53,)

€23G001 049 C PROGRAM SRI*SRI.FREG

203002 049 C MODIFIED FROM MZ1ADO*GMHWY.FREQ

¢006003 049 C PROGRAM FROM BILL PETERSON

€0G004 049 C MODIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1578
€00005 049 C TO COMPILE AND MAP GADD SRI*SRI.MAPFREG

€00006 049 € TO EXECUTE AND DATA 8ADD,L SRI*SRIL.DATAFREQ

toaoor 049 C DECLARATIONS

C0G008 049 DIMENSION O0B(999) ,PR(999) ,PM0(999) ,PMODO(S99) ,0PMODO(S99),
C0Caa9 049 10PMO(999) ,00B(999),FREG(T99),X{(999),Y(999),YY($99),0PR(999)
033010 049 C INITIALIZATION

{06011 049 WRITE(6,8C0)

C0C012 049 800 FORMAT(” ENTER LINE OF CONTROL PARAMETERS”)
€00013 049 READ(S5,500) NyIOP,IGRAPH,NLOGXDIM,YDIM,YRASE 4NPLT
000014 049 500 FORMATC( )

¢00015 049 C NLOG=NUMBER OF LO6 CYCLES.

00016 049 C XDIM=Xx DIMENSION IN INCHES OF PLOT.

000017 049 C YDIM=Y DIMENSION IN INCHES OF PLOT.FOR NPLT=3, YDIM=10.
£00018 049 C YBASE=LOWEST Y VALUE.FOR NPLT=3,YBASE=-3 ONLY.
C0C019 049 C NPLT, NPLT=1 PLOT OBSERVED ,PREDICTED VS. CUM. FREG.
€0C320 049 C NPLT=2 PLOT ABS(PR-0B) VS.CUM.FREG.

€0Gaz21 049 C NPLT=3 PLOT (PR-0B)/0B VS. CUM.FREGQ.

£ocaze 049 C 10P =1,PRINTOUT OF TABLE. IOP=2,NO PRINTOUT.

cod0e3 049 C IGRAPH=1,6RAPH DISPLAY. IGRAPH=2,NO GRAPH DISPLAY.
(00024 049 C N= NUMBER OF DATA POINTS.

€000es 049 C COMPUTATION

C0002¢6 049 WRITE(6,801)

€0co27 049 801 FORMAT(” ENTER OBSERVED AND PREDICTED DATA VALUES”)
cooo2e 049 DO 1 I=1,N

€0CQo29 049 READ(S5,10C) OB(I1),PR(I)

€0G030 049 100 FORMAT(33X,2F8.C)

£000o31 049 C CHECK OBSERVED AND PREDICTED VALUES BECAUSE OF LOGS
£0C9a32 049 IF(OB(I)LT0.001) 0BCI)=0.001

00033 049 IF(PR(ID.LT.0.C01) PR(I)=0.CO1

L0C034 049 PMOCI)=PR(I)-0B(]I)

€0G3a35 049 1 PMODCC(I)=PMC(I)/OB(])

COCO36 049 J=ROD(N,2)

£oco37 049 IF(J.EC.1) 60 TO 25

€0Cca3s 049 NN=N/2

00c03¢9 049 J=N+1

COC040 049 DO 15 I=1,4NN

C0Q041 a49 FREQ(I)=100.2{(1-0.4)/N)

C00062 049 3=d-1

C0C043 049 FREQ(JI)I=100.-FREQ(I)

000044 049 15 CONTINUE

C0G04sS 049 60 TO 45

€0C046 049 25 CONTINUE

00047 049 NN=(N=1)/2

C00048 Q49 J=N+1

£30049 049 . DO 35 I=1,NN

€000s0 Q49 FREQ(I)I=100.+C((1-0.4)/N)

£0C051 049 J=3-1

p0Los2 046 FREG(JI)=10C.~FREQ(]I)

€006053 049 3s CONTINUE

€00054 049 J=NN+1

Co005s 049 FREQCIDI=100.*((3=-0.4)/N)
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G0Gas56 049 45 CONTINUVE

000057 049 00 47 I=1,N

c0CQoss 349 FREQCID=FREQ(I) 21Ul

00C059 049 47 CONTINUE

€0G060 049 CALL ORDER(CB,00B,N)

€00061 049 CALL ORDER(FPR,0PR,N)

€0C062 049 CALL ORDER(FMO,0PMO,N)

COC0s3 049 CALL ORDER(PMODO,OPMODO,N)

€00064 049 IF(IOP.EQ.2) 60 TO 56

€0G60es 049 WRITE(6,200)

(00066 049 200 FORMAT C1X " NUM” ,T11,°0BS”4T23,"PR”,T36, PR~0BS " 4T44, (PR~0BS)/O0BES”
€000s67 049 14T624°0BS",T76,"PR*,T88,“PR-0BS”,T96, “(PR-0BSY/0BS”,T114, FREQ /)
€006 049 DO 55 I=1,N

c00069 049 WRITEC6,300) 1,0BC1),PRCI),FPMO(I),PMODO(I),00B(1),0PR(I),
€ogo7o 049 10PMOCI) ,0PNODOCI) FREQ(I)

006071 049 300 FORMAT(IX,12,T5,9¢F10.3,3Xx))

00072 049 ss CONTINUE

000C73 049 56 CONTINUE

€00074 049 IF(IGRAPH ,EC.2) 60 TO 4

€0g0?s 049 CALL PLOTS(BUF,1,14)

(0go76 049 CALL MEADER

000077 0s1 CALL SYMBOL(2ey~e8,.14, CUMULATIVE FREQUENCY (X)°,0.,24)
€0GCc7s 049 CALL 80X(0,C,1023,780)

taoo?9 049 IF(NPLT.EQ.3) GO TO 95

€ooo8d 049 CALL GRAPH(XDIM,YDIM NLOG,YBASE,1)

€00081 049 IF(NPLT.EQ.2) GO TO 75

¢00082 049 C NPLTY=1

£ncoss 051 CALL SYMBOL(~eSyT1eS54eT43"CONCENTRATION®,90.,13)

000084 051 YI=YDIM+,5

coG08s 051 CALL SYMBOL(~o5,Y¥2 ,¢149"FREQUENCY DISTRIBUTION FOR OGBSERVED AND P
00086 049 1REDICTED CONCENTRATION®,0.,¢3)

€oGcos? 049 DO &5 I=1,4N

cogoss 049 A=FREQ (1)

000089 049 B=00B(1)

€00090 049 C=0PR(I)

00091 049 XCI)=PROB(A)

€00092 049 Y(I)=ALO061C(B)

¢00093 049 YY(1)=ALOG10(C)

C00094 049 65 CONTINUE

€00095 049 X(N+1)=PROB(0.C01)

C00096 049 X{N+2)=C(PROB((.999)-PROB(0.001))/7XxD1M

c00097 049 Y(N+1)=ALOGIC(YBASE)

c0009%8 049 YY(N+1)=Y(N+1)

€00099 049 Y(N+2)=NLOG/YDIM

¢0o100 049 YY(N42)=Y(N+2)

€00101 049 CALL PLOT((Cey0ey=3)

€00102 049 CALL LINE(X,Y4Nyg1,~1,0)

000103 049 CALL LINEC(X,YY,N,1,-1,2)

00010‘ 069 CALL SYHBOL(XDI"'2-‘10|-2|C'00.‘1)

€00105 052 CALL SYMBOL(XDIM=147410yel4, OBSERVED“40e,8)

C00106 049 CALL SYMBOL(XDIM~-2. g-5.02'2'001‘1)

€00107 052 CALL SYMBOL(XDIM=1.7 43050014, PREDICTED 304 9)

€0G108 049 60 10 999

£00109 049 75 CONTINUE

¢10110 Q49 C NPLT=2

000111 052 CALL SYMBOL(-459Jeyel4,”ABSOLUTE VALUE OF RESIDUAL CONCENTRATION®,
€o0g112 049 1 9C.40)
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00113
cac114
(00115
coc11e
C0G117
coc118
600119
(0C120
coc121
00122
00123
00124
000125
20126
€20127
€0C128
(00129
€00130
Coct131
co0132
c0G133
€00134
€0013s
C00136
€00137
€00138
C0C139
C00140
€00141
000142
€00143
000144
00145
00146
Cau147
COC148
00149
€00150
C00151
€ou1s52
00153
€0015¢4
C00155
00156
{06157
Cog01s8
00159
€0C160
€001¢1
cocr162
000163
C00164

END ELT.

052
JSs3
a53
049
049
049
049
049
049
346
049
049
049
049
04¢
049
049
52
049
052
052
052
052
052
052
049
049
049
052
052
053
049
053
053
049
049
049
049
049
049
049
049
049
049
049
049
049
049
049
049
049
049

Y2=YDIM+.F
CALL SYMBOL(~e€,Y2,.14, FREQUENCY DISTRIBUTION FOR
1IVED-PREDICTED) CONCENTRATION 3 Jey?7l)
IN=1
DO 85 I=1,N
A=FREQ(I)
IFC(OPMO(I) LE.O) IN=I41
B=ABS(OPPO(I))
IF(B.LE.O.) B=C.001
X(I)=PROB(A)
Y(I)=ALOG61C(R)

RESIDUAL

(OBSER

85 CONTINUE
X(N+1)=PROE(0.001)
X(N+2)=(PRCB(U.99%9)-PROB(J.0U01))/XDIM
Y(N+T)=ALOGI0(YBASE)
Y(N+2)=NLOG/YDIM
(ALL PLOT(C..O..-.’))
CALL LINE(X,Y,Ny,T1,-1,4)
NIN=N=IN+1
CALL LINECXCIN),YCIN), ,NIN,1,-7,0)
CALL SYMBOL(XDIM=2.54%aye2454,404,-1)
CALL SYMBOL(XDIM-2.2y1e9et14, "UNDERESTIMATED ,0.,14)
CALL SYMBOL(XDIM=245,¢54024430e,-1)
CALL S'HBOL(XDIH'Z.S,'5102"3'000-1)
CALL SYMBOL(XDIM-2.2,45,¢14,"0OVERESTIMATED  4J4,413)
60 TO 9959
95 CONTINUE
C NPLT=3
CALL SYHBOL('05‘2-'01"‘RESIDUAL (1)"90-.12)
YI=YDIM+.5
CALL SYMBOL(CoyY2Z4y.74y "FREQUENCY DISTRIBUTION FOR PERCENTAGEZ,(Q.,
130
YI=YDIM+,25
CALL SYMBOL(O«yYl ,.%4,70F RESIDUAL RELATIVE TO OBSERVED CONCENTRA
TTION 4 Uss46)
CALL GRALIN(XDIM,YDIM ,NLOG,YBASE,1)
b0 105 I=1,N
A=FREQ(I)
X(I)=PROB(A)
Y(1)=0PMODO(1)
105 CONTINUE

X(N+1)=PROB(0.001)
X(N+2)=(PRCE(0.999)-PROB(0.001))/XDIM
Y(N+1)=YBASE
Y(N+2)=10./YD1IM
CALL PLO‘(O..O.,'})
CALL LINE(X Y 4N,y1,-1,0)

C TERMINATION

999

4

CALL PLOT(Q.4y0.,999)
CALL HDCOPY

sTOP

END
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B.4 Subroutine SRI*SRI.GRALIN

wELT,L S.GRALIN
ELTO07 SL73R1 11701778 (9:36:00 (12,

¢oCam
tgcdor
€00003
C0GC04
(gucos
€0GCCos6
(ocoo?
00008
€00009
00010
coGan
c0do12
(odeo3
C00014
$00015
C00016
qioli g
cooces
00019
cocczo
cocQ21
00022
Q00023
€0GC24
oagces
£0C026
coccz?
cocoee
c00029
coco30
C0GC31
coocC32
c0Co33
€0C034
€00C3s
€00036
ooc37
€00038
€0GQ39
C0C040
C0GCen
600042
€0GG43
00CC4s
GOCC4s5
C0CCs6
C0Gaa7
00048
C0C049
aeaso
¢00051
€ocosz
CoCass3
C0CGose
€a¢cCss

008
012
00s
o1
008
008
008
008
008
008
00&
012
012
012
008
0os
008
008
oos
012
012
012
01¢
0ps
006
008
008
008
Gos
00&
oo8
008
028
008
008
o8
008
oos
008
a08
008
00s
008
oos
008
008
6os
008
0Ck
008
008
ooe
0086
oog
a0e

SUSROUTINE ERALIN(XDIM,YDIM NLOG,YBEASE {NPLOT) GRAPHO1G
€ MODIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1978
C GRAPH DRAWS THE BASE CHART WITH PROBABILITY SCALE ON THE GRAPHO20
C ABESCISSA AND LINEAR SCALE ON THE ORDINATE., THIS ROUTINE WAS GRAPH(3(
C DEVELOPED BY DALE CCVENTRY. GRAPHD4C

DIMENSION XVAL(21) GRAPHCSC

DATA XVALZC o1 90e29Ue531e032e055.091Ce0420.0430.0,40.045Ce0460.0y GRAPHOGOD

U 70.0980eCy90eC195eC0998e0¢99e0959¢599948499.9/7 GRAPHO7O
DATA DUMT/” “/

IF\NPLOT.GT.1)60 TO 17 GRAPH 110
¢ SET TO BASE PLOTTER POSITION AT BOTTOM OF PAGE. GRAPH1Z0
CR CALL PLOTC(XDIM/2.),-33.0,-3) GRAPH14C

CALL PLOTCC(XDIM/2.),00,-3)

FCTR=ABS((XDIM/2.)/PROB(0.001)) GRAPH150

60 TO 18 GRAPH160
17 ICHECK=MOD(NPLOT,3) GRAPH170
C 60 TO CORRECT POSITION r .k MODULUS 3 OF PLOT NUMBER GRAPH 180
¢ (THREE PLOTS ARE MADE ACROSS WIDTH OF PAPER.) GRAPH190
CR IFCICHECK EQ.CICALL PLOT(Se411.44-3) 6RAPH200
CR IFCICHECK EGoT)CALL PLOT(1749=2244~3) GRAPH210
CR IFOICHRECK SEQ.2)CALL PLOT(Sa3114,-3) GRAPH22C
18 M=-1 G6RAPH230
C INDICATE ON PRINTER THAT PLOT IS BEING ATTEMPTED. GRAPH 240
[ POSITION AT CENTER OF PLOT GRAPH260

CALL SYHBOL((-XDIHIZ-).0.0.0.1.13.0.0.-1) GRﬂPNZTO
C DRAW CENTER LINE GRAPHZBO

CALL PLOT((-XDIM/2.),0.0,3) GRAPH290

CALL PLOTC((-XDIM/2+)43YDIM,2) GRAPH300

CALL SYPBOL((-XDIM/2.),¥DIM40e14134C0e0,5-1) GRAPH310
C LOOP TO DRAW LINES AND PLOT TOP AND BOTTOM NUMBERS FOR GRAPH 320
c PROBABILITY PART OF GRAPH. GRAPH33(

DO 2 1=2,21 GRAPH34O0

M=Mx(-1) 6RAPH3SO
C M IS A “FLIP-FLOP” SWITCH TO 60 FROM TOP TO BOTTOM,s THEN BOTTOMGRAPH360
C T0 T0P, ETC. GRAPH3Z70

ANUM=XVAL (1) GRAPH380

BNUM=100.0-xVAL(I) GRAPHI9O

CNUM=XVAL (I)*0.01 GRAPH400
C DETERMINE LINE POSITION 6RAPH41D

XP=PROB (CNUM)*FCTR GRAPH420

IF(M.LT.0)GO 70O 1 GRAPHAL3O

IFCANUM.LT.10.,)60 TO 11 GRAPH44LC

CALL NUMBERC(XP-0417)43-0415,0.07,ANUM,0s0G,1) GRAPHALSC

60 T0 17 GRAPH46D
11 CALL NUMBER((XP=0407),3-0415,0a079yANUM3elp1) GRAPH470
12 CALL SYMBOL(XP,(eCsCea14513,0.Co=1) GRAPHLE(

CALL PLOT(XF,2.0,%) GRAPH490

CALL PLOT(XF,YDIM,2) GRAPHS500

CALL SYMBOL(XP,YDIM,0a1,12,0.0,-1) GRAPHS10

IF(BNUM.LT.10.)60 TO 13 GRAPHS20

CALL NUVMBERCIXP=Co17) 4 (YDIM+0.T%) 3 Cal74BNUNM4LaL,1) GRAPHS3C

~0 TO ¢ WRAPHS40
13 CALL NUNMBERC(XP=0aC7) 4 (YDIM+0oG5) 30 07 4ENUM G Gely1) GRAPHS5S50

G0 TO ¢ GRAPHSGD

60



GOuC56
£eoos?
(00058
€0Cecs9
£00red
(00061
600062
C0G0e63
(00064
CoCCeS
(0LCes
CooCe?
€0C0e8
C0G0s9
€0GC70
coce
€0ca72
coge?s
00074
€oaazs
00076
cooor7
cocczs
€0Gc?9

END ELT.

008
0086
008
oo8
008
008
008
008
008
00¢
008
00¢
00é&
00¢&
00¢
(1191
008
ooe
010
g10
0Qs8
008
008
gos

14
15

~n

50
31

IF(BNUM.LT.103.)G0 TC 14

CALL NUMBER((XP‘C017 '(YDIM’D-OS)‘O.GT'ENUM'Jo:11)
60 TO 15

CALL NUMBER((XP-0.07),(YDINM+0.0%),Ca(74BNUF,C.L,1)
CALL SYMBOL(XP4YDIMy(e1413,0.0,~1)

CALL PLOT(XP,YDIM,3)

CALL PLOTU(XP,0.0,42)

CALL S'HBOL(XP'G.0'0.1'13’0.0,-1)

IFCANUM.LT.1C.)60 TO 10

CALL

NUMBER ((XP=0e17)4-0.15,0.07,ANUM,0.0,12

60 T0 2

CALL

NUHBER((XP-C.U?).-0.15.0.07,ANUH.U.0.1)

CONTINUE
WRITE ORDINATE LEGEND.C(TEXT AND NUMBERS)

XCOR=
CALL AXISCXCOR,0e04DUMT41,YDIM,90.,YEASE,(10,/7/YDIM))

XDIHI(-2-)

CALL PLOT(XCOR,U0,3)

00 50 1=1,11

CALL PLOTCUXCOR+XDIM) 4(1-14),2)
CALL PLOT(XCOR,(I-Ca),3)
CONTINUE

CALL

PLOT(XCOR,0.0,-3)

RETURN

END
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GRAPHS70
GRAPHS8Q
GRAPHSGN
GRAPH&OD
GRAPH&1C
GRAPHE2D
GRAPHG3D
GRAPHE4D
GRAPH&SO
GRAPHESC
GRAPH&TD
G6RAPHGED
6RAPH69C
6RAPHT0O

GRAPH96C
GRAPH970
GRAPH98C



B.4 Subroutine SRI*SRI.GRAPH

sELT,L S.GRAPH
ELTOG7 SL73RT 11701778 09:36:11 (6,)

€00001
€oo002
€ocoo3
€00004
C0000s
€occos
. Cocgor
coooos
00009
€0G010
<0001
€0cQo12
€0Go13
C0Co14
G0Q01s
C0e016
cooc1?
cocots
€00019
cocgzo
(0cga1
cocaoze2
C0Cde3
c0g0024
€ocoes
€00C26
goooez
(00028
000029
£00030
€0003
600032
C00033
C0C334
caacss
00036
Coo037
€0co3s
€00a39
cocos0
C0C0s1
000042
0G4z
C00044
£00045
000046
€00047
C0GCs8
€00049
00050
qoco51
€ogcs2
600053
00054
coQass

002
006
002
002
0Ce
003
"002
002
0Qs
002
00¢
006
06
006
002
602
002
002
002
Q06
006
006
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
602
002
002
002
002
02

C
C
c
C

CR
CR

17

CR
CR

18

(a2 o)

11
12

13

SUBROUTINE GRAPH(XDIM,YDIM,NLOG,YBASE NPLOT)

MOOIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1978
GRAPH DRAWS THE BASE CHART WITH PROBABILITY SCALE ON THE
ABSCISSA AND LOG SCALE ON THE ORDINATE. THIS ROUTINE WAS

DEVELOPED BY DALE COVENTRY.
DIMENSION XVAL(21)

DATA XVAL/0e14Ce240e541+0,2.0,5.0,1C.0,20.0,20.0,60.0,52.0,¢0.0,
U 70.098060990:e0,95eC59800,99¢0,99:5,99.8,99.9/

DATA DUNTZ” °
IFINPLOT.6T.1)60 TO 17
SETYT TO BASE PLOTTER POSITION AT BOTTCM OF PAGE.

CALL PL°1(1 2.0,-3600'3)
CALL PLOTU(XDIN/Z24)4=33.0,-32

CALL PLOTUC(CXDIM/24)40a,=3)
FCTR=ABSC((XDIM/2.)/PROB(D.CO1))
60 TO 18

ICHECK=MOBINPLOT,3)

60 TO CORRECT POSITION FOR MODULUS 3 OF PLOT NUMBER

(THREE PLOTS ARE MADE ACROSS WIDTH OF PAPER.)
IFCICHECK«EQ.CICALL PLCT(Se411.,4-3)
IF(IC"ECK.EQ.1)CALL PLOT(17.|'220"3)

IFCICHECK sEQ.2)CALL PLOT(S5.,11.,-3)
n=-1

INDICATE ON PRINTER THAT PLOT IS BEING ATTEMPTED.

POSITION AT CENTER OF PLOT

CALL SYMBOL((-XDIM/24),0e0,041,134C.Cy-1)
DRAW CENTER LINE

CALL PLOTC(-XDIM/2.),0.0,3)

CALL PLOTC(-XDIM/2.)4YDIM,2)

CALL SYMBOLC(C=XDIMIZ2) yYDIM,0a1,13,0.0,-1)

LOOP TO DRAwW LINES AND PLOT TOP AND BOTTCNM NUMBERS FOR

PROBABILITY PARY OF GRAPH.
00 2 1=2,21
n=Mr(=1)

M IS A “FLIP~-FLOP” SWITCH YO 60 FROM TOP 70 BOTTOM,

T0 TOP, ETC.
ANUR=XVAL (1)
BNUM=10Ce0=-XVAL(I)
CNUM=XVAL (1)+0.01
DETERMINE LINE POSITION
XP=PROB(CNUM)*FCTIR
IF(M.LT.0)60 TO 1
IF(ANUM.LT.10.)60 TO 11
CALL NU"BER((XP'OO17) "0.15 .0.07'ANU"|00091)
60 T0 12
C‘LL RUHBER ((XP-0.0?) "0. 15 '0.07|ANO"'0-0'1)
CALL SYHBOL(XP'UQO'0.1'13'000"1)
CALL PLOT(XP,0.0,3)
CALL PLOT(XP,YDIM,2)
CALL SYMBOL(XP,YDIM,0e1413,0.0,-1)
IF(BNUM.LT.10.)60 TO 13
CALL NUMBERC(XP-0417),(YDIM+0.05),0.C7,BNUM,0.0,1)
60 TO 2
CALL NUMBER((XP-0ed7) o (YDIM+0.05)30407,BNUMsUCy1)
60 70 2
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GRAPHO10

GRAPHCZE
6RAPHO30
GRAPHC4O
GRAPHOSO
GRAPHO60
6RAPHO70

6RAPH110
6RAPH121
6RAPH13C
GRAPH 14D

GRAPH150
GRAPH160
6RAPH170
GRAPH180
GRAPH 190
6RAPH200
6RAPH210
6RAPH220
GRAPH230
GRAPHZ24C
GRAPHZ260
6RAPH270
G6RAPH28(
GRAPH290
6RAPH3O00
GRAPH31Q
6RAPH320
GRAPH33(C
6RAPH340
GRAPHISD

THEN BOTTOMGRAPH360

6RAPH37O
GRAPH3BO
6RAPH39D
GRAPH4O0O
GRAPH41D
GRAPH420
GRAPH4L3D
GRAPH44O
6RAPHA4SO
GRAPHLED
GRAPH4T?C
GRAPH48O
GRAPH49O
GRAPHSOO
GRAPHS510
6RAPHS2C
GRAPHS53C
GRAPHSA(
GRAPHSS50
GRAPHS56C



{0C0s6
C00aos7
€00Qss8
¢00dgs9
COL060
€0Ga61
00062
C00C63
000C64
C0G065
£00066
(00067
Coua6s
{00069
(06070
(oco?71
{0GG72
C0gp073
¢00074
€oCec7s
(0076
cocar?
(0cc78
<0G079
cocoeo
cooos
£og082
<0eos3
C000E4
(0008S
£20086
(occsar
cociss
€0Q0o89
C00090
c00091
(0CC92
Couges
C0Ga94
€0CQ9s
€0G0%6
cocaev

END ELT.

002
002
002
002
00e
g0z
002
002
002
002
002
002
002
00¢
005
002
002
002
002
002
302
002
002
002
002
002
0902
002
002
002
002
002
002
002
002
002
002
002
602
002
002
002

14
15

L")

30

31

IF(BNUM.LT.10.)60 TO 14
CALL NUMBERC(XP-0a17) 3 (YDIM40,0S),2.07,8NUM,Laly1)
60 YO 1°
CALL NUMBERC((XP-0.J7) y(YDIM40.05),0.C7 ANUM, (W, 1)}
CALL SYMBOL(XP,YDIM,0.1,1%,2.0,-1)
CALL PLOT(XP,YDIM,3)
CALL PLOT(XF,CaCy2)
CALL SymBOL(XP,(.0,0.1,13,0.0,-1)
IFCANUM.LT.10.)60 TO 1¢
CALL NUMBERU(XP-041733-0.15,0.07,ANUM,0.0,1)
GO T0 ¢
CALL NUMBERU(XP=-0.07)4-0e15,0.07,ANUM,0.0,1)
CONTINUE

WRITE ORDINATE LEGEND.(TEXT AND NUMBERS)

CALL LGAXSC(XDIM/(-2:))4304040UMT,1,¥DIM,%0.,YBASE,(NLOG/YDI¥))

XPLOT=XDIM/2.0
IPLOT==1.C*XPLOT
M=-1
LOOP TO DRAMW LINES OF LOG PART OF GRAPH
PO & J=1,NLOCG
DO & 3=1,9
ARI=D

“FLIP-FLOP” TO GO FROM LEFY TO RIGHT, THEN RIGHT TO LEFT,

M=Me(-1)
YPLOT=(I~1)2(YDIMN/NLOG)I+ALOGTIO(AJY*(YDIM/NLOG)
IF(M.LT.0)G0 TO 3
CALL PLOTUXPLOT,YPLOT,3)
CALL PLOTC(ZFPLOTY,YPLOT,?2)
60 TO 4
CALL PLOTC(ZPLOT,YPLOT,3)
CALL PLOTU(XPLOT,YPLOT,2)
CONTINUE

DRAW TOP LINE
IF(M.LT.0)6C TO 30
CALL PLOTU(XPLOT,YDIM,X)
CALL PLOTC(ZIPLOT,YDIM,2)
60 TO 31
CALL PLCOTC(ZIPLOT,YDI®,3)
CALL PLOT(XPLOT,YDI¥,Z2)
CALL PLOTC(ZFLOT,Q0.0,-3)
RETURN
END
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GRAPMST
GRAPHSS
GRAPHESO
GRAPHGO
GRAPHE1
GRAPHER
GRAPHAS
GRAPHG4
6RAPHES
GRAPHOS
GRAPHG67
GRAPH&S
GRAPHEY
GRAPH?7Q
GRAPHT
GRAPH72
GRAPH73
GRAPHT4
GRAPH7S
GRAPH7TE
GRAPHT77
GRAPHTE
GRAPH?S
GRAPHE(
GRAPHSE’
GRAPHR,
GRAPHA:
GRAPHS:
GRAPHE
GRAPHS
GRAPHR
GRAPHE
GRAPHE
GRAPHO
GRAPHO
GRAPHY
GRAPHY
GRAPHS
GRAPHS
GRAPHS
GRAPHE
GRAPHC



B.4 Subroutine SRI*SRI.ORDER

SELT,L S.ORDER

ELTOO7 SL?3RT 11701778 (9:37:01 (2,)

GOLo0 000
€0c002 001
(0Cco3 001
00004 002
C0GG05 000
00006 000 10
cogcor 000
cogoos 090
coccos J00
(coa10 000
cooon 000 25
€0G012 000
€00G13 000
Co0Cco14 goo 32
- 000015 000 20
€0co16 000
cooo017 000
END ELT.

SUBROUTINE ORDER(A,E,N)

C SUBROUTINE ORDER FROM BILL PETERSON
C USED BY PROGRAM FREQ

DIMENSION A(1),B(1)
DO 10 I=1,4N
B(I)=A(])

NN=N-1

D0 20 K=71,NN

DO 30 J=1,NN
1IF(B(I)-BLI+1)) 3(C,25,25
X=6(J)

B(J)=B(J+1)
B(3+1)=x

CONTINUE

CONTINUE

RETURN

END

64



B.4 Subroutine SRI*SRI.PROB

aELT4L S.PROB
ELTO07 SL73R1 11/01/78 39:37:08 (3,)

£06001 0co FUNCTION PRCB(2) PROBSO10
€ooaae 000 C*2*THE FUNCTION PROB(Z) TAKES THE INPUT Z IN FREGUENCY PROBQ020
00003 000 Cxa*xFROM 0 70 1.0 AND DETERMINES THE PLUS OR MINUS PROBOZC3C
€0C0a04 000 C*+*STANDARD DEVIATIONSC(PROB) ON THE NORMAL CURVE OF PROB0OO4O
€oocos 000 C++*FREQUENCY THUS GIVING A PLOTTING POSITION FOR GRAPHING PROBUDSO
€00006 000 C*+*ON THE PROBABILITY SCALE. PROBGCGD
€00C07 000 C***THIS SUBROUTINE WAS DEVELOPED BY JOE SANTNER AND OBTAINED PROBCO70
€0Co0s 000 C***FROM RALPH LARSEN. PROBQC8O
(ooo09 000 WCA)=SART(ALOG(1./(A%A))) PROBQCYO
€0G010 000 XCAI=W(AYI-C(2.515517+40.802853»Ww(A)+0,010328»x(W(A)I*W A}/ 1.+ PROBQI0C
€00011 000 1 1.432788*W(AX¥C.189269* (N (AX*W(A)I+C. 001308+ (n(A)*W(A)I*W(A)))) PROB0O110
€00012 003 C WRITE(6,900) 2

(00013 002 9C0 FORMAT(3X, 2= “LE1C.5)

€00014 000 IF(Z-0.531,7,8 PROB(Q120
€oGo1s 000 1 IF(Z-0.0)244,46 PROBO130
£90016 000 2 WRITEC6,3)12 PROB(O140
(oucv 00U 3 FORMAT(2X,“INPUT ERROR PROB =7,E20.10) PROBO1S0O
£og018 000 G0 70 1¢C PROBQ160
00019 coo 4 WRITEC6,5)2 PROBO170
(agc20 000 ) FORMAT(2X,“ANS DEVIA EQUAL MINUS OR PLUS INFINITY PROB =7,E17.10) PROB(18C
€30021 000 60 10 10 PROBQ 190
€00022 000 6 PROB=-~X(2) PROBQ20Q
cocges 000 60 10 10 PROB0210
(00024 000 7 PROB=0,0 PrROBO22C
{00025 0oo 60 70 10 PROB(230
€agoze 000 8 IF(Z-1.009,4,2 PROB(1240C
(00027 000 9 PROB=X(1.C-12) PROBO250
€00028 (e]e]d] 10 RETURN PROBO260
C0CCe9 000 END PROB(0270
END ELT.
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APPENDIX C

ACCURACY SCORE LISTINGS
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C.1 Listing of the Main Program, M21ADO*STATO1.ACSCOR

aFLT4L ST1.ACSCOR
ELTCQO7 SL73RY 11/01/78 (9:27:57 (28,)

odGC0o Jes ¢ AAARRIRE AR AR R A AR ARNARN AR AR AR RN AR AR AR A AN AR A AR AN AR KR AR AR AR AR RN R k&
€0C002 025 C .

(00c03 025 C PROGRAM ACSCTOR COMPUTES AN ACCURACY SCURE FOR UP TO EIGHT

00 U004 025 C DIFFERENT LOSS FUNCTIONS. FOR EACH SCORE THEt CONFIDEMNCE INTER-
{00005 025 C VAL IS ALSO COMPUTED., AS AN OPTION THE ACCURACY SCORE FOR EACH
(0000¢ 025 < STATION CAN BE ENTERED ON A MAP OF ST. LOUIS USING THE TEKTRONIX
{0coar 025 C GRAPHICS MCDEL 4C14 TERMINAL. OPTIUNS EXIST wITHIN THE PKOGRAM
(gucos 025 C TO COMPUTE THE ACCURACY SCORE FCR ALL STATIONS COMBINED, A SPECI-
(06009 025 C FIED STATION, AND EACH STAT]ION.

(oca10 025 [

003011 025 C AARRRN KRR AR AR A AR R RA IR RN AR AN AR AN AR RARN AR RRNAANKN A AR AR R AR AR AR AR AR R AR
QL0112 024 COMMON /VAR/ZIDATE(123),ITIPE(123),1S1TE(123)

c0C013 024 COMMON JDAT/ET E24E24E4 PCMIN G HLTyHL2 sCMAX4DD(5,5),AS(5,5)

C00014 024 DIMENSION OCC123),PC(122),BSC5,5),DS(5,5),NOT(E),ACT10),500C(123,3)
£0CO15 024 1,SPCCC123,3), IDATEC(123,3),1TIMEC(123,3),ISITEC(123,3),0CA(123,5),
€3LC16 g24 ZPCAC123,5) 4y SOCACT123,592)3SPCAC12345,3),kKk(3),NOS(26),NODCTD)
(0cC17 024 2LNODSC10,3),LM(3) ENORM(Z),ERR(ZS)

00018 024 INTEGER 0QUT

CaGo19 024 DATA NOS /3R 01,3R (243R 03,3R C&,2R (05,3R 26,43R C7,3R (8,43R 19,
cocceo 024 T3R 1TUe3R 11,3R 1243R 1343R 14,3R 15,3R 16,2R 17,3R 18,3R 19,3R 20,
(oce21 324 23R 2143R 22,43R 23,3R 24,4,3R 25,3RALL/

{00022 025 DATA ERR/25*-1./

(guceas 024 DATA BS /CelypT1e0s2els3e0sbels1eCylel91e052e293e34240412C04C40,1.0,
€00G24 324 12¢043e¢092e031e{ 40004 1eC98e0453e042¢091+040.07

£000e5 024 DATA DS /Ce0yCet54141540.040e040045,CaCyCaC790laGyGeTsT1.15,0.740.0
(ocLgee 024 1,1220.04

coccez 026 DATA M Ny INP,OUT,PCMINGSNCRIT,IMC /5,095,6425.0,541/

20028 024 1 FORMAT C(///5XSEtHxwexe STATISTICAL TECHNIGUES FOR EVALUATING MODELS
€0gace9 024 1 2asns)

£o0co3o 024 2 FORWAT (/7UH # ENTER THE NO. OF DATA (ND) AND THE NO. OF MONITORIN
€00031 024 16 STATIONS (NS)./)

(00032 G24 3 FORMAT ()

(00033 024 4 FORMAT (/43H # ENTER ND LINES OF THE FOLLCWING DATA .../

(00034 024 1 26%X,16K1. PATE (YRMODA)

€o003s 024 2 J6X%X414H2« TIME (HRMN)

C0CC36 024 3 16X,22H3. MONITORING SITE NO.

coca3? 024 4 16X%Xy17h4. OBSEKVED VALUE

coo038 024 5 /¢X,18H5. PREDICTED VALUE/)

00039 024 5 FORMAT (/45H # SELECT ONE MODE NO. FROM THE FOLLOWING seey/

C0CC40 024 1 75%42H 1e DETAILED-RUN (FOR UN-INITIATED USERS)

C0CCae 025 2 15%X36H 2. GUICK-RUN (FOR INITIATED USERS))

C0Co42 024 7 FORMAT (/27H YOU BLEW IT ... TRY AGAIN. )

06043 024 8 FORMAT (/S4H # SELECT TVEST NOS. WITH A SERIES OF 1(YES) AND O(NO).
C00Q44 024 1 7/5x25u 1. MEAN AESOLUTE ERROR.

€OCC4S 024 2 /5X23H 2. MEAN SGUARE ERROR.

C0CC46 024 3 /5x30H 3. ABSOLUTE ERROR THRESHOLD.

€00C47 024 4 /5X32H 4. PERCENTAGE ERROR THRESHOLD.

C0LC48 024 5 /I5X38H S. SYMMETRIC HIGH-LOW LOSS FUNCTION.

C00049 024 [ /5X39H & ASYMMETRIC HIGH-LOW LOSS FUNCTION.

€20050 024 7 I15X31H 7. USER SUPPLIED LOSS MATRIX.

€0GCS51 024 ¢ /15X36H 8. MAXIMUM CONCENTRATION LOCATION./)

cgcese 024 S FORMAT (/45h # SELECT CONE TEST NOe« FROM THE FOLLOWING .eey/

CouCs3 824 1 /5x2&H 1. MEAN ABSOLUTE ERROR e..

LOCGC54 024 1 J1GX3SHE = (1.0/NI*(SUM(ABSCOCCI)I-PC(ID))),SXTIHWHERE I=1,N
Co0oss d24 2 15X2¢6H 2, MEAN SGUARE ERRCR e
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coccse
€ooes?
(gucss
€0G0s9
€000e0
00061
coutez
C0CCe3
{00064
€ocoes
(0GCo6
coooe?
(00068
(occCes
auc70
cocet
€oce72
¢oCca73
(00074
€0L07s
(00076
£acor?
C0Ga78
€ocare
(00080
£occs
cocosz
cocoss
(00084
(00085
coo08e6
coeos?
(00iss
(a0089
00090
00091
€oco92
€0C093
(0GG94
€0L09s
€0009e
€0009%7
(oui9s
L0ucys
(og100
(00101
£n0102
(nJ103
(0C104
€0C105
(00106
coc107
€oc108
(oQ1u9
a61190
tou1i
(36112

024
G24
J24
J24
024
024
024
024
024
024
024
024
024
J02¢
024
024
024
024
024
024
024
024
024
024
Ge4
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
J24
024
024
024
C24
024
224
Je4
024
024
Q24
224
d2¢
02«

16

11
12

13
14

15

17
1¢&
20
21
22
23
24
25

4

F1UX3SHE = (17INI*CSUMCCOCCI)/PCCIDI**2) ) ,5X1THWHERE 1=1,N
I5X33H 3. AESOLUTE ERROR THRESHOLD eee
710X240E = (1.CINI*CSUMCC(I))I))D 2 TEXTTHWHERE I=1,N
J15X14HMHERE CC(I) = C,6X25HIF ABSCOCCID-PC(I)).LE.E
JISXVILHWHERE CCI) = 1 L,6X2SHIF ABSCOC(I)-PC(I)).GT.E1
I5X35H 4. PERCENTAGE ERROR THRESHOLD eee
J1CX23KHE = (1. C/NIX(SUM(C(I))) s I7TXTTHKHERE I=1,N
JAISXTLHMHERE CCI) = (,6X,33HIF ABS((OCC(ID-PL(I))/O0C(I)) JLELE?
JISXVARMHERE C(I) = 1,6X433HIF ABSC(OC(IX=-PC(I))/O0C(L)).GTLE2
/5X&41H S. SYMMETRIC HIGH-LOW LGSS FUNCTION «es
J1CX23HE = (1.CUINI*(SUMCC(I))) s 17X TIHWHERE I=1,N
J1S5X14HMHERE CCI) = (0,6X30HIF PC(I) AND OC(I).LE.NORM, E3
J35X26HIF PCCI) AND OC(I).6T.NORM
J1S5XV14HWHERE C(I) = 1,6X13HIF OTHERWISE. )
FORMAT (/S5X442H 6. ASYMMETRIC HIGH=LOWw LOSS FUNCTION «eos
21CX23HE = (104N (SUMCC(I))) 17X TTHWHERE I=1,N
JASXISHMHERE CCI) = L1,SX20HIF PCC(I).GT.NORM, EL
J35XT7HAND OCCID.LT.NORM
JAISXIS5HWHERE C(I) = L2,5X16HIF PCCI) LY. .NORM
J3SXTTHAND OCCI) 6T NORM
J5X34M 7. USER SUPPLIED LOSS MATRIX ...
F10X23HE = (1.CINI*(SUN(C(I))) 17X TTHWHERE I=1,N
JISX19HWHERE C(I) = LUJ,K)
JISX25HWHERE PC(I)=J AND 0C(I)=K
/5% 939H 8. MAXIMUM CONCENTRATION LOCATION ...
710X%23HE = (1.0/NXx(SUmM(P(1))) 17X, 1JTHWHERE I=1,N
JSOX19HWHERE DC(I1)=DISTANCE/)
FORMAT (/3XSHSITE oR3I,1H,30H TEST1: MEAN ABSOLUTE ERROR IS,
1E10.3)
FORMAT (/S7H # WOULD YOU LIKE TO TRY ANOTHER TEST ... TYPE YES OR
INO. )
FORMAT C(/3XSHSITE 4R3I ,1H,2%H TESTZ2: MEAN SQUARED ERROR IS,£10.3)
FORMAT (/S56H ¥ SELECT A DATA SORTING CODE NO. FROM THE FOLLOWING .
Teel/SXLEH -1, EXECUTE TEST(S) ON DATA FOR EACH STATION.
Z I5%X48H  (, EXECUTE TEST(S) ON DATA FOR ALL STATIONS.
3 ISXE H N, EXECUTE TEST(S) ON DATA FOR THE NTH STATION (WHERE
4 N=1'NS) )
FORMAT (/45H # ENTER A VALUE FOR THE ERROR THRESHOLD, E1. )
FORMAT (/3XSHSITE ¢R3,1H,35H TEST3: ABSOLUTE ERROR THRESHOLD 1S,
1E10.3)
FORMAT (/65K # DO YOU wANT TO TRY ANOTHER ERKROR THRESHOLD ..o TYPE
1 YES OR NO. )
FORMAT (AY)
FORMAT (/45H # ENTER THE PERCENTAGE ERROR THRESHOLD (E2).)
FORMAT (/3XSHSITE 4R3,1Hs37H TEST4: PERCENTAGE ERROR THRE SHOLD IS,
1 €10.3)
FORMAT (/64K # ENTER A VALUE FOR THE SYMMETRIC HI-LO LOSS FUNCTION
1 NORM, E3. )
FORMAT (/3XSHSITE 4R3I,TH,46H TESTS: SYMMETRIC HI-LO LOSS FUNCTION
1ERROR IS,E1(.2)
FORMAT (/8SH # ENTER (1) NORM, E3, (Z) UNDERPREDICTION LOSS, L1 AN
10 (2) THE OVERPREDICTION LOSS, LZ. )
FORMAT (/3XSHSITE ,F3,1H,47H TEST6: ASYMMETRIC HI-LO LOSS FUNCTION
1 ERROR IS,E10.3)
FORMAT (/SEH ¥ ENTER A VALUE FOR THE MAX EXPELTED CONCENTRATION, €
IMAX./) )
FORMAT (/3XSHSITE oR341h,42H TEST7: USER SUPPLIED LOSS MATRIX FPRO

(RN RV RV RN R R N LAY R RV NV

MO NNN~NO>OCOO O
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(aG113
o114
(oL11s
C0G116
(30117
(00118
00119
20120
(gg121
(0Q1e2
(0G123
(0C124
toG12s
{00126
coo127
(oc1es
cac129
{26130
tou131
C00132
100133
C0C134
00135
€0G136
0¢137
tog13s
coCc139
€0C140
CO0141
(0C142
L0GC143
€00144
€aG145
C0C146
£00147
00148
€00149
(0g150
QG151
€auis2
(00153
couiss
00155
(ou1sé
toeis?
(00158
(a0159
(aC160
CoC161
(oG1e2
(00163
(0C164
C0C1¢5
000166
{001¢7
00168
{04169

324
024
024
024
02¢
024
U24
024
024
024
024
024
024
024
024
024
028
028
024
028
024
025
025
025
02k
De&
028
028
028
Q28
025
025
ges
025
024
U4
024
024
024
G24
024
24
024
024
024
024
g24
024
024
024
024
024
025
G624
Ges4
024
024

OO O

27
28
29
30
31
32

33
34

S0

54
55

1R IS E1C.2)

FORMAT (/95K % ENTER A DISTANCE MATRIX (NS X NS) BY ROWS ... TYPE
1YES IF AVAILABLE, TYPE NO IF UNAVAILABLE. )

FORMAT (/3IXSHSITE ,F3,1H,42H TEST8: MAX CONCENTRATION LOCATION LOS
1S IS 4E10.3)

FORMAT (/S54H # DO YOU WwANT TO TRY ANOTHER CMAX ... TYPE YES OR NO.
1)

FORMAT (/89H ¥ ENTER A LOSS MATRIX (S5X5) BY ROWS eee IF AVAILABLE
1TYPE YES, IF UNAVAILABLE, TYPE NO. )

FORMAT (/61H # 00 YOU WANT TO TRY ANOTHER LOSS MATRIX .es TYPE YES
1 OR NO. )

FORMAT (/12X42nxxa*xx NO CONFIDENCE INTERVAL (N)100) #aanx)

FORMAT (1CXS5F1(.3)

FORMAT (/56H # DID YOU ENTER THE MATRIX CORRECTLY ...TYPE YES OR N
1042

FORMAT (1CX2F10.3)

FORMAT (/57H # wOULD YQU LIKE TO TRY ANOTHER MODE ... TYPE YES OR
INC.)

FORMAT (/20Y26HROOT MEAN SQUARED ERROR IS,E10.3)

FORMAT (/624 # wOULD YOU LIKE TO TRY ANOTHER DATA SORT ... TYPE YE
10R NO.)

FORMATU(/S4H # 1F YOU HAVE A TEXTRONIX 4C14 AND DESIRE A SITE MAP W
11TH ACCURACY SCORES see TYPE YES OR NO. /)

FORMAT (/13h TEST CODE?/)

FORMAT (/19H TEST3, ENTER ET1:/)

FORMAT (/1%9H TEST4, ENTER E2:/)

FORMAT (/19M TESTS, ENTER E3:/)

FORMAT (/27¢ TEST6y, ENTER Ed, LY, 1L2:/)

FORMAT (/2CH & TEST?7y ENTER CMAX //10CX446HNOTE oee GUICK=-RUN USES
TPROGRAM LOSS-MATRIX. /)

FORMAT (10X, 46HNOTE ..o TESTR IS VALID ONLY FGR SORT CODE =1./)
FORMAT (/S5OW # TESTE, (QUICK-RUN USES PROGRAM DISTANCE MATRIX)/)
FORMAT (/13K # SORT CODE?/)

FORMAT (/13K # MODE CODE?/)

FORMAT (//724n *xedx END OF TEST x2a%x/)

™ I R W

INPUT FRCOM DATA BASE FILE oo

IDATE = DATE OF OBSERVATION
ITIME = TIME OF OBSERVATION.
ISITE = STATION NO.

ISTC,IwSC,IwDC ARE NOT USED.
ocCs = OBSERVED CONCENTRATION
PCS = PREDICTED CONCENTRATION

CALL TESTS (122,0C,PC,&)
FM=M

ROOTM=SQGRT(FM)

WRITE (OUT,1)

WRITE (OCUT,2)

READ CINP43) NL4NS

WRITE (OUT, 14)

PRINY 4t

READ C(INP,3) ICGDE

IF C(ICODE«GEL~TeANDSICODE .LELNS) GO TG £y
WRITE (QUT,7)

60 T0 55

69



00170 024 C

(ac171 024 C ENTER ND NO. OF DATA.

cou172 024 C

00173 024 ¢0 LL=0

(90174 024 N=0

oe17s 026 IMAP=IHNO

(00176 02¢ DO 65 L=1,M

00177 024 NOD (L) =C

Cou178 024 65 CONTINUE

€0G179 G24 IF (ICODE.EC.-1) 60 TO &0

C0G180 024 C INPUT DATA FOR PROCESSING ONLY ONE OR ALL SITES COMBINED.
p0G181 024 ISN=ICODE

coo182 024 IF CISN.EGQ.C) ISN=26

€0G183 024 WRITE (OUT,4)

(00184 024 DO 75 1=1,nD

€00185 024 READ C(INP43) IDATECI) JITIMECI) yISITECI)ISTCyInwSC,IWDC,
05186 024 10CS,.PCS

o187 024 IF CISN.EQ.26) 60 TO 77

€D0188 024 IF CISITECID.NE.ISN) 60 TO 75

00189 024 70 LL=LL+

(00190 024 IF (0CSelTeleloORPCSLTL0.0) 60 TO 75
00191 024 N=N+1

(oo192 024 ISITE(NI=ISITE(])

00193 024 IDATEC(NI=IDATE(I)

00194 024 ITIMEC(N)=ITIME(])

€00195 024 0C(N)=0CS

C00196 024 PCIN)=PCS

{00197 024 IF (ND.LT.1C0) 60 TO 75

(00198 024 K=MOD(LL,M)

€00199 024 IF (KeEG.C) K=5

{0C200 024 NOD(K)=NOD(K)+1

€aG201 024 LN=NOD (K)

00202 024 OCA(LN,K)=0CS

€00203 024 PCACLN,K)=P(S

(00204 024 75 CONTINUE

€00205 024 60 YO 95

£0G206 024 4 INPUT DATA FOR PROCESSING EACH SITE.
€00207 024 80 WRITE (OUT, &)

(0cz08 024 DO 85 IS=1,NS

cocaue 024 LMLIS)=0

(a6cz10 024 KK (IS)=Q

00211 024 DO 85 s =1,m

£0G212 D24 NODS(J,18)=C

€0c213 024 85 CONTINUE

€00214 024 DO 90 I=1,4ND

couz1s 024 READ C(INPo3) IDATE(I)ITIMECI) ISITE(I) ISTC,IwWSC,IWDC,
cagz16 Q24 10CS,PCS

t0c217 D24 IS=ISITEC(I)

(0Cce18 024 LMCIS)I=IM (1 S)+1

€00219 024 IF (0CS.LT.CeQeORPCSLTLCaC) GO TO 90
€0u220 02¢ KK(IS)=KkK(IS)+1

£0Gz21 024 ID=KK(IS)

{0Gee2 024 S0CCCID,I1S)=0CS

(00223 024 SPCCCID,IS)=PCS

{00224 024 IDATEC(ID,IS)=IDATE(])

€00225 024 ITIMECCID,IS)=ITIME(I)

30226 G4 ISITECCIDIS)=1ISITECI)
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(0Gce7
(0ge2¢8
(0uz29
€0Ce230
€0Cz231
€0c232
(0C233
(00234
(00235
{00236
€nge3?
¢00z38
€0cC239
c0L240
(0Ceat
{00242
C0Ce43
CoG244
€00245
£00246
30247
cog248
C0G249
CaGzs50
00251
C00es2
gG2s3
000254
Cou25s
000256
00257
€og2ss
L0u2s?
£002¢0
(00261
(00262
(00263
(00264
L0C265
C0C2¢6
000267
(06268
C0C269
00270
(oLe71
00272
00273
(00274
(0275
{0C2e7e
(00277
€0g278
(aCe79
€00 280
600281
(0C28&2
£0G283

Ceé
024
Q24
024
J24

024
024

024
N24
024
024
024
024
024
024
Q26
024
024
024
024
025
025
a25
025
025
Q25
024
024
0z4
24
024
025
024
024
024
025
025
024
024
025
024
326
024
g2s

-

90

130

135

1F (NDJLTL170) 60 TC 97
K=MOD (LM (IS),¥)

IF (KeEG.T) K=5
NODS(K,IS)=NUDS(K,1%)+)
LN=NODS(K,15)
SOCACLN,K1S5)=0CS
SPCA(LN,K,IS)=PCS

CONTINUE

1fF C(IMC.EQ.L) GO TO 95
IMAP=3HYES

IMC=0

WRITE (QUT,29)

READ CINP,17) 1YON

IF CIYONGNESSHYES) IMAP=IHNC
IF (IYONLEG.JHYES) CALL INITTC120()

ENTER THE DESIRED MODE.

WRITE (QUT,S)

WRITE (QUT,49)

READ (INP,3) MODE

IF (MODESGE «1«ANDMCDELE.2) GO TO 1.5
WRITE (QUT,7)

60 TO0 100

BRANCH TO 2 DIFFERENT MODE CASES.
IF (MODE.EG.1) 60 TO 125
SHORT FORM SELECTION,

WRITE (OUT,%)

READ (INP3)(NOTUL),L=1,8)

DO 115 1=1,¢8

IF (NOT(I)ebT oL, ORLNOTC(I).G6T41) GO TO 120
CONTINUE

60 YO 135

WRITE (OUT,7)

60 10 110

LONG FORM SELECTION.
WRITE (OUT,9)
WRITE COUT,10)
WRITE (OUT,46)
ENTER THE DESIRED TEST NUMBER.
WRITE(OUT,,40)
READ (INP,3) NOTE
IF (NOTE.GE.T1<AND.NOTE.LELE) GO TO 135
WRITE (OUT,7?)
60 70 138
BRANCH TO & DIFFERENT TEST CASES.

IF (IMAPLEG.IHYES) CALL HCOPY
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00284
C0Gess
G0cCz286
Co0287
00 C288
(0g289
(00290
€0GC291
(ouz92
00293
00294
00295
{06296
(0Ge97
(00298
(0G299
00300
(0C301
€00202
oozo3
(00304
€ac3es
000306
(oc3o7
{00308
€0G309
{06310
C0G311
€00312
(00313
(00314
(0L315
{0C316
€0C317
30318
€00319
(063220
coc321
000322
C0u323
€0C324
(0c22s5
(oczee6
(oG327?
(0G328
(0C329
C0L33D
(0u331
€o0332
(00333
00334
30335
(00336
0003237
coc33e
€oL339
(00340

025
024
024
024
D24
024
024
024
024
J24

324
024
024
024
024
024
024
J24
024
024
024
024
024
024
024
024
024
024
024
02¢
024
024
024
024
024
024
024
024
025
02¢
024
025
024
025
024
024
024
024
024
024
024
024
024
024
D2«
D2«

(o)

14

0

141

142

14

4

145

14

14

14

6

8

9

60 TO (140,15C,163,17C,180,19L,20(,225),NOTE
1« COMPUTE THE MEAN AESOLUTE ERROR.

IF (MODE.EQ.2.AND.NOT(1).EGQ.0) 60 TO 15C
IF (ICODE.LT.0) GO TO 144
COMPUTE FOR ONE/ALL SITES.
CALL TESTY (N4OC4PC4E)
WRITE (OUT,11) NOSCISN),E
IF (LN.LTNCRIT) GO TO 142
DETERMINE THE ERROR AND CONFIDENCE LIMITS (Cele)e
Sum2=0.0
DO 141 1=1,¥
CALL TESTT (NOD(ID,O0CACT,1),PCA(1,1),AC1))
AME=AC(])~E
SUM2=SUM24APFE *ANME
CONTINUE
CALL CONLIM (E,FP,RO0TH,SUMZ)
60 TO 149
PRINT 32
60 .TO 149
COMPUTE FOR EACH SITE.
DO 148 IS=1,NS
NN=KK(1IS)
IF (NN.6T.0) 60 TO 145
ERR(IS)==1.C
60 TO 148
CALL TESTT (NN,SOCC(1,1S),SPCC(1,IS),E)
ERRCIS)=E
WRITE (OUT,11) NOS(IS),E
IF (LMCIS).LTNCRIT) 60 YO 147
DETERMINE THE ERROR AND Ce.lL.
SUMZ2=0.0
DO 146 1=1,#
CALL TESTYT (NODS(I41S)sSOCACT I 1IS)ySPCACYZIZIS)eA(I))
P E=A(1)-E
SUM2=SUMZ24APE*AME
CONTINUE
CALL CONLIM (E,FM,RO0TM,SUM2)
IF (MOD(1S,5)EQ.CoAND . IMAP EQ.3HYES) CALL HCOPY
60 TO 148
PRINT 32
IF (MODC(XIS,5)eEQ.CaAND.IMAP.EQ.3HYES) CALL HCOPY
CONTINUE
IfF (MOD(NS,5) e NE.C.AND.IMAP EQ.3HYES) CALL HCOPY
IF (IMAP.EG.3HNO ) 60 TO 149
ENORM(1)=-1.(C
CALL RAMMAP (1,ERR,ENORM)
1F (MODE.E@.2) 60 TO 150
60 T0 290

2. COMPUTE THE MEAN SGUARED ERROR.
IF (MODE.EQ.2.ANDNOT(2).¥G.0) GO TO 161
IF (ICODE.LT.C) 60 T0 154

COMPUTE FCR ONE/ALL SITES.
CALL TEST2 (N,OC,PC,E)
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00341
Cdu3e2
{00343
C0GC344
€00345
(0u34e6
000347
C00348
C00349
€0g350
€106351
06352
00353
C0{3546
0G355
GQ0GC356
(0L3s7
000358
L00359
€00360
(oc361
00362
{00363
C0G364
C203¢5
000366
(0C367
(00368
(00369
(06370
00371
(oo372
(0g373
C0C374
000375
00376
(00377
(oo378
€oo379
00380
000381
cocs82
000383
C0C3e4
(0C385
€0G386
€oozez
(00388
(0c38¢9
€0C390
{00291
(00392
00293
(00394
(00395
(00396
00397

024
024
024
024
024
024
G24
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
G24
024
024
024
0246
024
024
024
024
024
024
024
024
024
025
024
024
024
025
024
025
024
024
024
024
024
024
G24
024
024
024
02s
024
C24
vy

151

152

155

156

157

158

159

160
161

F=SQRTCE)
WRITE (OUT,13) NOSCISN),E
IF (LNJLT.NCRIT) 60 TO 152

DETERMINE THE ERRCR AND C.lL.
sumM2=0.0
00 151 1=1,r
CALL TESTZ (NODS(ILIS)CCA(T4I)4PCALTL12,A(TI))
AME=A(CI)-E
SUM2=SUM24ANME *AME
CONTINUVE
CALL CONLIM (E FM,k00TM,SUM2)
PRINT 37,F
60 TO 159
PRINT 32
PRINT 37,F
60 TO 159

COMPUTE FOR EACH SITE,
DO 158 IS=1,NS
NN=KK(IS)
IF (NN.6T.C) GO TO 155
ERRCIS)==-1.(
60 TO 158
CALL TEST2 (NN,SOCC(1,IS)+SPCCC1,15),6)
ERRC(IS)=E
F=SQRT(E)
WRITE (OUT,13) NOS(CIS),E
IF (LMCUIS)LTNCRIT) 60 TO 157

DETERMINE THE ERROR AND Cel.

sumM2=0.0
D0 156 1=1,Mm
CALL TEST2 (NODSCILIS), SOCACI3I,IS)4SPCACTLI,1I5),ACI))
AME=ACI)-E
SUM2=SUM2+ANME £ AME
CONTINUE
CALL CONLIM (E,FM,RO0TM,SUNM2)
PRINT 37,F
IF (MODC(ISyS) EC.O.AND.IMAP.EQ«3IHYES) CALL HCOPY
60 TO 158
PRINT 32
PRINT 37,F
IF (MOD(IS,5)<EQ.Q0.AND.IMAP EG.THYES) CALL HCOPY
CONTINUE
IF (MODU(NS,S5)sNE«C.AND . IMAP .EQ.3HYES) CALL HCOPY
If (IMAP.EG.3HNO ) 6O TO 159
ENORM(1)==1.0
CALL RAMMAP (2 ,ERR,ENORNM)
IF (MODE.EG.2) GO TO 161
60 TO 290

3., COMPUTE THE ABSOLUTE ERROR THRESHOLD.

WRITE (OUT,15)

IF (MODELEG.2.AND.NOT(2).EQ.C) 6O TO 171
WRITE (CUT,41)

READ C(INP,3) E1

ENORM(1)=E1

IF (ICODELT.0) 60 TO 164
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(RtIVRAT ] 0es ¢ COMPUTE FOK ONTZALL STTES.

oLty D24 CALL TESTY (h,0(4#C4t)

L0u600 024 WRITE (OUT,16) NOSCISN) 8

{(0uen V24 IF (INJLTWNORIT) GO T0 167

LoLa?2 024 4 DFTERMINE THE ERROR AND (oL .

(00403 J24 sum2=0.0

(IL404 024 DO 162 1=1,"

(00405 D246 CALL TESTS (NODSCT,15),0CAC1,1),PCACT,1),A(]))
LNu&n6 024 AFE=ACI) -F

Lo0Gs07 024 SUMZ=SUMZ ¢APL *ANE

(0uL60B ueé 162 CONTINUE

000609 024 CALL CONLIM C(E,FM RO0TM,SUM )

L0oU410 024 GO0 10 169

€I0411 J2¢4 163 PRINT 32

(n0&12 D24 60 TO0 169

0Ge1s 024 ¢ COMPUTE FOR EACH SITE.

DN0C14 026 164 DO 168 1i5=1,NS

00415 024 NN=KK(1S)

LOL&16 024 1F (NN.6T.U) 60 TO 165

(06617 D2« ERRCIS)=~1.C(

LOCG1R 024 60 TO 168

(00619 024 165 CALL TESTI (NN,SOCCCI,IS),S5PCC(1,15),F)

(00620 024 ERR(1IS)=¢

€00421 024 WRITE (OUT,16) NOSCIS),E

toGe22 v24 IF (LMCIS).LT.NCRIT) 60 10 167

(0use2s 02¢ (4 DETERMINE THE FRROR AND C.Ll.

L0C424 024 sum2=0.C

C0C42S 024 DO 166 I=1,m

(00626 024 CALL TESTY (NODSCILIS) ,SOCACT,I,IS)SPCACT,I,15),AC1))
(00427 024 AME=ACI)~-F

(00428 024 SUM2=SUM2SAPE *AME

(0C429 024 166 CONTINUE

000430 024 CALL CONLTIM (E,FM,KO00TM,SUM?)

(00431 025 IF (MODC(IS,5) .EQ.C.AND.IMAP . EQ.3HYES) CALL HCOPY
(00632 025 GO0 T0 168

C0Q0633 024 167 PRINT 32

CO (434 025 IF (MODCIS,5) et GeUAND.IMAP . EQ.THYES) CALL HCOPY
C0063S D24 168 CONTINUE

wou4ds 025 IF (MODU(NS35) eNEDAND.IMAP . EQ.IHYES) CALL HCOPY
C0p43s? 024 1fF (IMAP.EQG.3HNO ) GO TO 169

COC43R 024 CALL RAMMAP (3,ERR,ENOKM)

c0ca4e 024 169 1F (MODELEQ.2) 60 TO 171

CNL640 024 WRITE (QUT,17)

(YY) 024 READ C(INP,18) 1YON

C0UL42 D24 If CIYON.EQ.3HYES) 6O 10 16C

COU6ss 024 60 TO0 290

(0U644 024 C

C0C4a4s 024 C b COMPUTE THF PIRCENTAGEL ERKOR THRESHOLD.
(A I YY) 024 C

(00&4? 024 170 WRITE (OUT,19)

(00448 Uea 171 IFf (MODELFG.2.AND.NOT(4) . EW.0)Y GO TO 181
(00449 025 WRITE (OUT,42)

C00450 024 READ 3,£2

CNU4s D24 ENORM(1)=F2

C00452 U2 1F C1CODE.LT.0) GLO TO 174

L0GL&S3 J24 C COMPUTE FOR UNE/ALL STTES.

G0C454 024 CALL TEST4 (NLUCLPC E)

74



COuL4sSS
CO0C456
C0C4S7
C0C458
C00459
(00460
00461
(0C462
(0C463
00464
{0L465
(0C466
C0C467
£0C4¢68
0600469
(0C470
(0C&?71
00472
(0C473
{00474
{00475
00476
{0C477
(00478
(00479
(004890
06481
€0C482
(0G4e3
cocses
000485
C00486
{0C48?
€05488
{70489
€00490
600491
(04492
€o0g493
€049
(0C495
{00496
C0G4G7
(00498
L0C499
coQgseo
£00s01
€00502
€00s03
00504
{00sos
€00s06
€ocso7
£oesos
00509
£ocs10
00511

024
024
024
J24
024
024
024
024
024
024
02¢
024
024
024
02¢
024
024
324
024
024
024
024
024
024
024
024
024
024
024
024
024
025
024
02¢
025
024
225
024
024
024
02¢
D24
024
024
024
024
D24
024
024
02s
024
024
024
024
024
024
024

172

173

174

1?5

176

177
178

179

(2]

180
181

WRITE (OUT,20) NOSCISN),E
IF (LN.LTNCRIT) 60 YO 173

DETERMINE THE ERROR AND Ca.le.
sumM2=0.0
DO 172 I=1,"¥
CALL TEST4 (NODS(I,IS),0CA(T41),PCA(T,1),AC(1))
AME=AC(LI)-E
SUM2=SUM2+AME * AME
COMTINUE
CALL CONLIM CE,FM,RO0TM,SUM2)
60 T0 179
PRINT 32
60 T0 179

COMPUTE FOR EACH SITE.

DO 178 1S=1,NS
NN=KK(IS)
IF (NN.GT.0) 60 T0 175
ERR(IS)=-1.C
GO0 TO 178
CALL TEST4 (NNGSOCC(14IS)SPCCC141S),E)
ERR(IS)=E
WRITE (OUT,20) NOSCIS),E
IF (LMCUIS)LLTNCRIT) 60 TO 177

DETERMINE THE ERRCR AND C.lL.
Sum2=0.G
DO 176 I=1,¥
CALL TEST4 (NODSCILZIS),SOCACT I ,1S)4SPCACT,I,IS),ACI))
AME=A(I)-E
SUM2=SUMZ2+APE »AME
CONTINUE
CALL CONLIM (E,FM,RO0TM,SUM2)
IF (MOD(IS,5) EQ.QANDJIMAPEQ.IHYES) CALL HCOPY
60 TO0 178
PRINT 32
IF (MOD(IS,5) .EQ.C.AND.IMAP ,EQ.3HYES) CALL HCOPY
CONTINUE
IF (MODUNS,5) NE,C.AND.IMAP EG.3HYES) CALL HCOPY
IF (IMAP.EG.IHNO ) 60 TO 179
CALL RAMMAP (4L ,ERRLENORM)
IF (MODE.EQ.2) 60 TO 181
WRITE (OUT,17)
READ (INP,1E) IYON
1fF (IYONLEGQ.3HYES) 60 TO 170
60 TO 290

Se COPPUTE THE SYMMETRIC HIGH-LOW LOSS FUNCTION.

WRITE (0OUT,21)
IF (MODELEQ.2.AND.NOT(5).EQ.0) GO TO 191
WRITE (OUT,43)
READ C(INP,3) E3
ENORM(1)=E3
If CICODE.LT.D) 60 TO 184
COMPUTE FOR ONE/ZALL SITES.
CALL TESTS (NLOC,PC,E)
WRITE (OUT,22) NOSCISN),E
IF (LN.LT.NCRIT) GO TO 183
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(li\ "'I’
LTRAI YRS I
(00514
counIn
OOt
toentr
(OCHIR
onon1e
(thonen
(oune
(ounes?
COLnes
oG24
nNones
tngneen
couse?
Ounheonr
(00509
[T
(nunyY
(0UnYe
(KIS
(R ITRAY
COOH %S
(”(l'l‘(i
Couns?
(OU9%3R
{nunve
[T TR
L0461
COUNe
L0543
nunsad
(ALnen
0D CH46
(Ousa?
{OUN4R
(Qunse
COunng
[GUTRES
COSY
[SATTR)
(064
tapnhn
VLYY A
Hopss 7
caessn
(S TR
g nen
LNl
(Ouhe,
(Ops6 N
[T &)
toLhen
Lo e o
LOLNe7
[RUTERY O

il h
Ve b
004
(1
0,4
Odd
l'('l‘
)4
(AR
04
Ul 4
ra’
’4
074
024
074
074
024
024
()l"(
074
J04
004
074
024
024
}24
04
0’4
0%
(74
074
[T
0,4
[EIPA)
0’4
[V AY
0,46
S
004
/4
U4
Ui e
0,4
0,4
{4
(0,4
(LA
s
0.4
Ak
0. &
(LAY
Ol 4
IS I
(DA

[

18

1HY

1K4

1485

186

187

118

189

190
1v1

DETERMEPE THT F LKOK AND €L,

SHM/Z-0 L0
po TH? 1=,
CALE T1ESTS INODSCT LIS JO0CARC T T) W FCACT 1) AL ]))
AME-ACTEDY -
SHMS = SHMR VANME SAMG
CONTINU
CALL CONLIM €F ,FM ROOTM,SUM )
GO 10 1HY
PRINT 5%/
GO 10 1HY

compusr FOR TACH SI1TH,
D0 ThR 18-1,N°
NN-KK(TY)
1F ANNLGTouU) GO TO TR
FRECIS)-~1,.(
GO0 T0 PR
CALL TESTS NN, QY 05D 5000, 0%) 1)
FRROCES) —¢
WRETE (OUT,./2) NGHLOIL) I
13 GUMCIS) T aNCRTTD) GO TO T87

DI IS RMINE THE FRROR AND Cot .
sum/-0D. b
DO IRG6 1Y ,M
CAVL TESTS INODSUT L18) L,S00A0T 1 ,I8) 5P CALT,1,14),A01))
ART -ACTE) -
SUMS=SUN2 SAME #AM]
CONTINUL
CALL CONLEM (F JEM HOOTM,5UM )
I (MOD (IS, ") ct Q.U AND.IMAP (EQ L 3HYES) CALL HOORY
CO 10 1hE
PRINT 3.
16 (MODCES ") el GO ANDLIMAL F QL SHYES) (ALL HOOPY
CONTINUG
11 (MODUINS, Y oNELUCANDLIMAP (L QL3HYES) CALL HLOKY
e CIMAP LT W L.SHND ) GO 10 THY
CALE RAMMATL (5 U HRR,ENOKM)
T (MORE .0 GU 10 19
wRitE oyt 17)
Rt AD CINP,IH) N1YON
1 CIYONLJIULIHYES) G0 10 100
GO 10 S0

6. COMPUTE Tl ASYMMEIRTIO HIGH-LOW 2GS PUNCTION,

WHITE (OuT,. %)

I (MODE sl Wl cANDLROT (YT QL0) GO TO 201

WRITE (GUT,44)

RIAD CINF L) b agaht ) hl

[IGLLYS B EX A

ENORMO )~ 1

FNORMOC Y)Y - L S

ECLCOnE 4 1e)Y GO 10 YY4
COMPUTY T OK ONVZALL Y1184,

CALLE TS0 6 NGO o1 (1)

WHITE COUT ., 4) NUSCISND I

T CGENJLTONERTT) (O TO0 19!
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(00569
€ocCs70
(06571
0ls572
(00573
(aLs74
(0as7s
(0Gs576
€00577
€0Gs78
0Ls79
{acsson
000581
(aCsee
(00583
(0Cses
0CSES
€6Cs586
coose7
cous8s
(0C5869
(QUss0
(00591
(00592
00593
(00594
00595
Loes9s
000597
€0@ss8
(00599
(ace0o
{90601
€ooen2
00603
(0004
(00605
{30606
(00607
(oce0s
€00609
Looe10
oce
(ocelz
(00613
(aue614
00061s
(00616
(0Q617
(0Co618
oce19
(0C¢20
(gcCe21
coge2?2
LoG623
00624
(0Cees

024
V24
Gz4
024
024
024
024
024
024
uzé
024
624
024
024
ulé
024
U24
024
oy
024
024
024
024
024
D24
024
024
024
024
025
024
024
025
Q24
025
024
024
024
024
024
D24
24
024
024
024
024
224
024
024
024
D25
024
Ge2a
024
024
025
02s

ol aleNal

192

193

154

195

196

197

198

199

200

201

DETERMINE THE ERROR AND Col e
sumM2=0.C
Do 192 I=1,M
CALL TESTS (INODSCILIS),0CATUT,1),PCALI41),A(1))
AME=A(I)-E
SUMZ=SUM24ANME*ANE
CONTINUE
CALL CONLIM (E,FM,RCOTM,SUM2)
60 TO 199
PRINT 32
60 T0 199

COMPUTE fFOR EACH SITE.
D0 198 1S=1,NS
NN=KK (1S)
IF (NN6T.L) GO TO 195
ERRCIS)I=-1.C
60 To 198
CALL TEST6 (NN,SOCC(1,4,15),SPCC(1,IS),¢E)
ERRCIS)=E
WRITE (QUT,24) NOSCIS),E
If (LMOIS)LTANCRIT) 6O TO 197

DETERMINE THE ERROR AND Cele
SumM2=0.0
DO 196 I=1,M
CALL TEST6 (NODSCI4IS),SOCACTI41,41S),SPCACT,1,IS),A(1))
AME=A(I)-E
SUMZ2=SUMZ2IAMERAME
CONTINUE
CALL CONLIM (E,FM,RO00TM,SUM2)
IF (MOD(ISy5) eEQeLsANDIMAP.EQ.3HYES) CALL HCOPY
G0 TOo 168
PRINT 32
IF (MODCIS,5)eECe0aANDIMAP . EQG,IHYES) CALL HCOPY
CONTINUE
IF (MOD(NS, ) NE+COAND.IMPAP.EQ.IHYES) CALL HCOPY
IF (IMAP.EG.3HNO ) GO TO 199
CALL RAMMAP (6,ERRyENORM)
IF (MODE.EG.2) 60 TO 201
WRITE (OUT,17)
READ (INP,1E) 1YON
IfF (IVYONLEG.3HYES) €GO TO 19C
GO TO 290

7. DETERMINE THE ERROR FROM A USER SUPPLIED LOSS MATRIX BASE
UPON PC AND OC.

WRITE (OUT,20)
READ CINP,18) IYON
1F (IYONLEQ.IHYES) GO TO 217
QUICK-RUN USES PROGRAM LOSS-MATRIX.
IF (MODEEG .2 ANDNOT(7).EQ.0) GO TO 225
D0 205 1=1,5
L0 2US J4=1,5
AS(1,4)=8S(1,J)
CONTINUE
IF (MODE.EG.1) GO TO 215
WRITE (OUT,45)
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30626
(0Ge27
00628
CoCe29
C0Go630
€00¢31
(00632
00623
C00e34
C0ge3s
€00¢36
(oue3?
coue3s
€00639
€0G640
C0C641
00642
C0Co642
00644
C0Ce4s
C0l646
00Ce4?
00648
(00649
€0Ge50
00651
000652
(0G653
€0C654
C00655
L0056
(0Ce57
olese
00es9
(06660
(0Ce61
(0Ce62
(0Ge63
C00664
C0066s
(00666
(0cee7
000668
(00669
(0Ce70
(0Ce71
(0Ce72
(0cers
Coge74
(0Ge7s
caceveé
(o677
(0Ce78
€0Ge679
c00¢80
C0cee1
(0Ce82

025
024
024
V24
024
024
025
024
024
024
024
024
024
C24
024
024
024
D24
024
024
G24
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
024
025
024
024
025
024
025
024
024
025
024
024
024
024
024

210

215
216

217

218

219

220

221

222
223

224

60 TO 216
READ C(INP,3) ((ASCI,d),J=1,5),1=1,5)
WRITE (OUT'ZS) ((AS(I'J)'J=1|S)'I=1'S)
WRITE (OUT,34)
READ CINP,18) IVYON
IF CIYONLEG,3HNO ) 60 T0 20C
WRITE (0UT,25)
READ C(INP,3) CMAX
ENORM(1)=CMAX
IF (ICODE.LT.D) 6O TO 219

COMPUTE FOR ONE/ALL SITES.
CALL TEST? (N,OC,PC,E)
WRITE (OUT,26) NOSCISN),E
IF (LNJLT.NCRIT) 60 TO 218

DETERMINE THE ERROR AND CoL.
SumMe=0.C
DO 217 I=1,*
CALL TEST7 (NODSC(I,IS),0CA(T1,1),PCACTLI)oA(I))
AME=A(I)-E
SUM2=SUM2+ANE *AME
CONTINUE
CALL CONLIM (E,FM,RCOTM,SUM2)
60 TO 224
PRINT 32
60 TO 224

COMPUTE FOR EACH SITE.

DO 223 1S=1,NS
NN=KK(IS)
IF (NN.6T.5) 60 TO 220
ERRCIS)==1.C
60 TO 223
CALL TEST7 (NN,SOCC(1,41S)¢SPCC(1,IS),E)
ERRCIS)=E
WRITE C(OUT,26) NOS(IS),E
IF (LMCIS).LT.NCRIT) 60 TO 222

DE TERMINE THE ERROR AND C.le
sum2=0.0
DO 221 1=1,r
CALL TEST7 (NODSCILIS) SOCACT4IZIS)SPCACT,TI,IS),ACT))
AME=ACI)-E
SUM2=SUM2+ANME * AME
CONTINUE
CALL CONLIM (E,FM,RO0TM,SUM2)
IF (MODCISy5)eEQaCoAND . IMAP.EQ.IHYES) CALL HCOPY
60 TO 223
PRINT 32
IF (MODCISyS) eEGeQoAND cIMAP.EQ+3HYES) CALL HCOPY
CONTINUE
IF (MODUNS,5) eNELOLAND . IMAP.EQ,3HYES) CALL HCOPY
IF CIMAP.EGC.3HNO ) &0 TO 224
CALL RAMMAP (7 ,ERR,ENORM)
1F (MODE.EG.2Z) 60 TO 225
®RITE (OUT,29)
READ C(INP,18) 1YON
IF (1YONL.EQ.3HYES) GO T0 215
WRITE (OUT,21)
READ C(INP,18) 1IYON
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(0C683
€0C684
(00685
cooe8s
(0Ce87
(0Ces8
(0C689
(0C690
(0Ge91
(00692
(0C693
(00694
C00695
[qe1e7 37
00697
00698
{06699
00G700
(0cz01
30702
(00703
00704
(306705
oc706
(ocza7
cogvo8
€gG709
coc?10
oo
<ge712
€00713
(0C714
€ag71s
06716
00717
(00718
(06719
00720
(0c721
00722
Couves
(00724
(oc7es
coc726
coozer
(0g728
06729
€3C730
€0ec731
(00732
€0Cc733
€aL734
€a073s
CoC?36
00737
00738
00739

C24
024
024
024
025
025
025
025
025
g2s
G624
ues
025
025
025
024
025
2258
025
024
025
024
024
624
024
Q24
024
024
024
024
024
024
024
024
024
024
024
024
G24
024
024
024
024
024
024
024
Q24
024
C24
024
024
024
024
024
024
024
ues

(a)

225

226

227

228

229

230

235

240

250

255

IF (IYONSEG.3HYES) €GO TO 202
8. DETERMINE THE LOCATION wHEFt THE MAX (ONCENTRATION OCCURS

IF (ICODEEGe-T1.AND.NOT(B).EQ@T) GO TO 226
IF (NOT(E).EQ.0) GO TO 280
WRITE (QUT,46)
60 TO 280
IF (MODE.EC.2) 60 TO 227
WRITE (OUT,27)
READ CINP,1E8) 1YON
IF (IYONJEQ.IHYES) 60 TO 229

QUICK~RUN USES PROGRAM DISTANCE MATRIX.
DO 228 I=1,4N\S
DO 228 J=1,NS
DD(I,3)=DS(1,J4)
CONTINUE
If (MODE.EQ.1) 60 TO 23C
WRITE (QUT,47)
60 70 230
READ C(INP433) ((DDCJI4K)4K=T,NS)4J=1,4NS)
WRITE (OUT,35) C((DDCJ K) yK=T4,NS)yJd=14NS)
WRITE (QUT,34)
READ (INP,18) IYON

IF (IYONLEG.3IHNO ) GO TO 225
IF (ICODELT.C) GO TO 250
COMPUTE FOR ONE/ALL SITES.

CALL TESTE (N,0C,PC,E)
WRITE (OUT,ZB) NOSCISN),E
IF (LNJLTLNCRIT) GO TO 240

DETERMINE THE ERROR AND (C.L.
SumM2=0.C
DO 235 I=1,Mm
CALYL TESTE (NODS(IZIS),0CA(T,I),PLACI,1I),A(1))
AME=A(I)-E
SUM2=SUM2+ANE*AME
CONTINUE
CALL CONLIM (E,FM,RO0TM,SUMZ)
60 TO 280
PRINT 32
60 70 280

COMPUTE FOR EACH SITE,
DO 265 IS=1,4NS
NN=KK(IS)
IF (NN.EQ.O) 60 TO 265
CALL TESTE (NN,SOCC(1,1S),SPCCCT1,15),E)
WRITE (OUT,28) NOSUCIS),E
IF (LMCIS).LTNCRIT) 60 TO 2¢0

DETERMINE THE ERROR AND C.lL.
Sum2=0.0
PO 255 I=1,¥
CALL TEST8 (NODS(IZI1S)4SOCA(T41,1IS)ySPCACT,I,IS)4AC1))
AME=AC(T)-E
SUMZ=SUMZ24AME*AME
CONTINUE
CAaLL CONLIM (E,FM,RO0TM,SUX2)
IF (MOD(IS,5)etGoCeANDJIMAP.EG.2HYES) CALL MHCOFY
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{00740
(6C741
€ac742
C0C743
000744
C3G745
L0C746
CaC747
C0C748
€0C749
(06750
00751
£oG752
00753
C0C754
€0C755
(00756
00757
Coo7se
00759
C0C760
000761

END ELT.

024

02¢
025
024
025
024
024

60 TO 265
PRINT 3¢

IF (MODCISyS)eEGeC«ANDIMAPEQ.3HYES) CALL HCOPY

CONTINUE ¢

IF (MODUNS,S) oNEOJANDJIMAP,EG.IHYES) CALL

IF (MODELEQ.2) 60 TO 3(C0
TRY ANCTHER TEST?

WRITE (OUT,12)

READ (INP,18) IYON

IF CIYONSJEQWL3HYES) 60 TC 13(
TRY ANOTHER MODE?

WRITE (0UT,36)

READ (INP,1E) IYON

IF (IYONSEQ.3HYES) GO TO 99
TRY ANOTHER SORT?

WRITE (OUT,38)

READ C(INP,1&) IYON

IF (IYONLEQJL3IHYES) 60 T0 54

WRITE (OUT,E¢)

IF (IMAP.EQ.3HYES) CALL FINITT (0,20)

sT0P

END
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C.2 Program Map, M21ADO*STATOL.MAPIT

GELT.L ST1.MAPIT
ELTC07 SLT3RT 11701778 (09:38:21 (4,)

{ooCot
(oecoe
{00003
(0Go0s
Cou00s
(0LC06
coucor
coogos
s ity
00010
00611

END ELT.

J03
001
001
0C1
001
001
001
201
J01
001
003

GMAP M2TADO*STATCI.ACSCOR
IN M21ADO*STATO1.ACSCOR
IN M21ADU*STATOT.CONLINM
IN M21ADO*STATOT1.TESTS

IN SRI*SRI.RAMMAP

IN SRI*SRI.BOX

IN SRI*SRI.HEADER

IN RAPS*UTILITY.CCMPO2
LIB GRAPH®*TEKTRONIX.

END

aXQT M21ADGXSTATO1.ACSCOR
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C.3 Subroutine M21ADO*STATO1.TESTS

SELT,L ST1.TESTS
ELTCOU7 SL73RT 11401778

t0GCO1
coccoz
{0CCO03
00004
(0acos
000006
coocor
coccos
<0oco9
(0co10
€00G11
€oc012
o601z
00014
€0G015
€ocC16
(ooc17
€0co18
€00019
€00G20
(00021
coccae
o023
C0CC24
€0cGes
€Go026
[lihiry
00028
€00029
€oaczo
C0G03
600032
06033
(00034
€0CQ35
€00C36
0o0Co37?
coca3e
€0G039
0000 40
CoCC41
00042
€00Q043
€0C044
C00G04S
{00048
(00047
0007 48
00049
00050
€0Cas
(00352
(ooeas3
C0GC54
(0G0ss

o0co
000
000
000
000
300
000
000
300
000
000
000
000
000
ooo
J0o
000
000
000
600
000
000
000
000
000
000
000
000
000
1]e] 0
000
000
000
ooo
000
000
000
0oc
000
000
000
000
000
000
000
1]ely)
000

D00

000
000
000
000
000
000
000

100

110

120

125
130

140

150

£9:38:22 (1,)

SUBROUTINE TESTS (N,OC,FC4E)

DIMENSION OC(N)PC(N)

COMMON /DATZET E2sEZgELyPCMINJHLTgHLZ2 oCMAX DD (S45)4A5(5,5)
COMMON /VARZIDATEC1Z23) (JTIME(123),1S1ITE(123)
RETURN

ENTRY TEST1 (N,OC,PC,E)

SUM=0.0

DO 100 I=1,N

SUM=SUM+ABS (OC(I)-PC(I))

CONTINUE

E=SUM/N

RETURN

ENTRY TEST2 (N,0C,PC,E)

Sum=3.0

DO 110 I=1,N

oCmPC=0C(1)-PC(1)

SUM=SUM+OCMPC*OCMPC

CONTINUE

E=SUM/N

RETURN

ENTRY TEST3 (N,OC,PC,E)

SuM=0.0

DO 12D I=1,N

IF CABSCOCC(I)-PC(I})e6T.ET) SUM=SUM+1.0
CONTINUE

E=SUM/N

RETURN

ENTRY TEST4 (N,0C,P(C,E)

SUM=0.0

DO 130 I=1,N

IF (0CC1).6T.0.0) GO0 TC 125

IF (PCC(I)JLE.PCMIN) 60 TO 130

SUM=SUM+1.0

G0 TO 130

IF (ABSCCOCC(I)-PC(1))/0CCI)).6T.E2) SUM=SUM+1,(
CONTINUE

E=SUM/N

RETURN

ENTRY TESTS (N,OC,PC,E)

SUM=0.0

DO 140 I=1,N

IF (OCCI)eLEE3.AND.PC(I).LE.E3) GO TO 140
IF COC(I) 6T E3,ANDPC(I).GTLE3) GO TO 140
SUM=SUMN+1.0

CONTINUE

E=SUM/N

RETURN

ENTRY TEST6 (N,O0C,PC,E)

SumM=0.0

00 150 I=1,N

IF C(OCCI) oL TeELeANDPC(I)eGToEL) SUM=SUMAHLT
IF COCCI)eGToELeANDPC(I)WoLT.EL) SUM=SUM4HL?2
CONTINUE

E=SUM/N

RETURN
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Couose
Couis?
coccse
Laces9
Louce0
occen
acdes
(0CTe3
ooCes
COGCES
[qo .1
aCw0e67
{00068
(cule9
(0uG70
cocc?y
occr2
£oGt73
Loue74
€owe7s
0Ca7e6
{oecr?
(0CQ78
QU eray
00080
couoen
(00082
cooGes
cocoss
cogocas
€0C086
coooer
0000EB
€0co89
C0G0s0
€oo091
(ooc9e
(06093
30094
£0G6095
060%¢
{0097
000098

END ELT.

aHDG,N

G6Co
006
GoG
000
)]0
090¢
GocC
360
000
000
fely

000
000
000
000
000
000
300
000
000
000
000
000
go¢
000
00d
000
000

1en

170

175

180

185

ENTRY TEST? (N,OC,PC,E)
SUM=Jau

DO 160 I=1,N
3=5.0%C((PCLII+L.Z*CFAXDI/ILMAXD
1F (J‘GT.S) k=5
K=5.0%C(OCLIY+L 22 CMAXDI/LMAXD
IF (KeGT45) k=5
SUM=SUM+AS(J,K)

CONTINUE

E=SUM/N

RETURN

ENTRY TESTE (N,O0C,PC,E)
sur=0au

NT=0

moc =1

®PC=1

OMAX==1.0UETL

PMAX=~1.0E1C

IDATED=IDATE(T)
ITIMED=ITIME(T)

DO 185 1=1,N

1F (IDATECID.NE.IDATED) 60 TO 180
1F (ITIMECID.NELITIFED) GO TO 1¢C
IF (0CCI).LT.OMAX) 60 TO 175
OMAX=0C (1)

MOC=ISITE(I)

1F (PC(1).LT.PMAX) €GO TO 1E&°
PMAX=PC(])

MPC=ISITE(1)

60 T0 185

NT=NT+1

SUM=SUM+DD(MOC MPC)

MOC=1

MPC=1

omMAx==1.CE1C

PMAX==1.0E1C

IDATED=IDATE(I)
ITIMED=ITIMECT)

60 70 170

CONTINUE

E=SUM/NT

RETURN

END
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C.3 Subroutine M21ADO*STATO1.CONLIM

(ELT'L S1 -CONLIF

ELTLO7 SL73RYT 11731778 09:32:08 (24)

uoGLco
06002
€oeCos
CoG004
€oGoos
€oeCoe
cocoo?
caccos
cocao9
€0L610
cacen

END ELT.

300
0CO
o000
000
000
00¢
000
600
000
000
Gou

40

SUEROUTINE CONLIM (ELFM¥,R00TM,SUM2)
S=SART(SUMZ2/(FM-1.]))
CLU=T1.96*S/RO0TH
CLL==CLU
CLI=E+CLY
CL2=E+CLL
IF (CLZeLY.() CL2=3.0
PRINT 4CyCLZ,CLY
FORMAT (/12x24HS5% CONFIDENCE INTERVAL:E1C3,4H TO E10.3)
RETURN
END
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C.3 Subroutine M21ADO*STATOL.RAMMAP -

sELT,L S<RAMMAP
ELTC07 SL73RT1 11701778 (09:37:10 (30,)

cococol
(00002
€00003
€0G004
coooos
00006
coocoz
coccos
cocco9
cooc10
ooc1t
(0c012
000013
00014
€0001s
Co0g16
(ocar?
couc18
Co2019
(36620
(accet
coce2
ogazs
cocoz4
cocagas
€dc02s
00027
coogzs
c000z9
06030
(00031
00032
€00cC33
€0C034
€0Ga3s
00036
€0c037
ooc3se
€ocise
€00040
C0C041
€00042
600043
C0CC4s
COCQ45
CaGG4e
C0C047
C00048
00049
€0uos0
20051
€£oo0Gs2
Louoss3
00054
C0Gass

226
026
gde
026
026
026
226
026
026
D26
026
026
026

g2e
026
G26
G26
026

SUBROUTINE RAMMAPINTEST,VALUES,PARM)
ROD ALLEN, COMP-AID INC., CCTOBER 1978
PLOT VALUES ON RAMS STATION MAP OF ST. LOUIS FOR RAM MODEL TESTS
FOR RON RUFF OF SRI
ASSUMES TEKTRONIX 4014
3 E1 THRESHOLD, 4 E2 THRESHOLD, 5 E3 NORM, & E& NORM, L1 LCGSS 1, L2 LOSS 2,
7 LOSS MATRIX S UPPLIED BY USER, NOT LISTED HERE
DECLARATIONS
DIMENSION TEST(647)42EROCL) JVALUES(25),L0C(25) ,PARM(3),A0UT(5)
DIMENSION RAMSX(25) ,RAMSY (25) yXLAB(4) ,YLAB(4) ,NUMBER(25)
DIMENSION MOX(5),MOY(S),MSX{14) MSY(14),MSLX(E),MSLY (&)
C INITIALIZATION OF DATA
DATA MMS/14/7,MN0/5/ ,MSL/G/
DATA MOXS69¢471043720473247500 yMOY /427644284 46257 43430644200/
DATA MSLX/739,735,733,734 473847467 MSLYJL26R8,4270,4275,4282,4288,
1 4294/
DATA MSXZT73C 7323739, 744b 47664443744 ,74C,750,750,735,7234,714,708/
DATA PSY/4225,4251,426844272,4280,4286,4250,4294,4300,4306,4310,
1 6374,4314,4330J
DATA RAMSXZ 74442 ,3742.5,747.64747.3,743.7,
1 738a7o74C0ay74Beby755e8,7472y 73848473309 ,737e79744.3,757.1,
2 T62e8 760069743613 729e8,723 1y 732444374106 ,277.34749.3,697.41
DATA RAMSY/Z42BUe 042860 94282094277 014270y
1 627 8494283 ¢9829144428C0yé273 0y 42720942814 44250.442974,4298.4,
2 4290494273 agb26344427 10942860y 43020¢43294+4286+942374,428247
DATA XLABZ7?007,77207, "7407,°7607¢
DATA NUMBER/“017,°0274°037,°04",705°4706",727°,708",°N9",710°,
1 117,712 1370 14,7157, 167,717 7, 187,7197,7207,7217,7227,
2 “237,72474,°2571
DATA LOC/ 1o e To 0352933 0 t0T0ds34303s 100 l019393e10443,2,1/
DATA ZERO/“C."4y7 0.797 0.7,° 0.7¢
DATA YLAB/ 42507 ,°4275°,°43C07, 4325/
DATA TEST/“MEAN ABSOLUTE ERROR
“MEAN SGUARE ERROR
“ABSOLUTE ERROR THRESHOLD
“PERCENTAGE ERRCR THRESHOLD
“SYMMETRIC HIGH-LOW LOSS FUNCTION
“ASYMMETRIC HIGH=-LOW LOSS FUNCTION
“USER SUPPLIED LOSS MATRIX

ol oo o W I o)

LY T TR U R S

e e e e e

~NOwn W

C INITIALIZATION
WRITE(6,75)
75 FORMAT( /o “ PRESS RETURN TO CONTINUE")
READ 76, 1
76 FORMAT(AGL)
CALL INITTC120)
CALL TERM(2,1024)
C WRITE TITLE WHICH IS TEST DESCRIPTION OF TEST NTEST
CALL CHRSIZ2(2)
CALL MOVABS(20,700)
CALL AQUTST(5, TEST “)
N=.iUMBER(NTEST)*b64
CALL AQUTST(1,N)
CALL MOVABS(20,680)
CALL AOUTST(33,TEST(1,NTEST))
C PRINT PARAMETERS
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£00Qas6 026 IF(NTEST.LE.Z) 60 TO BL

£ogces? 026 CALL MOVABS(20,660)

€00058 026 IF(NTEST.LE.6) 60 TO 81

€000s9 026 CALL AQUTST(4S,°LO0SS MATRIX SUPPLIED BY USER, NOT LISTED HERE”)
€0G0eo 029 CALL MOVABS(20,640)

€00Co61 026 81 ENCODEC(30,82, A0UTI PARM

C0GG62 026 82 FORMAT(IPGE 244X 1P26Bo2y2X)

(00C63 g26 IF(NTEST.EQ.3) CALL AOUTST(12,"E1 THRESHOLD®)
(00064 026 IF(NTEST.EQe4) CALL AOUTST(1247EZ2 THRESHOLD”)
€000sS 026 IF(NTEST.EQ.5) CALL AOUTST(7,7E3 NORM”)

€0CcGes 026 IF(NTEST.EG.6) CALL AOUTST(25,“E4 NORM, L1 LOSS, L2 LOSS")
£o0067 02¢ IF(NTEST.EQ.7) CALL AOUTST(26,“CMAX CONCENTRATION MAXIMUM®)
(0CCé68 g26 CALL AQUTST(8,A0UT)

C0G069 026 IFCNTESTL.EQ.6) CALL AOUTST(16,A0UT(3))

coug70 026 80 CALL CHRSIZ(3)

cooo?1 026 C USES THE NEXT TC SMALLEST OF & CHARACTER SIZES
coco72 026 C WRITE SUBTITLES AND LEGEND

cogo?3 026 CALL MOVABS(20,2C0)

CaGC74 026 CALL AQUTST(29,°VALUES GIVEN NEXT TO STATIONS”)
coea7s 026 CALL MOVABS(22,184)

€00C76 D2¢ CALL AQUTSTU(1S5,°SN RAMS STATION")

€0Co77 026 CALL BOX(20,182,38,196)

cooove 026 CALL MOVABS(2C,168)

Coec?9 026 CALL AOUTSTUE34, WHERE SN+100 IS THE STATION NUMBER”)
C0.icso 026 CALL MOVABS(20,152)

coocel 026 CALL AOUTST(37, °VALUE EXAMPLES 12-3=.,012 AND 12+3=1207)
€oocse 026 CALL MOVABS(2C,136)

[ofsFefe] .33 026 CALL AQUTST (26, AXES UNITS UTM COORDINATES”)
€00084 026 C DRAW FRAME

€0008s 026 CALL BOX(0,(,1023,780)

¢00086 026 C DRAW TIC MARKS

000087 026 DO 1 I=1,4

cocoes 026 IX=1024* (6EC4202T1-696.3)7(778.4~696,.3)

coocs9 026 IY=T781204225.4252Y-4235.7)7C4330.,3~-4235.7)
€000%0 026 CALL MOVABS(U,1Y)

€00C91 026 CALL DRWABS(4,1Y)

€00092 026 CALL MOVABS (1023,1V)

CoG0o93 026 CALL DRMABS(1019,1Y)

€0C094 026 CALL MOVABS(1X,0)

000095 026 CALL DRWABS(1IX,4)

€0cC9e6 026 CALL MOVABS(IX,776)

cooe9e? 026 CALL DRWABS(IX,780)

(0Co 98 026 CALL MOVABS(IX-8,5)

€0co99 026 CALL AQUTST(3,XxLAB(I))

(00100 Q26 CALL MOVABS(5,1Y~6)

€00101 026 1 CALL AOUTST(4,YLAB(I))

00102 026 C PRINT TIME AND DATE HEADER

€00103 026 CALL HEADER

C0C104 026 C DRAW STATION BOXES AND WRITE STATION NUMEBERS

€00105 026 b0 2 1=1,25

C00106 026 IX=1024* (RANMSX(I)~69643)/(778.4-696.3)

€0G107 02¢ IV=781*(RARSY (1)-4235,.7)/C4330,3-4235.7)

€0C108 026 CALL BOX(IX-9,IV=7,1IX+9,1Y+7)

00109 026 CALL MOVABSCIX-7,1Y-5)

c0G110 026 CALL AQUTST (2 NUKBER(1))

co0111 026 C WRITE VALUES NEAR STATIONS

(00112 026 IFCLOCCI)GECL1) CALL MCVABRS(IX+13,1Y-5)
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{0c113
C0C114
(0G115
(cg116
cao117
cag118
00119
€0G120
coc121
tod122
€0¢i123
€0C124
tod12s
€0C12¢6
co0127
(00128
(06129
€0Cc130
C0G131
000132
00133
C0C134
0006135
00136
06137
€0C138
£00129
€00140
000141
000142
(00143
€0C144
C00145
00146
L0047
€00148
(00149
00150
€0g151
€0G152
00153
G0C154
00155
00156
(00157
c001s8
00159
C00160
t0C161
€oQ162
€0G163
(00164
C0G165
€aC166
C0G167
(00168
00169

g2e¢
02¢
G626
0ze¢
027
027
027
02¢
026
026
026
026
026
g2e6
026
G2e6
026
026
026
026
026
026
026
326
026
026
026
026
026
026
026
026
026
026
026
026
026
026
026
026
026
026
02¢
0626
026
02¢
026
226
026
026
026
026
026
030
030
030
g26

IF(LOCCI)WEG.2) CALL MUVAPS(IX=15,1Y+11)
IFCLOCCI) EGa3) CALL MOVAES(IX=43,1Y-5)
TFCLOCCI) WEGLA) CALL MOVAFS(IX-15,1Y-20)
C ENCODE OUTPUT OF VALUES(I)
C IF VALUES{I) < [ LEAVE BLANK
IFCVALUES (1)) 2,643
6 L=10C(1)
CALL AQUTST(4,ZERO(L))
60 Y0 2
€ IF VALUES(I) > 694(9 OR <= 99-17 USE X+XX FORMAT
C 1F VALUES(1) <= 99409 AND > 99-10 USE XxX+X FORFAT
3 IFC(VALUES(1)eGTe99.E49 . 0R.VALUES(T) . LE.99.E~-10) GO TO 4
ENCODECE, 100, IVAL) VALUES(I)
100 FORMAT(2PEL)
CALL AGUTST(2,IVAL)
C SHIFT LEFT DECIMAL POINT AND PRINT SIGN
IVAL=IVAL*L4nb4xbs
CALL AQUTST (1, IVAL)
C SHIFT LEFT U FRCM EXPONENT AND PRINT UNIT PLACE OF FXPONENT
IVAL=IVAL*84x64
CALL AQUTST(1, IVAL)
60 70O ¢
4 ENCODECS5,101,IVAL) VALUES(I)
101 FORMAT(IPED)
CALL AOUTST(1,1IVAL)
C SHIFT LEFTY DECIM®AL POINT AND PRINT SIGN AND EXPONENT
IVAL=IVAL*E 4564
CALL AOQUTST(3,1VAL)
2 CONTINUE
C PLOT RIVERS AND CITY
CALL MOVABS(10C,480)
CALL CHRSIZ(3)
CALL AOUTST(14,“MISSOURI RIVER?)
CALL MOVABS (46C,100)
CALL AQUTST(17,“MISSISSIPPI RIVERT)
CALL MOVABS(615,430)
CALL AOUTST(17,°CITY OF ST. LOUIST)
DO 40 I=1,MPS
IX=10264%(MSX(T)-696e3) /(778 .4~656.3)
IV=781+(MSY(1)~-4235.7)/€633C.3-4235,7)
IF(I.EQ.1) CALL MOVABS(IX,1Y)
40 CALL DRWABS(IX,IY)
PO 41 I=1,mMMO
IX=102462(MOXC(I)=-696.3)7(778.4-696.3)
IV=781*(MOY(1)-4235.7)/7(4330.3-4235.7)
IFCIEQeT1) CALL MOVABS(IX,1Y)
41 CALL DRWABS(IX,IY)
DO 42 I=T,MmSL
IX=10242(MSEX(1)~-69643)7(778.4~696,3)
1V=781«(MSLYCI)-4235.7)/(4330.3-4235.7)
IF(I.EQ.T) CALL MOVABS (IX,IY)

42 CALL DRWABS(IX,1Y)
C TERMINATION
C

ENTRY HCOPY
C
CALL HDCOPY
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06170 g7 CALL MOVABS(10,50)

oo 027 CALL AQUTST(24,”PRESS RETURN TO CONTINUET)
Q172 Ga7? CALL BELL

000173 027 CALL TSEND

(0g174 027 CALL TINPUT(D)

€oc175 027 CALL ERASE

(96176 030 C CALL FINITT(U,7EL)

cou177 G2e RETURN

goorre 026 END

END ELT.
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C.3 Subroutine M21ADO*STATO1l.HFADER

«ELT,L S.HEADER
ELTC07 SL73R1 11/01/78 (9:36:20 (18,)

£0Cco 216 SUBROUTINE HEADER
€ao0002 D14 C ROD ALLEN, COMP-AID INC., OCTOBER 197%
(00003 016 € PRINT TIME AND DATE HEADER IN UPPER RIGHT CORNER AND BOX IT
C00004 016 C ASSUMES TEKTRONIX 4(C14

€00005s 017 DIMENSION DATE(Z), TIME(2)

(0CCO0s 018 CALL CHRSIZ(3)

cocoar 014 CALL BOX(953,738,1023,780)

c0Ccos 014 CALL COMPOZ(U,IL,DATE)

¢0c009 D14 CALL COMPOZ(18)

€00010 D14 CALL COMPOZ(0,IL,TIME)

{00011 014 CALL COMPOZ(1AT)

coc012 014 CALL MOVABS(956,767)

€0C313 014 CALL AOUTST(7,“PLOTTED")

000014 014 CALL MOVABS(956,754)

€oCo1s 014 CALL AOUTSTI(8,4,DATHE)

€0Cco16 014 CALL MOVABS(956,741)

cocer? 014 CALL AOUTST(8,TIME)

000018 01¢ RETURN

000019 D16 END

END ELT.
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C.3 Subroutine M21ADO*STATO1.BOX

SELT,L S.BOX

ELTCG? SL73R1 11/01/78 09:35:19 (0,)

w0CC0o1
coccoz
cogoo3
C0CC04
€0G0o0s
€COCCos
€0Qcoz
€00008
€oGoo9
€00010
cgco1

END ELT.

000
000
]y
000
000
000
000
000
000
000
000

SUBROUTINE BOXC(IX1,1IY1,IX2,1Y2)
C ROD ALLEN, COMP-AID INC., OCTOBER 1978
C DRAW A BOX ON TEKTRONIX GIVEN LOWER LEFT AND UPPER RIGHT
C CORNERS IN TEKTRONIX SCREEN COORDINATES

CALL MOVABS(IX1,1Y1)

CALL DRwWABS(IX2,1Y1)

CALL DRWAES(IX2,1Y2)

CALL DRWABS(IX1,IY2)

CALL DRWABS(IX1,1Y1)

RETURN

END
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C.4 Data Element M21ADO*STATO1l.DISTAN

sELT,L ST.DISTAN
ELTCO7 SL73RY 11401778 09:38:16 (L,

<0uGo1 000 0.0 0.45 1.15
(0c002 200 C.45 GC.0 0.70
co0gcos 000 1.15 0.70 0.0
END ELT.
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C.4 Data Element M21ADO*STATO1.ERRLOS

SELT4L ST.ERRLOS

eLTC37 SLT3RT 11701778 u9:38:18 (C,
(acoot DOG 0.0 1.0 2.0
cocooz 000 1.0 0.0 1.0
(0u303 00GC ¢.0 1.0 0.0
C0G004 200 3.0 2.0 1.0
€aclos 000 4.0 3.0 2.0
END ELT.
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APPENDIX D

RESIDUAL TIME SERIES LISTINGS
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D.1 Control Element Example, M21ADO*STATO2.CASE1

SELT,L SZ.CASE1
ELTCC? SL73RT 117017278 09:3%9:08 (4,)

SXQT M21ADOASTATI2.TIMSER
(CHI)(U/Q)

cocco
coucoe
(0CCo3
€0Ccoc4
€0CCas
G000 06
€00007
Locoos
€00009
00010
cocs11

END ELT.

001
G601
003
goe
002
00z
004
00z
002
000
001

1
c1
oe
15
G1
13
42

0011

TIME LAG
AUTOCORRELATION

FREQUENCY (Ff)
VALUE OF NORMALIZED CUMULATIVE PERIODOGRAM
101 3 741012 0900 7671120 3400

&8ADD M21ADO*STAT(O1.C0QS2N
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D.2 Program Map, M21ADO*STATO2.MAPIT

@ELT L SZeMAPIT
ELTLU7 SL73RT 11701478 £9:29:23 (3,)

w0030
3602
L0Go03
(0CQ04
€3C305
(00006
oGo0?
cocucos
€0Q009

END ELT.

0de
30z
01
001
00z
003
003
000
000

LPAP JMC1ADO*STATI2.TIMSER
IN M2TADCASTATQ2.TIMSER

IN M2T1ADU*STATO2.SETUP

IN M21ADO*STATO2.USESET

IN SRI*SRI.BOX

IN SRI*SRI.HEADER

IN RAPSAUTILITY.CCMPOZ

LIB GRAPH*TEKTRONIX

END

95



@ELT,L S2.TIMSER

D.3 Listing of the Main Program, M21ADO*STATO2.TIMSER

ELTCO7 SL73R1 11/01/78 09:39:35 (12,)

004G01
€0Go02
€0Cco3
€C0004
0006005
€0C006
coooor
toogoe
coGooy
000010
C0G011
(ocgt2
00013
000014
(00015
c0cc16
00017
cooc18
coGo1e
(00020
(Qco21
€00a22
cocecas
00024
€0002s
€00026
coogev
Ltocees
(00029
€00030
00031
c0Qco32
€0C033
000C34
€0oc3s
€00036
€0GC37
€oo03s
€c0CC3e
€0CC40
C0C041
00042
{00043
C00C44
€0G04S
00048
€0C047
C0C048
L0C04S
00050
€0cosn
€acas?
€000s3
€0GOss
€0Cass

on
o011
011
01
011
011
011
091
on
31
011
011
011
011
011
008
on
008
008
0os
009
008
008
008
Gos
0os
008
oos
008
008
oos
¥]0]
008
008
008
008
008
gos
00&
008
008
00¢
008
008
008
cos
008
008
0og
008
oos
00s
008
00¢
30s

C

N e e N el N W N o B B e B B o T e B B I oY

S W -

00~ O

CR

el ol oW A N BN A B AW L W W W B B L B I oY

AR R ARRNRR AR AR AR R AR R F A AR A R RN AR A AR R AR R RPN N R AR AR A AN AR AN ARRR AR R R AR N R Ak

THIS PRCG6RAM COMPUTES THE AUTOCOKRELATION AND NORMALIZED CUM-
ULATIVE PERICDOGRAM FOR THE RESIDUAL TIME SERI£S.

REFERENCES:

1« BOX, GeEe AND GeM. JENKINS, 1976: TIME SERIES ANALYSIS
FORECASTING AND CONTROL, HOLDEN-DAY, SAN FRANCISCO, CALIF.

2e JENKINS, G.M, AND D.6. WATTS, 1296&: SPECTRAL ANALYSIS AND
APPLICATIONS, HOLDEN-DAY, SAN FRANCISCO, CALIF.

RRRR S AR AR AN R SRR A AR R R A AR AR AR R A AR R A AR R AR AR AN AN R A AR R A AR R ANARR AR AR RR

MODIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1978

DIMENSION O0CC123,3)4PCC123,3),IDATEC123),ITINEC(I22) 4RTS(123),ACF
TCIS5)CNPCI23) o FIC12) 4 XX(2) 4 YY(2) 4 IDENCS) ,TIT1C(10),TIT2(10) 4XARRY
2C10) 4 XARR2C10) ,YARRICI10),YARR2(10)

COMMON /ZDAT/ XMIN XMAX ,YMIN,YMAX,ITYPE,ICODE,IS

DATA PILITYPE /3.1416,00117

FORMAT (//742H ANALYSES OF THE RESIDUAL TIME SERIES FOR ,5K6/7)

FORMAT (5A6)

FORMAT ()

FORMAT (/13H NOo OF DATA:z I5,5X,16HNO. OF STATIONS:3I595X¢6HBDATE:
118 45X s OHBTIMEZ 316 4SXgOHEDATE S 9 IB,5XK yCHETIME z416/)

FORMAT (/19H NO. OF 600D DATA =,15/)

FORMATY (/6H SITE:z g I39SXeSHRBAR: yF10e2¢5X6HSUMRZ2:,F10.24)

FORMAT €(/7Th A(K) =,15F8.2) :

FORMAT(12,1x,10A6)

READ 2,IDEN

PRINT 1 LIDEN

READ 3,ICOUELITYPE

READ B8 ,NTC1,TITH

READ B8 ,NXC1T4XARR1

READ B ,NYC1T1,YARR1

READ B,NTC2,TITZ2

READ 8,NXC2,XARRZ

READ 8 ,NYC2,YARR?2

INPUT FROM DATA BASE FILE .o

ND = NO. OF DATA

NS = NO. OF STATIONS.

IDATEB = BEGIN ODATE OF INTEREST.
ITIMEB = BEGIN TIME OF INTEREST.
IDATEE = END DATE OF INTEREST.
ITIMEE = END TIME OF INTEREST.
IDATES = DATE OF OBSERVATION
ITIMES = TIME OF OBSERVATION

ISITE = STATION NO.
ISTC,IwSC,InDC ARE NOT USED.
ocCs OBSERVED CONCENTRATION
PCS PREDICTED CONCENTRATION

"o
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cooose 008 C

€0Gas7? 008 C

cooass 008 C

00CDSY pog C INPUT FROM PARAMETER FILE ...

(000e¢0 008 C

€00C61 008 C IDEN = DATA IDENTIFIER

€00C62 008 C ICODE = 1, AUTOCORRELATION ANALYSIS.
C0ug63 008 ¢ = 2, NORMALIZED CUMULATIVE PERIODOGRAM
(00Ce6s 0ce 4 = 3, DO CODES 1 AND 2.

€0G0e6s 008 c ITYPE = CCO1, X=AXIS 1S LINEAR.

C0GCo66 008 C = 0010, Y=-AXIS IS LINEAR.

C0C067 Go& C = D100, X~AXIS IS LOGARITHMIC.
C0Co68 J08 C = 1000, Y-AXIS 1S LOGARITHMIC.
C0C069 008 C NTC1 = NC. OF ASCII CHARACTERS IN TIT1.
€oocvo 008 C TIT1 = UPPER TITLE FOR GRAPH 1.

ooc? 008 C NXC1 = NO. OF ASCII CHARACTERS IN XARR1.
{0Qgr2 o0® 4 XARRT = X~AXIS LABEL FOR GRAPH 1.

L00073 008 C NYC1 = NO. OF ASCII CHARACTERS IN YARR1.
(00074 008 ¢ YARRT = Y=-AXIS LABEL FOR GRAPH 1.

(ooc7s oog C NTC2 = NO. OF ASCII CHARACTERS IN TIT2.
toocre 008 C TIT2 = UPPER TITLE FOR GRAPH 2.

cocor? 008 C NXC2 = NO. OF ASCII CHARACTERS IN XARR2.
(00278 008 C XARRZ = X-AXIS LABEL FOR GRAPH 2.

(00079 008 C NYC2 = NO., OF ASCII CHARACTERS IN YARRZ.
€00C80 008 C YARR2 = Y-AXIS LABEL FOR GRAPH 2.

coccs 008 C

0000E2 008 READ 3 ,ND NS, IDATEB,ITIMEB,IDATEE,ITIMEE
00083 008 CR PRINTL 4ND NS, IDATEB,IJTIMER,IDATEE ITIMEE
CoCo84 008 DO 110 I=1,NS

€ouoss 008 DO 100 J=1,ND

cocose 008 0C(J41)==99.9

cogoer 008 PC(I,I)=-99.9

(0COo88 008 100 CONTINUE

(00089 008 110 CONTINUE

c0CC90 00¢& NT=1

00091 008 PO 135 I=1,ND

(0GCy2 008 READ 3,1DATES (ITIMES,ISITE,ISTC,IWSC,INDC,0CS,PCS
{00093 ocs IF (IDATES.EQ.IDATEB.AND.ITIMES.LT.ITIMEB) GO TO 135S
€00C94 008 IF C(IDATES.EQ.IDATEE.AND.ITIMES.6T.ITIMEE) GO TO 135
€0uc9s 008 IfF (1.6T.1) 60 TO 115

(0096 ooe IDATED=IDATES

£0c097 cog ITIMED=1TIMES

00098 008 115 If (IDATES.EQ.IDATED) 60 TO 120

£00099 006 IDATED=IDATES

€00100 008 NT=NT+1

(oc101 o0e IDATE (NT)=IDATED

0001062 008 60 TO0 125

(00103 00t 120 IF (ITIMES.EQ.ITIMED) 60 TO 130

C00104 (1]} NT=NT+1

€0010s 008 125 ITIMED=ITIMES

(oc106 (W] ITIME (NT)=ITIMED

€ng107 00& 130 OC(NT,ISITE)=0CS

£00108 00¢& PCINTLISITE)=PCS

€00109 008 135 CONTINUE

£0G110 008 CR PRINT SyNT

coc111 00¢& P12=2.0%P1

(00112 00¢& RNT=NT
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(0G113
€00114
cae115
00116
€0G197
coo118
0019
00120
tog121
£00122
(oG123
£00124
€00125
€00126
€00127
coc128
00129
c0c130
€00131
000132
(00133
C0G134
00135
€00136
00137
000138
00139
000140
00141
c0C142
00143
00144
C0G145
C00146
006147
€00148
c0C149
€00150
00151
€00152
c0G153
€0015%
g0015s
€0015¢6
€00157
£00158
€0G159
C00160
00161
cou162
000163
€0C164
C0U165
00166
c00167
00168
00169

00¢
008
ocos
012
008
01z
oos
008
o008
oot
00&
008
008
008
008
008
012
012
008
008
011
011
011
011
011
011
011
008
008
oos
008
oos
o008
012
008
008
Gos
008
008
008
008
008
012
008
008
008
008
008
008
008
D12
012
012
012
012
008
(+1e].

CR
€10

139
140

(o s NaRaNallal

145
CR

150

155

160

[l N NN e Wl o)
k-]

ROOTN=SGRT(RNT)
TWON=2.UINT
JN=NT/2
RIN=IN
PRINT 10,RNT,ROOTN,TWON,PI?2
FORMAT (/1H ,10F12.4)
DO 300 1S=1,NS
DETERMINE THE RESIDUAL TIME SERIES.
SUMR=0.0
DO 140 I=1,NT
0CS=0€(1,18)
PCS=PC(1,15)
IF (OCS.LTo(o0.0RePCSLY.Ce() 60 TO 139
RTS(I)=0CS~-PCS
SUMR=SURR+RTIS (1)
60 TO 140
WHENEVER OC OR PC IS INVALID SEY RTS = ~§9999.9
RTS(1)=-99999.9
CONTINUE
RBAR=SUMR/NT
DETERMINE THE AUTOCORRELATION FUNCTION (ACF) OF THE R.T.S.
RTS = RESIDUALS
RBAR = MEAN OF THE RESIDUALS
SUMR2 = VARIANCE OF THE RESIDUALS
NTRK = TIME LA6
NY = NO. OF POINTS

SUMRZ2=0.0
DO 145 l=1‘NT
RER=RTS(I)-RBAR
SUMR2=SUNRZ*RMR*RMR
CONTINUE
PRINT 6,IS,RBAR,SUMRZ
IF (ICODE’Z, 1501190,150
XMIN=0.0
XMAX=16.0
YMIN==1.0
YMAX= 1.0
00 160 K=1,J4N
sum=0.0
NTMK=NT~K
PO 155 L=1,NTMK
IF (RIS ) eLEo-99999.9.0ReRTS(L*K) (LE=99999.9) 60 TO 155
SUM=SUN+(RTSCL)I-RBARI* (RTS(L+K)-RBAR)
CONTINUVE
ACFE(K)=SUM/SUMR?2
ACFLKI=C(SUM/ISUMRZI/ANTHK/RNT)
CONTINUE
PRINT 7,C(ACF(K)4K=1,JN)
PLOT THE AUTOCORRELATION FUNCTION AND CONFIDENCE BANDS.

IN THE FOLLOWING DO-LOOP THE UPPER LIMIT OF Kk DETERMINES
THE MAXIMUM TIME LAG. AS A DEFAULT IT CAN BE SET TO HALF THE
NUMBER OF SAMPLES (JN) IN THE TIME SERIES.
AUL=1.96/R00TN
ALL==-AUL
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(oc170 008 CALL SETUP (INTC1,TITI4AXCT4XARRTI4NYCT14sYARRT)

o171 008 C DRAW THE PLUS AND MINUS 95 PERCENT CONFIDENCE LIMITS
00172 pos XX€(91)=0.0

00173 008 YY(1)=AUL

(00174 o0g XX(2)=XMAX

£00175 008 YY(2)=AUL

€00176 00s& CALL LINE (12)

toc17? 009 CALL XNEATCO)

(ou178 009 CALYL XTICS(?)

oGu179 008 CALL NPTS (2)

(00180 008 CALL CHECK (XX,YY)

000181 008 ’ CALL DSPLAY (XX,YY)

€og182 008 YY(1)=ALL

£0c183 6ot YY(2)=ALL

(0G184 008 CALL CPLOT (XX,YY)

€0G185 008 C DRAW THE ZERO LINE.
0c186 00s xx(1)=0.0

(00187 gos8 XX(2)=XxMaX

(0Cc1¢&8 008 YY(1)=0.0

€0G189 008 YY2)=0.0

{00190 008 CALL LINE (D)

€0c0191 008 CALL NPTS (2)

€00192 008 CALL CPLOT (XX,YY)

0193 008 C DRAM AUTOCORRELATION VALUES AT EACH K-TIME PERIOD.
00194 008 DO 165 K=1,15

C0C195 008 C RHA 1074778 € IAECIACEY

(00196 008 YC=ACF(K]}

og197 008 XC=K

C00198 008 CALL MOVEA (XC,0.0)

0G99 008 CALL DRAWA (XC,YC)

000200 oo8 165 CONTINUE

€00201 008 CALL FRANE

€00202 008 CALL HDCOPY

€00203 (¢]s13 IfF (ICODE.EG.1) &0 TO 3CU
00204 008 C DETERMINE THE NORMALIZED CUMMULATIVE PERICDOGRAM.
00G205 011 C CNP = PARTIAL SUM OF IC(FI)/SUM OF I1(FI1)
00206 011 C FI = FREQUENCY

€0G207 011 C TWON = 2.0/NT

coczo8 011 C

000209 012 190 =0

€0G210 oos 200 J=J+1

coca11 Q08 FI(I)=J/RNT

€0G212 [s14] ] IF CJ.6T4JN) 60 TO 230

Co00213 008 SUM=0.0

200214 008 po 220 I=1,4

€00215 008 FIPI12=F1(1)4PY2

€0G216 oos SUMC=0.0

cgocz21? 008 SumMs=0.0

(00218 gos DO 210 L=1,NT

00219 012 IF (RTSCLY.LE.~-99999.9) 60 TO 210
€0G220 008 FIPL=FIPIZ2*L

€0Qz21 008 SUMC=SUMCARTS(LIXCASC(FIPL)
00222 008 SUMS=SUMSHRTS (LI*SINCFIPL)
€0G223 008 210 CONTINUE

00224 008 FIF=THONX(SUMCASUMCASUMS2SUMS)
00225 008 SUM=SUM+FIF

C0G226 008 220 CONTINUE
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(0u227
00228
00229
00230
cage
£00232
600233
(ou234
00235
€00236
G0pe37
€00238
€00e39
00240
{00241
00242
C0G243
DD D244
(00245
00246
00247
C0C248
(00249
€ogz2s0
00251
00252
00253
€00254
€00258
€00256
(00257
€QCes8
$002ss
C0LR60
€o(z2¢1
(0Cee2
£00263
C0C264
000265
(00266
£0c267
(00ce68
(00269
£30270
(0G271
0Gz7r2
(oua7s
C0G274
c00e7s
0C27¢
00277
(oC278
00?9
£002&0
(00261
{oces2
C0URs3

008
008
a08
008
0038
008
o8
oos
008
008
Q08
008
008
008
o0&
008
008
008
o008
009
010
008
008
008
008
0cs
009
oos
009
009
009
009
00y
008
008
oos
(0]1] ]
008
008
cos
008
3096
008
30¢&
GO
C0¢&
008
008
008

0os

00¢

CR

[a el el

CR
€R
CR
CR

CNP(J)=SUM
60 Y0 2(0
DETERMINE THE STRAIGHT LINE PARAMETERS.
DO 240 J=1,JN
CNPCI)=CNPCI)ZCNPUIN)
CONT INUE
XMIN=0.0
Y®MIN=0.0
XMAX=0.5
YPAX=1.0
DLINE=1.9€/R00TN
SLOPE=YMAX/XMAX
ANGLE=ATANC(SLOPE)
COSA=COS(ANGLE)
B=DLINE/COSA
PRINT 10,DLINE,SLOPEANGLE,COSA,B
PLOT THE NORMALIZED CUMMULATIVE PERIODOGRAM VS. FREGQUENCY,
CALL SETUP (NTC24TIT2 ,NXC2,XARR2,NYC2,YARR2)
CALL STEPS(T)
CALL SIZES (0.5)
CALL LINEC-1)
CALL SYMBL (1)
CALL NPTS (J4N)
CALL CHECK (FI,CNP)
CALL DSPLAY (FI,CNP)
CALL LINEC(O)
CALL SYmaL(()
CALL NPTS(2)
LINE THRU (0.0,0.0) AND (0.5,1.L)
AX(1)=XMIN
YY(1)=YMIN
XXC(2)=XMAX
YY(2)=VMAX
CALL CPLOT(XX,YY)

PLOT 95 PERCENT CONFIDENCE BANDS Y=MX+B WHERE M=2 AND B IS TO
BE DETERMINED.

PLOT UPPER 95 PERCENT CONFIDENCE EBAND.
XXC1)=XMIN
YY(1)=g
XX(2)=XMAX-B/SLOPE
YY(2)=YMAX
CALL LINE (12)
CALL NPTS (2)
CALL CPLOT (xX,YY)
PLOT THE LOWER 95 PERCENT CONFIDENCE BAND.
XX(1)=B/SLOPE
YY(I)=YMIN
XX(2)=XMAX
YY(2)=YMAX-E
CALL CPLOT (XX,YY)
PLACE THE SECOND AXIS AT THE TOP OF THE BOXe
CALL DINITX
CALL XLOCTP (")
CALL XTICS (&)
CALL XpAg (-1)
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C0c2¢&s
000285
00286
coczs7
(0C288
00289
(0C290

END ELT.

Q0%
009
008
0Gs
608
008
008

CR
CR

3¢0

101

CALL CHECK (XX,YY)
CALL DSPLAY (XX,YY)
CALL FRAME

CALL HOCOPY
CONTINUE

CALL FINITT (0,700)
END



D.4 Subroutine M21ADO*STATO2.SETUP

aELT L S2.SETUP
ELTCO7 SL73RT 11/01/78 09:39:31 (8,)

L{occo1
€0Ca02
(000C3
L00G0s
(0uoo0s
0oco0s
€aG6a07
£0C008
(ooGos
€og0C10
(oca11
(0C012
coco13
cocire
€0Go1s
(0CC16
cooag?
00018
cocao19
(ocg20
cocaz
{00022
€oco23
00024
00025
(oGgz2e
cocoez
€0C028
00029
caQc3o
00031
€00Q3e
€00G33
C0G034
€00035
000C36
coco37
CoCco3s
coco3e
€00040
C0GC41
(00042
C00C43
C0GGC4s
Q0 004s
00046
COCC47
C0CCs8
(00049
£000s0
€00Cs51
coccse
00053
(000se
Cougss

004
004
004
004
004
004
J06
004
00«
00«
004
004
004
004
006
006
006
007
000
007
006
006
004
304
004
004
004
004
004
004
204
004
004
004
004
004
004
004
004
004
004
00¢6
004
004
80«
004
004
004
004
004
004
008
008
004
uoée

¢
C
¢
C
C

SUEROUTINE SETUP (NTCyTIT4NXCyXARRsNYC,YARKR)
MODIFIED BY ROD ALLENy COMP-AID INC., OCTOBER 1978

THIS RCUTINE SETS UP THE TEKTRONIX GRAPHICS PACKAGE,

SETS THE

INITIAL LIMITS FOR THE GRAPH AND DRAWS THE FkAME AND LAEELS.

COMMON /DAT/ XFKINJXMAX JYMIN,YMAX,ITYPEL,ICCDE,IS
DIMENSION XARRCID,YARR(1),TIT(1)

CALL INITY (120}
CALL TERM(2,1024)

C ASSUMES TEKTRONIX 4014

98

CR
CR

130

CALL HEADER
CALL CHRSIZ(2)

CALL BOXCC,C,1023,770)

CALL MOVABS(10,760)

CALL AQUTST(17,”TIME SERIES, CASE")
ENCODE(Z,98 ,CASE) 1CODE

CALL AQUTSTU(2,CASE)
STATION )

CALL AOUTST(10,7,
ENCODE (2,98 CASE)
FORMAT(I2)

CALL AOUTST(2,CAS
CALL BINITT

SET THE SCREEN LIMITS FOR X AND Y.

CALL PLACE (3HSTD
CALL XERM (D)
CALL YFRM (3)
CALL XMFRM (3)
CALL YMFRAM (3)

PLOT THE MAJSOR-MINOR TIC MARKS ON THE AXES.
CALL DLIMX (XMIN,XMAX)
CALL DLIMY (YMIN,VYMAX)

CALL XNEAT (1)
CALL YNEAT (1)

DETERMINE THE (X,Y¥Y) AXES TYPE.
IF (ITYPE.GT.1C0) CALL YTYPE(2)

ITYPE=ITYPE~-1000
IF (ITYPE.GT.1C)
ITYPE=ITYPE-10C

Is

E)

)

CALL XTYPE(2)

IfF (ITYPE.6T.1) CALL YTYPE(T1)

ITYPE=ITYPE-10

IF (ITYPE.6T.0) CALL XTYPE(Y)
CALL MOVABS(300,50)

CALL AQUTSTINXC,X

CALL QUOTEC(S0e 3150 ve15,YARR,904,NYC)

CALL MOVABS(300,3
CALL AGUTSTHUNTC,T

ARR)

0
17T)

IF (ICODE.LE.T1) 60 TO 100

CALL MOVABS(30(C,6

CALL AOUTST(34,“DASHED LINES 95% CONFIDENCE LIMITS®)

30>

IF (XMAX.6T.1.0) 60 Y0 10C
CALL MOVABS(30C,760)

CALL AOUTST(12,“PERIOD

C1/F)7)

DRAW A STANDARD FRAME.

CALL FRAME
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083056 GO« RETURN
€0CCS57 004 END

END ELT.
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D.4 Subroutine M21ADO*STATO2.USESET

@ELT,L S2.USESET
ELTCU? SL73RYT 11/D31778 09:39:55 (1,)

oooco
coceoz
€occes
€oocos
caccos
(SedeliT]
cagaoce?

END ELT.

0Co
001
001
001
001
300
Q0¢

SUBROUTINE USESET (FNUM4IWIDTHoNBASE LAREL])

C MODIFIED BY ROD ALLEN,
DIMENSION LABELIC(1)
FNUMB=1.0/FNUM

COMP-AID INCey

OCTOBER 1978

CALL FFORM (FNUMB,I1WIDTH,1,LABELI,32)

RETURN
END
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APPENDIX E

CHI-SQUARE GOODNESS-OF-FIT LISTINGS
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E.1 Control Element Example, M21ADO*STATO3.CASEl

QELT.L S3.CASE1
(LTC07 SL73R1 11701478 (9:40:406 (4,)

(0LCo1
(0caQe
(gcoo3
€0coo4
0300G5
coQaoe
cocceo?
cocuos
000009
caco10
cooo11
coga12
€oGCa3

END ELT.

Q01
000
004
003
003
003
003
003
003
003
003
1]e}
001

& X
c
1

21
2e
18
18
06
1]
06
o7

aA

QT M21APO*STATOZCHIFIT
HID(UY/ Q)

0011

OESERVED DISTRIEUTION
PREDICTED DISTRIBUTION
OBSERVED-PREDICTED
OBSERVED~PREDICTED
NUMBER

NUMBER

NUMBER

PERCENT

101 3

DD M21ADO*STATO1.C0QS2N
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E.2 Program Map, M21ADO*STATO3.MAPIT

GELT,L S3.MAPIT
ELTCO07 SL73R1 117017278 09:41:38 (2,)

cecoo1
€aGaae
0CLGo3
c0dcos
coocos
€ocgoe6
cocoo?
caecoe
(00009
c0Go10

END ELT.

001
01
6C1
001
u01
J0¢
002
00¢
000
000

aMAP  M2IADOSSTATC3.CHIFIT
IN M21ADCASTATO2LCHIFIT

IN M21ADO*STATO3. HISTO

IN M2TADU*STATO3.SETUP

In M21ADG*STATO3LULINE

IN SRI*SRI.BOX

IN SRI*SRILHEADER

IN RAPS*UTILITY.CCMPOZ

LIB GRAPH*TEXTRONIX

END
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E.3 Listing of the Main Program, M21ADO*STATO3.CHIFIT

WELTSL S3.CHIFIT
ELTO07 SL73R1 11701/78 u9:41:17 (8&,)

€oco0 004 C

€0c002 004 c CHI-SQUARE GOODNESS-OF-FIT TEST.

€00003 00¢ C

€0C004 008 C THIS PROGRAM COMPUTES THE CHI-SGUARE STATISTIC AND PLOTS
€000605 00& C FREQUENCY DISTRIBUTION FOR PREDICTED AND OBSERVED CONCENTRATIONS,
(0c006 008 C THE DIFFERENCES AND PERCENTAGES.

000007 008 C

£oco0s 004 C MODIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1578

Loocoe « D04 COMMON /DAT/ XMINXMAX ,YMIN,YMAX NCLAS XCLASC21),ICLASCZ1),ITYPE
co0co10 004 COMMON /MNM/ XMINTSXMINZ JXMAXToXMAX2 YMINT YMINZ ,YMAXT, YMAX?
(00011 004 DIMENSION IDATEC123),ITINECI23)4ISITEC(123),0C¢123),PCC123),IDENCS)
€00012 004 1,0BSDC21),PRED(21),PMOD(21) ,TITI1C1C) ,TIT2(10),TIT3(10),T1IT4(10),
c0C013 004 2YARRTICI0) ,YARR2C10) ,YARRI(10) 4, YARRL (10),PMOP(21)

C00C14 004 DATA NCLASoACLAS?T /10,117

€0Go1s 004 1 FORMAY (//37H CHI SQUARE GOODNESS-OF~FIT TEST FOR ,5A6¢)
C0C016 004 2 FORMAT (1CA¢)

coGcor? 004 3 FORMAT ()

€00018 004 4 FORMAT (/S5H NN =,15,5X,4HNS =,15/)

€0c019 004 S FORMAT (/77H ICODEz415,3X46HITYPEZ,15/17)

€0C020 004 6 FORMAT (J28H NO. OF NEG DATA DISCARDED =,14/)

cogae 004 ? FORMATC(I2,1X,10A6)

{pocz2 004 € RHA ALLOW UP TO 30 CHARACTERS IN TITLES

€a0023 004 C

00024 004 C INPUT FROM PARAMETER FILE ..

€00025 004 c

€00026 004 C IDENT = DATA IDENTIFIER.

coo027 004 ¢ ICODE = 1, PLOT 0C AND PC HISTOGRAMS.

coocze 004 C 2y PLOT OC-PC HISTOGRAMS.

€00029 004 C 3, DO CODES 1 AND 2.

CoCC30 004 C ITYPE = 0001, X—-AXIS IS LINEAR,

€00031 004 ¢ = 0010y Y-AXIS IS LINEAR

€oc032 004 C = €100y X=AXIS IS LOGARITHMIC.

€oo033 004 C = 1000, Y-AX1S 1S LOGARITHMIC.

€0GC034 004 C NTC = NO. OF ASCI1 CHARACTERS IN THE UPPER TITLE.
€00035 004 C NXC = NOe OF ASCII CHARACTERS IN THE X=AXIS LABEL.
€00036 004 C NYC = NO. OF ASCII1 CHARACTERS IN THE Y-AXIS LABEL.
coco3z 004 c N2C = NO« OF ASCII CHARACTERS IN THE LOwER TITLE.
€oCo3e 004 (o TIi7T = GRAPH UPPER TITLE.

€oc039 00« C XARR = X-AXIS LABEL.

€0C040 004 C YARR = Y-AXIS LABEL.

00041 004 C ZARR = GRAPH LOWER TITLE.

(00042 004 C

C0CCa3 Q04 READ 2,IDEN

L0CG4s 004 CR PRINT 1,1DEN

LauCes 004 READ 3,ICODE,ITYPE

(00046 004 CR PRINTS,ICODE,ITYPE

(0Ga47 004 READ 7,NTC1,T1T1

(oQCse 004 READ 7,NTC2,TITZ2

(0GC49 004 READ 74NTC3,T1T73

€ouCso 004 READ 7,NTC4,TIT4

£ogos Co4 READ 7,NYC1,YARRY

£0CO52 004 READ 7 4NYCCZ ,YAKRZ

Cou0s3 004 READ 7,NYC3,YARR3

COCCSe 004 READ 7,NYC&4L,YARRG

£0CCssS ul4 [
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L0GC56 2004

C ogNPUT FROM*LATA BASE FILE S It
Louas? 004 C N
£0CCss 004 C ND =°NC. OF DATA.
w00059 004 C NS = NCao OF STATIONS.
L000e0 Gdé6 ¢ IDATE = DATE OF OBSERVATION
co0C0e 004 C 1SITE = STATION NOC.
(00062 204 C ITIME = TIME OF OESERVATION
€0G0e3 004 C 1STC,IwSC,IwDC ARE NOT USED.
(00064 004 C 0C = OESERVED CONCENTRATION
€0G0é5 004 C PC = PREDICTED CONCENTRATION
C00066 004 C
cocoe7? 004 READ 34ND,4NS
{00Ce8 004 CR PRINT &4 oNDyNS
cocce9 004 N=0
€o0u070 004 XMIN1=+1.CE10
{ooecn 004 XMAX1=-1.0E10
€00072 004 PO 60 I=1,4ND
(oce?s 004 READ 3.IDATE(I),ITIPE(1)'ISITE(I).XSTC.IhSC.IHDC'OC(I),PC(I)
€0ua74 Q06 CR PRINT 99, IDATECI), ITINKE(T)
£ooa7s 005 99 FORMAT(2110)
{00C76 004 IFf (OC(l).LT.O.O.OR.Pc(1).LT.0.C) 60 T0 5¢C
cooc77 004 N=N+1
(occve 004 oc(nd)=0C(I)
coog07se 004 PCI(N)=PC(I)
C0CQ80 004 XHAX1=AHAX1(XMAX1.PC(I).0C(I))
COGCE 004 xn1N1=AH1N1(xn1N1.PC(1).oc(x))
00082 004 60 TO 63
€o0ce3 004 50 NEG=NEG+1
cocces 006 CR PRINT 6,4NEG
cooces 004 60 CONTINUE
€0GCse 004 C
£oocs? 004 C DETERMINE THE NUMBER OF OC 1IN EACH OF 1C CLASSES.
cocoes 004 ¢
£ooo0s8s 004 DELTX=C(XMAXT-XMIN1) /NCLAS
(0CCe0 004 ITEN=DELTX#*C.1
couco1 00¢ TENS=ITEN®*1C.0
£0GC92 00¢ REM=DELTX-TENS
€0CG93 004 1F (REM.6T.C.0) DELTX=TENS+10.0
CoCa%4 004 1ICLAS(1)=C
€0C095 004 DO 100 I=2,NCLASY
{06096 004 XCLAS(1)=C
€oeg9? 004 ICLASCI)=ICLAS(I=-T)4DELTX
(00ess 0G4 XCLASCID)=TCLAS(I)
€oce9o9 004 100 CONTINUE
coc100 004 DO 110 1=1,N
(00101 004 IND=0CCI)JDELTX+1.0
€00102 G044 1F (IND.6T.ACLAS) IND=ANCLAS
co0102 004 OBSDCINDI=0BSD (INDI+1.L
(00104 004 110 CONTINUE
€0g105 004 OBSDI(NCLAS1)=0BSD(NCLAS)
(00106 004 YMIN1I=0.0
coc107 004 YMAX1==-1.C0E10
(0C10¢ 004 ¢ DETERMINE YMAX FOK ALL CLASSES.
€0G109 004 DO 115 I=1,NCLAS
(00110 0c4 YPAX1=AMAX1(VFAX1.0BSD(I))
oc111 004 115 CONTINUE
{00112 004 [

109



0c113
000114
(06115
00116
cog117
cog118
00119
00120
(oC121
fog12z2
(00123
00 124
{00125
og1z6
toc1e?
00128
€00129
€0C130
€0C131
06132
CoG133
C0C134
00135
06136
coG137?
€oGg138
00139
00140
(00141
€0C142
G00143
(00144
C0C145
C00146
C0C147
(00148
€00149
(00150
€0G151
coourse
€00153
€00154
C0CG1s55
00156
000157

END ELT.

0G4
GO4
264
004
004
004
804
004
004
004
004
004
004
007
004
004
007
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
004
007
007
004
004
004
004
004
007
004
00%
004

- ™

(o Mol

120

125

130

135

140

145

150

DETERMINE THE NUMcER OF PC IN EACH OF 10 CLASSES.,

00 120 I=1,N
IND=PCCID/DELTX+1.C

IF C(IND.6T.NCLAS) IND=NCLAS
PREDCIND)=PRED (IND)*+1,C
CONTINUE
PRED(NCLAS1)=PREDP(NCLAS)

00 125 I=1,ACLAS

YMAX 1= AMAXT(YMAX1,PRED (1))
CONTINUE

YPMAX2=YMAX1

YMINZ=YMIN]

CHI2=0.

IF (1CODE-2) 130,135,930
CALL HISTO (NCLAS 1,0BSDyPREDP4NTCI4NTC2,TIT1,TIT2,NYCT,NYC?,YARRT,
TYARRZ2,1CODE ZCHIZHN)

1F (ICODE.EG.T1) 60 TO 150

DETERMINE THE NUMBER OF PC-0C IN EACH OF 10 CLASSES.

YmAX1=-1.CE10
YMINT=+1,0€10

D0 140 I=1,NCLAS1
PMODCI)=PRED(1)-0BS5D(I)
YMAXT=ANAXT(YPAXT,PMOD (1))
YRINT=AMINT(YMINT,PMOD (1))
CONTINUE

DETERMINE THE PERCENTAGES OF (PC-0C3/0C IN EACH OF 10 CLASSES.

YPAX2=-1.0£10

YMIN2=+1.0€E10

DO 145 I=14NCLASY
I1FLOBSD(I).LE.T.) OBSD(I)=1.
CHI2=CHIZ+PMOD (I)*PMOD (1) /0BSD(X)
PMOP(I)=100.0+PMOD(1)/0BSD(])
YMAX2=ARAXT (YMAX2,PMOP(I))
YMIN2=AMINT(YMINZ yPMOP (1))
CONTINUE

CALL HISTO (NCLAST,PMOD,PMOP NTC3 NTCL TITI,TIT4&yNYC3,NYC4,YARRS,
TYARRLZICODE yCHIZHN)

CALL FINITYT (0,700)

sToP

END
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E.4 Subroutine M21ADO*STATO3.HISTO

GELT,L S3.HISTO
ELTGO7 SL73RT 11/01/78 19:41:30 (13,)

(0cco1
auco2
€ocoos
C0G004
€ooudos
€OCCos
(occoo?
(oucos
(00609
coge10
QUSR]
(0co12
(00012
Cou0ts
(00015
Cocc1e6
00017
(0co18
(oco19
€0GGa0
€ouae
€acoze
€agozs3
{00024
€aGoes
(00026
€000e7
0028
€00G29
€00030
€oco31
(00032
€0¢033
€oce34
€¢ace3s
€0CC3¢
€o0oc37
Cauc3e
€0ua39
€QG040
€00d41
00042
€0C043
0G4
COCT4s
€eocss
(05047
C0G048
LOCC4"
€0QCso
€ooos
co0oos2
Cocas3
€ocLes4
ogass

03a9
U1z
G0y
009
00¢
013
ud9
00¢
00¢
009
20¢
Gae
009
Ja0s
009
009
009
009
009
009
oo9
0c¢
Gcoe
009
a0y
009
009
aoe9
009
009
009
009
009
010
010
009
009
G0y
a0¢
009
009
009
009
009
009
009
009
010
Doy
009
009
Q9
009
00y
a0¢

SUBROUTINE HISTO (NCT,Y 3 Y2 4yNTCTyNTC2yTITI4TITOHWNYCT4yNYC24YARRT,

1YARRZ 4 ICODE 4CHIZHN)

C MODIFIED BY ROD ALLEN, COMP-AID INC., OCTOBER 1978

R 1
CR 2
CR
CR

CR
CR
100
CR
CR

CR

CK
110

C RHA

C RHA

C

COMMON /DAT/ XMINJXMAX ,YMIN,YMAX NCLAS XCLAS(21),ICLAS(21),1TYPE
DIMENSION YTO(NCT)  TITT(1),YARRTI(1),Y2(NCY), TITZ(Y),

TYARR2(1),YY(21),A0UT(6)

COMMON /MNMZIXMINT JXMINZ G XMAXT o XMAXC g YMINT QY PINZ JYMAXT,,YMAX?

DATA YY /21+0.C/

FORMAT (/7H CLASS:,10(2X14, TH=,14))

FORMAT (1W ,10(2XF9.0))

PRINT 1,(ICLASCI) JICLASCI+1),J=1,10)

PRINT 2,(Y1(J),3=1,10)

1F (NCLAS.LE.1C) 60 TO 1GC

PRINT 1,CICLASEID JICLAS(S+1),3=TT,NCLAS)

PRINT 2,(Y1€4)43=11,NC1)

CONTINUE

PRINT 1,(ICLAS(I) 4ICLAS(I+1),d=1,1()

PRINT 2,(Y2W3),3=1,10)

1f (NCLAS.LE.10) 60 To 11C

PRINT VT4 (ICLASUCIdZICLASCI+T1),3=TT,hCLAS)

PRINT 2,(Y2(4),3=11,NC1)

CALL INITT €120)

ASSUMES TEKTRONIX 4014

CALL TERM(2,1024)

PRINT DATE ANKD TIME MHEADER

CALL HEADER

XMIN=XMIN1

XMAX=XMAX1

YMIN=YMINT

YMAX=YMAX1

LABYY=54Q

CALL SETUP (NTC1,TIT1,NYCT1,YARRY,3HUPH ,4SC,LAEYY,730)
PLOT UFPER HISTOGRAMS.

CR ORIGINAL AGII USED -11 FOR USER DEFINE LINE

CALL LINE (-11)
CALL NPTS (NCT)
CALL CHECK (XCLAS,Y1)
CALL DSPLAY (XCLAS,Y1)
PLOT DASHED Z2ERO LINE.
CALL LINE (12)
CALL CPLOT (XCLAS,YY)
CALL FRAME
YMIN=YMIN2
YMAX=YMAXZ
LABYY=150
CALL SETUP (NTCZ,TIT2,NYCZ4YARRZy3IHLOH7?54LAEYY,350)
PLOT LOMER HISTOGRAMS.
CALL LINE (-11)
CALL NPTS (NCT)
CALL CHECK (XCLAS,YZ)
CALL DSPLAY (XCLAS,Y2)
PLOT DASHED ZERO LINE.
CALL LINE (€12)
CALL CPLOT (XCLAS,YY)
CALL FRAME
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(0CG5e
C0Gos7?
(ocass
€0eces9
cocaeo
€00061
c0C062
C0CCe3
(0CCes
0D 00 65
(00Ce6
{0LC67
€00Ce8
C00069
00070
cooan
acore
(0CC73
(006074
€0Go75
06076
cocazr?

END ELT.

011
oG9
009
oo¢
00y
00¢
00¢
009
012
012
01¢
013
012
012
012
013
012
012
012
012
009
01e

1c1

C RHA

81

g0

CALL MOVABRS (10,760)
CALL AQUTST(33,°CHI-SQUARE GOODNESS-OF~-FIT,
ENCODE(1,1G15 CASE) ICODE

FORMAT(I1)

CALL AQUTST(1,CASE)

BOX AROUND FPLOT

CALL BOX(0,(0,1023,750)
CALL BOX€0,C,1C23,3%90)

C PRINT CHI2 AND N IN BOX
IF(CHI2.LE.C.) GO TO 8C
CALL BOX(849,0,1023,33)
ENCODE(36,81,A0UT) CHIZ,N
FORMAT(“CHI-SQUARE
CALL MOVABS(E53,4)

CALL CHRSIZ(3)

CALL AQUTST(9,A0UT(S5))
CALL MOVABS(852,18)
CALL AQUTST(20C,A0UT)

CALL CHRSIZ(2)

CALL HDCOPY
RETURN
END

112
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E.4 Subroutine M21ADO*STATO3.SETUP

MELT,L S3.SETUP
ELTCO7 SL?3R1 11701778 C9:461:45 (6,)

cocoo1
L0Go02
coccos
600604
0L COS
00C00s6
coccor
coccos
tnu00Y
cocc10
(RUSRAR]
(00012
€00C13
cocC1s
€0i315
00016
103017
(00o1e
€agc19
ctoo020
foac2
€ncc2z2
000023
00024
coce2s
coco2e
cocoz7
(ogoes
€0cae9
o030
Loeean
Couase2
GouLo 33
CDOC34
tn003s
000236
COLG37
020038
coco39

END ELT.

J0¢
002
oce
302
002
002
00¢
00¢
00z
006
vz
002
002
002
002
002
Go2
002
00z
002
002
002
002
002
002
002
002
coe2
002
003
002
002
004
004
00s
002
002
002
002

C
C
C
¢
C

C RHA

SUBROUTINE SETUP (NTC,TIT,NYC,YARR ,JPLOT,LA=XY,LABYY,LAETY)

MODIFIED BEY ROD ALLEN, COMP-AID INC., OCTOBEK 1678

THIS RCUTINE SETS UP THE TEKTRONIX GRAPHICS PACKAGE, SETS THE
INITIAL LIMITS FOR THE GRAPH AND DRAwS THE FRAME AND LAFPELS.

DIFENSION TIT(1),YARRC(T)
CCMMON /FDAT/ XMINXMAX JYMINSJYMAX NCLAS,XCLAS(2T1),1CLAS(21),1TYPE
CALL BINITT .
CALL CHRSIZ(Z)
SET YWE SCREEN LIMITS FOR X AND VY.
CALL PLACE (1PLOT)
CALL XFRM (V)
CALL YFRM (2)
CALL XMEFRM (3)
CALL YMFRM (3)
PLOT THE FAJOR-MINOR TIC MARKS ON THE AXES.
CALL DLIMX (XMIN JXMAX)
CALL DLIMY (YMIN,YMAX)
CALL XNEAT (1)
CALL YNEAT (1)
DETERMINE THE (X,Y) AXES TYPE.
IF CITYPE.GT.1C0) CALL YTYPE(2)
IYYPE=ITYPE-1000
IF C(ITYPEGT.1J) CALL XTYPE(2)
ITYPE=ITYPE-10C
IF CITYPE.6T.1) CALL YTYPEC(T)
ITYPE=ITYPE-1(
IF CITYPE.6T.0) CALL XTYPE(1)
CALL MOVABS(300,LABXY)
CALL AOUTSTU(19,“CONCENTRATION CLASS™)
GUOTE IS EFPA NCC CALCOMP SYMBOL ROUTINE FOR TEXTRONIX
YPAGE=LABYY
CALL QUOTECS 0., YPAGE o 15, YARR GG Lo yNYE)
CALL TSEND
CALL MOVABS(3C(,LABTY)
CALL AOQUTSTI(NTC,TIT)
RETURN
END
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APPENDIX F

BIVARIATE REGRESSION AND CORRELATION LISTING
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F.1 Control Element Example, M21ADO*STATO4.CASE6

«ELT,L S$4.CASEC
ELTCU7 SL73RT 11/071/78 C9:63:42 (4,)

100301 yuit aXQT M2V1ADU*STATULLREGANA

(0Cco2 300 (CHID (U)/(G)

{00003 3046 6 0011

€00C04 000 6e31 2692 2435 2413 2.02 1,94 1497 126 1453 1481 12050 1,73 1.77 1,76 125 1.75
C0Guos Q00 176 1.73 173 1a7c 1072 1272 171 1271 1e71 10721 V.72 1270 1.70 1,70 1.68 1,67
(0cooé 200 1.66 1.645

occa? 003 36 (CHID(UZQ) == UNITS (Ilaa-()a(vun—-?)

(oLcoe uo3 22 OBSERVED CONCENTRATION

206209 J03 23 PREDICTED CONCENTRATION

00210 003 11 SCATTERGRAM

(0001 003 28 REGRESSION LINE (SOLID LINE)

(0CQ12 Qg3 30 SENSITIVITY RANDS (SMALL DASH)

Louc13 203 33 90X CONFIDENCE BANDS (SMALL DASH)

00014 003 3C PROBABILITY FANDS (LARCE DASH)

C0€o1s 303 S8 90X CONFIDENCE (SMALL DASH) PROBABILITY (LARKCE DASH) oANDS

{0G01e 002 101 3

C0G0oy7 301 FADD M21ADU*STATU1.C0QS2N

END ELT.
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F.2 Program Map, M21ADO*STATO4.MAPIT

wELT4L S4.MAPIT
ELTCO7 SL73RT 11701778 (9:44:00 (2,)

gJ0cot
€0C002
€0CaCo3
t00C0o4
cocaoos
(g4l
cadcor
£0coo0s8
Logocos

END ELT.

001
001
001
o1
062
002
002
000
a0e

aMAP M2TADOxSTAT(4 SREGANA
IN M21ADC*STATOL.REGANA

IN M21ADO*STATO4.STAS

IN M21ADGC*«STATOALLINLSG

IN SRI*SRI.BOX

IN SRI*SRI.HEADER

IN RAPS*UTILITY.COMPOZ

LIB GRAPH*TEKTRONIX

END
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F.3 Listing of the Main Program, M2I1ADO*STATO4.REGANA

SELT,L S4.REGANA
ELTOC? SL73RY 11/01/78 (9:44:08 (15,)

G0GG01 011 ¢ REGRESSION ANALYSIS PROGRAM

(0CCco2 011 C MODIFIED BY ROD ALLEN, COMF-AID INC., OCTOBER 1578

€00003 0114 COMMON /LSG/ RECNOP A4 BoXSD4YSOCIL,CIUSXMXE,RC,RMSE yESD 9 XPAR
CO0Ga0e 011 DIMENSION XT(39),4X2€39),X2(39),¥1(39),Y2(39),¥3(39),YRL(123),1DATE
€ocLeos 011 T€123) 3 ITIMECI23) 4 ISITE(123),00(123),PCC123) ,1DEN(5),TAB(34) (XARR
€00006 011 2CI0Y 4 YARRCIC) 4 TITCICY y XX (123D, YY(123) ,ZARR(I10) ,ZARCI0),A0UT(B)
cooco? 011 DIMENSION YCLPC(123) ,YCLM(123),YPLP (123D, YPLM(123),XSC122),Y5(123)
coogos 011 DATA XMINGYNMIN ,XMAX,YMAX /10e910ey~10E10,~1.0€10/

CODUO‘? 011 DﬂTA N1.N2'N3'~EG'YBIG IDQ0.0qQ.".CE‘,UI

toco10 011 1 FORMAT (//4SH STATISTICAL ANALYSIS FOR OBSERVED VS. PRECICTED 5A6)
C0G011 011 2 FORMAT (5A6)

C0uG12 g11 3 FORMAT ¢€)

(DLo13 011 4 FORMAT (/5H ND =,15,5X 4HNS =,15/)

L0001¢ 011 5 FORMAT C(/7H ICODE:IZo3XOHITYPE ISy 3XGHNTC:yI3,3X6HNXC213,3X4HNYC:
£0001s 011 113,

(00018 011 é FORMAT (/28% NO. OF NEG DATA DISCARDED =,14/)

{00017 011 7 FORMAT (/26M GENERAL STATISTICS: N = J4y4XOHRMSE =E1D.T,4XLH R =
coccre 011 TE10437/72504HS0 =4E1Ce3,4X o4 HSP =,E10.37/

oca1e 011 232H 95 PERCENT CONFIDENCE INTERVAL:ZETD.3,12H <LERHOLE.oE10.37/
€0caz0 011 317H REGRESSION LINE:zETC.343H + E10.3,4H * X,1CX44HS = E10.37)
€00021 01% g FORMAT (/232K SENSITIVITY CASE STATISTICS .a.e/)

{0Cagz22 012 9 FORMATC(IZ41X,10A6)

€0CL23 011 C

00€Cl24 011 C INPUT FROM FARAMETER FILE aee

€00C25 011 C

€00Q26 011 C IDEN = DATA IDENTIFIER.

€0GQ27 011 C ICODE = 0, NO GRAPHICAL OUTPUT.

coogee 011 C = 1, PLOT SCATTER GRAPH,

£00029 011 C = 2, ADD THE REGRESSION LINE TO CODt 1.

€0ce30 011 C = 3, ADD THE SENSITIVITY BOUNDS T0O CODES 1-2.

000Q31 011 [ = &4, ADD THE CONFIDENCE BOUNDS TO CODES 1-2.

€o6g32 o1 ¢ = S, ADD THE PROBABILITY BOUNDS TO CODPES 1-2.

€002 33 D11 C = 6, ADD THE CONFIDENCE AND PROEABILITY BOUNDS TO CODES
C0C034 011 C ITYPE = 0201, X-AXIS IS LINEAR.

€0Ge3s 011 C = 0C1C, Y-AXIS IS LINEAR

C0GC2e 011 C = 0100, X=AXIS 1S LOGARITHMIC.

€oces? 011 C = 1000y Y~AXIS 1S LOGARITHMIC.

Loccasg 011 C NTC = NO. OF ASCII CHARACTERS IN THE TITLE.

£0cQ39 011 C NXC = NOes OF ASCII CHARACTERS IN THE X-AXIS LABEL.

€00040 011 C NYC = NGe OF ASCII CHARACTERS IN THE Y~AXIS LABEL.

CCOCe 011 C ZARR = GRAPH LOWER TITLE.

€0CCa2 011 C XARR = X-AX1S LABEL.

COLCa3 011 c YARR = Y-AXIS LABEL.

C00044 011 [ TAB = STUDENT-T TABLE FOR 9C PERCENT C.Le AND N-2 D.O.F.
€0G004S 011 C

G0GQ46 011 READ 2,IDEN

caccser 011 R PRINT 31,IDEN

{00048 011 READ 3,1CODE,ITYPE

C00C49 011 READ 3, (TAG (L), L=1,24)

C0CGs0 011 READ 94 NTC,T1T7

€00Cs 011 RLAD 9 ,NXC,XARR

60052 011 READ 9,NYC,YARR

(0CQ53 011 (R PRINTS,ICODE,ITYPE ,NTC NXC,NYC

(00054 211 DO 60 1I=7,6

COCUsS 011 If (1 eNESICCDF) 60 TO &C
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CoGCse 011 READ 94NZC,ZARR

couas? 011 G0 TO0 6.

€0acCse 011 bY] READ 9,NZ,2AK

cocaos9 011 60 CONTINUE

€00060 211 C

€00061 011 C INPUT FROM DATA BASE FILE ..e
€00Ge62 011 C

{0coe3 011 C ND = NO. OF DATA.

C0CCo4 211 C NS = NCs OF STATIONS.
c00065S 011 C IDATE = DATE OF OBSERVATION
{0C0o66 011 C ISITE = STATION NO.

(00067 011 C ITIME = TIME OF OBSERVATION
(00068 011 C ISTC,IwSC,1wDC ARE NOT USED.
C0G069 011 C 0C = OBSERVED CONCENTRATION
{0ud70 011 C PC = PREDICTED CONCENTRATION
coogc71 011 C

{0co?2 011 100 READ 3 ,ND4NS

(Qoc?3 a11 CR PRINT 4 4ND4NS

£00G7s 011 N=0

cooors 011 DO 120 1I=1,ND

00376 011 READ 3, IDATECI),ITIMECI) ISITECY) ,ISTC,INSC,IWDC,0CCI),4PC(])
€oo077 011 IF (0CCI)elT.0.0.0R.PCLI).LTLD.T) 60 TO 115
(ocgrs 011 N=N+1

(00079 011 ocwl)=0cCc(I)

COCa&0 011 PC(N)=PC(I)

€oGos1 011 YHAX=AMAXTCYMAX,0CIN) ,PCIN))
(ooos2 011 IF (ISITE(I).6T.1) 60 T0 105
cgooss 011 N1=N1+1

€00Ces 311 XT1(N1)=0C (1)

00085 611 YT1(NTI=PC(])

co0o086 011 IF C(Y1(N1).E6T.YBI6G) YBIEG=YT(NT)
{00087 t11 60 TO 120

€00Q088 011 105 1fF C(ISITECI).6T.¢) GO 10 11C
00089 011 N2=N2+1

{oace0 011 X2(N2)=0C(1)

L0Lg91 011 Y2(N2)=PC(1)

0o0C92 011 IF (Y2(N2).6T.YBIG) YBIG=YZ2(N2)
cNeo9s 011 60 T0 120

C0LC9s 011 110 NI=N3+1

(0Co9s 011 X3(N3)=0C(1)

{00C96 011 Y3I(N3)=pPC(1)

cogoer 011 IF (Y3(N3).6T.YBIG) YBIG=Y3I(N3)
(0GCy8 011 60 T0 120

€00Co9 011 115 NEG=NEG+1

<GC100 on CR PRINT 64NEG

€0C101 011 120 CONTINUE

£0C102 011 XMAX=YHAX

€0L103 011 CALL LINLSQ (OC,PC,N,YRL)

C00104 011 CR PRINT 7 N RMSE RC 4XSD,YSD,CIL,CIULA,B4ESD
€0c105 oM NN=100

€0G106 011 DPELX=C(XMAX-XMIN)/NN

coc107 011 XX(1)=XMIN

Co0108 011 YY(1)=A+B#XX(1)

€00109 a11 DO 125 I=24AN

coc110 011 XXCI)=XXCI~-1)4DELX

c0c111 011 YY(L1)=A+B*XX(]I)

€0011%2 011 125 CONTINUE
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tJo112
(9114
ac11s
000116
toc117
(00118
(00119
30120
(00121
00122
€ag123
(0G124
00125
(00126
€2¢127
(0G128
(og129
00130
coc131
00132
00133
(00134
coo13s
C00136
ag3e
000138
€ag139
€00140
00141
(00142
000143
000144
C00145
€301406
C00147
€00148
(00149
{00150
€265
020152
00153
000154
Cog1ss
00156
Qo157
£0C158
€0C159
00160
L0061
(0G162
(00163
C0G164
€0CG1e5
C0C1e66
00167
(0C1e68
(0C169

J11
J11
011
an
on
011
011
011
011
011
N
011
011
011
011
011
011
011
011
011
011
011
011
011
011
911
011
011
011
011
011
011
011
011
011
o1
o011
011
g1
011
011
011
011
01z
011
011
011
011
01
011
011
011
011
011
a11
011
011

(e ol

CR

135

140

[a e el el

145

99

IF (1

IF (1CODE.NELT) GO TO 145

CONTI
PRINT

CODELEu.”) 60 TO

PLOT THE SENSITIVITY BOUNDS (L.1*YMAX),

NUE
b

YEACT=J.1*YE]LG
DO 135 I1=1,NN
YPLP(I)=YYC(I)+YFACT

YPLM(
CONTI
m=0

I)=YYCI)-YFACTY
NUE

D0 140 I=1,N

YP=YR

LCOID)AYFACT

YM=YRLC(I)-YFACT

IF (PCCI)eL T YPOANDPC(I).GTLaYM) GO TO 1430

M=M+1
XS (M
YS(M
CONTI
CALL

1F (1

CALL
CALL
CALL
CALL
CALL
CALL
CALL

)=0C(I)
Y=pPC(1)
NUE

LINLSG (XS,YS,™ ,YRL)
PRINT 7 M RMSEZRC4XSDyYSD 4 CILsCIULA b ESD

CODE.EQ.0) STOP

PLOT THE SCATTER GRAPH.

INITIALIZE TEXKTRONIX GRAPH PACKAGE.

INITT (120)
TERM(2,1024)
HREADER

CHRSIZ (2)
BOX(0,C,1023,7¢0)
MOVABS (10,760)

AOQUTST (33, LINEAR REGRESSICON ANALYSIS,
ENCODE(1,99,CASE) ICODE

FORMAT(11)

CALL

AQUTST(1,CASE)

C PRINT LEGENDS

95

CALL
AN=N
IFCQIC

ENCODE (48,95, AOUT) B4A,RC,AN

CHRSIZ (3)

ODELEQ.3) AN=M

FORMAT(L(TIPEEB .2,4X))

CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

MOVABS (4,4)
AQUTST(3,“N =7)
AQUTST (B 4A0UT (7))
MOVABS (4 418)
AQUTST(3,"°R =7)
AQUTST(B,A0UT(S))
MOVABS (4,32)
AQUTST(3,7B =7)
AOQUTST (&,A0UT(2))
MOVABS (4 ,46)
AQUTST (3, " =7)
AQUTST (B ,A0UT(1))
BQX(U|C'1CO'6:))
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(0u170 011 IFCICODEFGa1.0R.ICODE.E@.5) 60 TO EC

00171 011 CALL MOVABS(72Cy4)

(00172 011 CALL AOUTST(31,7SOLID LINE ~ LEAST SWUARES LINEtT)
€oc173 g11 CALL MOVABS(72(,18)

C0C174 611 IFCICODELEQG &) CALL ACUTST(33,°DASH LINE - S(X%X CONFIDENCE BCUNDS”)
£0017s5 011 IFCICODEL.EQ.2) CALL AOUTST(22,”DASH LINE - IDEAL LINE®)
(0C176 c11 IF(ICODELEQ.3) CALL AOUTST(I0,"DASH LINE - SENSITIVITY POUNDS”)
(0C177 014 IFCICODELNE6) CALL BOX(716,0,1023,22)

QG178 014 IFCICODELEG3) GO TO B85S

toc179 011 IFCICODELNE &) 60 TO 8C

(00180 g11 CALL AQUTST(34, SMALL DASH -~ 90X CONFIDENCE BOUNDS™)
€oc181 011 CALL MOVABS(720,32)

(0C182 011 CALL AQOLTST(35, LARGE DASH ~ 90X PROBABILITY BOUNDS”)
€0C183 011 CALL BOX(716,0,1023,46)

£0G184 014 60 T0 8C

€00185 015 ES CALL MOVABS (104,4)

(00186 o1 CALL AOUTST(63,°NOTE= PARAMETERS M,B,R4N ARE FCR POINTS OUTSIDE DA
coo187 011 1SHED BOUNDARY®)

{0c188 013 gl CALL BINITT

000189 011 CALL CHRS12(2)

€0G190 011 C SEY THE SCREEN LIMITS FOR X AND Y.

000191 011 CALL PLACE (3HSTD)

(00192 011 CALL XFRM (D)

{0C193 011 CALL YFRM (1)

(00194 011 CALL XMFRM (3)

(0C195 011 CALL YMERM (3)

(00196 011 CALL MOVABS(30C,50)

(0C197 011 CALL AOQOUTSTI(NXC,XARR)

000198 011 CALL QUOTE( 049200043153 YARR,90.4NYC)

(00199 011 CALL MOVABS(30G,730)

D200 011 CALL AQUTSTUNTC,T1T)

€00201 o011 C DRAW A STANDARD FRAME.

€0c202 011 CALL FRAME

00203 011 C PLOT THE MAJOR-MINOR TIC MARKS ON THE AXES.
00204 011 CALL DLIMX (XMIN,XMAX)

{0Cz05 011 CALL DL MY (YMIN,YMAX)

€06206 011 CALL XNEAT (1)

€0G207 011 CALL YNEAT (1)

(gozo08 011 [ DETERMINE THE (X,Y) AXES TYPE.

000209 011 If (ITYPE.6T.100) CALL YYYPE(2)

c0c219 011 ITYPE=ITYPE-1000

€36211 011 IF CITYPE.GT.103 CALL XTYPE(2)

0212 011 ITYPE=ITYPE-10C

€00z13 011 If CITYPEL.GT.1) CALL YTYPECT)

(00214 011 ITYPE=ITYPE-10

L0C215 011 IF (ITYPE.6T.0) CALL XTYPE(T1)

{00216 011 C 1ST STATION (TRIANGLES),

toce17? 011 CALL STEPS (1)

(GC218 011 CALL LINE (-1)

€0c219 01 CALL SIZES (0.5)

€0Qgz220 g11 CALL SYmMBL (3)

€0G221 011 CALL NPTS (N1)

foo222 011 CALL CHECK (X1,Y1)

fogz23 011 CALL DSPLAY (X1,Y1)

€0u22¢ (VR A] C 2ND STATION (DIAMONDS).

(ocz2s 011 CALL SYmBL (4)

t0cr226 011 CALL NPTS (N2)
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vGlee?
€028
(00229
€0C220
€a0221
wgpes2
€agz13
00023¢
t0G235
(0236
c0Ge3?
C0(238
00239
{00240
C0Ce4
{00242
€00243
300244
L00245
Caczas
£0C247
Q0248
C0G249
€apeso
€025
€0G2s2
000253
30254
€0G2sS
€00256
00257
{00258
£og2s9
€0cze0
{0u261
(cu2e2
(0Lee3
C0Cees
€0cCz265
(0G266
00267
€og268
000269
cacz270
00C¢e?
(00272
ope7s
(00274
Qg0ce?s
00276
(ocz77
{guz78
0L279
(CL2¢E0
€002
f0Gese
CGLeen

J11

011
011
311
g1
011
NA R
on
CR R
11
011

[}

CALL CPLOT (X2,Yc)
IRD STATION (SGUARES).
CALL SYmMBL (4)
CALL NPTS (N3)
CALL CPLOT (X%,Y2)
I1F (ICODELEG.T) GO TO 18C

PLOT THE REGRESSION LINE (SOLID).

CALL STePL (1)

CR ORIGINAL AGII MANUAL USED § FOR SOLID LINE

o

oY

()

150

160

165

CALL LINE (O)

CALL NPTS (NN)

CALL SymBL (0)

CALL CPLOT (XX,YY)

IF (ICODE.GT.2) GO TO 15C

PLOT THE PERFECT LINE (DASH).

XX(1)=XMIN

YY(1)=xmIN

XX(2)=XMAX

YY(2)=XMAX

CALL LINE (12)

CALL NPTS €2

CALL CPLOT (XxX,vYY)

60 70 180

IF (ICODE.EG.2) 60 TO 175
RECNPT=RECNOP*1
FACTI=STAB(N,TAB)*ESD

IF (ICUDE.EG.5) GO TO 165

PLOYT THE 9L PEPCENT COMFIDENCE BOUNDS.

DO 160 I=1,AN
XMXx8=XX(I)~-XBAR
DIVI=XMXB*XMXB/SXMXE
FACT2=SQGRT(RECNOF+DIVI)
FACTI=FACT1*FACLT?2
YCLPCID=YY(IX+FACTZ
YCLMCID)=YYCI)~FACT3
CONTINUE

CALL LINE(12)

CALL NPTS(NN)

CALL CPLOT (XX,YCLP)
CALL CPLOT (XX, YCLM)

IF (ICODELEG.4) 60 TO 1E(

PLOT THE PROBAERILITY BOUNDS.

DO 170 I=1,MN
XMX3=XX(1)~XBAR
DIVI=XMAU*XMXB/SXMAPR
FACTO=SGRT(RECNFI+DIVI)
FACT7?7=FACTI*FACTS
YPLPUID)=YY( 1)+FACT?
YPLM(I)=YYLI)-FACT?

121



LoL2z4
w00 285
(0G2&6
GOU287
cogaseg
{0089
(006290
€00291
(00292
(00293

END ELT.

011
on
G11
11
011
011
011
011
0114
011

170
175

180

122

CONTINUE

CALL LINE (34)

CALL NPTS (AN)

CALL CPLOT (XX, ,YPLP)

CALL CPLOT (XX,YPLM)

CONTINUE

CALL HDCOPY

CALL FINITTY (0,700
END OF PLOT.

END



F.4 Subroutine M21ADO*STATO4.LINLSQ

SELT, L S4.LINLSG
ELTUC? SL7?3RT 11701778 39:63:5¢ (0,)

€oca01 300 SUBROUTINE LINLSW (XgY NOD,YRL)
C00C0oe 300 C

{oLCco? 030 C YEAR = A + EBE*XFAR

{3004 200 C

Lacccs J00 COMMUN JLSU/ RECNOP AL gXSDaYSD o CTIL oy CIUpSXMAr o nCyRMSE i SO 9 AFAR
WOCCoe 00 DIMENSION X(NOD),Y(NOD),YRL (NOD)
(oocor e sumx=0.L

(ouos 303 SuMY=0,0

€ooa0s 000 SUMXY=y .0

LoGecI0e 000 suMx2=04.4J

vOCC1 000 SumMY2=0.0

€0co12 060 sSMXmMyY2=0.C

(oCcc13 000 NBAD=0

(0CG14 wou Do 130 1=1,An0D

LGS 0ea IF (XCIDalToUeleORGY(I)elToCad) 60 TO 50
L0C016 200 SUMX=SUMX+X (1)

gLz 000 SUMY=SUMY+Y (1)

(ogcie 000 SUMXY=SUMXY+X(I)*Y (1)

{oul19 300 SUMXz=SUMX2+X(1)*X(I)

[l R qe] 000 SUMY2=SUMY2+Y (1)*Y(])

oeiz 300 SHMXMY2=SHMXMY24{XCI)-Y(1))*(X(TI)-YC(I))
gocczz 00d 60 TO 1CO

0?23 0oQo S0 NBAD=NBAD+1

CoLG24 000 100 CONTINUE

000325 000 NOP=NOD-NBAD

C0CG26 00G RECNOP=1.C/NOP

Lageez 200 XBAR=SUMX*RECNOP

L0co02® 000 YBAR=SUMY*RECNOP

€00Ge9 230 ARGT=SUMX2*RECNOP-XHAR*XE AR
coeg30 000 XSD=SQRT(ARC1)

€0Co31 000 ARG2=SUMY2*RECNOP-YEARYBAR
€0c032 coo YSD=SQRT(ARG2)

€0C333 000 B=(NOPASUMXY~-SUMX*SUMY )/ (SUMX2*NOP -SUMX*SUMNX)
L0003 00U A=YBAR-B*XB AR

€ogLc3s 000 RC=(SUMXY*RECNOP-XBAR*YBAR) /SQRT(ARET1*ARGZ)
{occ3e 000 RMSE=SQGRT(SMXMYZ*RECNOP)

(06027 uoo sum2=0.C

{00038 000 SXMXB=U.0

LooC3e 000 D0 105 J=1,NOP

COCCc40 000 YRLGJI=A+B2X(J)

C0CTe1 200 YMYRL=Y(J)-YRL(J)

{0Cga2 000U SUM2=SUM2+YMYRL*YMYRL

(0CQ43 000 XMXBE=X(J)-XEAR

(0C0as 000 XMXB2=XMXB*XxMXE

{acLoas 000G SXMXB=SXMXBAXMXEL

COCCas 000 105 CONTINUE

000047 000 EVAR=SUM2/(NOP-Z)

€0CC48 u00u ESD=SQRTC(EVAR)

(0CC49 oocC CON=1e9€/SQRT(NOP-3,0)

L0CCs0 000 AHBRC=0.,5*ALO6((1.L+RC)I/(1.C-RC))
{00051 [qns CIL=TANHC(AHERC-CON)

0002 000 CIUSTANH(AHERC+CON)

£000cs3 000 RETURN

(0Co5¢4 oou END
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F.4 Subroutine M21ADO*STATOL.STAB

GELToL S4.STAB
ELTO07 SL73RT 11/01/78 09:44:14 (0,

coccon 000 FUNCTION STAB (IND,TAB)

€0C002 000 C

€0u003 oou C ESTIMATION OF POPULATION MEAN USING6 THE STUDENT-T DISTRIBUTION
€0GG04 000 C WITH 90 PERCENT CONFIDENCE INTERVAL AND 2 DEGREES OF FREEDOM.
£00G60s 000 C

C00006 000 DIMENSION TAB(34)

(ogoor 000 NU=IND=2

£ooo008 000 IF (NU.6T.0) 60 TO 100

€00009 000 PRINT 1,NU

€00010 000 1 FORMAT (/47H NU.LT.1 STUDENT=-T VALUE CAN NOT BE DETERMINED. )
€000 000 sTOP

€00012 000 100 IFf (NU.6T.3C) 60 TO 110

£00CY3 000 STAB=TAB(NU)

000014 000 RETURN

€0ca1s Goa 110 IF (NU.6T.4C) 60 TO 12¢

€0001e 000 STAB=TAB(31)

{0co17 000 RETURN

000018 000 120 IF (NU.6T.6() 60 TO 13¢C

00019 000 STAB=TAB(32)

€00c20 000 RETURN

(00021 coo 130 IF (NU.6T.120) 60 TO 140

£00022 000 STAB=TAB(33)

€00Q23 000 RETURN

€0G024 000 140 STAB=TAB(34)

€00025 000 RETURN

000026 000 END

END ELT.
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APPENDIX G

INTERSTATION ERROR CORRELATION LISTINGS
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G.1 Program Map, M21ADPO*STATOS5.MAPIT

@FELT,L SS5.MAPIT
ELY.C7 SL73RT 11/C1/78 29:46:01 (Q,)

(30501 J00 IN STATOS.COREL?Z
€0Ls02 000 IN STATCSLLINLSG
COLau3 00C IN STATOS.XYCORR
€0Lc04 000 END

END ELT.
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sELT,L S5.C0REL?

G.2 Listing of the Main Program, M21ADO*STATO5.COREL?

ELTLO07 SLT73R1 11/01/78

L06GL0
(0uc02
(0La03
(NCC0s
{J0LC0S
c0ud0s
coccor
(ogeos
(0CCu9
(ocgio
(0o
(ac012
L0CC13
€acC14
(acag1s
{00016
c0u017?
(neoees
(06019
<du020
o221
{00ce2
(0C0e3
CO0Uc24
(occes
(occz2s
(ocuczar
{0cgee
(o0os29
cogeo3o
L0603
£naéa3e
(06a32
(00034
(0CC35
{0GG3e
Loco3z
Lacc3e
coLc3e
(0CC40
L0Co6
(00042
(0CC43
COuCes
LOCU4S
C0Cl4s
LoCCa7
(0uleal
L00C49
€ocoso
{0G0ST
£ocese
(0C0s?
000054
Loulss

00u
001
c01
001
o1
001
001
001
a00
001
001
U1
301
301
001
000
000
000
001
001
001
001
001
001
0C1
001
001
000
001
001
J00
o0C
000
[o1e] "
001
001
c01
vl
0G0
00u
000
000
00C
001
001
000
001
001
001
001

001
001
09
001

(el o B B o BN o B o B o BN oo B o BN oo B o BN oo S o BN o TN on |

[l

1C0
110

29:45:50 (1,)

COMMON JLSG/? RECNOP yA ot yXSD 4YSD 0TI L gCTU s aP Xt oRELFVSE 41 €D
DIMENSICON PCC123,3),0C€127,3),10ATE(123),ITIMECI2T),COKMC7,2),C0NL
1€(3,3),CONUCT,3)

FORMAY (//3SH INTER-STATION ERRCR C(ORRELATION TFSTS./)

FORMAT (/13H NO., OF DATA:zIS ,SX,12HNO. OF SITES:yIS45X,5HIO0PT:,17,
15X o 6HSITET:I5,5X6HSITE:2,15/)

FORMAT ()

FOKMAT (/15K NOe OF GOOD DATA:z IS, X12HCORRELATION: 4FSe2,°X4,18HCON
TFIDENCE LIMITS:3FAc2312H JLERHOWLE . 4FCaZ,4/)

FORMAT (//27H CORRELATION MATRIX eoeyg//%H SITE,2515)

FORMAT (/T1H L,12,2X4,55F5,2)

FORMAT (//4"H YS-PERCENT CONFIDENCE LIMITS MATNIX ...4//5H SITE,
12515)

FORMAT (4XT1HU41X525F54¢)

FORMAT (/1R 412,43 1X,THL 41X 425F5.2)

INPUT FROM CATA BASFE FILE ...

ND = NC. OF DATA
NS = NO. OF STATIONS
10PT = 1, CORRELATION Bi TWEEN 2 STATIONS CNLY.
= 29 CORRELATION AND CONFIDENCE LIMITS MATRICES.
IS1T = STATION NO. 1 WHEN 10PT=1.
1S2 = STATION NO. 2 WHEN I0PT=1.

IDATES = DATE OF OBSERVATION
ITIMES TIME OF OBSERVATION
ISITE = SITE OF GLSERVATION
ISTC, IwSC, IwDC NOT USED.

0oCs = OBSERVED CONCENTRATION
PCS = PREDICTED CONCENTRATION
PRINT 1

READ 34NDNS,10PT 151,182
PRINT 2,ND4NS,IOPT,IS1,1S2
DO 110 1=1,ND

D0 100 J=1,NS§
0C(1,4)=-99.9
PC(1,J)=-99.9

CONTINUE

CONTINUE

RETAIN OC AND PC BY SITE NO. AND TIME.

NT=1

DO 135 1I=1,NU

READ 3,I1DATES 4ITIMES,ISITE ISTCoIWSC,InuDC,0C,PCS
IF (1.67T%) 60 TO 115
IDATED=1DATES

ITIMED=ITIMES

IF (IDATES.EG.IDATLD) 60 YO 12)
IDATED=IDATES -
NT=NT#1

IDATE (NT)=IDATLD

GO T0 125

IF (ITIMESIQ.ITIMED) GO TC 1737
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CI.C5¢ J01 NT=NT*+1

LQCCs? thh 125  ITIMeD=ITIMES

€oocse 001 ITIME (NTI=ITIFED

€0CCse 001 130 IF (OCSelTe7eCeORLPCSaLTalal) 60 TL 135

Cau060 001 PC(NT,1SITE)=PCS

6061 001 OC(NT4ISITED)=0CS

(acce? uoL 125 CONTINUE

(000e3 aCc1 IF (IOPT.6T.1) GO TC 2.0

00064 000 C

0003¢S 00 ¢ OPTION 1: DETERMINE THE CORRELATION BETWEEN ANY ThO SITES.
(oL06e [s14]¢) C

G0 0067 001 CALL XYCORR (NT,0C(1,1S1),PC(1,151),0C(1,1S2),PC¢1,1I52))
Loolet 0o PRINT 4 4NT,RC,CIL,CIU

€0C069 000 STOP1

(occro ¥Je]o] ¢

(A ]ofora 200 c OPTION 2: DETERMINE THE CORRELATION AND CONFIDENCE LIMITS MATRIX.
(0Cove2 000 C

€oc073 001 200 DO 230 I=1,NS

(0Co7e 001 DO 220 4=1,AS

Quces 001 IF (1.EGed) GO TO 210

LAcc76 001 CALL XYCORRUNTL0CCT4I),PLC1,1),0CC1,4),PCL1,4))
(0CG077 001 CORM(I,J)=RC

(oucrs 001 CONL(I,J)=CIL

£ooo79 001 CONUCILJ)=CIU

€000s0 000 GO0 T0 2¢0

tocos1 001 210 CORM(ILJ3)=1.0

€ocpe2 001 CONL(I,J)=1.0

00083 001 CONU(T,4)=1.0

C0GTE4 000 220 CONTINUE

£oooes oCo 230 CONTINUE

C0C086 000 C

Couos? 00U C PRINT CUT THE CORRELATION MATRIX.

(0CCs8 300 C

00u0 89 001 PRINT 5,(I,I=1,NS)

0090 001 BO 240 I=1,NS

(nco91 001 PRINT 6,1,{CORF(I J),J=1,NS)

(06092 000 240 CONTINUE

€aCCos 000G C

C0G094 000 C PRINT OUT THE LOWER AND UPPER CONFIDENCE LIMITS.
(00095 000 C

€0CL96 001 PRINT 7,(I,1=1,NS)

Lopce? go1 DO 250 1=1,4NS

(oL098 Q01 PRINT 9,I1,CCONLUI4J)y3=1,4NS)

06099 G601 PRINT B8,(CONUCIL3),3=1,NS)

(oo100 000 250 CONTINUE

c0C101 000 STOPC

{00102 00C END

ENL ELT.
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G.

sELT,L S5.XYCORR

3

Subroutine M21ADO*STATO5.XYCORR

ELTCGL7 SL73RT 11701778

000¢C01
cocooz
€0Co03
00004
oG0S
(octoe
(0GaQ7
cocoos
o) eelol]
30310
00011
A
occas
00014
Louu1s
CoCl1e
0GLr?
(0CC18
LocG19
o020
cogca

END ELT.

001
300
001
001
J20
001
00u
001
201
001
001
001
001
001
000
00G
000
200
001
00C
000

(o]

o

109

(09:45:03 (1,)

SUEROUTINE XYCORR (NT4LCT4PC1,0C24FC2)

CONMMON /LS/ RECNOP A B ¢ XSD4YSDCTLyCTUSXMXLRC,AMSELESD
DIMENSION OCTUNT) yPCIINT) qOC2UNT) 4PCcUNT) 4DCTC(123),0C2C122),YRL(12
13)

COMPUTE (OC-PC) FOR FIRST SITE.

NN=0

DO 100 131,07

IF COCT1(I) elTuColeORPLICII L TulaTaOKke0C2(IILTelausORLPC2C(II VLT
1G.0) 60 TO 150

NN=NN+1

DCTI(NNDI=0C1(ID-PCT1CI)

DC2INNI=0C2(¢I)-PC2(J)

CONTINUE

COMPUTE THE LINEAR CORRELATION EETWEEN TwO SITES.
CALL LINLSG (DC1,DCZyNN,YRL)

RETUKN
END

129



TECHNICAL REPORT DATA

(Plcase read [astructions on the reverse before completing)

-

REPORT NO

EPA-600/4-80-013c

2.

3. RECIPIENT'S ACCESSIONNO.

&

.TITLE AND SUBTITLE

THE RAPS DATA BASE
Volume 3. Program User’s Guide

EVALUATION OF THE REAL-TIME AIR-QUALITY MODEL USING

5. REPORT DATE

February 1980

6. PERFORMING ORGANIZATION CODE

7 AUTHORIS)

R.E. Ruff, H. Shigeishi, and R.H. Allen (Comp-Aid, Inc.)

Final Report

SRI Project 6868

8. PERFORMING ORGANIZATION REPORT NO.

SRI International
333 Ravenswood Avenue
Menlo Park, California 94025

9 PERFORMING ORGANIZATION NAME AND ADDRESS

10. PROGRAM ELEMENT NO.
1AA603 AA-26 (FY-77)

68-02-2770

11. CONTRACT/GRANT NO.

Office of Research and Development
U.S. Environmental Protection Agency

12. SPONSORING AGENCY NAME AND ADDRESS

Environmental Sciences Research Laboratory — RTP, NC

|_Research Triangle Park, North Carolina 27711

13. TYPE OF REPORT AND PERIOD COVERED
FINAL 8{77-4/79

EPA/600/09

14. SPONSORING AGENCY CODE

15 SUPPLEMENTARY NOTES

16. ABSTRACT

The theory and programming of statistical tests for evaluating the Real-Time Air-Quality Model (RAM) using the
Regional Air Pollution Study (RAPS) data base are fully documented in four volumes. Moreover, the tests are
generally applicable to other model evaluation problems. Volume 3 presents the software used in the statistical
tests for evaluating the RAM. Six statistical tests are described, with attention to the programming philosophy
behind them. Also presented is a review of the auxiliary software that sort, retrieve, format, and display the data.

KEY WORDS AND DOCUMENT ANALYSIS

2 DESCRIPTORS

b.IDENTIFIERS/OPEN ENDED TERMS

c. COSAT! Field/Group

Air pollution

Mathematical models
Evaluation

Tests

Computer systems programs
Statistical tests

L I R

Real-Time Air-Quality Model
Regional Air Pollution Study
Data Base

13B
12A
14B
09B

13. DISTRIBUTION STATEMENT

RELEASE TO PUBLIC

19. SECURITY CLASS (This Report)
UNCLASSIFIED

21. NO. OF PAGES
138

20. SECURITY CLASS (This page)
UNCLASSIFIED

22. PRICE

EPA Form 2220-1 (9-73)

130




R

s

[ It M
L

v,

LI e

PP

e

!\1)
EH

¢
(.3

S

T et samrsges WO



