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PRECIPITATION VARIABILITY IN THE U.S.A. FOR
MICROWAVE TERRESTRIAL SYSTEM DESIGN

*E. J. Dutton

A FORTRAN computer program, entitled PRED77 ,
has been prepared to predict SHF microwave link
degradation due to rain—caused attenuation in the
United States of America. This program , which
predicts 5, 50, and 95 percent confidence levels
of rain—caused attenuation, is similar to one
developed earlier for Europe. Major changes are
in the prediction of rain rate climatology.

A telecommunications—oriented rainfall clima-
tological index is developed for the U.S.A., and 19
zones of similar rainfall characteristics are sub-
sequently developed , using a 359-station data base.
Contour maps of important input parameters that can
be used to assess rain rate and its variance at a
location via numerical methods in PRED77 are pre—
sented. These numerical methods are also discussed ,
as well as the limitations of these methods for
large variances of the input parameters.

As in earlier work for Europe , an interpolation
scheme for obtaining otherwise unknown data at a
location from the 359-station data base is included
in PRED77. The interpolation error created by this
process is estimated, and the pitfalls of the whole
estimation procedure by interpolation are discussed
The interpolation error made in estimating an input
variable is included in the variance estimation of
that variable where feasible.

The mechanics of the program PRED77 are dis-
cussed , and the program is listed and flow dia-
grammed in the Appendices.

Key Words: Microwave rainfall attenuation , Rain rate
prediction , Terrestrial links, United
States Climatology .

*The author is with the Institute for Telecommunication
Sciences, Office of Telecommunications, U. S. Department
of Commerce, Boulder, CC, 80302.

- L. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 1 

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - ,1~~ - . T TJ



1. INTRODUCTION AND BACKGROUND

This report is concerned with the prediction of rain
rates in the United States of America for communications

purposes. This is because planning and engineering of new

microwave terrestrial links in the U.S.A. requires exten-

sive pre—examination of their potential for interference

and degradation. This is a result of heavy utilization of

the SHF spectrum, causing appreciable demand for the spectrum.

Rainfall is known to have significant bandwidth (Ma and

Dougherty , 1976), attenuation (Dutton , 1968) , phase delay
(Zuffery , 1972), interference (Hubbard , et al., 1973), and
depolarization (Thomas, 1971) inpact or. microwave terrestrial
links. Thus the investigation of rainfall parameters as they

influence the performance of terrestrial links at SHF (and
beyond) in the United States, including Alaska and Hawaii, is
essential to adequate system protection design.

Rainfall is the topic of concern in this report because
it has been assumed that standard siting procedures have been
followed in designing a terrestrial link. This includes

standard adequate combinations of antenna—tower height. and
• link path lengths chosen so as to insure that the individual

link propagation paths are line of sight. Further it has

been assumed that performance degradation due to terrain and

atmospheric multipath will be minimized, where necessary, by
the standard remedial techniques of space and/or frequency
diversity. The computer program PRED77, described in Section 5,
therefore , treats only rainfall  effects on microwave links
operating at frequency in the 3 to 30 GHz (SHF) range. The

program is applicable - to terrestrial links rather than air!

ground or satellite/ground links , and is further applicable
to only the U.S.A., including Alaska and Hawaii. The program

= output of predicted link attenuation and its 5 and 95 percent
confidence limits for given percents of a year include effects

2

L __________________________________________________________ —_ - -.~~~~~~~- — - -~~- - ~~— -—-- —‘r-~ — — —--

~~~~~a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~ -~~~~~~ _ - ~~ - - S -~~~~ &- -~~~-



- - ...- . ,.— —--~~~~~~~~~~ —- —~~- ~~~~~~~~~~~~~ ~~~~
—- —----

~

-

~~~~~
- --i.- - —,,

~~

- -

-~~~
_; ~~~~ -——-.,—

of oxygen absorption , water vapor absorption , cloud and
rain attenuation. The behavior of microwave links in the

presence of oxygen and water vapor absorption at SHF is not

expected to be an area of -‘oncern, because the effects are
minor compared to those of rain, and they are much more

readily predictable.

Traditionally , the performance of microwave links in the
presence of inclement weather has been related to the rain

rate, R0, observed at the earth ’s surface (Ryde , 1946, Barsis
et al., 1973). The rain rate, R0, is usually distinguished as
a “point” rain rate. The conversion of R0 to a “path average”

rain rate is essential in the prediction of path performance.

This problem is not, however , the immediate concern of this
report. It, and the subject of path performance , were treated
in the Of f ice  of Telecommunications Technical Memorandum ,

OTM 76—225, (a memorandum of limited distribution) entitled
“Computer Software for FWCS Performance Prediction dated

August, 1976. Requests for information on this document should

be made to the author at the address shown on page 1. Therein

is described a FORTRAN computer program PREDIC, which incorporated

subroutines containing specif ic methodology for prediction of
R0. This rainrate prediction is accomplished by estimating

the distribution of the mean rain rate, R , for a given location ,
0

and the variance, SR , of R0 at the percentile on the distribution
of interest (Dutton ,°1977). From these, the 5 and 95 percent

confidence bands for the entire distribution are obtainable ,

using the distributions discussed in Section 3.2.

A procedure for evaluation of and S~ , as developed
in Dutton (1977) and Dutton et al. (1974) is ~a11ed the

- - “modified R—H model” . The reason for this nomenclature is

that the procedure represents a rather extensive modification

of the original Rice and Holmbera (1973) model CR-H xnodel)--a

3
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modification for which same price in precision has had to be
4-

paid , as discussed in Section 3.1. The OTM 76-225 , mentioned
above, discusses four separate procedures whereby the output
of the modified R-H model (i.e. subroutine DELTT) is used to

predict atmospheric attenuation and its 5 and 95 percent con-

fidence limits on a European microwave link. For purposes of

this -report, it is important for the reader to note at this

point that prediction procedure other than rain ra te prediction
is assumed basically unchanged (except for some minor inodif i-

cations described in Section 5.0) from the European development,

when applied to the U.S.A. Hence, this report is devoted in

its entirety to improving rain rate prediction procedures for
the U.S.A. over those used for the European study.

2. COMMUNICATIONS-ORIENTED CLIMATOLOGY OF THE U.S.A .

Since the turn of the century (Koppen , 1900; mhornth~~ 1te,
1931), the agrar ian influence has dominated worldwide cliznato-
logical thinking especially , in the conterminous U.S.A.
It has been amply indicated in recent years , however (CCIR ,

1972), that telecommunications has its own set of climatolo-
gical needs, not necessarily compatible with those of other
areas of interest such as agriculture. For this reason , it

was felt that climates in the U.S.A. should be categorized

from a telecommunications point of view, rather than from the

traditional , agricultural standpoint, as had been done pre-
viously for Europe (Dutton et al., 1974). A natural starting

point for this reclassification seemed to be the R-H and

modified R—H models for rain rate prediction . This was

because they represent models of a meteorological parameter ,
rain rate, that were developed strictly for telecommunications
applications.

*As used here and thereafter , the “U.S.A” includes Alaska and
Hawaii; the “conterminous U.S.A.~

! does not.
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- -1 Two important parameters in the R-H or the modified R-H
model are M , the average annual precipitation at a location
of interest, and 8 , the ratio of the precipitation associated
with thunderstorms to the total precipitation of an average

*year . Thorn thwaite (1931) defined what is known as the “P-E

Index ” for specif ic use in the rainfal l  climatological charac-
terization of the conterminous U.S.A. for agriculture purposes.

This index , which is directly related to the precipitation to

evaporation ratio of a given location , is capable of giving a
macroscale (or large—scale) estimate of climatic behavior. In

analogy with the “P-E index ,” therefore , it was decided to use
an “M/8 Index, ” the ratio of M to 8, to estimate macroscale
rainfall climatological behavior for telecommunications purposes.

This is because the two main elements of rainstorms——stratiform

and convective storms——that affect microwave telecommunications

are described by the parameters M and 8. Hence, roughly , a

large M/8 indicates a climate with mostly stratiform tendencies ,

whereas a small M/8 indicates .a climate with mostly convective

tendencies. Figure 1 shows the boundaries of the 19 rainfall

zones of approximately constant M/8 that resulted from the

M/8 index determined from the 305 first-order U.S. Weather Service

observing stations (NOAA , 1975). The locations of the stations

used for the data analysis in this report are shown in figure 2.

It should be recognized that a simple ratio such as M/B ,

although it relies strictly on telecommunications—oriented para-
meters, can still only serve as a guide rather than an absolute,
in drawing boundaries such as in f igure 1. Otherwise, nineteen
such zones would have never resulted . The unique climatological

features of one part of the U.S.A. as opposed to another part
must be taken into accoun t, even though both parts might have
similar M/8 values. Hence, older climatological characterizations

*Note that 8 is a parameter derived from other input data,
as djscussed in Dutton (1977).
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- of the U.S.A. are not without virtue, and must , still be

included.

Figure 2 , as mentioned , shows the location of the prin—

cipal data points used in the analysis in this report. To the

author ’s knowledge, no greater variety and extent of meteoro-
logical data are taken anywhere in the world than at these

305 stations. In many cases worldwide, considerably less
data are available. The R-H and modified R-H models, as dis-

cussed in Dutton (1977 ), require four quantities at a given
(U.S.A.) location as basic input. These quantities are M; Mm~
the greatest monthly precipitation in 30 years; D, the average
annual number of days with precipitation >0.25 mm; and U, the

average annual number of days with thunderstorms. These are

available at the 305 first—order U. S. Weather Service (U.S.W.S.)

stations (NOAA , 1975). Additional locations (with only some

of the four input quantities available) of importance to U.S.

Army communications users , are shown in figure 3. Therein are

represented 54 U.S. Army Airfield (AAF) meteorological data

recording sites, as reported by the U.S. Naval Weather Service
(USNWS , 1969—70). Values of M and U are recorded at these

sites, but it was necessary to estimate D and Mm via the contour
maps discussed next. ‘The thunderstorm ratio , 8, can be obtained
from these other input variables via

- j 
8 = 8~~~ 0.25 + 2 exp [_ o .35 (1 + o.l25M)

J}, 
(1)

where

= 0.03 + 0.97 exp [—5 exp(_O.OO4Mm)] . (2)

-
~ The data from the 305 first—order U.S.W.S. stations were

used to draw contour maps of M , 8, D, U , and M,, for the U.S.A.

A contour map for each parameter is shown, re~pectively, in

7 
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figures 4 through 8. The values of D, and Mm for the 54 AAF ’s
were obtained from figures 6 and 8, respectively , by linearly
interpolating between contours at each individual AAF location.

There are errors introduced by the use of such “data,” and they
must be estimated by techniques such as the rins interpolation
error analysis of subroutine IDEVIP, discussed in Section 4.

The attenuation prediction procedure and associated com-
puter software PRED77 , discussed in Section 5, include clear-
air , as well as rainfall, attenuation prediction. This prediction

requires knowledge of the station mean annual surface tempera-

ture , pressure, and relative humidity. These values can be

readily estimated from recorded means at the 305 first-order

U.S.W.S. stations, and at the 54 AAF ’s. These values constitute

part of the data in subroutine TABLES (see listing in Appendix
B).

3. METHODS OF RAIN RATE ANALYSIS

In the introduction , we briefly mentioned the original R-H
model and the modified R-H model. At that point, we also intro-
duced the rain—rate variance, S~ , about the mean predicted
rain rate, for some fixed pe~centile on the original or modi—
fied R-H model distributions. These concepts and models are

chronicled in detail elsewhere (Dutton et al., 1974; Dutton , 1977).

The purpose , then , of the following subsections will be to dis-
cuss the results of further extensions and hopeful improvements

in the modeling technique that have occurred since the earlier
publications, without extensive reiteration of the earlier work.

3.1 Rain Rate Determination from the Original R-H model

The original R-H model (Rice and Holmberg, 1973) expresses

the percent of time, P(~ ) ,  that a one—minute (or “instanta—
eous ”) mean rain rate-, is exceeded during a year*.

- - 

- 
- This is expressed mathematically as

This is the same as the rain rate exceeded during an average
year.

10
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P(~0) = kT11exp (—~0/~11) + .35kT21exp(-.453074~0/~21)

+.65kT21exp (—2 .857l43R /R21). (3)

In (3), 
~ ~~~~~ 

T11, and T21 are functions of M
m l M, D, and

U (Rice and Holmberg, 1973), and k=0.01l41, a conversion from
hours/year to percent of a year. The first subscript on these

parameters represents rain type; -i.e. thunderstorm rain (1)

and non—thunderstorm rain (2). The second subscript represents

one-minute rain rate values. The modified R—H model relates

P(~0) and 
~~ 

by (Dutton, 1977)

I kT11exp (-~0/~11), ~~
>30 nun/hr

I 4
p 
~~~ 

= 

~ 

kTSlexp(-\/~~/RSl), 5 mm/hr<~~~ 30 mm/hr (4)

[k(Tll +T21) exp(-~0/RI
), 

~~~~~~~~~~~ 

mm/hr .

In (4), T51, R51, and RI can be related to previously defined
parameters as discussed in Dutton, et al. (1974). It is clear
that the modified R-H model (4) is readily solved for

whereas the original R—H model is not so accommodating .

However , it should be remembered that the modified R-H model is

a simplified fit to the original R-H model and, as such, intro-
duces deviations - from the original R-H model. Since it is the

original R-H model that was fit to data, it would seem prudent
not to depart -too far from the original R—H model, if possible .

Yet there are instances, especially in the 5 mm/hr to 30 mm/hr
region, where there are departures as high as 8 mm/hr. Such

S 

values could produce noticeable differences in predicted atten-

uations. —

Therefore, it appears to still be desirable to solve the

original R-H model for L~, given P(~0). This is facilitated

for computer purposes by using Newton ’s (Newton—Raphson ’s)

S 16 
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method (Sokolnikoff and Sokolnikoff , 1941; Dahiquist et al.,
1974). For any given rain rate, R, we can define an f(R) such
that

f(R) = P(R0) —g(R) , 
(5)

- 

where g(R) is the right—hand side of equation (3) when R is

substituted for R0. Furthermore

R = R 0
- 

is the only root of f(R), because (5) is a single—valued , con-
tinuous function. We can therefore use Newton ’s method to obtain
any degree of accuracy desired (Sokolnikoff and Sokolnikoff , 1941).

- - 
Hence, having chosen an appropriate first estimate of 

~~~~
, R1, the

iterative Newton ’s procedure can be followed until

u r n  R~ = , ( 6 )
fl-)~~

where R~ is the estimate of after n iterations. The modified

- fl-H model, (4), should be a good procedure to use to obtain R1.
- This is because it is a model that has been fit to (3). It has

- - 
been found for a few sample test cases that if this procedure

- 
is followed for obtaining R1, no more than n=ll iterations

- 
are needed to get W~ accurate to 7 decimal places. However ,

- 
to be on the safe side, we have allowed for 25 iterations in

- subroutine MODRH (described in Section 5) to obtain

- 3.2 Other Rain-Rate Analysis Modifications

- Values of the variances about M, S~ , about D, S~ , and
about U, S~ , have been obtained zonally. The methodology

and rationale for obtaining these zonal constants, and their
use in estimating the variance about 8, S~ , and the variance

about 
~~~~~~~~

‘ 
S~ , at a given percentile, P(~0), on the distribu-

L
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tion (1) are described in Dutton (1977). Table 1 shows the
zonal mean of M, M ; of D , D ; and of U, U , and the corres-z 2 2 Z
ponding zonal variances 5M’ 5D’ and S~ , for the 19 U.S.A.
rainfall zones shown in figure 1. The methodology describ&

in Dutton (1977) for rainfall variance analysis uses an approxi-
mation that essentially requires that the standard deviation
of an input parameter should be small with respect to its mean
value. This requirement must also be met if a normal distribu-

tion is to be used as the approximate assumed population dis-
tribution of any of the parameters M, D, and U, since all three
represent means of values that are non—negative.

From a theoretical standpoint, both the Dutton (1977) rain
rate variance formulations and the assumed normality of the

• 2 2 2
- distribution from which SM, SD, arid are chosen, the ratios

SM/MZ (or SM/M), SD/DZ (or SD/D), and S~/U~ (or SU/U) should

probably be 1/3 or less. It is apparent from table 1 that while

58 percent are indeed <1/3, 18 percent lie between 1/3 and 1/2

and 24 percent are >1/2. The largest ratio is in zone 16, where
S/Mz O.776. As the ratios become progressively larger than 1/3,

the Dutton (1977) rain-rate variance formulations (being derived

from the first-order terms of a complicated , multivariable Taylor
series) become theoretically progressively larger underestimates

of rain-rate variance. The comparisons of data with the Dutton

(1977 ) formulations , which were made in that report, however ,
indicate, at least for that small data base, that the formulations
are realistic.

To avoid concern about the use of a normal distribution in
the region where the aforementioned ratios are >1/3, a truncated—

normal distribution (truncated below zero) has been used. The

• assumption was made in Dutton (1977) that a normal distribution

of M, D, and U implies a normal distribution of rain rate,
It has now been further assumed that a truncated (or more pro-
perly doubly-truncated at 0 and 365 for D and U) normal distribu-

19
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tion of M, D, and U implies a truncated normal distribution of

~~ 
(again truncated below R0 0). Before proceeding further,

however , we must answer the question: why are we using the
truncated-normal distribution? It is clear that M , D, U, and

are all non—negative quantities, so that, in point of fact,
it is the normal distribution that should theoretically never
be used, since it permits negative values. However, for the

- 
- 

ratio of the standard deviation to the mean less than 1/3 ,

more than 99.87 percent of the distribution values are non-

negative. This fact, coupled with the widespread usage and
tabulation of the normal distribution, make it a convenient

distribution to use. Nevertheless, whenever the afore-

mentioned ratios are greater than 1/ 3, the normal distribution
4 begins to allow too much probability of negative values of M,

D, U, and R0. It is therefore necessary to use one of many
possible non-negative distribution functions to represent the

distribution of these parameters. The choice of the truncated-

normal distribution was made because a) it represents a logical
extension of the otherwise-used normal distribution for positive

values only , and b) it has a non-zero probability of M=D=U=R0 0,

a clearly feas ible result that some other distributions such as
the gamma or Rayleigh distributions do not have. The drawback

to the truncated—normal distribution is that it is more diffi-

cult to manipulate mathematically than distributions such as the

gamma or Rayleigh distributions.

4. INTERPOLATION ERROR PROPAGATION

A large physical segment of the program PRED77, discussed
in Section 5, is devoted to an interpolation procedure entitled
subroutine “IDBVIP” (Akima, 1975). Some minor modifications of

software procedure were necessary in order to use IDBVIP for

U.S.A.-data as opposed to European data. Also, the mean—square

interpolation error (MSIE) was obtained for the U.S.A. for the

20
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- input parameters M, D, and U, and are, respectively, denoted

2 2 2as SM , 5De’ and Su .

In these three cases, as was done for Europe, the total
variance can be assumed to be

2 _ 2 2
~M

SM + SM ‘

(8)

and = S~ + S~

provided the spatial-temporal caused deviations and the inter-

polation error are uncorrelated.

A specific set of boundaries is needed for optimum use of
IDBVIP , which necessitated dividing the U.S.A. into three separate

*
areas --the conterminous U.S.A., Alaska , and Hawaii—-for computer
interpolation purposes. Incidentally , it should be recognized
that the purpose of the contour maps , figures 4 through 8, is
interpolation, and for that matter , could be used to avoid corn-
puter interpolation altogether. However, in so doing, the map
user sacrifices a quantitative estimate of the error made by

such a procedure , and the propagation of that error. If the

user retains the computer interpolation, then the only input
variables required are estimates of location co—ordinates , sta-
tion elevation, operating carrier frequency , and path length.

Table 2 shows the estimated values of SMe I SD , and Sue for
— 

- the 19 U.S.A. rainfall zones. Also included in table 2 are values
- 

- for 0M’ GD, and 
~~~~~

‘ which result when table 1 is combined with

• 
the interpolation errors via (7), (8), and (9). Consequently ,

if the user wishes to retain the computer interpolation procedure ,

*
- -  

I Note, not zones as defined earlier.
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Table 2
Root-Mean-Square Interpolation Errors and Resultant

Variances using data of Table 1.

S~1 5De 5Ue ~M

Zone (znm/yr ) (days/yr) (days/yr ) (mm/yr ) (days/yr) (days/yr)

1 133.8 6.7 11.9 350.9 25.1 21.5

2 164 .6 6.5 8.7 324.7 16.2 16.7

3 201.2 14.3 6.8 293.1 19.1 9.6

4 62.9 
— 

4.2 4 e 3  223.9 19.6 10.1

5 285.7 29.9 49 424.7 38.6 12.8

6 99.7 9.2 4.6 195.4 23.6 9.6

7 66.1 8.4 5.1 255.2 18.1 11.6

8 152.3 7.3 7.9 294.3 19.6 12.6

9 232.6 39.3 5.9 250.1 44.0 11.1

10 281.0 39.2 17.7 363.3 43.0 21.4

11 340.5 27.5 14.1 360.4 32.4 19.3

12 273.2 15.0 11.3 301.0 21.7 17.4

13 1069.8 55.6 2.7 1149.8 63.4 5.7

14 116.2 13.5 1.3 172.0 16.9 2.7

15 
- 

718.5 32.5 1.9 940.2 57.9 3.8

- - 16 599.5 120.8 1.6 1180.2 129.0 2.2

17 354.6 43.3 3.2 378.9 50.3 4.3

18 736.0 54.3 2.4 770.8 59.0 4.8

19 2514.3 199.9 5.9 2764.8 204.1 7.7
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he or she finds from tables 1 and 2 that the ratios GM/M Z ,  CD/DZS
and a

~
/U
~ 

are considerably larger than the corresponding ratios

SM/MZ, SD/D Z ,  and S~/U~ discussed in the preceding section.
It is found that the ratios with interpolation error included

are such that now only 35 percent are <1/3, 18 percent lie
between 1/3 and 1/2 , and 47 percent are >1/2. Indeed several

ratios even exceed unity. - At this point, the user is reminded
that , if he or she has known data at a site, interpolation error
is not to be included on those data. However, when using the
IDBVIP interpolation procedure , it is best to be circumspect
about its application in those zones where the aforementioned
ratios exceed 1/3. In these cases, the user is advised to use
the contour maps of figures 4 through 8 instead of computer
interpolation.

Two such zones are in Hawaii, where the data base is so
small (2 points in each zone) that large interpolation errors

are not too surprising. The Hawaiian land mass is so small,

yet so mountainous, that orographic effects make the rainfall
climate highly variable. Smooth interpolations , such as pro-
vided by IDBVIP, cannot be expected to do a very good job as
a result. Nor do contour maps do any better! This is why no

contouring has been included for Hawaii in figures 4 to 8.

Instead , the data base values have been given. Other zones

in the U.S.A. that have high ratios are in Alaska and the West.

Interpolation errors are probably higher in these zones because

the density of data stations is generally lower than in other

zones. It is felt (albeit , strictly intuitively) that contour

map estimates will provide superior results in these high-error

areas. Zones of greatest concern are numbers 11, 12, 13, 16,
- - 17, 18, and 19.

• As well as the three variables, M, D, and U, the input

variable Mm would also have an interpolation error, but it
has been decided not to use the interpolation error for an

• interpolated Mm because the values are so large as to produce
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meaningless results in the variance of B. It is not entirely

clear why this is so , but a possible reason lies in the inherent
difference between Mm and the other input variables. First Mm
is a maximum value, whereas M, D, and U, are mean values for a
30—year period. Second , Mm is a monthly value, whereas M, D,
and U are annual values. The only need for the interpolation

error would be in evaluating the zonal MSIE of B, S
~e~ 

which,

when added to the zonal variance S2, would produce the resultant

zonal variance, a , analogous to (7), (8), and (9). Thus, a

way has been devised to obtain a8, without evaluating the
interpolation error on Mrn~

In Section 2, it was implied that the ratio M/8, was
essentially constant (to first order approximation) within a

zone-—that being the way zones were defined. Hence, we can
say, for any particular ~ and M in a zone,

-
, 

- ~~= C , (8)

where C is a zone-wide constant. Therefore , assuming that this

relation will hold for interpolated (estimated) values of M and S

8 as well, it is not difficult to show (Crow et al., 1960) that

= C2S~ . (9)

Thus a~ is obtained in PRED77, and unwarrantedly high values
resulting from interpolation error on Mm have been circumvented.

5. PROGRAM PRED7 7 , THE U.S.A. VERSION OF PROGRAM PREDIC

The FORTRAN program package PRED77 consists of basically

• 

- 

two parts: an attenuation prediction procedure, and a rain-rate

and associated variance prediction procedure. A~ mentioned in
Section 1, the major changes have been made in the rain-rate

prediction procedure. It is the purpose of this Section to des—

cribe the software format of these changes. A listing of PRED77

24
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with these changes incorporated is given in Appendix A , and a
basic flow diagram of PRED77 is given in Appendix B.

Some minor changes to the attenuation prediction procedure
will be described first. We shall include the input data for-

matting changes as part of these minor changes, so that com-
puter input requirements for the user are now as follows. The

- first input data card is an identifier card which uses all 80
columns of the card. The second card contains only site data;

i.e., the latitude and longitude of the site of interest, the

elevation of the site, and the frequency and distance of the link
involving the site. These data are read in each as FlO.0 format,

starting in column 1, and punched in the order stated above.
The third input data card contains -only meteorological data

for the station, and is inputted as follows. The first piece

of data is an integer variable IZONE, the zone in figure 1 that

contains the station. At this point, the user should note that
this is the last piece of input data which need be specified.

The interpolation routine IDBVIP, discussed in Section 4, can
now be used to find subsequent unknown input data, if necessary .

All data prior to, and including , IZONE , however , must be speci-
fied on the input cards , or program execution will fail. IZONE

is read in as an 12 format. The remainder of the input data;

namely , the pressure , P; the temperature , T ; the relative
humidity, H; the average annual precipitation , M; the average

- ( number of days with precipitation greater than .25 mm , D; the

average number of thunderstorm days, U; and, finally , the
greatest monthly precipitation recorded in 30 years, Mm I are each

- Ii read in on an FlO.0 format. Data is punched beginning in column
11 of the third card for any of these input data that are known. 

-

For those that are not known (unspecified), the appropriate
space on the input data card is left blank.

- - 
- Another change in the attenuation prediction procedure

involves the determination of the distribution of attenuation

25 
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by using a truncated normal distribution , as discussed in

section 3.2. This is done physically in subroutine TRUNCN.

Subroutine TRUNCN has two satellite subroutines: ER! and

ERFCI . ERF Contains a numerical analysis procedure (Hasting..,

1955) for evaluating the error function and its complement.

In ERFCI , a Newton-Raphson iteration is used to find the
inverse of the complementary error function. This result is

then returned to TRUNCN, where the actual evaluation of the

attenuation distribution takes place.

PRED77 interfaces with three main subroutines in the rain

rate prediction procedure. These subroutines are’ TABLUS,

VARNCE, and DELTUS. TABLUS, after checking to see if the
IDBVIP interpolation procedure is to be used, determines which

of the values of the U.S.A. data sample are appropriate for

- 

- 
use in that interpolation. TABLUS uses three satellite sub-

- - routines: TRIPART, CLSPT and SORT. TABLUS is, of course , also
the interface to the interpolation subroutine IDBVIP. TABLUS

first checks to see if all of the input data are specified . If

all input data are specified, control is passed back to PRED77
with certain flags set so that the rms interpolation error (see

— section 4.0) is not included in the variance analysis. If some

of the optional input is unspecified , interpolation is under-
taken liy calling TRIPART. The subroutine TRIPART partitions the

entire U.S.A. into three areas; a) the conterminous U.S.A., b)

the state of Hawaii, and c) the state of Alaska. TRIPART then

• I 
determines within which of these three areas the location re-
quiring data interpolation is contained . The number of data

-
- 

points used for the interpolation is dependent upon which of
-
~~~ the three areas is used. For example, in Hawaii, only four data

- • points exist. Thus only four data points can be used in the

interpolation. However, in Alaska and the conterminous U.S.A.

there exist 26 and 329 data points, respectively (including
AAF’ s) .  In these areas only the closest 20 data points are used

26

h.~5 L.  -  
- _ ,  ~~~~~~~~~~~~~~ ~~~~~~~~~ 

- ;_ 1,5.~~~~rTT~ ~~~~~~~~~~~~~~ ii



- 5 ~~~~-- -  

~~

- , - - -- -

~~~

for the interpolation. The number 20 was obtained from the fact

that use of more than 20 data points did not appear to appreciably

further minimize the rms interpolation error. Furthermore , fewer
than 20 data points should not be used (when possible) to assure

a statistically meaningful sample size (Crow et a]., 1960).

Clearly, in Hawaii more data points are needed for truly mean-
ingful interpolation. A greater density of data points everywhere

would also improve interpolation error prediction. The current
interpolation, as discussed in Section 4 , is often poor, but does
provide quantitative interpolation error estimation. The pre-

sent total U.S.A. data sample is located in an enormous array

entitled BLOCK DATA TABLES. It is partitioned into the afore-

mentioned three sets of data where station numbers 1 to 329 are

in the conterminous U.S.A., station numbers 330 to 355 are in

the state of A laska , and station numbers 356 to 359 are in the

state of Hawaii.

After the area in which the interpolation is to be per—

formed has been found, the geometrically closest 20 data points
(except in Hawaii) are found in subroutine SORT. Control is

then passed to subroutine CLSPT, where the coordinates of the 
S

data points with respect to the desired location are tested to

see if they both lie within 0.1 degree of the desired location.
— 

- 

If a data point location does satisfy this criterion , the data

for that location are substituted in directly as the desired

location ’s values. Thus, no rms interpolation error is included

in this special case. Control is now passed back to TRIPART,

which passes control immediately back to TAI3LUS. The user is

reminded at this point that schematic sequencing of this pro-

cedure and all computer control procedures described herein are
shown in the flow diagram of Appendix B. The user is referred

there if he or she wishes to know the exact logic followed by

the computer.
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While still in T~BLUS, the optional input data , P, T, H,
M, D, U , and Mm~ 

are now tested to see whether they were specified
or not. If a value is specified , it is given priority , retained,

and used throughout PRED77. If a value is unspecified, the
interpolated substitute is to be retained by means of setting

an appropriate flag in TABLUS. For P, T, and H , no rins inter-
pola-tion error is included. Subroutine IDBVIP is now called

S to obtain those interpolated input data needed at a given

desired location.

Control is now passed to the main program PRED7 7 , from
whence it is passed to subroutine VARNCE. Subroutine VARNCE

determines the zona]. variances a~ , a~ , and a~ for the resultant
interpolated or specified input data M, D, and U, respectively,
by using a block data statement of the zonal variances entitled

BLOCK DATA RMSVAR. The variance is composed of two parts, a S

spatial—temporal variance and the mean—square interpolation

error (see section 4). VARNCE checks the flags set in TABLUS,

as discussed above , and adds or omits the mean—square inter—
polation on error accordingly . Control is then passed back to

the main program PRED77 , whence control is passed to subroutine
DELTUS. Subroutine DELTUS is a major subroutine that incor-

porates the procedures from the subroutine DELTT of the European

prediction program PREDIC plus modifications for the U.S.A., as
discussed in detail in Section 3. DELTUS has three satellite

subroutines: PARAM , MODRB, and FIT. PARAM gets the needed inter-

mediate parameters used in the R-H and modified R-H models and

required for use in DELTUS and MODRH . MODRH determines the rain
rate , as discussed in subsection 3.1, by means of Newton ’s

• method. DELTUS then determines the variance of the rain rate

• returned from MODRH. However, in DELTUS, the vax iance of 8,

4 is determined before the rain-rate variance is determined.
This variance is dependent on whether Mm is specified at the
location of interest or not, as discussed in Section 4. If Mm

28
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is specified , only the methodology for obtaining a2 from a2 and

as described in Appendix A of Dutton (1977), is used. If

Mm is unspecified , (9) is used also. An unsmoothed variance of
the rain rate is then determined in DELTUS, whereupon control is

passed to subroutine FIT, and the unsmoothed variance is fit

with a smooth curve in accordance with techniques described in

Appendix A of Dutton (1977). Control is now finally returned

to the main program PRED77, where calculations for the mean
attenuation and 5 and 95 percent confidence levels of attenua-

tion of the link involving the desired location is undertaken.

6. CONCLUSIONS AND RECOMMENDATIONS

A rain rate prediction procedure has been developed to

predict attenuation conditions expected on microwave links in
the U.S.A. These results have been incorporated into a computer

program PRED77 for ma-king these predictions. The attenuation

prediction procedure is , except for some minor changes, exactly

the same as it was for Europe, in program PREDIC. It is the

rain—rate prediction procedure that has been markedly changed,

as one might expect, for the U.S.A.

The data base for the U.S.A. model is fairly extensive ,

yet, because of the somewhat unusual input variables needed
for the model, this base is still limited. If, for example,

we had chosen to only input total annual precipitation, M, and
had determined some of the other variables like D by other

means (as was done for Europe), then , depending upon how far
we would have carried such a process , we could have had a

H much larger U.S.A. data base. The data base needs to be much

larger in certain highly variable areas, such as mountainous
regions and Hawaii. —

As a consequence of data base limitations and , possibly

to a much smaller degree , the analytic interpolation tech-

niques , the interpolation and its consequent error assessment
are at present less than optimum . We have endeavored to pro-

29

I—.
-S



--S--S-S - - -5 - ---—. S-S—.——-•S ~~~~~~~~~~ -S5S5S~ ~~~~~~~~~~~~ --
~~- - ~~~~~~~~ .: 

--~~—--

vide the user with a quantitative estimate of interpolation

error. However, fully meaningful interpolation and inter-

polation errors remain to be achieved , and it is recommended

that such an effort be pursued as soon as possible by both
data base enlargement and analytic technique improvement.

It was not the purpose of this report to improve the

attenuation prediction procedure for microwave links in the

U.S.A., except by improvement of rainfall modeling. Never-

theless, such improvement should remain a priority goal ,
because, as it stands, there is no attenuation data base from
which to make a recommendation as to which of four methods of

attenuation prediction to use. These four methods, as desig-
nated in Appendix A , are: Methods 1 and 2, corresponding to
two extrapolations of the earth-space probability modification

factor (Dutton and Dougherty , 1973) to terrestrial link appli-

cation; Method 3, the method of Barsis et al. (1973), and
Method 4, the method of Battesti et al. (1971). In Europe, it

was tentatively recommended that consideration be given to
the use of the French method--Method 4. So far as this author

can tell, however , only Method 3 of Barsis et a].. (1973) has
received any validation in the U.S.A., and that only by virtue

of some limited data taken in Florida (Jones and Sims, 1971)

and Mississippi (Skerjanec and Samson, 1971). However, this
limited validation motivates the tentative recommendation that

Method 3 be used in the U.S.A. Simultaneously, it also moti-
yates the much stronger recommendation that as much U.S.A.

S attenuation data as possible be checked against the four

methods, (or any other methods that may become appropriate) to
ascertain which one truly appears to give the best predictions

in the U.S.A.
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APPENDIX A. LISTING OF PROGRAM PRED77
P RO G~ A~i

C
C THIS ~~3GR4M ESUMATE ATMOSPHERIC ATTENUATIOII AND ITS 5 AND 95
C PERCENT CONFIDENCE LIt~ITS ON MICROWAV E (,B TO 33 0HZ) TEItRESTRIAL
C L I N K S  I~1 THE tl .E.A. FQ~ THE PURPOSES CF THE U.S. ARMY COMMUNICA—
C TIONS COMMAND BY MEANS OF FOUR OIFFER’NT PROCE~ URëS. PRIMARY
C EMrHASIS IS GIVEN TO -

~A 1NFALL—CA USEO ATTENUATION.
C
C
C.... • INPUT
C
C THREE CAR’)S ARE REA D IN FCR EACH STATION
C
C FIRST CARD ——
C STATfl — ALPHANUME~ IC A~<RAY FOr~ INPUT OF ANY IDENTIFYING HEADER
C OR COMHEt’ITS, (COLS 1—8 3,SAjtfl.
C
C SECOND CARD ——
C XLAT — OEGREES—MINUTES, (DD.IIM), LATT ITUDE OF DESIRED LOCATICN ,

— C (COL S i—i ,F13.O).
C XLON — DEGREES—MINUTES, (DD .MK), LONGITUDE OF DESIRED LCCATICN ,
C (COLS tj—20,F1C.O).
C ELEV — ELEVATION TN METERS AT DESIRED LOCATION, TO MAP
C ACCU RACY-ASSUMED TO BE NEAREST 1~~ FT. OS 35 H,

— C (COLS 21—30,F13.0).
C F — CARR IER F~ E DUENCY IN 0HZ. CF TRANS~iISSION LINK,
C (COLS 3t—kD,FIC.0).

— C 013 — DISTANCE ALONG TRANSMISSION PATH, (COLS ki— 5ü, Fi~I.0).
C
C THIRD CARD —— METEOR (~LOGICAL OLTA
C
C IZONE — METEOROLOGICAL ZONE APPLYING TO OESIREO LOCATION,
C (COLS 1—2,12).
C

S C......NOTE —— IF ANY OR ALL OF THE METEOROLOGICAL 0ATA LIETED BELOW IS
C UNKNOWN, LEAVE THE CORRESPONDING FIELD FOR THE UNKNOWN
C PARAMETER BLANK. -

C
C THIRD CARD —— CONTINUED

S C — AVERAG E ANNUAL SURFACE PRESSURE IN MILLIBARS,
C (COLS i1—20,F1~~.0).
C RH — AVERAGE ANNUAL SURFACE RELATIVE HUMIDITY AS A DECIMAL
C FRACTION, (COLS 21—30,F10.0).
C T — AVERAGE ANNUAL TEMPERATURE IN DEGREES CENTIGRADE ,
c (COLS 31—~.0,F i3.O).
C H — AVERAGE ANNUAL PRECIPITATION IN MILLIMETERS,
C (COLS ~1—50,F10.0).- 

S C — AVERAGE NUMBER OF DAYS WITH PRECIP. GREATER THAN .25
C MM ., (COL S 51—60,Fj0,]).
C- U — NUMBER OF THUNDERSTORM DAYS IN AN AVERAGE YEAR,
C (COL S 6 1 — 7 0 , F l 0 .Q )
C EMAX — GREATEST MCNTHLY PRECIP. RECORDED IN 30 YEARS ,

- - 

- 
C (COLS 7i—~ ’1,F1j.O)
C
C

COHIION/RRATE/RR (j2),VRR (12) ,PCT (i2)
DIHENSIDN TMOD( 12 ,4 ) , VTA U( 12, ’.), TAU 5(j2 ,~ ), 1AU95(12, ’.)DIMENSION TAUOBT ( 12 ) , REVTAU ( 12) ,  RELZ ( 12) , HTO P( 12 ) , IFLAG(’.)
DIMENSION AT ( 12) ,  ST A T ID(8)
REAL M
DATA RELI(12),HTOP(12)I 100., 10.1

C
C.....READ INPUT DATA.
C
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PEAO (~~,tO i3G) (STATIO(t) ,T=1,8)

S 
REAJ( 5 ,110C XLA T ,XLON ,ELEV,F ,DIS
REAO (5,t2D~e) IZONE ,P,RH .T ,M,O,U,EMAX

- 1 W RIT S (6 ,13u3)
WR ITE ( 6 , t 32 5)XL A T ,XL O n,EL~ V,F,OIS,IZoNE
WR ITE(6,135C)P,T,RH ,1, C,LJ,EPIAX

C
- - C. • .ORT 4IN INTERPOLATE D •4~ TEOR OLOG ICA L DATA (KNOWN DATA AT DESIRED

C. • •LOC~ TlON IS GIVEN PRIORITY). USER IS AGAIN CAUTIONED THAT , IF
C. • •DATA IS UNKNOWN , TO LEAVE THE SPACES FOR THE DATA ON THE INPUT
C. • •CARD BLANK. THIS IS THE INPUT OPTION MENTIONED IN THE MAIN TEXT.
C

CALL TA 9LUS (XLAT,XLON ,~~LEV,P ,T,RH,M ,D,u ,EMAx ,IFLAG)
C
C.....TEST TO SEE IF ANY OF THE INTERPOLATEC VALUES ARE LESS THAN OR
C EQUAL TO ZERO. IF SO, CEASE EXECUTION AND PRINT AN ERROR

S C ME SSAGE . IF NOT, CONTINUE EXECUTION.
C

TEST : *MIN I (M ,O,U,EHAX )
IFITEST .GT. 0.0) 60 TO I
WR ITE (6,125~ )
WRITE (6,1275)
WRITE (0,1280) M,D,U,EMAX
STO P

C
C.....CALL VA RHCE TO GET VA r IANCES OF H, 0, AND, U
C

I CALL VA kHCE IIZONE ,IFLAG ,VM ,VD,Vt fl
C
C.....CALL DELTUS TO GET TH’ RAI NRAT E AND ITS ASSOCIATED VARIANCE
C

CALL DELTUS(EMAX, M,D, U,V M ,VO,VU, BET, IFLAG(4))
DO 10~ 1=1,11

105 RELIU)=PCT(1)
GAM : 1. • ~.& 85~~ F — 3.5)’EXP (—~~.~~06 • F • F)CAM: (1.14 — U.O7~~((F — 2.)’~~(1./3.))) • 6AM

IF(GA M •L1. 1.0) GAM:1.0
CAY : GA HMA ( F)
WAV= 29.9793/F

C
C.....IF METH’)D = 1, THE PRC3ABILITY MODIFICATION FACTOR, PTI, IS USED.
C.....IF METHOD = 2, THE PRO BABILITY MODIFICATION FACTOR, PT2, IS USED.
C.....IF METHOD = 3, THE METHOD OF BARSIS U AL. (1913) IS USED.
C.....IF METHOD = 4, THE METHOD OF BATTESTI U AL. (1971) IS USED.
C
C.....CALCULATIONS OF ATTENUATION FOR METHODS 3 AND 4.
C

00 100 I 1,11
IPIRRII ) .LT. 1.0) GO 10 220

1. 170,165,195,195)IZONr
C

• C .....OETERMINE STORM TOP HEIGH1S
C

165 HTOP(I) = 0.3441~ek~RRII + 11.47%
GOTO 215

170 tiTOP(I)=9.4660i75~+(RR(I)1~~.182176) S 
-

GOTO 215 - 
-

160 ((TOP II)=10.kk43378~O’(RR(I) ‘.1419197 )
6010 215

185 HTOP (I)a14.910?t37~ 0~ (QR(I)
e+,0765691)

GOT O 215
190 HTOP(t)=j0.63765431’(RR(t)”.100104)

GOTO 215
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19! HTOP(I)=t4.c34s : 7~~~ R u .~~0.0690994- - 
GOT) 2~~

• 2~~ H T O~’(I)=5.6865287’.7’(~ R (I)~~~.213556)GOT O 215
20~ H TO~~~~ =11.6811916~’~~ fUI ’.j09989)

GOT U E~~22C HTOP (I)= 9.~
TMOO(I,3)= 0.0
TMOD(I,4) 0.0
VTA UII,3): t~.3
VTA U (I ,+F u .C
GO TO 9)

2t~ HTOP (I) AHAX1 (HTOP (I),9.D)
C
C.....CALCULATE METHOD 3.
C

MET HG
CALL ~A INR T (RR (I),D IS ,RM )
OH:
IF (OM .GT .22.~~) [M=22 .~P103 (I,METHOO) =CAY (VI’ GA M) ~OM

• VTAU (I,METHOD) V -~R(I) ~ (TP$OD (I,METHOD)~~GAH/RR (I))’~2.
C
C.. ...CALCULATE METHOD 4.
C

HETHOO I.
RE: REOCO (D IS,PCT (I))
TMOD (I ,P(ETHOD)= CAY • ((RE ‘ RR(I))~~’GAM) ‘ DIS
VTAU (I ,METHOD )= VRR (I) • (TMOO(I ,HETH O D)~ GAM/ RR( I))~~~2.

99 CALL ATCOS (F,T,P,RH,HTOP (I),RELI (I) ,BET, RR(I ),AT(I),WAV)
TAUDBT( I)= AT(I) • DIS

100 CONTINUE
C
C.....CALCULATIONS OF ATTENUATION FOR HETHOCS 1 AND 2.
C

CALL ATC OS(F,T,P,RH , HTO P( 12 ) ,RELI( 12 ) ,BET , i .E—3 6 ,AT ( 12) ,WAV )
TAUDBT (12): AT (12) ‘ DIS
DO 16Q METHOC I,2
CALL PRO tIO (WAV,DIS,METHOLJ,TAUDBT,REVTAU,RELI,HTOP)
00 160 1=1,11
IF(RR(I) .GT. 1.0) G(~ TO i~ 6

T MOO( I,METHOC ) - 0.3
VTA U(I,METHO D) 0.0
GO T O I6O

106 THOD (I,IIETHOD) REVTAU (I) + TAU O BT( 12)
VTAU (I,METHOD)= VRR (I) • (TMOD(I,METHOD) GAM/RR (I))’~ 2.160 CONTINUE

C
C... . .CA LCULAT E 5 AND 95 PEP~CENT CONFIDENC E LIMITS OF ATTENUATION

- 
- C.....DISTRIBUTION FOR ALL METHOOS (1—4).

C •

• CALL TP.UNCII (THOO,VTAU,TAU5,TAU9S)
- H

C. • .OUTPUT HEADERS AND REtULTS.
C

153 W RIT E(6 , i1.00)(STAT IO( I) , I j ,6)
00 333 Jzj~~1

-
~ 

-
~ X F(J. EQ. 1) WR IT E(6,ii.~ 0)

IF (J .E Q.2) WRITE (6 ,1451)
IF(J.EQ.3) WR IT E(6 , IQ2 )
j F(J .E~4 .4) WR IT E(6 ,1453) S

WRITE (6,1500) (PCT(I),I 1,li)
WRITE (6,2300) (RR(I),I 1,11)
WRITE (6,2500 ) (V RR( I ) ,T i,11)

37
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WPIT~~(o,3u(~0) (TMOC (I,J) ,I 1,i1)
W F I T E ( ~~,3c ~.i .)( V T A U( I , J) , I 2 ,j j )

330 WPITE (6,4500) (TAU ~e (I,J) .1:1,11)E T C P  -

1OC~ fORHAT( ’~A 10)11_ & FOR~4AT(5Fi. .C)S 
1 20  FORMAT (I2,8X,7F1~~.~~)
12 0 FORMAT (///1X,23H~

3
~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~ EXIT ,5X ,20H’~~~~~’

• ~~~~~~~~~~~~~~~~~~~~

1275 FC R MA T ( IX ,7 tHt-i, 0, U, OR EMAX, INTERPOLATED VALUE(S) ARE LESS THAN
I OF EQUt.L TO ZEFO./)

1280 FORMAT (1X ,3HM = ,Ej~~.7,cX, 3HO ,E15.7,EX,3H U = ,E15.7,SX,6HEMAX ,E1
15.7)

1300 FORMAT (IHI,28HRESULTS FQOH PROGRAM PREDT7.,
1325 FORMAT (IX, 6IHINPUT DATA FOR MICROWAV E LINK AS FOLLOWS./IX,6HXLAT =

1,F7.3,5X,OHXLON = ,F7.~ ,5X ,€~HELEV =,F?.3,5X,7HFREQ. :,F7.3,5X,~ H GIS
2 = ,F7.3,5X,7HIZONE ,13)

1350 FORMAT (jX,37HINPUT IETEORCLOGICAL DATA AS FQLLOWS./IX ,8HPRESS. :,F
17.3,SX,7HTEMP . =F~ .4,~-X, 11HRtL. HUH. ,F6.4,5X,3HM ~,F9.4,5X,3HD =
2,F7,3,~,X,3HU :,F7.3,5X,6HEMAX = ,F7.3)

1400 FORMAT (///1X,20H~~ + 4~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1450 FORMAT (51H THE PROBABILITY MODIFICATION FACTO~ , PTI, IS USEO.,//)
1451 FORMAT (~~1H THE FROEA •3ILITY MODIFICATION FACTOR, PTZ, IS USEO.,//)
1452 FORMAT (4~ H THE METHO D OF BARSIS ET AL. (1973) IS USED.,// )
1453 FOR IAT ( i .6H THE METHOD OF BATTESTI CT AL. (1971) IS USEO.,//)
1500 FORMAT (IX,I2HPCT = ,t1(F9.3,IX)/ )
20~ O FORMAT (1X,1ZHR (MM/HR) ,ji(F9.3,LX)/)
2500 FORMAT (jX,1211 1/AR (R) ,L1 (F9.3,iX)/)
3000 F O R M A T ( IX , 12 HA T T E N(03 )  = ,tl(F9.3,1X)/)
3500 FORMAT (1X,12HVAR(ATT ) = ,j 1(F9.3,LX)/ )
4000 FORMAT (IX,12HATT. (95) = ,t1(F9.3,1X)/ )
4500 FORrIAT(jX,j21-4ATT.(5) = ,11(F9.3,1X)///)

END
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S 

S UBRO UTI NC 3 t L T U S(~~MAX , € M , D , U , V M ,VOE ,VU ,6 ( TA , IFLAC4 )
C

•1 C THIS SUBROUTINE USES THE ME THOD OF OUTTON (1977) , AND, SOME NEW
C VVIA NCE PREDICTION PROCEDURES TO O8TAIN VARIATIONS OF TzI PUN.
C R* I~~ AT ES IN TERMS OF ESTIMATLU STAP4CARC C~~ IATIONS, BASED ONC CU RR EN TL Y A VA IL IA 3L E ‘tEAR TO YEAR PRECIPITATION DATA.
C
C.. e . .  INPUT
C EM ,VM — ANNUAL AN )  ASS O CIATED VARIAN C E OF PPECIF. AT EACH
C STATION (MM)
C 0,VO— NUMBER AND ASSOCIATED VARIANCE OF DAYS WITH PRECIP.
C GcEAT E~ THA N .25 ‘IM
C U,VU— NUMBER AN II ASSOC. VARIANCE OF THUPdOESSTORM DAYS IN AN
C AV E RAG E YEA R
C iHAX GREATEST MONT HLY PSECIP. RECORDED IPI 30 YEARS
C IFLAG’.- THIS OETER~’ZNES THE VARIANCE FORMULATION FOR BETA. IF
C IT IS ZERO, THE FIRST METHOD OF OUTTON (1977) IS USED. IF IT
C IS NOT ZERO , TH ZONAL CRITERION IS USE).
C
C..... OUTPUT
C 3ETA- RATIO OF THUNDERSTORM PRECIP. TO TOTAL ANNUAL PRECIP.
C
C OUTPUT FOUNC IN /RRATE/
C RR— ESTIMATED 1-HIP . RA INRATE OETEP~MINEO IN MODRHC VRR— ESTIMATED VARIANCE OF RAINRATE
C ~- S

COMMONi RRAT E/RR ( 12) ,V~ R( 12) ,PCT(121
0IMEN~ ION VRO (12), XX(12), IWICH(12)C

C.....DATA STA TEMENT CONTAI N ING COEFFICIENTS FOR MOJ IFIED RICE—
C HOLMPERG (PH) MODEL °ARA MET ERS . IT ALSO CONTAINS THE MEAN VALUE
C AND VARIANC E OF THE MODIFIED R—H PARAMETER RBAR1T FOR T=1 NIH.
C

DATA Bj, B3,Bk,B5,S3/3.%,j .223E c3, —3.645, —7.92 1E—03,0,1916/
DATA RBARII,S1/33.6642 ,0.831. ?/

C
C.....FIND THE VARIANCES FOR THE RAINRATES BY USING
C 1) PA RA M—T O GET HEr DED PARAMETERS USED BY THE OT HER ROUTINES
C 2) ((DORM— TO FIND THE ACTUAL RA INRATE.
C 3) CE LTUS— TO GET THE VA RIANCE OF THE RAIN RATE
C

CALL PARAM( EMAX ,EM,D ,U,BETA,9E TA Q,R Pj ~ R8ARiT ,SBAR2T ,TIT ,T2T ,TST,RS
1 T,R3ARII,Q)

C
C.....OBTAIH RAIN RATES AND THEIR VARIANCES FOR 12 SELECTED PERCENTAGES
C OF AN AVERAGE YEAR.

S
i C -

CALL MODRH(RP1,R$AR1T,R c3A R2T,T IT,T 2T, RST ,TST)
C
C.....OETERMIME THE VA RIANC~T OF BETA.
C

S - IFIIFLAGI . .NE. 0.0) 00 TO 2
ARG —0.35 • Ii. • C.1254E$)/U

EXPONZ
PARTM : —BETAC • 0 .0875  • EXPON/U
PARTU 0.7 • BET A O ‘ (I. + 0.i25’EPI) • (XPON/(U ~~ 2.)VB ET = VM (PARTM’~ 2.) 4 VU~ (PARTU~~2.)

00 10 3
2 VBET= VH • (BETA /€M )~~~2.

3 BMR BETA • LM/ ( RBAR1I ’2.)
S C

C.....OETERPiINE VARIANCES OF THE PARAMETERS IN THE MODIFIED R—H MODEL
C AND COMB INE WITH CF R TA IN PARTIAL DERIVATIVES (APP. 0 DUTTON El
C AL. 1974)

39
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C
DC 1 0 - j  (=1,12

C
C.....OETE-~MI’~E IN WHAT -~ANGE THE RAINRATE LIES IN
C

T 87.66 • PCT (K)
IF(R~~(K) .GE. 5.0) 00 TO 100

GO TO 101
10’ IF (RR (K) •GT . 3~ .J) GO TO 102

GO TO 103
C
C... ..PAINRAT E LIES IN THE LOW RANGE .
C 

-

lot AR G (T1T + T2 T ) / T
PRRPT: ALOG (ARG)
PRT 2T = RPI/(T1T + TV )

TLOWI= PRRPT • 83
— 

TLOW2= PRT2T • Bt TA/RBARI L
TLOW3: PRRPT • 84.
TLOW4= PRT2T • tM/R’-4AP11
VRI ((TLOWI + TL3WZ)”Z.)’VM + ((TLOW3 + TLOW4)~~~2.)-’VBET
VR2= ((PRRPT~ 85 + ~~~~~~~~~~~~~~~~~~ + (( PRT2 T • BMR • S1) ’2.)
VR3 = (( PRRPT • S3)”2.)

VRO (K) VR1 + V i~2 + V F~3
GO TO 1000

C
C.....RAINRATE LIES IN HIGH RANGE
C

102 PRR1I: ALO G(T IT/fl — 1.
PRTIT= RBAR 11 ‘ (1. + AL OG (T/ T IT ) )/T IT

PRT LT •
THIGH2 = PRTIT • EM/RBARII
THIGH3= PRR1I. — PRT 1T~ BM R )

VRI THIGH1 • THIGHI • VM
VR2= THIGH2 • THIGH2 • VBET
VR3 = THIGH3 • THIGH3 • SI • SI

VRO ( K ) :  VRI + VP~2 + V P3
GO TO 100 0

C
C... ..RAINRATE LIES IN THE MIDDLE RANGE. DETERMINE PARTIALS FIRS T
C

103 PRTST= 4. • (RST4~4) • (A LOG (TST /T )~ ’3)/TST
PTSTRS —2.3403473 19 • T1T • Q/ (RST•RST)

ARO: ITIT + T2T )/T IT
801= ((30.FRBAR1L) — (~ ,/RPj) + ALOG (ARG))~~~2PRSTRP= —4.2257(80 1 • RPI • RPI) S

PRSTT2 —0 .8’sS/ ((T LT 4 T2T ) • BOT)
ARC : (30./RBARIt ( — (TZTI (TIT + T 2T ) )

PRSTRI= 0.845 • ARG/ (BOT • RBARII)
PRSTTI= —0.84 5 • ARGflBOT • TIT)
PRRSTZ PRTST • TST • (ALOG (TSTFT) • (RST•PTST RS/TST ))~ RST

ARG = (30./RBAR 1I) • (liT • 2.340 347319 • PRSTTIflRST • RST))
-- S PTS TT I= G • (1. — ARG )

ARGZ (1./RBAR1L) + (2 .340347319 • PRSTR 1/(RST • RST))
• PTSTRI= 0 • T1T • ((3i)./(RBAR1I~ RBAR 1t)) — ARC)

C
• 

- C.....OET~ RMINE CERTAIN CONSTA NTS USED IN FINDING THE MID—RANGE RAINRATE
C VARIANCE
C

TMIOIs PRSIRP • 83
1M102 PRSTTI • BETAF RBARI 1
TMIO32 PTSTT 1 • OETA/RBAR II
TMIOl.z PRSTRP • 84
TMIO5a PRSTT1 • EM/ ,fl3ARlj

-

~~~~~~~~~ 
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P1106= PTSTTI • EM/~ 8ARi i
TMI~ 7= PRSTRP • 85 —

S P4108= PRSTTI • BMR
T1109 PTSTT I • Ou R
VTE MP= (PTSTPS • (1.1101 4 T MID2) + 111103) • PRTST

VR D (((T MID1 + TM I)2)•PRRST + VT EM P)~~~2.) VM
VTEMP (PTSTPS • (11104 + TM IDS) + TMIDS ) PRTST

VR2 ( ( ( 111101. • TN IO5)’PRRST + VTE MP)~ ’2.) V3 ET
VT EMP: 4PRPS T • PRST T2 )  + (PRTST • PTSTRS • PRSTT 2)

VR3 ( ( ( PRRST •TM IC7 • PRTST•PTSTRS~ TM IO7) + VT EMP48i)~~~2.) VC E
VTEMP ((PRSTRI — IMICS) PTSTRS + PTSTR1 — 111109) • PRTST

VR 4= (((PRSTRI — TMI3~~) PRRST + VT EM P)~~~2.)~~Si • Si
VT EMP PRRST•PRSTRI • PRTST •PTSTRS •PRSTRP

VR5 (VTEMP • S3)~~~2.
VRO (K)= VRI + V~ 2 + V~ 3 + VR4 + VR5

iODC CONTINU E

C.....FIT THE RAIN RATE VAR IANCE RESULTS WITH A SMOOTH CURVE FOR PREDIC—
C TION PURPOSES, AND PERFORM THE PREDICTION FOR THE 12 PERCENTS OF
C A N AVERAGE YEAR.
C

NARG ii
WT= 0.3

00 2 33 1 3 1=1,12
ARG (TIT + O.6•TZT)/ (87.66 • PCT (I))
IF(A RG .LE. 1.) GO TO 2 000
ARG ALOG (ARG )
NARO : NAR G + 1

AL 06 ( ARC)
IW ICH (HARG)= I
IF(RR (I) .61. 30.) WT W T + 1.

2000 CONTINUE
00 25)2 I:t,NARG

- 

- - 

~lR~ (I)~ ~RO(Ii4ICH(I))
IF(RR (~I).GT,3C. •ANO. WT.NE.0.0) VRR (I) VRR (I)~~FLOA’T (NARG)/WT
V R R ( I F  A L O G (V R R( I ) )

2500 CONTINUE
CALL FIT (XX ,VRR,A,B , NA RG )
AE= EX P (A)

00 2750 1:1,12
IF (RR( I) .61. 1.)) 00 TO I

VRR (I) PCT (T—1) • VRR (I—1)/PCT (I)
I F ( cU~~(I ) .NE. 0.0) GO TO 2750
VRR (I) 0.3
GO TO 2750

I ARC: (T IT + C.5~ T2T)fl87.66 • PCT(I))
IF (ARG .61. 1.) GO TQ 274.9
V-Ri((I) V RO(I)
GO TO 2750

2749 ~(X (I)= ALO G(AR G )
iRR (I): AE XX (I)~~~?

2750 CONTINUE
- S RETURN

H END
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SU9~ OUTINE PARAH(!t~AX, EP’t,0,U,BETA ,BETAD,RF1,R 3ARIT,R8AR2T ,TIT,T2T,
I TST,~ ST,RBAR1I,Q)C THIS SUBROUTINE DET E RMINES VAR IOUS PARAM E TERS USED IN FINDING THE

C 1—PUN RAI PeRA TE AND ITS ASSOCIATED VARIANCES.
C
C.....INPUT— 30 YEAR STATION MEANS
C EM: ANNUAL PRECIP. AT EACH STATION (MM)
C 0= NUMBER OF DAYS IN AN AVERAGE YEAR WITH PRECIP. GREATER THAN S

C .25 MM
C U NUMBER OF THU ND; RSTORM DAYS IN AN AVERAGE YEAR
C ~MAX GREATEST MONI HLY PRECIP. RECORDE D IN 30 YEARS
C P3Ar~11= MEAN RSARIT FOR T I ((IN.
C
C
C,....OUTPUT
C
C BETA : RATIO OF THUNDFRSTORN PRECIP. TO TOTAL ANNUAL PRECIP.
C RPI ,T1T,12T ,RBAR1T,RSAR2T, TST,RST, Q— PARAMETERS IN R—H MODEL
C CORRESPONDING TO A i-NIH. RAINRATE

CO MMON/R RAT E/RR( i2 ) ,V ~ R(l2) ,PCT( 12)
DATA 33,84,B5,13b/l.223E—03,—3 .645,—7,921 (— 33,j.921

C
C.....DETERMINE BETA— THE THUNDERSTORM RATIO — FIRST
C

EXPON —5.~~E X P ( — .3 k’EMA X )
BETAO 3.03 + .97 EXP (EXPON)

EXPO N — .35 (i. + (.125 E11))/U
+ 2. EXP (EXPON))

C
C.....DETERMINE ROARIT
C

CI: 7.01.709132C—03
EXPON —8ETA~ EM/S766.
81:
Al : 1. +

ARC : (1./ti.) 4 Cl~ 0.065397kO 3
Al +

IF (ABS (RBARII — RBA RIT ) .GT . 5.0) RBARIT= RBARI1
C
C.....DETERMINE lIT
C
I T1T 8ETA’EM/RBARIT

C
C.. ...DETERMINE
C

2 121= 3.96 • 0
C
C.....OEIERMINE RBAR2T

S C
RBAR2T (1. — BETA )~~E PI/T2T

S i  C
C. ....OETERMINE

H C
RPI 83 EM + B’.•BETA + 85’D + 86

C
C.....OETtRMINE RST
C

ARC: (TIT + T2T)/TIT
A RC: ALOG(ARG ) + (33 ./RBARLT) — (5./RPI)

4 RST 0.84.1.998/ARC
C
C.. ...DETERMINE Uc

42
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A~ G= ( (3 0.~~’.2~~)/ RST ) — (30 ./RBARIT)
@ E X F (A R G )

C
C.....0ETEi~MIPIE TST

- C
- - 

TST=TIT • Q
- C

RE TURN
END

1~
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j SUBROUTINE MOCRH (RPI,FRARIT,RBAR2T,TIT,T2T,RST,TST)
C THIS SU 3ROUTINE FINDS THE RAINRAT E USING THE MODIFIED R—H
C MODEL TO GIVE AN IP’ITIAL ESTIMATE AND THEN USES THE NEWTON —
C RAPHSONS METHO D OF FINDING ZEROEsS FOR AN rTERATIvE REFINEMENT.
C
C.....IWPUT
C RPI ,RBAR IT, RPAP2T,T IT,T 2T ,RST ,T ST— PARAMETERS L’SEO IN TH E
C MODIFIED R—H MO ’YL .
C PCI— Pe~RCENT EXP E CTANCY IN HOURS PFR Y EA R OF RAIN RAT E
C
C.....OUTPUT (/RRATE/)
C RS- i MIN. RA1t4RAT ~ LOCATED IN / R RAT E/
C

S COtI MON/RRATE/RR (12) ,Vc~R (12) ,PCTU2)
c
C.....INITIALIZE SOME CONSTANTS AND DETERMINE THE 5 AND 3~ MM. RA IN—
C RATE ACCORDING TO ‘HE ~OD IFIEU R—H MODEL.
C

9 — i./RBARIT
31= —0.4530?4/RBAR!T
92= —2.657143/RBAR2T

15= (T 1T + T2T) • EXP(—5 ./RP1)
T.3

~
= TIT • EX ~~(— 3 0 ./ R ~3AR iT )

DO i~ u3 KK=1, 12
T 87.66 • PCT (KK)

C
C..,..TFST TO PREVENT NCGATIVE RAIN RATES, SINCE TH~ MODEL ALLO WS THOSE
C RAIN RATES TO OCCU~~.
C

— TOF- = liT + 121
IF(T .LT. TOE)) CC TO 4

RAPROX 0.0
GO T O 1000

C
C......DE TERiIINE IN WHAT I N T E R V A L  THE R A I N R A T E  LIES IN AND FIND AN
C INITIAL ESTIM ATE FO THE ITERATIVE REFINEMENT.
C

4 IF (T .LT. T5) GO T~
- I

C
C... . . .LOW R INITIAL EST IMAT E
C

ARC: fliT + T 2 T ) / T

RAP ROX= RPI • AL-OG (A~ G)
G0 10 3

I IF(T .LE. T3 .~) GO TO 2
C
C......HID R INITIAL ESTIMA IC
C

RAPROX : (RST • ALOG (TST/T))”4.
- 

- GO TO 3
S 

C
C..,...HIGH R INITIAL EST IrIAT ~-

. CS 
- 2 RAPROX RBARIT • A L O G ( T 1 T / T)

C
C.....TH E ITLRAT IVE R!FINEM~ NT IS DONE HERE. THI N WTON—RAPHSON+S
C METHOD IS USED ON TH 5 MODIFIED R—H MODEL WITH THE INITIAL
C ESTI MATE AS THE FIRST APPROXI MATION. AN ARBIT RARY ERROR
C CR ITERION OF ~~~~~~ IS DEMANDED FOR CONVERG ENCE.
C
C.....IF THE ITERATIVE TECHNIQUE FAILS THE LAST VALUE OF RAPPROX IS
C SU 3STITUTEO IN AN ) AN ERROR ME SSAGE IS PRINTED OUT. PROCESSING
C THEN CONTINUES WITH THE NEXT VALU E OF PCI.

44 
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C
3 DO -3c0 I 1,25

FflFRL= TLT • EXP (3•RAPROX)
A~ G Bi • PAP f ~OX

IF (ARG .GT. —6~~.) GO TO 6
FOF~ 2= 0.0

FOFR3: L..~~

GO TO 8
£ FOFR2 : 3.35 • T2T EXP(ARG )

ARG : 82 • RAFIW X
IF (ARG •GT. _t r .) GO TO 7
FCF~ 3= 3.0

GO TC 8
7 FOF~.3= 3.es  • 121 •
8 FOFR= T — (FOFR1 + F~ FR2 + FOFR3)

FOFRP L B • FOF~ 1.
F OF R P2 ‘31 • FCFR2
FC)FRP3= 32 • FCFR3

FOF I P  — ( FOFRP I + Fr-FRPZ + FOFRP3)

PAPPO~(= RAPROX — (FC F R/ FOFP P)
C S

C......PROVI~ ED THE A 3 O V E  CrNOIT ION ON THE RAIN RATE IS MET, RAPFROX
C HAS TO BE GR F A T ~ R THAN ZERO. THUS IF RAPPROX IS LESS THAN
C ZEI~O, SUBSTITUT T -~~PPRCX EQUALS ZERO .
C

IF( RAPRO X .LT. ~.3) RAPRO X: 0.0

500 IF(A ~ S(FOFR) .LT. ~,E_ 8 )  GO TO 1030
C
C.....IF THE ITERATIVE SOLUTION FAILS THE ERROR MESSAGE. IS PRINTE D H ERE

- I  C -

W R IT E(c ,9) T ,RAP ROX •

WR ITE (6,5)FOFR , FOFRI, Fc~FR2, FOFR 3, FOFRP :‘ ‘
~~~~ . ~~

‘

1000 R~~(KK )= RAPROX - - - 

~

,

RETURN • 

-

5 FOR P~AT (IX ,tHFOFR = ,~~1 .7,~~X,7HFOFR1 = ,E15.7,5X,7HFOFF2 = ,E15.7,SX,
17HFOFR 3 ,Ej~ .7/iX,7HF OFRF ,E15.7///)

9 F Or e l AT (/ / / t X , 39 HIT~~-~A 1 IV E METHOD IN MODRH FAILS FOR I =,F7.4 ,SX ,i3
• 1HLAST RAPROX = ,EIS, ?/ / )

£NU -
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SU B-ROUT INE FIT (x , Y , A , 3,N)
C
C T’iI.~ SU3ROUTINE PERFOCMS A LINEAR REGRESSION ON THE INPUT DATA
C X AND Y FIT THROUGH THE MEAN SUCH THAT
C y= BX +~~
C
C..
C X - THE INCEP~ NCE~-41 VA~ IA 8LES OF THE REGRESSION.
C Y — THE OEPEND~ NT V A R IABLES OF THE REG RESSION .
C — THE NUMBER OF It4OEFENDENT OR DEPENDENT VARIABLES.
C -

C. . . ..OUTPUT
C B — SLOPE OF THE REGRESSION LINE
C A - INTERCEPT OF TH E REGRESSION LINE
C

4 C.........NOTE — ALSO DETE RMINEc- ARE TH E MEAN VALUES OF X A ND Y — XBAR
C ANC YBAR, THE VARIANCE OF X — V A RX,  AND, THE COVAR IA NCE
C OF X A N D Y - C O V
C

DIMENSION X(N), Y ( N )

C
C... ..INITIAL IZAT ION
C -

SUMX= 3.0
SUMY: 3.~SUMXY = 0.0
SUMXX = 0.0

C
C. ....DETERMINE THE SUMS OF X, Y, X~ Y , AND, X SQUARED
C

00 1000 .I i,N
SUMX= SUMX + X(I)
SUIY= SUMY + Y (I)
SUMXY= SUMXY + X (I)’Y(I)

1000 SUMXX= SUMXX + X (I)~~~2, S

C
C.....OET ERMINE THE OUTPUT — SEE NOTE ABOVE
C

XBAR= SUMX/FLOAT (N)
YBA R SUMY/F LOAT ( N)
VARX (SUHXX — XBAR~ SU!1X)~~FLOAT (N — 1)
COV: (SUHXY — X BA R’SU P4Y ) / FL OAT ( N — 1)
8 C O V / V A R X

-
• 

- A: YBAR — B~ XBA R
RETURN
END
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SUBROUTINE VARNCE (IZO~!E,IFLAG,VM,VD,VU)
C
C T HI ~ SUIROUTINE FI-~)S THE ZONAL VARIANCES OF METEOROLOGICAL DATA
C U~ EO IN FINDING T M VA R IANCE OF THE RAP-IRATE. THESE ZONAL
C VA ~ IANCES AR E Cc-MP~ SEC OF THE SPATIAL TEMPORAL VA R IANCE,  AND
C IF T?1IS DATA IS U~1KNOWN , THE MEAN SQUARE ERROR DUE TO THE
C APP R3XIMAT ION MITW’OS USED TO FIND THIS METEOROLOGICAL DATA.
C IF A F JY, OR ALL, OF THIS METEOROLOGICAL INPUT DATA IS KNOW N, THE
C MEAN SQUARE ERROR FOR THE KNOWN DATA IS NOT INCLUCED.
C
C.....INPUT
C
C IZONE— ZONE NUMBER OF THE ZONE CONTAINING THE INTERPOLATED
C S T A T I O N
C IFLAG— A SINGLY DIM!~-SION EO INTEGER ARRAY THAT DETERMINES WHICH
C VARIANCE FOR MULATION IS USED. THE ARRAY IS SET UP AS
C F O L L O W S
C IFLAG (1)- SPECIFIES THE EM VARIA NCE FORMULATION
C IFLAG(2 ) -  SPECIFIES THE 0 VARIANCE FORMULATION
C IFLAG(~~) — SPECI FIES THE U VARIANCE FORMULATION
C IFLA G (4 )  — DETERMINES WHETHER EMAX WAS SPECIFIED OR
C NOT. THIS ULTIMATELY DETERMINES THE
C FORMULATION USED FOR THE VARIANCE OF BETA.
C IT IS NOT USED IN THIS SUBROUTIu(E.
C
C. .. . . OUTPUT
C
C - VM— VARIANCE OF EM (M ),THE AVERAGE ANNUAL PRECIPTATION
C VO— VARIANCE OF 0, THE AVERAGE NUMBER OF DAYS WITH PRECIP.
C VU- VA R IANCE OF U, THE AVERAGE NUMBER OF THUNDERSTORM DAYS
C

,VARO (1 9)
RHSD(19),

DIMENSION IFLAG (k)
C
C.....FIN ) VARIANCE FOR EAC H PIECE OF INPUT DATA
C IF STATEMENT LA 3FL IS LESS THAN 503, THIS OATA WAS UNKNOWN AN D
C HAD TO BE APPROXIMATED. IF THE STATE MENT LABEL IS GREATER
C THAN 400, THE INPUT DATA WAS SPECIFIED AND O~ILY THE SPATIAL,
C TE MPORAL VARIANCE 15 USE).
C

00 1030 1:1,3
IF (IFLAG (I) .NE. ~) GD TO
GO TO (500,6GC, ?J~.iI

100 VM VAREM (IZONE ) + PJ-1SM(IZONE)~~RMSM (IZONE)
GO TO 1000

200 VD VARD (IZONE ) +

GO TO
VU: VARU (IZONE ) +

S GO TO 1003
500 VM : VAREM (IZO!IE)

GO TO ico~600
GO TO 1000

700 VU: VARUCIZONE )
1000 CONTINU:

S R E TU I~NEND
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SU~ ROLTINE CMPLXN (WAV , I, CSO, HIM,4K , CEFT, CTPT, C,
C

1 C THIS kOUTINE USES THE OE’~YE FORMULAT ION FOP THE UJELECTRIC CONSTA ’J
C GE W AT ER . SEE K c R ~~,0.E. ( 1951) ,  PROPCGAT ION OF SHORT RADIO WAVES.
C (MCGRAW—HILL BO OK CO . INC., NEW YORK, N.Y.) PG. t7~’
C
C
C.....T NPUT
C
C W A V E  F~~LE—~ PAC WAV LENGTH ZN CM.
C
C I = T !M? ERAT tP - E IN ~~~~~~~ CE.NTI~~RADE.
C
C... ..GUTP UT
C
C CSO=)IELECTRIC INFLUENCE OF WATER ON SCAT IN ATTCOE.
C
C HIMMK~ DIELECTRIC It4FLLENC~ OF WATER ON ABS IN ATTCOE.
C CFPT NOT USED IN TEST~~3.
C
C C= R:AL PART GF THE OFLECTRIC COEFFICIENT OF WATER .
C
C 0?IMAGI~h1ARY PART OF TH~ DIELECTRIC COEFFICIENT OF WATER .
C

(6), TTAB (6)
,1 1,€)/3. ;-:~~,I.oE1,1.a:i,2.3E1,3.ot.1,L..3Ei/
,I 1,6)/3.ScI,S,4E1,8.j5i,8,CEt,7.54E1,7.3E1/

DATA (O0LAM (I),1 j,E)/~ .59E0,2.24E~ ,j,66E.,j.53E~~,j.j2E3,s,E3E_jI
C
C ESTA3LISH CONSTANTS FCC USE IN THE OEBYE FORMULA.
C

EIN = 5.5
TE RP (6, T, TTA ’3, E .)

-
- DLAM = TERP £6, T, TTAB,

E :O L A I / W A V E
- 

- A ( EO — EIN) / (1.0 + (-3 * 2))
= EIW —

O = EIN + 2.0
E = A + C

-
- H = A + O

G : A 4 8
HIHMK (G • (H — E )) / ((H • • 2) + (G • • 2))
CSO (((E • H + (C 2)) / ((H •• 2) + (C •~ 2))) ~~ 2) + HIMMK

-
- C 1~~~~~2C : A + ElM

D = — A • B
• 0:0/45 .

V = ((fl. • C • 4 iC. • 0) • (15. • (C • 2) — 15. • (0 • • 2)
1+ 6), • C + 6~~.) + (3. • C • D + 6~~. • D) • ( — 13. • (C • 2) +

2 13. • (0 • • 2) — 1~. • C + 23.)) / u15. • (C • • 2) — 15. • (0
3~ • 2)  + 60. • C + €~3 .)  2 # (30. • C • 0 + 60. • 0) • • 2)w = ( ( 12 ,  • C • 0 — 1~~. • C) • (15. • (C • 2). — 15. (0 2)
14 60. • C + 63.)  + (3~~ • C • 0 + 63. • Di ‘ I — 6. (C • • 2) +

26. • (0 • 2) + i~3. • C — 12.)) / ((15. • IC 2) 15. • (0
S - 3~ 2) + 80. C + 6~ .I • 2 4 (30. • C • C- + 0. 0) 2)

Y = (C • (30. C + 4E .)  — 30. • 0 • (C — 1.)) / ((30. • C + 45.)
• 2 + (30. • 0) 2)

CEPT = 3. U + 3. w + ~ . • V
CTPT = 3. •V
RETURN
END
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SUBR-)UTINE CRA~”~ (F, A , 3, C,
C
C TH IS SU~ ROUT1NE 0 .TS TH E COEFFICIENTS A AND B IM A ( M ~~~3) AND
C C A~~1 0 IN C4 (M~~ 0) F(~~ FwE QUENCY, F, BELCW ~. 6HZ, FO LLOW ING
C CRANE, Z .K,, MICkC WAV ~ SCATTERING PARA METERS FOR NEW ENGLAND RAIN,
C MIT LPICOLN LA 3CRATQ PJ ’S REPORT R TR ‘2k, A) -~‘.7796, OCT. 196~ .C A A N) R ARE COE FFICI-:t TS USED IN COMPUTING TH~ RAIN ATTENUAT I&N
C CCEFICI~~NT , C At ’ O 3 A~ E CCEFFICIENTS USED IN COMPUTING THE RAIN
C R E F L E C T I V IT Y  P E~ Wi lT VOLU ME. M IS THE LIOUI-) WATER CONTENT IN
C G/M~~ 3. THE SUBRC (ITIF USES THE APPRCXI MAT E F SQUARED ABSO R PTION
C CEFENC~FMCY.
C

Xi = X3 = Q.1
X2 X’. = 1.4.

C
C O3TA IN COEFFICIUITS F~~R CALCULATION OF RAIN A ITENUATION PER UN IT
C LENGTH.
C

IF (F .LT. 1.29) GO TI) j~~
IF (F .LT. 2.8) GO TO ICC
IF (F .LT. e . o ) GO TO 1ZE
IF (F .LT. 9.35) GO T 13
IF (F .LT. 15.5) GO T~ 135
IF (F .LT. 3 .C) GO TC 1’..
IF (F ,LT. 70.-]) GO T(~ 14.5
IF (F .LT. 54.0) CC T~’ i5~PRINT 1~ 02

IQ Vi =
Y2 1.85—3

= 9.IE—4
1.35E—2

Ft =

F2
GO TO 155

125 Vi =
1.35E—2

= 1 .35—2
Y4 3.18

= 2.8
F2 = 8,3
GO TO 155

133 Vi = 1.3E—2
S Y2 ~~.t8

Y3 = 2.OE—2
Y4. : ~.32
Fl = 8.~F2 9.35
G0 T3 155

135 VI : 2. E—2
Y 2 . = 3.32
Y3 = 6.IE—2

-

S Y4 = i.3
El = 9.35
F2 = 15.5
G0 TO 155

140 Vi = t~.iE—2
— I Y2 = 1.3
: 1  V 3 J~~4j

Y4 5.8
Ft 15.5

4 F2 = 35.0
60 TO 155

145 Vi 2

Y2 = 5.8
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-SI Fl =

GO TO
153 V~~ = i.~~~~0

= 13.1

Y-3  =

Y 4  12 .0

El = 73 .3

F? ~~k .0

155 91 = A LO G  ( v 2  / V i)  / A L O G  (*2  / X i )

A i  V i  / ( X I  • Dl)

= A L O G  (V S. / Y 3)  / A L OG  ( X’  / X 3)

A 2  = Y 3  / (X 3  • • 52 )

A = ( ( ( F  • F — El • Fl)  • ( A2  — A l) )  / (FE • F2 — Ft • FL) )  + At

B = I( F2  — F)  / (F2  — Fl ) )  • Bi + ( I F  — Fl) / FZ — Fill • B2

GO TO 165
160 A = 0. ’ - 1 0g? 3  • F • F

B =

C

C O B T A I N  C O E F F I C IE N T S  FOR C O M P U T I N G  R A I N  R E F L E C T I V I T Y  F E R  U N I T
C V O L U MC .

C

165 IF (F . L T.  1.29 ) GO T~~ 2 13
(F . L T .  2 .8)  GO T O  17

IF (F . LT,  8 . 3 )  GO T O  in ;

IF (F .LT .  9 . 3 5 )  GO TO 181

IF (F .LT.  15.5) GO T O  165

IF (F .L T.  3 5 .3 )  GG TC i9~~

IF (F . L T.  73 .3 )  GO T C  i95

IF (F . L T.  9 4 . 0 )  GO TC 2 C C

170 Vi
Y 2  = 2. 15+4

Y 3  = 6 0 0 .3

Y 4  = 2 . 3E+ 4

Ft : 1.29

F2 = 2 . 8 0

GO TO 2)5

175 V I  = 6 (0 .3

Y 2  = 2 .3E +4

Y 3  = 6 9 0. 0

VS. = 2 .5 6 +4

Fl:  2.8

F2 = 8 .0

GO TO 205
180 V i  6 9 0 . 0

Y 2  = 2 . 56+ 4

Y3  = 6 1 - 3. 0

= 2.15+4

Fl = 6 . 0

- I F2 = 9 .35
- 

- GO TO 235
185 V i  : 610.0

= 2.16+4

- 
- 

V 3  = 10 0 3 . 0

V S .  =

S Fl = 9.35

F2 = 15.5
S 

GO T O  2-i 5

190 VI = 1 0 3 0 . 0

= 893 . 0

VS.  = 1.26+4
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Fl = lSI .~3
F2 = 35.0
GO TO 2 35

195 VI
Ye = l.!E+’.
Y3 = 170.0
VS.  = 313.0
Fl = 35.3
F? = 73.0

— GO TO 2-35
200 Vi = 17),)

=
Y3 51.3

= 26-3.0
Ft  7~ ,3
F2 =

2~ 5 ~~ = ALOG (Y2 / V i) / ALOG (X2 / Xl)
Ci = Vi / (Xl Li )
02 = ALOG (VS. / Y3) / AL% IX~. 1 X3)
C2 = Y3 / (X3 • 02)
c = (((F • F — Fl • Fl) (C? — Cl)) / ff2 • F2 — Fl • Fl)) + Ci

— - C = ((F! — F) / ff2 — Fj)) • 01 + ((F — Fl) / (F2 — FL)) • 02
GO TO 22 3

210 PRINT i53~1500 FORMAT (IX,~~FR(14UENCY TOG LOW FOR REFLECTIVITY~ )1502 FOR tIAT (lX ,~ FRE 0UEPJCY TOO H1GH~)22 0 RETURN
END

r —
- 

-
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SU3-~)tITjNE SFCG (TA, R H ,  PR, HGT, ZH, R , EMZI, MZC, TI
C
C T HIS SU3~ OUTIN~ C A L C U L A T E S  TH E LIQUID WAT ’ - P. CC NT rNT IN A RA IN—
C ST OR M . 3 ETAI LE A R: I~ A ~tTE UROLOGICAL N 0 c L  FOR USE IN TH~ STU C Y
C CF RAI NFALL EFFECTS O~ A T ;~OSPHERIC RA 3IU Tk.LCCOM~ UNICATIONS , BY
C E.J. JUTTON, OFFICE OF TELECO MMUNICATIONS RFPO~~ OT/T~~~R 2~ ,C DECIII8’ : .~ , 1971.
C
C..... INP UT
C
C HGT =~ 1~~RM TOP HEIGHT 1- ~ K ILOMET ERS.
C
C P~ =SU~ FA CE P~ ESSU~~ ft PIILLI3ARS. - ‘

C
C kEH SURFACE RELATIVE hUMIDITY AS A DECIMAL FRACTION.
C
C R. =SURFACE RAINFALL R-~1~ IN MM/HR.
C
C TA= SURFACE TEMP~ RAT U~ IN OEGREEO KELVIN .
C
C ZH HEIGI4T ABCVE EA .~THS SURFACE IN K ILOMETE RS .
C
C.....OLJT IUT
C
C EMZ 1=CONTRI9LiTION IN ~/M (3) OF CONVECTIVE RAINSTORMS TO LIQUID
C WATER CONTENT.
C
C E MZ~ =CONTRIBUIION IN G/M(3) OF STRATIFORM RAINSTORM S TO LIQUID
C WATER CJNTENT .
C
C
C NOTE - SU9ROUTI9 SFCG USES FUNCTION ESUBS.
C

REAL L
C
C EVALU A TE THE LICUIC WA TER CONTENTS, EMZ1, OF A CONVECTIVE STORM.
C SEE, ESTIMATION OF RAOI’) RAY ATTENUATIO N IN CONV cCT IVE RAINFALLS,
C BY E.J. OUTTON, JOURN~ L OF APPLIED METEOROLOGY, VOL. 6, AUG. 1967,
C PP. 6~ 2—668.
C

Z = 1000. • IN
HIT = 1113. • HGT
Cl = 1.9331
C2 = 1.5625
TO = TA , (1. — 1,8594 E—’. • TA • ALOG (P.EH) )

• L = (123. + .227 • (TO — 273.16)) • (TA — TO)
HTE = ( ( P 3  / Cl) • • (1. / C2 ) )  + (2. • L / 1352.~~)IF ( ( Z  / 1852.0) .LT. HTE) GO TO 105
61121 = 0.3
GO TO I I 5

105 PR = Ci • ((( 1416 — (L / 1852.3)) — ABS ((2 — L) / 1852.0)) ‘ C2)
- BZ 8.2 (PR • ( — .21))

EMZ1 = 6’.. • 3.1415927 • (BZ • • ( — 4 ) )
C

- -: C COMPUTE STRATIFORM RAIN LIQUID CONTENTS,EMZ2 , BELOW THE STORM
C CLOUO BASE.
C
115 B = 8.2 • (RO • ( — .21))

S - EML = E~~. • 3.1415927 • (3 • • ( — 4 ) )
IF(Z .GT.L) GO- TO 125
EMZ2 S IlL
I = T A  — 2 • 9.66—3
60 TO 135

C
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C COMPUTE 61122 WITHIN THF STORM CLOUD.
C
125 TI = TA — L • 9.86—3 -

6 = ESU3S (TI)
P = PR • EXP ((98J.6! / 28701..) • ( — I) • (2. / (TA + TI)))
W = (E .6a2)  / P
IS = 9.8E—3 • (Ii. + (W 597.3 / (TI • 6.85576—2))) / (1. + ((H •
1 22.19i~i’.) / (TI • TL 1.645376—2))))
T = TA — L • 9.8E—3 — (Z — LI • TS
tXZ EXP ( — .3t, ’e • IS • (2  — I))
EXH = EXP ( — .064 • • (H IT — I))
192 2 TI — .5 • IS • (2 — I)
TBH = TI — .5 • IS • (HIT — I)

= 2.87046—3
RI = 2.873464
GAML = ((.622 • E / (~ 132)) • (EXZ — 1.) — ( .622 • 980.62 • 6 /
I (.6-, • IS P ‘U • T8Z • TB ZJ ) • (EXZ — 1.))
GAMH : ((.622 6 / (P 1814)) (EXH — 1.) — (.t22 • 33C .62 • 6 /
1 (.36’. • IS • R • Pt • 1814 • TOM) ) • (EXH — 1.))
6)422 = SIlL • (1.3 — (GAMZ / GAl-sM ))
IFISMZ2 .LT .0.~~) EIiZ2 3..

135 CONTINU E
RE TURN
END
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SUBROUTINE PROIIO (WAVE,D,N ,-T-AUOBI,REVTAU,REII,HTOP)
C
C. • .11415 SU9ROUTINE PERFORMS T 14t MODIFICATION CF ATTENUATION OF MICRO—
C WAV E TERRESTRIAL LINKS For’ METHOOS 1 AND 2, OESCRIBEO IN THE MAIN
C PROGRAM.

S C

C. .. . . INPUT
C WAVE — CARRIER WA VE LENGTH IN CM .
C 0 - PATH LENGTH IN KM.
C N — INTEGER CORRESPONDING TO METN3C I OR 2.
C HTOP — STORM TOP H~ IGIH.
C RELI — PER CENT OF TIME GIVEN ATTENUATION IS EXPECTED TO 9E
C EXCE E DED
C TAUD3T — ATTENUATIO N ALONG A LINK EXFERI5~JCIHG HOMOGENOUS
C RAINFALL. 

4
C
C.....OUTPUI
C REVTAU — ACTUAL PR~~ ICIE0 PATH ATTENUATION DUE TO RAIN.
C

DIMENSION P6111(12) , l- PITAU (l2) , TAU O BT( 12) ,  R EV TA U ( 12) ,  RELI(i2)
DIMENSION HTOP (j 2)

r. F=2~ .9733/WAVE
RFSQ=F’F/225.0
00 10 1=1,12
IF(TA U3’3T ( I)  .N5. 0.0)  GO TO I
EPST AU (I)= 1. S

60 10 2
I AR G t~ 9%.70663 • HTOP (I)

ARG SQRT (ARG)/O .•- -

EMT AU ( I)= RFSO • A RG • 0.987/TAU O BT( I)
IF (N .62. 2) EMTAU ~!) 2. * EMTAUII)

2 RELIT (I)= RELI (I) * EI-ITAU(I)
10 CONTINUE

00 20 1:1,12
IF (RELIT (I) .LT. R E L I ( I ) )  GO TO 8
EMTAU (I) 1.0

S 
RSVTAU (I)zTAUOBT (I)

~. GO TO 2)
8 REVTAU (I)= EXTEPP (12,CELI (I ,,REL IT,TAUOBT )
20 CONT INUE

RETURN
END

1 
N 

—
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SUBPOUIINE W A T E P ( T ,  ~~, RHO, WAVE, WN, GAMAR, GAMAMP, PHW)
C
C THIS SU1ROUTINE CALCULATES ATMOSPHERIC ABSORPTION PER UNIT LENGTH
C DUE TO ATMOSPHERIC WArE R VAPOR FOR FREQUENCIES R3UGHLYIN THE PANGS
C 5—7Z Gill. USES VAN VL~ CK FORMULATION (SEE RADIO METEOROLOGY, PG.
C 272).
C 

FC..... INPIJT
C

• C T=TEMPERA TURE IN C G R ~ ES KELVIN, AT LOCATION ON TRANSMISSION
C PAT H OF INTEREST.
C
C P=PRESSU~ E IN MI LL 1BA’-~S, AT LOCATION ON T~ At4S M ISSION PATH OF
C INTEREST.
C
C Rl-40=ATMOSPHERIC W A T E R VAPOR DENSITY IN G/ M ( 3) ,  AT LOCATION ON
C T RA ~ISMISS ION PATH OF INT EFEST.
C
C WAVE :WAVELENGTH IN C~ liTIMFTERS.C
C.....CUT~ UT( C
C WN :RECIPROCAL OF WAV ELENGTH.
C
C GA MAR=CONTRIBUTION OF WATER RESONANCE LINE.
C
C GA IIAN R=NON—RESONANT CONTRIBUTION TO WATER VAPOR ABSORPTION IN
C
C
C PHW PHA SE DISPERSION IN RADIANS/KM. SEE, CALCULAT E D TROPOSPH ERIC
C DISPERSION AND ABSORPTION DUE TO THE 22 GHZ. WATER VAPOR LINE,
C BY II. J. LIEBE, IEEE TRANSACTIONS ON ANTEN NAS AND PROPAGATION,
C VOL . AP—17, NO. 5, SEPT. 1969.
C

= 0.30361
CC = 0.i]6C89
B x 0.00 708

S 
WNR = 3.7417
WN = 1 ,C / W A V E
F = 29.9793 / WAVE
F O = 22.23515
DF F 3 — F
A = 0.08478 • (P / 1313.25)
X = 318.0 / I
o = A • (1.0 + B • RHC) • IX • 3.625)
FORMM = (WN — WNR) • ‘ 2 + I) • • 2
FORMM = 1.0 / FORHM

L FORMP = (WN + WNR) * 2 + 0 2
FORIIP 2 1.0 / FORI4P

• FORM = 0 • (FORMM + FORMP)
- - IT = (X * • 2.5) • EXF (—644 .0 • (1.0 / I — 1.0 / 316.0))

ii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

YNR C Z ’ O ’ X • (W N ’ ’ 2 )
GAMAR = YR • RHO
G AMA N R YNR • RHO
GG= 0.Gj86823 .RHO+3.Q026l29- (P~RHo*T /2j6.~~~)*((33Q.Q,T)*•3,~ 3)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
RETURN
END
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SUBROUTINE OXYGEN (T,~~,RHO,PLAMDA,RWAV,6AMAu )
C -

C THIS SU3ROUTINE CALCULATES ATMOSPHERIC ABSORPTION PEPS UNIT LENGTH
C DUE TO ATMOSPHERIC OXYGEN FOR FREQUENCIES ROUGHLY IN THE RANGE

- C E— .~ 6HZ. USES VAN VL~ CK FORMULATION (SEE RADIO tlETEO~ OLOGY , PAGE
C 272).
C
C. ... . INPUT
C
C FIAMDA= WAVELENGTH IN CENTIMETERS.
C
C R=PRESSURE IN MTLLI 3A~ S AT LOCATION ON TRANS MISSION PATH OF
C INTCREST,
C
C RHO ATH~ SPHERIC WAT€R VAPOR DENSITY IN G/M(3), AT LOCATION ON
C TRANSMISSION PATH OF INTEREST.
C

F C T TEMPERATURE IN DEGRE ES KELVIN, AT LOCATION ON TRANSMISSION PATH
C OF INTEREST.
C
C.... • OUT OUT
C
C GA IIAU=OXYGEN ABSORPTIC~I 1(4 08/KM.
C
C RWAV=R EC IPROCAL OF WAVELE N GTH. -

C
f W (

~
..
~
t5E—3)’RHO•T -

P=R—PW
O=C . i.9*(P/j~,I3.25)*((3L~C./T)**.75)
RWAV2I./PLAMOA
RWA V2=RWAV~ RWAV
02 0*0
F1 D/ ( PW A V2 +02)
F2 0/ C (RWAV—2.) ~2+02)F3=O/ ( ( RWAV +2.)442+D2)
GA MAU .34 * RWAV2 * ( (2 93 ./T )* 2)*(Fi +F2+ F3)4(P/i. 313.25)
RETURN
END

-N
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SUB~ OUTINE ATCOS(FR,T,P,RH ,HTOP,pROB,BETA,R ,ATE,WAV )
C
C
C THIS SU3R-OUTINE OETER~ INES THE TOTAL AT MOSPHERIC ATTENUATION PEP
C UNIT LENGTH
C
C..... INPUT
C FR — FREOIJENCY IN GHZ.
C I — A V E R A G E  T E M~ E~ A TU R E IN DEGREES CENTIGRAD E
C P — AV ERAGE PRESSU~~
C RH — AVERAGE RELA TIV E HUMIDITY
C HTOP — STORM TOP HrIGHT
C 3ETA — RATIO OF THUNDERSTORM RAIN TO NON—THUN DERSTORM RAIN
C WAV — CARRIER WAVEL ENGTH IN CM .
C PRUB — PERCENT OF TIME FOR WHICH RESULTS A-RE DESIRED
C — R A I N R A T E  CO I~1E$PONDIN6 TO PROS
C
C.... .OUTPUT
C
C ATE — TOTAL ATMOSPHERIC ATTENUATION PER UNIT LENGTH IN 08/KM
C

P1: 4. ATAN (1.C)
T K T +  27 3. 16
CALL RATTCO (WAV,TK,P,~ H,HTOP,U.2,R,AT,PROb,B5TA,SCAT,PHIRR)5RH0 216.68*ESUBS (TK )~~~H/ T K
IF(FR •LE. 1.5.C) CALL OXYGEN (TK,P,SRHO,WAV ,RWAV,OXAT)
IF(FR .67. 45.0) CALL TOPOXY (TK,P,WAV,j,OXAT,SRHO,GAMAUP )
CALL WATER (TK,P,SRHO,WAV,WN,WAT 1,WATC,PHW)

c
C.....OETERMINE ATE
C

200 ATE= 2.0~ AT +OX A T+W A T 1+W A T2
CALL RS FRAC (4 ,3 ,6 ,T- P .RH,ENS,00 ,W3)
PHI RO PHIRR +PHW
PHIT (2.OE +5 PI/WAV) (l.fl +l .OE— 6 ENS )+PHIRC
RETURN -
END

- S

4 
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SUBROUTINE RAINRT(R0,~ SS,RB)c
C THIS SU8ROUTINE MODIFIES THE RAIN RATE IN ACCO RDANCE WITH THE
C PROCEDURE OF BA RSIS El AL. (1973).
C
C INPUT
C
C RO - UNMODIFIED (FOI~ T) RAIN RATE IN MM/HR.
C RES — PATH LENGTH IN KM.
C
C OUTPUT
C
C RD — MODIFIED (PATH) ~ATN RATE IN MM/HR .
C

DIMENSION RAT (3),PL(3)
DATA PL(1),PL(2),PL(-3)/ ~ ., 10., 22.1
IF(R0.LE.1O.0)225,233

225 RTB I.C
GO TO 25~230 RAT ( 1) =— .O937675’.â72~ AL OG ( R0 ) +j .2fl9
RAT (2) — .188918C99f*ALOG (RO)+j.435
IF CRJ .GT. 28, 0)235,21.0

235 RAT (3)=— .1387074521’ALOG (RJ)+1.03677j423
GO TO 245

240 RAT (3 )=— .395954063~*A1OG (R0)+j .9j17j7924
245 RSSS= RSS

IFIRSSS .GT .22.3) PSZS=22.P
RTB TERP (3,RSSS ,PL ,RAT )

250 R8 RTB~ R0
RETURN
END

,
~ 1
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SUBROUTINE TOPOXY(T,P,PLAMDA,L,GA psAU,ARROW ,GAMAU p)
C
C THIS SUBROUTIN E CALCULATES ATMOSPHERI C ABSOR PT ION PER UNIT LENGTH
C DUE TO ATMOSPHERIC OXYGEN FOR FREQUENCIES ROU6HLY IN TilE RA NGE
C 45—7 0 6HZ. SEE, AS AN XAM PLE , FALCONE , V.J ., ATMOSPHERIC
C ATTE N UATION OF MICROWA V E POWER, J. MICROWAVE POWER (CANADA) , VOL .5
C NC.~., DEC) 19fl, PP .259—278.
C
C..... INPUT
C
C T~~~:MPERATURE IN DEGREES KELVIN. —

C
C P=P~ ESSURE IN MILLIBA~ S.
C
C PLAMDA WAVELENGTH IN CENTIMETERS .
C
C L ACCOUNTED FOR IN DEGP?7.

4 C
C ARROW=ATMOSPH ERIC WA TER VAPOR DENSITY ON TRANSMISSION PATH OF
C INTEREST.
C
C.. .. . OUTPU T
C
C GAMAU :OXYGEN ABSORPTION COEFFICIENT IN 08/KM.
C
C GAMAUP=PHA SE DISPERSION DUE TO OXYGEN IN RADIANS/KM .
C
C

COMMON /BLOCK2 /PMUPL (49), PMUM (49), PMUNOT (-~9), RSRLNI (49), RISRLN2 (~.9)REAL L3
C

VP 2 T • A RROW I 216.E-8
IF(L.EQ.2) GO TO 1C5
XI  = .021333
X2 = .04523
X3 = .36748
X4 = .~~27 351
13 = ALOG (X3)
DXD LOG : CX? — Xl) / (ALOG (X4) — 13)

105 R LM D A = 1.t)./ PLANDA
88 2.365666098 / I
SUM = 0.0
SUMP = 0.0
FEE = 0.0
NN = 49

— X = (P + VP ) / 1013.25
IF CX .GT. X3 ) GO TO 110
IF CX •LT. Xd~) GO TO 115
01-Ti = DLT2 = Xi + OX OLOG • (ALOG (X) — 13)

- 
- GO TO 120

110 OLT I = 0112 2

-
- 

GO TO I2 O
115 OL T I  = DLT2 = X2

60 10 120
120 OLTI = OLT1 • (300. / I) • X

DLT2 = 0112 • (300. / T) • x
DLT N UA = ~.5 • (DLII + DLT2)

• - IF(L.EQ.2) GO TO 135
00 130 K 1, NN, 2
P K K

C -

C CALCULATION OF PMUPL, AN O PIIUM, THE SQUARES OF THE MAGNETIC DIPOLE
C MOMENTS OF THE OXYGEN MOLECULE FOR CERTIAI~ PERMISSIBLE QUANTUM

59
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C MECHANICAL TRA NSIT IO Pl~.. C SEE FALCONE, j97~- )
C

PMUPL (K) = PK • (2. • PK + 3.) / (PK + 1.)
PHUM (K) = (PK + 1.) • (2. • PK — 1.) I PK

C
C CALCULATION CF PMU (40T, THE SQUARE OF THE MAGNETIC DIPOLE MOMENT OF
C THE OXYGEN MO LECULE WHOSE RESONANCE FREQUENCY IS ZERO (DIAGONAL
C ELEME NTS OF THE MAGNE I IC MOMENT OF THE OXYGEN MOLECULE). (SEE
C FALCONE Ct9TC))

PMUNOT (K) = (PK • PK + FK + 1.0) I (PK • (PK + 1.0))
130 PHUNOT (K) = FMUNOT (K) • (2. • PK + 1.) • 2.

CALL FREQ
135 00 11.L K = 1, NN , 2

P K = K
FAC = EXP C — BB * • C PK + 1.))

- CALL FARM (OLTI, RSRLNI (K), RLMOA, AA, AAP )
CALL FARM (0112, RSRLN2 (K) , RLNOA, AS, ASP)
CALL FARM (OLTNUA , FEE , RLMOA, AC, ACP)
AC = AC 0.5
TERM = (AA • PMUPL (K) + AS • PMUM (K) + AC • PHUNOT (K)) • FAC
T ERMP = (AAP • PMUPL (K) + ABP ‘ PMUM (K) + ACP • PMUNOT (K)) • FA

IC
SUM = SUM + T E R M
SUMP SUMP + TER M F

11.0 CONTINUE

t C
C DETERMI NATION OF THE CXV GEN ABSORPTION COEFF1~ NT , GAM AU AN t
C GA HAU F , THE PHASE DIS PERSION DUE TO OXYGEN.
C

GA MA U = SUM • 59.’,681828 • P / CT • I • I)
GAMAU = GAM AU / (PLAM’)A * PLAM DA )
GAHAUP = SW-IF • 6.81.6527561. • P / IT • I • T)
GA MA U P = GAM AUP / (PLAMDA • PLANDA)
RETURN
END

60
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SUBROUTINE RA T TCO (W AVF ,TA, P RE,R EL ,H ITE ,ZHH, R~~,AT, RE Ly ,BETA ,SCA TR ,

1 PHIR)
C
C THIS SU-3ROUTINE CALCULATES RAIN ATTENUATION, PROVIDED AN
C AIR/GRO UND PATH IS U S D  FROM SURFACE METEOROLOGICAL DATA AND
C RELIABILITY R~QU IR~ MENTS .
C
C... • .INPUT
C
C WAVE=WMV ELENGT H IN CENTIMETERS.
C
C TA= SURFAC€ TEMPERATURE IN DEGREES KELVIN.
C
C PR E:SURFAC E PRESSURE IN M ILLIBARS.
C
C REL=SURFACE RELATIVE HUMIDITY AS A DECIMAL FRACTION.
C
C HITE=~ T 3R M TOP HEIGHT IN KILOMETERS.
C
C ZHH HEIGHT ABOVE EARTHS SURFACE IN KILOMETERS.
C
C RO=SURFACE RAINFALL RATE IN MILLIMETERS PER HOUR.
C
C 2ELY PERCENT OF AN AV ERAG E YEAR.
C
C B E T A ~ RATIO OF THUNOERSTC RM RAIN TO NON—THUNDERSTORM RAIN (SEE
C EARLIER REFERENCE IN TEST3 O ) .
CC. .. . . OUT PUT
C
C SCATR=RAINFAL L REFLECTIVITY IN KM (—j) . -

C
C PHIR=PHASE DELAY PER UNIT LENGTH DUE TO RAIN, IN RADIANS/KM.
C
C AT ATTE MUAIION COEFFICIENT DUE TO RAIN IN 08/KM.
C

DIMENSION PF (3), FACT (3)
DATA (PP = 0.01, 0.1, 1.0)
IF(R0 .NE. C.O) GO TO 1

SCATR= 0.0
PHIR 0.0
AT 3.0
RETURN

C
C• C OBTAIN APPROPRIATE LI~ UIO WATER CONTENTS, EMZI. AND EMZ2, COEF—
C FICIENTS A, B, Al, 91. FOR THEIR CONVERSION TO REFLECTIVITY, AND
C WATER DIELECTRIC COEFFICIENTS, CC AND DO.
C
I FR 29. 9793/WAVE

- 

S 

CALL SFCG (TA, REL, P~E, HITE, ZHH, RO, EMZ1, EMZ2, UNW)
CALL CRANE (FR, A, B, *1, 81)
TAC z TA — 273.16

- - CALL CM PLXN (WAVE , TAC , CSQ, HIMM K , CFPT, CTPT, CC, DO)
C
C OBTAIN AN EMPERICAL FACTOR, FAC, FOR CONVERSION OF RAYLEIGH
C PREDICTED PHASE DELAY IN THE MIE REGION.
C

PP z J•~~~597~ • FR — C.53135
IF (FR .LE. 19.31) FP 2 0.0
P9 z 0.011.6886869 • FF.-~ — 0.1.02
IF (FR .LE. 27 .0) FP = 0.C
FACT (1) = i.~ + PP
FACT (2) = 1.0 + FQ
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FACT (3) 1.u
FAC : TERP (3, RELY, -F , FACT )
IF (RELY .GT. l .- )  FAG = 1.

C
C CALC UL A T E  PHASE O E L A Y ~ A Nt ATTENUATION REFLECT IVITY 3Y USING
C APPROPRIATE COM~3INATICNS CF STRATIFORM RAIN, EMZI, AND CONVECTIVE
C RAIN,Et412.
C

Li = ( - ~.3 • 3.1415927 I WAVE ) • (FAC • ((CC — 1.) (CC + ‘.) + ~D 
S

1 DO)) / ((CC + 2.)  • (CC + 2.) + DO • 00)
PHIR = U EMZI
AT A •  (EMZ i~~~ •B)IF ( ( ABS (RELY — L..l)) .LT .  0.01) AT BETA • A • (EMZI • • B) +

1(1. — BETA ) • A 4 (E~~Z2 • * B)

IF ( ( AS S (RELY — .1)) .LT. ~s.L~1) PHIR BETA • U EMZ1 + (1. — B
IETA ) • U • EMZ2
IF (( RELY — 0.1) .GE. 3.01) AT = A • (EMZ2 • • B)
IF (( RELY — 0.1) .GE. 0.01) PHIR = U EMZZ
C = ( 2 . E — 7  / 3.) • (3 6.u1812) • CSQ I ( W A V E  • I.)

X = C • Al • IEMZ3. • 81)
Y = C Al (EMZ2 • B1)
I = 0.81. ‘ 81
S C A T R = Y

103 RET~JRN
END

J
~

S 

—

N.
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SUB~ JUTINE REFRAC 0(1, KP, KH, Ill, PR, HU, EN, 0, W)
C
C THI: 5U3ROUTINE CAL CULA TE~ THE REFRACTIVITY (REFRACTIV E INeEX ) AT
C SPECIFIC LOCATIO NS ( MT IGILTS) IN THE ATMOSPHER~ FOR VARIOUS KINDS
C OF 9ETEOROLO GICAL PIPUT P~~ A~lETERS .
C
C.....INPUT
C
C THE T1M~ ERATUR€ , F-~ESSU~’E, AND HUMIDITY DAT A CAM €~E INPUT INTOC SUBROUTINE REF~ AC TN VARI ETY OF UNITS. THE VALUES OF KT, KF ,
C A ND KM )ETERMINE WHICH SET OF UNITS THE SUBROUTINE WILL USE. THE
C FOL LOWI.I6 IS A LEGE-*D OF VALUES FOR KT, KP, A ND KH.
C
C KT = 1. TEMPERATURE TC. ‘~E SPECIFIED IN RANKI 4E.
C KT = T E N P E R A T U ~~ TO -3E SPECIFIED IN FAMFENHEIT.
C KT = 3 TEMPERATUR~ 13 BE SPECIFIED IN REAUMUR.
C K T = 4 T E M P E R A T UR E I C ~E SPECIFIED IN CENTIGRADE.
C KI = ~ TEMPERATURE IC ~E SPECIFIED IN KELVI U.
C
C KP = 1 PRESSUR E TO B~ SPECIFIED IN MILLIMET ERS OF HERCURY.
C KP = 2 PRESSURE IC 3’ SP~ CIFIEO IN INCHES OF MERCURY .
C KF = 3 PRESSURE TO 3~ SPECIFIED IN MILLIBARS.
C
C KH = 1 DEW POINT TEM FERA TURE TO BE SPECIFIEO IN THE SAME UNITS AS
C USED WITH THE TEM PERATURE, ACCORDIPiG TO THE VALUE OF KT
C ABOVE.
C KM = ~ WET BUL~ T MPE RATURE TO 8E SPECIFIED Ill THE SAME UNITS AS
C USED WITH THE TEMPERA TURE , ACCO RDING TO THE VALUE OF KT
C ABOVE.
C KM = 3 SPECIFIC HuIIDITY TO BE SPECIFIED IN GRAMS PER KILOGRAM.
C KM = 4 MIXING RATIO 10 BE SPECIFIED IN GRAMS PER KILOGRAM.
C KH S WATER VAPOR -D- NSITY TO BE SPECIFIED IN GRAMS PER METEP
C CUBED.
C KM = ~ RELATIVE HUMIDITY TO BE SPECIFIED AS A DECIMAL FRACTION.
C KH = 7 VAPOR PRESSURE TO BE SPECIFIED IN UNITS AS DETERMINED BY
C THE V A L U E  CF ~~~P ABOVE.
C
C MU = HUMIDITY IN UNITE. AS DETERMINED BY KH A9OVE .
C PR = PRESSURE IN UNITS AS DETERMINED BY KP A~ 3VE.C TM = TEMPERATURE IN U~ ITS AS DET~ RMINE 0 BY KT ABOVE.
C
C.... • OUT PUT
C
C EN=REFRACTIVITY IN N—UNITS (PARTS PER MILLION OF REFRACTIVE INDEX)
C D DRY TERM OF REFRACTIVITY IN N—UNITS.
C W=WET TERM OF REFRAC TIVITY IN N—UNITS.
C
C NOTE — SUBROUTINE PEF~ AC MUST BE USED WITH FUNCTI ON ESUBS(T).
C

— T r I M
- • P P R

H H U
GO TO (100, 165, 110, 11.5, 120), KT

100 T T— 1. 5 9 .69
105 T = .555555555 • T — 17.7777777

GO TO 115
110 T = 1.25 • T
115 1 = 1 + 273.
123 GO TO (125, 130, 135), ICP
125 P 2 25.’. • P
130 P = 1.333224 • P
135 GO TO (143, 140, 175, j~ Q, 185, 193, 195), KM
11.0 GO TO (145, 15~~, 155, 16C , 165), 1(1
1’.S $ = H — k~ 9.69
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15G $ = .555555555 H — 17.7777777
G(~ TO iSu  —

155 $ = 1.25 • H —

160 H M + 2 7 3 .
165 1 z ESU 3S (H)

Ir(KH.EQ,1) GO TO 21~
C
C PSYCH~ OMETRIC FORMUL A , PG. 366 L IST,R.J . (1958) SMIT HSONIAN
C METEOROLOGICAL TABLES. (SMITHSONIAN I~ STITUTIC~N , WAS HINGTON C.C.)
C

1 = E — ( .66 1—3 • (1. + .115E— 2 • (H — 2 7 3 . ) ) )  • (1 — H) P
GO TO 215

175 H = H / (1. — H • l.E—3)
180 H H 1.1—3

X Z T — 273,
C
C GOFF-GRATCH FOF MULAT IOM FOR CORRECTION FACTOR FW.
C SE E PG. 340 SMITHSONIAN METEOROLOGICAL TABLES (1958)
C

FW = 1.30044 — X • (.~‘3E—4 + .175E—6 • X ) + (.331—5 • X • ( .45 1—9
j• X — .2851—7)) P
1 H * P / (FW • (H + .62197))
GO TO 215

135 E 4.1650136E—3 H • T
60 10 2 15

190 ~ = H ESUBS (1)
G 0T 0 215

195 GO TO (230 ,  2~)5, 2 i0 ) ,  kP
200 H = 25. ’. • H

5 235 H 1.333224 H
210 E H

C
C SMITH—WEINT RAUB FCRMULATION FOR REFRACTIVITY.

I ~~ C SEE PG. 7 BEAN , 8. R. AND 1. .1. DUTTON (1968) , RADIO METEOROLOG
C (DOVER PUBLICATIONS INC. NEW YORK , N.Y. )
C

215 H = 373256. 1 / 1 • ‘ 2
77.6 • P / T

E N = W + D
RETURN
END

- 
I
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SU3I~S)UTINE ERF1X,Y,Z)
C THIS ~U3ROUT INE UTILIZES AN APPROXIMATION TO THE ERROR FUNCTION.
C FOR MORE INFO. SEE, HASTINGS, C.3. JR., AP~ ROXIMAT IONS FOR
C OIGITAL COMPUTE RS ( i g EE) ,  PG.169.
C
C..... INPUT

I 
THE ARGUMENT OF THr ERKOR FUNCTION

C
C.....CUTPUT
C Y— THE VALUE OF TM- ERROR FUNCTION FOR THE INPUT X.
C Z— THE VALUE OF TH~ COMPLEMENTED ERROR FUNCTION FOR X.
C

DATA AL,A2,A3,A’.,A5/ .2Z~ 836846, —3.252i286~ 8, 1.25969513,
I - —1.287822453, 3.9’.~ 6’.6C7/I F ( A 3 5 ( X )  • LT.  1 . E— ’ 39 )  GC TO 3

C
C FIND TH ERF FOR X
C

ETA 1./(1. + 3.3275~ 11~ ASS (X))
TEMP= (A5~ ETA + A’.)* TA + A3
TEMP= (TEMP ~ ETA + 42)*ETA + Al
TEMP= TEMP * ETA
XS QM = — X**2 .
IF(XSO FI .LT, — 3 0 u . 0) XSOM —300,3
TEMP= TEMP * 1.128375167 * EXP(XSQM)
IF(A~3S(TEI1P) •LT. t.E—1~~C) TEMP SIGN (1.tE— i~~~,TEMP)

C
C.....OETERMINE IN WHAT INTERVAL THE ARGUMENT LIES IN.
C
C STATEMENT NUMBER 2 — X LESS THAN ZERO .
C STAT MENT NUMBER 3 — X EQUALS ZERO .
C STATEMENT NUMBE~ 4 — X GREATER THAN ZERO .
C

IF(X)2,3,’.
2 Y T E M P — 1 .

Z 2. - TEMP
RETURN

3 Y -3.3
2 1.0
RETURN

1 Y 1. — TEMP
Z TEMP
RETURN
END

s~~
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~~ SUBR OUTINE ERFCI(Y,XCCNF )
4- C THIS ~3U3ROUTINE FI~ OS TH!~ INVERSE OF THE COMPLEMENTED ERROR

C FUNCTION BY APPLYP’G’ A MEWTON—RAPHSONS IT RATION .
C
C.....INPUT
C Y— TM! VALUE OF TM . CO MPLEMENTED ERROR FUNCTION
C
C.....OUTPUT
C XCCNF— THE ITERATE~ RESULT
C

XAP RROX= —0.88622t-925~ * (Y — 1.0)
C
C THE ITERATION IS DONE HERE . AN ARBITRARY ERROR CRITERION OF
C 4.1—36 IS DEMANDED FOR CONVERGENCE. -:
C

3 00 1)3~ 1=1,50

CALL ERF (XAPPROX,Y1,YAP~ CX)
- FOFX= Y — YAFROX

XS Q - XAPPROX4’!.
IF (XSQ .LT. —3~ 0.0) XSQ: — 300.3
FOFXP= 1.128379167 • EXP(XSO)
XOLD= XAPPROX — (FOFX/FOFXP)
DELTAX= A8S(XAPPROX - XOLO )
OELTAY ABS(FOFX)
TEST= AMAX I (CELTAX ,O-LTAY )
IF(TEST •L1. 4.E—~ E) GO TO 4
XAPP ROX= XOLD

1000 CONTINUE
C
C IF THE ITERATION FAILS AN ERROR ILESSAGE IS PRINTED AND THE LAST
C VALUE OF XAPROX IS SURSTITUIEO IN FOR XCONF. PROCESSING IS
C THEN RETURNE D TO THE CALLING PROGRAM, IN THIS CASE TO TRUNCN.
C

WRITE (6,1001)FOFX,FOFXP ,XAPPROX,Y

4 XCO NF XAPPROX
RETURN

1001. FORMAT (1X,///1X,4~ HNON—CONVERGENCE FOR ITERATIVE METHOD IN ERFCI./
11X,6HFOFX ,115.7,1OX,7HFOFXP =,E15,7,IGX,8HXAPROX ,EI5.7,13X,3HY
2 :,115.7/// )

END
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SU3ROUTINE TRUNCN (TMO ’,VTAU ,TAU5,TAU95)
C -

C THIS U3ROUTINE USES 6 TR(~NCATEO NORMAL DISTRIBUTIO N TO CALCULATE
C THE 0.5, 5, 95, AND , THE 99,5 PER CENT CONFIDENCE LEVELS OF
C ATT NUATION
C
C........NOT~ — THE 0.5 AN’) 99.5 PER CENT CONFIDENCE LEVELS ARE
C CALCULATED 3UT ?~OT PASSED BACK TO THE MAIN PROGRAM,
C
,C.....INPUT
C T MC D — MEAN PREDICTED ATTENUATION FOR EACH METHOD
C VTAU — VARIANCE OF THAT ATTENUATION
C
C.... .OUT PUT
C TAU5 — 5 PER CENT CONFIDENCE LEVEL OF ATTE;IUATION FOR EACH
C METHOD
C TA U9 5  — 95 PER CENT CONFIDENC E LEVEL OF ATTE~IUATION FOR EACHC METHOD
C

DIMENSION VTAU(12,4), TMO~~(j2,4), TAU5 (12,4), T4U95(12,4)00 t~~ C METHOO 1,’.
DO 150 1=1,11
IF (VTAU (I,HETHOD) .NE. C.3) GO TO I

C
C.....SET CONFIDENCE LEVELS OF ATTENUATION TO ZERO IF VTAU IS ZERO.
4’‘a

COS 0.0
TA U5 (I,METHOD) 0.~
TA US5(I,METHOD)- 0.)
C995= 0.3
00 10 750

C
C.....OETERNINE CONFIDENCE LEVELS OF ATTENUATION IF VTAU IS NON—ZERO
C

1 RTZTAU SQRT(2. • VTAU (I,METHOO))
X= TMOD ( I,MET HOD)/ RI2TA U
CALL E R F (X , Y , Z )
V= 2./(i. + y)
X 1.99/V
CALL ERFCI(X,XPT5)
X= 1.9/V
CALL ERFCI(X,X5)
X= 0.1/V

• CALL ERFCI(X, X95)
X= 0.3 1/V
CALL. ERFCI(X ,X93PTS)

- : CJ5 TMOD (I,METHOO) + RT 2TAU X PTS
TAU5(I,METHOO)= TMOL (I,METHOO) + RT2TA U~ X5
TAU 9 5( I ,M ET HOO )z T MOO(1, MET HOD ) • RT2TAU ’X ’3 5
C 395= TMOD (I,METHOD) + R T 2 V A U ~ X99PT 5

750 CONTINUE
- - 1000 CONTINUE

RETURN
END

67
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SUBROUTINE FAR M (ULTN, RESWAV, A CTWAV , FOIMA , FORMP)
C
C THIS ROUTINE COMPUTES LTHE SHAPES A I~O FOR MS ASSOCIATED WITH CAL—C CUL A TIO ~IS MADE IN TOPC XY.
C

X = RES~4 A V  — ACTWAV
X2 = X * X
V RES~4AV . ACTWAV
Y 2 = Y ~~~~Y
02 = -‘~1TN * DLTN
FORM1 = X2 +02
FOR MI = I. / FOPM1
FOR M 2 = Y 2 + D 2
FORM2 = 1. / FOPM2
FORMP=(02/ACTWAV +(PESWAV /ACTWAV )*X )*FORM1+ (D2/ACTWAV+ (P5ESWAV/ACT WA
IV ) ‘Y) ‘FORM2
FORtIA = OLTN * (FOVl 1 + FCRN2)
RETURN
INC -

‘

SUBROUTINE FREQ -

C
C THIS ROUTINE COMPUTES LINE SHAPES AND FORMS ASSOCIATED WITH CAL—

-
~~ 

- C CULATIONS MADE IN TOPOXY.
C
C NOTE - SUBROUTINE FREQ USES , FUNCTIONS RSLMO I AND RSLMD2.
C

COMMON / BLOCK2 /PMUPL (4e 9)~~ PHU M (49) , FMUNO T (‘ .9) , RSRLM1 (‘ i9) , R
ISRLM2 (49)

PHU = — 252.72
00 125 K = 1, 1.9, 2
P K : K
IF (K — 1)105, 110, 115

— 105 STOP
- 

- 
110 FACTOR — 1.0

- :  GO 10 120
115 FACTOR = 1.0
120 CONTINUE

PLAMDA 59501.6 + .3575 • PK * (PK • 1.0)
B = 43101.6 — .1’. • PK ‘ (PK + 1.0)
RSRLMI (K) = RSLMDI (PK, PLAHOA , B, PMU)
RSRLM2(K) RSLMOZ (PK, PLAHOA, B, PMU, FACTOR)

125 CONTINUE
RETURN
END
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FUNCT ION ESUBS (T )
- - C

C THI  SUBROUTINE CALCUL AT ES SATURATION VA POR PRESSURE OF WATER IN
C AIR AT TEMPERAT URE T IN DEGREES KELVIN.
C

X = .~~5 • (1 — 21.3.)
Y = 2E.~eô1ll9 — X • ( .3 3ô ~ 22 — (X — 1.) • (.-~~89E—2 — (X — 2.)  ~1.144b€6E—3 + IX — 3.)  * .Z25Ee4)))
ESU3S = EXP (V — 9’..’.~~i’, / T)
! F ( ( T — 2~~3.) .LE.3,~~) GC TO 135
ESU 3S = ESU B S + (1~~J. — (T — 2 9 3 . ) ’ ~ 2.) • 8.E—6

135 RETU RN
EN’)

FUNCTION EXTERP (N, P. X, Y)
C
C THIS FUNCTION DOES EXPONENTIAL INTERP OLATION ANO EXTRAPOLATION .
C
C.....INPUT
C
C N N U M~ ER OF OAfl POINTS, tX , ’f) ,  10 B~ USED IN INTERPOLATION.
C
C P X  VALUE THAT PR0DUC~ S INTERPOLATED Y VALUL
C I

DIMENSION X ( 7 5 ) , Y ( 7 5 )
IF (N .LT. 2) GO TO 1~~C
00 1J~ I = 2, N
IF((X (I) P).GE.0.0) GC TO 105

100 CONTINUE
123 CONTINUE

I = N
105 I F( (Y ( I )  Y ( I  — i ) ) . G T . 0 . J )  GO TO 115

E X T E R P  = (Y ( I )— Y ( I— 1 ) ) ( P — X ( I— 1 ) ) / ( X ( I ) — X ( I— 1 ) ) + Y ( I — I )
RETURN

1j5 EXTERP = V (I — 1) EXP (ALOG (V (I) / V (I - 1)) (0  — X (I - 1
1)) / (X (I) — X ( I — 1)))

RETURN
END
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FUNCTION RSLMCI (PK , FLAMDA, 9, PMU)
C
C THI S ROUTINE CO’~PUTES LI NS SHAPES ANO FORIIS ASSOCIATE D WITH CAL-
C CULATIONS MAD E IN TOPOXY.
C

V = 3 - PMU / 2.
Vt = (P’( + PK + 3,) V
X = PLA~jO4 — PHU (PK + 1.) — Vi. + SQRT (FLAMDA • PLAMO A — (PLA ~ D

IA + PLA iDA) * Y + V I • Y~.)
P.SLMO1 X / (2.99793 +— )
PET OR N
END

/
FUNCTION RSLMOZ(PK, PL A M Z ~A, 8, PMU, FACTOR )

C
C THIS ROUTINE COMPUTES L!P~[ SHAPES AND FO RMS ASSOCIATED WITH CAL-
C CULATIONS MADE IN TOP(~X Y ,
C

- - = S — PMU / 2.
V1 = (PK + P K — j,).Y
X = PLAMDA + PIU • PlC + VI. — FACTOR • SQRT (PLAMDA ‘ PLANDA —( PLAtI

iDA + PLApjDA) • Y + Yt ‘ V i)
RSLMO2 X / (2.99793~ +4) -R E T U R N
END
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FUNCTION GAMMA (FREU
C V

C FP.EQ IS FREQUENCY IN 0HZ BETWEEN 7 0HZ AND 1’) 0HZ.
C

DIMENSION F(Z7),G (~.7)
C
C THESE OATA ARE TA KEN FROM THE CCIR CURVES OF ATTENUATION PER KM .
C

OATA( (F(L),L:I,27)= 7., 7.3, 7.9, 8.’., 8.8, 9.3, 1~ ., 10.5, 12.,
1 13., 11.., 15., 11.4, 11.5, 18.5, 2r ., 22.3, 26., 29., 32.1,
2 3E., 41., 52., 5g., 70., 78., 100.)

OATA( (G (L),L=j,27)= • 2, .~~025, .3~~3, .3~ 4, .3C5, .C365, .038,
I .~~I, .315, .2, .325, .03, .04, .C5, .06, .36, .1, .15, .2,2 .2~~, .3, .., .5, .6, .8, 1., 1.05)

C
C G A MMA IS RAIN ATTENUAT ION COEFFICIENT AT FREQ IN 08/KM/MM/HR.
C

GAMMA=T ERP ( 28 , FRED ,F .0
RETURN
END

FUNCTION TERP (N ,  P, X, Y)
C
C.....THIS FUNCTION DOES LINEAR INTERPOLATION AND EXTRAPOLATION.

H c
C.....INPUT
C
C N NUMBER OF DATA POINTS (X, Y) TO BE USED IN INTERPOLATION,
C P= X VALUE THAT PRODUOSS INTERPOLATED Y VALUE .
C

DIMENSION X (53), V ( E)
• 00 103 I = 2, N

IF (P — X (I))1C5, 1j~~, ~~0100 CONTINUE
I N

105 TERP = V (I — 1) + (V (I) — V (I — 1)) * (P — X (I — 1)) / (X (I)
1— X (I — 1))

RETURN
110 TERP = V (I)

- 
-
~

-
~~ RETURN

END
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SUBROUTINE TABLUS (XLAT ,XLON,ELEV,P,T, RH,EM,D,U ,EMAX ,IFLAG)
C
C SUBROUTINE TABLUS SPECIFIES ALL METEOROLOGICAL DATA NEEDEC FOR
C PROPER PROGRA M EXECUTION. IF THE DATA IS ALREADV SPECIFIED
C THIS IS GIVE N P~ IO~ ITY AND IS RETAINED. H3WEV~ R, IF T I4~ DATA
C IS IJNSPECIFIEO AN INTERPOLAT ION IS DONE FOR THIS f’ATA 3V MEANS
C OF I)BVIP. THUS, T A B SLUS IS THE MAIN INTERFACE TO IODVIP A t-!C
C DETERMINES ALL PA RAM ~ T~ RS NECESSARY FOR ITS PROPER EXECUTION
C SU CROUT I~lES THAT INTERFACE WITH TA B LUS FOL LOW
C
C TRIPART — DETERMINE S ALL NECESSARY PARAMETERS FOR ID3VIP
C EXEC UTIO1’. IT DETERMINES IN WHICH OF THE 3 AREA S
C IN THe U.S. THE POINT LIES.
C
C SORT — DETERPIIN S THE CLOSEST SET OF DATA POINTS UPON WHICH THE
C INTERPOLATION IS BASED.
C
C CLSPT — FINDS IF A P Y OF OUR DATA POINTS CONTAINED WITHIN BLOCK
C DATA TABLES A PE WITHIN .1 DEGREE. IF SO, ANY DATA THAT
C IS UNK4~CWN IS SUBSTITUTED FOR AND ~O I N T E R P O L A T I O N  IS
C DONE.
C
C IOBVIP — THE MAIN SUPROUTINE FOR THE PACKAGE THAT DOES THE
C INTERPOLATION. SEE IDBVIP FOR MORE INFO.
C
C BLOCK DATA TABLES - CONTAINS THE DATA BASE UPON WHICH THESE
C DATA POINTS ARE DRAWN FROM.
C
C
C.....INPUT
C XLAT — STATION LATITUUE IN OD.MM.SS AT WHICH DATA IS DESIRED
C XLON — ST AT ION LONG IT UD E IN DO, MM.SS AT WHICH DATA IS DESIRED
C ELEV — ELEVATION OF SAID STATION
C
C.. ......l4OTE — ANY OR ALL OF THE FOLLOWING MAY BE UNSPECIFIED
C
C P - PRESSURE AT STATION (MILLIBARS )
C T - TEIIPERATURE AT STATION (DEGREES CENTIGRADE )
C RH — RELATIVE HUMIDITY AT STATION (DECIMAL FRACTION)
C EM — AVERAGE ANNUAL PRECIPITATION (MM.)
C 0 — AVERAGE NUMBER OF DAVS WITH PRECIPITATION GREATER THAN .25
C MM.
C U — NUMBER OF THUNDERSTORM DAYS
C EPIAX — GREATEST MONTHLY PRECIPITATION RECORDED IN 30 YEARS
C
C.....OESCRIPTION OF MAJOR VARIABLES
C
C D ECLAT , DECLON - A RA V S CONTAINING POSITIONS OF THE CLOSEST SET
C OF DATA POINTS.
C
C PRESS (P), TEMP (1), RELHUM (RH) , MM (H) , 00 (0), UU (U) ,
C EMX (EMAX) — ARRAYS CONTAINING THE METEOROLOGICAL ’)ATA OF THE
C CLOSEST SET OF DATA POINTS • IN PARENS IS WHAT
C IS BEING INTERPOLATED FOR. I.E. IF P IS UNKNOWN,
C PRESS IS USED TO BASE THE INTERPOLATION ON.

• C
C IWICH — INTEGER AR RAY CONTAINING SUBSCRIPTS OF THE CLOSEST SET
C OF DATA POINTS
C
C IWK, WK — WORK ARRAYS REQUIRED BV ID8VIP. THESE ARE
C DIMENSIONED A T A M A X IMUM OF 2~ POINTS TO BAS~ THE
C INTERPOLATION ON. SEE IDB~ IP FOR MORE INFO.
C
C IFLAG — INTEGER ARPAV SPECIFYING WHETHER EM, 0, U, OR EMAX WERE

72
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C INTERPCLAT ~ 0 FO R.
C
C O C X LA T ,  ‘)C X L ON  — DECIMAL POSITION OF STATION AT W HICH DATA IE
C
C
C ICLOSE — INTEGER VAR IABLE CONTAINING CLOSEST POINT THAT IS
C WITHIN .1 DEGREE OF THE STATIO N AT WHICH DATA IS
C DESIRE 1.~
C
C ~1OF — NUMBER OF DATA PCINTS USED IP~ INTERPOLATION. DEPENDS ON
C THE PAPTITION THE INTERPOLATED POINT IS IN. I.E.
C FOR HA WAII - NDP= i

C FOR ALASKA — N-)P= 2ä
C FOR THE CONTIN EN1AL U.S. — NCP= 329
C
C N CR — NUMBER OF DATA PCINTS USED TO ESTIMATE PARTIAL
C DERIVATIVES - SEE IDBVIP

C
C

DIMENSION PRESS (~~~), TEMP(Z 3), RELHUM (20), O0 (2~ ), UU (20), EMX (2C)
DIMENSION OECLAT (2 :), OECLON (2&), IFLAG (4), IWICH (20)
DIMENSION IWK(iE51), WK (163)
COIIMON/DATPT/ DATAPT (359,i0)
REAL Mtl (23)

C
C. . . . .DATA STATEMENT CONTAINING ROUNDING FACTOR FOR ELEVATION.
C ELEVATION IS ASSUME D ACCURATE TO MAP ACCURACY — 35 ‘4.
C

DATA CONTUR/ 35.0/
C
C,....FUNCTION TO CONVERT ‘)O.MM.SS TO DECIMAL DEGREES
C

OECIML (X)= FLOAT (INT (X)) + IX — FLOAT(INT (X)))/0.6
I - - C

C.....INITIALIZE IFLAG
C

IFLAG ( 1)= 0
IFLAG (2)=  0
IFLAG (3) 0
IFLAG(4) 0

C
C.....TEST TO SEE IF ALL TH~ DATA IS SPECIFIED
C

TA SS= A B S( T )
T EST = A MI N1( P,TA B S ,RH,EM, D,U,E, IAX )
IF(TEST .NE. 0.0) RETURN

C
C•....ROUMD ELEVATION TO CLOSEST CONTOUR INTERVAL
C

E1 ELEV/CONTUR
F2 AIr4T(Ei)
E3 AIMT(2.~~(E1 — E2))

ELV (E2 + (3) • CONTUR
- H  C

C.....CONVERT INTERPOLATED STATION LOCATION TO DECIMAL DEGREES.
C

DCXLA T O EC I ML (XL A T )
OCXLON X DECI M L (XLON )

C
4 C.....CALL TRIPART TO GET ALL NEEDED INFO. AND DATA FOR THE IMTERP.

C
CALL TRIPART(NDP,NCP ,DCXLAT,OCXLOP4,LWICH,ICLOS ()

C
C.,....TEST TO SEE IF INTERPOLATED STATION LIES WITHIN .1 OEG REE OF A

73 
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C oAI A STATION
C

IF( IC LOS E •EQ. 4 GO TO 1
IF(P .EQ. C.~~

) P OA TAPT ( ICLOS E,4 )
IF(T ,EQ. 0 .3)  T= OATAPT ( IC LOSE,51
IF(RH .EQ. Q .j )  RH LPATAPT ( ICLOSE, e )
IFIE l •EQ. 0.~~) EM= ( )ATAPT ( ICL O S E,7 )
IF(J •EQ. t!. ) 0= OATAPT (ICLOSE,8)
IF(U •EQ. Q.C) U= OATAPT (ICLOSE,9)
IF (EIAX .EQ. 0.3) EMAX OATAPT (ICLOSE,I.O )

R E T U R N
C

I C.....IF SOME DATA IS UNSPECIFIED AND STATION LIES OUTSIDE OF .1 DEGRE E
C OF A DATA STATION, PROCEED WITH INTERPOLATION.
C
C.....PIOTE — PRESSURE IS REflUCED TC SEA—LEVEL FOR A MORE ACCURATE
C INTERPOLATION VIA ~-XP(ARG)
C

1 00 1060 I=i,NDP
OE CLAT ( I )=  D A T A P T ( I W I C H (T ) , 1)
DECLON (I) DATAPT (IWICH (I),2)

ARG 9.8 * DATAPT (IWICH(I),3)/(287.0. * (273.io +
1 OATAPT(IWICH(IJ,5)))
PRESS (I)= DATAPT (IWICH (I),Z.) * Es (P(ARG)
TEMP(I)= DAT APT(IWICH (fl,5)
RELH tJM (I)= DATAPT (IWICH (I),6)
Mt4 (I)= DATAPT(IWICH (I),7)
DO (I)= DATAPT (IWICH (I),8)
UU(IF DATAPT ( IW ICH ( I) ,9 )
EMX (I)~ DATAFT (IWICH (I),10)

1000 CONTINUE
C
C.....THE INTERPOLATION IS BEGUN HERE WITH AN INITIAL CALL T O IDBVIP 10
C INTERPOLATE EMAX. THUS, ANY OF THE ABOVE METEOROLOGICAL DATA
C THAT IS UNKNOWN WILL BE INTERPOLATED FOR. IN THE CASE OF EM,
C 0, U, OR (PlAY BEING UNKNOWN A FLAG— IFLAG, IS SET SPECIFYING SO
C

CALL IOt3VIP(j,NCP,NOP ,OECLAT,DECLON,EMX,DCXLAT,00XLON, EMXE,IWK,WK )
IF( EMAX •NE. 0.3)  GO TO 2
EMAX EMXE
IFLAG (4) —i

C
C... ..IF T IS UNKNOWN INTERPOLATE FOR IT HERE.
C

2 IFIT .NE. 0.0) GO TO 3
CALL IOBVIP (3,NCP,NDP ,flECLAT,DECLOPI,TEMP,DCXLAT,DCXLON,T ,IWK,WK)

— C
C.....IF P IS UNKNOWN INTERPOLATE FOR IT HERE AND THEN RE—EVALUATE FROM
C PSEUDO—SEA—LEVEL TO ELV.
C

3 IFIP .NE. 0.0) GO TO 4
- - - CALL IDBVIP(3,HCP,NOP ,OECLAT,OECLON,PRESS, OCXLAT ,00XLON,P,IWK,WK)

• 
- 

ARG= —9.8 • ELV/(287.04 • (273.16 + T))
P= P • EXP (ARG)

C
C.....IF RH IS UNKNOWN-INTERPOLATE FOR IT HER E
C

4 IF(RH .NE. 0.0) GO TO 5
CALL IDSV IP(3, NCP, NDP,OECL A T ,DECLON, RE LH UM,DC X LA T , DCX L ON ,RH ,

1 IWK,W ia
C
C.....IF EM IS UNKNOWN INTERPOLATE FOR IT HERE
C
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5 IF (E’1 •NE. 0.0) GO TO 6

CALL I-)BVIP (3, NCP ,NDP,DECLAT,DECLON ,MM ,OCXLAT,OCXLON,EH, IWK ,WK)
IFLAG (1)= —1

6 IF(~ .N~ . 0.0) GO TO 7
C
C.....IF I) IS UNKNOWN INT~~-R~ O LAT E FOR IT HERE —

C
CALL IOBV IP(3,NCP,NJ~— ,DECLA T ,DECL O N,00 ,OCXLA T, DCXL ON ,O, IWK ,W K)

— 1
C
C.....IF U IS UNKNOWN INTERF OLAIE FOR IT HERE
C

7 IF(U .NE. 0.0) RETURN
CALL IDBVIP(3,NCP ,N3~ ,D ECLAT, DECLON,UU, DCXLA T,DCX LON, U,  IWK, W K)
IFLAG (3) —1

RETURN
END
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SUBROUTINE TRIPA RT (NOr ,NCP,QCXLAT,OCXLON,IWICH,ICLOSE)
C
C THIS ROUTINE FINDS WHICH ~F THE 3 PARTITIONS OF THE U.S. CONTAINS
C THE INTERP OL ATED POINT . IT THEN INITIALIZES VARIA BLES— NCP AND
C HOP , NEEDED FOR PROPFR EXCUTION OF IOBV IP- (AK IHA, 1977) .  IT
C ALSO INTERFACES W ITH TWO SUBROUTINES — SORT AND CLSPT .
C
C SORT — THIS FINDS THE CLOSEST SET OF DATA POINTS.
C
C CLSPT — TH IS OETER~ INEE IF ANY DATA POINTS LIE WITHIN .1
C DEGREE OF TH~ INTERPOLATED STATION.
C
C THE CRITERION FOR DETERMINATION o~ WHICH PARTITION IS ROUGHLY THIS
C
C FOR ALASKA
C LATITUDE GREATER THAN 5 3 .  DEGREES
C 13u. LT LONGITUDE LT 1~ 0. DEGREES
C
C FOR HAWAII
C 18.5 LT LATITUDE 22.5 DEGREES
C I5~ . LT LONGITUDE IT 160. DEGREES
C
C FOR THE CONTINENTAL U.S.
C 24.5 LI LATITUDE LT 50. DEGREES
C 66. IT LONGITUDE LT 12€. DEGREES
C
C.....NOTE - IF THE POINT DOES NOT LIE IN ONE OF THESE PARTITIONS, THE
C CLOSEST 20 DATA POINTS ARE FOUND AND THESE ARE USED FOR THE
C INTERPOLATION.
C
C.....INPUT
C OCX LAT -, OCXLO N — DECIMAL POSITION OF THE STATION
C
C
C.....OUTPUT
C
C HOP — NUMBER OF DAIA POINTS USED FOR INTERPOLATION
C NCP — NUMBER OF DATA POINTS USED FOR ESTIMATING PARTIALS
C IWICH — INTEGER AR~ AY CONTAINING SUB SCR I PT S OF CLOSEST POINTS
C ICLOSE — INTEGER VARIABLE CONTAINING SUBSCRIPT OF CLOSEST DATA
C POINT WITHIN .1 DEGREE OF THE UNKNOWN STATION,
C OTHERWISE, IT IS SET TO ZERO.
C
C V A R I A B L E S  OF INTEREST IN THE SUBROUTINE
C
C ISTA RT — SPECIFIES WHERE THE DATA FOR THAT PARTITION STARTS IN
C OA TAPT .
C CLOSE — ARRAY MOLDING DISTANCES OF CLOSEST SET OF DATA POINTS.
C NOPI — NUMBER OF DATA POINTS THAT WILL BE USED FOR THE
C INTERPOLATICN BASE.
C MOP — NUMBER OF OAT A POINTS IN EACH PARTITION. THE NDPI DATA

- 
— C POINTS WILL ~E CONTAINE D IN THIS PARTITION.

C
DIMENSION CLOSE (20), IWICH (20)
COMMON/OATPT/ OATAPT (359,t0)

C
C.., . .INIT IALIZE ICLOSE
C

ICLOSE= 0
C
C.....OETERMINE WHETHER DESIRED POINT LIES WITHIN THE ALASKAN AREA.
C

IF(OCXLAT .LT. 50.)  GO TO 1
!Cz tOM ALASKA
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NDP ~‘55
NOP I !C
NCP= ~.
ISTART= 33~IF ()CXLON .GT. 1~~~.) 9~~,199C

C... . .&ETERMIME WHETHE R THE O E S I R ~ C POINT LIES WITHI N THE HAWAIIAN AR EA
C

1 IF ( O CXLON .LT. 1~ 3.) CC- TO 2
I0 lOll HAWAII 

-

NO P 359
NDP1 -.
HCP 3
ISTART= 356
IF (DCXLON .GT. 1~~ .) G(- TO 199
IF ((OCXLAT .GT. 1s.5) .ANO . (DCXLAT •LT . ~~.5)) 99,199

C
C.....POINT LIES WITHIN T I-4~ CO NT INENTAL U.S. AREA
C

2 10= IOHCONT. U.S.
NDP 329

— NO PI
NCP 4
ISTAPT= I
IF(DCX LAT .LT. 2~+,5) GO TO 199
IF(( UCXLCN .LT. 126.) .AND. (DCXLON .GT . 6~ .)) 99,199

C
C.....IF THE POINT LIES IN IME OF THE ABOVE ZONES, PRINT A MESSAGE
C SAYING SO AND CALL SORT AND CLSPT. THEN I’-IITIALIZE THE OUTPUT
C NDP.
C
99 WRITE (6,130)ID

CALL SOfl (DCXLAT,DCXLC-N,NDP,IWICH,NOP1,CLCSE,ISTART)
CALL CLSPT ( CL - OSE ,N OPL , IW ICH, ICLOSE )
NDP= NOP1
RETURN

C
C.....DESIRED POINT LIES OUTSIDE OF THE POLITICAL U.S. PRINT A MESSAGE
C SAYING SO AN D FIND THE 2-~ CLOSEST DATA POINTS FOR THE
C INTERPOLATION
C

• 
- 199 W RIT E(b ,200 )

NDP= 359
NDPI 20
I STA R T 1
CAL L SO RT ( QCX L AT , DC XL O N ,NDP, IW ICH, NO P1,CLOSE,IST AR T )
N0P NCP I
RETURN

100 FOR MAT (IX,3IHINTERPOLATEO POINT LIES IN THE ,At - ) ,6H ZONE. )
200 FORMAT (IX,B6HINTEPPOLATEO POINT LIES OUTSIDE OF U.S. POLITICAL BOU

P INOARIES. PROGRAM CANNOT GUARANTEE RESULTS.)
END
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SU6-~OUT INE CLS PT ( C LOS ~~,NOP 1,IW ICH,ICLQSE)

- - C I
C THIS SU3ROUTINE D~ TER INES IF ANY DATA STATIONS ARE WITHIN .1
C )E&~ E E OF TH L DES!- ED STATION.
C
C.....INPIJT
C CLOSE — ARRAY CCNTA INING DISTANCES FRO~ T HE CL OSEST SET OF D A T A
C STATIO NS T’ THE DESIRED STATION.
C TW IC H — ARRAY CCNTA INI NG TH E SUBSCRIPTS OF THE CLOSEST SET OF
C DATA STATI O NS.
C Nrj~ 1 — QU A N T I T Y  OF CLO5~~ST D A T A  ~TTA T IONS.
C
C. ... .CUTPUT
C I C L O SE  — IF THE~~C ~X IST S A STATION WITHIN .1 DEGREE OF THE
C DESIRED STATION, ICLOSE IS SET TO THAT STATIONS
C SUB~ CRIPT AND A MESSAGE IS PRINTE . IF NOT , ICLOSE
C REMAINS AT <0.
C

DIMENSION CLOSE(HDPII, IW ICH(NOPII, IHOLO(~~~,~~)REAL MINOIS
C
C. . . . .DATA ST - ~TEMENT THAT C r NTA INS A DISTANCE OF APP ROXIMATELY .1 DEGREE
C IN KM. SQUARED
C

D A T A  MI’401S/ 7. rE_ ..j 3/
KOUNT= 3
00 lJC’ ) I 1,NDPI
IF (CLOSE (I) •GT. MINOIS) GO TO 1003
KOUPlT~ KOUt-4T + 1

— 
- IHOLD (KOUNT,1.)= I

IHOLO (KOUNT,2)= IWICH(I)
1000 CONTINUE

- 
- IF (KOUNT .EQ. 3) RETURN

C
C.....AT LEAST ONE STATION FOUND THAT LIES W ITHIN •1 DEGREE. FIND THE
C CLOSEST.
C

ICLOSE= IHOLD(j,2)
CLMIN= CLOSE (IHOLD(1,1))
00 1250 I=1,KOUNT

IF(CLMIN .LE. CLOSE( IHOLD( I ,1) ))  GO TO . 1250
CIMIN: CLOS E(IHOLD(I ,1))

ICLOSE= IHOLD(I,2)
12 50 CONT INUE

- - 

- PRINT 130.ICLOSE
RETURN

100 FORMAT (1H ,6OHSTATIQN IS WITHIN ONE TENTH OF A DEGREE FROM A DATA
ISTATION ./IH ,6OHPROGRAM DEFAULTS TO METEOROLOGICAL DATA FROM STAT!

- 
- 20N NUMBER ,13)

END

78 

.. - - - - - --
~
- --.—- ---.-,

~ 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -=~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



— _ -~~~~~---- — - 5--~~~~ ----.~~~~~~~~

SUBRO IJTINC SCPT(OCXLA ,DCXLON ,NOP,IWICH,NOP1,CL 3SE,ISTART )
C
C THIS SU~ RDUTINE IS A :ORTIHG ROUTINE TO FIND THE CL OSEST SET OF
C -)ATA POINTS TO IHE ‘lrSIREO STATION.
CC.. ... INPUT
C JC XLA T, OCXLUN — )CIMPL LOCATION OF THE j :sz~zo STATION
C NOP - NUMBER OF OAIA STATIONS IN EACH PA~ TtTION .
C N-3F1 — DUANT ITY OF CLOSEST DATA STATICNS 3~ SIREC FOR
C INTERFOLATI OH.

p C I~~TA~ T — WHERE THE DATA SASE STARTS REI~ TIVE TO THE ARRA Y
C DATA PT.
C
C..... OUTPUT
C IWICH — INTEGEi~ A~ -AY CONTAINING THE SUbSC~ IPTS OF THE CLOSEST
C SET OF DATA POINTS.
C CLOSE — A RRAY CONTA INING THE SQUARED OISTA4 CES OF THE CLOSEST
C SET OF OATA POINTS TO THE DESIRED °OINT.
C

DIl:ENSI3N IWICH (NOF1), CLOSE (NDP1)
COMMON /DATPT/OATAPT (3 3,1~~)
OSOF (XI,Y1,X2,Y 2)= (XC — Xi)~~~2 + (Y 2 — Y1)~~~2
J1=3
CLMAX 0.0
DO 1•fl3 I ISTART,NDP
DSQ USQF (DCXLAT,DCXION,CATAPT (I,1),OATAPT (I,2))
JI~ JI + 1

— CLOSE (J i) OSO
IWICH(Jl) Ji

IF(OSQ .LE. CL~lAX )  GO 10 1
CLMAX : 3SQ
JM A X Ji

- 
- I IF (J1 .GE. NDP1) GO TO 2

= 1030 CONTINUE
2 IMIN I 4 1

IF(IIII H .GT. HOP) RZTUR N
00 1533 I IMIN,NDP
CSQ= OSQF (DCXLAT,00XLON,DATAPI(I,t),OATAPT (I,2))

IF(DS~ .G E. .CLMAX ) GO TO 1500
CLOSE (JMAX)= OSO
IW !CH(JMAX)= 1
CLMAX= 0.0
00 1250 J1,NDP I
IF(CLOSE (J) .LE. CLMAX ) GO TO 1250
CLMAX CLOSE (J)
J MAX

- - 1250 CONTINUE
— 1500 CONTINUE

RETURN
END
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SUBROUTINt IDBVIP(M 3,NCP,NDP,XQ,YD,ZQ,XI,YI ,r , IWK ,WK)
C THIS SU3ROUTINE PERFORHS 1IVA P~IATE INTERPOLATION WHEN THE PRO—

-
- C JECTION3 OF THE DAT A POINT S IN THE X—Y PLANE ARE IRREGULARLY

C DISTRIBUTED IN THE PLANE.
C THE INPUT PARAMETERS ARE
C riD = MODE OF COMPUTATION (MUST BE 1, 2, OR 3),
C = 1 FOR NEW NCP ANO/O~ NEW XO—YO,
C = 2 FOR OLD NCR, OLD XO—YD, NEW XI—YI,
C 3 FOR CLO NCP, C-LC YD—YD, OLD XI—YI,
C NCR = NUMBER OF ADDITIONAL DATA POINTS USED FOR ESTI—
C MATING PARTIAL DERIVATIVES AT EACH DATA POINT
C (MUST BE 2 OR G’~!A T ER , BUT SMALLER THAN NO R) ,
C HOP NUMBER OF DATA FOINTS (MUST BE ~e OR GREATER) ,
C xo = ARRAY OF DIMENSION I-POP CONTAINING THE X
C COORDINATES OF THE DATA POINTS,
C VO = ARRAY OF- DIPPENSICN Pl OP CONTAINING THE Y
C COORDINATES OF THE DATA POINTS,
C ZO ~ ARRAY OF DIMENSION HOP CONTAINING THE 2
C COORDINATES OF THE DATA POINTS,
C XI = ARRAY OF OIMENSICN NIP CONTAINING THE X
C COORDINATES OF THE OUTPUT POINTS,
C TI = ARRAY OF DIMENSION NIP CONTAINING THE Y
C C~ ORD INAT ES OF THE OUTPUT POINTS.
C THE OUTPUT PARAMETER IS
C 71 = ARRAY OF DIMENSION NIP WHERE INTERPOLATED Z
C VALUES ARE TO BE STORED.
C THE OTHER PARAMETERS ARE
C IWK = INTEGER ARRAY OF DIME NSION
C MAXO(31,27+NCP)’ NDP4 NIP
C USED INTERNALLY AS A WORK AREA,
C WK = ARRAY OF DIMENSION 8’NDP USED INTERNALLY AS A
C WORK AREA.
C
C.. . . .NOTE — NIP IS SET TO ONE.
C
C THE VERY FIRST CALL 10 THIS SUBROUTINE AND THE CALL WITH A NEW
C NCR VALUE , A NEW MOP VALUE , AND/ OR NEW CONT E NTS OF THE XD AND
C YO ARRAYS MUST BE MADE WITH P10=1. THE CALL WITH P10=2 MUST BE
C PRECEDED 8Y ANOTHER CALL WITH THE SA ME NC~ AWE MOP VALUES AND
C WITH THE SAME CONTENTS OF THE X D AND YD ARRAYS. THE CALL WITH
C N 0 3  MUST BE PRECEDED BY ANOTH ER CALL WITH THE SAME NCR, NOR,
C AND NIP VALUES AND WITH THE SAME CONTENTS OF THE XO, TO, XI,
C AND TI ARRAYS. BETWEEN THE CALL WITH 110=2 OR H 0 3  AND ITS
C PRECEDING CALL, THE -INK A~ O WK AR RAYS MUST NOT BE DISTURBED.
C USE OF A VALUE BETWEEN 3 AND 5 (INCLUSIVE ) FOR NCR IS RECOIl —
C MENDE D UNLESS THERE ARE EVIDENCES THAT DICTATE OTHERWISE.
C THE LUN CONSTANT IN THE DATA INITIALIZATION STATEMENT IS THE
C LOGICAL UNIT NUMBER OF THE STANDARD OUTPUT UNIT AND IS,
C THEREFORE , SYST EM DEPENDENT.
C THIS SUBROUTINE CALLS THE TOCLOP , IOLCTN, IDPDPV, IDPTIP, AND
C IOTANG SUBROUTINES.
C DECLARATION STATEMENTS

DIMENSION XD (50),YO(50),ZD(50),IWK(1601),WK (I.33)
COMMON/IDLC/NIT
COMMON/IOPI/ITPV
DAT A LUN/6/
DATA NIP/L/

C SETTING OF SOME INPUT PARAMETERS TO LOCAL VARIABLES.
C (FOR MD 1,2,3)

10 HDo=MD
— )4CPOSNCP

NOPO*NDP
NIP3~~NIP

C ERROR CHECK. ( FOR MO I ,2,3)

80

- • 5-- - - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



r 

- 
—- - — -

~~~~~~~~~~~~~~~~~~~~~~

-

~~

-—

~~~

—---—-- -- --
~~~

--
~~~

-

~~~~~~

--- ------ ----

~~~~~~

-- -

~~~

- ---------- -

~~~~ 
—-- ---

- 

- 

20 IF(t-i)r.LT.1.OR. P100 .GT. 3) GO TO 90
IF
~~

C
~
C.LT.2,OR.NCP:.GE.P1OP4) GO TO 90

IF(P40 P .LT.4) GO TO 9(~IF(NIPC.LT.l) GO TO 90
IF(MJ&.GE.2) Ct- 10 21
IWK (l) MCPG
IWK (2) P1DPu
GO TO 22

21 NCPPV =IWK ( l )
NDPPV IWK (2)
IF(NCP~ .NE.NCPPV) GO TO 92
IF(~lOPt. N E.NCFPV ) GC TO 9..

22 IF ( M OC. . GE. 3 )  G~ 10 23
IWK (3)=;~IP
GO TO 31.

23 NIPPV : I4K(3)
IF(NIPO.NE.N1PPV) GO TO 90

C AL L OC AT ION OF STORAG E AR EAS II~ THE IWK ARRAY. (FOR MO~ 1,2,3)
30 JWIPT 16

JWIWL= 6’NQPQ+j
JWI W K=J W I WL
JW IPL 2~.’NDP0 +i
JWIWP= .3~~ NDPC+l
JWIPC 274NDPO+1
JW ITO= - IAX O ( 3 1 ,2 7+N CP 1. )0 NC PQ + 1

C TRIA NGULATES THE X—Y PLANE . (FOR P10=1)
P~0 IF(HO1..GT.1) GO TO ~1.

CALL IDTANG (NDPC,XO,YC,NI,IWK (JWIPT),NL,IWK(JWIPL) ,
1 IWK (JWIW~.),IWK (JWIWP),WK)IWK (5) NT

IW K ( 6 ) NL
IF( IT .E Q .O)  RETURN

C DETERMINES NCP POINTS CLOEEST TO EACH DATA POINT. (FOR P10=1)
— 50 IF(I lDD.GT.I) GO TO €-1

— CALL IDCL DP(NO PC,X D,r ) ,NCP O, IWK (JW IPC) )
IF ( IWK (JW I PC) . EQ.G )  RETURN

C LOCATES ALL POINTS AT WHICH INTERPOLATION IS TO BE PERFORMED.
C (FOR MD I,2)

60 IF(IIDC.EQ.3) GO TO 7.
NIT D

CALL IOLCT N( NDPO,X 3 ,Y D,NT , IW i ( (J WI PT) ,N L , IW K (J NIP L ) ,X I ,Y I ,
I IWK (JW IT ~~), IW K ( J W I W K ) , W K )

C ESTIMATES PARTIAL DERIVATIVES AT ALL DATA POINTS.
C (FOR MO=1,2,3)

70 CALL IOPORV (NOPO,XO,Yr ,ZD,NCPO,IwK (JWIPC),WK)
C INTERPOLATES THE 7! VALUES. (FOR 110=1,2,3)

80 ITPV~~
CALL IOPTIP (XO,Y0,ZC ,NT,IWK (JWIPT),NL,IWK (JWIPL),WK,IWK (JWITO),

1 XI,YI,ZI)
:- RE-TU,~NC ERROR E X I T

90 WRITE (LUN,2 090) NO3,NCP~’,NDP0,NIP3RETURN
C FORMAT STATEMENT FOR ERROR MESSAGE

- : -: 2090 FORMAT (1X/k1 H ‘~~~‘ IMPROPE R INPUT PARAMETER VALUc.(S)./
I 711 PlO r ,I4 ,IDX,5 HNCP z ,I6,13X,5H NDP Z ,I6,
2 IOX ,5HNIP ,16/
3 35H ERROR DETECTED IN ROUTINE IOBV IP/ )

END

83.
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SU3ROUiIN~ 1XL ?P (-0- ,X&),Y~~,NCP,IPCJ
C THIS SUB~~ UTINE SELECT S 5 VEi~AL DATA POINT S THAT 4P.~ CLOSEST
C TC EACH OF THE DATA P(JIUT.
C THE I~IP JT PARA ML Tc~~S A-
C NC P = N~JM~3ER OF L A T A  ‘-OTI:TS,
C X~~,Y’ A RRAV E OF CIH~~ SICN MOP CONTAINI NG TH~ X A N D V
C C D O ~ DINATES ~~ THE OA TA POiNTS,
C NCP = ‘-IUM3ER CF 1~A T A  ~C-Ir T~ CLOSLST TO EACH ‘ A TA
C PDINTS.
C THE C UT~ UT ~A R A ME T E R  I’
C IPC = I-~TEGER A PRAY OF DI~;C’—sSIC N NCP•PIOP, WHi~ t THE
C FOINT MUHB:~- OF tICF DATA POINT S CLO~ FS T TO
C EACH OF THE NOR CATA POINTS AP E TO % S~~-ORE~~.
C THIS SU3RCUTINE ARBIT~~A R I L Y ~ET 3 A RtSTR1CTIO~- THAT 4CP MUST
C NOT EXCEED C~~.
C THE LUN C~~4ETANT IN THE ~~~~ I’IITIAL IZATION STAT E 1 - I T IS THE
C LOGICAL UNIT NUMBER OF TM- STANDA RD OUTPUT UNIT A~ O
C THEREFORE, SYSTEM OEPf~.OE-t .C DECLARATI ON STATE MENTS

OIM USI-)N XO (Sçp),Y-)(5 ),IFC(~~~i..)OIMENEION DSO (ZE),IPC (2E)
DAT A NCPMX/2E~/, LUN/- /

C STATEME NT FUNCTION
DSQF (Ui,V1,U2,V2 )=(U2-Ul)”2+ (V2—Vl )

~~
’2

C PRELIMIMA~- Y PROCESSING
10 NDP~~~N C P

NCP-) NCP
IFtJOPC.LT.2) GO TO ~ 1
IF(ICP. .LT.l.OR.NCF~ .GT.NC PMX.OR .NCP~ .GE.NDP ) GO TO 9~C CALCULATI ON

20 C O ~i9 IP1=1,NCPC
C — SELECTS NCR POINTS.

X 1 X 0(IPI)
YI YO (IPI)
JD.
CSQHX=0.G
00 22 IP2sl,NOP.

IFIIP2.E Q.IF1) CC TC 22
OSQI D S Q F ( X j , Y i ,X ’ i ( 1 F 2 ) , Y O ( 1 P 2 ) )
J1 J I+1
OSQ~ (Ji) =0501IPC)(J1)=IP2
IFIOSQI.LE .OSQMX) GO TO 21
DSQIX DSQI
JMX JI

21 IF1JI.GE.NCP1.) &r~ TO 2 3
22 CONTINUE
23 IP2MN=IPZ+i

IF(IP2MN.GT.HDP~ ) GO TO 3C
DO 25 IP2=IP2MN,NO~~-:-
IF(1P2.EQ.IPI) CC TO 25

- 
-
~~~ DSQI DSQF (Xj,Yj,X1(1P2),yD (IP2))

IF(OSQI.GE.OSQ~ X) GO 10 25
DSQ~ (JMX) DSQI
IPC (J MX) 1P2
DsqPlx=o.o
00 2’. JI=j,NCPO
IF (DSQO (Ji).LE.DSOMX) GO TO 2’.
OSQMX DSO~~(J~)JM X~ J1

4 2’. CONTINU E
25 CONTINUE

C — CHECK S IF ALL THE NCP+I POINTS ARE C3LLINEA~~.
30 IP2=IPCOU
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OX1~ = XO(IP2)—x1
OYI~ =YD (IPZ)—Y .
C-) 31 J3 2,NCP .

IiJ:IPC~ (J3 )
~ *13= XL (IP3) — X l
DY l3 YO(IF 3)—Y~.
IFt (DY13 X 1?—LX1- 41Y12 ),NE .~~e .) GO Ti ~~31 CON1I IUE

- C — S E A ~~CM ~~ FO~ TF~E CLc- :~~i1 ~JC~ CoLLIN:A? POINT. - :
‘.G NCLPT 2

C~ ‘.3 1P3 1,NOF-
IF (1P3.’EQ .IF1) GO TO ‘.3
30 -.1 J’ 1,NC-O

IF (IP 3.FQ.IFC~~(JLe)) GO TO ‘.~~
1.1 CONTINUE

-)X13=X0 (IP3)—Xi
2~V 13=YO (IP3)— ’v1
IF ((DY i3~ DX 12—DX1C~~DY 12).EO,1..-)) GO T) ~~OSOI DSQF(X 1,Y :,*’1F1),YO (IP3))
IF(NCLPT.EQ.~~) GO TO ‘.2
IE~~~SQI.CE .:-SC~1M ) GO TO - -.3

42 NCLPT 1
OSQMN=DSQI
IF3MN=IP3

43 C O N T I N U E
IF (NCLPT.EQ.0) CC TO 91
0 SQ MX 0 SQ MN
IPC.. (JMX) IP3MN

C — REPLACES THE LOCAL ARRA Y FOR THE OUTPUT AR RAY.
50 J1(I~ 1—I)4NCP00’) 5-1 J2 1,NCP2

J1=J1+i
I~ C (Jl =IPC;tJz

-
- 

- 51 CONTINUE
— 59 CONTINUE

PETURI-I
C ERRO R. EXIT

90 WRITE (LUN,2090)
GO 10 -92

91 WRITE (LUN,20 91)
92 WRITE (LUN ,2~ 92) NOR ,NCP~IPC(1)=0 ~~~

— -

RETURN
C FORMAT STATEMENTS FOR ER~ C~ M E S S A G E S
209-3 FORMAT(IX/’.IH ~~~~ I?~PROPE R INPUT PA~ A M~ETEC VALUE (S).)
2091 FORMAT (LX/33H “ ALL COLLINEAR DATA POINTS.)
2092 FORMAT (I)H NOR =,I5,~~X,5HNCP = ,I5/

1 35H ERROR DETECTED IN EDUTINE IOCLOP/)
END
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SU3~ OUTINE I~ L C T~~(~lO~~,XO,YO,NT,IPT,NL,IPL,XII,YII,ITI,
1 IWK,WK)

C THIS -SUBROU TINE LOCA TES ~ POI tiT, I.E., IETERMINES TO WHAT TFI—
C ANGLE A GIVE N POINT (XU,YII) 3:LONGS. WHEN THE ~ IV~ N POINT
C DOES NOT LIE INSIDE THt DATA AREA , THIS SU~~ OUTIN7 D~ TER HI NES
C THE DO R) Ek LINE SEG~ E- fl WHEN THE POINT LIES IN A’ l  OUTSIDE
C RE CT A NG ULA - ~ AR EA , Ar - 3 T W O  3flPO~~’~ LINE SEGMENTS W H N  THE POINT
C L I E S  IN A~-~ )UTSICE T~~I A NG~.LAR AREA.
C THE INPUT PARAMETER S A~ E
C NOR I~tJ f-I -~~R OF DATA -Ofl-’TS,
C X~~,Y) = ARRA YS ~F C. IM~ NSION MOP CONTA IUING TH E K AND V
C COO~ DINAT— 3 OF THE ~2ATA POINTS,
C NT = NUM9E~ OF 1RIANGLE ~~,
C IPT = It4TEGER- A~~ AV OF DI~iENSION 3~ NT CCPITAI;IING THE
C DOINT NUMBE~~ OF TH~ VERTEXES OF THE TRIA NGLES,
C NL = NUM 3ER CF 9O~~T3E- ~ L I I~- SEGMENT S,
C IPL INTEGER ARRAY or OI’E OSION 3’NL CONTA I~~IMG THE
C POINT NUMCE~ S OF THE END POINTS OF THE OROER
C LINE SEGMF NT AMO THEIR RESPECTIVE TRIANGL E
C NUM9E~ S,
C XII,YII X AND V COO; 3INATtS OF THE POINT TO SE
C LOCATED.
C THE OUTPUT PARAMETE Q IS
C III T-UANGL E NUM~~~~. ~H~~J THE POINT IS INSI-1 E THE
C C A T A  A R EA, CR
C TWO BORDER LINE S~ G~-ENT NU~iBERS , ILl AND IL~~,
C COOED TO IL~~~(NT +NL).IL2, WHEN THE PCI~iT ISC OUTSIDE T HE CA T A 4~~ A. 

- 

- 

-

C T HE OT HER P A R A M E T E R S  ARE
C INK = INTEGER A~ R AY OF CI~ E!~SIOt4 134W’P USE3 INTEi~—C NA LLY AS A WORK A R E A ,
C WK ARR AY OF rIM?~I3JOrl ê~~NOP USED INTERNALL Y AS A
C WORK AREA.

— C DECLARATI O N STATEMENTS
DIM[NS I-ON X D ( 5 0 ) ,Y D ( S : ) , I F T ( 2 S 5 )  . IPL( 30 C )  , IW K(93~~) , W K ( ’ . G0)
DIMENSION NTSC ( - ~),I~~S CF ~)
COMMONI IDLC/ NIT

C STATE MENT FUNCTION
SIOE (Ui,V1,U2,V2,U3,V~~)= (V3—V 1)~~(U2—U 1)— (U3—U1)~~(V2—V 1)C PRELIMINARY PROCESSING

10 NDP’ NOP
NT: =NT
NLO NL
P4TL=NTO+NL0
XC=X II
YC=YII

C PROCESSING FOR A NEW SET ~F OA TA POINTS
20 IF( NIT. PIE.0 )  GO TO ‘.

NIT=i.
C — DIVIDES THE X—Y PLANE INTO NINE RECTANGULA R SECTIONS,

XMN=XC( 1) 
-

X MX XM N
p.- Y’-N=Y5 (1)

YMX=Y tIN
- 

- 00 21 IOPa2,P40P0
X1 X0(IOP)

- ;- YI=VD (IDP)
1F (XI.LT.XMN) XMM :X1
IF (XI.GT.XMX) X~ X=X I
IF(Y I .LT .YMN )
IF(YI.GT.YMX) Y’~X Y I

21 CONTIn UE
X51z (XM~I+XMN +XMX)/3.0
X5 2= (X ’ IN+XMX+X tI X )  / 3 . 3
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YS2~~(YM4+YMX+VMX ),1 .:
C — e€1~~R;4I 

I- -f AND S T - ~-~ I’- T~-4~. INK A RRAY T~~IAI ~GL~ IU~- -.’ER S OF
C — THE T - ~lANIiL S ASSiC I A T E ~ W ITH 5ACH OF T HE NINE -.ECT IO NS.

CL 2 2  ISC:i,9
NT S ( ( I S C ) ~~Ii)~ C( ISO) ~~72 CMT P.U~Ii .11 3 - 

—

JWX= —

IT’~= l,NT 1.
IT TT=I TcI T3+ 3
11 !PT(IT~ T3—2)
I2=IVT (IT T3~ l)
I IPT(IT~ T3)x:1N=A:1Ir1j (Xu(jj),xsu:),xj(I3~~
X -tK A~1AX 1 (XO(1j),X-)(I’),XO (I3))
V4 N=A 1INt(YD(I~~),Y)(I),YO(!3)I
Y MX=AIA X I (Yu( 11) ,Y 41’) ,V- (13))
IF (Y Mr4 .GT.YSI) GD TO 23
IF(XMM .LE.XSI) I-OSC (1)=~.
IF (XMX.GE .XSj.ANO .*~— N.L~~.xS2) IOSC (E)~~IF (X MX. G E.X 52 )

23 IF (YMX .LT.YSj.QR,~~’*,GT.Y32) GO TO 2~-
IF(XMN .LE .XS1)
IF (XMX .GE.XSI.A .XMN .L~~.XS2) IDSC (5) 1
IF (XMX .GE.X52) IOSC (~~)=124 I F (Y M X . L T . Y S 2 )  GO TO 25
IF(X MN .LE.XSl) IO~ C (7)= lIF(XMX.G E.XS 1.AN’ l .X IN.L i .X SZ )  I1)SC(8) 1
I F(X MX. GE .X52 )

25 00 2E ISC 1,C.
IF (IDSC (ISC).E O.?) GO TO 2r ~
JIWK= 9~ NTSCUSC)-I-ISC
IWK (JIWK) IT2
NTSC (I$C)NTSC(IS (-)+~
IOSC (ISC)~~

26 CONTINUE
C — STORES IN THE W K A RR A Y ~HE 1-IINIMUM AN CJ 4AXIMW; ;jF THE X AND
C — Y COORDINATE VALUES FOR EACH OF THE T~ IANGLE.

JWK JWK4’.
WK(JWK—3) XMN
W K ( J W K — 2) =X MX
WK (JWK—l) YMN
WK(J WK) YMX -

27 CONTINUE
GO TO

C CHECKS IF IN THE SAME TRIANGLE AS PRtVIOUS.
30 IT :IT IPV

IF (IT .GT.NTC) GO TO e .

IT Q T 3 = IT J 3
• IPI=IPTUTGT3—2 )

Xl XD(I~~1)- - Y1 Y D( IPI)
IP2:IPT(IT~ T3—1
X� X0 ( 1P2)
Y 2 Y 0(1P2)
IFISIOE (X i,Yt,X2,Y2,X ,Y-.).LT.a. .) GO TO b
IP3:IPT(ITOT3)
X3 = X cJ ( IP3)

4 Y3 V0(1P3)
! F ( E I O E ( X 2 , Y 2 , X 3 , Y ~~,X ,Y : ) , L T . S . ~~) GO TO 5
I F ( S I C - E (X 3 , Y 3 , X i ,Y j , Y , Y ; ) . L T . 3 . C )  OC - T C ~c
GO TO 4-~

)
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C CHECKS IF O - ~ THE SA~ Z ~O~ 1ER LINE SEGMENT.
‘.C- ILi IT~ INTL

- -
- IL2 :1T —ILI’NTL

IL1T 3 IL1~ 3
IF i=I~ L (ILlT 3—2)
)(1=*rJ (It - i )

Y1 Y ) ( IP1)
Ir2=I PL (IL1T3—1)
X~~~X D ( j~~2)
Y2=YQ (I?2)
CX~ 2=X —X2
DYO2=Y 0—Y2
DX~~1=X2—Xi.
DY 21=Y2—Y1
C 5 C ?21~~]X O 2 DX 21+ uY 32 ’ DY2i
IF( IL2.NE.j Lj) GO TO 50
IF(CS:221.GT.C. ) G) TO ô~
OXE 1=X —X 1
DY-) 1 V 2— Vi
IF(OY~ 1 OX2 i— OXO1~ DY21.GT.0.O) GO TO 60
IF Ox O i4Dx2t.OY:1~~Dv2l .LT...J GO TO € ‘C
CC TO E- i

C CHECKS IF BETWEEN THE SAM E THC BORDER LIN [ SEGMENTS.
50 IF (CSC22I.LT.0.C) GO 10

IP3=IPL (3~ IL2—1)
X3 X0 (1P3)
Y 3=YO (IP3)
CX~ 2=X3—X2
£Y32=Y3—Y2
IF D X C 2 ~ DX32 +0YC 2 ’oY3 2 .L E.0 . . )  GO TO 8)

C LOC A T E S  INSIDE THE DATA A EA.
C — DETERMINES THE SECTI ON IN WHICH THE POINT IN OU STION LIES.

€0 ISC I
IF(X ..GE.XS1) I~ C=ISC +l
IF (X2.GE .XS2) ISC=ISC +1
IF(YJ.GE.YSI) ISC ISC +3
IF (Y 3.GE.VS2) IEC=ISC+3

C — SEARCHES THROUGH THE TPJANGLES ASSOCIATED WITH THE SECTION.
NTSCI=NTSC (I5C)
IF(NTSCI.LE.Q) GO TO 7)
JIWK=— 9+ISC
00 61 ITSC=j,NTSCI

JIWK=JIWK +9
IT J=IWK (JIWK )
JWK=ITO”.
I F ( X 3 . L T . W K ( J W K— 3 ) )  GO TO 61
I F (X J . G T . W K ( J W K— 2 ) )  GO TO 61.
I F IY O . L T . W K( J W K— 1) )  GO TO 61
I F (Y O . G T . W K (J W K ) )  GO TO 61
- ITOT3 ITO’3

- 

- 
I IPI=IPT (ITOT3—2)

- X1 XD(IP1)
-~~~ 

- YI YJ(IPI)
IP2=IPT (ITQT3—1)

• - X2 XD (IP2)
Y2=YO(I02)
IF(SIOE(X1,Yj,X2,Y2,X3,YO).LT,0.Q) GO TO ~iIP3=IPT (ITOT3)
X3 X0 ( IP3)
Y3=Y0UP3
IF( S IO E(X 2 ,Y2 ,X 3 , Y 3 , X 3 , Y 3 ) . L T . 0 . Q )  GO TO ci
I F ( S ! D E ( X 3 , Y 3 , X 1 ,Y i ,X 0 , Y 0 ) . L T . o . O )  GO TO 61
GO TO ~061 CONTINUE
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C LOC ATES OUTSICE THE DATA A REA.
70 NLOT3 =N L-D~ 3

IP1 IPL(NLOT3—2)
- _ - 

X1=XD(I~~1)Y 1 = Y O ( I P 1)
IP2 IPLUIL)T3—1)
X2=X 3(1P2)
Y 2 =Y 0 ( 1P2 )
LX~ 2 X — X 2
t~Y G 2 V 0 — Y 2
DX2 1 X2—X i
DYE 1 V2—Y 1
CSJ221=PXJ24DX2l+;YO2~ SV2 1
00 72 IL2 1,NLC

X 1 X2
Y1=V2
DX -)1 DX 02
DY 31 0Y 02
CSPV=CS 0221
1P2=IPL t3~ IL2— 1)
X 2 X ) ( I P 2)
Y 2 Y 0 (IP2)
0X 32 X 0 — X 2
0Y 2 V-)—Y2
0X21 X2—X].
0Y21 Y2—Yi
CS O 22 1 D X C 2~ DX2 1 +DY 2~ DY21IF (CS~ 22i.GT.~~.:) GO TO 72
IF(DX)1 DX2 1+CY;1~~O Y 2 i . L T . O .0 )  GO T O 71
IFIDY) 1~ CX 2 1— Ox~ 1~ DY2i .LE.( ,.o)  GO 10 74
GO TO 72

71 IF (CSPV.GT.O.~~
) GO TO 73

72 CONTINUE
IL2=1

— 73 ILI:1L2—i
IF(ILI.EQ.3) ILI=NL

— GO TO 7S
7’. ILI IL2
75 ITC IL I4 NTL +1L2

C NORMAL EXIT
80 ITI=Ii

ITI~~V=IT 0
RETURN

- 
- 

END

I

- 
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SUBROUTIN E ID PCRV ( NO F ,XC ’ ,Yu, ZO ,NCP,IPC,PO)
C THIS SUBROUTINE ESTIMATES PAR1IAL DERIVATIVES OF THE FIRST AND
C SECOND ORDER AT THE DM1 4 m INTS.
C THE INPUT PA RAMETERS A~ E
C MOP NUMBER OF DATA IOINTS,
C XC,Y),ZD = ARRAYS CF • PIE ~SION NOR CONTAINING THE X,
C Y ,  AND 2 C O OcOIN ATE S OF THE DATA POINTS,
C NCR = NUMBER OF i~O 1IT IONA L DA TA POINT S US EC FOR £511—
C MATING PAPTIAL E PIVATIVES AT EACH CA TA POINT ,
C IPC INTEGER AR RA Y OF CII~ENSION NCP4PI[IP CONTAINING
C THE POINT NU~1RE~ S O F NCP DATA PO INTS C L) S EST TO
C EACH CF THE NOR OA TM POINTS.
C THE OUTPUT PARAMETE R IS
C PD = A~’RAY OF DIMENSION S NDP , WHERE THE ESTIMATED
C ZX, ZY, ZXX , ZX~~, AND ZYY VALUES AT TH DATA
C POINT S ARE TO SE STORED.
C DECLARATION STATEMENTS

DIMENSION XD(5O),YC (Si),ZC- (50),IPC (EOC),PO(25 )
REAL NMX,N~lY,N~ Z ,NMXX ,NMXY,HIYX,NMYY

C PRELIMI NARY PROCESSING
10 NO P~~ MOP

NCPO :NCP
NCPII1=NCPO—1

C ESTIMATION OF ZX AND ZY
20 00 2’. IPC=1,NOPU

X 2 X 0( IPO)
YO YO (IPO)
ZrJ=ZDUPO)
N MX~~ .0NHY=0 • 2
NMZ O.O
JIPC NCP~ ’(IFj-1)
DO 23 1C1 1,NCPMI

JIPC JIPCO +ICI
IPI IPC (JIPC)

- DXi X0(IPI) X)
DYI YO4IPI) —Y C
OZI=ZD(IPI)  —

~~~~~

IC2MN IC1+i -

00 22 IC2 IC2MN,NC~ O
J IPC=JIPCO i-ICE
IPI IPC(J I~ C)
0X 2 X 0 ( I P I )— X 0
OY 22V D( IPI )— Y )
ONMZ=0X1 0Y2 0Y1 0X2
IF(ONHZ.EQ.3.3) GO TO 22
OZ2 ZD(I’~PI)—Z0
ONMX=DY1’022-DZI’0Y2

- 
- I DNMY DZ 1’OX E—DX I ’DZE

IF(ONMZ.G E.C.0) GO TO 21
DNIIX —DNMX

- 
- - ONMV —DNMY

DNMZ —ONMZ
• 21 NMX NMX+DNMX

NM Y P4M Y + O N M Y
NMZ NMZ4ONMZ

22 CONTINUE
23 CONTINUE

JPD0~~~~IP0
PO(JPOO— 4)z—NMX/NMZ
PO(JP DO—3 ) —N MY / N MZ

4 2’. CONTINUE
C ESTIMATION OF ZXX, ZXY, AND ZYY

30 00 3’. IP0~ t , NOP0

113
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JPD~ =Jp0~+!
X~3=X 0(IPO)
JP0C 5’IPO
YC YO(IPC)
ZX3= P0(JPD~ —~ )ZY~~ PD (JPDC-3)NIIXX 3.)
N~’1XY 3. Q
N~ YX~~ .

NMZ =3.0
JIPC0 NCPQ~ (IPO-1)
00 33 ICI:1,NCPtIL

JIPC=JIPCO+ICI
IPI IPC (JIPC)

~X1 XD (IPI)—X~
DYI YD (IPI)—V.
JPO~ 5~ IPI
DZXL=PO (JPO— 4) —ZX~OZV t~ PO (JPD—3) —ZYI C2MN =IC I + 1
00 32 IC2 IC2MN,~ CP0

J IPC JIPC O+ 1C2
IPI IPC (JIPC)
DX2 ~~X D 1 I P I ) — X ~
0Y2 Y D ( I P I ) - ’~Q
DNM Z &X 1’DY~ —i. Y 1~ CX 2
IF(ONMZ.EQ.O.J) GO TO 32
JPD 5’IPI
OZX2=PD(JP0—~.)—ZX !~
OZY2=PO (JPQ—3) — 7yO
ONMXX U’(t~ 0ZXZ-~~ZXj’QY2
0NNXY=0ZX1’CX !—~ X 1~ 0Zx2
0NMYX=OY1’QZY2— ’ZY1~ 0Y2
0NMYY 0ZYi~ CX2— tXj~~ ZY 2
IF(ONMZ.GE.G.3) GO TO 31
DNMXX=_ONI4XX
c);IMXY=—ONMXY
ONNYX=-DNIIYX
OPINYY=—ONMYY
DNNZ ~—DNMZ

31 NMXX P4$XX4DNtiXX
NMXY P4HXY+DNIIXY
NIIYX=NNYX4ONMYX
N’IYY NMYY+ONMYY
NMZ NMZ +0MHZ

32 CONTINUE
33 CONTINUE

• PO (JP0O 2)~~~P4MXX/NMZ• PO (JPOO—i) — (NMXY+NPIYX) /(2.O~ NMZ)P D ( J P O O)  —N PI YY /t *IZ
3l~ CONTINU E

RETURN
ENO

• 89

- — ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~ -



~1~

• SUBRO UTINE IDPTIP (XO,YO,ZD,NT,IFT,PIL,IPL,PDD,ITI,XII,YII,
1 i l l)

C THIS SUBROUTINE PERFOR MS PUNCTUAL INTERPOLATION OR EXTRAPOLA—
C TION, I.E., DETERMINES TH~ 7 VALUE AT A POINT.
C THE INPUT PARAMETERS A qE
C XD,YD,ZD = ARRA YS OF OIMENSION HOP CONTAIt~IN& THE X,
C Y, AND 7 COU R~ INATES OF THE DATA POINTS, W HERE
C NJP IS THE NUMBE R OF THE DATA POINTS,
C NT = NUMBER OF TRIANGLES,
C IPT INTEGER A k~ AY OF DIMENSION 3~ NT CONTAINING THE
C POINT NUMBERS OF THE VERTEXES OF THE TRIANGLES,
C NI NUH 3ER OF BOROEQ LIP~E SEGMENTS,
C - IPL = INTEGER ARRAY OF DIr~E r1SION 3~ NL CONTAINING THE
C P3INT NUMRERS OF THE ~NO POINTS OF THE •3OSDER
C LINE SEGMENTS ANO THEIR RESPECTIVE TRIANGLE

• C NUMBERS,
C P00 = ARRAY OF DIMENSION 5~ NDP CONTAINING THE PARTIAL
C DERIVATIVES AT THE DATA POINTS,
C ITI = TUANGL E NUMBER OF THE TRIANGLE IN WHICH LIES
C THE POINT FOR WHICH INTERPOLATION IS TO BE
C PERFORMED,
C XII,YII X AND Y COOF~OINATES OF THE POINT FOR WHICH
C INTERPOLATIO N IS TO BE PERFORMEO .
C THE OUTPUT PARAMETER IS
C ill = INTERPOLATE) Z VALUE.
C DECLARATION STATEMENTS

DIMENSION XD (50),YO(5,),ZO(~~~),IPT(2~ 5),IPL (3.~0),pDD(25J)
COMMON/IDPI/ITPV
DIMENSION X (3),Y(3),Z(3),PO(15),

I Z U ( 3 ) ,Z V (~~) ,ZUU (3) , Z U V ( 3 ) , Z V V ( 3 )
REAL LU,LV
EQUIVALENCE (P5,P5~ )

C PRELIMINARY PROCESSING
10 ITO=ITI

NTL NT+NL • -
•

IF(ITC.LE.NTL) GO TO 20
IL1=ITG~~NTL 

-

IL2=ITO—IL1~ NTL
IF(IL1.EQ.1L2) GO TO i .)

• GO TO 6O
C CALCULATION OF ZII BY INTE RPOLATION .
C CHECKS IF THE NECESSARY COEFFICIENTS HAVE 8EEN CALCULATED .

20 IF(ITO.EQ.ITPV) GO TO 3)
C LOADS COORDINATE AND PARTIAL DERIVATIVE VALUES AT THE
C VERTEXES.

21 JIPT 3~~( ITO—i)
JPO O

• 00 23 1=1,3• JIPT JIPT+1
TDP IPT (JIPT)
X (I)2X0(IDP)
Y(I) Y0(IDP)
Z(IF ZD(IOP)

• JP00 54 (lOP—I)
- 

• 00 22 KPOzj,5
JPOZJPO+1

• JPOO=JPOO+1
PO(JPD) =PDD(JPOO)

• 22 CONTINUE
• 23 CONTINUE

C DETERMINES THE COEFFICIENTS FOR THE COORDINATE SYSTEM
C TRANSFORMATION FROM THE X—Y SYSTEM TO THE U—V SYSTEM
C AND VICE VERSA.

2~ X 0=X ( 1)
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Y~ =Y (X )

8 x (3)—xO
• CY (2 )— Y

O Y  ( 3 ) — Y 3
AG=A ~ D
BC~~3~ C
OLT AD—~ C
AP 0/OLT
BP=—B/’~LT
CP —C/OLT
DP A/OLT

C CONVERTS THE PARTIAL DERIVATIVES AT THE VERTE XES OF THE
C TRIANGLE FOR THE U—V COOR INATE SYSTEM.

25 AA zA~ A
ACTZ 2. 3~~A’C
CC=C.c
AB:A’8
AOBC=AO +BC
C0:C.D
B B B ~ B
BOTZ 2.3 8 0
OOzD~ C
00 26 1*1,3
JPD:5~~IZU(I) A’PD(JP D—4)+C’PO ( JPD—3)
ZV(I) B~ P0(JP0—~ )+D4P0 (JPD—3)
7UU (I) AA~ PD (JPD—2)+ACT2’PD (JP0—1)+CC~ PO (JPD) - 

-

ZUV (I)=AB~ PD (JPD—2)+ADBC~ PO(JPD—1)+CO*PD(JP1)
ZVV (I) :B9’pC (JPD—2)+~ flT2~ PD(JPO—j) +OO PD(JP ))

26 CONTINUE - -

C CALCULATES THE COEFFICIENTS OF THE POLYNOMIAL.
27 POO Z(1)

P1O ZU(1)
POI ZV( 1)
P20 0.5~ ZUU (1)PIIZZUV (1)
P02 0.5’ZVV (i)
H1 Z (2 )— P0 0— P i0— P2~l
H2=ZU (2)—PiO—ZUU(1)
H3 ZUU (2)—ZUUII)
P30 10.0 H1—4.0 142+0.5 H3
P40 —1 5.O ’H1 +7.O~ H2 — 143
P50= 6.O’Hi—3..’HZ+j.5’H3
H1=Z (3)—P00—P0i—P)2

• H2 ZV(3)—P01—ZVV (1)
H3 ZVV (3)—ZVV (1)
PØ3 i0.0~ H1—k.~ ’H2+’2.5’H34.. P0k=—15.0’H1+7.0~ H2 —143
P05= 6.0~ H1—3.0~ H2+0.5 H3
LUzS’~RT (AA+CC )
L V S QRT (B8+DD)
THXU=ATAN24C,A )
THU V ATAN2 (0, B) -THXU
CSUV=COS (THUV )
Pli1=5.0~ LV’CSUV/LU’P5,
P1liz5.0~ LU~ CSUV/LV~ PJ’
H1rZV (2)—P01—P1i—P~ 1
H2zZUV(2) —P11—I.. 0~ P41

4 P212 3.3’ H1—H2
P31z—2. 3~ H 1+H2
MD ZU (3)— P1O— Pi 1—P1’.
H2ZZUV ( 3) — Pti—I. .0~ P14
P12* 3.O’H1—H2
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P13:—~ .3~~H 1+H2
THUS=ATAN2(CJ—C,3~ A)—Ti. Xtj
THSVZTHUV.THUS

I AA = SIN (THSV)/LU
BB=-COS (THSV)/LU
CC= SIN (THUS)/LV
DD= COS (THUS)/LV
AC ZAA~ CC
AO =AA ~ OQ8C BB CC
GI AA AC (3.0~ BC+2.O~ AO )
G2zCC’AC’ (3.0~ AO+~ . 

)~ .~C)H1=—AA ’AA ~ AA~~(5.u~~AA~~ 9’PE .j + ( l..0~~BC+ AQ) * P~~j )

I —CC CC CC4I5.0 CC~~’O’PL5+(4.0~~AO,3C) ‘PD)
H2= a3.5’ZVV (2)—PC2—P12
H32).5’ZUU(3)—p2 —pZj
P22= IGL~ H2+G2’H3—Hi)/ GI+G2)
P32=H2—P22
P23=H3—P22
ITPV=1T3

C CONVERTS XII AND YII TO U—V SYSTEM.
30 CX:XII~ X0

DY YII—Y0
• U A P DX +SP*DY

V=CP’DX+OP’DY
C EVALUATES THE POLYNOMIAL.

31 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
P1*PjC+V~~(P1j,V*(P i2.V~~(Pi3.V.Pj4)))P2 P2~ +V’(P2i+V’(P22+V’P~ 3))
P3= P3a+v’ (P31+V’P32)
P4=P4O+V’P41
ZII=PO+U~ (P1+U’ (P2+U’ (P3+U’ (P4+U’P5))))RETUR N

C CALCULATION OF ZII BY EXTRAPOLATION IN THE RECTANGLE.
C CHECKS IF THE NECESSARY CCEFFICIENTS HAVE BEEN CALCULATED.

40 IF(ITU.EQ.ITPV) GO TO 5~
C LOADS COORDINATE AND PARTIAL DERIVATIVE VALUES AT THE END
C POINTS OF THE BOROER LINE SFGMENT.

41 JIPL 3’(ILI—i)
• JPOZO

00 43 121,2
JIPL=JIPL+1
V3P*IPL(JIPL)
X (I)zXD (IDP)
V (I)ZYD(IDP)
ZII) ZO(IDP)
JP OO 5~~(IDP— .)
00 42 KPO.*1,5

JpDzJpD,1
JPDDzJPDO+I
PD(JP0)*P00(JPDD)

- - 42 CONTINUE
43 CONTINUE

C DETERMINES THE COEFFICIENT S FOR THE COORDINATE SYSTEM
C TRANSFORMATION FROM THE X—Y SYSTEM TO THE U—V SYSTEM
C AND VICE VERSA.

44 X0*X (1)
YOzY (1)
AZY (2)—Y (L)
BaX (2)—X(1)
Cs—B

4 D~ A
AOzA’D
BCzB’C
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ULT AD— 3C
AP 3/OLT
BP:—9/OL T
CP =— BP
0P AP

C CONVERTS TH~ P A R T I A L  0~~ I V A T I V E S  AT THE E~ 0 POIflTS OF THEC BOROER LI~ E SEGMENT FO~ THr U—V COORDINATE SYSTEM.
45 A A A ~ A

ACT 2=2.QeAeC
cC=C.C
A8 A’ B
AC B C= A 0 4 BC
C C C ~ 0BB=B•e
B0T2 2. ’B’D
CD D’D
00 46 1:1,2

JPD 5’I
ZUII =A~ PflIJPD—’.+C’Pfl IJPD—3)
Zil (1F 8’P0(JPt—k)4O’PO (JPD—3)
ZUU(I) AA ’FD (JPu 2)4ACT2 PC (JPD—1)+CC~ PO (JPa)
ZUV (IF AB’F0(JPQ—2 )+AUR C PO (JPD-~~)+CD’PD(JP0)
ZVV (I)=9B’P0(JPD—2),~ DT2’PD(JPO—1).O0~ P0(J~~))F 46 CONTI NUE

C CALCULATES THE COEFFICIENT S OF THE POLYNO UIAL.
4.7 P 00 2 ( 1)

PlC =ZU (1)
PCDZV(1)
P20 0.S’ZUU(1)
PIDZUV (1)
PC 2=3 • 5’Z VV ( 1)
HDZ (2)— P0O—PC1—Pu2
H2 ZV(2) —P0i—ZVV (1)
H3=ZVV(~~)—ZVV (j.)
Pt3= t3.3*H1~4.~~~H2+3.5~ H3
Po4=—l5.o~ H1+1.oeH2 —H3
P05= 6.0’H1—3.0~ H2+0.5’H3
H1=ZU (21—P10—Ptt
H2 ZUV(2)—P11
P12 3.0 H1—H2
P13 —2.0414i+H2
P21=0.0
P23 =—ZUU (2) +ZUU 1 1)
P22 — i.5 P23
ITPV=ITO

C CONVERTS XII AND VII TO U—V SYSTEM.
50 DX=X II—XO

OY=YII—Y 3
U A  P’ OX + BP DY
V=CP’DX+DP~ OV

C EVALUATES THE POLYNOMI AL.
Si P0aP0~ .V’ P3j+v’ P;2+v’cP~ 3.v~~(po4+V’p~ 5))))• P1=PiO+V’ (Pii.V’(P12+V’P13))

P2’P2O+V~~(P21 +V’(P22+V’P23))

RETURN
C CALCULATION OF ZII BY XTFA POLATION IN THE TRIANGLE.
C CHECKS IF THE NECESSARY CN FFICIENTS HAVE BEEN CALCULATED.

60 IF(ITO.EQ.ITPV) GC~ TO 7 ..

~~

- 
,~ C LOADS COORO INATE AND PARTIAL DERIVATIVE VALUES AT THE VERTEX
4 C OF THE TRIANGLE.

61 JIPL=3’IL2—2
• IDPZIPL(JIPL)

X (l)ZXD(IDP)
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Y (1)=Y.(IOP)
• Z(1) ZC’(IDP J

- • JP03~~ ’( IDP—1)
00 b~ KPD=l,5

JP[)i = JPOC +i

62 CONTINUE
C CA LCULATES THE CGEFFICIEN1~ OF THE POLYNOMIAL.

67 pQ ’ z(j)

PCl PJ (2)

P1DPC (~~)
P02=Q.5’PC,(5)
ITPV = IT - 3

C CONVERTS XII ANO VII TO U—V SYSTEM.
7C U:XII—X (1)

V=YII—Y(l)
C EVALUATES THE POLYNOM IAL.

71 P~ =°~~ 4V3IPC1+V’PJ2)Pj=Pjc+V~ Pjj
ZII P0+U’(P1.U~ P2Q)RETU RN
END

I
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SU~~ OuT I~~ IDTANt~(’LO ,XE~,YJ,NT,IPT,NL,IPL,I~ L,UW P , WK)
C THIS ¶ U 3~ JUT INE P ER FO — ~MS T - ~ IAtdG U LA TION. IT DIVILS TH~ X — Y
C PLANE INTO A NUMBER OF T~~I A:.GLE’3 ACCORDING TQ ( 1 V N ) A T A
C POINTS IN THE PLANE , Ot T ~~ lINe S LINE SEG M ENTS THAT FCRM THE
C BOROE R OF )ATA AR EA , AN) 1~~TE~-.MINES THE T -IA N GL E NU1•3~ RS
C CO PREEP lflhi~G TO T HE OORJ ~ L INE SFG~1ENTS.
C AT COMPLETION , POINT NUMB’ ~S C~F THE VERTEXES OF ~4CH TRIANGLE
C ARE LISTEC CUUNTER—CLOCKW1 3~~. POINT NUMBERS OF THE END PQI~~T5
C OF EAC H -3OROER LINE SEG~ E I i T 4~ E LISTaD COUNTE~ —CLOCI(WI5E,
C LISTING OROER OF THE LINE ~~GMENTS BEING COUNT~~ —~ LOCK WISE.
C THE LUN CONS TANT IN THE )~ T A INITIALIZAT ION STAT E’ IEN T IS THE
C LOGICAL UNIT NUMBER OF TH: STANDARD OUTPUT UNIT ~~~ IS,

• C THEREFORE, SYST~ t-I DEFEMD-~-T.
C THIS SU JROUTINE CALLS TH~ IDXCHG F UNCTION .
C THE INPUT PA ~ A M E T E R S  A~ E
C NOP = NUMBER OF OAT A } O I N T S ,
C XC = A RRAY OF EIIMENSTU k1 ~0P CO NTA Ii~ING THE
C X COORDINATES OF TH E O4 TA POINTS,
C YD = AR R I~Y OF OIMENSION NOP CONTAINING THE
C Y COOR O INATES OF ThE DATA 1’OINTS.
C THE OUTPUT PARAMETERS A~ E
C NT = NUMBE R OF TRIANGLES,
C IPT INTEGER A~~ AY OF DIME NSION 6’NOP—lE , WH THE
C POINT NUMBER S OF TH’ VERTEXES OF THE (IT)TH
C TRIANGLE ARE TO ~E STORED AS THE (3~ IT—O )NO ,
C (3’IT—j)ST, AN) (3’IT)TH ELEMENTS,
C IT=i,2,...,NT,
C NI NUMBER OF BO~ ’)~~ LINE SEGM ENTS,
C IPL INTEGER ARRAY OF CINENSION 6’NOP, WH E~~ THE
C POINT HUMOERS OF THE END POINTS OF THE ( I L)T H
C BORDER LINE S E G ’ E N T  AND ITS RESPECTIVE T RIAN GLE
C NUMBER AR E TO 9 ST O R D AS THE (3’ IL—2) NJ ,
C (3’ IL—l )ST , AND (3~~IL)T H ELEMENTS,
C IL:i,2,..., NL.
C THE OTHER PARAMETERS ARE
C IWL = INTEGER ARRAY OF ‘IMENSION 1~ ’NOP IJ~ E~J

— 
C INTERNALLY AS A WO RK AR EA,
C IWP = INTEGER ARR AY OF OIMENSION NDP U S O
C INTERNALLY AS A tIORK AR EA ,
C W K = ARRAY OF DIMENSION NOP USED INTE RNALLY AS A
C WORK AREA .
C DECLARATION STATEMENTS

D IMENSION X O ( 5 3 ) , Y O 1 5 ~ ) ,IPT (285) ,IPL(3~~~
) ,1W L(9 ~~~), I W P ( 5 C )  ,W K ( E C )

DIMENSION ITF (2)
DATA RATIO/l.OE—~ /, NREP/100/, LUN/ô/C STATEMENT FUNCTIONS
DSQF (U1,V1,U2,V2) (U2—U1)’*2+ (V2~~V1)5~ 2
SIOE (Ul,Vj,U2,V2,U3,Vfl= (V3—Vl)’(U2—U1)— (U3—U1 )’(v2—Vj)

C PRELIMINARY PROCESSING
10 NOPO NDP

NDPMI=NOP O-1
IF(NOP~ .LT.k) GO TO 9~

C DETERMINES THE CLOSEST PAIR OF DATA POINTS AND THEIR MIDPOINT.
20 OSQMN GSQF (XO(1),YD(I),XU (2),YD (2))

IPMNI 1
IPMN2=2

• I 00 22 tPl=1,N OPM I
- : XI XO (IPi)

YDYO (IPI)
• IP1PI:IPL+1

DO 21 IP2 IPi01,NDP~
DSQI OSQF (X1,Y1,X! (1P2),YO (1P2))
IF (0 S Q I . E Q .~~.~~) GO TO 91
IF (OSQI.GE.DSOMN) GO TO 21
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I
0 SQ H N= 0 SO I
IPMNI=IPI
IFMNZ=IP2

LI 21 CONTINUE
22 CONTINUE

CS012:OSQMN
XDMP* IXOC IPtINI) +XO (IP”W2) 1/2 .0
YOMP— (YOIIPMt4I)4y011PMN2))/4.a

C SORTS THE OTHER (NDP—2) DATA POINTS IN ASCENOING ORDER . OF
C DISTANCE FROM THE MIDPOINT AND STORES THE SORTE D DATA POINT
C NUMBERS IN THE IWF ARRA Y .

30 JPDZ
DC 31 1P1=1,NDP O

IF(IPI.EQ.IPIINI.OR.1P1.EQ.IPoIN2) GO TO 31
J~ DJP1+1
IWP (JPI) IPI
WK(JPI)=OSQF(XOMP ,YrM P,XD(IPI) ,YOUP1)

31 CONTIMU:
DO 33 JPIs3,NQPM1

0 SQ 1*1= WK C JR 1)
JPMI4=JP1
co 32 JPZ=JPI,N)PO
IF(WK (JP2).GE.OSQMN) GO TO 32
DSQ1N:WKIJPZ)
JP MN JP2

32 CO NTINU E
ITS:IWP(JP1)
IWP (JPl)=IWP (JPMI1)
I HP (JPMN) ITS
WK (JPIN):WK(JPI)

33 CONTINUE
C IF NECESSARY , MODIFIES TW ORDERING IN SUCH A HAY THAT THE
C FIRST THREE DATA POINTS A~ E NOT COLLINEAR.

3E AR=DSQ12~ RAT I O
Xt=XO (IPMNt)
YDYO(IPMNI)
D X 2 D X O ( I P M N 2 ) — X L
OY2DYO ( IPMN2 )—Y1
DO 36 JP 3,NOP~IP:IWPIJP) -

IF(A 8S((YO IP)_Y1~~ tX2l_ (XO IP _Xl 4DY21) .GT.AR)
1 G0T0 37

36 CONTINUE
G0 TO 92

37 IF(JP.EQ.3) GO TO -4 0
JPNX JP

• 
- JPwJP’lX+l

00 38 JPC=4,JPIIX
JP:JP~ j

• ,IWP(JP)=IWP(JP—1)
38 CONTINUE

IWPI3) 1P
C FORMS THE FIRST TRIANGLE. STORES POINT NUM3ERS OF THE VER—
C TEXES OF THE TRIANGLE IN TH~ IPT ARRAY, ANO STORES POINT NUM—
C BERS OF THE BORDER LINE SEGMENTS AND THE TRIANGLE NUMBER IN
C THE IPL ARR~ Y.

40 IPIsIPMNI
IP2~ IPMN2
IP3sIWP(3)
IF(SIOE (XO (IPI),YOCIPI),XD(IPZ),YD(Ip2 ,X0UP3),YO(IP3))

1 .GE.3.O) GO TC 1.1
• IPIzIP$N2

IP2sIPMN1
lii NT0~ I
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N T T S 3
IPT (1)=IP1
IPT (2)=IP2
IPT (3) 1P3
NL -3
ML T3:9
IPL (1F IPI
IPL (2):IP2
IPL (3)=~.
IPL (~.)=IP2
IFL(5) IP3
IFL (,) 1
I P L ( 7 )= 1 P 3

IPL(S) IP1
IRL (9)=I

C ADDS THE REMAINING (.~O,— 3) DATA POINTS, ONE dY ONi.
50 DO 79 JP1=Z.,NOP’

IPI=IWP (JPL )
X1 XO(IPI)
YI YD (IPI)

C — DETERMINES THE VISIBLE ~OROF ~ LINE SEGMENTS.
I~ 2=IPL(1)
JPMN=j
OX~1N XD (IP2)—X1
OYMN YO (IP2) -Yi
OSQMN OXMN4~ 2 +O Y M N~’ 2
ARMN=JSQMN’RATIO
JPMX:j
DX MX :DXMN
DYMX DYMN
o St~M X O  SQHN
ARM X AR MN
00 52 JP2 2,NL~

IP2 IPL(3 JF2—2 )
DX=XD (1P2)—X1

• OY YD (1P2)—Yi
AS=OY’OXMN— OX’OYMN
IF (AR.GT.ARMN) GO TO 51
DSQI OX~~ 2+OY~’2
IF (AR.GE. (—ARP4N).ANO.DSQI.GE.OSQMN) GO TO 51
JPMN JP2
DX HN DX
OY MN OY
DSQMN=DSQI
ARMN OSQMN’RATIO

51 AR=OY~ OXMX—CX~ DYMX
IFCAR .LT.(—AR MX)) GO TO 52
OSQI DX”2+DY”2
IF (AR.LE.ARMX .ANO.DSOI.GE.DSOMX) GO TO 52
JPM X JP2
DXMX OX

I - ’ 
D VM X~ 0Y
OSQMX OSQI

• ARMX OSQMX’RATIO
52 CONTINUE

• IF(JPMX.LT .JPMN) J?IlX JPMX+NL .~
NSH JPMN—1
IF(NSH.LE. ) GO TO 6(~

C — SHIFTS (ROTATES) THE IPL ARRAY TO HAVE THE INVISIBLE BORDER
C — LINE SEGMENTS CONTAINED IM THE FIRST PART OF THE IPL ARRAY.

4 NSHT3~ NSH’3
00 53 JP2T3~ 3,NSHT~~,3JP3T3zJP2T3+PJLT3

IPL (JP3T3—2)aIPL (JP2T3—2 )
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IPL (JP3TE—1) IPL (JP~ T1.j,)
IPL (JP3T3) =jFL (JP~ T~~)

~3 CJ~JTI ’4UEDO 5’. JP2T 3 3,~~LT~~,3:1 JF’3T3=JP2T~ ,NSHT 3
tPL (J~ 2T3—E) TPL C JP3T3—O )
IFL(JP2T3~~~):I~ L(J~~3T3.1) - -

IPL (JPZ~T3) IPL (JP3T .3)
3’. CO~41INUE

JP MX JPMX—NSH
C — AODS TRIAMGLE~ TO THE I~~T A RRAY, UPDATES 9CRC~~R LIL4E —

C - SEGME NT: IN THE IPL A RRAY, AN~ SETS FLAGS FOP THE 3O~ DFP.
C — LINE SEGMENTS TO ~E ~~ EX~~MI~~EJ IN THE IWL ARRAY.

sc JWL = .
DO 6~. JP JPMX,NLI~

JP213=JP2’3
IPL1 IPL (JP2Ti—2)
IPI2=IPL (JP2T 3—1)
IT IPL(JPSTs)

C — — A ICS A TRIANGLE TO TH~ IPT ARRAY .
NTC NTO+ 1
HTT3 NTT3+3
IPT (NTT3—2)=IPL2
IPT(NTT3—1 ) =IPLI
IPT (NTT3) 1P1

C — — UPDATES BORDER LINE SEGMENTS IN THE IPL A RR AY.
IF(JP2.NE.JPMX) GO TO 61
IPL(JP2T3— i) 1P1
IPL(JP2T3) NT~

61 IF(JP2.NE.N1 ) GO To 62
NLN JPMX +j
NLNT3=NLN~ 3
IPL (NLNT3—2) 1P1

IPL (NLNT3) NT~
C — — CET ERMIME~ THE VERTEX THAT DOES NOT LIE ON T H~ DORO ES
C — — LINE SEGMENTS.

62 I1T3 IT~ 3
IPTI=IPT (ITT3—? )
IF(IPTI.NE.IPL1.ANO .IPTI.NE.IPLZ) GO TO 63
IPTI=IPT (ITT3—1)
IFIIPTI.NE.IPIL.ANO.IPTI.Nt.IPL2) GO TO 63
IPTI IPT(ITT3)

• C - — CHECKS IF THE EXCHANG IS NECESSARY .
63 IF(I0XCHG (XD,YD,IPj,TPT1,IpL1,IPL2).EQ.~~) GO TO 6’.

C — — MODIFIES THE IPT AR RAY WHEN NECESSARY.
IPT(ITT3—2)=IPTI
IPT (ITT3—i) 1P11
IPT(ITT3) IPI
IPT (NTT3—1)=IPTI

— 
IF(JP2.EQ.JPMX) IPL(JP2T3)=IT
IF(JP2.EQ.NLO.AND.IPL(3).EQ.IT) IPL (3) NT1

C — — SETS FLAGS IN THE IWL ARRAY.
- I JWL JWL+k

IWL (JWL—3)=IPLL
• IWL (JWL —2) IPTI
— IWL(JWL—U=IPT I

IWL(JWL ) 1P12
64 CONTINUE

NL J N LN
NLT3 PILNT3

• NLF JWL/2
IF(NLF.EQ.&) GO TO 79

C — IMPROVES TRIANGULATION .
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7 NTT3P 3=NTT3+3
- • 1 Qi 78 IREP:1, NP

iC 76 1LF 1, LF
ILFT 2 ILF’2
t°L 1= IWL CILFT 2—: I
IPL7=I WL ( TLFT2)

C — — LO C A T ~~ IN T hE IPT A2 AY TWC TRIANGLES C~ [- 0TH SIDES OF
C — — THE FLAGGED LINF S~ GN- ~T.

:JTF= ~
0) 71 ITT3P:3,t-.TT3, 3

ITT 3=NIT3 P?—I 1 T3R
I P T 1= I P T ( I T T 3 — ~~)
IPT 2~~IPT (L1T 3-1 )
IPT 3:IPT (ITTI~)IF(IFL1.~~I.I~~T 1.A r~O. IPL1.NE.IPT2.AI.D.

1 IFL1.NE.I’T ’) GO TO 71
IF(IPL2.NE.I0~~1.~~~D. IP&2 .NE. IPT 2.A ,~O.

1 IPL2 .NE.IPT ~~
) GO TO 71

NTF NTF +1
h F  (NTF)=I TT3/.Z
IF(~~TF.EU.2) GO TO 7.

71 CONTINUE
IF(NTF .LT.2)  GO TO 7~-

C — — LETERM INE S THE VE I~TEX S OF THE TRIANGLES THAT OD NOT LIE
C — — ON TH LIME SEGMENT.

72 IT1T3 ITF(~.)’3
IPTI1=IPT (IT 1T3—2)
IFUPTI1.NE.I~ L1.ANL.IPTI1.I’4E.IPL2 GO TO 73
IDTII IPT (IT 1T3_ 1)
IFUPTIi.NE.IPL1.A ~Ir .WT I1.NE.IPL2 GO TI; 73

( I~ T I1 IPT(IT 1T ~
)

73 IT2T3 ITF(2) 3
I°TI2~ IPT (1T21 3-2)
IF(IPTI2.NE.IDL 1 . A i r~.1FTI2.N~ .IPL2) ‘O TO 7~
IPTI2 IPT ( IT2T3— 1)
IF( IPTI2 .NE.IPLI.ANC- .IPT I2.NE.IPLZ) GO TO ?’.
IPTI2 IPT (1T2T 3)

• C — — CHECKS IF THE EXCHA ’~G~ IS NECESSARY .
74 IF (IDXCHG (X-J,YC,IPTII,IPTI2,IPLI,IFLZ). (L 3)
1 G0 T0 76

C — — MODIFIES THE IPT A R A ~ WHEN NECESSARY .
IPT ( IT IT 3 — 2 ) = I PT I I
IPT(IT1T 3—i )~~IPT I 2
IPT(IT1T3) =IPL 1

— IPT (IT2T 3—2) IPTI2
‘ I 

• IPT (IT2T3—1) IPTI1
IPT(IT2T3) IPL2

C — — SET) NEW FLAGS.
- 

- JWL=JWL+B
•~ : IWLCJWL— 7)=IPL 1
[-4

IWL (JWI—5)=IPTfl
IWL (JWL—4) I°L2
IWL (JWL—3 ) 1PL2

-
- 

-‘ IWL (JWL—2)~~IPTI2
IWL (JWL 1) IPTI2
IWL (JWL) IPL I
00 75 JLT3=3,NLTJ,3

IPLJ1zIPL (JLT~ —~~)
IPLJ2ZIPL (JLT — i)

- IF((IPLJ1.EQ.IPLI.Ar4D.IPLJ2.EO.IPTI2).OR.
I (IPLJ2.E Q.TPL1.AND.IPLJ1.EO.IPTI2))
2 IPL(JLT3) ITF (i)

IF((IPLJ1.EQ.IPL2.ANO .IPLJ~ .EC.IPTI1).OR.

-H 
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I (IPLJ2.E Q.I~~LZ.AND.IPLJ1.EQ.IPTIi))
2 IPL (JLT3)=ITF (2)

75 CONTINUE
76 CCNTINUE

NLF C=NLF
NLF JWL/2
IF (NLF.E Q.NLFC) GO TO 79

C — — R E SETS THE IWL AR RAY FOR TH~ NEXT ROUND.
JW1=O
JWL1?lN (NLFC+j)’~
NLFT2 NLF~ 2
00 77 JWLI:JWLIMN,NLFT2,2

JWL= J WL+2
I’lL (JWL—1)=IWL(JWLI—1)
IWL (J WL) IWL (JWL~~)7? CONTINUE

tILF=JWL/2
78 CONTINuE
79 CONTINUE

C REARRANGE S THE IPT ARRAY SO THAT THE VERT EXES OF EACH TRIANGLE
C A RE LISTEC COUNTER—CLGCV~WISE.

80 00 81 ITT3~ 3,NTT3 ,3
I°1=IPT ( ITT 3—! )
IP2 IPT ( ITT3— 1)

— IP3 IPT( ITT 3)
IF ( S I D ECX O ( IP 1) ,Y D ( I P I) , XO ( I P2 ) ,Y O ( Ip2 ) ,X D ( 1p3 ) ,y3 ( 1p3 ) )

I .GE.j.3) GO TO 81
— I - ’ T ( I T T 3 — 2 ) = I P 2

IPT(ITT3—1) IPI

~1 CONTINU E
NT=NT
N L NL~R E T U R N

• C ERROR EXIT
90 WRITE (LUN,2093) MOP .

GO TO 93
91 WRITE (LUN,2091) NOR . ,IPj,1P2,Xj,Yt

GO TO 93
92 WRITE (LUN.20 92) NOP

• 93 WRITE (LUN,2C93)
N T )
RETURN

C FORMAT STATEMENTS
2090 FORMAT (IX/23H ‘~~‘ MOP LESS THA N ‘../3H NDP = ,I5)
2091 FORMAT (1X/29H ~~~ IDENTICAL DATA POINTS./

- 
I I 3M NOP = ,15,5X,5HIP1 :,I5,5X,5H1P2 ,15,

2 5X,’.HXO ,E12.4,5X,4HYC = ,E12.4I
2092 FORMATUX/3~ H ~~~ ALL COLLINEAR DATA POINTS./

1 8H NOP - ,I5)
2093 FQRMAT J5H ERROR OETECTEII IN ROUTINE IDTANG/)

- 
- END
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FUNCTI ON IDXCHG (X ,Y ,T1,Ic,13,Il.)
C THIS FU NCTION DETERMINES ~H THER OR NOT THE EXCHANGE CF TWO
C TRIAN GLE IS NECEESARY o~ THE ~ASIS OF MAX—MIN—A IGLE. CRITERION
C BY C. L. LA WSON.
C THE INPUT P4R* METER!  A E
C X,Y A RRAYS CONTAHI’ G THt COQRuINATES OF TM: CATA
C POINTS,
C 11,12,1 3,14 PoINT NU~~ E RS OF FOUR POINTS RI, P2,
C P3, APIC PL. THAT FOi~M A QUADRILATE RAL WITH P3
C ANt) P’. CONNECTE~ DIAGONALLY.
C THIS FU NCTION RFTURNS AN INTFG~~ VALUE 1 (ONE) WHEN AN EX—
C CHANGE IS NECESSARY , AND (ZEk~ J OTHERWI SE.
C DECLARATIO N STATEMENTS

DIMENSION X (I j),Y(1~”)
EQUIVALENCE (C Q,ClS’~),(A3SO,O2SQ),(~33Sq,AjS~ ),

I (A4SQ,B1SO) , (~3’.SQ,A2SQJ , tC’.SQ,C3SQ)
C PRELIM INARY PROCESSING

IC XI X (I1)
YI Y (II)
X2=X ( 121
Y 2 Y  (12)
X 3 X  (13)
Y3=Y ( 13)
X ’ .X  (I’.)
Y4=Y (I’.)

C CALCULATION
2C IOX=

U3 (Y2—Y3)4 (Xi-X3) — (X2—X3 ) (Yj~ y3J
Ul. (Y 1—Y4) (X2—X’.) — ( X 1— X ’ .)  • (YZ—Y4)
IF (U3~ U’..LL.u.u) GO TO 3~
U1= (Y3—Y1)’(X~ —X I)— (X 3-XI)~~(Y’~—Y1)
U2= (Y 4—Y2) (X3—X2 )— (X4—X2)~ (Y.T—Y21
AIS@ (X1—X3)’~ 2+ (Y1—Y !)~~~2
B1SO= (X~.—X1) “2+ (Yk—Yt) ‘E• CISO (X 3—X4)”2+ (Y3—Y-) ’2
A2SO= (X2—Xk)”2 +(V2—Y4)”2
62SQ (X3—X2)’~ 2+ (Y3—Y ~ ) “2
C3SQ= (X2—X1)”2+ (Y2—Yt)”C
S1SO U1 UI/ (CISO’AMAXI (A1SQ,B1SQ))
S?SO=U2’U2/(C2SO’AHAX I (A2SQ,B2SQ))
S3S0 U3’U3/(C3SQ’AMAXI (A3SQ,B3SQ) )
S4SQ=Uk’U4/ (C4SQ’AMAXl (A’.SQ,B4SQ))

• IF (AMINI (S1SQ,S2SQ) .LT .AMIN 1(S3SO,S’.SO)) I3X:1
30 IOXCHG IDX

RETURN
END

. 101 
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O L O C K  D A T A  R M SVA ’< -

CCMMON /~ TATS/ VAR E ’(j’),V~ RO(19),VARUU9)CC MMON /R MSERR/ RMSM( I~~), FMSD ( 19) ,  FHSU( 19)
C
C THIS 9LOCK DATA RCUTII-~ INITIALIZES ARRAYS THAT ARE USED IN VARNCE
C ANY AR RAY STARTING WITH VAR CONTAINS THE 3PATIAL,TEMPORAL
C VAR IANCE WHILE ANY AR RAY STARTING WITH PMS CONTAINS THE P•MS
C ERROR DUE TO AP PROXIMATION.
C

0ATA (CVAREM (I),I=~.,i9)= 1L5267.8, ?33i6.~~2. ‘.~ 39’..5ô, 46173.41,
A5872I.6~., 23264.33, 6 772.11, 63423.42, 84’.5.ô1, 52987.43, • -
8140.4.35, 15956.7~., 177E62.25 , 16095.99, 3677-~~.21, I03347~~.56,
Ct77’~5.56, 52408.94, 1?2273 0.O1)

DATA ((VA R0(I),I~ j.,13): 5~ E.75, 219.45, 15~ .86, 36’.2’,, 597.99,
A’.72.32, 257.51, 329.~~C, 392.2, 311.59, 289.88. 248.44, 936.36,
3104.4:, 2305.0€ , 2061.2r , t~~3.E2, 525.1’, 1~’9—.06)

DATA ((VARU (I),I j,19)= ~42.139, 203.43’., ‘.5.’+69, 34.272, I!9.523,
A69.45E, I38.~~35, 9E.9 2, ~9.332,  143.928, 173.633, 174.266, 25.65’.
B, 5.317, 10.9733, 2.2:3, 8.3065, I6.811e, 2~~.7227)

DAT 4((DMSIl(I),I~~j,i9)-~ ~33.7613, 164.5-569, 2:1.22’.’., 62.9I~ 51,
A285.685, 99.6568, 16. 577~~, 152.3354, 232.~~9, 231.0106, 340.4535,
B273.2~ 79, 1C69.8j3, I1~- .2Ll~~, 7I8.50â’~, 5 G 9 • 5~~7 , 354.53, 735.97t ,
C2514.26)

DATA (C RMSD (I),I=j,t9)~ € .7 77, 6.438141, 14.31u99, 4.2459, 29.8~ 9,
A9 .13922, 8.42474, 7,3~ 46, 39.2~k3’, 39.17399, 27.5355, j4•9775~
855.~~507, 13.4925, 32.452, 120.7981, 43.26675, 54.3363, 199.90)

DATA((RMSU(I),I~~j,t3)= tt.8~ 37, E.72.37, 6.~~3579, 4.2615, ‘.9125,• A4.5647, 5.0965, 7.95 !17, 5.88204, 17.6811, 14.1378, 11.34336,
C2.72007, 1.33245, 1.93279, i.ó.3111, 3.ib€ 3€7, 2.438, 5.9j~ 5)

END

BLOCK DATA PERCNT
C

- I C THIS SUBROUTINE INITIALIZES ARRAY PCT IN COMMON/RRATE/.
c

-
_ 

- COMMON/R’RATE/RR (12),VRR (12) ,PCT(12)

• OATA ((PCT (I),I=I,12)= -~~1, .015, .02, .03, .0~~, .38, .1, .2, .5,
1 .8, I., .001)

END -
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~LCC K A T A  T A B L E S
c
C THIS ~;L OCK DATA 3U~ ROIJT1Ii ~. CONTAINS THE C(J O~ OINATES, ELEVATI ON,
C A ND, THE MET~~O~ & L 0 , r ~~~I. UA T~ OF 35-a ST~ TIO’J) LOOAT E3 WITHIr THE
C ~-OL1 TICAL ROtJ N0A- ~I S JF THE U.S.. TH.E SUf3ROUTIN E TA9 LUS
C UT ILIZES THI~ . A T A  3~~~E TO FIND TH~ cLo~ E)T S~ T OF TH ESE OA T A
C (AT ION S TO T HE tNT~~~I~~LA T EO POINT — THE ):SI~ ëD LOCATION FOP
C T HE MICROWAV E LINK. TH IS SET OF O~ T A FeINTS IS TH EN Ut FD BY
C THE. INTERPOLATI ON -OI)TINt IDBVIP TO INT~ RP OL 4T~ FOR ANY IEEOEO
C DATA.
C

coMMoN,aATpT,DATAFT (3~ 9,1:)
C
C..,..OFSCRIPT ION OF THE AR- AY ~A I A P T
C
C EAC H CATAPT CCRRESPON S Ti; A STATION LIST~ L. 1’l THE WPITEUP, (I.E.
C STATION 1 CORR ESPO\OS TO DATAFT I, E T C . ) .  THUS, FOR —

C STATION IL) THE POCITICN , ELEVATIO N AND M TEOROLOGICAL
C INFORMAT ION IS CONTAIN ED IN QA T A P T ( L , I) .  THE INFORMATI ON IS
C COLED AS FOL LOW ,
C
C 1 1
C DECIMAL LATIT OP: OF THE STATION
C 1 2
C DECIMAL LO NGITUDE OF THE STATION
C
C ELEVATION OF THE STATION
C 1=4
C AVERAGE A NNUAL PRESSURE OF THE STATION
C 1=5
C AVERAG E AN NUAL T EM PERA TURE OF THE STATION
C I 6
C AVERAGE ANNUAL ~ELATIVE HUi~IOtTY CF THE STATION
C 1 7
C AVERAGE ANNUAL P~ EC1PI1ATION OF THE STATION — H
C 1 8
C AVERAGE NU’~BEr~ OF DAYS PER YEAR WITH PRECIP, GREATER THAN
C .25 MM. — 0

• C 1= 9
C AVERAGE NUM3E~ OF THUNCERSTORM CAVE ~ER YEA R FOR THE
C STATION - U
C 1 10
C GREATEST MO NTHLY PRECIPITATION RECORDED IN 33 YEARS — E MA X

-~~~~~ C
C
C.....THE 3LOCK DATA SUBROUTINE IS PARTITIONED AS FOLLOWS ,
C
C STATIONS NUMBERED I — 325 ARE LOCATED IP’ THE CONTINENTAL U.S.
C STATIONS NUMBEPEO !3C — 355 ARE LOCATED IN ALASKA
C STAT IONS HUMBEREC ~56 — 359 ARE LOCATEC IN HAWAII
C

-:  c
C

• DATA IQATAPT I 1,11,1=1,10)/ 33.05, 86.92, 189.00, 991.00, 16.9(0,
1 .720,1352.00, 118.33, 58.00, ‘..9.3)/
OATA (OATAPT ( 2,I),1 1,IC)/ 34.73, 86.58, 14 .36, 993.80, 16.000,
I .74J,1325.~~,, 122.~~~, ~~.00, 375.33/
DATA( OATA PT ( 3,I).I 1,1i/ 36.3?, 83.08, c” . C O , 1 3 C 5 . 7 0 ,  19 .TC ~~,
1 .730,1701.01, 12’..o0, 80.00, 490.03/
OATA (DATAPT ( 4,11,1:1,11)1 32.37, 36.33, 59.33,1006.30, 18.200, 4

4 I .72 ,1266.~~~, 109.);, 62. 3, 51.2.~~0/
OATA (DATAP T ( 5,I),I= 1,1~~)/ 35.?0,l11.63, 2133.3 , 761.43, 7.400

1 .530, 490.00, 7~~.3O, ~i.OQ, 250.00/
CATA(OA IAPT I 6,I),I :1,i(II/ 33.56,112.05, 3’9.0J, 974.~~0, 21.300,
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i ~~~~~ t79.QL~ 3’..~~3, 23 . .- -3. 141. !.3/
DATA (OATAPT ( 7,I),I=i.t~~)/ 32.25,110.95, 738.00, 924.40, 19.900,

1 .42 0, 281.00, 5~~.3J, -.0.00, 201.00/
H DAT A COA TAPT I 8,I),I=1,IC)/ 35.02,113.72, 1432.33, 31,3~ Q3~ 12.9Cr,,

I .51,, ~~~~~~~ 53.~~), !€.--3, 142.OC/
DATA (DA TAPT I 9,11,1:1,1 0)1 32.67,114.65, 55.J3,IQ0ô.4C, 23.2CC,

1 .380, 63.JC, 1~~.J i, ?.C0, o8.00/
OATA (OA TA PT ( 13,I),I:1,Ifl)/ ~5.37, 94.45, I3~ .90, 997.10, 16.300,
I ~~~~~~~~~~~~~~ 56. ~~~~ F •~;~~~~~•J ,  356.33/
DATA IDATAPT I 11,I),I=:,I:)/ 34.?~~, 92.23, 7S.0 ,10 4.C0, 16.1Cr ,

1 .690,1232.3 0, 1u4.00, 58.35, 3t.7.00/
DATA (OATAPT ( 12,I),I:i,1G)/ 33.47, 94.03, 1j9.3~~, 999.20, 17.900,
1 .631,1243. 6 , ~~Ø . 3j ,  ~~~~~~ 423. 3/
OATA (DATAPT ( 13,11,1:1,13)/ 35.33,118.87, ~~~~~~~ 996.20, 18.312,
I .53 0, 145.00, 36.33, 3.00, 117.00/
DA TA( DATAPT ( 14,I),I I,1C)/ 37.33,113.4 , 1252.~~~, 872.80, 13.3(6,
1 .293, 1k5.~~G, 29.;), 13.31, 227..~~/
DATA (OATAPT ( 15,I),I:i,1.C)/ 39.13,118.75, j619.03, 83..E0, 10.110,
1 .470,1717.01, 9.j.20, 12.00,1146.00/
OATA (DATA PT ( 16,I),I:1,1C)/ 40.82,124.17, 1~ .Ju,i-)II.?O, 1i.2C3,
I .8)3,1)i.~.’3C, 118.3j, 5..0, 421.~~0/
DATA (OATA PT ( j7,I),I=i ,1J)/ 36.68,119.78, 11 .00,1001.40, 16.800,

1 .623, 260,uC, 44.0.), (.uC, 217.00 !
OATA (DA TAPT ( 13,I),I 1,IC)/ 33.73,118.25, 3.33,11112.30, 17.4~ 3,
I .62~ , ~~~~~~~ 3 .c , 4 . J ~~, 285.-_3/
OATA (DATAPT ( 19,I),I 1,12)/ 34.03,118.25, 3~~.30,10 39.70, 16.500,

1 .670, 294.00, 35,03, 3.30, 281.110/
OATA (DATAPT ( 2c ,I),I= 1,lci)/ 34.25,119.SC, 82.::,Ij,3.6., i8.2.C,

1 .SciC, 35 7.31 , ~~~~~~ ~~~~~~~~ 379.~~~/
OATA (’3ATAPT ( 21,I),I1,t )/ 41.32,122.33, j:83.)3, 889.50, 9.810,
1 .630, 952.30, 91.30, 13.;G, 447.00/
DATA (OATAPT C 22,I),Iz1,1’.)/ 37.83,122.25, 2. ,1013.211, 14.100,

1 .770, k75.3~~, b4.), Z.-~C, 287.Cu/
OATA (DATA PT ( 23,I),I 1,I3)/ 40.18,122.27, 1 -..JC,103J.90, 17.160,
1 .520, 560.00, 71.33, 13.00, 289.60!
DATA (OATA PT ( 24,I),IzI,1))/ 38.53,12t.5~~, 5.00,1012.70, 15.7CC,
1 .673, 437.33, 58.3), 5.30, 321.Oti/
OATA (OATA PT ( 25,I),I:1,1O)I 34.71,118.60, 1377.00, 859.60, 12.8CC,
I •i.33, 304.60, 40.00, 4.00, 289.00/
DATA (DA TA PT ( 26,I),1:1,10)/ 32.75,117.1?, 4.j3,jOlZ.80, 17.200,

1. .660, 243. i3, ‘1.1.3, 3. 30, 193.- /
DATA (OATAPT ( 27,I),1 1,1G)/ 37.75,122.45, 2.03,1013.30, 13.600,
I .7,0, k96.JC, 62.30, 2.00, 312.00/
DATA (DATAPT ( 28,11,1:1,13)1 37.92,122.50, LE.)0,1011.311, 13.700,
1 .760, 525.00, 68.3,j, 2.~~3, 291.30/
OATA (OATAPT ( 29,11,1=1,13)1 33.42,118.42, 478.03, 957.70, 16.100,
1 .710, 365.00, 42.33, 4,00, 190.00/
DATA (OATAPT ( 30,I),T=1,10)/ 34.93,123.42, 72..0,i004.€’O, 13.600,
1 .7311, 311.00, 45.33, 2,J3, 246.03/
DATA (t)ATAPT ( 31,I),I 1,1 )/ 37.98,121.33, 7.00,1012.40, 15.906,

1 .630, 360.00, 52.03, 3.00, 204.00/ —

DATA (DATA PT ( 32,11,1:1,10)/ 37.47,105.93, 2297.Jd, 764.53, 5.3C0,
1 .590, 176.JtI, 68.0), 44.30, 89.03/

• DATA (OATAPT ( 33,I),1 t,iC)/ 38.83,104.83, 1873.110, 607.80, 9.160,
• I 1. .490, 400.00, 86.00, 59.00, 203,00/

- i  DATA (DATAPT ( 34,I),I~ 1.13)/ 39.75,105.33, 161 .~~~, 634.53, 10.100,
1 .53 3, 394.00, 98.00, ‘.1.33, 186.00/

• OATA IDATAPT ( 35,I),I:1,1G)/ 39.37,108.55, 1476.30, 848.90, Ii.SCO,
1. .510. 214.110, 71.00. 35.30, 88.00!
DATA (DATAPT ( 36,I),Iz1,10)/ 38.23,1~~..63, 1423.3 , 853.63, Ii.63C,

4 1 .503, 303.~~G, 73.31, 4~.u,3, 157.331
OATA (OATAPT ( 37,I),I:1,lo)/ 41.213, 73.2C, 2.00,1013.00, 11.100,
1 .670, 981.00, 118.03, 21.00, 450.00/
OATA (OATAP T ( 33,11,1*1,10)1 41.75, 72.73, 52.j.,1336.911, 9.500,
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1 .6. ,11 Z.~~~, )28 . 1 , Z~?.3 0, 555.~~~/
DA TA ISATAPT I 39,I),1st,1~~)/ ~1.33, 72.92, 2.00,1013.00, 10.100,

•1 1 .72 ,1169.30, 128.33. 11.00, 276.00/
DATAIO ATA PT ( ‘c,I),1s~ ,12)/ 39.77, 75.~~2, ~3.3~~,i31 .5C, 12.2cc,

I .63i~,Lt~2.3o, 116._ I. 31.’ , 3-. 7.2..!
flA T A I ’3A T A PT I  41,II,I*i,I~~)/ 39.00, 77~~~C, 63.30,1032.50, 12.1(0,

1 .?10,1019.~~G, 114.3), 2 .30, 4b2.00/
O~ TAI 0AT*PT ( 4Z,I),Isl,1t)/ 39.33, 77.17, ~..3,1012.9C, 14.135,

1 ~~~~~~~~~ ,33.~~~, 111.., cS. ~, 363.33/
OATAI OAT *PT ( 43,IP,1:~~,13)/ 29.72, 85.32, .30,1312.76, 20.300, I -

1 .?iJ,1’.53.i3O, li..6.tJ, ie.,o, 573.fl3i
DAT AID A TA PTI 44,1I,!~~1,1..ll 29.19, 81.~~2, ~~~~~~~~~~~~~ 21.’.tO,

I .7’ ,IZ76.~~~, 11’. 3, 8 .3, 52 5 ._ / -

DATAV )ATAPT I 45,X),I’ ,~~~)I 26.65, 81.65, E.00,1J12.70, 23.3CC,
I .740,1370.01, 113. ). 95.30, 511.00/

OAT 4I O A T A P T I ~6,1),Ia1.1 )# 3i.33 ,  31.67, ~~~~~~~~~~~~~ 211.202,
1 .733,1364.1., 116.:;, b..3G, 492.30/
DAT*I’)ATAPT I 47,I),I:1.~~C)/ 24.57, 81.83, I.~~3,13j!.10, 25.700,
1 .7k),1315.t.C, 112.’,. 62.30, 543.13/

O A T A I J A T A P T I  4~ ,I),I’~~.I )/ 25.03, 61.99, 6 -fl,1~~,5.7~~, 22.300,1 .?4~~,I256.u., I ! 3 ._ 3 ,  1 ~...3, 398. 1
OA TA (3AT*PT I 49,I),I*2 ,lu)/  25.7~ , 80.2~~, 2.jO,1013.00, 24.200,

1 .733,1519.00, 129.00, 75.30, 626.00/
OATAIOA TA PT ( ~),I),I:1,1 )/ 23.55, 81.35, !~ .j3,10,~5.5C, a~ .itr,

1 .73 .1301.J.., 115.~~i, ~C. C, 388.33/
OATA (O*TA PT( 5j,I),1z~~,l~~! 33.43, 67.20, 3~ .00,1009.20, 20.011,

• I .T~~3,1ã31.30, 116.53, 74.~~0, 437.00/
DATA IDA TAPT I 52,I),I:2,10)/ 311.43, 3’..32, 17._0,13t1.20, t9ebCC,

1 .763,1564..sO, 1i9.~~~, 81.33, 511.30/
OATAr)ATAPT 53,I),I:1,tr)/ 27.97, 82.63, 5.J0,i312.50, 22.300,
1 .740,1254.4,C, 107.311, 8fi.OC, 523.30/
DATACOATAPT I 54,I),I:1,lU)/ 26.73, S;.C8, 5.35,1312.70, 23.600,
1 .73i,15?6.CC, 131.50, 79.3o, 631.00/

O A T A ( ’ 3A T A P T ( 55,I),I:~~,10)/ 33.95, 83.40, 2~ 4.3Q, 984.50, 16.400,
1 .720,1285.31, 112.33, 51.00, 380.00/
OATA (DATAPT ( 56,I),I:1,10)/ 33.75, p4.36, 3A..~~3, 977.10, 16.000,

1 .720,122$.’JC, 116.03, 55.Q0~ 399,33/
DATA IDATAPT I 5?,I),I:1,jC)/ 33.48, 82.00, 41.C0,1008.40, 17.400,

1 .710,10 83.00, i07.C), 56.00, 290.00/
OATA (DATAPT ( 53,I),Iz1,10)/ 32.47, 84.98, 117.30, 999.40, 17.900,
I .733,1294.30, 112.01, 59.30, 336.uO/

~ATA ( OA TA P T ( 5 9 , I) , I = 1 . t 0) /  32.82, 83.62, 1)8.OQ,1003.56, 18.400,
I .713,1129.00, 112.00, 57.00, 299.00/
DATA (OATAPT ( 63,I),I:1,10)/ 34.02, 85.03, 19..3., 993.33, 15.7c0,

1 .730,1336.30, 123.03, 61.30, 44 1.33/
DATAIDATAPT I 61,I),I=1,11)/ 32.07, 81.12, 14.06,1011.60, 18.800,
1 .730,1299.00, 112.1), 64.00, 511.00/
OATA (DATAPT ( 62,I),I:1,1C)/ 43.63,116.20, 365. ..., 913.10, 10.5011,

1 .553, 292.03 , 9j • 13, 15.30, 132.13/
DA .TA(QATAPT ( 63,I),I=1,j5)/ 43.83,112.32, j~ 63.J0, 847.20, 5.400,

1 .580, 178.60, 66.03, 13.30, 128.00/
• DATACOATAPT I 6t.,1),I I,1t,)I 43.50,112.02, 1523..3, 81.3.30, 5.860,

1. .580, 192.00, 68.03, 13.33, 112.90/
DATA (DATAPT I b5,I),I=j,1~ )/ 46.42,117.31, 431.30, 962.10, 10.900,
1 .580, 336.00, 103.”), 16.00, 122.00/
DATA (DATAPT ( 66,I),I=i,12)/ 42.86,112.43, 1358.~~3, 655.30, 8.233,

• 1 .553, 274.10, 94.33, 24.~~0, 101.33/
OATA IOATAPT ( 67,I),I=I,16)/ 37.02, 89.15, 96.J0,100i.8C, 15.200,
1 .730,1197.00, 115.1), 53.00, 380.00/

• DATACOATAPT I 63,I),I 1,IC)/ 42.OC, 97.53, 231.03, 989.90, 9.460,
1 .693, 306.00, 126.33, 38.30, 291.00/

O A T A I O A T~ PT( 69,I),I j,1C)/ 41.83, 87.75, 185.00, 990.90, 10.300,
1 .660, 875.00, 123.30, 39.30, 360.00/
DATAIDATAPT I ?0,I),Iz1,10)/ 41.52, 93.43, 177.03. 991.80, 9.9(0,
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~ .68U, 919.00, 112.03, 48.00, 360.110/
DATACOATAPT I 71,I),1 1,I0)/ 40.72, 89.63, 199.03, 989.30, 10.400,
1 .710, 691.00, 112.00, 49.00, 332.00/
OATA (DATAPT ( 72,I),j 1,jO)/ 42.27, 89.10, 221.00, 986.50, 8.900,
1 .7Ov, 933.00, 115.03, 

• 
42,00, 300.00/

DATA (DATAPT ( 73,I),I 1,IC)/ 39.82, 89.65, 179.00, 991.70, 11.500,
1 •b90 , 990.00, 113.00, 50.00, 252.00/
DATAIDATAPT I 74,11,1=1,13)/ 33.03, 37.55, 116.10, 999.33, 13.303,

1 .6911,136’..3~~, 115.33, 46.00, 343.00/
DATAI OA TA PT ( 75,I),I:1,10)/ 1.1.08, 85.13, 241.00, 984.20, 9.900,
1 .700, 909.00, 132.03, 41.30, 247.00/
OATA (OATA PT ( 76,I),I=1,10)/ 39.75, 66.17, 241.33, 964.40, 11.300,
1 .672, ~84.00, 123.33, 45.00, 322.36/
GATAIDA TAPT I 77,I),I:1,1C)/ 41.67, 86.25, 236.00, 984.60, 9.500,
I .720, 919.33, 142.00, 43.00, 243.30/
DATA (DATAPT ( 7&,I),I:1,t0)/ 40.83, 91.12. 211.30, 987.60, 10.403,

1 .713, 980.00, 104.30, 51.00, 384.03/
OATA (OATAPT ( 79,t),1 1,jC1/ 41.56, 93.58, 286.00, 978.60, 9.400,
1 .690, 784.00, 106.3), 5C.00, 360.00/
DATA (DATAPT ( 80,I),I:t,10)/ 42.52, 90.66, 322.3u, 974.40, 6.100,
1 .710,1323.u~a, 114.03, 45.13, 393.33/
DATA(DATAPT ( 61,I),I:t,1~~ / 42,50, 96.47, 334.03, 973.10, 9.100,
1 .700, 654.00, 99.03, 46.30, 262.00/
DATAIDATAPT I 82,I),I l,13)/ 42.5 , 92.33, 265.33. gat.eo, 6.050,
1 .710, 857.30, 96.13, 41.33, 320.33/
DATA (OATAPT ( 83,I),I:1,10)/ 39.56, 97.65, 449.03, 960.30, 11.700,
1 .670, 701.00, 90.00, 59.00, 359.00/
DATA(DA TAPT ( 84,I),Iz1,1QI/ 37.75,iOU.03, 787.32, 922.33, 12.700,
1 .593, 523,110, 76.03, 53.00, 232.00/
DATA (DATAPT ( 85,I),I l,10)/ 39.33,101 .72, 111’-.03, 68e.06, 10.300,
1 .600, 423.00, 76.00, 49.00, 205.00/
DATACOATAPT I 86,I),Ia1,10)/ 39.03, 95.68, 267.~~O, 981.40, 12.400,
1 .630, 880.00, 95.00, 56.03, 366.66/
DATA (OATAPT ( 87,I),I:I,10)/ 37.72, 97.33, 403.00, 965.60, 13.700,

1. .640, 777.00, 84.00, 55.00, 266.00/
OATA (DATAPT ( 68,I),I i,I0)/ 39.07, 64.53, 2b5 .01., 981.63, 12.200,
1 .61.0, 992.30, 129.33, 44.00, 309.03/
DATAIDATAPTI 69,I),IzI,IC)/ 38.03, 84.50, 294.10, 978.30, 12.900,
1 .700,1130.J0, 131.00, 47.30, 423.00/
DATAIDATAPT I 90,I),IzI,1D)/ 36.22, 65.50, 145.03, 995.90, 13.100,

1 .680,1395.30, 125.03, 45.30, 379.00/
DATA (OATAPT ( 91,I),Iz1,10)/ 31.32, 92.46, 28.00,1039.90, 16.300,
1 .760,1373.00, 107.0), 69.00, 332.00/
DATAIDATAPT I 92,I),t~~i,1C)/ 30.50, 91.17, 2:.33,l)ij.96, 19.700,
1 .743,1373.30, 107.10, 70.30, 369.00/
DATA IDATA PT I 93,!),Iz1,jG)/ 30.22, 93.22, 3.00,1012.90, 20.200,
1 .780,1405.30, 96.03, 76.00, 507.001
DATAIOATA PT ( 94,I),I 1,10), 30.00, 90.05, 1.03,1013.10, 23.200,
1 .760,141.2.00, 114.011, 69.30, 465.30/

-: DATA (OATAPT ( 95,I),Iz1,10)/ 32.50, 93.77, 77.30,1004.20, 18.800,
1 .690,1136.00, 97.00, 54.00, 315.00/
DATA(OATAPT ( 96,I),I i,I0)/ 46,87, 63.32, I°3.iO, 989.60, 3.800,
1 .710, 910.30, 160.13, 23.00, 215.03/
OA TACDA TA PT ( 97,I),I:1,10I/ 43.68, 70.30, j3,00,1011.O0, 7.200,
1 .710,1036.00, 127.00, 18.00, 312.00/
OATA (DATAPT I 96,I),I*1,10)/ 39.30, 76.63, 45.03,1007.60, 12.800,

1. .650,1026.00, 113.)), 28.00, 466.00/
DATA (DATAPT I 99,!),D1,IC )/ 42.22, 71.12, 192.00, 990.00, 9.300,

• 1 .700,1189.00, 135.00, 19.00, 477.00/
OATA (QATAPTIICO,I),I:I,j0)/ 42.33, 71.38, 5.30,1012.60, 10.700,
1 .630,1380.00, 128.30, 19.03, 434,00/
D*TA (QATAPT(jOj,I),1z1,j0)/ 41.26, 70.38, j3.33,101i.70, 9.700,
I .790,110i.00, 125.0), 21,00, 328.00/
DATA (OATAPTIIO2,I),Iz1,tC)/ 42.45, 73.25, 357.00, 970,10, 7.200.
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I •633,1128.Ou, 152.33, 28.30, 262.03/
DATA (SIATAPTIIC3,I),Iz1,10)/ 42.28, 71.80, 331.00, 976.90, 8.400,
I .665,1149.00, 128.60, 21.30, 334.00/
OAT*IOATAPT IIO 4,I),I=1,10)/ 45.07, 83.45, 213.30, 987.50, 5.601,
I .69j, 731,03, 146.03, 34.~~0, 213..0/
OATAIOATAPT (105,1),I=i,10)/ 42.38, 63.08, 139.00, 990.40, 9.9i~0,1 .670, 786.00, 131.30, 32.00, 204.00/
DATAIOATAPT( 106,I),I=1,10)/ 42.17, 83.53, 193.00, 989.96, 9.500,
I .630, 305.00, 133.3), 33.10, 199.33/
O*TAItIATAPTIIO7,I),I:1.,j0)/ 42.25, 82.92, 217.30, 987.10, 10.000,
I .670, 719.00, 125.00, 33.00, 221.00/
OATAIDATAPT (108,I),I:1,IC)/ 43.35, 33.67, 235.00, 984.80, 6.200,
I .690, 756.00, 132.3), 33.30, 280.03/
OATA (OATAPT (1C9,I1,1=j,jO)/ 42.95, 86.67, 239.00, 984.30, 8.800,
1 .710, 823,00, 145.00, 38.00, 209.00/
OATA (DATAPT (110,I),I:1,10)/ 47.10, 39.57, 35~~.J3, 970.80, 5.900,
1 .7fl, 7Z1.uO, 146.?;, 43.30, 182.00/
(,ATA (OATAPT (jjj,I),I=j,I0)/ 42.73, 85.57, 256.00, 982.30, 8,600,
1 .720, 712,00, 139.00, 34.00, 249,00/
DATAIDATAPT (112,I),IzI,10)/ 46.55, 57,35, 23~~.30, 988.00, 5.900,
1 .733, 783.03, 153.33, 28,30, 259.00/
OATA (’)ATAPT(113,1),I=1,10)/ 43.22, 66.25, 191.00, 990.10, 8.500,

1 .720, 401.30, 143.20, 38.00, 251.00/
OAT* (OATAPTII14.I),Iz1,I0)/ 46.48, 84.37, 223.03, 986.20, 4.401,
1 .760, 635.33, 164 ,33, 32.00, 241.33/
OATA (OATAPT (115,I),I=1,Ic)/ 46.75, 92.17, 435,03, 960.36, 3.706,
1 .690, 767.00, 135.00, 35.00, 262.00/
OATAIDATAPT (116,I),Izt,tC)/ 48.63, 93.43, 359,33, 969.20, 2.500,
1 .650, 652,00, 133,0-3, 31.63, 286.03/
U*TAI~)*TAPT41j7 ,I),T=I,1O)/ 45.01, 93.25, 254.00, 982.30, 6.700,

1 .670, 659.06, 113.03, 36.30, 204.00/
OATA (0ATAPTII1S,I),I=j,I0)/ 44.02, 92.45, 395.03, 965.50, 6.400,

• I .720, 693.06, 117.QiO, 42.uO, 212.00/
DATAIOATAPT (1l9,I),I:1,10)/ 45.57, 94.17, 3j~ .30, 975.10, 5.400,

1 .690, 682.00, 108.0), 36.33, 237.00/
OATA1DATAPT (t2G,I),I~ t,I~.)/ 3Z.33, 93.16, 91+.uO,1302.Z0, 18.300,
I .7k0,1249.C~., 113.-lj, 65.30, 332.33/
(,A7A(DATAPT(121,I),I=1,jQ)/ 32.35, 88.70, 8’3.’J0,j032.9C, 18.100,

1 .720,1310.00, 104.00, 59.00, 427.00/
DATA(DATAPTII22,I),I=1,jC)/ 32.35, 90.85, ?1.33,1004.9G. 18.860,
1 .740,1257.00, 135.3), 62.00, 421.00/
OATA IOATA PT (123,I),I=1,10)/ 38.97, 92.33, 237.00, 985.03, 12,800,

1 .680, 939.00, 107.00, 55.00, 338.00/
DATA (Q*TAPT (124,I),I~ 1,tC.)/ 33.41, 92.33, 27).-)), 963.10, 12.460,

1 .670, 950.03, 115.00, 53.00, 256.33/
DATA (DATAPT (125,I),Iz1,1C)/ 39.03, 94.55, 309.00, 976.50, 12.500,

• 1 .630, 940.30, to~~.ca, 49.00, 262.00/
D*TA (D*TAPT (126,fl,IaI.1Q)/ 39.37~ 94.83, 225.00, 986.40, 13.800,
1 .630, 865.00, 104.05, 49.00, 303.00/
OATAID*TAPT (121,I),I~ 1,1fl)/ 39.75, 94.85, 247.00, 983.70, 12,100,
1 .660, 906.00, 95.00, 56.00, 349.30/
DATA (DATAPT (128,1),I’1,10)/ 37.18, 93.32, 356.30, 967.70, 13.400,

• 1 .670,1308.06, 108.03, 59.00, 476.~ J/• OATA (0ATAPT (~ 29,I),I:1,1O), 45.78,108.50, 1087.00, 887.90, 7.900,
1 .520, 359.00, 95.00, 29.00, 194.00/
O*TA (DATAPT (130,I),I*1,I0)/ 48.26,106.62, 696.30, 933.40, 5.300,

1 .600, 276.00, 69.00, 27.00, 136.00/
OATA (OATAPT (131,I),! 1,10)/ 47.50,111.27, 1116.00, 564.50, 7.200,
1 .530, 351.00, 100.00, 26.00, 201.00/
DAT*IDATAPTII32,I),I:1,10)/ 43.57,139.67, 735.30, 920.10, 5.700,

4 1 .570, 293.00, 86.03, 22.30, 127.30/ -

D*TA (DATAPT (133,I),Iz1,t0)/ 46.56,112.00, 11.67.00, 876.60, 6.200,
1 .550, 269.00, 96.00, 34.00, 120.00/

O A TA 1OA T A P TI i34 , I) , t~~~i , 10) /  48 .20 ,1 14 . 3 2 ,  954.00, 904.00, 5.460,
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1 .65~~, 412.30, 132.30, 24.90, 120.33/
D A T A ( bA T A P T (13 5, I) , I : 1 , 1G ) /  46 . 40 , 1 05 . 8 0 ,  8 0 1 . 0 0 ,  919.10, 7 . 40 0 ,

1 . 580 ,  3 5 4 . 0 0 ,  9 4 . 00 ,  2 8 . 0 0 ,  2 4 8 . 00 ,
DATA (OATAPT (136,I),I 1,1-3)/ 46.87,114.CC, g7!.3~~, 899.93, 6.5CC,
1 .653. 339.03, 124.33, 24.30, 1.6.33/
!3ATA(OATAPT(j37,1),I=1,jC)/ 40.93, 98.35, 561.00, 947.00, 10.1601
1 .6~ 0, 595.30, 68.)), 49.00, 355.00/
DATA (

~
3ATAPT (13 3,I),I I,tU)/ 40.82, 96.68, 359.03, 910.46, 10.603,

1 .643, 677.)~., 94 , j ? ,  46.00,  191.03/
QATA(DATAPT(139,I),I=I,t0)/ 41.00, 96.00, 351.33, 971.50, 11.6CO,
1 .640, 697.30, 96.30, 49.00, 328.00/
DATAIDATAPT (140,I),I:1,tl)/ 42.02, 97.42, 471.30, 957.16, 9.100,
1 .660, 615.00, 87.33, ~~~~~~ 310.30/
DATA (DATAPTI14I,I),I:1,1C)/ kj.jS,100.75, 846.03, 91’~.70, 9.200,
1 .650, 505.06, 83.30, 48.00, 203.00/
DATA (OATAPT (142,I),I:1,10)/ 41.25, 96.00, 295.30, 977.5J, 10.800,

1 .670, 767.30, 1G.~.23, 48.30, 349.20/
DATA (’)ATAPT (j43,I),1 1,1C)/ 41.87,103.61, 1206.30, 875.70, 9.000,

1 .580, 370.00, 84,00, 43.00, 212.00/
OATA (QATAPT(144,I),I 1,IC)/ 42.68,100.52, 759. , 920.80, 8.3CC,
1 .6~~), 45 2.30,  78 .30 ,  4 5.00, 228.06/
DATA (’)ATAPTC145,I),I=1,10)/ 40.83,115.77, 1539.00, 840.20, 7.400,

1 .500, 248.00, 78.33, 21.00, 117.00/
OATA IOATAPT (146,I),I=1,10)/ 39.25,114.88, 1906.J~., 803.00, 6.700,
1 .473, 221.00, 72.03, 32.00, 90.30/
DATA (DATAPT(I47,I),I=l,I0)/ 36.17,115.17, 659.00, 938.10, 15.800,
1 .300, 96.00, 24.00, 15.00, 66.00/
OATA (DATAPT (I48,I),Izi,I0)/ 39.53,119.62, 1342.00, 861.70, 9.700,
1 .510, 183.00, 50.)), 13.00, 133.00/
DATA (DATAPT (il.9,1),I=1,10)/ 40.97,117.75, 1311.uJ, 864.50, 8.800,

1 .480, 215.00, 67.30, 15.00, 73.00/
OATA (DATAPT (15),I),1 1,10)/ 43.22, 71.57, 1j4.)U,103J .53~ 7.600,

1 .633, 919.30, 125.3), 21.30, 257.33/ -

OATA (DATAPT (151,I),I=1,10)/ 44.27, 71.30, 1939.30, 796.20, —2.800,
1 .860,1935.00, 207.00, 16.00, 649.00/
DATA (OATAPT (152,I),1 1,t0)/ 40.73, 74.18, 2..~0,i0I3.O0, 12.200,
1 .633,1053.06, 123.33, 26.00, 301.00/
OATA (OATAPT (153,I),I:I,101/ 40.25, 74.72, 17.00,1011.20, 12.200,
1 .650,1020.00, 122.00, 33.00, 358.00/
DATA (DATAPT (154,I),I:1,I0)/ 35.03,136.63, 1619.30, 835.70, 13.800,

1 .460, 197.00, 57.03, 43.33, 85.90/
DATAIDATAPT (155,I),I=1,10)/ 36.45,103.20, 1515.00, 844.90, 11.560,
1 .520, 404.00, 67.00, 54.30, 197.00/
DATAIDATAPT (J56,I),I=j,I0)/ 36.90,104.45, 1944.00, 801.10, 9.400,
I .420, 375.30, 78.33, 75.30, 303.00/

• DATA IDATAPT (157 ,I),I=1,j0)/ 33.40,104.55, 1101.00, 859.20, 14.700,
1 .500, 295.00, 50.10, 40.00, 103.00/
DATA (OATAPT (156,I),I 1,I0)/ 33.67,134.33, i112..~g, 888.70, 16.260,
1 .543, 269.00., 48.311, 31.00, 165.00/
OATA (DATAPT (159,I),I=I,jO)/ 32.78,108.27, 1638.00, 834.30, 14.600,
1 .390, 273.00, 60.00, 54.00, 114.00/

-
~ 

• DATA (QATAPT (160,I),I*1,IO)/ 42.67, 73.82, 34.0Q,1003.00, 8.700,
- I 1 .693, 547.30, 135.30, 28.00, 228.30/

OATA (OATAPTII6I,I),I=1,10)/ 42.10, 75.92, 485.06, 955.30, 7.800,

1~1 1 .730, 949.00, 163.00, 31.00, 240.00/
p OATA (OATAPT (162,T),I 1,10)/ 42.17, 76.03, 262.30, 961i70, 9.300,

1. .730, 932.00, 151.33, 31.00, 244.00/
• OATA (DATAPTI163,I),I:1,l0)/ 42.87, 78.92, 215.00, 987.20, 8.400,

1 .700, 917.00, 168.00, 30.00, 232.00/
4 DATA (DATAPTII64,I),I=1,j0)/ 40.83, 74.00, 40.63,1008.40, 12.500,

1 .640,1021.06, 12 1.00, 26.00, 428.00/
OATA (OATAPT I165,I),1 1,jO)/ 40.67, 73.67, 4.00,1012.80, 11.700,
1 .660,1055.00, 118.00, 22.00, 442.00/
OAT*IOATAPTII66,I),tzj,10)/ 40.75, 73.37, 3.03,1012.90, 12.400,

- 
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1 .613,1357,30, 12 .32. 24.23, 408.03/
CATA( CATA PT€j67,I),I*1,10)/ 43.20, 71.62, 167.30, 993.00, 6.800,
I .680, 796.06, 154.03, 29.00, 246.00/
OATA (OATAPTI16$,j),Is1,j )/ 43.05, 76.17, 125.33, 998,30, 8.900,

1 .69 , 925.01, 1b7.3 3, 29.~.3, 312.03/OATA (OATAPT (169,I),Izj,jO)/ 35.58, 82.58, 652.30, 937.50, 13.200,
1 .7o0,1143.00, 129.00, 50.00, 287.00/
DATA (OATAPT (170,j),Izj,10)/ 35.23, 75.~~2, 2.30,1013.00, 16.560,
1 .750.1413.22, U3.3-3, 45.00, 372.00/
DATA I QATAPTI17I,I),Izj,tG)/ 35.35, 80.83, 224.00, 986.80, 15.800,
1 .690,1)85.60, 112.00, 42.00, 317.00/
DATA (DATAPT (j72,II,Izl,l0)/ 36.05, 79.53, 273.33, 98a.CC, 14.500,
1 .723.1351.00, 118.33, 47.60, 337.00/
DATA ()AT*PT(j73,1),I~ 1,tG)/ 35.77, 78.65, 132.00, 997.50, 15.100,

1 .710,1351.00, 113.00, 46.00, 329.03/
OATA (OAT*PT(174,I),!zi,10)/ 34.23, 77.92, 9.30,1012.20, 17.600,
1 .743,1361.93, 11.9.113, 4b.~~0, 394.00/DATA (~)ATAPT (j75,j),I~ j,10)/ 46.83,100.80, 502.30, 952.70, 5.200,
1 .640 ,  4 1 0 . 0 0 ,  9 6 .00 ,  3 4 . 0 0 ,  211.00/
DATA (DATAPTI176,I),1 1,I0)/ 46.87, 96.82, 273.00, 97~~.60, 4.906,
1 .683, 498.00, 103.03, 34.00, 239.03/
OATA (OATAPTII77,I),I=1,i0)/ 48.15,103.65, 579.30, 943.70, 4.900,
1 .650, 364,00, 95.00, 26.00, 187.00/
DATA (DATAPT (173,j),1 1,10)/ 41.07, 51.52, 365.30, 969.24, 9.8(0,
1 .7)0, 892.06, 153.33, 4C•~~0~ 290.00/
OATA (DATAPT (j79,I),1 1,i0)/ 39.17, 84.50, 232.00, 985.60, 12.700,
I •690,13i7.0G, 132.00, 50.00, 347.00/
DATA (DATAPT (180,1),t=t,t0)/ 41.53, 51.68, 23~ .)3, 984.70, 9.806,
1 .693, 889,00, 156.30, 36.33, 241.30/
OATA (OATAPT (I5j,I),I=1,IG)/ 39.98, 83.05, 247,30, 983.60, 10.800,
1 .680, 940.00, 136.00, 42.00, 248.00/
OATA (DATAPT(182,I),Izl,l0)/ 39,75, 84.17, 3-33.30, 97?.uO, 11.150,
1 .670, 873.00, 130.03, 4 1.30, 277.00/
OATAIOATAPT (183,I),I=1,I0)/ 40.77, 82.52, 395.00, 966.20, 10.700,
1 .710, 855.00, 140.00, 40.00, 205,00/

— DATA (DATAPT (184,I),1 1,tO)/ 41.67, 33.58, 204.00, 938.63, 9.600,
1 .7)0, 800.00, 136.03, 4C.00, 215.00/
DATA (OATAPT (j85,I),1 1,10)/ 41.08, 80.67, 359.00, 970.20, 9.300,
1 .720, 965.00, 163.00, 36.00, 251.00/
DATA (DATAPT (186,I),1 1,10)/ 35.47, 97.55, 392.00, 967.30, 15.560,
1 .643, 797.30, 82.u), 51.30, 274.00/
DATA (OATAPT (187,I),I=1,10)/ 36.12, 95.97, 198.00, 989.80, 15.700,
I .640, 937.00, 90.00, 53.00, 478.00/
DATA (OATAPT (j83,I),I=1,I0)/ 46.20,123.83, 2.J0,i.J13.-2C, 10.300,
1 .513,1655.00, 199.33, 8.30, 556.00/

• DATA (DATAPT (189,I),I~ 1,10)/ 43.60,119.05, 1265.00, 868.90, 7.800,
1 .560, 300.00, 91.00, 14.00, 146.00/
DATA (DATA PT (190,1) ,1 1,t0)/ 44.05,123.07, 109.00,1003.10, 11.400,

- 

- 
1 .733,1)81.00, 138.03, 5.30, 533.00/
OATA (DATAPTII9I,I),1 1,10)/ 45.52,11 8.43, 1234.00, 871.50, 6.500,

- - 1 .620, 530.00, 146.00, 16.00, 262.00/
DATA (DATAPTI192,I),121,10)/ 42.33,122.87 , 396.J3, 966.30, 11.760,
1 .65), 524.00, 102.03, 8.00, 323.00/
OATA (DATAPT (193,I),1 1,I0)/ 45.67,118 .77, 452.00, 959.70, 11.300,
1 •450, 313.00, 100.00, 10.00, 119.00/
DATA (OATAPT (194,I),Iz1,I0)/ 45.53,122,67, 6.3~i,1~ 12.50, 11.400,j 1 .723, 355.60, 153.00, 7.00, 326,00/
DAT*IDATAPT (195,I),1 1,I0)/ 44.95,1.23.17, 60.00,1006.00, 11.300,
1 .710,1043.00, 150.03, 6.00, 391.00/

4 I OATA (DATAPTI196,I),I~ 1,l0)/ 42,60,123.53, 1169.30, 879.50, 5.700,
1 .673, 934.00, 133.00, 6.30, 612.30/
OATAU3ATAPT(197,I),1=1,I0)/ 40.62, 75.56, 118.00, 999.00, 10.600,

1. .670,1079.30, 124.00, 33.00, 307.00/
OATAIOATAPTII98,I),Is1,I0)/ 42.12, 83.08, 223.33, 966.23, 6.400,
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1 .713, 373.00, 160.33, 39.03, 251.00/
:1 DATA (0ATAPT (~ 99,fl,I~ j,10)/ 40.28, 76.93, 103.00,I000.80, 11.900,

1 .64), 926.00, 125.00, 33.00, 471,00/
— 

OATA (OATAPT (239,I),I=1,IC)/ 40.00, 75.17, 2.311,1013.00, 12,600,
1 .660,1)14.00, 116.33, 27.30, 246.00/
OATA (OATAPT (2C1,I),I=j,j0)/ 43.43, 80.00, 347.30, 971.80, 10.200,

1 .670, 920.00, 153.00, 36.00, 208.00/
QATA (QATAPT (262,I),I’I,iO)/ 40.50, 311.42, 223.00, 985.96, 11.700,
1 .671, 920.OC, 147.03, 36.aO, 225.36/
OATA (OATAPT (203,I),I=I,jU)/ 40.33, 75.92, 81.00,1003.50, I2.t.C0,
1 .730,t352.u0, 122.0), 32.00, 377.00/

• 0*TA (OATAPT(234,X).I=1,10)/ 41.42, 75,67, 253.33, 979.20, 9.70C,
1 .683, 384.00, 143.03, 31.33, 198.00/
DATA (’3ATAPT (205,I),1 1,i0)/ 41.27, 77.05, 160.03, 993.90, 10.260,
I .696,1316.00, 144.00, 34.00, 421.00/
OATA (OATAPT (206,I),Is1,10)/ 41.18, 71.57, 34.30,1309,10, 10.166,
1 .74-3,1)29.00, 111.0-3, 17.30, 292.30/
OATA (0ATAPT (207,I),1~ I,10)/ 41.83, 71.42, 16.33,1011.30, 10.000,
1 .660,1386.00, 125.00, 26.60, 302.00/
DATA (DATAPT (205,I),1 1,10)/ 32.80, 79.97, 12.-J0,1013..80, 18.2CC,
1 .740,1324.00, 115.0), 57.~~3, 692.00/
D*TA (DATAPT (209,I),I=l,10)/ 34.00, 81.00, 65.00,1005.50, 17.505,
1 .720,1176.00, 111.00, 55.G0, 425.00/
OATA (DATAPT (210,I),DI,I0)/ 34.87, 52.42, 292.00, 978.90, 15.930,
1 .633,1238.00, 119.03, 44.00, 296.00/
DATA (OATAPT (211,I),I=1,13)/ 45.47, 98.50, 395.30, 965.50, 6.000,
1 .660, 485.00, 87.00, 37.00, 226.00/
OATA (0*TAPT (212,I),1z1,10)/ 44.3?, 98.20, 393.00, 966.20, 7.100,
1 .660, 494.00, 93.33, 41.00, 211.00/
OATA (OATAPT (213,I),I~ 1,1C)/ 44.10,103.23, 964,30, 901.40, 8.100,
1 .580, 435.00, 95.00, 42.00, 187.00/
OATA (OATAPT (214,I),Iz1,10)/ 43.57, 96.70, 432.00, 961.40, 7.400,
1 .660, 628.00, 94.03, 44.00, 231.00/
QATA (OATAPT (2I5,I),1z1,1Q)/ 36,58, 82.20, 459,00, 959.30, 13.400,
1 .720,1053,00, 134.00, 46.00, 247.00/
OATA (0ATA PI (216,I ),I~ 1,i0)/ 35.03, 85.36, 233.00, 989.20. 15.4CC,
1 .710,1319.00, 121.03, 56.00, 351.30/

• 
- 

OATA (OATAPT (217,X),I=1,10)/ 36.00, 83.95, 299.00, 978.00, 15.400,
1 .710,1173.0 0, 128.00, 48.00, 298.00/
OATA (DATAPT (218,I),Izj,10)/ 35.17, 90.00, 79.30,1003.90, 16.400,
1 .690,1247.30, 107.33, 53.00, 312.00/
DATA(OATAPT (219,I),Izl,10)/ 36.17, 86.83, 180.00, 991.90, 15.200,
1 .710,1168,00, 119.00, 56.00, 354.00/
DAT*(OATAPT (220,I),1 1,1J)/ 36.03, 84.20, 276.00, 980.60, 14.300,
1 .710,1336,00, 129.00, 53.00, 489.00/
OATA (OATAPT (221,I),jzj,10)/ 32.45, 99.75, 544,00, 950.70, 18.100,
1 .550, 599.00, 65.00, 42.00, 335.00/
OATA (OAT*PT(222,1),Isi,j0)/ 35.23,101.83, 1093.33, 889.30, 14.100,
1 .530, 515,00, 68.00, 48.00, 273.00/
OATA (O*TApIL223,I),jzj,1O)/ 30.30, 97.78, 182.30, 992.00, 20.100,
1 .630, 825.00, 82.00, 41.00, 313.00/
OATA (DATAPT (221.,I),Ix1,10 )/ 25.90, 97.50, 6.33,1312.50, 23.200,
1 .730, 637.00, 72.00, 24.00, 489.00/
OATA (OATAPT (225,I),1s1,10)/ 27.78, 97.43, 12.00,1011.80, 22.200, —

1 .750, 725.00, 77.00, 31.00, 516.00/
OATA (DATAPT (226,I),IzI,10)/ 32,75, 97,33, 163.0), 993.50, 18.600,
1 .630, 820.00, 79.00, 45.00, 321.00/

• O*TA(OAT*PT(227,I),IzI,10)/ 32.76, 96.80, 147.00, 996.00, 15.800,
1 .610, 878.00, 80.00, 40.00, 391.00/

4 OATA (OA1 APT (228,I),IBI,10)/ 29.38,100.93, 313.00, 977.10, 21.100,
1 .570, 429.00, 60.00, 34.00, 401.00/
OAT*(QATAPT (229,I),I*1,10)/ 31.75,106.50, 1194.30, 883.60, 17.400,
1 •450, 197.00, 45.00, 36.00, 170.00/
OAT* (DATAPT (23O,I),I~ 1,10)/ 29.28, 94.90, 2.30,1013.00, 21.000,

3.10 
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1 .7904372.30, 96.33, 65.50, 661.03/
0ATAIOATAPT (231,I),I

~ 1,10)/ 29.58, 95.25, 29.30.1309.80, 20.500,
1 .740,1224.36, 108,33, 72.00, 366.00/
OATA (DATAPT(232 ,I),I=1,1~~)/ 29.75. 95.33, .33,11e11.53, 21.1CC,

1 .730,1150.36, 13~~.3, 72.1u, 445.03/
OATA (OATAPT (233,I),I=1,10)/ 29.75, 95.42, 15.00,1011.50, 20.71.0,
1 .720,1167.30, 103.00, 5~j.G0, 567.00/
OATA (O4TAPT (234,I),1 1,10)/ 33.53,101.58, 93Z.3C, 901.00, 15.4r~~,
1 .553, 466.0~~, 6~ .-33, 45.~~G, 225.~.0/OATA (OATAPT(235,I),I=I,jC)/ 32.00,102.15, 869.23, 915.30, 17.700,
1 .530, 343.30, 51,00, 36.00, 196.00/
OATA (QATAPT(236,I),I=1,10)/ 27.83, 97.U3, 5.33,1312.70, 20.360,

— 1 .7~~0,1393.36, 105.0) ,  65.30, 475.30/
OATA (-)ATAPT (237,I),I=1,t0)/ 31.47,100.47, 583. 0, 946,80, 19.000,

1 .540, 445,00, 56.00, 36.00, 234.00/
OAT* (0ATAPT (233,I),I~ 1,i0)/ 29.42, 95.5C, 2’.~ .30, 965.40, 20.406,

1 .630, 702.30, 83..3, 36.30, 401.03/
OATA (D*TAPT (239,I),t=1,Iu)/ 28.82, 97.02, 32.33,1009.rO , 21.200,
1 .710, 871.00, 86.33, 48.00, 369.00/
QATA(OATA PT (21.0,I),I:i,10)/ 31.55, 97.17, j~ 3,j,, 995.30, 19.560,
1 .630, 794.00, 77.39, 4F.00, 381.00/
OATA (0ATAPT (24I,I),I~ i,1C)/ 33,92, 98.56, 333.00, 977.90, 17.800,
1 .530, 691.00, 69.30, 49.00, 306.00/
OATA (OATAPT (242,I),I 1,I0)/ 32.1U, 96.93, 153!.JC, 842.00, 9.6(0,
1 .433, 213.00, 63,).i, 32.30, 66.30/
DATA (OATAPT (243,I),I~ 1,j0)/ 40.75,111.92, 1286.30, 868.00, 10.660,
1 .523, 385,00, 88.00, 35.00, 124.00/
DATA (DATAPT(244,I),I=1,I0)/ 40.75,114.a3, 1291.30, 867.80, 11.260,
I .443, 124.00, 48.0), 29.~~6, 76.30/
DATA (OATAPT (245,I),t=j,10)/ 44.47, 73.23, 101.00,1000.90, 6.900,
1 .660, 827.00, 152.00, 25.00, 293.00/
OATA (OATAPT (246,I),1 1,10)/ 37.43, 79.15, ~~~~~~~ 983.10, 13.500,
1 .670, 972.06, 123.’3, 41.30, 289.00/
DATA(DATAPT (247,I),I=1,10)/ 36,90, 76.30, 7.00,1012.40, 15.200,
1 .700,1135.00, 116.03, 37,00, 349.00/
OATA (DATAPT (248,I),1 1,10)/ 37.57, 77.45, 53...3,1307.30, 14.300,
1 .700,1382.36, 114,33, 37 .30, 479 .uO/
D*TA(0ATAPT (249,I),I~ 1,IC)/ 37.25, 79.97, 350.00, 971.90, 13.300,
1 .640, 991.00, 121.03, 38.00, 232.00/
OATA (DAT*PT(250,I),t=i,10)/ 47,05,122.88, 59.3C,1026.10, 10.100,
1 .770,1289.00, 183.03, 5.CG, 504.60/
OATA (9ATAPT(251,I),t=1,10)/ 47.95,124.55 , 55.60,1006.50, 9.300,
1 .820,2667.00, 216.00, 6.00, 690.00/
OATA (OATAP1 (252,I),Iz1,10)/ 47.58,122.33, 6.33,1.012.50, 11.400,
1 .723, 906.00, 152.0-3, 6.30, 278.03/

• OATA(DATAPT (253,I),I=l,13)/ 47,27,122.50, 122.00, 998.50, 10.600,
I .720, 985.00, 161.00, 8.00, 326.00/
OATA (O*TAPT(254,I),1 1,10)/ 47.67,117.42, 718.30, 928.80, 8.500,

1 .600, 442.00,  115.30, 11.30, 145,00/
OATA (O*TAPT (255,I),1 1,I0)/ 47.27,121.37, 1206.00, 873.40, 4.000,
1 .810,2313.60, 206.00, 7.00, 773.00/

• OAT* (DATAPJ (256,I),I=t,10)/ 48.38,124.73, 31.00,1009.50, 9.600,
• 1 .860,1.973.00, 197.00, 5.00, 573.00/

OATA (O*T*PT 257,1),I=2,10 / 46.08,118.30, 289.00, 978.80, 12.300,
• 1 .550, 407.00, 106.00, 11.00, 149.00/

DATA (D*TAPT (258,I),I=1,I0)/ 46.62,123.56, 321.30, 974.50, 9.900,
1 .590, 203.00, 68.00, 7.00, 106.03/

-~ OATA (O*TApT (259,I),I~1,10)/ 18.48, 66.13, 4.30,1012.80, 25.900,
1 .740,1502.00 , 200.60, - 40.00, 383.00/

4 OATA (0ATAPT 260,I),t21,10)/ 17.40, 83.93, 9.30,1012.20, 27.200,
1 .740,1311.00, 153.33, 4C.00, 8o1.00/
OAT* (OATAPT (26i,I),I

~
1,1C)/ 37.77, 81.23, 763,00, 924.30, 10.500,

1 .740,1.083.00, 164.00, 46.00, 233.00/
D*T*(QATAPT (262,I),I~ 1,10)/ 36.38, 81.67, 236.(Oq 979.20, 12.900,
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1 .733,1035.OC, 149.00, 43.00, 344.00/
DATA (DATAPT 1~~ 3,I),I~ j,I0)/ 38.93, 79.88, 594.00, 9.3.20, 9.860,
1 .740,1098,00, 167.00, 44.00, 236.00/
DATA (OATAPT (2E4,I),T~ 1,13)/ 38.40, 82.43, 252.30, 983.20, 12.900,
I .72~~, 988.06, 146.33, 45.00, 235.03/
OATA (OATAPT(2€5,j),Isl,I0)/ 39.28, 81.55, 187.00, 990.90, 12.600,

1. .700, 976.00, 142.00, 44,00, 306.30/
0ATA (3ATApT 266,I),I~ l,j~ )/ 44.53, 88.00, 23ä.00, 957.60, 6.500,

1 .730, 686.06, 121.02, 35.60, 236.00/
DATA (0ATA~ T(267,I),I=1,t0)/ 43.80, 91.07, 198.06, 959.20, 8.060,
1 .730, 739.00, 111.00, 41.00, 267.00/
DAT4(OATAPT (268,I),I=1,10)/ 43,37, a9.37, 26~ .03, 981.40 , 7.200,
1 .7..j, 168.30, 117.00, 41.30, 278.00/
OATA (OATAPT (269,I),I=1,10)/ 43.05, 87.93, 235.00, 988.30, 7.600,

1 .700, 733.00, 123.30, 36,00, 251.00/
OATA (D*TAPT (270,I),I=1,I0)/ 42.83,106.33, 1627.00, 831.20, 7.400,
1 .530, 285,OC, 92.0), 34.iO, 142.30/
DATA(’)ATAPT (271,I),I=l,10)/ 41.13,104.83, 1867.03, 807.50, 1.700,
1 .470, 372.00, 97.30, 50.00, 136.00/
QATA (OATAPT (272,I),I=1,10)/ 42.82,103.73, 1696.03, 824.30, 6.9CC,
1 .506, 352.00, 72.~,), 32.30, 175.33/
0*TA(OATAPT (273,I),I=1,1t’)/ 44,80,106.95, 1208.30, 874,60, 7.200,
1 .550, 410.00, 108.00, 35.00, 242.00/
OATA (DATAPT (274,I),1 1,10)/ 38.67, 90.25, 163.o3, 993.76, 13.360,

1 .690, 912.00, 109.00, 44 ,30,  231.00/
DATA (DATAPT (275,I),I=1,l0)/ 39.38, 74.45, 20.00,1010.83, 12.100,

1 .700,1155.00, 113.00, 26.00, 332.00/
OATA (D*TAPT (276,I),T=1,10)/ 47.08,122.57, 59.40,1036.10, 15.0CC,
1 .760, 886.50, 165.00, 4.60, 584.00/
OATA (0*TAPT (277,I),I=1,10)/ 39.47,123.75, 229.20, 985.80, 11.700,
1 .810, 965.20,. 89.00, 2.00, 400.00/
OATA (DATAPT (278,I),1 1,I0)/ 37.83,122.47, —25.63,1016.30, 15.000,

1 .760, 442.00, 68.03, 1.80, 320.00/
OATA (DAT*PT(279,I),I=1,10)/ 35.82,120.73, 173.40, 992.70, 15.300,
1 .640, 281.90, 46.00, 1.70, 250.00/-
OATA (OATAPT I28O,I),X I,10)/ 36.68,121.77, 4’3.SC,1020.01, 12.500,
1 •770, 274.30, 59.03, 2.73, 291.30/
OATAIOATAPT (281,I),Xzl,jG)/ 36.00,121.23, 292.60, 978.80, 15.360,
1 .640, 281.90, 50.00, l.T0, 270.00/
OATA (OATAPT (282,I),Izl,I0)/ 33.02,118.56, 4140,1008.30, 14.700,
1 .790, 203.20, 42.0), 1.30, 190.00/
OATA (D*TAPT (283,I),I=1,10)/ 31.55,110.30, 1425.50, 856.70, 16.900,
1 .410, 345.40, 52.00, 55.90, 201.00/
OATA (OATAPT (284,I),Iz1,10)/ 33.47,111.97, 351.33, 969.50, 21.700,
1 •430, 193.00, 34.00, 26.30, 141.00/
DATA (OATAPTE28S,X),I=j,j0)/ 32.87,114.40, 121.90, 999.10, 22.500,
1 .440, 88.90, 15.00, 10.00, 68.00/
OATA (DATAPfl286,Ip,Izj,10)/ 35.28,116.62, 694.63, 934.10, 18.300,
1 •360, 63.50, 30.03, 2.80, 130.00/
OATA (DATAPT(287,I),t=t,IG)/ 37.83,121.28, —22.30,1015.90. 15.800,
1 .640, 340.41,, 55,00, 2.80, 287.00/
OATA (OATAPT I288,I),Izi,t0)/ 38.52,121.40, —13.1~C,1014.e0, 15.600,

• 
- 1 .660, 429.30, 58.03, 5,40, 321.00/
• OATA(OATAPT(289,I) , Iz i ,10)/ 40.27,120.15, 1159.30, 878.00, 10.300,

- - 1 .530, 180.30, 77.00, 14.00, 210.00/
D*TA(OATAPT (290,I),Iz1,10)/ 40.L6,1L2.92, 1310.30, 865.70, 11.100,
1 .500, 160,00, 88.00, 16.70, 124.00/
DATA (DAT*PT(291,I),Iz1,10)/ 38.75,104.78, 1758.70, 819.30, 9.400,
1 .540, 368.30 , 86.00, 51.20, 203.00/
QATA(0ATApT1292,I),Ial,t0)/ 43.17,103.83, 1134.30, 886.60, 9.200,

4 1 .610, 426.7~ , 91.30, 44,30, 170.00/
DATA (OAT*PT(293,I),Izt,10)/ 39.05, 96.75 , 294.10, 978.20, 12.200,
1 .690, 784.90, 96.00, 55.30, 350.00/
O*TA(0*TAPT(294,t ) ,1z 1,tO)/  39.37, 94.90, 233,03, 988.90, 1.2.200,
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1 . 7 13 ,  95 6 . 00 ,  99,~~ ), 5 7 . 60,  2 8 2 .30 /
DATA (OATAP ’T (295,I),I=j,1O)/ 46.08, 94.35, 322.80, 974.03, 5.600,
1 .713, 683.30, 109.00, 33.20, 250.00/
DAT 04TAPT(29o,I),X~ 1,to)/ 37.73, 92.13, 317.63, 915.60, 13.100,
I .t.3~ ,1310.9u, 11...3, 58.13, 350.00/• OATA ()ATAPT (297,I),I=1,10)/ 41.37, 96.33, 296.33, 977.80, 10.800,
I ~~~~~ 706.10, 94.00, 47 . 8 3 ,  300.00/
DATA (OA TA PTtZ 9S,1),I=l,jO)/ 34.63, 98,38, ~~~~~~~ 973.93, 16.400,
I ~~~~~~~ 3 0 5 .26 ,  7~~ .fl, 6~~ .4 0 ,  27 4 .00 /
OATA (O ATAPT(299,I),I:1,j))/ 37.92, 85.97, 188.40, 990.60, 13.600,
1 .713,1130.30, I2 5 .f l f l , 46 .30,  379.00/
OATA(~ ATAPT (3~ 0,I),I~~~,jC)/ 44.05, 75.72, 113.3-i , 99j,83~ 7.260,

1 ,751~, 7 5 1 . 8 0 ,  16~.0), 19.10, 290.03/
CATA (OATAPT (3C1,fl,I=i,IC)/ .2.72, 76,88, 114.90, 999.30, 8,960,
1 .710,1013.50, 154.00, 29.30, 295.00/
0ATA (OATAPT (3C2,I),1~ 1,I0)/ 42.22, 87,82, 183.43, 991.40, 9.4CC,
1 .720, 835.7k, 125.30, 35.86, 291.33/
DATA (OATAPT (303,I),1=1,I3)/ 43.95, 90.73, 223.10, 966.20, 8.100,
1 .710, 749.30, 111.3), 44.10, 267.03/
DATA (OATAPT (304,I),I=1,tO)/ 34.67, 96.68, 167.33, 993.40, 16.100,

1 .693,II55.7G, 122.33, 53.23, 375.13/
DATA (O*TAPT (305,I),t=j,t0)/ 34.63, 92.33, 1j~~.53, 999.50, 16.600,

1 .640,1277.60, 104.30, 56.70, 367.00/
OATA (OATAPT (306,I)4=1,1C)/ 36.67, 87.50, 227.80, 986.20, 14.200,
I .713,1t96.30, 116.30, cz.go, 350.30/
OATA (OATAPT (307,fl,I=I,l’j)/ 31.03, 93.18, 63.90,1005.10, 19.200,

1 .720,1328.40, 99.30, 61.60, 360.00/
DATA (OATAP T (3G8,I),r=1,jQ~ / 31.07, 97.33, 28~ .30, 980.10, 20.000,
1 .633, 678.20, 75.03, 34.2~j, 330.00/ —

CATA (0ATAP1 (3l~9,I),I=j,tQ)/ 31.13, 97.72, 256.90, 983.30, 18.900,
1 .650, 698.50, 75.00. 39.10, 330.00/
0ATA (3ATAPT (3LQ,Z),I~ I,11)/ 29.43, 98.38, 186.50, 991.50, 20.660,
1 .663, 675.66, 80.03, 31.83, 430.00/
D*TA (DATAPT(31j,I),I~ 1,t Q~ / 33.63, 95.45, 135.90, 997.20, 18.100,
1 .650, 934.70, 90.30, 49.40, 395.06/
0ATA (OATAPT (312,1),I~ 1,iG)/ 31.27, 85.72. 5~ .63,1036.90 , 19.2CC,

1 .720,1351 .30,  113.33,  68.60, 395.30/
DATA (OATAPT (3I3,I),t=1,1G)/ 31.35, 85.75, 3~ .10,1 009.20, 19.200,

1 .720,1351.30, 112.00, 68.60, 450.00/
0A14(OATAPT (314,I),1 1,13)/ 30.53, 87.2~~, —3...~,i313.70, 20.300,

1 .730,1356.9k, 116.30, 60.36, 4.37.60/
DATAIDATAPT (315,I),I t,t9)/ 32.35, 85.00, 31.10,1009.50, 18.600,
I •?20,1071.90, 112.00, 54.50, 336.00/
OATA (OATAPT (316,I),1 1,iO)/ 31.83, 81.57, —26.50,1016.40, 16.900,

1 .740 ,1247.1k ,  112.3), 65 . 4 o ,  511.03/

~AT*(’)ATAPT (317,j),t=j,tO)/ 33.62, 84.33, 244 .40 ,  984.50, 16.400,
-
• 

- 1 .693,1234,40, 117.0-3, 50.00, 399.03/
OATA(OATAPTI3IS,I),Iz1,i3)/ 33.92, 80.83, 33.86,1009.20, 18.100,

1 .680,1392.20 , 111.3), 4 8,8 0 ,  42 5. 3 0/
DATA (DATAPT (319,X),1 1,10)/ 39.08, 76.75, 4.60,1012.60, 12.800,
1 .690,1117.60, 114.30, 26.50, 450.00/
DA TA (0ATAPT (320,I ~~,IRI,10)/ 39.47, 76.17, —14.~ G,1014.90, 12.500,

- 
- 

1 .740,1313.56, 115.33, 36.50, 466.30/
DATA (DATAPT(321,I),Iz1,i0)/ 39.38, 76.28, —22.30,1016.00, 12.500,
1 .740,1313.50, 113.00, 3 .50, 466.00/

-
- 

DATA(OATAPT (322,I),1z1,10)/ 35.13, 73.93, 31.1C,1009.50. 16.100,
1 .700,1280.2G , 113.33,  4 5 .50 .  3 66. 03 /
0ATA(D*TAPT (323,I),Iz1,10)/ 37.07, 71.95, 93.90,1002.00, 14.400,
1 .710,1137.90, 120.30, 38.60, 300.00/
0AT4(0ATAPT (324,I ,Izj,1Q~ / 37.13, 76.62, —35 .13,1017.50, 14.700,
1 .630,1067.10, 115.30, 35,41,~ 4~ 0.G0/
DATA (0*TAPT (325,I),I~ 1,j0)/ 38.72, 77.18, —1.0.40,1014.50, 12.500,
1 .730, 929.60, 114.30, 30.60, 462.00/
OATA (DATAPT (326,I),I:1,1CP/ 37.36, 76.63, —27.13,1016.50, 14.760,
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1 .630,1J67.13, 114.30, 35.40, 479.00/
DATA(DATAPT(327,I),I=1,10)/ 42.57, 71.60, 5~~.40,1006.30, 8.600,

1 .670, 937.30, 129.03, 22.50, 334.00/
OATA (0ATAPT (325,1),I=1,1C~ / 40.7~i, 73.38, —1 6.23,1015.20, 10.030,

1 .65j,124Z.IG, 123,33, 31 .u~~, 442.63/
C~ATA(0A TAPT(329 ,I),I~~1 ,IC)/ 40.43, 76.57 , 112.20, 999.70, 11.900,

± .650, 929.60, 130.03, 33.00, 471.00/
DATA (DATAPT(3 30,I),I=1,10)/ 61.17,150.03, 26.30,101G.J0, 1.800,

1. .713, 374.60, 113.03, 1.00, 150.00/
‘3ATA (0ATAPT (33j,!),I~ 1,10)/ 61.17,149.83, 35.00,1006.90, 1.700,
1 .710, 374.30, 1t3.~~0, 1.00, 138.00/
OAT4 (OATAPT(332,I),I=1,10)/ 52.03.131.60, 34. ]C,1039.t0, 7.600,

1 .776,2903.00, 226.33, 2.03, 886.03/
DATA (OATAPT (333,I) ,I=1,10)/ 71.27,156.83, 9.O0,1012.10,—12.600,

1. .790, 124.00, 75.33, .25, 71.00/
OATA (OATAPT (334,I) ,t~ t,10)/ 70.12,143.67, L2.3~~,1311.70,—12.200,
1 .790, 179.00, 91.33, .25, 125,00/
OATA (DATAPT (335,I),I=1,IC)/ 60.82,161.82, 38.0Q,1008.k0, —1.800,
1 .7-93, 402.00, 135.00, 2.00, 148.00/
QATA(0ATAPT (336,I),I~ 1,1O)/ 66.88,151.95, 196.30, 988.20 , —5.900,
1 .670, 360.00, 103.33, 5.uO, 150.00/
OATA (OATAPTI337,I),I=1,j0)/ 64.17,145.92, 386.00, 965.10, —2.500,
1 .710 , 291.00, 93.00, 3.00, 157.00/
DATA (DATAPT (338,I),1 1,j0)/ 55.1.7,162.76, 29.3C,1009.60, 3.300,

1 .860, 844.00, 211.06, .25, 253.00/
OATA (OATAPT(339,I),I=j,jO)/ 64.83,147.83, 133.00, 996.30, —3.500,
1 .660, 285.00, 102.00, 5.00, 157,00/
OATAtOAT*PT (340,I),j=1,10)/ 62.25,145.50, 479.-IC , 953.80, —2.900,
1 .670, 282.00, 68.00, 5.30, 110.00/
OATA (OATAPT (341,I),t=j,jO)/ 59.67,151.62, 19.)3,1010.90, 2.500,
1 .760, 586.00, 141.00, .25, 218.00/
OATA(OATAPT (342,I),I=i,10)/ 59.73,154.92 , 43.33,1006.10, — .100,
1 .750, 586.00, 137.33, .25, 280.30/
0ATA(O~TAPT(343,I),t=1,t3)/ 58.33,134.33, ‘..00,1012.80, 4.600,
1 .790,1389.00, 220.00, .25, 387.00/
DATA(DATAPT (31.4,I),j=1,10)/ 56.67,156,47, 15.0C,1311.40, .700,
1 .730, 502.00, 150.00, 1.00, 185.00/
DATA (OATAPT (345,I),I=1,10)/ 57.82,152,50, 4.00,1012.80, 4.800,
1 .800,1440.00, 186.63, .25, 332.00/
DATA(DATAPT (346,I) ,I~ 1,13)/ 66,85,162.67, 3.00,1012.90, — 6.200,
1 .770, 223.00, 108.30, .25, 132.00/
DATACOATAPT (347,I),I=1,10)/ 62.97,155.67 , 105.00, 999.90, — 3.800,
1 .700, 425.06, 133.00, 7.00, 159.00/
OATA (DATAPT(348,X) ,I=1 ,10)/ 64,53,165,50, 4.03,1312.70, —3.600,
1 .740, 418.00, 125.00, .25, 199.00/

• DATA (DATAPT (349,I),I=j,j3)/ 57.15,170.3 0, 7.00,1012.4.0, 1.400,
1 .900, 623.00, 205.06, .25, 237.00/ -

DATA (OATAPT (350,I),I 1,10), 52.75,174.08, 37.00,1008.60, 3.500,
1 .680, 716.00, 212.03, .25, 221.00/
OATA (0*TAPT(351,I),I=1,jO)/ 63.32,149 .32, 731.00, 923.60, —3.600,
1 .720, 510.00, 138.00, 5.00, 171.00/

- 
- DATA (DATAPT(352,I),I=j,10)/ 62.33,150.15, 105.00,1003.10, .400,
• 1 .710, 727.00, 131.03, 4.00, 303.00/

- 

- 
DATA (OATAPT (353,I),I=1,10)/ 63,87,163.83, 5.00,1012.60, —3.100,
1 .720,- 360.00, 105.00, 2.00, 205.00/
OATA (OATAPT (354,I),Ix1,jO)/ 61.12,146.28, 7.00,1012.40, 1.200,
1 .720,1506.00, 165.00, 2.00, 328.00/
OATA (DATAPTI355,t),1 1,10)/ 59.48,139.82, 9.00,1012.10, 3.800,
1 .820, 824.00, 230.00, 2.00,1115.00/
OAT*(OATAPT (356,I),1z1,1.0)/ 19.70,155.07, 8.00,1012.3U, 23.000,
1 .780,3393.00, 282.00, 9.00,1291.30/
OATA (DATAPT (357 ,I),Iai,13)/ 21.32,157.83, 2.00,1013.00, 24.800,
1 .690, 582.00, 102.00, 8.00, 528.00/
OATA (OATAP TC358,I),1 1,1O)/ 20.93,156.48, 15.33,1011.50, 24.000,
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1 .743, 68.36, 95.u3, 5.30,  347,03/
DATA(OATAPT(359,I),I:1,1:)/ 21.98,159,38, 31.00,1009.60, 23.900,
1 .760,1122,00, 231.-~0, 9.00, 582.00/

I
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INDEX FOR PROGRAM PRED77

- 

- 

p 
ROUTINE PAGE

PRED 77 31
DELTUS 35
PAPAM 38
MODRH 40
FIT 42
VARNCE 43
CNP LXN 44
CRANE 45
SFCG 4$
PROMO 50
WATER 51
OXYGEN 52
ATCOS 53
RAINRT 54
TOPOXY 55
RATTCO 57
REFRAC 59
ER! 61

— 
ERFCI 62
TRUNCN 63
FARM 64
FREQ 64
ESUBS 65
EXTERP 65
RSLMD1 66

-
- 

RSLMD2 66
GAMMA 67
TERP 67
TABLUS 68
TRIPART 72
CLSPT 74
SORT 75
IDBVIP 76
IDCLDP 78
IDLCTN 80
IDPDRV 84
IDPTIP 86
IDIANG 91

• 
IDXCHG 97

BLOCK DATA RMSVAR 98
BLOCK DATA PERCNT 98
BLOCK DATA TABLES 99
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APPENDIX B. FLOW DIAGRAM OF PROGRAM PRED77

STAET 07
P
~~

D77

READ
INPUr
DATA

CALL TAILUS
TO FIND All!
~IE~~~~ DATA

A

I4~D,U • or
)L,

~ 
VALUES < 0.0 T 

N~~
:°A~E STOP

L)
CALL VARN CE

TO FIND THE

CALL TRUEQ4 A O F

our~ur REsux.~s

CALL DELTUS
FOR TEE RAIN
RATE AND ITS
VARIANCE

C

GET METHODS

-~~~ - 
3 6 4

GET METHODS
1 6 2

• -1 J
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STAG OF
TABLUS

TEST TO
SEE IF ALL DATA T RET URN

SPECIFIED

F

CALL TRIPAR~

P0 fliT DATA RETURN

SET UP DATA
= 

- ARRAYS FOR
INT E RPOLATION

INTERPOLATE FOR ANY
UNKNOWN VALUES AND

SET IFLAG IF
- 

- APPROPRIATE

1 118
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STAG 07

11
RETURN

1.1+1

F

T IPLAG(I)

.tc.
F

2 2  2

et c .

STAG OF

CALL PARAM

CALL )~~DRE

DETEREIIIE
VIET

E—1
~~~~

> 
~~ RETURE

I A J
VARIANCE

7

HIGE RANGI T
RAIN RATE

VARiANCE

7

A MID RANGE
RAIN RATE
VARIANCE
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APPENDIX C

SAMPLE INPUT AND OUTPUT FOR PROGRAM FRED77
The data for program PRED77 is read in on three separate

data cards, as discussed in the program listing in Appendix A.
Sample data input cards (with no optional data) for Starkville,

Mississippi , are shown in this appendix , appearing in the
order of their reading. The subsequent output printout from

program PRED77 for this sample input is also shown.
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Il~~II I II
uss,ussasuss,IIsIusss,”s!.sIs!u I,.sfl’assss.sssssss ,,sss ,,s.ssss .s ,ssss ,,s ,,ss
i,,,iIIis...i*...,uu.....I. U.., ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 1 .1 1 1 1 1  $ 1 1  I I I l 1 1 I I I I I I I I , I ,  I I I l i l l I l l  h u l l  1 1 1 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1 1 1 1  I l l I l l I l I l l  S s-I

17271352*21lI1uI *1112*2771l2272 IlIl7hI!IItI ,11Sl1 ,,,,,2,*721211711U12111711 *,ll
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l 3 1 3 3 1 l I S l ) 3 $ 1 1 1 1 2 3 ) 1 $ h I  I11I2II $$ I  1 3 1 3 1 3 1 3 1 1 1 3 1 3 1 8 3 1 1 1 1 3 1 1 1 $ I 1  I31$1)31$$IIII)2

44444444454144444444414114141144,4aa,4,41444444444444u4.4144414441411444 ”14l,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

$ Iu I I $ h I IShulISSl $ 1151515111 1 115151151111115511111 ,shIuIhahas ,IsISsIISSa i ShIS $
sssss ss us ss ssss s sss s s ss s s s ss ssssss s usss ,s a s assssas s ,s ssssss s s s sisssssa s s~.sass
177717 7 7 ) 7 ) 1  1 7 7 7 7 1  711 7 1 7 7 7 7 7 7 7 1 7 7 7 7 1  7 7 7 1 7 7  7 1 7 1 1 7 1 7 1 7 1 7 7 7 1 7 7 7 7 1 7 7 7 1 ) 7 1  7 1 7 1 7 7 1 7 7 7

ss s s SSas s I S S s S s s l s ,s s sSs ,u sSsSs s ssss I s as s ,, s Sal ss ss ssass ss s s ss a s a ss ss sssss iuss a
3
‘‘lUll’ ,S II ISSIISISI IS $I IS ,S IlllS ,S ,,lSlS ,S ,lIls g ,ll hIllISlI U5llSSSSIl 1111111

COLUMNS NAME F ORMAT DESCRIPTION OF INP UT DATA

1-80 STATID 8A10 Station identification
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~3.2? eg.so 100.0 15.0 20.0
~ tis~ s. ,.,.I,....s,..l...... u.lsss -e,*..el.*........... ...... ...... e.. • UII II JIUU••1

ISS IlS SSSSISl l S S ISS lll S IS ISIlSll l IIaII SS ju ISSSSlllS Saul Slu, s ,SaS sal S ls sa S$S Ss, ,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I l S I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 5 1 1 1  lI ~~h 1 l h I l h S h h h l l  S i l l  I h h I l I l l l l l  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $

2 1 1 2 2 2 1 7 3 2 2 2 1 2 2 1 2 2 3 2 3 1 2 1 2 7 2 2 7 2 2 2 2 2 2 1  ~~2I3 3 7 2 7 3 2 2 1 2 7 1 2 1 2 2 2 7 2 1 1 3 2 2 2 7 2 7 2  1211112 ~~2 2 -

IlI lll3111l1 l $ $ 11133 8 2 !1 13 8 13113 1 311131311 I 3131111311313 $ Iuu s IsuIl s IllnllulnhI
- - 144 4 44144444141 4 1 44 44144 4 41444 4 414414144 4 4444414441 4 4444144444444444444414 4 1444
I I A  1 1 1 1 1  S f l U  U U~~U N U I ~U~~a *U $ U $ $ $ U U ~~$ $ $ $ * SU U • N  C...,., US  U

%lh IlSuI 5 l $l I SlSlll 5 IllZllSSuI U lS $ lausSlaI $ hhl$ $ IlSllslslalahulus s lslIsh,,u $s lh

sas i a s asi s sis s s s saasssss s ss isls s sssisssass s s s is s si ss s i ss ssis s s ssssss a s a s a ss a-l .a
I t  I I  I S
7-7 I I ? )  7 1 7 7 7 7 1 7 1 7 7 7 7 7  7 7 7 7 1 7 ) 7 7 ) 7 7 7 7 1 7 1 1 7  7 )777 1 7 7 7 1 7  7) 7-7 7 1 7 7 7  7 7 7 7 1 7 1 7 1 7 7 7 7 7  ‘7 1 1 7 7

i a I sa ss sss llI ss sasa s ss s I $ Ss s a s l S I SuI sa SS li l slII ss ,ss II ,sss a ,,sa s I ,5 ,, hlallaSilsI
I t I I I I I s I u u u . s . s . g u u u U ~~U , a a s a a . s a a a a s U u u e . u . s . . e . . U M s . , . . U, s .s . s . . . , I i . . . n u u .~~.I I , I I e

II IIlSlllS.5lSSSl lISlS ~ S llSSl5 lSSl $ ll55lSIlll ~ S l l S l l S S l I l~ l g IOIl1 IhIlI S Il Il S I 115

COLUMNS NAME F ORMAT 
- 
DESCRIPTION OF INPUT DATA

1-10 XLAT F 10.x Latitude of desired loca tion (D D .MN)

11-20 XZON F10.x 
- 

Longitude of desired location (DD .NM)

21-30 SLAV F1O.x Elevation of desired location in meters

31-40 nO.z Carrier f requency in GHZ

41-50 DIS FlO.: Distance along transmission path in km.

-_

122

— -  - -~~~
-
~~~~~~~~~~~ L~~~r 

- 7 --~~ ---~~~--’



_ _ _ _ _  

-

III.ISISNU

S ill S i ll s 111551 IllIlSIl I llillIll SI IS I IS lii II 111115111 III II 511115 S IIISIIISI S SI1I
1 1 1 1 5 1  I I

h S h I I I h I I I h h I l I I I l I I l I I  I I I  1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 )  S I l l  1 1 1 1 1  h I l l S  1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1

1 I 2 7 2 1 2 2 7 2 2 2 1 1 3 2 2 2 2 1 2 2 7 2 2 2 2 2 2 1 7 2 3 2 2 7 3 7 7 3 7 f l 3 2 2 7 ) 7 2 U 3 , 2 2 7 z 7 3 3 , 2 2 2 1 7 7 ) , , 237,3j)3 ,

13 1 1 1 3 321 31 13 3 13 3 3 81 118$ 1181813111113$33 1 3 1111113 118 33 3 3 113111 1133 $ 113311133331
1 1 4 1 4 4 1 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  ~ 

—

aI S I S I S $ 1 S $ I S $ 1 1 3 1 S 8 5 2 3 1 $ I S I I I I I $ I $ 5 $ 1 3 1 5 1 1 S 1 $ $ S 1 I $ 8 1 $ S S S S S I $ $ S 1 S 5 8 $ 1 1 1 1 1 I S 1 5 I 1 1

Is s a • ssas Sss s $ I S ss • sa s a S S s I S a I s a s s s I s S s I s s u s s s S I S a s s s s s a a s s I S s I S a s s s s S I s S s I I s s s ;  r

7 7 7 ) 1 1 7 7 1 7 7 1 7  1 1 1 1 1 1 1 1 1 1 7 7 )  7~ 1 ) 7 1 7 7 7 1 1 1 ) 1 ) 1 1 ) 7 1 1 1 7 ) 1 ) 7 1 7 1 1 1 1 1 7 ) 1 7 ) 1 1 ) 1 7 ) 7 7 7 ) 1 1 ) 1

2 5I l 5 I I 5 I S 5 I I I S I l l l l S $ I S $ I S s S S I I S S I I S I S I S S I l I l I I S S l S a s s s a s I s I , a s s s s u s s s I , s $ s 5 , s s ~
•ll 1 5151151155511151 S5ll ISi1 ~ S 111 * 551515 IISIIISISS IS 1 1 11 1 5111515155111 1 11551155515
-_ - -_ _ _ _  ___----—-- ---- -----_

COLUMNS NAME FORMAT DESCRIPTION OF INPUT DATA

1-2 lEONE I? Numerical zone identif ier  (Fi gure 1)

11-20 P FlO.z Mean surface pressure in millibars’

21—30 RH Fl0.x Mean surface relative humidity, decimal fraction’
31-40 T F10.x Mean surface temperature in Celsius’

41-50 N F10.x Mean annual precipitation in millimeters’

51—60 D Fl0.x Mean annual precipitation days *

61-70 U F10.x Mean annual thunderstorm days’

71-80 EMAX F1O.x Greatest 30-yr monthly precipitation ()*

‘Speci f ica tion of these data is optiona l (see Section 5 ) .
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~~~~~T1 2199 9908*85 55107,.
2 UT Sail 299 NICUOWITI 1.21* 63 201.0011.
1U? ‘ U.flI 01.01 • 46.941 CLIV .191.118 2919. • 11.111 023 • 21.111 11011 • 2
INPUT I*TISSOLOGIC*0. O STA AS F01.A.OWS.

• ~~~~~ TINT . ~~~ 1~19U 810. (35. .9.1999 N • 9.9993 0 • 9.199 U • 1.191 £1144 • I SIS
0(31*990*193 POINT 1.1(3 II INC CON,. I’.’. 0*11.

.n. ...... ... ....... STA IEUALt .  NISSTflIPPI 0*7* 7”’ •1 ••••

71* PIOSlS1i.ITY NOCITICATION PATIOS . 571. IS 1320.

P7~ W .Itl .91.9 .928 .939 .338 .989 .1.19 .368 .381 .8u5 * 1.194

IINNFIU S • 83.41.8 11.249 75.61.2 97.94* ~1.0.l 28.937 ~I.C97 12.744 1.91$ 4.a~~ 3.181

901(9) • 994.901 641.Sil 911.$73 373.9$. 237.574 142.103 115.174 47.999 6.944 2.520 3.11.4
• 75.189 1.7.499 98.5*4 .9.997 38.829 31.353 08.329 11.259 1.311 3 735 4.733

• $82 211. 117.108 481.879 41’..*..S 336.374 2*2.745 113.1.4 161.101 21.793 7.991 4.19*

*11.891) 101.484 111.139 98.439 *3.467 1.9.654 35 .334 32.91S 32.152 *l..~l1 11.113 5.148

ITT .I3) • IT.111 11.858 22.311 17.331. 11.94* 7.09 5.1*9 3.694 1.925 1.631 1.858

71* 2*01*131.111 1941171C*TION TA CTOS . PT2. IS USCO.

PC? • .310 .515 .025 .339 .11* .055 .110 .231 .935 .1*. 1.350

581151441 • .5-41.5 60.245 76.042 57.8.9 41.142 16.137 21.1.97 1Z .?.. 4.816 ...tS9 3.141

5*889) • 571.957 941.112 317.173 371.99. 137.074 147.343 113.171 47.382 0.448 3.329 1.144

1.7719148) • ‘49.15? 82.548 79.291. 57.939 31.525 U.371 28.329 15.299 1.3*1 9.119 4.733

5*81*17) • 1431.151 1120.491. 993.7*3 179.125 11.5.573 341.21$ 253.514 191.131 Z*.rl3 7.351 4.510

*51.095 • 161.9(9 142.419 *23.911 113.953 91.54? 64.631 52.813 32.132 1..113 IC.l$3 1.1.40

ATT .l3) • 31.1. 17 33.233 29.235 23.623 1’ .126 1.61.4 3.914 3 .438 1.423 1.1.31 1.579

Tilt 511500 1,2 141.275 IT IL. 119131 IS USED.

PC, • .416 .013 .1,25 .03* .030 .361 .110 .330 .343 .952 1.050

91(31/1 *) • 93.459 OT .$49 75.592 47 .642 41.0.2 28.031 21.697 12.7... 1.90* 4.819 3.981
- 
5*59*) • $31.91? 141.512 317.173 3?3.3 * *37.174 147.483 115.171. 47.8(9 9.946 2.538 1.11.4

£TT!tIlO9) • 35.771 49.212 - 44 .344 37.333 ~7.313 15.324 17.232 12.0.4 5.933 
- 

3.327 2.358

V**4*T T) • 4 2.7C4 310.131 362.7C? 233.993 *49 .260 119.155 1(6.220 1.2.793 11.011 2.931. 1.113

ATV.(-I5l — 80.914 91.41$ 73.89? 1.2.24* 43.343 3? ..13 36.721 *0.333 11.472 3.91.2 4.515

6f7 .34)  • 21.813 - 14.152 14.539 *3.074 5.295 4.1.38 7.9*1. 2.373 1.373 .945 .114

Till N!TN00 02 SAT IEST I IT AL. 119711 II USCO.

PC? • .814 .813 .cZl  .901 .194 .956 .191 .203 .936 .995 1.511

52115/NI) • 93.459 91.24$ 18.663 17.4.9 .0.142 34.1.37 20.687 1.2.744 4.ftl 4.934 1.541
5*9(1) • 399.91.7 141.111 917.173 373.140 237.874 147.143 1*8.179 47 .339 5.496 3.92* 1.144

*TTCIIDSI • 44.399 79.719 49.991 34.93? 36.522 23.785 29.1*1 11.272 1.324 3.159 2.338

- I 5*504TH • 1238.94$ 544.422 747.1.1.2 927.749 311.916 253.995 40.9.9 54.646 • 4.929 2.331 1.513

611.0991 • 131.191 131.371 114.739 93.44 9 1.9.46? 49.811 42.311 03.763 .0.093 3.219 4.11$

*11.053 • 39.557 31.481 04.124 18.727 11.919 1.179 4.49? 0.3*9 1.014 .9S4 .754
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