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ABSTRACT

A computer program has been written and applied to investigate

the stochastic distribution of équilibrium temperature as determined
from a standard meteorological data base. The equilibrium
temperature at an air-water interface is the temperature which would
be attained by the surface if the net heat flow through it were zero.
Since it is a basic factor in the prediction -of actual water
temperatures, the distribution of equilibrium temperature, and

hence of water temperature, is an important statistic.

In the process, data from three cities (Fresno, California; Boston,
Massachusetts; and Portland, Oregon) and for several time periods
were compared through use of U.S. Weather Bureau hourly observations
of surface and solar weather data, collected over 10 years. The
conclusions arrived at concern both the use of the data and the
computation of the distribution of equilibrium temperature.

This report was submitted by the Environmental Systems Laboratory of
ESL Incorporated in fulfillment of Contract No. 68-01-0167 under the

sponsorship of the Office of Research and Development, Environmental
Protection Agency. The authors are C. Michael Hogan, Leda C. Patmore, and

Harry Seidman.
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SECTION I
CONCLUSIONS

In this project the Environmental Systems Laboratory of ESL Incorporated
investigated the stochastic distribution of equilibrium temperature

(E) as determined from a standard meteorological data base. In the
process, data from three cities and for several time periods was
compared through use of U.S. Weather Bureau hourly observations of
surface and solar weather data, collected over 10 years. The
conclusions arrived at concern both the use of the data and the
computation of the distribution of E:

1. In attempting to decouple the five basic meteorological variables,
by considering the correlation coefficient of pairs of such variables,
it was found that patterns of strong and weak correlations differed
with the location and time period analyzed. This difference extended
also to the independence of these variables in the sense of their
effect on the computation of E.

2. The distribution of E can be computed by means of a computer
program which reads data from standard U.S. Weather Bureau tapes.
For this computation, a 2-year time span leads to the same general
distribution as a 10-year span.

3. In addition, a method of analytically determining the distribution
of E by decomposing the joint distribution of meteorological variables
into products of Single and pairwise distributions and applying a
change of variables transformation has been initiated and shows
promise of leading to somewhat more general techniques than are
presently available.



SECTION II
RECOMMENDATIONS

The application of the computer programs for the calculation of the
distribution of equilibrium temperature can yield valuable informa- .
tion in three directions. The data bases studied should be expanded
to cover more area geographically (10 years of data from Fresno and
Boston, and 1 year of data from Portland, Oregon were employed in
this study), and temporally (only two midday summer time periods were
studied in detail). Such an extension could lead to a generality

of results in examining the distribution of E in like regions and

seasons (such as Fresno and Phoenix).

A further area of study is the simplification of the joint distribu-
tion of the meteorological variables into products of single and
paired distributions. This procedure was initiated during the
present investigation and shows promise of proving a successful
technique. If so, it would allow a more analytic representation

of the final distribution, thereby requiring a smaller data base to
achieve comparable results.

Along these same lines, a third investigation is appropriate. Since
January 1, 1965, most Weather Bureau stations have been reporting
data at intervals of 3 hours, rather than hourly as in the data

bases already considered. These observations are at 0000 GMT, 0300
GMT, 0600 GMT, etc. The distribution of E computed from hourly 10~
year data should be compared with the distribution which would be
computed based on 3-hourly data by using only the appropriate values
from the l0-year tapes. The results from such an analysis would
provide guidelines for using more current data (and therefore, perhaps,
a larger selection of reporting stations) than has been employed to
date; the set of l0-year hourly tapes represents 1952-1963 at a fixed
number of locations.



In choosing an analytic model for the equilibrium temperature for use
with these procedures, it is recommended that some emphasis be placed
on the development and use of coefficients in the model which are not
based on daily averages. (For instance, the Brunt coefficient is
based on such daily averages and does not appear suitable for all
fanges of E considered in this project.)



SECTION III
INTRODUCTION

The equilibrium temperature at an air-water interface is the
temperature which would be attained by the surface if the net heat
flow through it were zero. The equilibrium temperature itself is
not a directly measurable quantity in natural waters whose tempera-
ture in general varies continually. However, it is a basic factor
in the prediction of actual water temperatures. When assessing the
effects of industrial heated waste water discharges, the more
accurately water temperatures can be predicted, the better the
ecological side effects of such discharges can be determined.

In particular, the distribution of equilibrium temperature, and hence
of water temperature, is an important statistic. While it is useful
to know that a certain heated discharge may raise the mean
‘temperature of the receiving waters a given amount, the variations
from the average are also important.

A stochastic method of calculating the distribution of the equilibrium
temperature, E, is presented here; subsequently a distribution of
water temperature can be computed. A model for the equilibrium
temperature was established and its sensitivity to measurement error
in the meteorological parameters ascertained. From the model and
available meteorological data a program to calculate a distribution
for E was written and applied to analyze several localities and time
pericds.

This section discusses the theoretical outline and procedures
followed in selecting a model, developing a stochastic form of the
model with respect to five important meteorological parameters,
choosing and testing the data base, and computing the distribution of
E. The following Section (IV) presents the results obtained by
applying these procedures.



The Model for the Equilibrium Temperature

From an analysis of heat flow balance at the earth's surface,
illustrated in Figure 1, Edinger and Geyer' have derived an
approximate implicit equation for the equilibrium temperature, E.
This equation has been validated with Lake Colorado City data. This
section presents the equation and discusses the evaluation of E and
the calculation of its sensitivity to changes in meteorological
inputs and to small model changes. A modification used for the
calculation of the heat exchange coefficient, due to Thackston and
Parker?, is presented with the detailed model description in
Section IV,

Parameters of the Model

The basic meteorological parameters of the Edinger and Geyer
formulation are:

T, air temperature (degrees Fahrenheit)

w wind speed (mph)

H incoming short-wave solar radiation (BTU ££72 day_l)
ry relative humidity (percent)

cc cloud cover (tenths of total sky cover)

In addition to these, the extraterrestrial radiation (that

received at the top of the atmosphere) is one of the subsidiary

values required in the calculations. This quantity can be calculated;
however, in the present project it was considered simpler to accept
the values appearing on the U.S. Weather Bureau Solar.Radiation tapes
which comprised part of the data set employed.
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The Equation for E

The equation used for E was:

2 H_-1801 _ e_-C(B) 0.26T

K K K 0.26+R 0.26+f
where
K = 15.7 + (0.26 + B) (a + bw); the exchange coefficient
BTU FT 2 DAY !
H_ = net radiation input (BTU £r~2 day“l)
B characteristics of the curve of water temperature
c(B) | = versus vapor pressure
e, = atmospheric vapor pressure (mm Hg)

Details of the computation are given in Section IV.
Development of a Stochastic Form of the Model

Since the five meteorological parameters upon which E explicitly
depends are stochastic and cannot be predicted with certainty for
future times, it is desirable to formulate the model in such a way

that it directly addresses this stochastic nature of the meteorological
input. Furthermore consideration must be given to the fact that the
meteorological parameters may be interdependent.

A stochastic model was derived through the following process:

(a) Development of a transformation of variables
technique which represents E as a stochastic
parameter which i3 driven by stochastic inputs from
the five meteorological parameters.



{b) Testing the interdependency of the meteorological
parameters.

(c) Development of joint distribution functions which
could be used in calculating the stochastic
distribution of E.

The Data Base and Processing Techniques

Three data bases were employed: 10 years of hourly observations

of all five meteorological variables from both Fresno, California,
and Boston, Massachusetts, and 1 year of all variables except solar
radiation from Portland, Oregon. Two time periods were analyzed

from these data; hours 11-14 and 16-19 for the months of June through
August (the maximally heated portion of the year).

The data was processed

o by calculating interdependences of the meteorological
- parameters using nonparametric correlation tests

° by assembling empirical joint distribution functions
of the meteorological variables

o by calculating the sensitivity of E with respect to
each of the five meteorological parameters

° by performing other joint distribution and sensitivity
' calculations needed to develop a stochastic medel

for E.



The Distribution of E

The distribution of E was exhibited by plotting values of E computed
from the meteorological data base. In addition a semianalytic

joint distribution was selected as a candidate for applications of
the change of variables technique. The final project result is a
computer program that will plot the distribution of E from the data
for any set of standard Weather Bureau surface and solar tapes.



SECTION IV
RESULTS

A stochastic model for the equilibrium temperature has been developed,
computer codes for implementing the stochastic model have been produced-
and the computer codes have been applied to actual data bases to
calculate the stochastic distribution of E.

Development of a Stochastic Model for the Equilibrium Temperature

Three steps were required in development of a stochastic model for E:
development of a technique for relating stochastic E to the meteorologi-
cal joint distributions, testing interdependency of meteorological
parameters, and development of joint distribution functions used in
calculating the stochastic distribution of E. These steps will now be
individually discussed.

Development of a Technique for Relating Stochastic E to Meteorological
Joint Distributions

The equation for equilibrium temperature used in this study was de-
rived by Edinger and Geyer!. The equation was obtained by
performing an analysis of the heat flow balance of the earth's
surface. This equation has been validated using Lake Colorado City
data and is as follows:

2
0.051 EQuir® _  HR -1801 K-15.7 | EA-CBETA 0.26TA
EQUIL + 3 = K + K [0.26+BETA + 0.26+BETA]

10



The parameters of this and other equations are defined in Table

1, and are written in terms of their FORTRAN names. The terms

of this equation that are assumed to be known inputs are the air
temperature, TA, the wind speed, W, the measured incoming short-wave
solar radiation, HS, the extra-terrestrial solar radiation, HSC,

the relative humidity, RH, the cloud cover, CC, and the solar angle,
SA.

Solving this equation for EQUIL one has

1+ J} ‘4. (0.051)[HR-—1801 .\ (K-15.7) (EA-CBETA+0.26TA)]

K X K 0.26+BETA

0.051
2 (%)

EQUIL =

(1)

11



Table 1.

Definition of Parameters

Parameter Definition

TA Air Temperature (degrees Fahrenheit)

W Wind Speed (Miles per Hour)

HS Incomingzshort-wave solar radiation
(BTU Ft™° Dpay-l)

RH Relative Humidity (Percent)

cc Cloud Cover (tenths of total cover)

EA Atmospheric Vapor Pressure (mm Hg)

ES Saturation Vapor Pressure (mm Hg)

BETA Slope of the tangent to the
saturation vapor pressure vs.
temperature curve

CBETA Y intercept of the tangent to the
saturation vapor pressure vs.
temperature curve

SA Solar angle with respect to the
horizon

HSC Extra-terrestrial solar radiation
(BTU Ft~2 day~1l)

A, B Characteristics of the evaporation
formula

HA Long wave atmespheric radiation
(BTU Ft~2 day~l)

HAR Reflecte atmoipheric radiation
(BTU Ft™< day™+)

HSR Reflected Solai radiation
(BTU Ft~2 day™*)

HR Net radiation input (BTU Ft ° day 1)

K Exchange coefficient (BTU Ft™2 day-lﬁ

BC Coefficient of Brunt's formula,

determined by TA and HS

12



Table 1.

~- Continued.

Parameter

Definition

RSR

CAPA, CAPB, CAPD

EQUIL

A1PRME, A2PRME

DA, DS

RG

Reflectivity of short-wave solar
radiation

Intermediate values used in
computer program

Equilibrium Temperature, E
(degrees Fahrenheit)

Transmission coefficients, functions
of optical air mass in and water
content of the atmosphere

Total dust depletion

Total reflectivity of the ground.

13




The net radiation input, HR, is the sum of long wave atmospheric
radiation, HA, and the incoming short wave solar radiation, HS, less
the reflected atmospheric radiation, HAR, and the reflected solar
radiation HSR.

HA 1is calculated as follows:

8 (ta + 460)* (BRUNTC + .031 EA ) (2)

HA = 4.15 x 10
where BRUNTC is dependent upon air temperature, TA, and the ratio of
measured solar radiation to clear sky radiation, HS/HSCl. Clear sky
radiation is calculated according to the following equation?

A2PRME + .5 (1. - A1PRME - DS) - DA

HSC1 = HSC 1 - .5 RG + (1 - AIPRME + DS)

BRUNTC can be obtained from Figure 2. EA is the atmospheric

vapor pressure, depends upon the relative humidity and air
temperature, and is found using Figure 3. In the computer

program the values for BRUNTC and EA are stored in a two-dimensional
array. The actual value needed is found using a routine that performs
a two-dimensional linear fit to the data.

HAR and HSR are calculated as follows:

HAR

.03 HA (3)
HSR = RSR * HS (4)

where RSR is dependent upon the cloud cover and solar angle and

may be found using Figure 4. Once again these values are stored

in the program as a two-dimensional array.

Then

HR = HA - HAR + HS - HSR (5)

14
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The exchange coefficient, K, was linearized by Edinger and Geyer and
defined as follows:

K = 15.7 + (0.26 + BETA) (A + B-W) {6)
where BETA is the slope of a line tangent to the saturated vapor
pressure curve at the equilibrium temperature. An equation that

approximates the saturated vapor pressure curve, ES, was developed
at Vanderbilt University? and is:

ES = 25.4 * EXP [17.62 - 9501/(EQUIL+460)] mm Hg (7)

the slope of the curve at the equilibrium temperature is then

*
Bera = 2324 95015 EXP [17.62 - (Eogigiism] (8)
(EQUIL+460)

Since the equilibrium temperature is not known at this point an
iterative method was used until the percentage change in equilibrium
temperature was less than a preset value, such as 1 percent.

A and B in Equation 6 are empirical values and were found to be
0 and 11.4 respectively in the Lake Colorado City Study.

Equation 1 was broken down into the following steps for the purpose
of the computer program.

CaPA = 0.051/K : (9)

18



cars = - [HR-lBOl , K-15.7 (EA-CBETA+ 0.26TA)]

K K 0.264+BETA (10)
CAPD = JI-4*CAPA*CAPB (11)
EQUIL = (-1 + CAPD)/(2 * CAPA) (12)
where CBETA is the intercept of the tangent line to the saturation
vapor pressure curve and is found as follows:
CBETA = ES - (EQUIL*BETA) (13)

Sensitivity of the Model

It was desirable to investigate the sensitivity of the equilibrium
temperature to the five important meteorological parameters;

1) short-wave solar radiation, 2) air temperature, 3) wind speed,
4) relative humidity, and 5) cloud cover.

This was performed by computing the partial derivatives of inter-
mediate variables (Equations 2 thru 13) and applying the chain rule.
These calculations are given in Table 2.

The partials of BRUNTC, EA, and RSR with respect to the appropriate
meteorological parameters were calculated using numerical
differentiation and stored in two dimensional tables for a table
look-up in the computer program.

It should be noted that if one equation and its partials are changed
there is no need to change any other part of the calculations or
coding.

19



JHAR
dHS

JHAR
oTA

dHAR
oW

Table 2. Equations  Used in the Sensitivity
Analysis

8 9BRUNTC

* (TA + 460)4 *

= 4.15 x 10 515 (14)
= 4.15 x 1078 * [(4 * (TA + 460)3 * (BRUNTC+.031 4[EA) +
P *
(TA+ae0)? » ( BBRUNIC , -031°.5  fEA )] (15)
VEA
= 0 (16)
= 0 (17)
- *
- 4.15 * 10°8 * (TAa+460)% » =031*-5 . -g-% (18)
= ,
= .03 OJHA/JHS (19).
= .03 Q3HA/3TA (20)
= .03 Q3HA/IW (21)

20



Table 2. -~ Continued

%%%5 = .03 3HA/3CC | (22)
%%%§'= .03 9HAR/JRH (23)
%%gﬁ = RSR ’ (24)
%%%3 = 0 (25)
9HSR

S = 0 ‘ ' (26)

dHSR 3RSR

3CC_~  3cC HS 27)
SR _ | | - (28)
SHR _ 9HA _ QHAR _  3HSR (30)
3TA 3TA 3TA 3TA |

21



JdHA

W

Table

dHAR
W

9HAR
aCC

(.26 + BETA) * B

-=- Continued

22
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(32)

(33)

(34)

(35)

(36)

(37)

(38)



Table 2. -- Continued

3CAPA _  -.051 3K/3HS (39)
5HS 3
K
8CAPA _  -.051 O3K/3TA (20)
—TA 3
K
3CAPA _  -.051 O3K/OW (41)
W 3
K
JCAPA _ ~-.051 BK/BCC
scC - 3 (42)
K
9CAPA _  -.051 9K/3RH
SE - 5 (43)
K
oCAPB - - K 3HR/3HS - (Hr - 1801) aK/aHS +
~5is 3
K
K 3K/9HS - (K-15.7) JK/3HS EA - CBETA+.26TA
2 . 26+BETA
K
(44)

23



Table 2. ~- Continued

3CAPB _  _ K 3HR/JTA - (HR-1801) 3K/3TA K-15.7
aTA 2 K
K
JEA 26) K & - (k-15.7) ’k/5TA
3TA " N 3TA : .
.26+BETA 2
K
EA - CBETA+.26TA (45)
.264BETA
9HR
scaps _ K 55 - (HR-1801) 3K/0W .
W <2
- K{3K/3W) - (K-15.7) 3K/3W *
2
X
- [ EA-CBETA+.26TA (46)
.26+BETA
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Table 2. -- Continued

9K
scapB _  _ K 9HR/3CC - (HR-1801) F T .
acC K2
K 3K/3CC - (K-15.7) 3K/3acC
2
K
EA-CBETA + .26TA
. 26+BETA (47)
3CAPB _ _ | K 3HR/3RH - (HR-1801) 3K/JRH +
"ORH Kz
K 9K/9RH - (K-15.7) 3K/3RH EA-CBETA+.26TA (48)
K2 . 26+BETA
AL - =3 * -4 (agggA caps + 2EEE CAPA)
V1.-4.*CAPA*CAPB
(49)
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Table 2. ~= Continued

AEAD - ! *x_4 (————agf;iA caps + 2CEEB CAPA)
v1.-4.*CAPA*CAPB

3CAFD - 3 x4 (BCa:SPA capp + ZCREB CAPA)
V1.-4.*CAPA*CAPB

AL - =2 *-4 (__agggA capp + 22Z8 CAPA)
V1.-4.*CAPA*CAPB

3CATD - X *-4 (aggA capp + 3LRE8 CAPA)
V1.-4.*CAPA*CAPB

3EQUIL _  CAPA JCAPD/JHS - (-1.+CAPD) 3CAPA/3HS

OHS 2 (CAPA)

JEQUIL _  CAPA 3CAPD/3TA - (-1.+CAPD) JCAPA/3TA

ITA 2 (capa) 2
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dEQUIL

- oW

dEQUIL
9CC

JEQUIL
dRH

Table 2. -~ Continued

CAPA J3CAPD/OW - (-1.+CAPD) 3CAPA/3W
2 (CAPA) 2

CAPA JCAPD/OCC - (-1.+CAPD) 3CAPA/3CC

2 (CAPA) 2

CAPA 3CAPD/3RH - (-1.+CAPD) 3CAPA/JRH

2 (CAPA) 2
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Change of Variables Technique for Analytically Determining the

Distribution of the Equilibrium Temperature

From a model equation for E, and the known joint distribution of the
five basic meteorological parameters, the change of variables
technique may be applied to determine the distribution of E. In the
present case, the joint distribution needed is not yet fully specified;
hdwever, one of the tasks of the present project has been to initiate
this specification. The equation for change of variables as applied
to E is presented here to show the use to which the derived distribu-
tion would be put.

Consider the following equation for E which is equivalent to
Equation 1:

[15.7 + .26 (a + bw) ] E + .051 E + (a + bw) ep
= Hr - 1801 + (a + bw) e, + .26 (a + bw) Ta' (59)
Let vy = a + bw, then 59 becomes
[(15.7 + .26 y] E + .051 E® + ey = H_ - 1801 +
ve, + .26yT_ (60)

For simplicity, suppose that y is treated as a discrete random
variable taking on the positive values, Yyr see 0 Yq with the
probabilities Pyr o+ ¢ Py respectively, and that E>0.
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Let fi(E) be defined by

2
fi(E) = (15.7 + .26 yi) E + .051 E™ + Yi ©g’ E>0,
for i =1, ... , n. Since eq is a monotonically increasing function
of E, it follows that fi(E) is monotonically increasing and
therefore invertible. From Equation 60 one has

£,(E) = H_~- 1801 + y, e_ + .26 Y;T_ . (61)

Thus, fi(E) is a random variable whose distribution may be determined
from 61 provided that the joint distribution of (Hr, e
known, or of Hr' e

a’ Ta) is
a’ Ta expressed in terms of other meteorological

variables whose joint distribution is known.
Suppose that for each i, (i=1l, ..., n) we have determined the
distribution density function for fi(E) denoted pfi(y). Then the
conditional density of E given Yy denoted dg ;7

I

satisfies

qE,i(x) = pfi (fi(x)) f{ (x) (62)

where fi denotes the derivative of £,- The unconditioned density
of E, denoted dg» is then given by

n
qg (%) = ) P;dg ; (%) (63)
i=1
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Thus, once the density functions pfi have been obtained, it is
relatively straightforward to obtain the density of E. The
preceding two equations are the master equations for calculating
the distribution of E.

One method of obtaining the density functions Pf; is a change of
variables technique which will now be described. Let S be the set
of points (xl, x2) satisfying.

ilixlf.xl' Ezf_xgixz

Let F be a real valued function defined on S, with the property that for
all points (x, xz), {(z, x2) in 8, if x # z, then F(x, xz) # Flz, xz),
(assumption of a single valued function.) Let Q be the set of all
points (F(xl, xz) such that (xl, x2) belongs to S. Then there

exists a unique function H, defined on 9, such that

y = F(H(y, x,), x,)
for all points (y, xz) in @, and
Range H(., x,) = [%,, §1 ]

for X, < X, < iz' where H(-, xz) is considered a function of the first
coordinate only, with X, fixed. Also, suppose that H is continuously
differentiable; this follows immediately from the implicit function
theorem provided that F is continuously differentiable and
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% 40 ons.S
axl

Let xl, x2 be random variables such that the range of (xl, x2) is
contained in S, and let the random variable Y be defined by the
relation

Y = F(Xl, Xz) .

Let p(xl, xz) be the joint density for (Xl, xz). Then it can be
shown that the joint density for (Y,Xz) is given by

H
9y

qly, x,) = p(H(y, x,); x,) ¢, for (y, x;) € Q

0 otherwise, (64)

The density for Y alone is given by

pY(y) = fﬂ qly, xz) ax, = f

1Y)
Y Y

p(H(y, xz). "2)

(65)

for vy € Range F

= 0 otherwise
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where Qy, for each fixed y, is the set of all points (y, xz) in Q,
i.e., the section of Q consisting of all points in Q whose first
coordinate is vy.

In summary, the above method for determining the distribution density
function of E consists of three parts. First, one determines the
density of fi(E), defined in 61 for i = 1, ..., n; one technique

for doing this is the change of variables technique described above.
Secondly, the conditional density for E, given Y0 is obtained from
62. Thirdly, the unconditioned density for E is obtained by

taking the weighted average of the conditional densities for E,

as indicated by 63.

Testing Interdependency of Meteorological Parameters.

Because E must be calculated using the joint distribution of the five
meteorological parameters, a basic goal is the reduction of that joint
distribution to the simplest possible form -- preferably a form that

. can be treated analytically. Therefore, the interdependency of the
meteorological parameters was tested with a view toward discovering
factorizations that can be made in the total joint distribution
function. Several alternate forms of parameter independence tests
were made. The Spearman rank non-parametric correlation test was
conducted pair-wise upon the meteorological variables. Another non-
parametric dependence test was conducted upon all the meteorological
variables at once. A direct dependence test was conducted by
determining the empirical distribution functions for each single
meteorological parameter and comparing the product of those single
distributions (two, three, and four at a time) with the corresponding
empirical joint distribution. This test provided a direct test of
possible factorization of the joint distribution. Sensitivity analyses
were performed to ascertain the influence of each meteorological
parameter upon E. Finally the sensitivity results were used with
dependence tests to determine whether factorization of the joint
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distribution can be made without sacrifice to the accuracy of
calculating E. The meteorological parameters of the data bases from
Boston, Fresno, and Portland were investigated to determine whether one
or more could be considered essentially a variable uncorrelated with
the other meteorological variables.

.This investigation was carried out for meteorological data from
Fresno, Portland, and Boston (June through August, hours 1100-1400,
1100-1200 and 1600-1900) based upon 2 and 10 years of data. Due to
computer program size limitations data was only sampled, every lst, 3rd,
or 5th point as required to keep the total number of times collected
under 1000. Tables 3 through 5 are the results of computing the
Spearman rank correlation coefficient for all pairs of data in the
tables; their correlations are given in order of increasing
correlation. It is interesting to note that in terms of patterns

of strong and weak correlations, two years of data give essentially
the same result as ten years; in fact, one year may be sufficient

but is probably not a good choice due to the presence of a single
meteorologically deviant year.

The nonparametric correlation coeffic.ent used was the Spearman rank
correlation coefficient.?® The method used for goodness of fit tests
was Kolmogorov Smirnov. Both procedures employed subroutines from the
IBM Scientific Subroutine Package" and are described in more detail in
Appendix A. The goddness of fit tests are described in later pages
and results shown in Table 6.

However, except for the strongest correlation (between temperature
and relative humidity) the results are not general for all localities
and times. In fact, the hoped for conclusion that wind speed is
functionally independent of the other variables, which appears valid
for the midday Fresno and Boston data, does not carry over to the
later period in Fresno, or to Portland.
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Table 3. Spearman Rank Correlation Coefficient For Pairs of
Meteorological Variables; Boston

143

Months 6-8 ‘ 6-8 6-8 6~8 6-8

Hours 11-14 11-14 11-12 16-~-19 16-19

No. of Years 10 2 2 10 2

No. of Points 695 593 297 687 557

Critical rs .07 .08 .11 .07 .08
* * * * *

ry r, r, r, r

1-4  -.12 | 12  -,87 | 1-2 -0 | 1-4 =11 | 1-4  -.14
1-2 .13 1-4 -.16 1-3 -,15 1-5 .29 1-2 .16
1-3 -.22 1-5 £ 22 2-5 .24 2-5 .31 2~4 -.29
2-5 .30 2-5 .26 1-5 .27 4-5 -,33 5-4 -, 29
2-4 ~.35 2-4 -.34 2-4 -.34 2-4 ~.34 2-5 .30
3-5 -.55 3-5 -.50 2-3 -.51 1-3 -.36 1-3 -.34
3-4 .56 3-4 -.54 3-5 -.54 3-5 -.46 3-5 -.44
2-3 -.59 2-3 -.56 3~4 .58 3-4 .52 3-4 .50
5=-4 -.75 5-4 -.63 5-4 -.63 2-3 -.61 2=-3 -.59

*?aris of meteorological variables, arranged in order of increasing correlation. Coding
is: '

’ 1. Wind speed

2. _Temperature

3. Relative humidity

4, Cloud cover

5. Solar radiation

¥_ Spearman rank correlation coefficient. A slash (/) through a value indicates that it
is not significantly different from zero at the 5 percent level.
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Table 4. Spearman Rank Correlation Coefficient For Pairs of
Meteorological Variables; Fresno
Months 6-8 6-8 6-8 6-8 6-8
Hours 11-14 11-14 11-12 16-19 16-19
No. of Years 10 2 2 10 2
No. of Points 708 587 293 699 528
Critical r .07 .08 .11 .07 .08
5 * r * r * r * r * r
s s S s s
1-4 -7 1-5 200 - 09~ -5 -.06" 1-5 .08~
1-2 - 05 3-5 T -4 -.13 -3 .09 1-2 - .05
1-5 =07 | 1-2 -,08 -3 .14 -4 .10 1-4 -.08
3-5 .11 1-4 208 1-4 .15 -2 -.11 2-4 -.09
2-4 -.12 1-3 -. 08" - .21 -4 -.12 1-3 -.13
1-3 .16 2-4 -.12 1-2 -.22 4-5 -.13 5-4 -.13
3-4 .18 3-4 .18 2-5 -.26 3-4 .24 3-4 .21
2-5 -.23 5-4 -.26 5-4 -.28 - .41 2-5 .32
4-5 -.31 2-5 -.43 3-5 -.35 3-5 .41 3-5 .41
2-3 -.54 2-3 -.58 2-3 -.45 2-3 -.55 2-3 -.50

*Pairs of meteorological variables, arranged in order of increasing correlation.

Iy Spearman rank correlation coefficient.

1. Wind speed

2. Temperature

3. Relative humidity
4. Cloud cover

5. Solar radiation

is not significantly different from zero at the 5 percent level.

Coding is:

A slash (/) through a value indicates that it
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Table 5. Spearman Rank Correlation Coefficient For Pairs For
Meteorological Variables; Portland
Months 6-8 . 6-8 1-12 6-8
Hours 11-14 11-12 11-12 16-19
No. of Years 1l 1 1 1l
No. of Points 368 184 730 368
Critical ry .10 .14 .07 .10
* * %*
rS rs * rs rs
1-4 -.25 1-2 J4~ 1-3 -, 05 1-4 -.33
1-2 .27 1-4 -.17 1-2 -, 06" 1-3 -.34
1-3 -.30 1-3 -.23 1-4 .10 1-2 .34
3-4 .51 2-3 ~.49 2-4 -.33 3-4 .61
2-3 -.63 3~4 .52 2-3 -.52 2-4 -.64
2-4 -.63 2-4 -.61 3-4 .52 2-3 -.77

* Pairs of meteorological variables, arranged in order of increasing correlation.

r_ Spearman rank correlation coefficient.

Wind speed
Temperature

Cloud cover

Ul

Solar radiation

Relative humidity

not significantly different from zero at the 5 percent level.

Coding is:

A slash (/) through a value indicates that it is



The above dependence among meteorological variables was also confirmed
by a non-parametric dependence test conducted upon all the five
variables together. Furthermore, attempts to show product factorization
of joint distribution functions for two, three and four meteorological
variables failed to show a satisfactory fit between products of the

single distribution functions and the empirical joint distributions.

A supplementary calculation was carried out to test the hypothesis
that one or more variables was independent in the sense that changing
that variable made the same difference to the equilibrium temperature
calculation if the change was alone or in concert with another
variable. Using a program to calculate E for various inputs, such
variable changes were simulated. The results of this procedure were
essentially the same as the results of the independence tests; no
variables were clearly independent, and no general results appeared for
Boston, Fresno, and Portland. As with the independence tests, Boston
and Portland were more alike than either Boston and Fresno or Portland
and Fresno. For this sensitivity a model and computer code for the
 sensitivity of E to each meteorological variable was used. This model
is described in more detail earlier in this section.

In addition, all variables from the Fresno time windows 1100-1400 and
1600~-1900 were checked for normality; Table 6 shows the results of
this check, which indicates the Gaussian fit is not satisfactory.

On the basis of these results, it was decided to assume that all
variables were correlated to a significant degree in the general

case. At this point, also, the decision was made to perform all
further tests and analyses with the two year data set, at a significant
savings in computer time.
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Table 6. Test of Fit to Normal Distribution for Fresno Data; Two
Year Span, June Through August.
Time Sample No. of Points
Window Meteorological Sample Standard In Sample No. of Points
(Hours) Variable Mean Deviation Statistic In Test ERR*
1600-1900 Wind Speed 7.6 2.7 123 489 .02
Air Temperature | 89.1 8.5 123 489 .05
Relative '
Humidity 30.1 10.3 123 489 .01
Cloud Cover 1.2 2.5 123 489 .0
1100-1400 Wind Speed 4.9 . 123 489 .0
Air Temperature | 88.3 . 123 489 .005
Relative
Humidity 33.0 .2 123 489 17.
Cloud Cover .98 .4 123 489 .0

* ERR = X implies that the hypothesis that the set tested is from a normal probability

density can be rejected with X per cent probability of being incorrect.




Development of Joint Distribution Functions Used in Calculating the
Stochastic Distribution of E

Because of the important dependencies coupling the meteorological
variables the hypothesis was made that most of the dependence is
accounted for by pair wise coupling among the variables. This
hypothesis was successfully tested as described in the following.

2 3 4 5
r,' ' Trg' “ry
probability that variable one w1ll fall in ciass Ty, variable two will

fall in class Ly, etc. The hypothesis that the full distribution can
be approximated by pair wise coupling is then expressed as:

Let us define probablllty Yy = p(x ;X

(xz ) p, (x2 )p3(x )p4(x)p5(x)

Yy = p
17 g

where variable ranges are reported as discrete classes (for ease in
accumulating joint distributions), and

pi(xi) is the probability that variable i is in class x;
pkl(xk' xl) is the joint probability that variables k and 1
are in class X, and 3 respectively

cij = pij(xi, xj) - pi(xi) pi(xj) is the empirical
correction required to simulate the total joint
distribution by product of the single distributions
corrected by pair wise correlations

rn is the wvariable class of variable n.
39



The basic components of this equation are the single variable
probabilities and the cij matrices. The option to compute these
matrices, and to test empirical probabilities against theoretical
distributions, was incorporated into the overall computer program.
Hand calculations to check the validity of the equation were
performed, and the resulting approximations to the joint
probability were, in general, lower than the observed values by
about 30 percent. This is a great improvement over the product of
the single distributions which yields values in error by a factor
of two to ten.

If higher accuracy is required the functional approximations for
triplet distributions can be employed.

Application of the Stochastic Model for E

Figures 5 through 14 are plots of the equilibrium temperature
occurrences for Fresno and Boston, June through August, hours 1100-1400,
1100-1200, and 1600-1900, based on two and ten years of data. The
horizontal scale represents the number of occurrences of each parameter
value on the vertical scale. (In these plots, values near and below
32°F are not correct. This inaccuracy arises from two factors. First,
the model used does not take into account the change in processes
occurring near the freezing point of water. Second, the incoming

long wave radiation used is low due to a low value being obtainea

for the Brunt coefficient. The equilibrium temperature is an artificial
guantity; calculating its values over a few hours based on a
coefficient which was developed from daily averaged data has led to
inaccuracies in the nighttime (or low E)>resu1ts. These two factors,
however, do not affect the accuracy of the midday results; this

accuracy is discussed in a later section.)
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There are four ways in which these plots may be viewed as sources of
information. First, they can supply a value that the equilibrium
temperature can be expected to exceed for any fraction of the time
for the given time window. (or, any other simple statistic may be
computed.) In addition, the horizontal scale divided by the number

of points is the expected probability of occurrence for each value of
E.

Table 7 summarizes the 5 percent level for the plots given. These
values lead to two more analyses: the equivalence of results for
different time periods, and at different geographical locations.

In this case, by inspection of both the plots and Table 7, it can

be seen that two years of data produces essentially the same result’
as ten (at a difference of a factor of five in computer time). And,
in fact, for the 1100-1400 hour period, two hours produce essentially
the same results as four in this respect. However, the results for
Boston and Fresno cannot be interchanged, nor can the two diurnal
time periods for a single location.

Table 7. Level Which Equilibrium Temperature Can be Expected
to Exceed Approximately 5 Percent of the Time
(Degrees Fahrenheit) During June through August
for the Specified Hours.

1100 ~ 1400 1100 - 1200 1600 - 1900

10 yrs | 2 yrs 2 yis 10 yrs |2 yrs
Fresno 126 129 128 100 96
Boston 100 102 102 79 83
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The fourth type of information available concerns the underlying
meteorology causing the particular shape of the E distribution.
Figures 15 through 19 are plots of the five basic meteorological
variables associated with the plots of Fiqure 2; Figures 20 through
24 are the corresponding plots for Figure 8.  The high wind speeds and
low solar radiations of the latter set correlate with the bulge on
the low end of the equilibrium temperature distribution for the
1600-1900 period, a set of circumstances which do not appear during
the 1100-1400 time slot. From the preceding information it seems
reasonable to extrapolate a general procedure for predicting the
distribution of equilibrium tempetature at any site during periods
of maximal heating (or any other time periods). A two-year data
base is sufficient for use with this program, and produces results
in time with the general accuracy of the model and the data, when
compared with a ten-year data set.

This following section discusses in some detail accuracy of the data,
and the sensitivity of the model for E to this accuracy.

Sensitivity of the Model and Accuracy of the Data Base

Sensitivity analysis in the present context implies the ability to
compute partial derivatives of one or more quantities (say,
equilibrium temperature and exchange coefficient) with respect to the
meteorological parameters. The numerical values taken on by these
derivatives for any given example display two important properties

of the model. First, they show which parts of the model itself are
of greatest weight in the determination of the final result. Second,
they exhibit explicitly the effect of errors or inaccuracies in the
basic measurements.
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AR TEMPERATURF FREQUENCY OF OCCURRENCE
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RELATIVE HUMIDITY FREQUENCY OF OCCURRENCE
23.000 66.C00 99.000 132.000 165.000

0......‘.‘*“.‘..‘..".. ..‘...’...'.....*.........0.....

0
.00
. 0
. n 0
. o 0
. 0
- 0 0
. 0
. 0 0
23,4000+ 0 0
. 0
- 00
. o 0
. 0
. 00
. no
. 0
. 0o o
. o]
39,80C0+ 0 0
. n o
. 0
. an
. (1 I
. 0
.00
.00
. 0
.0
56.2NC00
.0
0
0
rl
C
c
0
0
]
72.60000
c
C
0
0
0
r
0
C
c
89.00000
XMIN = 7.0000CE 00 XMAX = 8.90000€ 01
YMIN = 0.0 YMAX = 3,30000E 02
Figure 17. Distribution of Relative Humidity, Percent:;

Fresno, June Through August; 1100-1400; 10
Year Span; 3529 Points

55



CLOUD COVFR FREQUENCY OF NCCURRENCE
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SOLAR RACIATION FREQUENCY DF OCCURRENCE
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WINC SPEEN FREQUENCY OF OCCURRENCE
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AIR TEMPERATURE FREQUENCY OF OCCURRENCE
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RELATIVE HUMIDITY ' FREQUENCY OF QCCURRENCE
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CLNUDd COVER FREQUENCY OF OCCURRENCE
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SOLAR RADIAYICN FRFQUENCY OF OCCURRENCE
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The partial derivatives themselves have been listed above. Note
that they have been formed (and coded) in such a way that they can
be easily changed if any components of the model are changed. That
is, the final partials of E with respect to each meteorological
variable are formed by application of the chain rule; a model

change generally implies the need for only a change to one element
of the chain.

The sensitivity of the model for E to variations in the five basic
meteorological parameters was computed for several ranges of these
parameters. Table 8 summarizes these results for three parameters.
For wind speed and solar radiation however, the sensitivity may be
much greater. Figures 25 and 26 are plots of the sensitivity of E to
wind speed for different values of solar radiation, and to solar
radiation for varying values of wind speed, respectively. (The
remaining parameters are fixed.) Note that although the values along
vertical scale in Figure 23 are small, they represent a change in

E for one BTU ft“2 day-l; variations in this parameter from hour

to hour are reqularly on the order of 1000.

This information may be combined with some assumptions as to the
accuracy of the data to draw quantitative decisions as to the
accuracy of the predictions for E, and the likelihood of bias in the
results.

Table 8. Sensitivity of E to RH, CC, TA

For a change of In The change in E is

Less than or equal to

.1 Cloud Cover (CC) .1°F
13 Relative Humidity (RH) +.8°F
1°F Air Temperature (TA) 1°F
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Cloud cover is reported on the Weather Bureau tapes in tenths of
total sky cover; relative humidity, air temperature and wind speed
in whole (integer) percent, degrees Fahrenheit and knots, respectively,
and solar radiation in tenths of Langleys per hour. One knot is
roughly equivalent to one mile per hour (for the purposes’of this
analysis); one tenth Langley per hour is 8.85 BTU ft-2 day-l.

* A reasonable assumption seems to be that the sky cover, relative
humidity and air temperature are reported fairly accurately;

that the reporting error is less than five units of measurement
(even less for sky cover). This is borne out by data such as the plots
in Figures 15 through 19 and Figures 21 through 24, where there
appears to be no strong preference for any one value over neighbor-
ing values. For wind speed, however, the situation is just the
opposite; Figures 20 and 27-30 exhibit a strong inclination for one
wind speed to be reported in preference to speeds one knot more or
less especially over a two-year period. The error near the most
prevalent wind speed may then be as much as two knots. So far,
then, for wind speeds above 3 mph, the error in E (if the modél is
correct) is less than 5 degrees; for wind speeds less than 3 mph the
error in E depends on the accuracy of the wind speed. Then,
assuming with Edinger and Geyer! that the solar radiation

2 day_lf the

error in E due to inaccuracies in this measurement can be estimated

measurements are accurate to at least 250 BTU ft

as less than four degrees for wind speeds less than 3 miles per hour.

Errors in the data then seem to lead to errors in the calculation

of E of a maximum of 10° and probably much less, except for
inadequately reported low wind speeds. These data errors are of about
the same order of magnitude as the accuracy of the model. Therefore,
the statistical results reported for the distribution of E should be
considered more in the light of the deviation of the 5 percent level
from the mean than in terms of absolute temperature values.
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WIND SPEED FREQUENCY OF OCCURRENCE
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WIND SPEED FREQUENCY OF OCCURRENCE
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APPENDIX A
SOFTWARE DESCRIPTION AND USAGE

Introduction

Five programs were written during the course of this project. Two
were quite large; three were small. In addition, several tapes were
purchased from the Weather Bureau, copied and in some cases
reformatted. This appendix describes the programs and tapes with
the intent of providing the most comprehensive detail possible to a
program user of any level of computer sophistication. All programs

run on an IBM System 360 or 370 with at least two tape drives and a
FORTRAN G compiler.

The largest of the five programs (THERMOS) employs the data from the
tapes to form histograms, plot equilibrium temperature, or per-

form nonparametric independence tests or tests of goodness of fit to
specified distributions. This program (which is most suited to the
batch processing mode) and its subprograms are described below.

A modification of THERMOS which can be used to process the l-year

Portland data is also described in this section.

Following this is a description of the tapes used; their original
format, new format and Job Control Language (JCL). Three types

of Weather Bureau tapes are employed: the Airways Surface
Observation Tapes, Series TDF 14; the Solar Radiation tapes, Series
Hourly 280; and a special tape made from DECK 144 surface observation
cards for Portland, Oregon, 1963. These will be referred to in the
following sections as the surface, solar, and Portland tapes,
respectively.

A description is also given of the short program needed to convert

the solar tapes to a chronological format compatible with the surface
tapes. Included in this appendix is a reproduction of the Weather
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Bureau documentation provided for these tapes, annotated where

necessary to indicate misleading or inaccurate information.

Two small programs, suitable for use at the terminal or in a batch,
are used to compute equilibrium temperature (E) alone, or E and the
sensitivity of E to the basic meteorological variables. These
programs are described following the Weather Bureau documentation.

The THERMOS Program

The THERMOS program picks out a selected subset of the meteorological
variables from the Weather Bureau tapes and processes these data
through one of four options. The main (control program) reads and
synchronizes tape operation, assembles data, and routes control to
the option subroutines. Communications between routines are

provided through labelled and blank COMMON; all input is accomplished
by use of NAMELIST.

The subset of the meteorological variables used in the analysis is
defined by choosing every nth point in a given time window. The
time window consists of a period starting at IYAR and extending

for IYEAR years (all symbols for the THERMOS program are defined

in Table A-4); from MONTH1 to MONTHZ2 within each year, and including
only MHOUR through NHOUR of each day. In certain options this
subset must be chosen in conformance with data storage restrictions.

The five meteorological variables have each been assigned a number

descriptor. The variables, their numbers, and their units are given
in Table A-1.
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Table A-1. Meteorological Variables

1 Wind Speed Knots

2 Temperature (dry bulb) °F

3 ‘Relative Humidity Percent

4 Total Skycover Tenths of Total Cloud
Cover

5 Solar Radiation Tenths of Langleys/
Hour

The options available through this program and their related sub-
routines are given in Table A-2,

Table A-2, Program Options
Option
Number Tasks Component Subroutines
1 Plot Equilibrium Temperature and/or EQSUB, EQPLT,
meteorological variables PPLOT, FBETA,
: TWOFIT BLK DA
2 Compute joint distributions, conditional HIST
probabilities, etc. (Histogram Option)
3 Test pairwise independence of meteoro- INDTST
logical variables
4 | Test single variable goodness of fit to DIST
specified distributions

Each of these subroutines is described in detail in the following
sections. In addition, subroutines from the IBM Scientific Sub-
routine Package have been employed. Table A-3 lists these subroutines
and their associated calling routines of Table A-2,
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Table A-3. IBM Scientific Subroutine Package (SSP)
Routines Employed

CALLING ROUTINE SSP ROUTINE CALLED
INDTST RANK, SRANK, WTEST
DIST KOLMO (modified)

The following subsection describes the major variables and storage
location functions for, first, the program input and second, each
major option. In the next subsection the input method (NAMELIST) is
described and a sample input deck shown. Examples of THERMOS main
'program output and a flow chart are given in the subsections which
follow. Examples of output, flow charts, and possible areas of
modification for the options are included. Listings of the entire
program comprise a subsection to follow. A short description

of the program to process the Portland tapes is given; this program
is a subset of THERMOS.

THERMOS Major Variables and Storage Locations

The important input, output, and temporary storage locations are
listed in Tables A-4 (inputf and A-5 (all other). Each location is
described by its FORTRAN name and DIMENSION and its purpose.
Ordering in the table is in a logical manner within each functional
area; that is, all variables used mainly (or first) in the main
program are given, then all variables for option 1 (E and

- meteorological variable plots) next, etc. Variables appear in
roughly the order in which: a user could be expected to make up
input,. etc.
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Where applicable, a program value is given for each variable; this is
the value which appears in a DATA or other initialization statement.

It is the value which the variable will assume if it is not superseded
by an input value. (Input is all in the NAMELIST format, which implies
that only variables whose value is to be changed from a program or
previous case value need be read in.)

All O characters in variable names are alphabetic (i.e., numeric
zeros are not used in names.) Normal FORTRAN conventions are
followed: variable names beginning with the letters I through N are

fixed-point integers (no decimal point); other variables are not.

a. Every case begins with the characters &TEMPS and ends with an
&END.

All cards must begin in column two and have no imbedded blanks

(blanks within the name of an input quantity).

b. Data for each case are enclosed within the &TEMPS and &END.
Data can be punched in any card column except column oOne.
Data are of two forms:

(1) Variable name = constant. The variable name may be a
subscripted array name or a single variable name. Sub-

scripts must be integer constants.
NHIST(5) = 1, MNTHl = 7, WMULT = 1.15

(2) Array name = set of constants (separated by commas). The
array name is not subscripted. The number of constants

must be less than or equal to the number of elements in

the array.

NHIST = 1, 2, 5, 0, MBASE = 0, 15, 50,
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c. Literal constants must be enclosed in quotes.
HEAD = 'BOSTON TEST',

d. 1Integers (variables whose names begin with I, J, K, L, M,
or N) cannot have decimal points. Real variables (variables
whose names do not begin with I, J, K, L, M, or N) require
decimal points.

e. Namelist cases may be stacked. Namelist variables initialized
in one case hold for all successive cases until they are
changed.

If a program value is given (as in Table A-4) but is
subsequently changed in one case, the variable will not
revert to the program value unless it is reset so in a
succeeding case. '

Figure A-1 is an example THERMOS input deck which will cause the
program to run through all four options (in four cases) for a single
data base. Note that this input makes use of certain assigned program
values which do not have to be read specifically, unless a change

is desired. All THERMOS output examples given in this appendix

were produced using this input, unless otherwise noted.
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Table A-4.

Input Variable Descriptions

Functional
Area

Name
(Dimension)

Program
Value

Description

.

IYAR

IYEAR

MNTH1

MNTH2

MHOUR

NHOUR

NDELT

11

14

Year (-1900) at which data
processing is to start
(i.e., IYAR = 60 for 1960).
If IYAR = 0 processing
starts at the first year
on the surface data tape.

Number of years of data
which are to be extracted
from the tape.

Beginning month in each
year for data extraction.
If MNTH1 = 0, MNTHl is
set = 1.

Last month in each year
for data extraction. If
MNTH2 = 0, MNTH2 is set
= 12.

Beginning hour in the day
for data extraction,

on a 24-hour clock.

(12 o'clock midnight

= 0 hours).

Ending hour in the day
for data extraction, on

a 24-hour clock.

Every NDELTth data point
within the time window
selected is accepted

for the final analysis.
This point is not
necessarily a valid point
(one in which all variables
are present; see option
descriptions). If

NDELT = 0, NDELT is set

= 1, NDELT must be used
for options 3 and 4 in
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Table A-4.

-=- Continued

Functional
Area

Name
{Dimension)

Program
Value

Description

MAIN

ISLST

I0UT

HEAD (20)

ISURF

{blanks)

which actual data, rather
than frequencies of data
occurrences, are saved; this
is discussed further in
the input sections for these
options.

th .
Every IOUT set of input
tape records is written out
exactly as read in, If
I0UT = 0, no such output
is written. This type
of output is primarily
for debug purposes.

Label information which
is output as the first
line of each case. (The
input characters must

‘be enclosed in ! ')

The station number of the
Weather Bureau Station

as on the surface
observations tape. 1If
the tape and NAMELIST
numbers do not match the
run is terminated.

The station number of the
Weather Bureau Station as
on the solar radiation
tape. 1If ISLST = 0, the
solar tape is not required.
If ISLST # 0 and does not
match the corresponding
number on the tape (after
passing any beginning
blank records), the run
is terminated.
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Table A-4.

-~ Continued.

Functional
Area

Name
(Dimension)

Program
Value

Description

PLOT
(IPTN=1)

IPTN

NHIST({(5)

IFLAG

IPLOT(6)

5*0

6*1

Option indicater, as in
Table B-2.

Vector in which meteoro~
logical variables to be
processed for a given run
are specified. If NHIST(l)=
K, variable K of Table B-1l
is included. NHIST(I) = 0
terminates the list. From
1-5 variables may be
chosen, depending on the
option; see descriptions of
separate option inputs for
further information.

If IFLAG = 0, the area in
which the frequency of
occurrence of each value

of each variable is
accumulated is cleared
before use. IFLAG = 1
allows accumulation of this
function over several cases
{in the same run). The
number of data points
printed out for the second,
third, etc. cases is the
number of additional points
not the total number of
points.

if: IPLOT(1l) = 1
plots distribution of
Equilibrium temperature
IPLOT(2) = 1; wind

IPLOT(3) = 1; air
temperature

IPLOT{4) = 1; relative
humidity
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Table A-4.

-=- Continued.

Functional
Area

Name
(Dimension)

Program
Value

Description

[PLOT

NHIST

WSMULT .

HSMULT

TMERR

A, B

A1PRME,
A2PRME

DA, DS

RG

1.15

88.47

.01

0, 1104

.81, .708

.070, 0.

.20

IPLOT(5) = 1; cloud
cover

IPLOT(6) = 1l; solar
radiation

Not used for this
option.

Scale factor for wind speed.
Wind speed must be in miles
per hour for equilibrium
temperature calculation.

If WSMULT = 1, input is in
miles per hour; if WSMULT =
1.15 input is in knots

{(as on surface tapes).

Scale factor for solar
radiation. Solar_yadiation
must be in BTU ft day-l =
for equilibrium temperature
calculation. If HSMULT = 1,
input iﬁ in tenths of

BTU ft™“ day~1l; if HSMULT =
88.47 input is in tenths of
Langleys per hour (as on
the solar radiation tapes).

The equilibrium temperature
is found by an iterative
method that stops when the
change is less than TMERR
times the equilibrium
temperature

Characteristics of the
evaporation formula.

Transmission coefficients,
functions of optical air mass
in and water content of the
atmosphere

Total dust depletion

Total reflectivity of the
ground.
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Table A-4,

-= Continued.

Functional
Area

Name
({Dimension)

Program
Value

Description

HISTOGRAM
DATA, ETC.
(IPTN = 2)

NHIST(5)

MHIST (4)
MBASE (4)

5%0

4*0

From 1 to 4 meteorological
variables may be chosen
for the computation of joint
distribution frequencies,
etc. A variable is chosen
by reading its number

(from Table B-1l) into
NHIST(I), I =1, 2, 3 or 4.
If NHIST(I) = 0, the list
of variables is considered
finished. Even if NHIST(5)
# 0, it is not used.

For each variable selected
in NHIST, the range of that
variable is divided into 9
intervals, or classes, by
the user. For the variable
specified in NHIST(I),
MHIST(I) is the size of the
interval; MBASE(I) is the
value at the beginning of the
first interval. For
instance, an appropriate set
of values for wind speed in
summer-time Boston, if it
were the first variable
chosen would be:

NHIST(l) = 1 (wind speed)

MHIST (1) = 2 (interval size
of 2 knots)

MBASE(1) = 0 (beginning at 0

knots),

which would separate wind
speed occurrences into
distinct classes of 2 knots
each up to 16 knots, and
place all higher speeds

in a single class.
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Table A-4.

-- Continued.

Functional
Value

Name
(Dimension)

Program
Value

Description

INDEPENDENCE
TESTS
(IPTN = 3)

NHIST (5)

NDELT

The classes are used to
accumulate a count of the
frequency of occurrence of
all combinations of the
meteorological variables
selected. It is desirable
to span all possible values
of the variables in as even
a manner as possible; to
avoid having most classes
with little or no
occurrences and one or two
classes into which most of
the data falls. If no
prior knowledge of the data
base being used is available,
it is advisable to plan

on making an initial short.
run when using this option,
after which MHIST and MBASE
may have to be adjusted.
Alternately, option 1 might
be employed to gain the
necessary preliminary
information.

This option computes the
nonparametric Spearman

rank correlation coefficient
for all pairs of the
specified variables.
fore, between 2 and 5
meteorological variables
from Table B-1 must be
chosen in NHIST, as
described in the MAIN
input section

There-

Up to 1000 data points are
saved (a data point for this
option is a combination

of all selected variables

at a single time). NDELT
should be chosen so that

no more than 1000 points in
the time window are included.
It should not be a multiple

. of (NHOUR - MHOUR + 1);
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Table A-4,

~- Continued.

kunctional
Value

Name
{Dimension)

Program

Value Description

TEST OF

FIT TO
DISTRIBUTIONS
(IPTN = 4)

NHIST (5)

NDELT
IINT

such a multiple would tend
to collapse the time
window to 1 or 2 hours.
Slightly more than 1000
points may be allowed for
since the lack of a wvalid
observation of any one
variable deletes that
point. If 1000 points
have been stored before the
end of the time specified,
a message is printed, tape
processing stops, and
independence testing
begins.

5%0 This option tests
distributions of single
variables for goodness of
fit. From 1l to 5
meteorological variables
from Table B-1l must be
chosen in NHIST, as
described in the MAIN
input section.

Up to 1000 values of each
single meteorological
variable are saved. Within
the time window specified,
each NDELTth point is
accepted in the sense that
all observations of the
chosen variables are

used. However, each IINTth
of these points is used for
the sample statistics;

the sample mean and standard
deviation. The remaining
points are stored for the
distribution fit. When 1000
values of any one variable
have been stored before the
time selected is exhausted
a message is printed, tape
processing is stopped, . and
fit testing is begun.
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Table A-4. -= Continued.

Functional Name Program
Area (Dimension) Value Description

(There may be a different
number of points stored
for each variable due to
occurrences of invalid
data.)

Neither IINT nor NDELT
should be a multiple of
{(NHOUR - MHOUR + 1}, or
the time window for either
data selection or sample
statistic calculations, or
both, may collapse to
represent only a subset

of the hours expected in
the distribution.

IDPT (3) IDPT(I) is used to select
the distributions to be
tested. Up to three such
tests may be selected.

If IDPT(I) = 0, testing is
terminated after (I-1)
tests. Otherwise,

IDPT = 1, distribution
is normal
IDPT = 2, distribution is
exponential
IDPT = 5, distribution is

user coded (See
description of
DIST)
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Table A-5.

Other Storage Descriptions

Functional
Area

Name
(Dimension)

Description

MAIN

IKD

IDELT

ICMP

ND

ISOL

NHR

ISTAT

ISY

IMN

KSL

Counter for total number of
acceptable data points.

Counter for accepting every NDELTth
points.

Counter for output of every IOUTth
tape record.

Number of non-zero entries in NHIST.

Index in NHIST of solar radiation
parameter specification; i.e.,
NHIST (ISOL) = 5. Set = 0 if

solar tape ends before surface tape,
or if solar radiation parameter is.
not chosen.

MHOUR + 1
NHOUR + 1

First, ISTAT is the number of the
Weather Bureau Station read from the
surface tape. Later it is the
station number from the solar tape
(if required), on initial read to
check station numbers.

Year read from surface or solar tape
on initial read to find correct
year.

Month read from surface, then solar,
tape on initial read.

Flag to indicate whether surface
and solar tapes are synchronous;
KSL = 0 if they are (after
statement number 85).
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Table A -5, -- Continued.

Functional Name
Area (Dimension) Description

IYUR Last year to be read.

IDATA(4) Identification information from
each surface tape record (only ocne
per day is stored).

IDATA(l) = station number
IDATA(2) = vyear

IDATA(3) = month

IDATA{(4) = day

IDD(8, 24) One full day of selected surface
observation data. For the 1th-
hour,

IDD(1, I) = hour

IbD(2, I)

integer, low order digit
of wind speed

IDD(3, I) = hexadecimal, high
order digit of wind
speed

IDD(4, I) = integer, two low order
digits of dry bulb
temperature

iDD(5, I) = hexadecimal, high order
digit of dry bulb
temperature

IDD(6, I) = integer, 2 low order
digits of relative
humidity

IDD(7, I) = hexadecimal, high
order digit of
relative humidity

IDD(8, I)

cloud cover (hexadecimal),
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Table A -5.

-~ Continued.

Functional
Area

Name
(Dimension)

Description

ISLD(4)

ISLR(4, 16)

Isv(7)

in the units given in Table A-l.
The split of variables into integer
and hexadecimal parts is due to

the Weather Bureau practice of
overpunching some fields so that
they are not directly interpretable
as numbers by FORTRAN. For

further information, see the tape
descriptions, the Weather Bureau
Appendix, and the description

of storage array HEX.

Identification information from each
solar tape record. (Only one per
day is stored). ISLD contains the
same information, in the same order,
as IDATA.

One full day of selected solar
observation data. This data
results from pre-sorting,
translating and extracting data
from the Weather Bureau solar
radiation tapes, as described in

a later section. For each daylight
hour between 0400 and 1900,

ISLR(1l, I) hour

ISLR(2, I)

solar radiation
{(tenths of langleys/
hour)

ISLR(3, I) = solar elevation (degrees)
extra terrestrial

radiation (langleys
per hour)

ISLR(4, I)

Temporary storage for a full set
of values of the meteorological
variables at a given time and for
the two extra variables from the
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-- Continued.

Functional
Area

Name
(Dimension)

Description

KDEX

ITST

ILOC(4)

AST
BL

HEX (10, 3)

XHEX

IND({4)

JHIST (4)

IHIST (10, 10,
10, 10)

solar tape used in the equilibrium
temperature plot option. ISV(I) <
implies no valid reporting of the
variable specified in NHIST(I)

at this time.

Index in ISLR of present hour.

Temporary storage for single
variable being collected.
EQUIVALENT to TST.

List of locations in IDD in which
variable 1 starts.

asterisk
Hexadecimal representa-~
Blank tions of the possible
Weather Bureau codes;
X, +, or \used for translating
non-over-fdata in IDD to integers.
punched
digits

X

Histogram option; if

NHIST({I) = 0, IND(I) 1l

NHIST(I) # 0, IND(I) 10

A set of counters used for limits
of DO Loops.

Histogram option; JHIST(I} is used
to indicate in which class the
current value of the variable
specified in NHIST(I) falls. Class
10 is used for invalid data.

Histogram option. This area is
INTEGER *2 storage, EQUIVALENT
to IZR for ease in clearing.

IHIST (J1, J2, J3, J4) contains
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Table A-5.

~- Continued,

Functional
Area

Name
(Dimension)

Description

PLOT
(FBETA)

X(1000, 5)

KD (5)

KMN (5)

MEAN (5)

MSD(5)

ITSD

™

BETAl

CBETAl

the number of occurrences of a
meteorological set in which the
variable chosen in NHIST(1l) falls
in Class Jl; in NHIST(2) falls

in Class J2, etc. 1Invalid

observations are counted as Class
10.

EQUIVALENT to IHIST. Used for
storage of data in the independence
or distribution test options.

Distribution test; number of
values of each variable saved.

Pistribution test; number of
values of each variable used to
compute sample statistics,

Distribution test; sum of data
values for sample mean.

Distribution test; sum of squares
of data values for sample standard
deviation.

Distribution tests; counter for
IINTth points for sample statistics.

Temperature at which BETAl and
CBETAl are calculated.

Slope of the Saturation Vapor
Pressure Curve at temperature TM.

Intercept of a straight line with
slope BETAl starting on the
Saturation Vapor Pressure Curve at
temperature TM.
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Table A-5.

-- Continued.

Functional Name
Area (Dimension) Description
PLOT YEQ(200) Arrays used for storing the number
(EQSUB) of occurrences of Equilibrium
YW(200) Temperature, wind speed, air
temperature, relative humidity,
YTA(200) cloud cover, and solar radiation
respectively.
YRH(200)
YCC(200)
YHS (200)
W Wind speed converted to miles per
hour
TA Air Temperature (°F)
RH Relative Humidity (Percent)
CcC Cloud Cover (Tenths)
HS Solar radiation converted
to BTU Ft~2 pay~l
SA Solar Elevation (degrees)
HSC Extraterrestrial solar radiation
converted to BTU Ft~2 Day-1l
™ Used to store equilibrium
temperature from previous iteration
and is used in test to determine
if the iterative process can be
ended. First iteration TM = TA.
RATSR Ratio of solar radiation to extra-

terrestrial solar radiation
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Table A-5.

-~ Continued.

Functional Name
Area (Dimension) Description
BC1l Brunt C coefficient calculated
using TA and RATSR
EAl Air vapor pressure calculated
using TA and RH
RSR1 Reflectivity of short-wave solar
radiation
HA Long wave solar radiation
HAR Reflected Atmospheric Radiation
HSR Reflected Solar Radiation
HR Net Radiation Input
K Exchange Coefficient
A, B, D Internal Storage
EQUIL Equilibrium Temperature
PLOT XEQ{(20Q)
(EQPLT)
XwW(200) Arrays containing the values at
which equilibrium temperature, wind
XTA(200) speed, air temperature, relative
humidity, cloud cover and solar
XRH (200) radiation can be plotted,
respectively.
XCC (200)
XHS (200)
YEQ(200)
YW (200)
Arrays containing the number of
YTA (200) occurrences for equilibrium
temperature, wind speed, air
YRH(200) temperature, relative humidity,
cloud cover and solar radiation,
YCC(200) respectively.
YHS (200)
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-= Continued.

Functional Name
Area (Dimension) Description
XMIN, XMAX Minimum and maximum values used for
YMIN, YMAX the plot.
TITLE (20) Storage for headings to be printed
on plots.
MPAGES Input value used for PPLOT.
JOINT IPUT (10, 10, 3) Storage for pairwise distributions;
DISTRIBUTIONS the joint frequencies stored in
(HIST) IHIST are separated into pairwise
frequencies, where the variable
specified in NHIST(1l) is always
the first variable of each pair.
ISV(10) Number of occurrences of data in
each class of variable given in
NHIST(1l).
PMS(10) Sample mean of second variable,
by class.
APUT (10, 10) INPUT, normalized by division by
class mean.
FACT Normalizing factor for APUT.
MAX Used for output of maximum
frequencies.
INDEPENDENCE XR (1000, 5) Temporary storage. The
TESTS meteorclogical variables are
(INDTST) ranked; the vectors of ranks are
stored in XR.
XX (5000) Temporary storage which destroys

the input vector of data. The
meteorological variables must be
reordered into rows for subroutine
WTEST; the new vectors are stored
consecutively in XX. XX is
EQUIVALENT to X.
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Table A-5,

-= Continued.,

Functional Name
Area (Dimension) Description

WORK (2000) Temporary storage required by sub-
routine WTEST.

TAU Correlation coefficient output from
SRANK, WTEST. {See INDTST
discussion.)

SDh Significance parameter output from
SRANK, WTEST. (See INDTST
discussion for details,)

I, 1IJ Indices to run over all pairs of
meteorological variables for
SRANK testing.

DISTRIBUTION SMEAN Sample mean.
FITS
(DIST) SDEV Sample standard deviation.

ISRT Flag for modified KOLMO; if ISRT
# 0, data in X has been sorted
before entry to KOLMO,

Z Output from KOLMO; measure of
goodness of fit. (See DIST
discussion.)

PROB Significance parameter from
KOLMO (See DIST discussion).

IER Error indication from KOLMO.

If IER # 0, SDEV is not entered
correctly for the distribution
chosen, Check IDPT input.

95



96

SENDy | ‘
TIMT=10s IDFT=1s (s
IFTH=4,

SEND) | |
IFTH=2 . .
LTEMPE

SEND
HHIST=25314:5) Oy MHIST=5:5122 100: MBASE=50+ 15y 0> O»

IPTH=2,
LTEMFS

IFTh=1,

LTEMPS T

SENT | —\
N\

T IEURF =147 39 [SLET=047 00, : \
F7PEED='TEST FUM WITH FOSTOM DATAC N\

tTEMPS | N\

0oNDOOOO0ODOROEO0000D0ODEELO0DOO0D00O00OBNNO0OODOPOOCODOGO000NN0O0000B00D08

(RN R ERE
1348 L1 INNNDRB BRI NAANDBHNADRIRBHB SN A AN CABAIRNANT RNHR AN AN RHEETHBIN RTINS
R R R R R AR RRERR RN AR RN R R R R AR R RS R RN

11t orrrrRrITIIIN?IRIIILL22LILY

11 3333333333333733333333333337333133030000Pp33BIIININIIININIINNIIIANINI22D330330)

1444 ll144441444444!‘4!!4(4‘4#44‘45%?"$;$‘!>lllll 4430000400480 0004000004401

585 555555555598 3555855555955855%55353 55 5 5555555595555 9555559559555538553555355

GEEEOEEEoS0OE6 6668605065066 5006C0B6666E4H EE555551455555555555EESEEEESEESSESGEBS

Ty InrnannrinrnINNNNNIIN Y TTJ}J}fJJ?;L}’(JIII111]1711111117717711)777111
Y

llllﬁlIBlllilllllllllllBIB!illlllllfT‘ll!}Ji’Illllllllllll&ﬁ&!&lIlllllllllllalil

915999999999999999899999999999999999399999999999999999999999998993383599993939
K

[LRURPRERINVE RIN NI BRI RN i LI R U TR LR IR PR RTR O NI TR RN VMR TR TR B Y RIN A VY R U AR R R . )]

3999931
IEENENE
? E:

672574 95C

Figure Ai-1. Example THERMOS Input Deck

212212y ?2222222222222222?25222222222121



Flow Charts - Main Program

Three flow charts are given for the main program. Figure A-2 is an
overall flow chart which shows little detail. Figures A-3 and A-4
are more detailed diagrams of the tape reading logic and data
extraction process, respectively. Later sections, describing the

individual options, contain detailed flow charts for each option
subroutine.

In each flow diagram, numbers on the upper left edge of most boxes
correspond to statement numbers in the code. Letter-number pairs

on the upper right edge refer to the figure numbers associated
with the detailed flow charts.

Plot Option

The purpose of this option is to plot the distribution of the
equilibrium temperature, and of the important meteorological
parameters. This option uses five subroutines; EQSUB, TWOFIT,
FBETA, EQPLT, and PPLOT which are described herein.

When the plot option is in effect,EQSUB is called every time a valid
set of values of the first five meteorological parameters is read
from the tapes. A set of meteorological data consists of the wind
speed, air temperature, relative humidity, cloud cover, solar
radiation, solar angle, and extraterrestrial solar radiation. Any
number of sets of data can be plotted.

For plotting, the distributions of the values for the first five
parameters are stored in arrays YW, YTA, YRH, YCC, and YHS (see Table
A-5)., The values are stored in the same units as they are read

off the input tapes with the exception of solar radiation, which is
assumed to be in tenths of units and is converted to whole units.

For the Weather Bureau tapes used during this study the wind speed
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Figure A-2. THERMOS Main Program Flow Chart
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THERMOS Main Program Tape Logic Flow Chart
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is stored in knots, the air temperature in degrees' Fahrenheit, the

relative humidity in percent, the cloud cover in tenths, and the
solar radiation in Langleys per hour.

EQSUB converts the wind speed to miles per hour and the solar
radiation to BTU Ft 2 day”! for internal calculations. This routine
also needs the values for the Brunt coefficient, air vapor pressure,
and the short wave solar reflectivity. These are found using
subroutine TWOFIT which performs a two dimensional linear fit on

a table of values stored in the program.

The slope of the saturated vapor pressure found by calling subroutine
FBETA. A flow chart of FBETA is shown in Figure A-5. These

calculations are made using the equations 8, 9 and 13 of
Section IV,

Subroutine EQSUB then calculates the equilibrium temperature, in
degrees Fahrenheit using equations 2 thru 12 of Section IV. The
model may be modified by changing the equations for the parameters
and replacing the FORTRAN coding for those parameters. For example
it is possible that one might derive a new equation for AA, the long
wave atmospheric radiation. The new equation can be installed without
affecting the rest of the coding. It should also be noted that the

values for A and B in equation 6 can be changed using naﬁeliééhihﬁdt.

The resultant distribution is stored in array YEQ, (see Table A-5), and
each pass through EQSUB updates the proper element in the array.
Figure A-6 is a flow chart of subroutine EQSUB.

After the last set of data is read from the input tapes, subroutine
EQPLT is called to plot the data. The user has the option of plotting
both the distribution of equilibrium temperatures and any or all of the

five meteorological parameters.
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Figure A-5, Flow Chart of Subroutine FBETA
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Figure A-6. Flow Chart of Subroutine EQSUB
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The routine scales the X axis such that it plots from the minimum
equilibrium temperature calculated to the maximum, and between the
minimum value and maximum values found for:the other parameters. The
Y axis is scaled such that the plot can be trimmed to 8-1/2" x 11"
and goes from zero occurances to the maximum number of occurances.

A flow chart of EQPLT is shown in Figure A-7.

Subroutine EQPLT calls subroutine PPLOT to perform the actual
printer plot. A sample set of outputs is shown in Figures A-8

through A-13.

Joint Distribution Option

The joint distribution option processes and outputs the joint
distributions of up to four meteorological variables as stored in
IHIST. Subroutine HIST accomplishes two purposes: it outputs
normalized pairwise distribution matrices, and a sample set of the
maximum frequencies of the variable combinations.

The pairwise matrices are formed by taking all pairs of variables
such that the parameter specified in NHIST(1l) is the first of each
pair. The distribution vector IHIST is split into three (or less)
pairwise distributions in IPUT where, for instance IPUT (I, J, 1)
is the number of times in the data base when variable 1 falls in
class I concurrently with variable 2 falling in class J. (Variable
1l here reflects to the parameter specified in NHIST (1) and may be
any of the meteorological parameters).

IPUT is normalized so that each row adds to 100. (This allows

plotting of pairwise conditional probabilities normalized on the
first parameter.)
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Figure A-7. Flow Chart of Subroutine EQPLT
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Figure A-7.

== Continued
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EQUILIBRIUM TEMPERATURE FREQUENCY OF OGCCURRENCE
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Figure A-9,. Sample Distribution of Wind Speed
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AIR VTEMPERATURE FREQUENCY OF OCCURRENCE
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Figure A-10. Sample Distribution of Air. Temperature
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RELATIVE FUMIDITY FREQUENCY OF OCCURRENCE
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Figure A-1l1. Sample Distribution of Relative Humidity
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CLCUD COVER FREQUENCY OF OCCURRENCE
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Figure A-12. Sample Distribution of Cloud Cover
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SOLAR RADIATICN FREQUENCY OF OCCURRENCE
7.C00 14.000 21.000 28.000 35.000

...0.’.....’...’.....+........."..... ....".........’......

.0 GC
. 0
. ¢] 0
. 0
« G 0
. 0 O
. 0
. 0
. 0O
17.4000+¢ 0 0
. CO
. 0
. 00
. 0 0
. 0
. o]s]
. 0
« C i}
. O
34.8000¢ OC
. 0OC
. o o
L ] D
. ©CO
« CO
. g o
. O
-* 0 0
. o c
52.20C0+ 0 O :
. 0
- 0 0
. 0 0
L ] 00
L 0
. 0 0
. 1] 0
. 0
L U 0
69.6000+ 0 0
. u 0
. o
: 0 0
. 0o
. ) 0
. 0
. 0 O
0 0
c
87.0000+40
Figure A-13. Sample Distribution of Solar Radiation
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The new matrices are output, along with the mean class and the
class distribution, normalizing factors, and column {(class) means
of the second variable of the pair. Following this; the maximum
frequencies of data combinations are output.

Figure A-14 is an example of output from HIST. Figure A-15 is a
flow chart of subroutine HIST.

Goodness of Fit Option.

Subroutine DIST tests the fit of a set of data to the normal,

exponential, or programmer coded distribution. (There are at
present none of the latter).

The data is accumulated in matrix X; each column of X contains the
data for a single meteorological parameter. The sample mean and
standard deviation are computed from a separate data sample, chosen
by means of the input parameter IINT.

The test of goodness of fit is made using a modified version of
subroutine KOLMO from the IBM scientific subroutine package. The
first output from KOLMO is Z; the maximum deviation between the
actual distribution of the data and the theoretical distribution,
times the square root of the number of points input. The second
output is the probability of the statistic being greater than or equal
to Z if the hypothesis that the meteorological variable conforms

to the distribution being tested is true. For example, PROB = 0.05
implies that the hypothesis that the parameter being tested is from
the density under consideration can be rejected with five percent
probability of being incorrect. A third KOLMO output is IERR, which

is non-zero if an input error has been made.
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] TEST RUN WITH BOSTON DATA

NOTE — TENTH HISTOGRAM DIVISION REPAESENTS INVALID OR MISSEING DATA

PRUOCESS FVvERY 1 RFCORDS, FRUOM BASE YEAR 52 FOR 2 YEARS } .
TIME WINEOW IS EROY MONTH 670 MONTH  _ _ SWQUR 1173 HOUR __ 14 e e
2 3 3 5 0 LabT NuMdtR :
S S 2 1) INTERVAL SIZE FOR CLASSES )
50 1s [+] 9 RASE (ZSRO POINT) FOR CLASSES '\CLASS DEFINITIONS
OUTPUT IS EVERY 0 RECIRDS IN WINDOW
YEAR 952 MINTH 7 STATIUN 14739FCUND
YTAR $2 MONTH 1 STATIUN 94TOLFOUND
] ' FREQUENCY TABLES OF CATA 8Y PAIRS T o o
FIRST PARAMETER SPECIFIED IS ALWAYS FIRST PARAMETER OF EACH PAIR, AND EACH CLASS TS A COLUMN
MEAN CLASS NUNMAER FOR PARAMETYER NUMSER 2 1% 6.26 . -
FPREQUENCIES OF JATA IN FACH CLASS ARC . L L e e
' [+} 9 13 T8 113 137 9 99 67 4] \
NWRMALTZIEC NATA 8Y CLASS FOR EACH PAIR FOLLOWS. COLUMN 1D 1S NORMALIZING FACTOR -
%MW 10 IS MEAN (RY CLASS) FN& EACH CJILUMN
-———— TEMP —_—ee - L .
“ = — e L T T et e e
0.9 J.0 0.0 0.0 9.0 190.00 0.0 0.0 0.0 0.01
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4 9% & . _ .} ___. A9 ___ JOINTDISTRIBUTION, BY CLASS, TEMPERATURE
; 9 6 2 12 AND SOLAR RADIATION
9 ) 2 9 o :

Figure A-14.
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INITIALIZE
STORAGE

COMPUTE THREE
PAIRED MATRICES

250 i

COMPUTE AND OUTPUT
MEAN FOR FIRST
PARAMETER

NORMALIZE AND
OUTPUT ITH MATRIX

ALL MATRICES FINISHED? NO i=1+1
QUTPUT MAXIMUM
FREQUENCY JOINT
OCCURRENCES
Figure A-15. Subroutine HIST Flow Chart
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KOLMO has been modified by adding two new variables to the calling
sequence. ISRT, which is set non-zero after the first call to KOLMO
for a given parameter, is a flag to indicate that the parameter has
already been sorted in non-decreasing order. USEDST is the name of

a programmer coded subroutine which computes the cumulative probability
distribution for the theoretical distribution under consideration.
"USEDST is a dummy subroutine at present, but is available for use in
testing other distributions.

Figure A-16 is a sample DIST output. Figure A-17 is a flow chart of
subroutine DIST.

Independence Test Option

In the independence test option, data values are extracted from the
tape and saved in array X. Each variable (as selected in NHIST)

is a column of X. All variables are first ranked (that is, each
data value is replaced by a number specifying its relative pbsition
within the column), The Spearman rank correlation coefficient is
then computed and output for each pair of meteorological variables
chosen for the data base. Following this, the array X is re-
ordered to fit the requirements of subroutine WTEST, which computes
the Kendall coefficient of concordance (a measure of the relation-
ship among all variables). That subroutine is called and the
results output.

All three subroutines (RANK, SRANK, and WTEST) used are part of the
IBM Scientific Subroutine Package'. Subroutine RANK operates on one
vector, representing a single variable, at a time. The vector is
searched for successively larger elements, and ranks assigned
accordingly. If ties occur, they are each given the average rank

of their position in the input.
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TEST RUN WITH BOSTON [ATA

NATE -~ TENTH HISTOGRAM DIVISION REPRESENTS INVALID OR MISSING DATA

dHOUR 1170 HOUR

14

 PROCESS EVERY 1 RECORDS, FROM BASE YEAR 52 FOR 2 YEARS
_TIMF_WINCOW IS FRCM e MONTH 670 _MONTH
Z 3 4 5 0 CODE NUMBERS 1F PARAMETERS
5 5 2 100 INTERVAL SIZE FOR CLASSES
50 15 0 0 BASE (Z5RJ POINT) FOR CLASSES

TAUTPUT 1S EVERY ¢ RECORDS IN WINDOW

'YEAR S22 MONTH® 7 STATIQON

YEAR 52 MONTH 1 STATION

INDICATOH FOR OPTION CHOSEN

MEASURE OF

<

DEV!ATION Z i

PROBABILITY

0 POINTS USED FOR

ST
795 gf

AMPLE STANDARD DEVIATION

_DISTRIBUTION TESTS FOR VARIABLE NUMBER
62 PCINTS USED FOR MEAN
D.528TE 07 SAMFLE MEAN

KOLMO OPTION 1 Z 0.3296€

DISTRIBUTICN TESTS FOR VARIABLE NUMRER
62 POINTS USED FUR MEAN
"+59CIE I1 SAMFLE MEAN

KOLMO JPTION 1 Z Te4203E

_ DISTRIBUTICN TESTS FOR VARIABLE NUMBER
59 POINTS USED FOR MEAN
_ 0.5393F 33 SAMPLE MEAN
XKOLMO DPTION 1 2 0.3364F

__RESULTS FOR

ONE VARIABLE

PROB 1ER O
3 o o
550 POINTS USED FOR TEST
0.1748E 02 SAMPLE STANDAKD OEVIATION
01 PROB 0.0 JER 9
550 POINTS_USED FOR TEST. S
0.3597E O1 SAMPLE STANPARD DEVIATION
Nl PROB 0.0 1ER 0

5
534 POINTS

01 PROSR

USED FOR TEST

C.2120€ 03 S
6.0

AMPLE STANDARD DEVIATION

IER 3

Figure NelG. Sample DIST Output (Test for Fit to Normal and Exponential

Distribution)



COMPUTE SAMPLE
STATISTICS FOR

VARIABLE |

ouTPUT
SAMPLE
STATISTICS

IT=1

TEST FIT OF
VARIABLE | TO
DISTRIBUTION
IDPTOT)

OUTPUT
RESULTS IT=IT+1
OF TEST

ALL TESTS FINISHED? NO

ALL VARIABLES
I=1+1

FINISHED?

Figure A-17. Subroutine DIST Flow Chart
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SRANK tests the correlation between two variables (meteorological
parameters) by means of the Spearman rank correlation coefficients
r.. This coefficient is non-parametric, that is, no assumptions are
made as to the underlying distributions of the variables. The
significance of r, can be obtained by testing the hypothesis that

its value is different from zero. For a large number of observations
N(> 10).

is distributed as Student's t with N-2 degrees of freedom. This value
(t) is output in the program; the probability that the output value

ry is not zero may be determined for a fixed significance level by
referring to Table A-6. A more detailéd explanation of both this

test and the following one may be found in Siegel, Non Parametric

Statistics for the Behavioral Sciences, 1956, pp. 202-223. Table

A-6 is abridged from this source.

Table A-6. Table of Critical Values of t
(N=2) Level of Significance
.20 .10 .05 .02 .01 .001
40 1.303 1.684 2.021 2.423 2.704 3.551
60 1.296 1.671 2.000 2.390 2.660 3.460
120 1.289 1.658 1.980 2.358 2,617 3.373
© 1.282 1.645 1.960 2,326 2.576 3.291

119



Figure A-18 is an example of the output from INDTST, corresponding
to the input of Figure A-1. For the meteorological variables air
temperature (2), relative humidity(3), sky cover(4) and solar
radiation(5), the correlation of all pairs of variables is

computed. The Spearman rank correlation coefficient and the
significance is given for each pair. 'Note that the number of points
used is less then the total possible for this interval; the
independence test option accepts only those time points at which

valid observations are present for all selected variables.

The program also computes the Kendall coefficient of concordance
which tests the degree of association among all the data. In this
case, the significance (the second number in the line of output
marked ALL VARIABLES) is approximately distributed as chi square.
That is, the probability that the correlation is non-zero is the
probability associated with a value of chi square as large

as that output.
This coefficient, as computed by the IBM Scientific Subroutine
WTEST," has not been found to be of importance in the present

project; however, its computation may be meaningful in other
contexts.

Figure A-19 is a flow chart of the INDTST subroutine.

THERMOS Deck Setup

The THERMOS program is run in the OVERLAY mode, since several options
are quite lengthy and since any one case utilizes only one option
(and its assoclated subroutines). There are several ways to arrange
an overlaid deck; the one which has been used for this work is
pictured in Figure A -20.
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TEST RUN WITH BOSTON CATE

NOTE - TENTH HISTOGRAM O1VISION REPRESENTS INVALID OR MISSING DATA

_ PROCESS FVERY 1 RECORDS, FRCM BASE YEAR 52 FOR _ 2 YEARS

6TU MONTH

SHOUR

11TQ _HOUR 14 ; S

TIME WINDOW IS FROM o MONTH
2 3 4 5 0 CODE NUMBERS OF PARAMETERS
5 5 2 100 INTERVAL SIZE FOR CLASSES
50 15 0 0 BASE (ZERQ PDINT) FOR CLASSES

TOUTPUT 1S EVERY J RECORDS IN wINIOW

YEAR 52 MCNTH T STATION 14T39F7UND

YEAR 52 MONTH 7 STATION 94TOLFOUNG
INDEPFNDENCE TESTS. NUMBER OF DATA POINTS IS 593

B VARTABLE NUMBER VS. VARIABLE NUMBER _ RANK CORR. CIEF  SIGNIFICANCE PARAMETER
2 3 -0+53930579E 00 =0.16402451€ 02
2 % ~0.33684438E 00 -0.86971083E 01
o 2 L 5 0.25668406€ 00 0.64564362E 01 e
3 4 0.54044139E 00 0.15615264E 02
~ 3 5 =0.50242078E 00 =0.14126491F 02
4 5 -0.63823086E 00 -0.201543128 02
o 0.947TT6445-01  0.22443346E 03

TALL VARIABLES

Figure A-18.

Sample INDTST Output (Independence Test Option)



OUTPUT PAGE

TITLE
100 l
RANK ALL
DATA VECTORS
(CALL RANK)
150 l
COMPUTE OUTPUT SPEARMAN

RANK CORRELATION COEF-
FICIENT AND SIGNIFICANCE
FOR ALL PAIRS (CALL SRANK)

|

RE-ORDER DATA SO ALL
DATA FOR ONE VARIABLE
IS IN THE SAME ROW

|

COMPUTE AND OUTPUT
KENDALL COEFFICIENT OF
CONCORDANCE AND
CHI-SQUARE (CALL WTEST)

Figure A-19. INDTST Flow Chart
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The program uses one or two Weather Bureau tapes; the Job Control

Language (JCL) of Figure A-20 reflects this. The tapes, including
JCL, are discussed in detail in the next subsection to follow. All
examples given are for the standard IBM Operating System; only the
JOBrcard and tape identifications should be installation dependent.

The PORTP Program

In order to process the Portland tape, a subset of THERMOS, called
PORTP was written. The following are the differences from the
THERMOS program to be found in PORTP:

a. The equilibrium temperature option (IPTN = 1) was removed,
since solar radiation information is not available. If

IPTN = 1 is input, it is changed to IPTN = 2.

b. The tape reads and synchronization were removed, and a single
read statement of the Portland tape format inserted. This
reads one hour's data at a time, in a slightly different
format from the surface tapes.

c. Data decoding reflects the changed format.

d. The HEAD input has been removed; instead the program prints
a notice to differentiate its output from the THERMOS output.

Tapes Used by the THERMOS Program

The THERMOS program, as presently written, uses a specific subset of
the data on two types of U.S. Weather Bureau tapes; the Airways
Surface Observation Tapes, Series TDF 14 and the Solar Radiation
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INPUT DECK (FIGURE B-1)}

HGO.SYSIN DD *

/I VOL=SER=339GY, DSN-THERMSL2, DCB=(RECFM=VBS, LRECL=276, BLKSIZE=B560), LABEL = (250}

//GOFTI3F001 DD UNIT-(TAPE,DEFER), DISP=(OLD, KEEP),

/I DSN=THERM2, DCB=(RECFM=FB, LRECL =495 BLKSIZE=4950

/HGO.FT12F00T DD UNiIT=TAPE, DiSP=(OLD, KEEP), VOL=$ER=345G1,

cot 1
— DIST 7
OVERLAY ONE
INOTST — = o
OVERLAY ONE
y 4 HIST ——
y/ A—
OVERLAY ONE l
== PPLOT EQPLOT -—= _—ﬁ Ii -
OVERLAY ONE |
l | |V
MAIN PROGRAM —= I
rsvysiN_ oD h ! |
1 EXEC FORTGLG, PARM.LKED='OVLY, MAP' i i
TITERM=19 JOB  145-1000, PATMORE, CLASS=F, MSGLEVEL=1, TIME=10, REGION=150K | /
' ‘ b
_Jy

Figure A-20. THERMOS Deck Setup

124




tapes, Hourly 280. These will be referred to as the surface and solar
tapes, respectively. Each tape contains hourly observations spanning
approximately ten years; while a variety of locations are available

in these series only two (Fresno and Boston) were employed for this
project.

The Weather Bureau has published tape descriptions for tape users
which appear later in this document. Here an explanation is given

of the tape formats used to extract the desired data, the necessary
Job Control Language (JCL) for copying the original tapes to

standard label blocked tapes, and, in the case of the solar tapes, the
program needed to reorder the entire tape.

All surface and solar tapes received for this project were unlabelled,
9 track, 800 bpi. The data on the surface tapes is ordered
chronologically; on the solar tapes ten years of data for each month

is given, starting with the first month for which observations are
present.

An additional tape was also received, which contained one year (1963)
of surface data for Portland, Oregon, compiled from Weather Bureau
Deck 144 cards. This tape was labelled, 9 track, 800 bpi. Tape
format and JCL are described here; the Weather Bureau documentation
for DECK 144 follows. The data on the tape may be processed with the
PORTP program described previously.

Surface Tapes

The surface tapes can be copied and reblocked using the IBM utility
package IEBGENER and the JCL shown in Figure A-21. (The reblocking
is not necessary, but economical.) In the figure, SYSUT1 is the
input tape; the false volume serial number is a convenience. SYSUT2
is the output tape; note that the tape specifications correspond to
those in Figure A-20, FT12F00l1, except that the new tape number is
added to the latter.
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The data on the surface tapes contains X-overpunches to indicate
various extra pieces of information (such as negative readings).
Columns coded in this way are not directly readable as numbers by
FORTRAN; the conversion process is cumbersome and time consuming.
However, given the choice between preprocessing the tapes or using
them as is, it was decided to use them as received. This means that
other surface tapes, from other locations can be used in this program
without modification. If much processing of this type is to be

done, however, reformatting (and the consequent change to THERMOS)
should be considered.

At the present time, the THERMOS program reads only that time and
meteorological data for which it has a specific use. Since each
day is broken into four records of 6 hours each, and since the
program reads a day at a time, the code shown in Figure A-22 is
used to read IDD and IDATA, as described in Table A-5. This
corresponds to reading just those fields checked in the excerpt
from the weather documentation shown in Figure A-23 (the‘full
document appears at the end of this section.)

Solar Tapes

The solar tape contains two files of data, each representing
approximately 10 years of data from one station. Unfortunately,
although the format is as described in the documentation (with the
exception of the information relating to missing records), the time
sequence has the data arranged on the tape in the following manner:

All years for month 1, all years for month 2, . . , . all years
for month n,

where month 1 is the first month for which data has been reported.
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L2t

)

COLUMN 1 /I DSN=THERMZ, DCB=(RECFM=FB, LRECL=495, BLKSIZE=4950)

//SYSUT2 DD UNIT=TAPE, DISP=(NEW, KEEP), LABEL=(,SL),

/I LABEL=(1,NL), DSN=THERMO, DCB=(RECFM=FB, LRECL=495, BLKSIZE=495)

/ISYSUT1 DD UNIT=TAPE, DISP=(OLD, KEEP), VOL=SER=WBSURF,

/I/SYSIN DD DUMMY

//SYSPRINT DD SYSOUT=A

/I EXEC PGM=IEBGENER

//TAPE19 JOB 145-1000, PATMORE, CLASS=C, TIME=1, REGION=100K, MSGLEVEL=1

Figure A -21. Control Cards to Copy Surface Tape




DIMENSION IDATA(4), IDD(8, 24)
45 DO 50 Jl=1, 24, 6
J2 = J1+5
50 READ(12, 801, END=550) IDATA, ((IDD(I, J), I=1, 8), J=J1, J2)

801 FORMAT (4X, 15, 312, 6 (12, 10X, 12, Al, 12, 7X, 12, Al,
14X, Al, 37X))

Figure A-22. Code and Format for Reading Meteorological Variables
From Surface Tape

The procedure followed in this case consisted of three steps. First,
both files of the tape were copied onto a backup tape. .The IBM utility
program IEBGENER was used, with the JCL as in Figure A-24. Second,
one file of the new tape was read into the computer, reordered
through use of temporary disk storage, and then read back into core
in chronological order and put onto a new unformatted tape. A new
2-file tape was created in this way. Figure A-25 is a flow chart

of the program used, which also eliminated overpunch codes and
reformatted the data (since an intermediate step was already a
necessity in this case). As a result, the output solar tapes contain
only that information called for by THERMOS; this information is
unformatted and configured so that it can be réad directly into the
arrays ISLD and ISLR described in Table A-5. (The full description
of the original tapes appears in the subsection to follow.)

Figure A-26 is an example of the deck setup and control cards for the
program which reorders the solar tape. Note that the JCL for the
output tape, FTlBFOOl, is the same as that for the solar input tape
in Figure A-20. Figure A-27 is a sample output from the solar
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Figure A -23.

Fields Used From Surface Tape




OET

1"

COLUMN 1

// DSN=THERMS, DCB=(RECFM=FB, LRECL=1056, BLKSIZE=1056)

//SYSUT2 DD UNIT=TAPE, DISP=(NEW, KEEP), LABE L=(1tSL)

/! DSN=THERMSO, DCB=(RECFM=FB, LRECL=1056, BLKSIZE=1056)

//SYSUT1 DD UNIT=TAPE, DISP=(OLD, KEEP), VOL=SER=WBSOL, LABEL*“‘,'NL)

/ISYSIN DD DUMMY

//SYSPRINT DO SYSOUT=A

!/ EXEC PGM=IEBGENER

/I TAPE19 JOB 145-1000, PATMORE, CLASS=C, TIME=1, REGION=100K, MSGLEVEL=1

+ CHANGE THIS VALUE TO 2 FOR SECOND FILE

Figure A -24.

Control Cards To Copy Solar Tape




INITIALIZE
STORAGE,
FLAGS

INITVALIZE

DAY COUNTER
DAY ~ 1

YES

FULL DAY

130

{DAY =
IDAY + 1

SKIPPED DAY
ON TAPE

OAY COMPLETELY
BLANK?

L
EARLIER DAY OUTPLY DEBUG
1$ DAY IN ORDER? ONTArE :‘A"“Jé‘v"::
HAPPENED)

140 YES

CONVERY SOLAR RADIATION
AND $TORE DATA sTOP

SEQUENTIALLY IN IPUT:
BLANK RECORDE ARE <0

e

13 MONTH FINISHED?

MOVE MONTH TO DISK
STORAGE, INTQ
CHRONOLOGICAL ORDER

SAVE NUMBER OF
WORDS WRITTEN
N IWROTE

READ ALL DATA

Figure A-25.

IS TAPE FINISHED? FROM DisK YO

Flow Chart of Program to Reorder Solar Tapes
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el

o
!/ DISP=(NEW, KEEP, KEEP), SPACE=(8438,(132,10))

++
/IGO.FT14F001 DD UNIT=SYSDA, VOL=SER=ESL001, DSN=USER.N273.TEMP,**

T
//DSN=THERMS, DCB=(RECFM=FB, LRECL=1056, BLKS1ZE=1056), LABEL={}SL)

//GO.FT13F001 DD UNIT=(TAPE,DEFER), DISP=OLD, KEEP), VOL=SER=274G1**

/I DCB=(RECFM=VBS, LRECL=276, BLKS1ZE=8560), LABE L=(1‘,.$L)

//GO.FT12F001 DD UNIT=TAPE, DISP={NEW, KEEP), DSN=THERMSL2,

———— PROGRAM DECK

[ISYSIN DD. *

/I EXEC FORTGLG

/ITERM#19 JOB 145-1000, PATMORE, CLASS=C, MSG LEVEL=1, TIME=10, REGION=100K

+ CHANGE TO 2 FOR SECOND FILE
++ INSTALLATION DEPENDENT
° CHANGE TO OLD FOR SECOND FILE

Figure A-26. Solar Program Deck Setup
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2040 2108 2040 2108 2040 2108 2108 1904 2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108
2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108 1904 2108 2040 2108 2040 2108 2108 2040
2040 2108 2108 1972 2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108 1904 2108 2040 2108
2108 2108 2040 2108 2040 2108 2108 1904 2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108
2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108 1972 2108 2040 2108 2040 2108 2108 2040
2040 21C8 2108 1904 2108 2040 2108 2040 2108 2108 2040 2108 2040 2108 2108 1904 2108 2040 2108
2108 2108 2040 2108 2040 2108 2108 1904 2103 2040 2108 2040 _
93193 52 771 4 ¢ 0 0 75 62 8 16 6241 19 38 7 433 31 6C 6 614 43 79 9 753 55 95
] 10 839 56 106 11 885 75 112 12 890 75 112 13 858 66 106 l4 815 55 95 15 665 43 79 16
442 31 60 17 253 19 $9 18 76 8 16 19 3 0 0
93193 52 7 31 4 0 € O 5 22 0 O 6165 17 34 7340 29 57 & 501 41 76 9 621 52 92
107696 63 104 11 780 70 109 12 80l 70 109 13 760 63 104 14 670 52 92 15 526 41 16 16
- 35329 57 47 171 17 34 18 30 0 0 19 _ 0 O o
93193 52 B 1 O%xkx*x 0 0 5 14 0 0 6 148 17 3% 7 333 23 55 85 40 15 "9 652 52 92
. .10 738 63 104 11 777 70 109 12 791 70 109 13 759 63 104 14 688 52 92 15 5S4l 40 75 16
368 28 S5 17 184 17 34 18 28 0 0 19 o 0 0

Figure a-27.

Sample Output From Solar Tape Conversion Program

1904

2108
2040
1904
2108
2040



conversion program: Lines 1-7 are a list of the number of words
processed in each month's record. The remaining lines are a dump
of the first and last record of each month, as written on the tape.
The **** represent the code for an invalid (probably blank) data

point; a large negative number.

The Portland Tape

The Portland tape is a standard label tape named LJM020. This
tape was copied and blocked; as input to PORTP, the JCL for
reading it is as follows:

//GO.FT12F001 DD UNIT=TAPE, DISP=(OLD, KEEP), DCB=(RECFM=FM,
LRECL=80, BLKSIZE=7200)

This must be used with an installation volume serial number and data
set name. ' ‘

Weather Bureau Information

The following pages are the Weather Bureau documentation for the
solar tape, the surface tape, and the one year Portland tape
constructed from a Weather Bureau Deck 144.

Following the Weather Bureau documentation are the FORTRAN listings

for THERMOS, PORTP, and for the routine that reorders the solar tape,
SOLR.
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HITACHMENT /1

CORYS280 - TAPE FORMAT

Record Position Field

1l 5 Station Ihember
6- 7 Year
8- 9 Month
10 - 11 Day
12 13 Hour
J1h o 66 1lst bour's date
lg'g - 133 Repeat of 1-65 folr 2nd hour's dnta
- 19 R
Jégg : g% 4 n .n ] l;é: n "
33 - 395 v u t " Gth ‘u "
397 - 1}62 “ ] " (] 7th o ”
k63 - 528 LS .
- 1 . " ] "
, %?5 - ZZO ‘u n i 0 18"?111 " w
661 - 726 L] " " % 31th " L
727 -'8?92 .4 " n 4] le.th ] o
- -] -] -4 ”n ! " ]
3 - A S
925 - 990 " 1 " " lsth L] "
991 =1056 S 5 O
Recoxd Gap

1. 16 daylighd hour observations slvays within tke xengo of OF through 21
~one day's observations cempilse & tape yecord.

2. Rlenk yrecords ere written on the tone for wlssing obssrvations. Pach yeare
3 b

wonth ic essuxed to be 3} deys in Ength end 31 recoxrds exe ellotted on

tape foxr each ycem-mn‘ch‘. Missirg recoxdls ere left blank. ¥

3. Thera eve cleven years of @sta for each station erd a totol of 4,092 records
(soza of which are blank) ave wriiten on tzpe for each station.

L. fThere ere 1b rzols of tape. Raals 1-13 contaln 2 stotions each with ona
erd of file efter the first gtation &nd 2 end-of-Tiles after ths second
gtation. Reel 1% has only 1 statlon followed by 2 end-of-files,

5. fMhere cre a total of 27.statlons..

*{_ ({’)m;m( l’;)-‘\(o;.,\[ SF 15," [‘l{éU’c@-f')"y'-"trA ﬁfrﬂeﬁﬁbér‘

*¥% Not  Necessaxriy TRug
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14-17 Radiation 1/10 langley/hr.
18-19 Solar Elevation
20-22 Extra-Terrestrial Radiation (EIR) (langleys/hr)

23-24 Sunshine (minutes)

25 Snow cover
26 Opaque
- 27 Blank

28429 Solar hour
30;31 Percent of possible radiation
32-3% Visibility
3541 Weather and/or obscurétion to vision
42 Total Cloud Amount
43 Amount (Layer 1)
44 Type
45-47 Height (hundreds of feet)
&8 Amoung (Layer 2)
49 Type
50-52 Height
53 Sumary Amotnt (1 and 2)
54 Amount'(ﬁayer 3)
55 Type
‘56-58' Height
59 Summary Amownt (1, 2, and 3)
60 Amount (Layer 4)
61 fype
. 62-64 Height 136

65 - Asterisk
66 ~ Asterisk



corYs280 (Card Deck 280) (Job 0110)

Period of Record:

Nashville, Tennessee

Savlt Ste Marie, Mich.

Boston, Massachusetts

Sta. No. Station Name

12832 Apalachicola, Fla.
12839  Miami, Florida
12919 Brovnsville, Texas
13745  Cape Hatteras, N. C.
13880 Charleston, S. C.
13897

13951  Laeke Charles, La.
13961  Fort VWorth, Texas
13983 Columbie, Missouri
13985 Dodge City, Kansas
14607  Caribou, Maine
1k753 Blue Hill, Mass.
14837 Madison, Wisconsin
24847

14939 Lincoln, Nebraska
23044 E-lAPaso, Texas .
23050 Albuquerque, N. M.
23154 Ely, Nevada

23183 Phoenix, Arizona
24011 Bismarck, N. D.
2l1h3  Great Fells, Mont.
2ho2s5 Medford, Orezon
2Lk233 Seattle, Washinzton
93193 Fresno, California
93722 Washington, D. C.
o701

o706

New York, New York

Missing Periods

6-8/53; 2,3,7-12/54
7/56; 1,2/57; 5-7/58
7/52

8,9/53

2-6/59

3/59-2/60; 10/62-6/63
9/58-6/63
9/55-5/51

pede 13 1562 DAL
1-7/53; 12/60-6/63

7/52 - 6/63 (Missing periods indicated below)

CABINET SHELF RZEL

A
(s

7/59; 11/61-12/62; ‘3-6_/63

137

3
i

T ess
7.;

8 ()
l'l. LR
101 ,,, 2
104“"7

2% , s
10 L1

AL 2/90

5.4k

g}ms
21/
3¢tz
13 (/72

3 ¢hea
13, ,,

L‘,‘L"J’O
2 pit!

’,:} LS
5 (3t
8.6x7
9 (1?
13 ¢17.

917
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ATTACHNENT &

DATA PROCESSING DIVISION, ETAC, USAF
NATIHONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

DECK 280 SOLAR RADIATION - HOURLY RECORD

) I "
COAr R
e <100 D ORI UAING

] 7
g1k gt o] AR
B HE I ﬁs i Al

= 1TY

SR

OBSERVATION TIME: Hourly surface observations are re-

QG x

LLBUDY AND ab
Pl v

=

SCUR NS PuLMOML 44

AT "*“‘"_ o corded in Local Standard Time (LST).
Friefale Prior to 1 Jun 57, the surface observations were taken
[] 20~-30 minutes past the hour punched in Columns 12-13.

=2
- ;g?- s

roaop 0.
rasler 02 83alusjos 51 salent o]
et t1fifer 1IN

11
22121
32333333331

2222212221292
31333333333333)33
ULREEXXRRITIN

(22 112122 2(22)s
3[3513 3 11313 3 313,31

00 NoT (444 At 4 afekdn 4 afefes

H
PUNC sslss

IN THESE

444
]
5&5555555§;§J55 i 515¢v) k{5 5 §i5{§.:
: e DO _NOT PUNCH IN THE SE_COL UMNS
G666ES668 .
mmairrang
]

HtU
CIRRRRINRIRIL]

COLUMNS  1gcls s

|

|

|

Ll g
i [l + 16 8 08 8 miglalc LEEILI]

|

}

]

1,1
$99999)9

SOLAR RADIATION — MOQURLY RECORD

LRRA 11771117

Bagases
i
9!!!!!999!!599!!F!!

99 91313k,

':,. 1 Jun 57 ~ 31 Dec 6i, the surface observations were taken
14 a few minutes before the hour punched in Columns 12-13.
ojojo[o0 o
»‘-"" ;”“’l"l“r';';"" Hourly radiation, in Langleys per solar hour, and hourly
g sunshine data for the scheduled time of observation (IST)
pezjzftife2z (x| that occurs within the solar hour (TIST) are punched.
m
3=
13333333 Z) Prior to 1 Jul 58, the solar data are for the hour begin-
Wealitliad |3l ning on the hour punched.
r . -
1301055 2 1 Jul 58 - present. The solar data are for the hour end-
LS ESEEr RS SR a 652 ing on the hour punched. This change made the hourly
N data compatible with the times of the surface observation
TPt iie o on Form WBAN 10.

Note: See additional remarks on page 2 for the relation-

1891990999 ship of solar hour (7TST) and hour (IST).

I
BosaBs(3anaaossy
E!i!!!!!!i?!!ﬂ!!sst

L fee]aledy
ot 152 ]
1 21l naired 33 5128

yie ghuiihir nlu s sl o LR PR RE LR

Card format (a) dated 1 Jul 59, became effective 1 Cct 59. Card format (b) dated
1 Oct 52 was put in use about this date or when stock of previous card became ex-

hausted. In these cards (not shown) dated 1 Jan 51, Columns 34-39 and 55-57

not punched according to headings but to those in card format (b). See card content.

AREA COVERAGE: Stations in the United States and a few in the Pa-
cific area. See map on page 3 and alphabetic and mmeric lists on
pages L, 5 and 6.

PERIOD OF RECORD: Jul 52 -
A few stations have records beginning in Dec 51. Refer to numeric
list, pages L-5, for dates of beginning and ending.

Deck 470 contains hourly, daily and weekly values of solar radia-
tion for the period Jul 15-Jun 52. Deck .80 Solar Radiation -
Summary of Day is for the period beginning Jul 52.

i o @l nlz 1 minlnbibe e

CODE; WBAN

SQURCE: Roll-chart recorder forms

were WB Form 610-8, "Hemispheric Solar Radiation on a Horizon-
tal Surface - Langleys" (formerly WB Form 10G1A)

Form WBAN 10B X

Solar radiation hourly cards punched at stations in the
contiguous United States,

Deck 1kl punched cards, hourly weather observations

MISSING DATA INDICATION: Identification cards are punched for miss-
ing data for hours between sunrise and sunset but not when a whole
month's record is missing. Missing data are indicated by blanks in
the appropriate field. In some instances in Colwmn 25 (Colwm 33
prior to 1 Oct 59) a blank was used to indicate no snow cover in-
stead of punching "O".

USCOMM - ES54— ASHEVILLE Revised: April

1967 Page -



6€T

DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

COLUMNS AND ELFEMENTS PUNCHED: Columns 1-25 and 38-3% are punched.

Prior to 1 Jan 85, Colurns 36 and 40-80 were punched. Punching of
Columns 34~35 was discontimued 1 Jan €3.

Elements punched:

Solar Radiation-Hemispheric (sum of direct and diffuse)
Solar Elevation

Extra-Terrestrial Radiation

Sunshine

Snow Cover

Solar Week (discontinued 1 Jan 63}

Opaque Sky Cover (discontinued 1 Jan 65)

Solar Hour

Percent of Possible Radiation (discontinued 1 Jan £5)
Visibility (discontinued 1 Jan 65)

Weather and/or Obstructions to Vision (discontinued 1 Jan 65)
Dry Bulb Temperature °F {discontinued 1 Jan £5)

Dew Point Temperature °F {(discontinued 1 Jan 65)

Amount, Type and Height of Cloud Layers (discontinued 1 Jan 65)

ADDITIONAL REMARKS: Effective with 1 Jul ST records, soler radia-
tion dats have been recorded in the International Pyrheliometer
Scale of 1956. This scale provides values that are 2.0% less than
those based on the Smithsonian Scale of 1913,the standard previous-
1y in use.

Solar radiation data are tabulated In terms of True Solar Time(TST);
all data on Form WBAN 10B are entered in terms of Local Standard
Time (IST). Since solar time varies continucusly with longitude
and season, it 1s frequently different from LST, which 1s fixed by
time zone. It is impossible to match exactly solar hours from the
pyrheliometer record with the LST hour entries on Form WBAN 10B.
Therefore it is necessary to select an hour of observation (1ST)
that occurs within the solar hour, True Solar Time (TST), from the
pyrheliometer record.

Hourly values of radiation are punched from data on Form WBAN 10B
where solar time equivalent of the scheduled time of observation is
0-59 minutes earlier than the true solar time of the end of the
hour of radiation, i.e., the sclar time ascribed to the tabulated
hourly radiation values. A table is prepared for sach station to

facilitate the pairing of the surface synoptic observation with the
hourly data punched in the cards. Because the cards are punched in
LST, correcticns are obtained from the table, which determine wheth-
er an hour should be added or subtracted, or no correction made, to
the true solar time of hourly radiation values to obtain the compa-
rable local standard time for punching purposes. See Colums 10-11
and 38-3% of "Card Content".

In some instances the hourly surface cbservation in the WBAN No. 1
card reproduced inte the hourly solar radiation card was from anear-
by WBAS station because the station where the solar radiation data
were obtained did not have hourly surface observations. Staticns
using WBAN Ne. 1 card data from other stations are:

Solar Radiation Station WBAN No. 1 Station

14743 Blue Hill, Mass. 14739 Boston, Mass. WBAS
94701 Boston, Mass. WBO 1L73% Boston, Mass. WBAS
9L706 New York, N.Y.(Central Park) 1L732 La Guardia Field,N.Y. WBAS
95918 North Omaha, Nebr. 14942 Omaha, Nebr. WBAS

Notet 12832 Apalachicola, Fla. does not have hourly surface observa-
tional data from WBAN No.l card punched intc the solar radia-
tion card.

Locations measuring hemispheric solar radiation have a pyrheliometer
installed in & suitably exposed location and a recorder installed in
the office. Hourly radiation values are obtained at stations equipped
with rcll-chart recoerders, Thermoelectric hemispheric pyrheliometers
are used in measuring hemispheric solar radlation. Two types are in
uses a "10-junction" type in general use, and a more sensitive "5(-
Junction” type used at selected northern stations during months when
solar radiation 18 less intense.

CORRECTIONS: Any errcrs detected in this manual should be called to
the attention of Director, Naticnal Weather Records Center, EDS, En-
vironmental Science Services Administration, or Chief, Data Proces-
sing Division, Envirommental Technical Applications Center, USAF,
FPlease give specific instances of error, and correct information if
avallable.

USCOMM—ESSA — adMEVLLE

Revised:

April 1967
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DATA PROCESSING DIVISION, ETAC, USAF REFERENCE MANUAL SOLAR RADIATION - HOURLY 280

NATIONAL WEATHER RECORDS CENTER, ESSA _
HEMISPHERIC SOLAR RADIATION - HOURLY STATIONS

Rt
\abe’

STE. MARIE

LT
SAULT a7

LEVELAND |
14820

i °
| ALBUQUER
23089 v

xl 23044 i S i
oy EL PAso i . r : f
BARROW e, FORT WORTH ! { :
27502 03927 b ! l_\
13961 \ 13941 . \
joyyr T 4

LAKE CHARLES
26411
FAIRBANKS |
1
%5733 |
TANUSKA |

APALACHICOLA
12832

26615
BETHEL MA

12919
! . A5, i y 1 A, ' LI
U. S. Stations Outside the U. §. | Note. A number prefixed with
CANTONIS.  WAKE IS. | an X indicates a cooperative
6070) 41606 station,

USCOMM —ESSA —ASHEVILLE Revised: April 1967 ey
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D G D DS CenTer rssA REFERENCE MANUAL SOLAR RADIATION - HOURLY 280

NUMERIC STATION LIST

Station Station Name Period Missing Lat. N Long. W Elev. Additional Datz (see footnote)
Numbers of Data Feet ¢

Record Period (8) (E) ‘&) 0%
X3492 Grand Lake (Cranby) Colo. 1/57-L/57 ho°1h? 105°51¢ 8340 H A
xLe79 Inyokern, Calif. 1/87-2/57 35 39 117 Lo 2300 H A
X5733 Matanuska Agri. Exp. Sta. Alaska 1/57-3/57 61 34 149 16 150 A
I7L73 Riverside, Calif. 1/57-4/57 33 58 117 20 1050 H A
x8815 Tucson, Arizona (Univ. of Arizona) 1/57-L/57 32 1L 110 57 2LL0 X b
03841 Oak Ridge, Tenn. WBO 1/52-3/57 10/52-12/56 36 01 84 1k 9LC H A
63927 Fort Worth, Texas (See 13961} 5/53- 32 50 97 03 574 H
03937 Lake Chsrles, la. WBAS (See 1391) 11/61- 30 07 9313 60
nL729 Upton, New York 7/52-3/57 11/52-12/56 L0 52 72 53 88 H ;.
12832 Apalachicola, Florida 1/52- 6~8/5§i 2-3/5Ly 29 L 8L 59 Lé S H

7-12
12839 Miami, Florids WBAS 1/52- 25 L8 80 16, L1 H
12919 Browngville, Texas WBAS 1/52- ;/55;812/56-2/57; 25 5k 97 26 L8 s H
. -1/5
13745 Hatteras, N. C. (See 93729) 1/52-3/57 3515 75 L0 1¢ ! a
13680 Charleston, S. C. WBAS 1/52- 32 5k 80 02 69 H
13897 Nashville, Tenn. WBAS 1/52- 8-9/53 ) 36 07 86 hl 61i; s H
23941 Lake Charles, La. WBAS (See 03937) 7/52-10/61 30 13 93 09 35 4 .
13961 Fort Worth, Texas (See 03927) 7/52-5/53 32 L9 97 21 706 H
13983 Columbia, Mo. WBAS 1/52- 38 58 92 22 81k s H
13985 Dodge City, Kansas WBAS 7/52- 2-6/59 37 L6 99 58 2625 s K
14607 Caribou, Maine WBAS 1/52- L6 52 68 01 6hLe K
14753 Blue Hill/Milton, Mass. 7/52- L2 13 71 7 670 5 H o
1L820 Cleveland, Ohic WBAS 1/52-1/53 b1 2y 81 51 871 s A
14837 Madison, Wisconsin 1/52- 6-8/58; 3/59-1/60 43 08 89 20 885 5 H o
10/62-2/6L35-1/65

18147 Sault Ste. Marie, Mich. WEAS 7/52-8/58 hé 28 8L 22 729 5 &
14939 Lincoln, Nebr, WBAS 8/52-8/5%5 Lo 52 96 L& 1189 5 H N
1L971 Lincoln, Nebr., WBO 11/57-12/59 Lo ko 96 142 1316 s
230ul El Paso, Texas WBAS 7/52- 31 L8 106 2L 3954 s H
2 A e, N, Mex. 1/52- 35 03 106 37 5327 S H i
2215k Ely, Nevada WBAS 12/51- 39 17 L 51 6279 S "
23174 Los Angeles, Calif. WRAS 1/62- 33 56 118 23 126
23183 Phoenix, Arizona WBAS 7/52- 33 26 132 01 1139 H
23236 Santa Maria, Calif. 7/82-11/5L 3L 56 120 2% 234 H
23273 Santa Maria, Calif. 11/54- 3k Sh 120 27 289

yacoma-tsA- asmrviie : Revised: April 1967 Poas i;
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ATIOMAL WEATHER ReenES Al sa REFERENCE MANUAL SOLAR RADIATION - HOURLY 280

NUMERIC STATION LIST (Cont.)

Station Station Name Period Missing Lat, N Long. W. Elev. Additional Data (see footnote)
Numbers of Data Feet ¢
Record Period : (s) (M) (&) )

24011 Bismatk, N. Dakota WBAS 7/52- L6°L6! 100451t 1677 S H
24143 Great Falls, Montana WBAS 7/52- k7 29 111 21 3692 s H
24225 Medford, Oregon WBAS 11/51- 42 22 122 52 1321 H
20233 Seattle, Wash,-Tacoma AP 11/51- 47 21 122 18 50 H
26411 Fairbanks, Alaska WBAS 7/52-4/57 10/52-12/56 6h L9 147 52 Ls3 H A
26618 Bethel, Alaska WBAS 1/52-4/57 10/52-12/56 60 L7 161 L8 160 A
27502 Barrow, Alaska WBAS 1/52-L/57 10/52-12/56 71 18 156 L7 52 A

Wa WBAS 1/52-L/57 10/92-12/56 19 17 166 3¢ E 18 A
60703 Canton Island WBAS 7/52-L/57 10/52-12/56 02465 171 L3 12 A
93193 Fresno, Calif. WBAS 1/52- 36 L6 119 43 336 S H
93722 Washington (Silver Hill Obs.,Md.)# 8/53-12/60 38 50 76 51 292
93725 Washington, D. C. #(See 9373k4) 1/52-12/52 38 5 17 03 72 H N
93729 Cape Hatteras, N. C. (See 13745) 3/57- 35 16 75 33 27
ggzgg Sterling, Va.Dulles AP (See 93722)  11/60- 38 59 77 28 276
90701 Boston, Mass. WEO 1/52- %o-}gﬁsjg 12/5ky L2 21 71 Ok 157 5 H

~T.
9L706 New York, N. Y. (Central Park) 7/52- 7/59}610/61-12/62; kO W7 73 58 187 S H
3-~10/63

94918 Omaha, Nebr., WBAS (North Omsha) 6/57- k1 22 96 01 1323 N

¢ Elevation is height of pyrheliometer above MSL,
# WBAN or cooperative number indicated by X.

(5) Sunshine per Hour in Minutes punched in Columms 23-2L.

{(#) Prior to July 1952 dats are available in Card Deck L70.

(A) For additional perlod of record see original forms or charts.
(N) Station equipped with Normal Incidence Pyrheliometer.

USCOMM - ESSA - ALHEVILLE Revised: Avril 1967 Poge ¢
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

23050
12832
27502
26615

2hon1
14753
94701
12919

60703
93729
14607
13880

14820
13983
13985
23044

23154
26k
03927
13961

93193
X3492
24143
13745
Xh279

ALPHABETIC STATION LIST

Albuquerque, New Mexico
Apalachicola, Florida
Barrow, Alaska

Bethel, Alaska

Bismark, North Dakota

Blue Hil1l/Milton, Massachusetts
Boston, Massachusetts
Brownsville, Texas

Canton Island

Cape Hatteras, North Carolina
Caribou, Maine

Charleston, South Carolina

Cleveland, Chio
Columbia, Missouri

Dodge City, Kansas
El Paso, Texas

Ely, Nevada

Fairbanks, Alaska
Fort Worth, Texas
Fort Worth, Texas

Fresno, California

Grand Lake/Granby, Colorado
Great Falls, Montana
Hatteras, North Carolina
Inyokern, Califormia

03937
13941
14939
14971

2317h
14837
X5733
24225

12839
13897
9LT06
038L1

94918
23183
X7473
23236

23273
1847
2233
93734

X8815
0li729
L1606
93722
93725

Lake Charles, Louisiana
Lake Charles, Louisiana
Lincoln, Nebraska
Lincoln, Nebraska

L.os Angeles, California
Madison, Wisconsin
Matanuska, Alaska
Medford, Oregon

Miami, Florida
Nashville, Tennessee
New York, New York
Qak Ridge, Tennessee

Omaha, Nebraska (North Omaha)
Phoenix, Arizona

Riverside, California

Santa Maria, California

Santa Maria, California
Sault Ste. Marie, Michigan
Seattle, Washington
Sterling, Virginia

Tucson, Arizona
Upton, New York
Wake Island
Washington, D. C.
Washington, D. C.

VICOMM ~ESSA — ASHEVILLE

Revised:

April 1967
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

'

CARD CONTENT

COLUMN ITEM OR ELEMENT CARD CODE CARD CODE DEFINITION REMARKS
r J
Missing Data Blank . Missing or unimown data See MISSING DATA INDICATION on page 1. .
X 11 punch
X/ I or 11 overpunch
1-5 Station Number 00001-99999 WBAN Number A 1ist of stations with their coordinates, elevation and period of
record is maintained at the National Weather Records Center,
Asheville, N. C. See alphabetic and numeric lists on pages L,
S, and 6 for period of record beginning July 1952.
X0001-X9999 Cooperative Station Index
Number
6-7 |(Year 5199 Last two digits of year
8-9 Month 01-12 January - December
10-11 | Day Oo1-31 Day of month The day of month 18 that entered on WBAN 10B.
X/Col. 10 Solar hour is one hour See Colums 38-39, Solar Hour.
later than LST
X/Col. 11 Solar hour is one hour No "X" overpunch in Columns 10 or 11 indicates that the solar
earlier than LST hour and the hour in LST coincide.
12-13 | Hour LST 00-23 Hour, Local Standard Time See OBSERVATION TIME on page 1.
14-17 | Radiation 0000-9999 0.0 - 999.9 The radiation is Hemispheric Solar Radiation and is that received
Langleys per Langleys to tenths (direct and diffuse) on a horizontal surface. The unit Langley
Hour is one gram calorie per square centimeter.
X/Col. 1L Solar radiation data are recorded in solar time. The value is

Value partially estimated

for the solar hour ending at the hour punched in Columns 38-39;
prior to 1 Jul 58, it was for the beginning of the hour. The
value is ascribed to the hour of observation (LST), Colums 12-
13, that occurs within the solar hour (TST).

USCOMM - ESSA - ASMEVILLE

Revised: April 1967
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

CARD CONTENT

SYMBOLIC

COLUMN ITEM OR ELEMENT LETTER CARD CODE CARD CODE DEFINITION REMARKS
18-19 | Solar Elevation 01-90 1 - 90 Whole Degrees Punched for the appropriate solar elevation as recorded ocn the
solar elevation table provided for the station. New tables were
put in effect on 1 Jan 65 in agreement with the revised solar
conatant. See Remarks for Colums 20-22.
20-22 | Extra-Terrestrial 001-99% 1 - 999 Whole langleys Punched as recorded on the tables supplied sach station. Extra-
Radiation per hour Terrestrial Radiation (ETR) is the solar radiation received out-
side the earth's atmosphere. New tables were issued, effective
1 Jan 65, based on a solar constant of 2.00 gram calories per
square centimeter normal to the incident solar rays. The former
value was 1.%kL.
23-2L | Sunshine 00-60 0 - 60 Minutes The value is for the hour ending at the hour punched in Columns
12-13; prior to 1 Jul 58, it was for the beginning of the hour
punched. Where the sunshine record is maintained at a local but
separate office, such as a downtown city office, the minutes of
sunshine fram that location will be used in the absence of data
from the pyrheliometer site.
25 Snow Cover 0 or Blank None or Trace of Snow Some stations left this colum blank to indicate none or tru.e.
The snow cover is at the time of the nearest synoptic hour lo
1 One inch or more the local standard hour in Columns 12-13.
Noter This element was punched in Column 33 prior to 1 Oct 59.
25-28 | Normal Incidence Normal Incidence Radiation data were not punched. Colwms 25-32
Radiation were left blank.
25 Standard Solar Zenith Distance These data are tabulated on WB Form 610-9 {formerly 1091B)
Elevation 1 0.0° "Normal Incidence Solar Radiation Intensities" in Langleys per
2 60.0° -minute and are published monthly for about 7 or £ stations in
3 70.7° "Climatological Data National Summary".
: 4
78.
-
26-28 | Langleys per 000-999 0 - 9.99 Langleys to
Minute Hundredths per mimute

29-32 | Normal Incidence
Radiation

See code for Cols. 25-28

See Remarks for Colums 25-~28.

USCOMM ~ESSA - ASHEVILLE

Revised: April 1967
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION . HOURLY 280

CARD CONTEN

T

COLUmMN

ITEM OR ELEMENT

SYMBOLIC
LETTER

CARD CODE

CARD CODE DEFINITION

REMARKS

29-32
{Cont.}

I1Jumination
10's of foot
candles

0000-9999

0 - 9999 tens of foot
candles

This item was not punched. It was the heading of Colums 29-32
on punch cards dated 1 Jan 51 but was replaced by the normal
incidence radiation field on punch cards dated 1 Oct 52,

33

Snow Cover

None or Trace of Snow

One inch or more

This column was used for snow cover from the beginning of the
program until 1 Oct 59, when it was changed to Golumn 25, Gol-
umn 33 was left blank beginning 1 Oct 59.

See Remarks for Column 25, Snow Cover.

3k-35

Solar Week

01-52

Solar Week of Year

Punching of solar week was discontinued 1 Jan 63.

Solar weeks are seven-day periods with the first week beginning

1 Jan of each year, except that the last solar week of Dec is an
eight-day period. During leap year, the solar week beginning

2h Jun is an eight-day period.

In punch cards, dated 1 Jan 51, Colums 3L-35 were shown as blank;
however, the solar week was punched in these columns.

36

Opaque
Sky Cover

Less than 1 tenth

1-2

1l - 9 tenths

10 tenths

Tenths of sky hidden by clouds and/or obscuring phenomena. Sky
cover through which the sky is visible is disregarded.

1 Jun 62, opaque was re-defined as follows: Those portions of
cloud layers or obscurations which hide the sky and/or higher
clouds. Translucent sky cover which hides the sky but through
which the sun and moon {not stars) may be dimly visible is con-
sidered opaque. This column corresponds to Column 79 in card
deck 1lk.

Punching of Column 36 was discontinued 1 Jan 65.

37

None

Blank

3B-39

Solar Hour

00-23

Solar Hour-True Solar Time

Solar radiation data are tabulated in True Solar Time (TST) in
Langleys per solar hour. The scheduled time of observation (LST)
that occurs within the solar hour (TST) is punched in Colwmns 12~
13. bWhen the solar hour is one hour later than LST, Column 10 is
"X" overpunched; when the solar hour is one hour earlier than IST,
Column 11 is "X" overpunched. When the solar hour and the hour in
LST coincide, there are no "X" overpunches in Columns 10 or 11.
See Remarks for Columns 14-17.

USCOWM  ES3a  ASMEvI(L|
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

CARD CONTENT
COLUMN ITEM OR ELEMENT s::#?luc CARD CODE CARD CODE DEFINITION REMARKS
Lo-l1 | Percent of 00-99 0 - 99% Quotient is derived by division of radiation (Columns 1k-17) by
Possible extra-terrestrial radiation (Columns 20-22).
Radiation X/Col. LO 100% or greater Punching of Columns LO-80 was discontinued 1 Jan 65.
L2-Lly | Visibility wv ''Statute Miles Increments
000-006 0 - 3/8 mile 1/16 mile |7/8 and 1-7/8 punched as 3/L and 1-3/L, respectively. Prior to
006-020 3/8 - 2 miles 1/8 mile |1 Jul 52, 7/8 was not reported and prior to 1 May 53, 1-1/8, 1-
020-027 2-2110en" 1/L mile |3/8, 1-5/8 was not reported. Visibilities reported other than
027-030 21/2 -3 1/2 mile |standard are punched for the next lower value.
030-150 3 - 15 miles 1 mile
150-950 15 - 95 " 5 wmiles
390 100 miles or more These columns correspond to Columns 21-23 in card deck 1L4.
45-61 | Weather and/or These columns correspond to Columns 25-31 in card deck 1LL.
Obstructions to
Vision
}. [ ——
Lg Liquid 0 None
Precipitation R- 1 Light rain
R 2 Moderate rain
R+ 3 Heavy rain
RW- b Light rain showers
RW 5 Mod. rain showers
RW+ 6 Heavy rain showers
ZR- 7 Light freezing rain
ZR 8 Mod. freezing rain
ZR+ 9 Heavy freezing rain
Lé Liquid 0 None
Precipitation L- I Light drizzle
L 5 Mod. drizzle
L+ [ Heavy drizzle
ZL- 7 Light freezing drizzle
ZL 8 Mod. freezing drizzle
IL+ 9 Heavy freezing drizzle

NVSLOmm  LSSA- ASHEVILLE

Revised: April 1967
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

CARD CONTENT
COLUMN ITEM OR ELEMENT smlyg'uc CARD CODE CARD CODE DEFINITION REMARKS
L7 Frozen o] Nene
Precipitation S- 1 Light snow
S 2 Mod. snow
S+ 3 Heavy snow
SP- h Light smow pellets
SP s Mod. snow pellets
SP+ 6 Heavy snow pellets
ICc- 7 Light ice crystals Card code 7 was discontinued 1 Apr 63.
IC 8 Ice crystals Card code 8 was "Mod., Ice crystals" prior to 1 Apr 63.
IC+ 9 Heavy ice crystals Card code § was discontinued 1 Apr 63.
L8 Frozen 4] None
Precipitation SW- 1 Light snow showers
SW 2 Mod. snow showers
SW+ 3 Heavy snow showers
SG- 7 Light snow grains
SG 8 Mod. snow grains
SG+ 9 Heavy snow grains
L9 Frozen c None
Precipitation E- 1 Light sleet Sleet showers is coded as sleet.
E 2 Mod. sleet
E+ 3 Heavy sleet
A- L Light hail Card code L was discontinued 1 Sep 56.
A S Hail Card code 5 was "Mod. Hail" prior to 1 Sep 56.
A+ 6 Heavy hail Card code & was discontinued 1 Sep S6.
AP- 7 Light soft hail Card code 7 was discontinued 1 Sep 56.
AP 8 Small hail Card code 8§ was "Mod. soft hail" prior to 1 Sep 56.
AP+ 9 Heavy soft hail Card code 9 was discontinued 1 Sep 56.
50 Obstructions o] None
to vision F 1 Fog
IF 2 Ice fog
GF 3 Ground fog
BD L Blowing dust
BN 5 Blowing sand

USCOMM  E55A  ASHEVILLL

Revised:

April 1967
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DATA PROCESSING DIVISION, ETAC, USAF

NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION . HOURLY 280

CARD CONTENT

SYMBOLIC

COLUMN ITEM OR ELEMENT LETTER CARD CODE CARD CODE DEFINITION REMARKS
51 Obstructions 0 None
to vision K 1 Smoke
H 2 Haze
KH 3 Smoke and haze
D I Dust
BS g Blowing snow
BY 6 Blowing spray Card code 6 was effective 1 Jul 52.
52-5L | Dry Bulb TTT 000-0%9 0°F - 99°F whole degrees Column 52 is punched O for 0°F and above.
Temperature
100-199 100°F - 199°F Column 52 is punched 1.
X01-X99 =1°F - ~99°F Column 52 is punched X for values below zero.
55-57 | Dew Point T4qTq 000-099 0°F -~ 99°F whole degrees Column 55 is punched O for O°F and above.
Temperature
X01-X99 -1°F - -99°F Column 55 is punched X for values below zero.
Colurmns 52-5h correspond to Columns 47-L9, and Coluwms 55-57
correspond to Columns 36-38 in card deck 1.
58-80| GClouds and These columns correspond to Columns 56-78 in card deck 1hl.
Obscuring Provision was made for as many as four layers of cloud and/or
Phenomena obscuring phenomena existing at one time. If more than four
layers existed, the data for levels above the fourth were en-
tered in the remarks portion of WBAN 10B, and were not punched.
Their presence is indicated by the entry for total sky cover.
Layers were punched in ascending order of elevation. All fields
above a layer which prevented observation were left blank. If
two or more types of clouds were observed at the same height, only
the predominating type was punched, their amounts being combined.
For each layer, the amount, type and height were punched, and for
the second and third layer, the summation amount at the level in-
volved was punched, reflecting the total amount of sky covered by
that layer and those below it. The summation total for the fourth
layer is obviously the total sky cover. The summation total is
not necessarily the sum of the individual layers.
58 Total Amount 0, 1-9 Tenths
X 10 Tenths

USCOmm  ESSA  ASWEVILLE

Revised: April 1967 Poge 10
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

CARD CONTENT
COLUmN ITEM OR ELEMENT s:a:(ﬁ):oc CARD CODE CARD CODE DEFINITION REMARKS
€9 Amount of 0, 1-9 Tenths
Lowest Layer X 10 Tenths
60-" Type of Cloud 0 None
Lowest Layer F 1 Fog
St 2 Stratus
Sc 3 Stratocumulus
Cu L Cumulus
Ch 5 Cumilonimbus
As 6 Altostratus
Ac 7 Altocumalus
Ci 8 Cirrus
Cs 9 Cirrostratus
st é Stratus Fractus Prior to 1 May 61, code X/2 was Fractostratus (Fs)
cf ﬁ_ Cumulus Fractus Prior to 1 May 61, code X/} was Fractocumulus (Fc)
Cm % Cumralonimbus Mamma
Ns % Nimbostratus
Ace X Altocumulus Castellanus
7
Cc X Cirrocumulus
9
X Obscuring phenomenon
other than fog
61-63| Height of 000-990 Hundreds of feet Height was recorded to the nearest 100 feet from the surface to
Lowest Layer 0 - 99,000 feet 5000 feet; to the nearest SO0 feet between 5,000 and 10,000 feet;
and to the nearest 1,C00 feet above 10,00C feet.
888 Unknown height of a Effective 1 Sep 56.
cirroform layer
xx Unlimited vertical
visibility
USCOMM - ESSA  ASHEVIH(L Revised: April 1967 Poge 13
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL WEATHER RECORDS CENTER, ESSA

REFERENCE MANUAL

SOLAR RADIATION - HOURLY 280

CARD CONTENT

COLUMN ITEM OR ELEMENT sfmf.“c CARD CODE CARD CODE DEFINITION REMARKS

an Amount of 0, 1-9 Tenths
Second Layer X 10 Tentns

65 Type of 0, 1.9 See Column 60
Second Layer X/ ;

66-68 | Height of 000-990 See Columns 61-63
Second Layer xx

69 Surmation Amount 0, 1-9 Tenths
at Second Layer X 10 Tenths

70 Amount. of 0, 1-9 Tenths
Third Layer X 10 Tenths

71 Type of 0, 1-9 See Column 60
Third Layer X,

72-7L | Height of 000-990 See Columns 61-63
Third Layer X

75 Summation Amount 0, 1-9 Tenths
at Third Layer X 10 Tenths

76 Amount of 0, 1-9 Tenths
Fourth Layer X 10 Tenths

77 Type of 0, 1-9 See Column &0
Fourth Layer X

78-80 | Height of 000-990 See Columns 61-63
Fourth Layer x

USCOmm  $5%5a

ASNEVILLE

Revised: April 1967
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GENERAL TAPE INFORMAT ION

Observations (physical records) are placed on tape in groups (logical
records) of six. Thus, the 24 observations for each day are contained
in four logical record groups. Space is always retained on tape for
24 -observations per day with missing observations being coded blank.

Beginning January 1, 1965 a new program was initiated for most Weather
Bureau stations reducing the number of hourly observations being punched
from 24 to 8 per day.. These 3-hourly observations are punched in local
standard time, the hours selected to coincide with the standard inter-
national synoptic times of 000OOGMT, 0300GMT, O0600GMT, etc. Available
taped LST observations will therefore vary depending upon the time

zone at a given station. A few Weather Bureau stations that are specially
processed and most Air Force and Navy statlons continue to be available

on a 24 chservation/day basis. '

The following relationship’betweeﬁ-tape field and observation time holds
true for all tapes in this general format:

Observational Hours

Tape Field Record No. 1 Record No. 2 Record No. 3 Record No. 4

101 00 06 12 18
201 0l 07 13 19
301 02 08 14 20
401 03 09 15 21
501 o4 10 16 22
601 0s’ 11 17 23

Notation of a tape position within a field is made according to the
following example:

105 (-0) = units position of wind speed
105 (-1) = tens position of wind speed
105 (-2) = hundreds position of wind speed

These notations hold true for all fields.

Each record within the record group consists of 80 character positions,
including those for hour, and the position for record mark at the end
of each record. Six such records, plus the record-group identification
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fields of 15 character positions, make up the record group, 495 characters
in length. The fields within the first observation of the record group
are referred to as fields 101 through 135, those of the second observation
as 201 through 235, etc., up to the sixth and last observation, where the
fields are numbered 601 through 635. Later in this manual, the coding of
each meteorological element is described in detail. All references are
made to fields 101 through 135, or to the fields of the first observation
of each record group. These references apply by extension to fields
'201-235, 301-335, etc., respectively, to the corresponding field or element
of any observation within the record group. Following the record mark in
the last observation of the record group is the inter-record gap.

The ideal standard tape form would be a coded observation wherein every
element is reduced to a single method of representation, regardless of
source or original coding scheme. In any actual data family ( a group

of relatively homogenious weather observations such as surface observa-
tions in all their various forms, that have been assimilated into a more-
or-less common format); however, this can be accomplished only to a limited
degree. Elements reported in numeric values, such as wind speed, temperature,
and pressure, may be reduced to a common form, e.g., knots, fahrenheit,
millibars. But, elements reported by discrete definitions within code
tables, are not always so compatible; examples of these are sky condition
and cloud types. By combining all such code tables for a single element
into an expanded table containing all definitions, one may approach a
uniform code, but in use of such tables one must remember how they were
derived. If the combined code contains a value for "high obscuration';

for example, one may tabulate the observations for a station and find

no occurrence of "high obscuration", not because it never occurred, but
because at the time the observations were recorded, no provision was made
in the observing instructions to define a "high obscuration”.

This reference manual has been compiled mainly for the person whose primary
need is to use the various meteorological parameters as they appear on
tape, and who is not vitally concerned with the myriad coding and cobserv-
ing vagaries inherent in these data.

Sufficient tables have been included to enable the user to adequately
define the codes found on these tapes. Those desiring more detailed
coding and/or observing information may use this manual in conjunction
with the appropriate Card Deck reference manual (Card Decks 1ul,142,1u4),
Observations are on 7 channel tape, written in the BCD mode at 556 BPI,

A This symbol represents a blank or no punch condition.
"y X-punch (11 punch).

* Whenever an invalid configuation appears it means that the
Ak [ punched card values did not conform to the standard report-

ap* YInvalid jnp requirements and therefore were unacceptable for
bAA* conversion to tape.
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The following octal configurations are applicable to tapes in the TDF
14 series:

Octal Card Punch Octal Card Punch
01 1 61 A (12,1)
02 2 62 B (12,2)
03 3 63 c (12,3)
04 4 6U D (12,4)
05 5 65 E (12,5)
06 6 66 F (12,6)
07 7 67 G (12,7)
10 8 70 H (12,8)
11 9 71 I(12,9)
12 0 72 g (12,0)
20 Blank
40 -(11)

41 J (11,1)
42 K (11,2)
43 L (11,3)
uy M (11,4)
45 N (11,5)
u6 0 (11,6)
07 P (11,7)
50 Q (11,8)
51 R (11,9)
52 (11,0)
54 * (11,8,4)
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IDENTIFICATION FIELDS

FIELD 001 - Tape Deck

1uXX

FIELD 002

XXXXX

FIELD 003

XX

FIELD 004

XX

FIELD 005

XX

FIELD 101

XX

l4 = Primary indicator for observations in this standard
format.

XX

Arbitrary numbers assigned to each tape deck and
usually are indicative of the punched cards from
which the tapes were generated.

i.e.: 1440 = Tape deck 1440 generated from card

deck 1luu,
1420 = Tape deck 1420 generated from card

deck 142 etc.
Station Number
A five digit number used to identify each individual
station. These station identifiers are referred to as
WBAN numbers and are permanently assigned for each re-

porting station.

Year

Last two digits of the year. The first two digits are
an implied 19.

Month

Recorded as the numbered month of the year. 0l = Jan.,
02 = Feb., --- 12 = December.

Day

Recorded as the numbered day of the month, from 01
through 31.

Hour
Hour is based on the 24-holur clock and is recorded as 00

through 23. Times are Local Standard Time unless documenta-
tion to the contrary is provided.
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OBSERVATIONAL FIELDS

FIELD 102 - Ceiling

iXxx i = identifier: 1,2,3 = method of conversion to
hundreds of feet.

When used in conjunction
with XXX = 999: "-" = clear,scattered conditions
or ceiling above 20,000 feet.

H&"

(12 punch) clear, scattered
conditions or ceiling at
10,000 feet or higher.

A = clear, scatiered conditions
or partial obscuration.
Also appears when no special
consideration is indicated
(1949 to-date).

XX = Ceiling in hundreds of feet, except:
888

ceiling formed of cirroform
clouds of unknown height.

999 = unlimited ceiling.
AAA = unknown
AA%® = invalid
FIELD 103 - Visibility
iXxXx i = identifier: always blank
XXX = visibility in coded statute miles or fractions thereof.
VISIBILITY TABLE
Tape Code Visibilisz Tape Code Visibilisz
000 0 miles 017 1-1/2 miles
001 1716 018 1-5/8
002 1/8 019 1-3/4
003 3/16 020 2
cCu 1/4 024 2-1/4
005 5/16 ' 027 2-1/2
006 3/8 030-090 3-9 miles in
increments of
1 mile.
008 5/8 100-950 10-95 miles in
009 3/4 increments of
S milesu
010 1 930 > 100
012 1-1/8 . 9499 unlimited
0ly 1-1/4

016 1-3/8
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FIELD 104 - Wind Direction
(See also FIELD 133)

XX Direction from which the wind is blowing, based on the 16
point compass.

WIND DIRECTION TABLE

Tape Code Direction Degrees
11 North 349-011
12 North-Northeast 012-033
22 Northeast 034-056
32 East-Northeast 057-078
33 East 079-101
34 East-Southeast 102-123
4y Southeast 124-146
54 South-Southeast 147-168
55 South 169-191
56 South-Southwest 192-213
66 Southwest 214-236
76 West-Southwest 237-258
77 West 259-281
78 West-Northwest 282-303
88 Northwest 30u4-326
18 North-Northwest 327-348
00 Calm
AA Unknown
A% Invalid
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FIELD

XXX

XXX
AAA
AA*

FIELD

XXX

AAA
AA%

FIELD

XXX

AAA
AA®

FIELD

XXX

AAA
AA%®

FIELD

iXXx

[ et

105 -

NOTE;

-

(=4

o
L]

NOTE:

(1 1]

107 -

NOTE:

108 -

NOTE :

109 -

Wind Speed

Wind Speed in knots.

In all cases where position 105 (-0) is a numeric code, it
is signed plus, as a device for separating Field 105 from
106. This does not apply if the position is coded A or *.

000-199 = calm to 199 knots.

Unknown
Invalid

Dry Bulb Temperature

Dry bulb temperature in whole degrees fahrenheit.

Position 106 (-0) is signed plus for all positive tempera-
tures and minus for all negative temperatures.

Unknown
Invalid

Het‘Bulb Temperature'

Wet bulb temperature in whole degrees fahrenheit.

Position 107 (-0) is signed plus for all positive tempera-
tures and minus for all negative temperatures,

Unknown
Invalid

Dew Point Temperature

Dew point temperature with respect to water, in whole
degrees fahrenheit.

Position 108 (-0) is signed plus for all positive tempera-
tures and minus for all negative temperatures.

Unknown
Invalid

Relative Humidity

Relative humidity, with respect to water, expressed in
whole percent.

Indicator of the method used to convert dewpoint temperatures
and relative humidity percentages, with respect to water, when
in certain cases these values were originally computed with
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FIELD 110 -

XXXXX

FIELD 111 -

XXXX

FIELD 112 -

iXXXx

XXXX

Tape Code

>t W

respect to ice. With the possible exception of research
involving detailed psychrometric investigation this in-
dicator has little significance and therefore is not
explained further in this manual.

Sea Level Pressure

Atmospheric pressure reduced to sea level and expressed
in whole millibars and tenths.

Station Pressure

Atmospheric pressure at the elevation of the station,
expressed in inches to hundreths of mercury.

Sky Condition

A descriptive symbolic coding of the state of the sky,
referring in general to the amount of the celestial dome
covered by clouds or obscuring phenomena.

Indicator referring to method of coding. Usually this
position contains an eleven punch ("-") prior to June 1951

and is blank from June 1951 onward.

Sky condition symbols and/or heights of scattered clouds.

SKY CONDITION TABLE

Symbol Sky Condition
O Clear or less than 1/10 sky
cover
- Thin scattered 1/10-5/10 sky
cover
D Scattered 1/10-5/10 sky
cover
+® Dark scattered 1/10-5/10 sky
cover
-0 Thin broken 6/10-9/10 sky
cover
O Broken 6/10-9/10 sky
‘ cover
+@ Dark broken 6/10-9/10 sky
cover
—_ Thin overcast 10/10 sky cover
% Overcast 10/10 sky cover
+@ Dark overcast 10/10 sky cover
Obscuration
-X Partial obscuration



complete sky condition report.
through 9,

and "b" represents blank coding.

"0" indicates zero,

In the combinations listed below, the four-digit field represents the
The letter "d" represents a digit from 1

"hh" represents digits used for coding height of scattered layer
reported in position 112 (-0),

r"n n

indicates zone -X,

Sky Condition Before June 1951

| PUNCH CODE POSSIBILITIES

CODE ﬁi?(-3) 112 (-2)}112 (-1){ 112(-0) CODE DEFTINITION AND REMARKS

D-—~- 0 X X X Obscuration reported alone

0--0.| © X X 0 Clear Sky (or less than 1/10 sky
coyer)

0--b 0 X X’ Blank Thin obscuration reported alone

0--d 0 X X 4-9 One symbol reported, not scattered,

] p hin ol :

Ohhd 0 00 thru 95 1-3 One symbol reported, scattered

_and 99

d--- 4-9 X X X Obscuration reported as the lower
of two symbols, the higher one not
obscured,

d--b 4-9 X X Blank Thin obscuration reported as the
lower of two symbols, the higher
one not obscured

d--d 4-9 X X 4-9 Two symbols reoorted, the lower
not belng scattered

dhhd 1-9 00 thru 95 1-3 Twg symbols reported the lower

and Q9 beling scattered

- X X X X Ogscurat;un reported above

scuratic

---b X X X Blank Ogscuratlon reported above thin

scuration

---d X X X 4-6 Obscuration reported as the higher
of two symbols, the lower ocne not
scatter cured.

-hhd X 00 thru 95 1-3 Obscuration reported as the higher

and 99 of two symbols, the lower one bein%
scattered

Height of Scattered Clouds
CODE CODE DEFINITION REMARKS
00-95 |0 to 95 hundred feet Recorded in hundreds of feet to

. nearest 100 feet up to 5000 feet, to
33 ;0,200 feet or hlﬁher nearest 500 feet up to 9750 feet.
- i gwer scattere Height in positions 112(-2 and -1)
b bR #R ; ogifd always applles to the scattered layer

Ll nvasx reported in position 112 (-0).
bb Unknown
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Sky Condition Before Jume 1951

PUNCH CODE POSSIBILITJIES
CODE  [112(-3) J112(-2) [112(-1) [112(-0) | CODE DEFINITION AND REMARKS
b--- Blank X X X Thin obscuration reported above
, obscuration
b--b Blank X X BIanK [[hifl GbSCUration Yeported above |
thin obscuration
b--4 Blank X X 4-6 Thin cbscuration reported as the
higher of two symbols, the lower
one being not scatteredar
bhhd Blank | 00 thru 95 1-3 Thin cbscuration reported as the
and 99 high:r of two symbols, the lower
one being scattered
ki ® * * * I1f any position was punched
invalid (%), the entire field was
g_g‘ied FedereR
bbb Blank | Blank |Blank | Blank IUnknown

Reporting and Coding Beginning in June 1951

Four positions were allowed for punching sky condition, which were
reproduced to tape as punched. Beginning in June 1951, the concept of
sky condition reporting changed. Instead of reporting two symbols, in
descending order, with height of scattered cloud , the report now consisted
of as many symbols as necessary to describe the sky, in ascending order.
As many as four such symbols were punched, the remaining positions being
punched zero if fewer than four symbols were reported. If more than four
symbols were reported, the first three and the last symbols were punched,
unless the sympbol specifying the ceiling was thereby excluded; in that
case, the first two symbols were punched in the two left positions, the
ceiling symbol in the third position, and the highest symbol in the fourth
(right) positien.

Also at that time, the definition of the symbol "-X" was changed from
thin ocbscuration to partial cbscuration and by definition, all obscurations,

both full and partial, are surface based. Obscurations above the ground
were reported as scattered, broken, or overcast, depending upon their amounts.

The digits from 0 to 9 continued with the same definitions as befcre.
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Sky Condition Beginning June 1951

FIELDS 113-128 - Clouds

PINCH CODE POSSYRILITIES
cope 1112(-3) 112(-2)1112(-1) 112(-0)! CODE DEFINITION AND REMARKS
0000 0 0 0 0 Clear sky (or less than 1/10 covered)
docoo Jl-9 0 -0 0 One symbol reported, but not obscu-
- : ) ration or partial obscuration
4400 |1-9 1-9 0 0 Two symbols reported, but not obscu-
ration or partial obscuration
dddo §1-9 1 -9 1-3 0 Three symbols reported, but not
obscuration or partial obscuration
dddd {1-9 1-9 1-9 1-9 Four symbols reported, but not:
obscuration or partial cbscuration
-000 X 0 -0 0 Obscuration (10/10 hidden by
surface based phenomena)
b000 .[Blank 0 0 0 Partial obscuration and no other
symbol
bd00 {[Blank 1-9 0 0 Partial obscuration and onecther
symbol
bdd0 |Blank -9 1-9 0 Partial obscuration and two other
symbols
bddd |Blank [1-9 1-9 1-9- Partial obscuration and three
other symbols
b-00 |Blank X 0 0 Partial obscuration below
obscuration
d-00 1-7 X 0 0 Obscuration above one lavyer
1dd-0_ j1-7 -7 X 0 Obscuration above two lavers
ddd- j1-7 -7 1-7 X Obscuration above three layers
fkk |3 * * If any position was punched
invalid (*), the entire field was
co&d b.1.3.3 ] S
ibbbb__ |Blank  PBlank |Blank |]Blank J]Unknown

Provision is made in the standard tape form for coding amount, type, and

height of as many as four cloud layers plus total amount and total opaque amount,

as well as summation amounts at the second and third layers. Twenty-four
character positions are set aside for the cloud fields in accordance with the
following outline, comprising sixteen fields.

are indicated by subscripts.

. CLOUDS
1st 2nd 3rd 4th
at a g, tl 'hl: a, t2 h 22 a, t3 h3 23 a, tq hu
® 3 v VO ~ © o © ~ ~ o ) Yo Y- @
4333 43 d 8 8 99 4 3 33 N

Cloud Fields

Clouds are reported in four layers, plus fields for the total amount
and the total opaque amount a, and a_ respectively. Amounts, types and
heipghts are indicated bv symbodls a,

t, and h respectively; the layers
Summation amounts at the second and third

layers are indicated by tzahd 23 respectively.
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CLOUD AMOUNT TABLE

The same coding system is used for cloud amount, whether applying to total
amount, amount for individual layer, summation amount, or opaque amount.

Tape Code Definition
0 : Clear or less than 1/10
1-5 Scattered or 1/10 through 5/10
6-9 _ Broken or 6/10 through 9/10

n_n

Overcast or > 9/10

CLOUD TYPE TABLE

The same coding system is used for cloud type in all four positions reportable.
Note that X-overpunching was used in the punch card codes, resulting in alpha-
‘betic codes for some types.

Tape Code Definition

None

Fog

Stratus

Stratocumulus

Cunmulus

Cumulonimbus

Altostratus

Altocumulus

Cirrus

Cirrostratus

Stratus Fractus/Fractostratus
Cumulus Fractus/Fractocumulus
Cumulonimbus mamma
Nimbostratus

Altocumulus castellanus
Obscurirg phenomenon
Obscuring phenomenon

other than fog

VWM OZZAROONDDNEFWNHO

"_u
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CLOUD HEIGHT TABLE

Tape Code Definition
000-999 0 to 99,900 feet (in hundreds
of feet)
——— None (no clouds for which a

height could be reported).

_—— Partial obscuration when
appearing in field 117 and
field 116 is coded "-".

888 Cirroform clouds of unknown
height.

aAA Unknown

AA% Invalid code

Heights are recorded in hundreds of feet above station level in the following
manner:

Nearest 100 ft. Surface to 5,000 ft.
Nearest 500 ft. Between 5,000 and 10,000 ft.
Nearest 1,000 ft. Above 10,000 ft.
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EIFLD 129 - 132 - Atmospheric Phenomena

Tape Code

Taken as a whole, the 8 positions may show the absence of all listed
atmospheric phenomena, if coded as follows:

Position | Code Code Definition

129 (-0) 0 No thunderstorm, tornado, or squall

130 (-1) 0 No rain, rain showers, or freezing rain

130 (-0) 0 No rain squalls, drizzle, or freezing drizzle

131 (-2) 0 No snow, snow pellets, or ice crystals

131 (-1) 0 No snow showers, snowWw squalls, or snow grains

131 (-0) 0 No sleet, hail, or small hail

132 (-1) 0 No fog, ice fog, ground fog, blowing dust, or
blowing sand

132 (-0) 0 No smoke, haze, dust, bldwing snow, or blowing spray

Wind Phenomena --Position 129 (-0)

Tape Code
Code Symbol Code Definition
0 No thunderstorm, tornado, squall, or other listed
phenomena
1 T Thunderstorm
2 T+ Heavy thunderstorm
3 TORNADO |Tornado (Report of tornado or waterspout never
abbreviated)
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Wind Phenomena - - Position 129 (-0) (Cont'd)

Code Symbol Code Definition

4 Q- Light squall

5 Q Moderate squall

6 Q+ Heavy squall
7

8

9

b Unknown

* Invalid

Liquid Precipitation (No. 1) - - Position 130 (-1) Tape Code

Code | Symbol Code Definition
0 No rain, rain showers, or freezing rain
1 R- Light rain

2 R Moderate rain

3 ‘Rt Heavy rain

y RW- Light rain showers

5 RW Moderate rain showers
6 RW+ Heavy rain showers

7 ZR- Light freezing rain

8 ZR Moderate freezing rain
9 ZR+ Heavy freeziﬁg rain

b Unknown

* Invalid
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‘Liquid Precipitation (No. 2) - - Position 130(-0) Tape Code
Code |[Symbol Code Definition
0 No drizzle , freezing drizzle, or rain squalls
1 RQ- Light rain squalls
‘2 RQ Moderate rain squalls
3 RQ+ Heavy rain squalls
u L~ Light drizzle
5 L Moderate drizzle
"6 L+ Heavy drizzle
7 ZL- Light freezing drizzle
8 ZL Moderate freezing drizzle
9 ZL+ Heavy freezing drizzle
b Unknown
K Invalid

169




Frozen Precipitation (No. 1) - - Position 131 (-2)

Tape Code

[code Symbol Code Definition

0 No snow, snow pellets, or ice crystals
1 S- Light snow

2 S Moderate snow

3 S+ Heavy snow

y SP- Light snow pellets

5 SP Moderate snow pellets

6 SP+ Heavy snow pellets

7 IC- Light ice crystals

8 Ic Moderate ice crystals

9 IC+ Heavy ice crystals

b Unknown

® Invalid

Frozen Precipitation (No. 2) - - Position 131 (-1) Tape Code

Code |Symbol Code Definition

0 No snow showers, snow grains, or snow squalls
1 SW- Light snow showers

2 SW Moderate snow showers

3 SW+ Heavy snow showers

y SQ- Light snow squall

5 SQ Moderate snow squall

6 SQ+ Heavy snow squall

7 SG- Light snow grains

8 SG Moderate snow grains

g SG+ Heavy snow grains

b Unknown

¥ Invalid
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Frozen Precipitation (No. 3) - - Position 131 (-0) Tape Code
Code |Symbol Code Definition
0 No sleet, hail or small hail
1 |(E-,EW- | Light sleet or sleet showers
2 |E, EW Moderate sleet or sleet showers
3 |E+,EW+ | Heavy sleet or sleet showers
4 |A- Light hail
5 |A Moderate hail
6 |A+ Heavy hail
7 |AP- Light small hail
8 |AP Moderate small hail
g [AP+ Heavy small hail
b Unknown
* Invalid
Obstructions to Vision (No. 1) - - Position 132 (-1) Tape Code
Code |Symbol Code Definition
0 None listed below
1 F Fog
2 IF Ice Fog
3 |GF Ground Fog
4 |BD Blowing dust
5 |BN Blowing sand
6
7
8
9
b Unknown
% Invalid
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Tape Code

Obstructions to Vision (No. 2) - - Position 132 (-0)
Code |Symbol Code Definition
-0 None listed below

1 K Smoke

2 H Haze

3 KH Smoke and haze
4 D Dust

) BS Blowiqgg;now
6 BY Blowing spray
7

8

9

b Unknown

L Invalid

‘ Conversion Procedures for Deck luu

Atmospheric phenomena as punched in Deck 144 are the model for the standard
tape form. Therefore, the element was reproduced as punched, with but minor
editing. Each card column was reproduced without consideration of the field
as a whole, and edited for the valid codes in each, as. are shown in the
standard tape code. Columns punched with codes other than those described as
a valid meteorological report were reproduced to tape as invalid, "#", and
blanks were coded "A". '
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FIELD 133

XX

Special Positions

Beginning January 01, 1964, wind directions
were reported in tens of degrees, based on a
36 point compass. These values are entered

in this field while directions converted to
the 16-point scale are entered in field 10u.
Analogous coding is done for the remaining
related fields of wind speed within each logi-
cal record.

The conversion procedure used was:

36 Pt.

35-01
02-03

0u4-05

06-07
08-10
11-12
13-14
15-16
17-19
20-21
22-23
24-25
26-28
29-30
31-32
33-34

FIELD 134

XXX

FIELD 135

X

to 16 Pt.

1
12
22
32
33
3y
I
54
55
56
66
76
77
78
88
18

Special Positions

The three positions in this field are not
required for data in Deck 1u44. These
positions are blank and may be used for
future data requirements.

Record Mark

The record mark follows the observation to
indicate the end of the record.
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AREA COVERAGE: United States, Caribbean and Pacific Islands and other overseas

stations of U. S. Weather Bureau, Air Force ang Navy.

PERIOD OF RECORD: Navy Apr 1945~ Weather Bureau Jan 1948- Air Force Jan 19L9-

Note:

Some prior periods are included in this deck.

A status of the

pertod of

record for each station is majntained at the National Climatic Center,
Asheville, North Carolina.

OBSERVATION TIME: Local Standard Time (I.ST).

anges

time of observation, refer to SUPPLEMENTARY NOTE A, page 9.

For information relating to

Begin-

ning 1 Jan 65, the Weather Bureau reduced the number of hourly observations

punched from 2L to 3 per day.

These 3-hourly observations correspond

to rec-

ord observations at 000G, 0300, 0600, 090C, 1200, 1500, 1800, and 2100 GMF. As
a result of special studies, some WB stations may have 24 observations per day

punched,
CODES: WBAN and WMD
SOURCE: WBAN Forms 10A, 10B and 10 or similar forms. In addition to

WBAN Forms

Tor weather Bureau, air Force and Navy, those of FAA and Signai Corps are in-
Effective 1 apr 70, forms redesignated as MF 1-104, 1-10B and 1-10C.
MF indicates Meteorological Form.

cluded,

MISSING DATA:s Blanks in appropriate columns are used to in-

missing data. Identification cards were punched for
missing observations at AWS stations unless a whole month'’s
record was missing. .Punching of ID cards for AWS stations
was phased out from Sep-Dec 1968.

COLUMNS AND ELEMENTS PUNCHED: Colwms 1-79 are punched.
Elements punched are:. {Index on page 1k)

Ceiling Height Rain Showers Smoke and/or Haze

Sky Condition Freezing Rain Dust
Clear Drizzle Blowing Snow
Scattered Freezing Drizzle Blowing Spray
Broken Snow Sea Level Pressure
Overcast Snow Pellets Dew Point Temperature
Partial Ice Crystals Wind Direction
Obscuration Snow Showers Wind Speed
Obscuration Snow Grains Station Pressure
Visibility . #Sleet Dry Bulb Temperature

Weather and/or Hail .
Obstruction to #5mall Hail

Wet Bulb Temperature
Relative Humidity

Vision Fog Total Sky Cover
- Thunderstorm Ice Fog Amount, Type and Height
Tornado Ground Fog of Cloud Layers
Squall Blowing Dust Opaque Sky Cover
Rain Blowing Sand

+Reported as Ice Pellets, effective 1 Apr 70.

ADDITIONAL REMARKS: Card content is generally for recent
years. Prior punching or processing procedures are de-
scribed in "Remarks Column" or in SUPPLEMENTARY NOTES.

Effective 1 Jan 68, the Air Force began the use of the METAR
Code at nearly all stations located outside the North Ameri-
can Continent., Observations for these stations are not
available on punched cards but on magnetic tape only.

Decks with similar data are listed on page .

CORRECTIONS: Any errors detected im this manual should be
calle e attention of the Director, National Climatic
Center, Environmental Data Service, NOAA; or Chief, Data
Processing Division, Envirommental Technical Applications
Center, USAF. Please give specific instances of error and
correct information if available.

WSCOmm Esia

Revised:

ASMEVILE

November 1970
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DATA PROCESSING DIVISION, ETAC, USAF

AT oML EiMAne CenTer oA REFERENCE MANUAL WBAN HOURLY SURFACE OBSERVATIONS 144
CARD CONTENT
COLUMN ITEM OR ELEMENT s:sr:?auc CARD CODE l CARD CODE DEFINITION E REMARKS
21-79 | Missing Data B Blank . Unknown ! Blank indicates unknown or missing data,
1-5 Station 00001 - WBAN Number A five digit number formulated to designate the station. A list
Number 99999 ! i of stations with their coordinates, elevation and period of record
WBAN | : is maintained at the NCC  in Ashevilie, N. C.
6-7 Year 00-99 -Last two digits of year N )
§-9 Month 01-12 10l Jan to 12 Dec :
10-11 | Day 01-31 LDﬁy of month I
12-13 | Hour 00-23 i LT ! For information relating to time of observation changes and re-
; I duction of punches from 24 to 8 observations per day, reference
: ' SUPPLEMENTARY NOTE A, page 9 and OBSERVATION TIME, page 1.
14-16 | Ceiling hhh 000~ j Hundred of feet i Reporting practices are described in SUPPLEMENTARY NOTE E, page 7,
Height 990 . :0-99,000 feet =~ !
T T T Omlimited T
888 Cirroform ceiling, Effective T Sep 56. Punching of B88 for Cirroform ceiling, height
height unknown J unknown, was discontinued on 1 Apr 70.
17-20 ] %ﬂ Codition | __ _ 1 ¢y _ __ _ _____ _ |} Four column field for up to L layers. 0 in unused columns.
17 irst Sky ®) [s) Clear Thin sky cover is a designation given any layer for which the
_Cover Léxeg_ | Cloud cover <.05 ratio of transparency to total sky cover at that level ic % or
I5 ™ 7 Second Sky | __ |Colums 18-20 punched 000 _ | more.
™ -«—g%ig_;‘%el._ — % flz' : ’é‘l;;x;t:;::gtered Prior to September 1956 dark scattered, dark broken, and dark
Cover Layer Cloud cover .1 thru .5 overcast were coded 3, 6, and 9, respectively.
20 gg:::;h ngr % 15‘ —gx‘i;et:lroken Reporting practices of sky conditions, etc. are described in more
—— pelNer layer Cloud cover .6 thru .9 detail in SUPPLEMENTARY NOTE C, pages 9-10.
T =@ |7~ |Tin overcast
Cloud cover 1.0
I Té |6 T  T|Overcast ;
Cloud cover 1.0
Columns 16-2C punched 000 _
— X " | Blank | Partial Obscuration
Columns 1%-20 punched 0-8
0.1 or more but not all sky
hidden by surface based layer|
X T 71X T T TObscuration
All of sky hidden by a
surface based layer,
Columns 18-20 punched C0O0.

USCOMM  #45a  ASHMEVIIE

Revised: November 1970
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DATATROCESSING DIVISION, ETAC, USAF REFERENCE MANUAL  WBAN HOURLY SURFACE OBSERVATIONS 144

CARD CONTENT

COLUMN ITEM OR ELEMENT smlrgluc CARD COOE CARD CODE DEFINITION REMARKS
21-23 |Visibility YW 000-006 0 - 3/8 miles 1/16 mile increments Refer to Code 3} on page 12,
006-020 3/8 - 2 miles [ 1/8 mile increments 3
020-027 2 - Psmiles 1/l mile increments Effective 1 Apr 70, visibilities greater
027-030 2% - 3 miles 1/2 mile increments than 7 miles will not be recorded unless
030-150 3 - 15 miles 1 mile increments & marker is located at a distance great-
150950 115 - 95 miles i 5 mile increments er than 7 miles.
990 1100 miles or more '
Visibilities reported other ,x7/8 was not reported prior to Jul 52; and 1 1/8, 1 3/8, 1 5/8 and
| than standerd punched for |1 7/8 until May 53. 1 1/8, 1 3/8, and 1 5/8 were punched as 1, 1%,
, next lower value. land 1% until Jan 56. 7/8 and 1 7/8 are punched as 3/4 and 1 3/k.
2h-31 gg::hrzz:‘tigzl ::; i : See page 8 for intensity definition Columns 2L-31.
| Msdon L e e
2k 0 None
Thunde/rstorm T 1 Thunderstorm "y 8 N intensities
Heavy/Severe T+ 2 Heavy thundersto See note ge 8, on thunderstorm intens . ,
Thgderstom Severe thunderstorm Heavy mfmdp:rstom redefined Severe Thunderstorm 1 dul 64.
Tornado Tor 3 Tornade - Land
Waterspout Waterspout - Water e e e e e et e e
Squall — T @ |8~ — T TTsaquall T [THeported as rain or snow squaus_(RmQT-ngore ks,
T __|1ntensity reported prior o 1 Jun 51.Definition is given on page U,
75 Tiquid
Precipitation 0 None
R- 1 Light rain
R 2 Moderate rain
R+ 3 Heavy rain
RW- L Light rain showers
RW S Moderate rain showers
RW+ 6 Heavy rain showers
ZR- T Light freezing rain
ZR 8 Moderate freezing rain
—— e [ PR 42 _Meawy freezimgrain | __ o ———
26 Liquid ] :
Precipitation 0 None . Codes 1, 2 and 3, light, moderate and heavy rain squalls reported
L- k Light drizzle prior to 19L49. Drizzle intensity explained in SUPPLEMENTARY NOTE
L 5 Moderate. drizzle D, page 1C.
L+ C Heavy drizzle
ZL- 7 Light freezing drizzle
ZL 8 Moderate freezing drizzle
21+ 9 Heavy freezing drizzle

USCOMm £55a ASuEViLL, Revised: November 1970 Poge 3
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL CLIMATIC CENTER, NOAA

REFERENCE MANUAL

{!BAN HOURLY SURFACE OBSERVATIONS 144

CARD CONTENT
COLUMN ITEM OR ELEMENT S:EM,:-?.“C CARD CODL } CARD CODE DEFINITION : REMARKS
27 Frozen 0 | None
Precipitation s- 1 | Light snow |
S 2 iModerate snow ;
S+ 3 ! Heavy snow i
SP- 4 iLight snow pellets i
SP 5 i Moderate snow pellets !
SP+ 6 | Heavy snow pellets ! Code 7, IC - and code 9, IC +; intensity reported prior to 1 Apr 63
I 1 I 8 |Icecg_s_tals_ - L _
28" | Frozen - ] T - - | - - T T
Precipitation 0 ; None j
SW- 1 I Light snow showers ;
SW 2 ! Moderate snow showers
SwW+ 3 !Heavy snow showers Codes L, 5 and 6, light, moderate and heavy snow squalls reported
5G- 7 i Light snow grains i prior to 194L9.
SG 8 Moderate snow grains
o e LSO+ N8 . . jHeavy snow grains - e e e e e e e s
25 Frozen 0 | None IPrior to 1 Apr 70 ice Pellets were coded as Sleet (E-, E, E+). oOn
Precipitation IP- 1 | Light Ice Pellets [ this date Sleet and Small Hail were redefined as Ice Pellets.
IP ) i Moderate Ice Pellets | Ice Pellet Showers (IPW) are coded as Ice Pellets; Sleet Showers
IP+ 3 ~ Heavy Ice frellets were coded as Sleet.
A 5 i Hail Hail intensities reported prior to 1 Sep 56: Codes L, ¢, 7, and
9, A-, A+, AP- and AP+.
e ap 8 lomallwWail _ . Deleted 1 Apr 70; redefined as Ice Pellets.
30 Obstructions i
to Vision 0 None | SUPPLEMENTARY NOTE E,Page 10explains the reporting practices of
F 1 Fog these elements.
IF 2 Ice fog OBSTRUCTIONS TO VISION are recorded only when the visibility
GF 3 Ground fog | is less than 7 miles.
BD N Blowing dust !
S D IS - S - S | Blowing sand
31 Obstructions
to vision 0 None
K 1 Sroke
H 2 Haze
KH 3 Smoke and haze
D L Dust
BS g Blowing snow
BY 6 Blowing spray Effective 1 Jul 52.
i

USCOMm  ESSA  ASHEVILE

Revised:

November 1970
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DATA PROCESSING DIVISION, ETAC, USAF
NATIONAL CLIMATIC CENTER, NOAA

_REFERENCE MANUAL  vpay HOURLY SURFACE OBSERVATIONS 144

CARD CONTENT
ey S
COLUMN ITEM OR ELEMENT I s::‘"?.l'c CARD CODE . CARD CODE DEFINITION REMARKS
32-35 Sea Level PPPP ;OO0 Millibars and tenths Thousands digit not punched. [
Pressure ; ey 0o, = 1006.0 mb Antarctic stations, see SUPPLEMENTARY NOTE H, page 11. :
A 999 = 999.9 mbs. ., AWS punched 3-hourly only effective 1 Jul S8. J\
36-3" | Dew Point TaTqTy ‘ 000-N9Y 0 e 199 . Before 1949, dew point was computed with respect to ice if i
Temperature X01-X99 Whole degrees F. temperature was below 32°F. Beginning Jan L%, it was computed i
i -1 to ~99 with respect to water regardless of temperature.
1 "X in Column 36 for
: . negative values. :
39-40 | Wind dd " 6G-36 . True direction, in tens of Prior to 196L, wind directions were reported according to Code 2,
Direction degrees, from which wind is ' page 12.
blowing (Code 1, page 12 eff. See SUPPLEMENTARY NOTE H, page 11, for punching procedures at
| ‘ ‘1 Jan 6k) Admundsen-Scott Station, Antarctica.
11-L2 | Wind Speed Cff T 0099 " Knots ~Prior to Jan 55 in miles per hour at AF and WB stations; in
' X/ X overpunch in Column L1 | knots at most Navy stations.
indicates 100 or more knots !
43-L6 | Station PPPP 1000 1C.60 to 39.99 inches to i Station pressure is the pressure at the assigned station elevation.
Pressure 3999 Hundreds Hg. ' AWS punched 3-hourly only effective 1 Jul Sf#, f-hourly effective
11 Jan €4, and 3-hourly eff. on receipt of order dated 1 Jun 65.
k7-L9 | Dry Bulb TTT ceo-197 Whole degrees F. i
Temperature C to 197 !
XO1=X9y~  ~ | =X to =% “ZoTamn L7 punched X or X overpunch for values below Zero.
X _-X R 165 !
106 155 10C to -19%
50-52 | Wet Bulb 'Whole degrees F. ! Column 50 punched X for minus. AWS began phasing out punching wet .
Temperature 00C=1599 (" to 199 ; bulb data ] Jul 58. WB and Navy discontinued punching wet bulb
X01-X99 "<l to =99 ‘ data 1 Jan 65. See SUPPLEMENTARY NOTE F, page 17 for hygrother-
! mometer input. For methods of computation of wet bulb temperature
and relative humidity, refer to page 13.
53-55 Relative RH nNO-100 0 to 1N whole percent AWS discontinued punching Columnc 53-75 1 Jul S.. WH discontinued
Humidity Cols. punching Colurns 53-55 1 Jan 4. (WS, effective 1 Apr 77, RH is
punched only when entered on Form 1-17B; entry of RH on form is
optional. Helative humidity computations respect to ice, etc.
reporting practices explained in SUPPLEMENTARY NOTE F, page 1G.
56-79 | Clouds and Obscur- See SUPPLEMENTARY NOTE G, page 11 for information on cloud layers.
— —{ing Phenomena | | —_ —— e
56 Total Sky 0-9 Tenths ’
Cover X 1C Tenths
1
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CARD CONTENT
T
COLUMN ITEM OR ELEMENT 5{:‘,1?.‘" CARD CODE l CARD CODE DEFINITION ! REMARKS
S7 Amount of 0-9 : Tenths Weather Bureau stations reported detailed c}oud observati'.ons((}ols.
— _|Lowest Layer 1| __ | _X____ _ ! 10Tenths _ _ _ ___:56-78) only every 3 hotszrs, ba:sled upgg the time of synopt:csgbser-
0 N rvations, until June 1951 and Jan 1965-present., Only Col. 54, To-
58 ggidof F 1 i one/clear ;’tal Sky Cover, was punched for the intermediate observations.
st 5 ! Stratus ;Beginning Jun 51, complete cloud observations were reported and ]
Lowest Sc 3 Stratocumulus ipunched (Cols.56-79) for every record obs. as was the practice i
Layer Cu L Cumulus 'with Air Force and Navy stations. In all cards of FAA(CAA) sta-
ay ob p ' Cumulonimbus tions, Cols. 57-78 are not punched.
ie A | Altostratus 'Note: Air Force stations coverage beginning 1 Jul 5%, Cols. S7-
Ao 7 ' Altocumulus .79 were reduced from hourly to 3-hourly punching. Except for
cs g ' Cirrus Korean and down range stations, punching of Cols. 53-61 and 63-
| : .
Cs__ _1 9 __ __ _ Cirrostratus __ __ ___ T/ vas discontinued on 1 Jan €L and Cols. 57 and 62 on 1 Jul 65.
" Stfra X ' Stratus Fractus . Sf was contraction prior to 1 Apr 70.
2 — — — — — o lfractostratus)prior tedlMay 1.
Cufra X 4 Frac C{ was contraction prior to 1 Apr 70,
I Cumulug Fractus f Fc (Fractocumulus prior to 1 May 61.
Cbmam z Cumulonimbus mamma ; Cm was contraction prior to 1 Apr 70.
Ns é Nimbos tratus |
!
—_———— — — e —— — — — — I E—————
Accas 7 Altocumulus —T Acc was contraction prior to 1 Apr 7¢
i ____cas_t_e_lé_a_gug__________;_;______________________________________
Cc % Cirrocumulus |
X Obsecuring phenomenon
—_— e | other than fog — e e
57-61 {Height of 000-990 Hundreds of feet
Lowest Layer __‘__u___r__Q_EO_S’_‘/’_;QC_)Q&______________________________________
888 Unknown height of a Effective 1 Sep 56 through 31 Mar 7C.
| cirroform layer e e
XX Unlimited vertical Clear, no clouds reported or surface based partial eobscuring
—_— e | visibility | _phenomena (first layeronly). _
62 Amount of 0-9 Tenths
Second Layer X 1C tenths . e
63 Type of Oy See Column 58
Second Layer X/
6h-66 |Height of | | | 3ee Colums 59-61 -
Second Layer
USConm €554~ asmpurce Revised: November 1570 Peor 6
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CARD CONTENT
COLUMN ITEM OR ELEMENT sl?y#?.uc CARD CODE CARD CODE DEFINITION ! REMARKS
67 Summation Amount 0-9 ! Tenths
at Second layer | _  _ | X __ 10 tenths , ——— —
68 Amount of 0-9 Tenths ;
Third Layer ] X i 10 tenths !
— ] s o e ot — — n— ——— ——— — — — o, s | d . . et et s ot — vr—— — — — a——— ——— o———— s,
69 T of 0-9 . See Column 58 ,
— —Third Layer __ | X
70-72 | Height of _T' See Columns 59-61
— Mreleyer | ____ |
73 Summation Amount 0-9 i Tenths
at Third Layer X 10 tenths
—-—4—————-——»————1——--—-———--——..-.—.—...—.-—....-.—-.—————-———————————————————-——
74 Amount of 0=y Tenths
— _|Fourth Layer | X _ | 1tenths e
75 | Type of T 0-9 See Column 58
Fourth Layer X/
— — A —— — — —— — —— C— —— —— A T S — —— A S — ——— —— ——— A — — A —— ———.  —— A T S  — —— — — ——————
76-78 | Height of See Columns 59-61
Fourth Layer
_ﬂ——————’—-———i—-—————i————-——————————————_——————-———-————-—————--———
79 Total Opaque 0-9 Tenths Effective Jun 51.
Sky Cover X 10 tenths 1 Jun 62 - Opaque Sky Cover was re-defined: Those pcrtions of
cloud layers or obscurations which hide the sky and/or higher
, clouds. Translucent sky cover which hides the sky but through
! which the sun and moon (not stars) may be dimly visible will be
E considered as opaque.
1 Apr 70 - Opague Sky Cover: The amount {(to the nearest tenth) of]
cloud layers or obscuring phenomena (aloft or surface-based) that
completely hides all or a portion of the sky and/or higher clouds
that may be present.
80 Not used
USCOMM 1554 ASHEVILLE Revised: November 1970 Page 7
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METHODS FOR DETERMINING

INTENSITY OF WEATHER

J————

1945 -
THU NDERSTORM - Cherscterized by occssionsl or
fairly freovent flashes of lightningz; wesk to
loud pesls of thunder; rainfaell, if eny, light
or moderste, and rerely hesvy; hsil, if eny,
light or moderste; wind not in excess of 40
miles per hour or 35 knots; and no lerge temp-
ersture drop with passage of the storm.
Note: Vind speed chenged to knots on 1 Jan 1955,
1 Jul 68 - hedefined, # thunderstorm is & local
storm produced by cumuloaimbus cloud, sni is
always eccompenied by lightning end thunder,
usually with strong gusts of wind, snd some-
times with hail. The intensity of s thunder-
storm is besed on the following cherecteris-«
tics, observed within the previous 15 minutes:
Wind pgusts less than 50 knots end hail, if any,
less then 3/4 inch in dismeter.

HEAVY THUNDFRSTOKM - Charscterized by nearly
incesssnt, shsrp lightning; loud peals of sl-
most continuous thunder; hesvy rain showers;
hail of eny intensity; wind in excess of 40 mph
(25 knots) es the storm masces overhesd; end &
rapid drop of tempersture, as much rs 20°F in
5 minutes with the passsage of the storm.

1 Jul 68 - hedefined ns SEVEER THUNDERSTUERM.
The intensity is besed on the following char-
acteristics, observed within the previous 15
minutes: Wind gusts of 50 knots or greater or

rail, 3/4 inch or greater. o
GUSTS OF WlND
1945 - 1951
*heIN SPUALLS,*SNOW S~U&#LLS, SCUALLS
Light = Gusts of 24 mph or less (21 knots)

Moderete = Gusts of 265=3Y mph (22-34 knots)

Heavy ~ Gusts of 40 mph or more (35 knots)
*Soualls reported separately aft r 1948.

Intensity of soualls discontinued 1 Jun 51

(==

THUNDERSTORM |

GUSTS OF WIND (CONTINUED)

1 Jun 51 - A STUALL is s strong wind thet in-

creases suddenly in speed, meintsins & pesk
speed of 19 mph (16 knots) or more over 8 period
of two or more minutes, and decreeses in speed;
similer fluctuetions will occur at succeeding
intervels. (reported if occurred within 18
minutes of time of observetion)

1 Apr 70 - A SCUALL is s sudden increase of wind
speed by at least 16 kuots end rising to 22 kts
or more and lasting for st lesst cne minute.
\reported if occurred within 10 min. of obs)

RATE OF FALL AND AGGUMULATION
1946 -
HAIL,#SMALL HAIL,#SLEET,«ICE PELLETS
1 tpr 70 -sSleet eni1eSmell Heil redefined ss
«lce Pellets
- Few pellets felling with no appreci-
able accumulstion.
Moderate - Slow sceumulstion.

Heovy - KRepid sccumulstion,

VISIBILITY PRECIPITATION

IoSNOW, £NUW SHUREFRS, Suuk PRLLETS, LRIZZLE,
PRERZING URIZZLE, !0V Ghe.NS

Light

= o
RATE OF FALL '
1945 - l
ReIN, RAIN SHOWEFS, FREEZING RAIN i
Also DRIZZLE (1945-194€), S, SVO% SEUVRRE,

SHYh PELLETS, when sccompa:iied k_v other rrecipis
tation or obstructions to vision.
Light - Trece to 0.10 incr per hour;
0.01 inen in six minutes.

maximun
Moderste = 0,11 to 0.30 inch per hour: more
then 0.01 to 0.03 inch in six min.

=~ More than 0.30 inch per hour; more
then 0.03 inch in six minutes.

teovy

When measurement cf rate of fall was
imprecticable, the intensity wes de-
termined visually.

(when occurring alone )
Light - Visitility 5/8 mile or grester
Moderste - Visibility 5/16 - 1/2 mile, inclusive
Heavy - Visibility 1/4 mile or less i

lone, intensity we: determined by visitility, ss
chown sbove. Intensity of drizzle, when occure-
ring elore, was determined by visibility in 1545
-194€ erd after Nay 1951 -

[ ICE CKYSTALS with sn intensity of greater than
|| “very lignt" will he rerely observed. 4bove
‘criterie vire referred to if needed.

|1 Apr 63 - Reporting of intensities of ICE

| CRYSTALS wes dizcontinued.

HAZE .’
1945 -
- Vieibility 6 miles or less, but
rerely below 3 miles.

|1945 - For ell forms of snow, when occurring &=
U

\

HAZL

Jan 47-dsy 51, whether slone or not, end after
Mey 51, when secomounied by otner precipitetion
or obstructions to vision.

DRIZZLE, FRERZING DRIZZLE
Light - Trsce to 0,01 inch per hour
Moderete - More than 0.0l to 0.02 inch/hour
Heevy - More tnan 0.02 inch per rour.

UFMP HALF - Visibility 6 miles or less, but
rerely ss low as 1 1/4 miles.
Yot reported at'ter 1948.

NOTE: The intensity "Very light" (lees then
"Light") wes not used before June 1951,
It is punched es "Light" for ell

elements.

|

USCOM™ €554 ASHMEVILE
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SUPPLEMENTARY NOTE A: OBSERVATION TIME Colwms 12-13

The time punched 1s that of the record observations, taken dur-
ing the last ten minutes of the hour punched. Prior to Jun 57
the last ten minutes - on the half hour. Minutes are disregard-
ed in punching. All "War Times" and "Standard Meridian Times"
were converted to Local Standard Time before punching. For Air
Force stations in the United States, the times were punched in
accordance with the established time zones. Time entries for
Air Force stations outside the United States were edited prior
to punching and where necessary converted to the Local Standard
Time of the nearest meridian evenly divisible by 15 degrees.

SUPPLEMENTARY NOTE B: CEILING HEIGHT Colwms 14-16

Celling was recorded in hurdreds of feet above the ground to
nearest 100 feet up to 5000 feet, to nearest 500 feet up to
10,000 feet, to nearest 1000 feet above that. Before 1949, Air
Force stations recorded ceilings up to and including 20,000 feet,
above which point the ceiling was classified as unlimited; Weath-
er Bureau and Navy stations recorded ceiling only up to and in-
cluding 9,500 feet, above which point the ceiling was considered
unlimited. Beginning in 19L9, ceiling was re-defined to include
the vertical visibility into obscuring phenomena not classified

as thin, that, in summation with all lower layers, cover 6/10 or
more of the sky. Also at that time all limits to height of ceil-
ing were removed, so that unlimited ceiling became simply leas
than 6/10 sky cover, not including thin obscuration. Then, begin-
ning 1 Jun 51, ceiling heights were no longer established solely
on the basis of coverage. The ascribing of ceilings to thinbroken
or overcast layers was eliminated. A layer became classified as
"thin" if the ratio of transparency to total coverage at that lev-
el is % or more.

SUPPLEMENTARY NOTE C: SKY CONDITIONS Colwmns 17-20

Jan 19L5-Dec 1948: If there is only one cloud symbol, except for
1ow scattered and obacured, Column 17 was punched with appropriate
code, Cols, 18-19 with "X" and Col. 20 was left blank. If clouds
were high (above 9,500 ft.) Col. 17 was X overpunched. If clouds

were low scattered, "O" was punched in Col.1l7, height in Cols. 18-.

19, and code in Col. 20. Cols. 18-19 were Jeft blank if helght

was missing. When two cloud symbols were reported, the higher cloud

was punched in Col.17 and the lower in Col. 20. In 1546, obscured
: (continued on next page)

TABLE OF SKY CONDITIONS

The table below shows the punching practices in
Columns 17-20 for the periods Jan L5 through Dec
L8, and Jan 49 through May S51. ’

BKY CONDITIUN REMARKS 11%%%?%!3 fﬂ%%?
Clear O 'oix xlo oTx )
Tow Seattered () ot 2600 ft o[sjz] olzls iz
Hign Soattered @ Aover 5800 T5) I o9z
AT 8otd Lwr Sotd (/96 (D et 9600 £t ;xx z,sis'z
Broken at 12000 ft 12 ?5 : : 2 %0;!3115
filgh Brim Lwr BrinQ)/Q) Celling £000 ft 5 Exx 5]
High Ove Lwr Sotd at 2500 rtB/(D .;l 1'5 8‘2 52
High Ove Lwr Brim@/(QD 2 ? 5,!2 .a XX5
~ Bxx5
Overcast @ 8 XiXx. ‘OIX X8
gve Setd at 3000 ft gy 30D 8302 8302
Gve Brim at 2500 ft ¢ 25 Q) 8 xlxs Aij:xa
Obscured x 0X[Xxx 0'X'Xx X
Thin Obsoured =X 0Xxix 0 X'x
}

UICOmm E55A. AsMEvILLE Revised:
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SUEPLEMENTARY NOTE C. (Continued)

sky was reported only when heavy obstructions to vision and/or
heavy precipitation reduced the ceiling to zero and/or the visi-
bility to less than % mile; and when the visibility was X mile or
more, a sky symbol was always reported. Effective 1 Jam L7, the
symbol "X", for obscured sky, received the same latitude of usage
as all other symbols. "X" then represented sky cover of 6/10 or
more, obscured by precipitation or obstructions to vision either
alone or in combination with lower clouds, and irrespective of
higher clouds and ceiling and/or visibility limits. In August
1947, the use of "-X", for thin obscured, was authorized. In19Lé
if a layer of scattered clouds above a layer of broken clouds was
clearly observable, it was so reported. In 1547 and 1948, symbols
corresponding to higher cloud lgyers indicated the amount of sky
covered not only by their respective layers, but by all layers be-
low them. In all years, the presence of few clouds (less than
1/10) was recorded in Remarks.

Jan L9 through May 51: When only one sky symbol was reported it
was punched in Col. 20. The use of an "X" overpunch for high (/)
layers was discontinued. (/ indicates over 5500 ft). The height of
scattered clouds above 9500 ft was punched in Cols. 18-19 as 99.

Effective 1 Jun 51, the reporting of height of low scattered was
discontinued, and provision was made to report any number of sky
condition symbols, with the height of each. The ceiling layer
was not reported separately as before, but was identified by the
entry of a ceiling classification letter immediately preceding
the height. Sky condition symbols were reported in ascending or-
der of height, and were punched in that order, unless more than
four were reported. In that case, the last (highest) symbol was
punched in Colurm 20, and the first three in Columns 17-19, un-
less the ceiling symbol was thereby excluded. In the lattercase,
the first two symbols were punched in Columns 17-18, the ceiling
symbol in Column 19, and the highest symbol in Column 20. No
symbols were reported in Remarks, as was the practice before June
1951. :

Sky condition symbols were also re-defined so that obscuring phe-
nomena aloft and clouds were reported in the same manner (i.e.,
obscuring phenamena aloft were reported by 0, O, and G, rather
than X and -X). X and -X were used only to indicate the amount

of sky hidden by surface-based phenamena. -X was re-defined as
partial obscuration (1/10 to lees than 10/10 sky hidden). The
symbols X and -X unlike 0, O, and O, were defined by the amount

of the sky hidden by surface-based phenomena, and -X did not indicate
the amount of sky covered. The meaning of "thin" was re-defined. If
the total que cover created by any layer in combination with lower
layers was % or less of the summation total cover at that level, the
layer was classified as thin. Note that the mimus sign, when applied
to 0, 0, or 0 means "thin"; when applied to X, means "partial".

SUPPLEMENTARY NOTE D: INTENSITY OF DRIZZLE Column 26

In 1946, intensity determined by visibility (as for smoke) only if
drizzle occurred alone. When drizzle was accompanied by other forms
of precipitation and/or obstructions to vision, its intensity was de-
termined by rate of fall. In 1947, visibility limitations were drop-
ped, and intensity was determined by rate of fall, even though drizzle
occurred alone. In June 1951, previous vieibility limits were re-
instituted. Intensity of freezing drizzle determined in same manner
as for drizzle. See page 8 for limits of intensitjes.

SUPPLEMENTARY NOTE E: OBSTRUCTIONS TO VISION Columns 30-31

Intensity of light, moderate, or heavy wers assigned to obstructions
to vision, through 19L46. Effective Jan 47, the reporting and punch-
ing of all intensities of obstructions to vision were discontinued,
Prior to 1 Jan L9, the distinction betweer F and GF was arbitrary,
but beginning with that date an objective distinction was establish-
ed. If the sky was not hidden above an angle of 33° from horizontal
(less than 0.6 hidden), the fog was reported as ground fog (GF).
‘Effective 1 Apr 70, Fog (F)-Ground Fog (GF): This hydrometeor is re-
ported as F when it hides more than half (C.5-1.0) of the sky cr ex-
tends upward into existing cloud layers. Otherwise it is reported as GF.

SUPPLEMENTARY NOTE F: WET BULB TEMP. & RH Coluwwmis 30-55

From Aug 60 - Dec 64 at WB stations with a hygrothermometor, wet-bulb
temp. was computed and punched at NCC when instrument was operational
above -35°F; when non-operational or -35°F and lower, the wet-bulb temp.
was punched at the station from values obtained from stshdby equipment.
At stations not equipped with a hygrothermometer, the wet bulb temper-
ature is considered to be the same as the dry buldb temperature when-
ever the dry bulb temperature is below -35°F, The same value is en-
tered in parenthesis on the WBAN with dew point being computed in

VSCOMM  £55A  ASHPVILLL Revised:

November 1970
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SUPPLEMENTARY NOTE F (Continued)

respect to water and this value punched into WBAN Card. The rela-
tive humidity would then be camputed by machine, seme as for sta-
‘dons equipped with & hygrothermometer.

Prior to Jan L9, relative humidity computed with respect to ice

if the dry bulb temperature was less than 32°F. Beginning Jan L9,
computed with respect to water, regardless of temperature. Rel-
ative humidity machine calculated fram 1 Aug 60.RH was not punched
for FAA (CAA) stations except in special cases.

SUPPLEMENTARY NOTE Gt CLOUD LAYERS Colums 56-79

Provisions are made for punching as many as four layers of clouds
and/or obscuring phenomena existing at one time. If more than four
layers existed, the data for levels above the fourth were entered
in the Remarks portion of WBAN 10B, and were not punched. Their
presence is indicated by the entry for total sky cover. Layers
were punched in ascending order of elevation. All fields above a
layer which prevented observation were left blank. If two or more
types of clouds were observed at the same height, only the predom-
inating type was punched, their amounts being combined. For each
layer, the amount, type, and height were punched, and for the sec-
ond and third layer, the summation amount at the level involved
was punched, reflecting the total amount of sky covered by that
layer and those below it. The sumation total ie not necessarily
the sum of the individual layers.

In addition to the total sky cover, provision was made in Jun 51
for recording and punching the total amount of opaque sky cover,
vhich is the amount of sky hidden by clouds or obscuring phenam-
ena, as distinguished from the total amount of sky cover.

The height of the layers of clouds or obscuring phenomena aloft

was recorded in hundreds of feet, and for fully obscuring phenom-
ena based on the ground, the vertical visibility into it was re-
corded, with no prescribed 1imit. All heights were recorded to the
nearest 100 feet from the surface to 5,000 feet; to the nearest 500
feet between 5,000 and 10,000 feet; and to the nearest 1,000 feet
above 10,000 feet. For obscuring phenomena prescribed as "thin", a
condition reportable from Aug L7 through May 51, the height of the
base wWas ed, and in the case of thin fog, was always zero. Be-
fore Jan 47, cbscuration was not reportable as a cloud type.

SUFPLEMENTARY NOTE G (Cont.) Columns 56-79

Same Weather Bureau and Navy cards in this deck were punched from
the old type of reporting form (the WHAN 10 with which deck 142 is
aligned) and in which five cloud layers were reported with no sum-
mation totals. In these cases, the summation total columns were
left blank, and the five layers, if reported, were condensed into
four,

SUPPLEMENTARY NOTE H: ANTARCTICA STATION NOTES Colums 32-35, 39-40

—— AN AR TS
I. ADMUNDSEN-SCOTT STATION:

1. Wind Direction on all cards was punched according to the fol-
lowing system:

A, A wind from 0° longitude was punched as N or 360.

B. A wind from 90° east longitude was punched as E or 090.
C. A wind from 180° longitude was punched S or 180.

D. A wind from 90° west longitude was punched W or 270.

2. In place of sea level pressure (Column 32-35) the height of the
700 mb surface in whole meters was punched. This applies to the
period 1 Dec 57 through Jan 66, Station pressure in millibars
and tenths punched beginning Feb 66.

II. BYRD STATION, ANTARCTICA

1. In place of sea-level pressure (Colums 32-35) the height of
the 850 mb surface was punched in whole meters through Jan 66,
Station pressure in millibars and tenths punched beginning Feb 66.
IIX. PLATEAU STATION, ANTARCTICA 12/65-12/68

1. In place of sea-level pressure {Columns 32-35) the height of the

700 mb surface was punched in whole meters through Jan 66. Station
pressure in millibars and tenths punched beginning Feb 66.

USCOMm E5SA asmtvnil
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CODE TABLES Code 1 Code 2
(1949 WMO Code 23)

|

Vhen codlng s seteorologieal report, symbolic letters 1960 WM 77) Cote
are replaced by r:wu. ma:op::g the valus :r the ( 60 O COdQ 08 Hgure
state of the correspooding slement. In some Cases, the . c colm
specification of the symbolic letter (o;lm ::‘:nun) et 0 ot - 1*
ts sufficient to psrmit s direct trensc figures Forth 2. :
<& . thess figure ob- 4d - True direction, in tens of degrees,from vhich visd is 12 44 Jorth Northeast 127 - 337
&LA : ::.:Pgr -l:m x.:..ua (or eou: ::ouon) tlowing (or will blow) 18 4Vv  North Borthvest 327° - 38
for each slement. = 4/ Bortbesst . 56t
Cote Code » 7 st Bortheast 57° - T8
The codes alsboreted to this end, as far as they are in figure flgure 3 -o st A
vorld-vids use, are called Looal me - 1l code 0  Cum 19 165° - 198° 3 « % mast Southeast 1%2° - 123°
tables. Thess same codes are used inversely for decoding “ XY Southeest 120° - 16"
observetions end thus making availabls the informatioo 01 50 . 10 20 195° . 204° o " South Soutbes. . .
thes. ot 157. - 1‘:8'
sontaioed Lo 02 15° - 240 2 205° . 20 EH ?; Sat 145° - 131°
Besides the 1f{cations the code taoles in o owo _ ] theest 192° - 213
vorld-vide :n, ot-.n: sets of eod‘:':b:zn meuhhulhd 03 »° » 2 A5° - 24° 66 77 Southwest 216" - 236°
by the WMO for regional use. Further -rbu.y codes '::: [-13 35° - WO 23 22%° - 23° 17'? 7 vest Southvest 237° - 25¢°
decks -~ e 3 - 241"
o et 0o i orma ¢ o M- A 2y - owe B SN vest Northwest 2 %
-] ] il ® .
Only codes pertinent to this card deck are included o6 5° - & B A - 88 V) mortimest Xu® - 326
umpmmm.m-nouumomruma o1 550_‘,50 3 2”0_&,
the elements were introduced in the description of the cerd o8 € . 80 2 2650 - 27°
content. They are mumbered consecutively, aad 1f sppliceble, -
the corresponding WO cods mmbers are shown. 09 a’o_*o 8 215° - 2840
1 95° 1080 3 B0 -2 Code 3
n o 105° - ue 0 2950 -
12 1 - 1240 a 2090 « nA° VWV - Visibility (Statute Miles)
-] o
13 2o 2 oae-a Code Miles Code  Miles
1 235° - 1w 33 328° - ¥ 500 © o oA
15 10 .15k TS 001 1/16 ol4 1.1/4
1B 155° - 164° B WO L3 002 1/8 ol 1-3/8
17 1680 S a® 6 w0 . A 003 3/16 017 1-1/2
B a7 - 18° 2 004 1/4 016  1.5/8
005 5/16 019 1-3/a
c06 3/8 0z0 2
007 1/2 024 2.1/
008  5/8 027  2.1/2
009  3/4 030150 315 #1 mile
010 1 150=850 15=95 5 mile
950 100 or more

sincrements

USCOms - E55— asmevie Revised: November 1970 Poge 12
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~1ted States, Carittesy and Pacifie Iulands ané other overseas stations
of U.$. “ecthor Burvau, Alr Yorce and tavy. Aluo ineluded arv
statiors; rretisss I8 Cansds, Gcimany, Korco and A group of other foreign

opcrated stations.
- PERICD OF RPCORD

cesther Buresus 10h8 = Alr Force: Janary 1949 - Havys April 1945 =
ustet Soze prior periols vers included in this deck. A status of the
seriod of veeord for eackh station {s raintained et the fational Weather
Records Certer, Asheville, North Carolina. :

CESERVATION TDB

O the heur or & fev Ein.tes tefore hour 187 (Locel Gtandand Tine). Prior,
ts lay 1957 o23ervations vere tegmn at 30 minutes after hour. Bagiroing

1 s 1968, her Bresy askbruvivi-Sirbmne-Gevvh suced punching of
waurly otservatiozs to record observations eorrespurding to 0000, 0300,
069, 0900, 3209, 1500, 1800, and 2100 @I, As s result of spocial studies

soze staticns ray have 2% otservations per day punched for ce periods.
ccors

“BA% a2d W0
SOURCE

B Porzs 10, 104, 103 or siniliar forns. WBAN stands for Vesther Bureau,

alr Yorce acd lavy.
¥ISIING DATA TNDICATION

Elanks {n appropriste coluzns are used to indloate uiseing dats.
sentificatios cards vere puschad for nissing olservati for AWS stati
iniess & vEole coath vas aissing. Coluzns 1-13 of the identificaticn card
are Jureted ard the roxainder of the colizns are left blark. Ildeatifica-
107 caris are rot punchel for Weatber Buresu and Kavy stations azd for

43 statiors vhed & oeath or more of record was nissing.

COLRZIS AND ELETNTS PRCEED

Colusns 1-70 were punchod for station and cbservaticn date. Colusa 80 vas
co-etizes used for other purposes.

Lusents punched ares

Calling Peight Driztle Dust
Sy Cordition Freveing Drizile Bloving Snow
lenr Snow Bloving Spray
Seattered Srnoe Pellats Sea Lovel Prassure
Eroken  Sce Crystals Pav Point Toaperature == °
Overesat Sroe Shovers Wind Directicn
Tartial Coscuration Srov Grains Wind Speed -
Ciszuration Slect - Station Prossure
Vistbility Hasl Dry Bulb Temperature =
weather adfor Srall Eaid St Bulb Temperature
—Ciatrsction to Visiom Relative liumidityes
Trunderstom Ice Tog Total Sky Cover e

Tornado Grourd Fog Arcunt, Type and Beight
2quall Plowing Dust of Clowd layers

Fain Bloving Sand Opaqus 8ky Cover

fain Shovers Sxoke

Froeting Main Hase
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ADDTTIGUAL REMARKS

Card content is generally for receot ycars. Prior punching or procensirg procedures are descrited ‘iz Vecaras
Colum” or in Supplezantary lotes. FPafersces to these noles are made in the recarks for the appropriste
eolimn.

Sinilar data are i the folloving card deckss
Deck 141  1937-1945  WBAN Mourly Surface Observations
Dok 12 104G~ VEAU I'ourly Surface Cvscrvaticns
Dock 132 19L6-1951 Canodian Mourly 3urface Cuservations
Deek 136 1951.1953 Camadian lourly Surface Qbcurvatiooe
Deck 135 195Cs Canadian Mourly Surface Clcervutiocs
Deck 1! 19501959 Turkich Hourly Surface Cvaervations

Dock 1 1955~ Germun Hourly vurfaoce Cuscrvations (G200)
Deck 159 1954 Kovean Hourly Surface Obcervations (ROK)
CORRICTIONS

Ay erTors dstected in this manual should be calloed to the attentiaa of Di y Laticial Veatler K ds Cezter,
£D8, Enviromcwntal Science Services Adninistration, or Chief, Dito Processing Divisica, Zuvirouzestal Techiical
Application Center, UGAF. Please give specific instances Of ¢:ror, cnd covrect iafosation if svailadle.

o,
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CARD CONTENT . v . CARD CONTENT
Column[ttom or Hloment .’;::?‘ Cord Code] Cord Codeo Dolinition |- Remurks Colvma|ien or Homent, ";::l'l' Cerd Cods] Cord Code Definien Remorks
FOYR BT Data [ B Blank _ | Uranovn _ _ _ _ _ _ IBlunk tndicutes wiknova or - - . Ty
e ing &7kl & £ £ E aissing data sxcapt for . -—@ T Thin overcast .1.;0 l_k/rc:;:f:t uzd telod leval
17-20. IR RN .----------.P..“‘.ﬁ' I
8 Overcest Cols. 12-2) purelmd WO,
s [Stetian o v T A five digit nuster formulaced to| SN R NG I e

{rasber 99999 designate the station, A list of X Ridak Trartial Gvscuration  [ols. 18-20 junched 0-8,

38 otatiors vith their coordinates, D.1 o zore but 7ot all sky hisdlen
elevation and period of record is e el e b o o e oo o Dy surtoce tased Lager.
mainteined at the W 1a X x| obeSuratica ° 11707 iy Fadden ™ty & surace

. Ashevillse, X. C. ased layer. Cols. 18-30
. . Baunched 000,
> 5| Tave tve dietts of Tg—-»———-.--—._.. [Ny E UV J I S A —
year "w.‘““'t See Column 17 Note: Prior to 1 Sept 1556 °
] o j Code 3 Dock Scattered, Cole 6
- [T T ST """ """ Dark Broken and Ceode 9 Darx
F" [onth 01-12 |01 Jan to 12 Des 19 1:::' See Colum 17 Ovarcast vere used.
iy TS VAN § Y 3 st — +— — ———— — —————] See Sipplenestary Lote €, Jage T
. Sae Colien 17
12-13 [Bour 00-2) | Nesrest bour, local | Beginning Jan. 1, 1965 the numbor| . m Layer
standard time. of ctservaticns punched for Vistotlity vy 0003 |0 = ifo mil:s 1/16 atle corecents
Yeather Duresu snd Mavy stations 00,10 | 3/3 - 2 milus 1/8 nile increcents *
vas reduced from s maximm of 2% 0:0-05 | 2 - 21/2 21100 1/
to & maxizmus of 8 per day for 290 |21f2 - 3ciies 2
hourly record otservationa corre= 3«15 mlles 2.
. sponding to 0000, 0300, 0600, X 15 = 95 miles .
0900, 1200, 1500, 1800, and 2100 b7 100 utles or rore
Q. Cbs. tine co the hour LOT . 7
or few minutes before. Prior to . 1 /-
May 1957 obs. vere begun sbout 20 Prtor ¢3 1 July 1952 7/8 acd
sinutes past the hour. i . May 1953 11/3,13/3
See Supplementary Note A, page 7 1 4 1 7/8 cot rezorted.
3 *ies reported othar tlas
4-1E [Ceiling TRh  [000-  |Hundred of fest See Supplementary Hote 3, page T s melad for bext lover
[Eadght 990 0-99,000 fest ‘e
: Px™ " Bdmted ~ " "7 7] -1 B 5-:. NHENAX 3 v fe fOF
aBs~ ™ Cirrofora sefiing EtTective Bept. 1, 1958 . frtecaity delinitlcn eols.2ha3l.
helght unknova . ,
Y &) Four column field for wp to & 1 o L o s — — —_—— ]
onditicm * 1 cloud layers. 0 in unused columnst (; ; y
T e | O 10 [Clear T T T |<.05 clovd eover | 2 B .
layer I I - Jels; 28-20 pnenea 00 ____ , . .
e Skl n '
~—d 1 Thin scattered 0:1-0.5 sky cover st and belov mrapcat o ates
(1) 2 Scattered Jevel of layer sioft. July 1, R B L .o e ]
1963.. Thin Sky Cover redefined; ’ s > snou squalls
. A term applied to & layer vhen Ses asgrdin P 34) defore 1549,
the ratio (of sumpation smounts . 57 31ty repirted prior to
st and belov the level of the . SRR DR I 1du.e 1
w.r)orm. ‘hw -—2’—-1;;“ — [ i —— — — - — g —— — i B — — )
sky cover 1s 1/2 or more. Precipitatios ° ncne
._b_-L--_-._---------.{?:!“m-_-e'-:lzw_&rr.f- e 1 115 Tadn
- 5 Thin broken 0.6-0.9 sky cover at and balow R 2 YeAucate raln
® s Brokes level of Layer aloft v g 3 Beavy ratn

N A
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CARD CONTENT

Symballe
Retter

Card Code

Cord Code Dolinition

|Frozes
|mmuuq

|8

Precipitatiod

36 | structions
to visica

3T — DEstructions |
to vision

Trosen
Precipitaticn)

iEFF‘“T 4}5’??‘?
i | \

Ereny :gagg:; : HERETT

T LL ;Bsa=~
|

| eovomro

ruumnouo iurunuo I [ TV Iy I,wo—auuvno I POV IO

— e —— — v —

Light rain shovers
Vod, reia showers
Heavy raid shovers
Light freesing rain
Xod. freesing rain
Beavy freezing rsin

Beavy snov pellets
Ise srystals

Codes 1, 2 and 3, Light, moderate
and heavy rsin equalls reported
mortow

See Supplemantary Note D paps 7

e e e e s

Code 7, IC - and sode 9, IC 45
intensity reported prior %0
1 Aprid 1963,

——— e — — — — > w—

Codes b, 5 and 6, 1ight, moderate
and heavy soov squalls reported
prior to 1949,

Sleet showers coded as sleet.

Bail intensities
1 Sept 1956, Codes
Aes Av; AP~ and Av.

f ot e e s it —

J“‘wlﬂlb"‘l

prior to
2 6, T) and 9,

Tffeotive 1 July 1952,

i

CARD CONTENT
Colvma]item o¢ Sloment ";:?' Cetd Code| Cord Cods Deflnities Remerks
3235] Sea Leved |FPPFP 0000= Millibare to tenths | Th.ouserds 4Lgit not panaled.
Presoure 0995 1000.0 = 1057.9 Antarctic stations, see
9000- 900.0 - 999.9 Snpplesartery Note Tgage 8
9999 A4S grinsted 3-heurly emly
effestive 1 July 1758,
35+30]Dev Podut L AN 000<059 10 to 99 0 1o col. 36 indicates
¥hole degrees ¥ ylue values
X01-X99 |l to -99 . IX1n ecd, 36 for zeg. velues.
See Suzplezentary Yote P page 7
S XoTwisa - - Tree direction, 1n | Coce 1 eZZactive 3 Jaa. 1703,
Bireetion mﬂs‘:m!“ ':I'. ﬂ':b Ees Code 2 for previcus cr.mi..‘.
ov. See Sugplezentary Note I(1)
) Bse Code 1 a0 3 for Artarctis stations. ﬂ
Tpeed |2 1035 [Kaots Prior 0 Jan. 1355 in ciles Jar
x/ X overpunch 1n col.bl| hour st AP and VD stations;‘in
indicates 100 or more | knots at most Zavy staticas,
43-h6]stat1on [ 1000« 10.00 to 39.99 inches | Statios pressure is the prescupe
Pressure 9 0 lundreds §_. &t tte sssigued ouuo: elevationd
& Im" yu.-.c ed 3ot 1, e, L
':, 6-‘r1/ . 1 Jan 1964
ErE S T
M-bgjocy Jalb  TTR. 000-059 L““ﬁ‘ degrees ¥ Col. 47 puzeted O for ¢ °7 acd
[ R -
J L00-199 o 1 puncbed 1n col. 47.
IS a9 " " T " T Cob. VT jumcted X for values |
belov sero
w et Buld TM’U Whole degxees P, Col. 50 purched O for O P, azd
tare I 0 to Flus valies, Col. 50 Furched
XO1-X99 |-l to -99 X for ainus.
AW8 began prasing out punching
cols.: 5052 oo 1 July 1553, Vet
bulb tezpesature zay be c=itted
after this date.
W3 and Navy dissoatinued pueh-
ing cols. 50-52 co 1 Jer. 1565,
Sea Suppleusztary hote G, pagsT
53-55 [Relative L] 000-100 10 to 100 A'S diseontizued Fusching cols.
ty Whole peroest 53 35 oa 1 July 1938,
Cols. 33-5% punched O | W8 snd Zavy éiscontizued purehing
vhen oot needed. eals. 5353 cm 1 Jen. 1965,
See Surplecentary Note G, page 7
56-79 [Clouds and See esentary Note
aous, L_ Supple 5 page 7
_|Pwnceena | - e e e e b e e e e o
£ Tolal Ty Tentla
Cover
10 Tenthe
frr ] e e —— ey —trt e 1t et s [t e ——— —— — — v— r—

Wawtinad vt 24, VOAA

Page 3
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CARD CONTENT

Cotomaliiom or tament] 3180HE T00g cogyl Cord Code Oatinition Lemerks
70~T2| Height of Bee colunns 59-61
] Third Layer
K£) Femation [ [0F " Mmtm — — — | ——— —— -
Amount at X 10 tenths
Toird Layer )
T8 Amount of 0-9 Tenths
Yourth layer X 10 tentda
75 | Tae of ? See columm 58,
Yourth Layer
o ot e e e o e b e v L e e e e e - —— e —— o — o]
76-78] Betght of Ses coluns 55-61. .
Yourth W“F— :
o mu oo c— — — e —— i o — —— — G—— Gt — — S—— Gv— —— —— —— —
™ Total Opaque 0-9 Tenths Punching degan June 1951.
8ky Cover X 10 testha funs 1, 1962 = O;agque Sky Cover
re -dafined: Those sortiacs of
kioud loywre or cdscurstions vhieh
hide the sky and/or Eigher clouds.
Franslucent sky cover vhich hides
khe sy but through vhich the sun
hnd moon (eot starc) may be dimly
visdble v4ll de considered as
Fpaque.
80 ot used ®r punching observations

CARD CONTENT
Cel Item a¢ Elomant "":::Ij‘ Cord Coda] Curd Code Dsflnitton Remarks
ST fooust of 0-9 Tenths
vest Layer X 10 Tonths AMS discontinued punching columns
[38 ~ 15e of "'1——"“0"‘“‘ [Rons/csar,  ~ | 58-61 and 63-79 on ) Jan. 1964
Cloud r 1 Yog and colmns 57 and 62 on 1 July
st 2 Stratus 1965 axcept Korean and down range
[Lovest Se 3 Stratocuulue stations,
layer Cu 13 Cizulus
(47 b Cumulonisbus
As 6 Altostiatus
Ac l Altocuulus
Ca CirTus
cF 9 C1
ar X Stratus Practus Prior to 1 May 1961 vas Fe
% Fractostratus and Jo Frectocumuilus
Ct § Cumulus Fractus
Cn ; Cumlonisbus mesea
Re § Binboatratue
Ao X Altocumulus
T castellanus
Ce % Cirrocwmulus
X Obscuring phancmenon
) other than fog
[59-61 {metgpe of | | 000990 | munareds of fest |
mn L_0 to 99,000 rt.
T T et g I U
L Unkoovn beight of & [See remark col. 1b-16.
cirroforn lpyer
X [Undinited vertical | [Clear o mo elouls reported.
mﬂbﬂ!ﬁy
62 Azount of 0=9 Tenths —T T - - -
Second layer X 10 tanths
G A R T o N
Seccod layer g? » .
B4 85 hetgit of T T T T - T T T T T T T T T
Sscond Layer
P il e — —— et o — S— — p— — — —— t— —— l—— ——— t———— — v— —— ——— ————  ——
67 Suzration 0-9 Tenths
Anount at X 10 tenths
Saccad Layer
E _To;_--——a-—--——'._-__——__——————
Thivd Layer X 10 tenths
_5_'——?——-———.-_—.._.._._. ._.._——!___.—__—_-—-.—-—-
Ted Tager :7 Se¢ cob. 55
p— . i St -———-v—_-——--..-—~——r——_l——-————-n

Ravised April 29, 1966

Poge &
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CODE TABLES | Code 1 Code 2
(1949 WMO Code 23)
Whea soking & meteorel L report, aysbell  Letters ,0960 WMO COdO 0877)
are replased by s Vhich specify the valus or the .

stats of the sorresponding slement. In soue esses, the
specification of the sysbolie lettar (or growp of letters)

1s sufficient t0 permit & direct traascriptios into figures
. . b o - Tree is tens of degress,from viich viad 1s Al - Visd Divestion
(e s rm); o s e e B2 220 i Tor v S
for eath slemsnt. - Colle Cola e
: ase
The eodes slebursted to this end, as far se they sr¢ ia Sigure, figure .
verld-vids wse, sre called faternet 0 calm FURNT " T e Cala
tables. These saae ¢olses are wsad inversely for decodisg 1 83 Borty ”:_n:
abesivations and thus making sveilsble the isforestion a ® .. 00 0 195° - N® iz 34 North Nosthesst u\-,a.
taed 1n them. ot 1. 8 n 205° - MM 1.3 :; Borth Borthwest a7t .
- . ” Sorthes * . 85
Sesides the specifications gives by the sods tadles in o3 P ’m nse .V » o .m.o:._“ ;_’l. %.
worli-vide wae, other sets of cole tables are estadlished - Dt ¥ <1
ty the WO for reglonal uss. Murther arSiirary eodes bave oh - W B 2P .ne R « X Eaet Southeass 102° - 123°
been made mecessary by the use of data in eard decks vhiech P " 29° - N® » -
were pever sncoded into WD forss. : g' o 5 P Y }\\ m.‘:,“‘“ i’so'::::
} - - s *t  South - 169° < 1;1°
18 the Doeoomt ol They sopear ia ibe eriar in vhieh o &-1m % 20 -0 3 17 South Southwwey 152° - 213°
the te were introduced in the descripiion of the eerd o8 19° - & n 2650 - gT® “ r’ st 21N° . 236°
soutent, They are pmbered cossesutively, sad 12 applissdls, ™ ~+7 Vst Southwest 237° - 258°
the aorvespoading WO code musbers are stove. 0 05° . 9N E I R ',rx - Vst * . g1
Py “ ) West Northwest g‘ - 303°
0 -0 § . ® A\ Northes 2007 - 326e
1 100 -8 » 8P -X° N
12 u®.-uw n P5° - AN
13 0. LT TS
W 2yl - 13 2PN
13 MO - » s .m
%6 150 - 106 B M .o
1 A0 - % P ¥
b} 115'-1” o

Revised dpril 29, 1966 - Pige §
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APPENDIX
METHODS FOR DETERMINING INTENSITY FOR WEATHER 'AND OBSTRUGTIONS TO VISION

THUNDERSTORM . RATE OF FALL VISIBILITY
%5 - s PRECIPITATION
TERDEASTORM = Ciarsetorized by socesionul or fairly frequest RAIN, RAIN SEONERS, TRETIING RADN m, lﬁ FELLETS, DRIIZLE, FREESING DRIXZLE
fleshes of lightnings week to loud peals of thumder; reinfsll, L% hﬂ' Thea soeurting slems
AT sny, 11ght or moderate, and rarely heavy; hail, if any, light Also DAIZZIE (1945-1946 only), SWOW, SNOW SHONERS, SNOW PELIZTS,
or mxieTate; vlud not 12 exosss of 40 miles por howr; and ma when sécoapanied by other precipitetios er obotmnou w vhtu. Boter In IN5 < for all forme of snvm, vhen essurring slems,
darge teop drop with o e xts | Yory Light - ons then 1ight; ot weed befors June 1951, punched vt it "m.mmm""i.: ppemghrsion
+ Uing ehanced to knots 1 Jan. 5 uph 1s 33 oy - Lass L] 3 2O ore an sle

Note: speed = 195 . * Ay vis1M11ty in 19431566 and aftes Bay 1958 salys
EEAVY THUNDERSTORM = Charsetsrized ly sesrly incessent, she ugm - T‘uu to 0,10 inoh per houry seximum'0,01 inch {a six
1ightatng; loud peals of slmost scatimucus thunder; heavy ra alnuten. Light - Visibility %/8 mile or grvater,
shovers] hail of any Inteneity; vind s excess of 40 niles per Noderste = 0,11 inch to 0,30 fnch per hottry more than 0,01 dnch | Noderate - Viefblity 336 to 1/2 aile, tnclwetve,
hour as the M;;m;;ﬂd; “";t:.ta drep of m- . ou m,&in;h;ni::hx ainutes, Beavy  © Visibility 1/4 nile or less.
ture, as such as 'Y} N Passage vy - n 0. por hour; more then 0.0 imch im .
tare, nioutes | oix mimtos. Note: mn‘;ig .::'El cxxsmgrmur than “very lmtuun be

to
Oa 1 April 1963 reporting of mmuu- of ICE CRISTALS
seasurensat of rate of fall was impraoctiesble
sternioed viemally, ‘s discontisued.

Wea
the iatensily of rein wae &

GUSTS OF WIND Jom 1947-Nay 1751, whether alone or not, and efter Wyy 1951, wive HAZE
1945 « 1971 acoompanied Yy other precipitatios or o‘owum to visiom, IS5 -
*RATN SQUALLS # SHOW SQUALLS, SQUALLS - ;
= “",:‘,',_, isia ‘.n A w"‘"hﬁ”' " N “l:x::n:;h nmr::nnzu s Visibility 6 niles or hu., tut rarely beles 3 miles,
- o8 per or less, nots Leht - o . -V
Eaderate - Guste of 23 to 39 atles s bowr, fnalustwe, 2230 xts | Modorste - ::5 than 0.01 m&'ﬁ faeh"por hour. B R = T "ot reporead’stiec Toca; o 1T
SGemiis Fehetsd iy e ola.” o TR nm e — -
RATE OF FALL AND AGCCUMULATION OBSTRUCTIONS TO VISION
. QLS 1933 - NG - 15 - 196

1 1951, A _squall 1is a strong -

denly 1n spasd, balatats & pedk Spest OF 19 b (16 mavka) SUZT, XL, ULl WATL 703, 1CE P00, GROGND FOG, SHOKE, LUS?, BLOWDIG DUST,

OF E0rt ovar & period of two or more mimutes, and decreasss Light v A fow pellets fall, DLOVIIC 241D, BLOYDNC SHOM, DRIFZDR SN0¥

DpeTeeds sintlar flustoations vill cscur ot suocesding Nodersts = Mellets fall at & midirate Tate; soms sccumlstion Noter No indication of {ntensity ws reported for all ebutrustions

om the ground, _ e vielon after IN6,

Eeavy = Pollets fall at a heavy Tates rapid sooumilstion
o the groumd, Light - Yiaibility /8 nils to 6 uilss, Snelusive,

Noderate = Visibility ¥/16 to 1/2 ails, iselusive.
Heavy « Yisibility 1/4 ntle or lese,

Drifting smov mas not reported after 198,

Poge ¢
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Supplementary Notes
A-Coluans 12-13

The ti=+ puneheld {6 S2at of the recard chservations, vhich generslly are taken about 20 minvtes
past the bour, Minutes are disregarded in punching. All "War Times” and "Standard Meridisan
Tizes™ vere couvertel to Locsl Standard Time befors puwbing. For Air Force stations in the
Unitad 5States, the tizss were punched in escordance vith the established time zcues., Time en~
tries for Atr Foroe stations outside the United States vere edited prior to punching and vhere
Becessary convertad to the Local Standard Time of the pearest maridisn ewenly divisible by 15
asgrees.

b.Colums 1426

Catling vas recorded in hundreds of fest above the ground to searest 100 feet up to 5000 feet,
40 nearest 500 feet wp to 10,000 fest, to nearsst 1000 feet above that. Bafore 1549, Alr Fores
statiozs recorced ceilings up to and including 20,000 feet, above which point the teiling vas
classificd ss unlinited; Weather Buresu and Navy stations recordsd cetiling only up to and ine
eluding 9,500 feet, above vhich point the ceiling vas conaidered wnlimited. Beginning in 1949,
aeiling vas re-defined to ineluds the vertioal visibility into obscuring phencmena not classi-
f1ed as thin, that, {n suzmation vith all lover layers, cover 6/10 or more of the 2xy. Also as
that time 8ll 1inits to beight of cailing vere removed, 50 that unlimited ceiling besame simply
less than 6/10 sky cover, pot ipsluding thin 1en. Then, degl 1 Juoe 1951, oeiling
belghts vere no longer established sclely om the basis of coversge. The aschibing of ceilings te
fhin broken or overdast layers vas eliminated. A layer became classified as "thin" 1f the matio
of apaque to total ugs at that lewsl vas 1/R or less. ’

€.Coluzns 17-20

1f tvo or more layers of ¢louds were reported, tve symbols vere punched (in column 17 and coluwm
20), unless the lover layer vare reported as overcest, fn vhich case the upper layer vas reported
1n Rezarks.  Sycbols reported in Remarks of the reporting form vere not punched. When only ons
sky symbol was reported, it vas punched 1n coluan 20, column 17 being punched 0. In every cese,
one of the sky sy=hols ropressnts the total sky cover. Wben tvo mymbols are repcrted, the first
sy=bol alveys represents the layer at the ater baight. In 1946, cbscured sky vas rrported
o2ly vben beavy obatructions to vision md,: beavy procipitation reduced the celling o serv
andfor tis visidility to less than 1/K miles ard vhen the visibility vas 1/4 mile or more, &
sky synbol vas alvays reportad. Effective 1 January 1947, tde symbal "X", for obscured sky, re-
seived the same latitude of usags as all other eycbols. "X then representad sky cower of 6/10
or mors, cbscured by predipitation or obstructions to vision sither alone or in ¢aubination with
lower clouls, and irrespactive of higher clouds and ceiling and/or visidility Madte. In August
1947, the use of "wA", for thin cbacured, vas Authorized. In 166, 1f a layer of sosttered olouds
above a layer of broken alouds was alearly cbaervadls, it vas #0 reported. In Q4T and 1948, sym=
bols correspanding t0 higher cloud layers indicated the smount of sky covered not omly by their
respective layers, Wt by sll layers belov them, In sl years, tbe presence of fev clouis (lsss
than 1/10) vas recorded in Rwmarks. The use of the slant (/) to indicete cloud layers to 10,000
:;:t ::::lshlr vas discontinued in January 1949, eud there is o provisian for punching it e

. o,

Fffactive ) Jume 1951, the reporting of height of lov scattered was discontinued, snd provision
VAS Eade t0 report soy owber of sky condition sywbdls, vith the beight of each. The ceiling la~
yor vas not reported separately as before, but vas ldentified by the entry of a ceiling elassifi-
eation lstter is:ediately preceding the Loight. Sky condition symbols vers reported in assending
order of beizht, ant were punched in that onder, wnless mars than four were reported. In that
sase, the last (highest) eysbol was junched in column %0, and the first three in colums 1719,

.unless the oeiling symbol vas thereby excluded. In the latter case, the first tvo synbols were

punched in soluans 17-13, the eelling symbol in colum 19, snd the highest sybol tn column 20,
Ko syrbols vers reported in Remarks, 4s vas the practice before Juna 1951.

Sky condition symbols were e1so re-defined so that obreuring phanccena aloft and cloulds vers reported
in the seme manner {1.e., cbscuring phencwens aleft vare reported by O, @, and @, retier ttan X
and =X). X and ~X vers uesd oaly to indicate the acount of sky hidden Ly surfece-zased plarccaza., =X
vas re-dafined as partisl obscuraticn (1/10 to less than 10/10 sky hidden). The s;=tols 7 ansd -7 unlike
@, @, and @, vcre dafined by the amount of the sky hiddepn by surface-tased therccess, end X did pot
indicate the amount Of sky covered. The mesning of "thin” ves se-defined. If tha total opage cover
srested by ary layer in cambinaticn vith lover layers vas 1/2 or less of the susaticn total cover at
thet level, the layer vas ¢lassified as  thin. Note that the minus eign, vhes spplied to @, @, or®
means "thin"; vhen applied to X, means “partial”.

De Column 26

In 1946, intensity determined by visidility (as for smcks) coly if drissle cecurred aloae, When érise
$10 vie asoampanied by other forms of precipitation andfor cbetructicns to vislon, its iotecsity ves
Asteruined by rete of fall. In 1947, vis(hility limitations wers droppcd, and {ntecsity vas deter-
Bined by rete of fall, even though drisztle ocsurred aloos. In June 1951, previous visidility 1ssive
were re-instituted. I ty of I g drissle det 4 in same a8 for drissle. See
appendix.

2. Column 30
Intensity of light, moderste, Or beavy vere assigned to cbetructions %0 visian, through 19%6. Ins 1947

. 811 intensitites vers dropped, and any gases of light or heavy vhich were erranecusly reported vere pusche

od a0 woderste. Intensities as used through 19% are shown 1 the appendix. Prior to 1 Jasuary 1549,
the distinction batveen F and GF ves aid 'Y» bt begioning vith that date an ive distinstion
vas established. If tde sky vas not hiddes above sn angle of 3)° from hovismmtal than 0.6 hiddes),
the fog vas reported as ground fog (GF). ’

7. Colwmce 36-38

Before 1949, dew point was computed with respect 1o ice If Lemparature was below )2°7.
Beglnning Jan. 1949, compuled with Pespect Lo water regardless of tempersture. :

G Columns 50-5%

Fram August 1, 1960 punched at with hygr p only vhen dry-buld sensor wed DOt ¢pere-
tiomal. XNormal operaticoal range varies fram 3 to -80 F. Mactine ealculated whben hygrotbermameter
opsrstional,

At dry-buld temperstures bGelov =35 7, the wet-buld tharmcmeter is mot reed therefore rwistive husidity
18 not rescordsd for staticns not equipped vith & hygrothermometer.

Prior to Jenpary 1549, relative humidity computed vith respest to les If the Ary-buld tesperature vas
dess than 7. Baginaing January 199, couputed vith respect to water, regardless of texpersture.
Relative hunidity machine caloulated from 1 August 1560,

E Calumns 56-T9

Provision vas made IOr as many as four layers of c¢louds m/or obscuring phecosens existing at ons

tine. If more than Four layers existed, the data ‘for levels above the fourth wers estered in the

Rasarks portion of WRAN JUB, and vers not punched. Their presence is indiceted by the entry for total
sky cover. Layers vers punched in ascending order of slewvation. ALl fi4l4s above & layer vhich prevent-
4 obsarvation vere left blank. If tvo or more types of clouds were cbserved at tde sa=e bei2t, oaly
the predaminating type was junched, their smounts bDeing cowbined, ' For eash layer, the esoust, dype, sod
beight vere punched, and for the second and third layer, the summation azount at tie level favelved vas
punched, reflssting the total asount of aky covered by that layer and those delov 1t. The summtion total
for the fourth laysr 1s otwvicusly the total sky tover. The sumation total 15 not necsssarily the sux

,6f tbe. individusl Iq_un.

Page T
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Sapzlezantary Hobes

. Colurnne $6-T77 (cout'd.)

In addftion to the total sky cover, Pravisfon wvas rate in Jura 1951 for recording and punching the
Lotal &m0uzt Of OphTuv 87 COVeT, Vhith {3 tha anount of 8ey hidien by clouds or obscuring phenam-
ena, as distinpulsted frua tla tolal ascant of suy govar,

b

The height of layers of clouls or obazurins jlenczetn aloft vas resonded 4n hundreds of fect, and
for fully cbscuring phencsera bass! oa the ,yrow.l, the vertical visibility into it was recorded,
vith po prescribed 1izmit. ALl Reishts vers msoriel to the nearcst 100 feet from the surfase to
5,000 feat; to tha nearest 500 feat Letwsea 5,50 anl 10,000 fowt; and to the nesrest 1,000 foot
above 10,000 feet. For obacuring plenccsin pressrilel ss "thin”, & gondition reportabls from
August 1557 throuh Fay 1951, the bes;ht of the baea ‘us punchad, snd 1n the case of thin fog, was
aluays zero. Defors Jaauary 19h7, cbacurmticn vas not roportabie as a cloud type.

Some Veather<Buresu sxd Kavy eards in this deck vere puncled fram the old type of reporting form
(tbe VBAN 10 vith vhich deck 142 1s ali,red) and in which Cive cloud layers vere repcrted vith so
swmation totals. Io these cosas, the BuEZatioa total columns vere left bisnk, and the five layess.
1f reported, vers condensed fnto four.

I. ADMATSEN-SCOIT STATICN:

1. Wind Direction om all cards vas punched ascording to the folloving systes:
Ae A vind from 0° longitude vas punched as N or 360.
3. A wind from 90° east longitule vas punched’ss B or 090.
€. A wind from 180° longitule vas punchcd 8 or 180.
D, A wvind from 90° west longituls wvas punchod ¥ er 270.

2. In place of sea-level pressure (Coluan 32-35) the height of the 700 mb surface in vhole
meters was punched. Thbis applics to the period December 1, 1957 through Decembder 11,
1958, (Prior to this pericd the station pressurs in sds was punched in these colimns,)

BYRD STATION, ANTARCTICA

1. In place of sea-level yressure (Columns 32-35) the beight of the 850 sb surface fn
vhole metars was punched.

Ravised April = 1966 Poge 8
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COMPUTATION OF WET BULE COMPUTATION OF RELATIVE HUMIDITY
Dry Bulb zero and above - "
Rt = (173 - .IT » Tdp
TW = T - (O3LN -,00072N (N - 1] Y (T + Tdp - 2P + 10H) ( 173 + 9T p
If temperature is less than 100° wWhere T = Air Temp. in °F
Td = Dew Point Temp, in °F
TW Rounded = TW + .9 if col. L5 45 0, 1, 2 P
™ + {9 - .01 (T + .9)] if cn). LA is 3, L
T™W + L if col. LB is & through 9 Reference to the above formula may be found in
"An Approximation Formula to Campute Relative
If temperature is 100° or greater: Humidity from Dry Bulb and Dew Point Tempera-
tures” by Julius F, Bosen, Monthly Weather
TW Rounded = TW + .9. Review, Vol. 86, No. 12, Dec. 1958, page L86.

for Dry Bulb temperatures less than zero:

™ =T - (LO3UN - .006N%) (.6(T + Tdp) - 2P + 108)
TW Rounded = TW - .C1Tdp

T = dry bulb temperature in °F

TW = wet bulb in °F

Tdp = dew point in °F

N=T-Tdp

P = Station pressure measured in inches of mercury

In 211 cases TW should be computed to at least two decimal
places prior to applying the rounding factor.

UsOmM 136a asMrviil ) Revised: November 1970 toge 13
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CARD DECKS CONTAINING HO! A CARD DECK 144 ACRONYMS
DECK GENERAL PERIOD
AF Air Force
019 London Airport Hourly Surface 1948-1961 AWS Air Veather Service
021 USAAF in Great Britain Surface 1942-1946 CAA Civil Aerocnautics Administration (same as FAA)
132 Canadian Hourly Surface Qbs. 1946-1951 ESSA  Environmental Science Services Administration (NOAA after
134 Canadian Hourly Surface Obs. 1951-1953 3 Oet 1970)
135 Canadian Hourly Surface Obs. 1950-1967 ETAC Environmental Technical Applications Center
139 Japanese Airway Obs. Hourly Sfc. 1958-1961 FAA Federal Aviation Administration (formerly CAA)
141 VWBAN Hourly Surface Obs. 1937-1945 GZM0  German Zonal Meteorological Organization
142 WBAN Hourly Surface Obs. 1945-1948 cMr Greenvich Mean Time
156 British Hourly Obs. 1941-1948 1D Identification (cards)
157 Turkish Hourly Surface Obs. 1950-1959 METAR Meteorological Aviation Routine %eather Report
158 German Hourly Obs. GZMO 1955-1961 MF Meteorological Form
158 German Hourly Obs. GZMD 1962-1964 NCC National Climatic Center {formerly National Veather Records
159 Korean Hourly Obs. ROK 1954-1964 Center (NWRC))
159 Korean Hourly Obs. ROK 1965-1967 NNWS  NOAA National Veather Service (formerly VB)
160 Azores Hourly Obs. 1951-1955 NOAA  National Oceanic and Atmospheric Administration (eff. 3 Oct 1970)
171 Nanking Hourly Obs, 1928-1937 N¥iS Naval Veather Service
172 Yungan Hourly Obs. 1938-1942 oasv Ocean Station Vessel
175 Taichung Hourly Obs. 1952-1956 ROK Republic of Korea
928 Hourly Marine Sfc QSV's 1965- USAF  United States Air Force
VB Weather Bureau (changed to NNWS 3 Oct 1970)
ELEMENTS (ITEMS) PUNCHED VBAN Veather Bureau - Air Force - Navy
wMOD Vorld Meteorological Organization
Page Page
CEILING 2 SKY CONDITION 2
CLOUDS (4 layers) 6 STATION NUMBER 2
Amount , Type, Height
Amount Total > TEMPERATURE
Amount Total Opaque 7 Dew Point 5
Dry Bulb 5
DATE Vet Bulb 5
Yr Mo Dsy Hour 2
VISIBILITY 3

HUMIDITY Relative % 5
WEATHER AND/OR

PRESSURE OBSTRUCTIONS TO VISION 3-4
Sea Level 5
Station 5 WIND 2

USCOmm- £334- asmtvit Revised: November 1970 Poge 14
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PROGRAM TO PROCESS DATA FROM 10-YEAR SURFACE AND SOLAR WEATHER
NUREAU TAPES

ENVIRONMENTAL SYSTEMS LABORATORY  ~L.PATMURE-(40B) 734-2244

"THIS PROGRAM PROCUCES JOINT DISTRIBUTIONS(BY CLASS),COMPUTES,
PLOTS EQUILIBRIUM TEMPERATURES, PERFORMS INDEPENDENCE TESTS

AND FITS TO DISTRIBUTICUCNS(ON GPTION FLAG).

PRCGRAMS INCLUCED WITH THIS PACKAGF ARE HIST,INDTST,EQSUB,
_EQPLT,DIST AND THEIR SUSPROGRAMS.

THE I8M SCIENTIFIC SUBROUTINE PACKAGE IS USED.

THE SURFACE OBSERVATION TAPE MUST BE USED. THE_SOLAR _TAPE 1S
OPTIONAL.

COMMON FOR ALL OPTIONS
COMMON_ THIST,NHIST,MHIST,MBASS, IND

" 1 AL1PRMEs AZPRME.RG'DA 0S

INTEGER *2 IHIST(10,10,10,10)
DIMENSION __  NHISTU5) yMHIST(4),MBASE(4) 4 IND{4)
ls JHIST(5),IDATA(4), ISVIT),IZR{5000)
20 ____ __ _IDD(8,24)+1SLD(4),ISLR4y16)
2, ASLR(4,16) 41LOC(4) 4HEX{10,3)
4 X(1000,5)

EQUIVALENCE (ISLR(I:I’:ASLR(]. 131 s (ITTLATT)

1y (JHIST(1)ed1)y (JHEIST(2),32) s (JHIST(3)J3) 4 (JHIST (4),I4)
2y (IHIST(Llslsl,1),12R(1))

3 0 __ __LITST,TST)y (IHIST(lslylel),XU{1lel))

COMMCN FOR  EQ. TEMP PLGT

COMMON FOR  DISTRIBUTION FIT

COMMON _ /DSTCM/KMN{5) ¢MEAN(5) 4MSD(5) 4KD(51, IDPT(3), 1 INT

CATA  AST/*x '/.8L/? '/ ILUC/ 345,748/, 10UT/0/NCELT/1/
1y 1YAR/O/, IYEAR/2/4MNTHL/6/¢MNTH2/8/ yMHOUR/11/ yNHOUR/ 14/ JHEX/

4 100404047, 2C 1404040, 2C2404040,2C3404040,42C4404040,205404040,

5 1C6404040,  ICT404040,2C8404040,2C9404040, ZD0404040, 201404040,
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6 I1D2404040, £03404040,2D04404040,1D54046040,2D6404040, 207404040,
1 L0840Q4040,  ID9404040,2F0404040,7F 1404040, 7F 2404040,2F 3404040

8 IF440404C, 255404040, 2F6404040,2F 7404040, ZF84040404s IF94040407
99 XHEX/760404040/
. _ L
L o _ e N e
¢ e
NAMELISY /TEMPS/ TOUT  NMREC yNDFLT I YARyMNTH, [YEAR yMNTHL g MNTH2
1, MHOUR s NHOUR ¢ NHI ST yMHI STy MBASE ,HEAD
2y ISURF.ISLST,IPTN,IINT,IDPT
3 4 TMERR yWMULT,IFLAG,HSMULT,IPLOT,A,B S o
o 4 AlPRME,A2PRME.RG D8 ,40S o
C
C READ _ _ _OUTPUT OPTION {QUTPUT EVERY [CUT RECORDS)
C START YEAF MONTH {IF ZERO USE FIRST ON TAPE)
< __PROCEED FOR DELTA YEARS,DATA IN MNTHL TO MNTH2
C PROCESS DATA IN WINDOW HOUR TO HOUR2, HISTOGRAMS CHOSEN IN NHIST
C IPTN = RUN OPTINN e
< =1 COMPUTE AND PLOT €
e e ... ____NO CHOICE NECESSARY o
C SECTION 10 IN THIS VERSION IS SAVED FOR INVALID OR
C __ MISSING CATA o
: ——
C _ . e
C =2 COMPUTE CONDITIONAL DISTRIBUTIUNS yMEANS ¢ETC .
< e CHOOSE 1-4 PARAMETERS IN NHIST S
c
c S o e
> =3 INDEPENDENCE TESTS
C CHOOSE 2-5 PARAMETERS IN NHIST
C =4 DISTRIBUTIGN FITS
c ... . CHOOSE 1-5 PARAMETERS, ALSO IDPY AND IINT,BEING SURE
c THAT TINT DOES NOT RESULT IN ONLY A SUBSET OUF THE
[ .. HOURS BEING USED TO COMPUTE THE SAMPLE STATISTICS.
c
£ . L T
C START RUN WITH EVEFYTHING ZERO BUT DO NOT RETURN HERE, NEXT CASE
C _ TO ALLOw MINIMUM OF CHANGES WITH NAMELIST. ' ) -
DO 1 I=1,4
NHIST(I}=O e
MEIST(1)=0
1 MBASE{I1)=0 e
NHIST{5)=0
€ __UPYION FOR EQ. PLOT - TO ACCUMULATE DATA FROM CASE TO CASE.
10 IFLAG=0
REAC(5,TEMPS,END=S99) = _ o
C .
£ INITIALIZE ALL CPTIONS
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T ICMP=TOUT ,
IFLICMP .EQ. 0) ICMP=1

" IF (MNTH2 .EQ. U) MNTH2

IKD=0 _ L
IF (MNTHL <EQs 0} MNTHI

IF(NDELT .EQ. 0) NDELT=1
IDELY = NDELT

ND=0

JIseL =0 .
IF {IPTN «NE. 1} GO TO 11
EQUILIBRIUM TEMPERATURE QOPTION

- 1S0L=5

ND=5

DO 9 I=1,5
NHIST(1)=1
GJ TO 19

LO 15 _I=1,5 _

INITIALIZE HISTOGRAMS s INDEPENDENCE TESTS,DISTRIBUTIUN FITS

CONTINUE

IF(NHIST(I) .EQ. 0) GO TO 17

IF(NHIST(I) .EQ. 5) ISOL=]

ND=ND+1
CONT INUE

CHECK FOR INPUT ERROR IN NHIST FOR THIS OPTION

_IF(IPTN <EQ. 2) ND=4

GO TO (19416 ,19,18),1PTN _

 HISTOGRAM OPTION ONLY _

D0 12 I=1l+4
JHIST(I)=1

IND(I)=1
00 13 I=1,ND

.60 _T0 19

IND(I)=10

.DO0_14 J=1,5000

1ZR(J)=0

DISTRIBUTION FITS ONLY

OO O

18

CONTINUE
D0 185 I=1,5
KD(l)=0
KMN(1)=0
MEAN(1)=0
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MSO(1)=0
189 CONTINUE _ _
ITSO=1INT
€ NOW_HAVE COUNTED NUMBER OF HISTOGRAMS TO DO _AND CLEARED SPACE

19 CONTINUE
WRITE (6,799) HEAD

- WRITE(6,700) NDELTsIYARIYEAR MNTHL 4MNTH2 yMHOUR ,
1 _NHQURNHIST,MHIST,MBASE,IOUT e e e e
C
¢ INITIALIZATION OF INPUT FINISHED L
¢ .
G _NOW LINE UP TAPES APPROXIMATELY. .
C .
MHR=MHOUR#1l. = . o
NHR=NHOUR +1
o S S
c FIND FIRST YEAR,SKIPPING FIRST DAY REGARDLESS (FOR SPEED)
Ko e
¢ READ ONE FULL DAY(FOUR RECORDS) AT A TIME

. K=&
20 DO 25 J=1,K
.25 _ READ(12,801,END=_550) ISTAT,ISY,IMN
IF(IYAR EQ. 0O) IYAR =ISY
o _JF(ISTAT .NE. ISURF) GO YO _950
c COMPUTE NUMBER OF RECORDS TO SKIP
K=((IYAR-ISY)*365+(MNTHL-IMN=-11%30)*4
IF( K .GT. 0) GO TO 20
WRITE (64750} TYARyIMN,ISTAT
IF( ISOL .EQ. 0) GO TO 40
K=1
c FIND DAY CN SOLAR TAPE
29 D0 30 J=1sK L
30 READ(13,END=39) ISTAT,ISY,IMN
_IF( ISTAT .NE. ISLST) GO TO 955
K= ((IYAR-ISY)*365+(MNTHL=-IMN=-1)%*30)
IF{K.GT.0) GO _TO 29
WRITE(6.750) IYAR,IMN,ISTAT
_KSL=0 _  __
GO TO 40
39  WRITE(6,752) 1SY
IsoL=0

BO0TH TAPES ARE SET AT CORRECT YEAR, CLOSE TO CORRECT MONTH

40 IYUR = IVAR +IYEAR-1 I
.. . READ_A FULL DAY
45 D 50 J1=1424,6
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READ(12,801,END=550) IDATA,({IDD(1,J),[=1,8),J=J1,J2)

[P IDATA(2)-1YUR) 7570,550

IF( IDATA (3).GT. MNTH2) GO YO 559
e REJECT RECGRD e

IFCIDATA(3) LLT.MNTHL .OR. IDATA(3) .GT. MNTH2) GO TO 45

CONTROLS RUN.

IF(ISOL .EQ. 0) GO TO 120

IF{ KSL .NE. 0 ) GO 70 86
KSL=1

READ(13, END=925) ISLD,ISLR

DO 37 1=2,4
e . . ... READ  GOOD  NOT READING YET _
TFUISLOCI)-TDATA(1)) 85,87,120

FALL THROUGH WITH RIGHT YEAR,MONTH,DAY

CCNTINUE
KSL=0 _

_IF THIS IS E COMPUTE,MUST HAVE A FULL DATA SET

(ALSO FOR INDEPENDENCE TESTS DUE TO SSP ROUTINE USED)
.ASSURE BUTH TAPES ARE IN SYNCH AND REREAD iF NOT___
IF (KSL .NE. 0) GO TO {45,121,45,121),IPTN

QUTPUT EVERY I1OUT GOOD RECORDS. =
CONT INUE _

IF{ICMP .NE. IOUT) GO _TO 125 __

(3]0 80 Kl= 1,24,6

K2= K145 = - S

WRITE(6,701) IDATAL{UIDD{(I4J)41=1,8)4J=K1,4K2)
IF(ISOL .NE. O) WRITE (64753) ISLD,ISLR
[CMP=0

ICMP=1CMP+]

LSE_EVERY IDELT DATA POINTS(NECESSARY FOR UPTIONS WHERE DATA IS

BEING SAVED)

IFUIDELTY .EQ. NDELT ) GO 70 130
IDELY= IDELY+1

60 TO 175

00 150  I1=1,ND_
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¢ . CEFAULT VALUES.

c NO DATA
_ o Isvdal)=-1r  _ ,
JHIST(I}=10 T
Cc_ CCMBINE NUMERIC AND_ALPHA PART OF DATA _ =
c
C  __ CHECK FOR SULAR PARAMETER _
c
. IF( 1.NE. ISOL) GO TO 139
c SCLAR RECORD NOT MATCHING ) I
o 1F(KSL .NE. 0) GO _TO 142 ) .
¢ HOUR TOO EAPLY (BEFORE DAYBREAK) 0OR TUO LATE o
_ KHH=K=1 o - i o
DO 131 IKM=1,16 '
_ KDEX=IKM L )
IF( ISLR(1,IKM) =  KHH) 121 ,132,142
121 CONTINUE _ o o e
c MATCHING HOUR NGT FOUND
. ..G0 10 142 . . L . , e
132 CONTINUE
CITST=ISLR{2,KDEX) o
IF(ITST .LT. 0) GO TO 142
C__ __ GOOD OBSERVATION o
GO TO 148
C o ) o N
c
139 CGNTINUE e

L= ILOC (NHIST(I))
_ ITST= I1CDML.KY L
IF( TST .EQ. AST .OR. TST .EQ. BL) GO TO 142

C
o CHECK FOR CLOUD COVER MEASUREMENT EJUAL TO X =-OVERCAST
C
IFL L WNE. 8 .OR. TST .NE.XHEX) GO TO 1395
_1TsT=10 e
GO TO 148
1395 CONTINVE . S
0O 140 K2=1.43
_.DO0 140 K3=1,10 __
[FITST .NE. HEX(K3,K2)) GO TO 140
e LTST=K37 1 e e
GO TO 145
140 CONTINUE S
142 GO TO (175,1504175,150),1PTN
145 IF (L .EQ. 8) GO _TO 148 e
ITST = ITST +10D(L-1,K)*¥10
IF( K2 .EQ. 2) _ITYST= -ITST
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C SAVE ALL CATA IF EQUIL OPTION
148 IF(IPTN .EQ. 2) 60 TO 149 -
ISV(I)=ITST
- GC 10 150 B} I
149 CONTINUE
. _J= 1TST-MBASE(1) -
IF{J LT. 0) J=0
JHIST(I)= J/MHIST(I) #1 _ o e
IF(JHIST(I) .GTe 9) JHIST(I)=9
150 CONTINUE e
IKC = IKD+1
__IDELY=) e e
GO TO (155+170,165,160), IPTN
155 CCNTINUE o o L
ISV(6)=ISLR{3,KNEX)
ISV(7)=ISLR{44KDEX) B -
CALL EQSUB(ISV)
L GO _T0O 175 L ) e
C DISTRIBUTIONS - NOT FULL DATA SETS
160 CONTINUE
C EACH POINT IS EITHER SAVED OR USED IN SAMPLE STATISTIC.
C
IF{IINT .NE. ITSD) GO TO 163
o DO 162 I=1,ND L . ————
[J=1ISVL])
IF(IJ .LT. 0) GO TO 162 ) . . e
KMN(I)=KMN({I}+1
MEAN(I)= MEAN(I)+1J S o o o
. MSD(I) = MSD(I) +1J%1J
162 CONTINUE e
ITSD=1
GO TO 175 o i o
163 IYSD = ITSC +1
. D0 164 I=1,N0 _ = _ I
IF(ISVII) .LT. 0) GO TO 164
. IF_(KD(I) .EQ. 1000) GO YO 168
KO(I)=KD(I)+1
. X(KDUI), I)=ISVII) L ) o
164 CONTINUE
GO TO 175 o o S
C INDEPENDENCE TESTS ~ FULL DATA SETS
165 DO 167 I=1,ND L L
167 X(IKDeI)=ISV(I)
c _
C CHFCK X STOPAGE NOT EXCEEDED B - o
o
IF (IKD .LT. 10C0) GO TO 175
2168 CONTINUE
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WRITE (64754)

. _ _6G0 I0 550 . )
170 CONTINUE T T
o THIST(J14J29J3 98 )=IHIST(JL14J24J3,04)¢1
175 CONTINUE
B GO TQ 45 L L
r
c . o -
C
c FINISHED GATHERING DATA TOGE THER AND SORTING
C
550 CONTINYE . L e .
GO TO (56C+570+5804590),IPTN o
o
o FO. TEMP AND OTHER PLOTS B S
C
560 CALL EQPLT T
L 60 _T0 600 L i N
C
C _ _HISTOGRAMS, CONDITIONAL PROBABILITIES,ETC. _
o
570 CCNTINUE o ) o
CALL HIST(ND)
. GO TO 600 e
INDEPENDENCE TESTS
580 CONYENUE B i ) _
CALL INDTSTUIKD,ND)
~ GO 10 600 N B}
o
C TEST OF FIT TO DISTRIBUTION ) .
c
590 CONTINUE o ) B -
CALL DIST(ND)
600 CONTINUE = e
REWIND 12
REWIND 13 e
GO TO 10
c ... _. ... . END OF sSOLAR TAPE
925 WRITE(6,752) ISLR(1,1)
926 1SOL=0Q = . L o .
GO TO 120
_ 950 WRITE(64751) ISTAT,ISYrRF
GO 10O 999
955 WRITE(6,751) ISTAT,ISLST
C CHECK FOR BEGINNING BLANK SPOT FOUND ON SOLAR TAPE
. IF({I1STAT .EQ. 0) GO 7O 29
o
c
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801
700

1' FOR *9134* YEARS'/'0 TIME WINDOW IS FRQOM

JOF 14
 FORMAT (4X915931246012,10Xe129A1312,A107Xs12,AL,14X541,37X))

sTop

REFERENCE - TAPE REFERENCE MANUAL AIRWAYS SURFACE OBSERVATIONS

FORMAT('0 PROCESS EVERY ', I4,' RECORDS, FROM BASE YEAR ',12,

IMONTH® 416, 'TO MINTH', 16, "HOUR' 416, 'TO HOUR', 16/

4
5
6

515,' CODE_NUMBERS OF PARAMETERS'/
41545Xs* INTERVAL SIZE FOR CLASSES*/
41545X,* BASE (ZERO POINT) FOR CLASSES'/

7

701
750
751
752 °
153 _
154
759

*0 OUTPUT IS EVERY',15,' RECORDS IN WINDOW'//)
FORMAT(10%,15,2X,315/4010%¢61213,AL,134AL413,AL, 1GALI/))
FORMAT( *C  YEAR *,13,' MONTH *,13, ¢ STATION *,164'FOUND')
CCRMAT(_*'C _ STATION NUMBER ON TAPE IS ',164' INPUT IS ‘y16)
EORMAT( 0 SOLAR DATA ENDED AT YEAR ', 13)

FORMAT (416, (211S5/)) _ _ ‘
FORMAT (*ODATA COLLECTION STOPPED AT 1000 POINTS #ekkekstssssst//)
FORMAT{"1',20A4/'0 NOTE - TENTH HISTOGRAM DIVISION REPRESENTS INVA

1LID OR MISSING DATAY/)

END
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OO OO

5

10
59

SUBRQUTINE FQSUB(ISV)

REAL*4 K

COMMON /BRUNTC/ BC(10417),RATBRC{10),TABC(17),DRATBC,DTABC
COMMON /EA/ EAL1D,7) sRHREA{10),TAEA(T7)+sDRHEA,DTAEA

CCMMCN /RSR/ RSR(9,3),SARSR(9)},CCRSR(3),DSARSR,,DCCRSR

COMMON ZINPUT/ A,B,HEAD{20), TMERR WMULT, IFLAG,HSMULT,IPLOT(6)

_1,A1PRME,AZPRPME,RG,DA,DNS

COMMON THIST(5000) yNHIST(S),MHIST(4) MBASE(4), IND(4)

DIMENSION YEQ(20D),YW(200),YTA(200),YRH(200},YCC(200), YHS(ZOO)n
1 YHSC{200)

FQUIVALENCE (IHIST(1),YEQ(L)) lIHIST(201), YH(I))'([HISTCQOI)'
I YTa{1)),(IHIST{601),YRH{1))}, (IHIST{8O01),YCC(1)) {IHIST{1001),

2 YHS(1})
DIMENSION ISV{T)
ISv=
WIND SPEED
TEMPERATURE

RELATIVE HUMIDITY

CLGUD COVER

SOLAR RADIATION

SOLAR ELEVATION

EXTRA TERRESTRIAL RADIATION

~N T W) N

IFLAG=IFLAG+]

IF{IFLAG.NE. 1) GO TO 99

WRITE(645)

FORMAT(' THE FOLLOWING SETS OF DATA GIVE INVALID EQUILIBRIUM TEMPE
1RATURES® /! W TA RH cc HS
2 SA HSC ')

DO 10 I=1,1200

IHIST(I}=0.

CONT INUE

CONT INUFE

W=ISVI1}*WMULT

TA=ISV(2)

RH=ISVI{3)

CC=ISvi4)

HS=4 1*ISV(5)*HSMULY

SA=ISVI(6])

HSMUL 2={ AZPRME+, 5*(1.-A1PRMt*DS) -DA)/{1le=o5%RG*{ 1.~-A1PRME+DS) )

FSC=1SV{7)*HSMUL T*HSMUL2

Tv=TA

IW=ISV(1l)

1TA=TA+]
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IRH=RHe¢1
1(C=CC+1\
THS=,1%ISV(5)+1]
TSC=ISV(T7)+1
IF{IWLTL1.0R, IW.GTL200) IW=200
IFIITALTal1.0R.ITALGTL200) ITA=200
IF{ICC.LT.1.0R,ICC.GT.200) ICC=200
IF{IRH LT 1.0RIRH,GTL.200) TRH=20Q0
TF{THS L Te1.0RIHSGTL,200) 1HS=200
YH{TW)=YW(IW)+1
YTA(ITA)=YTA(ITA)+]
YRH(IRK)=YRH{IRH) ¢+]
YCC{ICC)I=YCCUICC)+]
YHS(THS)=YHS({IHS)+1
DO 5200 IND6=1,25
IF(4SCaNE.O.) GO TO 100
FR=0,
GO TO 1590

120 CCNT INUE
RATSP =HS/FSC

~
c CALCULATE HA, FIRST GET VALUE OF B8C AND EA
C
CALL TWOFIT(BC,RATBC,DRATBC,10,TABC,DTABC,17RATSR,TA,BC1)
CALL TWOFIT(EAJRHEA,DRHEA, 10+ TAEA,DTAEA, 74RH,TA,EAL)
FA=4,15E-8%{ TA+460.)**4%{8C1+.,031*%SQRT(EAL))
c
HAR = ,03%HA
C
C CALCULATF HSR, FIRST GET VALUE CF RSR
c
CALL TWOFIT(RSR,SARSR¢DSARSR94CCRSR4DCCRSR,42,SACCyRSR])
HSR=RSR]1 %HS :
C
HR=HA-HAR+HS—-HSF
c
C CALCULATE EXCHANGE COEFFICIENT o FIRST CALCULATE BETA ANND C(B)
C
150 CGNTINUE

CALL FBETA{(TM,BETA1,CBETAl)
K= 15¢7 +{.26+BETAL)*{A+B*N)

CAPA= .051/K

CAPB= =({(HR=-1801.)/K ¢ {(K=15,T)/K)*((EAL1-CBETAL+,26%TA)/
1 (.264BETAL)))

IF(TEST.LT.0.) GC TO 6000

CAPD=SQRT{TEST)
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CALCULATE EQUILIBRIUM TEMPERATURE

MO

EQUIL = (~1.#CAPD)/(2.%CAPA)

500 FORMAT {(F10.2,6F15.2)
IF{ABS{EQUIL-TM) .LE. {TMERR%*TM)) GO TO 5001
TM=EQUIL

5000 CONTINUE

5001 CONTINUE
TEQ=EQUIL+1
IF{IEQ.LT.1)IEQ=200
I®(IEQ.GT.2C0) IEQ=20C
YEQUIEQ)=YEQ(IEQ)+1
RETURN

€707 WRITE(6,+6)ISV

€ FORMAT(7110)
RETURN
END
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SUBROUTINE TWOFIT (FXYsXeDXoMpYDYyNsXXyYY,ANS)
DIMENS ION FXY(MyN) o X(M),Y(N]

IX= {(XX=-X{(1)}/DX + 1
IY= (YY-Y{(1))/0Y + 1

IF(IX.LE.1} GU TO 110
IF(IX.GE.M) GO TO 115
IXi=1IX
IX2=1X+1
GO 10 120
110 IXx1= 1
IX2= 2
GO 10 120
115 IXl= M-1
IX2 = M
120 CONTINUE

IF (IY.LE.1) GO TO 130
IF (1Y.GE.N) GO YO 140
Iyl=1y
[v2=1Y+1
G0 YO 150
130 1Yi=1
1v2=2
GO TO 150
140 IYl= N-1
Ivy2= N
150 CONTINUE

FYL=FXY(IXLoIVI)+ ((EXY(IXLoIY2)=FXYCUIX1s IYL)IE{YY-YLIY1)}/DY}
FY2=FXY{IX2: IYL)+ (L (FXY{IX25IY2)-FXY(IX2,IYL))*{YY-Y{IY1)}/DY)

ANS = FYL # (FY2-FYL)*{{(XX-X(IX1))/DX)

RETURN
ENTRY TOLOOK{FXY 3 XsDXyMpY DY oNeXXoYY 3 ANS)

IX=(XX-X{1))/DX +1
[Y=(YY=-Y(1))/0Y +1

IFCIX.LT. 1) IX=1
IF(IX.GT.M) IX=M

IF(1Y.LE. 1) GO TO 230
IF{IY.GE.N) GO TO 240
IYl=1Yy
IV2=1Y+1
GG TO 250
230 1IYl=1
1Y2=2
GO 7O 250
240 1Y I=N=-1
1Y2=N
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2590 CONTINUE
ANS=FXYCIXo IYLI+ C(FXYLIXoIY2)=FXY(IX,1YL))®R(YY=Y{IYL))/DY)
RETURN
END

SUBROUT INE FBETA(TM,BETALl,LBETAL)
T=TM+460, B
XNT=9501./7
XNTT=XNT/T
YNT=EXP(1T.62-XNT)

ES=25.4*YNT
BETAL=25,4*XNTT*YNT
CBETA1l=ES—-{TM*BETAL)
RETURN

END
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BLOCK DATA
COMMON /BRUNTC/ BC(10,17),RATBC(10),TABC(L1T),DRATBC,DTABC
DAYA RATBC/e509e¢55+¢609e659eT09e7590801e8590909.957,
TABC /284 932, '36-'400'44!'48-t52o'560 1600 06449684 9724076.,804,
840588699207
BC/oTleoT05+0709e691e6T7590655 3062 +4591e5354.45,
072707150 eTL0eT090685,.66554644+0605,45557.48
072590 729e7151070530691e6754e65,0629457549451,
eT32072590a723eT190T709e6857.66106354.5954454
e T73510731e72540e7159¢705906955e6710465106151.56,
6743735307390 T210TL 30709068 946649063945825,
e T4 90749eT35907251e7159eTL166F2e¢07166425,.6025,
0 T49eTb 3074007390 T22eT153:T0946825+9.66446225,
eT410T49eT490T73530725 1072107051069 10671464,
e T4 eT49eT44eT3759e734eT2259eTL 447096844655,
.74).741.74'.74'.735!.?25'0715'0 705'.69'.67,
s Th0e T reTa0e 1490737594739 T20eTl44704.6825,
e 7410 Th1eTlreTl3eT41eT732500725¢e71590714+470,
eTo9eTasaTlyeTlyeTareT3540T340729.7175,.7075,
e T40eTh1eTayeT42eT49eT3759e735,30e7259e72447125,
eThayaT1eTa9aTbyeT49eTa9e7359.73972754.72,
e ThyaTbroThreThreTlseT49eT1351e735447355.73/
DATA DRATBC/.05/,DTABC/4./
COMMON /EA/ EA(L047) RHEA{LO)s TAEA{T) »ORHEA,DTAEA
DATA RHEA/IO. '20. '30. l40.'5°.'60.’70.'80.'90.'100 /
DATA TAEA/#O.'SO..60..70..80..90..100./
OATA EA/
«350 91410 42,00 ¢2.50 .3.00 1380 1450 45.00 ¢5.50 46,00,
100 42400 92¢80 43490 14480 45050 46450 4,750 ,8.20 ,9.10,
1¢50 +2.80 14400 45,10 16480 8.00 +9.20 ,10.60,12.00,13.10,
200 44400 +5050 47450 49430 411.20,13.00415.00,17.00,18.80,
2650 5020 48.00 410650413,00915.90918410921.00923,40,26,00,
3.50 47.00 110.90914.00,17.,90421.60425.00,28,80432.00436.00,
5000+10400914¢90519¢80¢24050¢29¢30934¢20439.1094%4.00,49.00/
DATA DRHEA/10./,DTAEA/10./
COMMON /RSR/ RSR{943) +SARSR{9)+CCRSRI3)yDSARSR¢DCCRSR
DATA SARSR/Q4 1049204 14300+400¢50¢ 1600970018047
DATA CCRSR/34 464551047 ,
DATA RSR/¢551¢259¢1251¢089¢0690054.045,.,04,.035,
1 e45701890109e0796069205¢40454404,4035,
2 0251¢14400994075700644055+9¢05+¢045y,04/
DATA DSARSR/104/+OCCRSR/3.5/ o
COMMON /INPUT/ A.BsHEAD{20) +TMERR, WMULT, IFLAGyHSMULT, IPLOT(6)

VO~ VMPWNI OO S WN -

-~ N DWW e

DATA AsB /0.,ll.4/HEAD/20%" "/ ¢ TMERR/ 401/ WMULT /14157,
1 IFLAG/0/,HSMULT/88.47/,IPLOT/1,1,1,141,1/
END
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10

100

SUBROUTINE EQPLT

REAL*4 K

COMMON /INPUT/ A+ByHEAD(20) s TMERRy WMULT,IFLAGsHSMULT,,IPLOT(6)

COMMON IHISTISOOO)pNHlSTlS)'HHIST(4)'MBASE(4)01ND(4D

DIMENSION YEQ(200),YW(200)»YTA(200) ,YRH(200},YCC (200 ,YHS (200,
1 YHSC(200) ’

EQUIVALENCE (IHIST(1),YEQ(1)),(IHIST(201),YW(1)),{IHIST(401),

1 YTAllI):(IHIST(601);YRH(1)lulIHIST(BOl)gYCC(l))»(IHIST(lOOl)o
2 YHS({1)) o IHIST(1201) 4 YHSC(1}) B o

DIMENSION XEQU(200) XW(200) ¢ XTA(200) ¢ XRH(200} +XCC(200) ¢4 XHS(200),
1 XHSC({200)

EQUIVALENCE(IHIST(I4OI! XEQUL) ), (THIST(1601) ,XW(L)) (IHIST(1801),
IXTACL) do CTHIST(200L) o XRH{L)) o CIHIST(2201),XCC(1)),(IHIST(2401),
2 XHS(L1))o(IHIST(2601),XHSC(1))

DIMENSION YLIST(51)

DATA YLIST/S51%1.E10/MPAGES/1/,YMIN/O,./

DIMENSION TITLE(20)TTITLE(206)

DATA TITLE VA ', 0 ." ". ."4 B i’
x ¢ A v 0 ',
1 * FRE',"QUEN®,*CY O, 'F OC','CURR ", 'ENCE",
2" 'y v, ", ', o

DATA TTYITLE/*EQUI'*LIBR'o*IUM *,*TEMP*, *ERAT ', *URE ¢,

1 YWIND®,* SPE',%ED _','AIR ", 'TEMP',*ERAT','URE ',

2 'RELAY,'TIVE',' HUM',*IDIT?,'Y ", 'CLOU','D CO*,*VER *,
3 9SOLAy*R RA',*DIAT*,*ION *,° -/

WRITE(6+5) IFLAG ) ]
FORMAT{* NUMBER OF DATA POINTS = ',110)
DO 10 1=1,200.

XEQII)=1I-1
XW(l)=[-1
XTA(L)=1—-
XRH(T1)
XCC(I)
XHS{I1)
XHSC(I)=][-1

CONTINUE

IF(IPLOT(1).NE.1) GO TO 150
Il=1

12=0
YMAX=O0
DO 100 I=1,130
IF(YEQ(I),EQs0.) GO TO 100
IF(I12.EQ.0) I1=1

12=1

IF{YEQ{I).GT.YMAX) YMAX=YEQ(I)
CONTINVE ~

IYMAX=YMAX/5,
YMAX=10.,*]1 YMAX

XMIN=XEQ(Il)

XMAX=XEQ{12)

N=XMAX=XMIN ¢1
TITLE(LI=TTITLE(])

-1
I-1
-1
I-1

Hohow
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TITLE(2)=TTITLE(2)
TITLE(3)=TTITLE(3)
TITLE(4)=TTITLE(4)
TITLE(S)=TTITLE(S)
TITLE(6)=TTITLE(6)
CALL PPLOT(TITLE,XEQ(IL),YEQUEL) 4N, YLIST oXMIN,XMAK, YMIN, YMAX,
1 MPAGES)
150 CONTINUE |
IF(IPLOT (2).NE.1) GO TO 250
I1=1
12=0
YMAX=0
DO 200 I=1,100
IF(YW{I).EQeOc) GO TO 200
12=1
IFCYW(T1oGT.YMAX) YMAX=YN{I)
200 CONTINUE
[YMAX=YMAX/Se
YMAX=10,*1YMAX
XMIN=XW(I1)
XMAX=XW([2)
N= XMA X~ XMIN+1
TITLE(L)=TTITLELT)
TITLE(2)=TTITLE(8)
TITLE(3)=TTITLE(9)
TITLE(4)=TTITLE(26)
TITLE(S)=TTITLE(26)
TITLE(6)=TTITLE(26) _ -
CALL PPLOTU(TITLE XW(IL) oYWCEL) Ny YLIST,XMIN, XMAX,YMEN, YMAX , MPAGES )
250 CONTINVE
~ IF{IPLOT(3).,NE.1) GO TO 350
11=1
12=0
YMAX=0
DO 300 [=1,120
IF{YTACI)«EQ.0e} GO TO 300
IF(12.EQ.0) I1=I
12=1 | )
IF(YTACT).GToYMAX) YMAX=YTACI)
300 CONT INUE
TYMAX=YMAX/S.
YMAX=[YMAX*10
XMIN=XTA(I1)
XMAX=XTA(12)
N=XMAX-XMIN +1
TITLEC(1)=TVITLE(10)
TITLE(2)=TTITLE(11)
TITLE(3)=TTITLEC12) - =
TITLE(4)=TTITLE(13)
TITLE(5)=TTITLE(26)
TITLE(6)=TTITLE(26)
CALL PPLOT(TITLE XTALEL) YTACIL)oNoYLIST,XMIN,XMAX,
1 YMIN,YMAX,MPAGES)
350 CONTINUE
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IF(IPLOT{(4).NEs 1} GO TO 450
11=1
12=0
YMAX=0 ,
00 400 1=1,100
IFIYRH{1).EQ.0.) GO TO 400
IF(32.EQ.0) Il=1
12=1 o ,
IFIYRHUI) oGT.YMAX) YMAX=YRHII)
400 CONTINUE
I¥YHMAX=YMAX/5e
YMAX=]1YMAX*10
XMIN=XRH{IL}
XMAX=XRH( 12} )
N=XMAX=-XMIN +1
TITLE(L)=TTITLE(14)
TITLE(2)=TTITLE(LS)
TITLE(3}=TTITLE(L16)
TITLE{4)=TTITLE(17)
TITLEC(S5)=TTITLE(18)
TITLE(OY=TTITLEL(26)
CALL PPLOV(TITLE ,XRHC(I1) YRH{IL) oNoYLEST ¢XMINyXMAX,
1 YMIN,YMAX,HMPAGES)
450 CONTINUE S
[F (IPLOT(5).NE.L) GO TO 550
11=1
12=0
YMAX=0 o
DO 500 I=1,11.
IF{YCC(I).EQ.0.) GO TO 5Q0
[2=1
IF{YCC{I)eGToeYMAX) YMAX=YCCI(I}
500 CONTINUE
‘ IVMAX=YMAX/S.
YMAX=1YMAX*10
XMIN=XCCH{I1)
XMAX=XCC(I2)
N=XMAX=XMIN +1 B
TITLE{LI=TTITLE(19)
© TITLE(2)=TTITLEL20)
TITLE(3)=TTITLE(21)
TITLE(4}=TTITLE(26)
TITLE{S)=TTITLE(26)
TITLE(6)=TTITLE(26) i o
CALL PPLOT(TITLEs XCCUIL) YCCUTIL)oNyYLISToXMINoXMAX,
| 1 YMIN, YMAX,MPAGES])
550 CONTINUE'
IF(IPLOT(6).NE.1) GO TO 650
[1=1
12=0
YHAX=0
DO 600 I=1,200
IF(YHS{1).EQ.O0.) GO TO 600
IF(12,EQ.0) Il=1

213



12=1
IFIYHS(1).GT.YMAX) YMAX=YHS(I)
600 CONT INUE
IYMAX=YMAX/S.
YMAX=IYMAX*10
XMIN=XHS(I1}
XMAX=XHS(T2)
N=XMAX~XMIN +1
TITLELL)=TTITLE(22)
TITLE(2)=TTITLE(23)
TITLE(3)=TTITLE( 2¢4)
 TITLE(4)=TTITLE(25)
TITLE(S)=TTITLE(26}
TITLEL6)=TTITLE(26)
CALL PPLOTU{TITLE XHSCIL1) YHSUIL) ¢NoYLISTXMINyXMAX,
1 YMIN, YMAX,MPAGES)
650 CONTINUE
RE TURN
END
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SUBROUTINE PPLOT (HEADNGyXXsYYsMy VARY , XMIN¢XMAX, YMIN, YMAX ,MPAGES)
REAL LINEJBLANK/ Y v/ ,DOT/ 0/ X/ X0/ ,0/%00/,Y/'YV/4PLUS/ 42/
REAL AST/'%v/
DIMENSION LINE(112),XX{100),YY(100) ,YAXIS(20) 4XAXIS(101)
DIMENS IUN VARY(101), HEADNG(20)
WRITE €6,9) HEADNG
10 DYMXMN = YMAX - YMIN
YAXIS(L) = YMIN
GO TO (12414}, MPAGES
12 XSPACE = 50.0
MSPACE = 51
G0 70 16
14 XSPACE = 100.0
~ MSPACE = 101
16 DO 20 K=2,11
20 YAXIS(K) = YAXIS{K-1) + O.Ll%DYMXMN
30 IF (DYMXMN - 1000.0) 40,100,100
40 IF (YMAX — 1000.0) 50,100,100
50 IF (YMIN + 100.0) 100,100,60
60 IF (ABS(YMIN) - (1.0E-02)) 70,70,80
70 If {YMIN) 100,80,100
80 IF (ABS({YMAX) — (1.0E-02)) 90,90,110
90 IF (YMAX) 100,110,100
100 WRITE (691) (YAXIS(K), K=2,11])
GO TO 120
110 WRITE (642) (YAXIS{K),y K=2411)
120 DO 130 J=1,112
130 LINE(J) = BLANK
WRITE (6+3) LINE
KOUNT = 0 __
IF (XMIN) 140,170,170
140 IF (XMAX) 170,170,150
150 DO 160 J=10,112
160 LINE(J) = BLANK
) GO 10 200
170 DO 180 J=10,110
180 LINE(J) = DOT
DO 190 J=10,110,10
190 LINE(J)Y = PLUS
LINE(111) = BLANK
LINE(L12) = Y
200 DXMXMN = XMAX — XMIN
XAXIS(1) = XMIN
DO 210 KK=11,MSPACE,1O
210 XAXISIKK) = XAXIS({KK-10) + (10.0/XSPACE)*DXMXMN
KK = 1
XINVL = DXMXMN/XSPACE
, VARX = XMIN
. 220 DO 772 L=1,MSPACE
. IF (YMIN) 230,260,260
230 JY = (100.0/DYMXMN)*ABS(YMIN) + 9.5
_ IF (JY-110) 250,240,240
240 JY = 9
. 250 LINE(JY+1l) = DOT
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G0 TO 270
260 LINE(10) = DOT

JY = 9
270 IF {L-1) 280,330,280
280 IF (L-11) 290,340,290
290 IF (L-21) 300,340,300
300 IF (L-31) 310,340,310
310 IF (L-41) 320,340,320
320 IF (L-51) 321,340,321
321 GO TD (430,322) ¢ MPAGES
322 IF (L-61) 323,340,323
323 If (L=T1) 324,340,324
324 IF (L-81) 325,340,325
325 If (L-91) 326,340,326
326 IF (L-101) 430,340,430
330 LINEQJY+1l) = X

GO TO 430

340 LINELJY+1l) = PLUS

KK =L

IF (DXMXMN - 1000,0) 350,410,410
350 IF (XMAX —1000.0) 360,410,410
360 IF (XMIN + 100.0) 410,410,370
370 IF (ABS(XMIN) - (1.0E-02)) 380,380,390
380 IF (XMIN) 410,390,410
390 IF (ABS{XMAX) - (1.0E~02)) 400,400,420
400 IF [XMAX) 410,420,410
410 WRITE(644) XAXIS(KK)

GO TO 430 o
420 WRITE (645) XAXIS(KK)
430 IF ((VARX + XINVL/2,0) - ABS(VARX)) 480,440,440
440 KOUNT = KOUNT + 1

IF (KOUNT — 1) 480,450,480
450 DO 460 J=10,110
460 LINE{J} = DOT

DO 470 J=20,110,10
470 LINE(J) = PLUS

LINE(111) = BLANK

LINE{(112) = Y
480 K = 0

KMAX = O

DO 530 I=1,M

TRY = XX(I) - VARX

TTRY = TRY = (XINVL/2.0)

IF {TTRY) 490,530,530 : _
490 IF (TTRY + XINVL) 500,510,510
S00 GO TO 530
510 K = (YY(I) — YMIN)*100.,0/DYMXMN + 9.5

IF (K-111) 512,525,525
S12 IF (8=K) 515,525,525
515 LINE(K+1l) = 0O

IF (KMAX = K) 520,530,530
520 KMAX = K

GO TO 530
525 K = 0
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7530 CONTINUE

J = {VARY(L) - YMIN)}*100.0/0YMXMN + 9.5
IF (J-111) 540,580,580

540 IF (8-J) 550,580,580
550 IF (LINE(J+1) = 0) 570,560,570

560

LINE(J+1) = O

T 60 TO 590 ' T T
570 LINE(J+1) = AST

580

590

" 600
610
620
630
640

650

660
. 670

680

690
. 700

710

720
130

140

750
760

770

780
190
800
8lo
820
830
840
850
860
870

880
1

GO TO 590
J=0

JL = J +'1

Kl = KMAX + 1
JY1l = JY + 1
IF (LINE(112) - Y) 600,720,600

IF (JY = J) 620,610,610

IF (JY ~ K) 6504630,630

IF (J - K) 660,690,690

If (L - KK) 640,650,640

WRITE (6,3) (LINE{JJUY, JI=10,4Y1)
GO YO 750 B o
WRITE (6¢6) (LINE(JJ), JI=10,JY1)
GO TO 750 )

IF (L - KK) 670,680,670

WRITE (6,3) (LINE(JJ), JJ=10,K1)

GO 1O 750

WRITE (646} (LINE(JY), JJ=10,K1)

GO TO 750

IF (L - KK) 700,710,700 )
WRITE (643) (LINE(JJ), JJ=10,J1)

GO 1O 750 e
WRITE (6:6) (LINE(JJ), JI=10,J41)

GO TO 750 o

IF (L - KK} 740,730,740

WRITE (646) (LINE(JJ), JJ=10,112)

GO TO 750

WRITE (6+3) (LINE(JJ), JJ-IO 112)

DO 760 J=10,112

LINE(J) = BLANK

VARX = VARX #+ XINVL

CONTINUE ‘

IF (DXMXMN - 1000.0) 780,870,870

IF (XMAX - 1000.0) 790,870,870

IF (DYMXMN - 1000.0) 800,870,870

IF (YMAX - 1000.0) 810,870,870

IF (YMIN + 100.0) 870,870,820

IF (ABS{YMIN) - (1.0E-02)) 870,870,830
IfF (ABS{YMAX) - (1.0E-02)) 870,870,840
IF (XMIN + 100.0) 870,870,850

IF (ABS(XMIN) = (1.,0E~02)) 870,870+860
IF (ABS(XMAX) - (1.0E-02)) 870,870,880
WRITE (6,47) XMIN,XMAX,YMIN,YMAX

GO 70O 900

WRITE (6+8) XMIN XMAXYMIN,YMAX

FORMAT (/)l§Xt£PE?.2.9(IXQIPEQ.Z[L*
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FORMAT (/7 olTXsFTe3:9(3X:FTe3))
FORMAT (1H ,9X,103A1)
FORMNMAT (' ',1PE9.2)
FORMAT (' ',F9.4)
FORMATY (9+',9X,103A1)
FORMAT (/¢14Xy*XMIN = *y1PE12.5+5Xy*XMAX = ', 1PE12.5,
1 7:14Xe*YMIN = ®*,1PEL12.5¢5Xs'YMAX = *,1PEL12,5)
8 FORMAT (/olaX ' XMIN = "oF10.6¢5X ' XMAX = ',F10.6,
1 7+18Xs*YMIN = %,F10,6+5X,'YNAX = *,Fl10.6)
9 FORMAT ('1',20A4)
900 RE TURN
END

~NOow e WN
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50

200

250

SUBROUTINE HIST{ND)

COMPUTE AND OUTPUT MEANS, CONDITIONAL MEANS AND NORMALIZED
MATRICES ALL BASED ON FIRST VARIABLE SELECTED.

OTHER ROUTINES TO PROCESS IHIST CAN BE WRITTEN

THIS SUBROUTINE COMPUTES AND OUTPUTS IN TERMS OF CLASSES

COMMON  THIST,NHIST,MHIST ,MBASE, IND

DIMENS TON NHIST(S) yMHIST (4),MBASE(4) o IND(4)

INTEGER*2 IHIST(10,10,10,10) N o
EQUIVALENCE  (IND(1),11)y {(IND(2),12)s (IND(3),E3), (IND(4),14)

COMMUN /PCGOM/ IPT{150),APT(100),15(20}

DIMENSION 1SV(10),PMS{10),FACT(10),APUT(10,10)
INVEGER®*2 IPUT(10,10,3),1A0D

EQUIVALENCE (IPUT(1ls1lel)+1PT}

1, CLISCLYoISV(LD ), (APT{1),APUT(1,1))

DATA ZR/0./

DO 20 I=1,10

PMS{T1=0.

ISV(I)=0

DO 50 I = 1,150

IPTLI)=0

MAX=0

BREAK UP INTO THREE SEPARATE MATRICES
DO 200 Kl=1,I1

DO 200 K2=1,12

DO 200 K3=1,I3

DO 200 Ké4=1,1i4

IADD = IHIST(KLsK2,K3,K&)

FIND MAXIMUM FREQUENCY FDR SAMPLE QUTPUT
IF(IADD .GT. MAX) MAX = JADD
ISVIKl )= ISV(K1)+IADD
1PUT(K1,K2,1)= IPUT(KLsK2+1}+IADD
TPUT(KLyK3421= IPUT(K1,K3,2)¢I1ADD
IPUT(KLsK4y3)= TPUTIKLsK4s3)¢IADD
CONT INUE

WRITEL6,702)

MS=0

COMPUTE MEAN FOR FIRST PARAMETER

M=0

po 250 1=1,9

M=M+ISVIT %I

MS=MS+ISV(I)

EM=M

EMS=MS

EMEAN = EM/EMS

WRITE (64700) NHIST(L1),EMEAN,ISV

DO CALCULATIONS FOR PAIRS OF (K1.KI}
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300

325

340

342

343

345
346

349
350

400
405

500

700

DO 400 1I=1,3

IF( INDU{I+l) .EQ. 1) GO TO 405
DO 325 Kl=1,I1

IF{ ISVIK1) .EQ. O) GO TO 325
M=0

00 300 KK=1,9
IADD=IPUTIKL KK, 1)

M= M+ [ADD#KK

EM=M

EMS= [SV(K])

PMS{K1) = EM/EMS

CONTINUE

NORMALIZE AND OUTPUT MATRICES

DO 350 KK=1,9

Mgo», PR -

00 340 K1=1,9

M= M+IPUTI(K]l KKyI)

IF(M .NE. Q) GO TO 343

DO 342 X1=1,9

APUT{K1¢KK) =0,

EM=»O. .

GO TO 346

EM=M

EM=EM/100.

DO 345 Kl=1,9

APUT(KLKK) =IPUTIKL KK,I)}/EM
CONTINUE
FACT(KK)=EM
RECORD INVALID DATA BY CLASS

DO 349 Ki=1,I1

APUT{10+K1) =IPUT(10,K1,I)

CONTINUE

JENHIST(I+1) o
WRITE(6+701) Jys (LAPUT(KL KK} ¢K1=199) yFACTIKK) 4KK=149),PMS
CONTINUE

CONTINUE

WRITE SUBSET OF IHIST FOR CHECK OF DISTRIBUTION

OUTPUT ALL POINTS OF FREQUENCY «GE. MAX/2
MAX=MAX/2
WRITEL6,714)
00 500 Kl=1,11
00 500 K2=1,12
00 500 K3=1,13
D0 500 K4=1,14
IADD = IHIST(K191K24K3,K4) o
IF(IADD <GEe HAX) WRITE - {6,715) K1 +K2,K3,Ké, 1ADD
CONTINUE
RETURN
FORMAT{'0 MEAN CLASS _NUMBER FOR PARAMETER NUMBER ',I3,* IS ¢,
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1 F6.2/°% FREQUENCIES OF DATA IN EACH CLASS ARE '/1X,10110//
2' NORMALIZED DATA BY CLASS FOR EACH PAIR FOLLOWS. COLUMN 10 IS NOR
IMALIZING FACTOR'/® ROW 10 IS MEAN (BY CLASS) FOR EACH COLUMN'/)
701 FORMAT{'0%,13/(9F1042,10X,F10.2}) -
702 FORMAT{('l FREQUENCY TABLES OF DATA BY PAIRS'/' FIRST PARAMETER SPE
_1CIFIED IS ALWAYS FIRST PARAMETER OF EACH PAIR, AND EACH CLASS IS A
2 COLUMN®///)
703 FORMAT{'0'/(10110)) o »
714 FORMAT('1 SUBSET OF EMPIRICAL DISTRIBUTIONS *)
715 FORMAT( 5110)
END
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SUBROUTINE INDTST(KD,ND)

TEST INDEPENDENCE OF ALL DATA PAIRS USING SPEARMAN RANK
CORRELATION COEFFICIENT, AND OF ALL DATA TOGETHER USING
KENDALL COEFFICIENT OF CONCORDANCE

YHIS SUBROUTINE DESTROYS THE INPUT DATA

COMMON X{1000,5)

1 B NHIST(5) o
O IMENS ION XR (1000, 5) yWORK (20001 +XX {5000}
EQUIVALENCE  (XX(L1)yX(1,1))

WRITE (6,4700) KD
DO 100 I=1,ND
CALL RANK(X{L¢1),XR{1,1)4KD)
100 CONTINUE
12=ND-1
DO 150 I=1,12
13=1+1
DO 150 1J=I3,ND
CALL SRANKUXR(LsI)yXR(1¢IJ)9XoKDsTAU,SDsNDFyL)_
WRITE(6,705) NHIST(I) 4 NHIST(IJ),TAU,SD
150 CONTINUE
IF{ ND .EQ. 2) GO TO 200
12=1
DO 180 K=1,KD
DO 175 I=1,ND
XX(12) =XR{K,1)
175 12=12+1
180 CONTINUE
CALL WTEST (XyXR yNDyKDyWORK,TAU,SD,NOF 1)
WRITE{6,706) TAU,SD
200 RETURN _ L
700 FORMAT(' INDEPENDENCE TESTS. NUMBER OF DATA POINTS IS 7,16/
1'0%,10X, *VARIABLE NUMBER®,6X,'VS. VARIABLE NUMBER',6X,*RANK CORR.
2COEF' ,8Xs 'SIGNIFICANCE PARAMETER® /)
705 FORMAT(25X412,23X,1242E20.8)
706 FORMAT('0 ALL VARIABLES® ,42X,2E20.8)
END
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150

200
700

SUBROUTINE DIST{ND)

OPTION CODES INPUT IN IDPT ARE S U —
0 _SstoPr

1 NQRMAL : e e e e

2 ___EXPONENTIAL o

5 USEDST (USER CODED -DUMMY AT PRESENT) ~~~ ~— -

THIS PROGRAM USES A NON STANDARD VERSION OF THE SSP SUBROUTINE

KOLMO WHICH ALLOWS SPECIFICATION OF SUBROUTINE USEDST THROUGH
THE CALLING SEQUENCE

EXTERNAL USEDST o i
COMMON =~ X11000¢5) ¢NHIST(S) s MHIST{4) ¢MBASE(4 )+ IND(4) B
COMMON __ /DSTCM/KMN{5) ¢ MEAN(S5) +MSD(5) oKD (5),I0PT(3) 4 1INV

D0 200 1I=1,ND
KP=XD(IY
IFt KP .EQ. 0) GO TO 200
DK =KMN{I)

DKM= DK-1.
ISRT=0

SMD= MSO(1)
SMEAN = MEAN(T)
SMEAN = SMEAN/DK
SDEV ={SMD-DK*SMEAN®SMEAN) /DKM

SDEV = SQRTUABS(SDEV)) .

WRITE(64700) NHIST(1),KMNLI) 4KPySMEAN, SDEV _
DO 150 IT=1,3

EF( IOPT{IT) +EQ. O) GO TO 200

CALL KOLNO (X(1s1)sKPsZoPROB,IDPT(EIT),SMEAN,SDEV, IER, ISRT,USEDST)
ISRT = 1 -
WRITE( 6,701) IOP «ir).z.Paaa.lea

CONTINUE
CONTINUE
RETURN B
FORMAT(?0 DISTRIBUTION TESTS FOR VARIABLE NUMBER ¥,12/10Xs16,

1* POINTS USED FOR MEAN *,16,°* POINTS USED FOR TEST ' /10X, E15.4
2,9 SANPLE MEAN %,10XsEL5.4s" SAMPLE STANDARD DEVIATION *)

701 FORMAT(10X,*KOLMO OPTION 'oIZo' Z 'y El5.49' PROB 'yE1lS5.4y°* " IERY

1y 12)
END
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003 J=l,IM

SUBROUTINE KOLMD(X, Nol'PROBpIFCOD:UoS'lEvaSRT.USEDSTD

DIMENSION X(1)

'NON_DECREASING ORDERING OF X{I}'S (DUBY METHOD)

_IER=0 _

IF(ISRT .NE. 0) GO TO 100
DO 5 1a2,N
IFXCII-X(I-11)1,5,5
TEMP=X(1)

IM=i-1"" o . : —— -

Lt=1-J
IF(TEMP-X{L))2+44
X(L+1)=X(L)
CONTINUE
X{1)=TEMP

GO TO 5

100

N0 =~

10
11

13
14

15
16

17
18

CONTINUE

X(L+1)=TEMP
CONTINUE

COMPUTES MAXIMUM DEVIATION ON IN ABSOLUTE VALUE

EMPIRICAL AND THEORETICAL DISTRIBUTIONS

NM1=N-1
XN=N
DN=0.0
F$=0.0
=1
D0 7 T=1L,NM1
J=1 ) o
IF(X(J)=X{JI*+1)19,7,9
CONTINUE
J=N
IL=J+1
FI=FS
FS=FLOAT(J)/XN
IF(IFCOD-2)10,13,17
IF(SIl1,11,12
IER=1
coT029

Z =(X{J1-u)/$
CALL NDTR(Z,Y,D)
60 TO 27
IF{S)11s11,14
2Z=(X{J)-U)/S+1.0
IF(Z)15¢15,16 _ o
¥=0.0 ) . S
GO TO 27
Y=1.~EXP(-2)
60 ¥ 271
IFLIFCOD-4118,20,26
IF(SI19+11,19

. 224
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T19 Y=ATAN(UX{J)I-U}/751%0.3183099+0.5
GO YO 27
20 [F{S-UV1l,11,21
21 IF(X{J)-U)22,22,23
22 Y=0,0 T
GO TO 27
T 23 TFIXUJN=50125,25,24 " T T °
T 24 Y=1.0
TTTTeo Yo oY T -
25 Y=(X{J)=UI/L5~U)_
60°T0 21 T
-ggw_m!waSEDST(X(J310'S)
27 EI=ABS(Y=FI) ST oo
ES=ABS{Y-FS)
DON=AMAXL{DN,EI,ES)
CIF(IL-N)648,28

C " S
c . COMPUTES Z=DN#SQRT(N) AND PROBABILITY
; LA

28 I=DN*SQRT{XN)
' CALL SMIRNIZ.PROB} S T
PROB=1,0-PROB
29 RETURN T
_END

" "FUNCTION USEDST(X,U,S)
US_E_QST=0. N

RETURN
END
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PROGRAM TO PROCESS ONE YEAR (PORTLAND) TAPE
THIS IS A SUBSET.WITH FORMAT CHANGES, OF THE THERMOS PROGRAM

ENVIRONMENTAL SYSTEMS LABORATORY  —L.PATMORE-(408) T734-2244

THIS PROGRAM PRODUCES JOINT DISTRIBUTIONS{BY CLASS),PERFORMS
INDEPENDENCE TESTS AND FITS TO ODISTRIBUTIONS (ON OPTION FLAG).

PROGRAMS INCLUDED WITH THIS PACKAGE ARE HIST,INDTST,DIST, AND
THEIR SUBPROGRAMS. ) )

THE IBM SCIENTIFIC SUBROUTINE PACKAGE IS USED.

COMMON FOR ALL OPTIONS ,
COMMON ~ "IHIST,NHIST yMHI ST ,MBASE, IND
INTEGER *2  IHIST(10,10410,10)

DIMENSION NHIST(5) yMHIST(4) ,MBASE(4) 4 IND{4)
CJHIST(5)» IDATA(L10),ISVIT), IZR(5000),1L0C{4)
2 HEX(1043)4X(1000,5)

EQUIVALENCE  (ITT,ATT) _ S
1o (JHISTU1) 410, TIHIST(2),442) 4 (JHIST(3),4J3) 4 (IHIST4),44)
2, (IHIST(l,1s1s1),1ZR(1D) '

3 C(ITSTTST)y (IHIST{l,lelsl)sX(Lsl))

COMMON FOR DISTRIBUTION FIT

COMMON /DSTCM/ KMNI5) s MEAN(S) yMSD(5)+KD(5)» IDPT(3),TINT

DATA AST/'x */4.8L/" 1/3IL0OC/5,759,10/,10UT/0/+NDELT/1/
ls IYAR/O/,I1YEAR/2/MNTHL/6/yMNTH2/8/ ¢yMHOUR/ 11/ yNHOUR/ 147 4 HEX/
1C0404040, 1C1404040,2C2404040,2C3404040,2C4404040,2C5404040,
1C6404040, 2C7404040,2C8404040,2C9404040, 2D0404040, ZD1404040,
ZD2404040, I103404040,2D04404040,205404040,206404040,207404040,
108404040, ZD9404040, ZF 0404040, ZF 1404040, ZF 2404040, 2F3404040,
1F4404040, I1F5404040,2F6404040,2F7404040,2F8404040,2F9404040/
9+ XHEX/ 260404040/

O~ wnd

NAMELISY /TEMPS/ [IOUT,NMRECNDELT,IYAR,MNTH,IYEAR,MNTHLsMNTH2

1, MHOUR ¢ NHOUR ¢ NHT ST o MHI ST yMBASE yHEAD
2y _ ISURF¢ISLSTIPTN,IINT,IDPT
READ OUTPUT OPTION (OUTPUT EVERY IGUT RECORDS)
START YEAR MONTH ({IF ZERO USE FIRST ON TAPE)

PROCEED FOR DELTA YEARS,DATA IN MNTHL TO MNTH2
PROCESS DATA IN WINDOW HOUR TO HOUR2, HISTOGRAMS CHOSEN IN NHIST
IPTN = RUN OPTIO
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11

15

17

16

12

© =1 NOT AVAILABLE FOR THIS TYPE OF INPUT TAPE
MISSING DATA

=2 COMPUTE CONDITIONAL DISVRIBUTIONS,MEANS,ETC.
. _ SECTION 10 IN THIS VERSION IS SAVED FOR INVALID OR
CHOOSE 1-4 PARAMETERS IN NHIST

.=3 INDEPENDENCE TESTS
CHOOSE  2-4 PARAMETERS IN NHIST
=4 DISTRIBUTION FITS |
CHOOSE 1-4 PARAMETERS,ALSU [DPT AND IINT.BE SURE
__ THAT IINT _DOES NOT RESULT IN ONLY A SUBSET OF THE
HOURS BEING USED TO COMPUTE THE SAMPLE STATISTICS.

START RUN WITH EVERYTHING ZERQ BUT DO NOT RETURN HERE, NEXT CASE
TO ALLOW MINIMUM OF CHANGES WITH NAMELIST.
DO 1 I=1,4
NHIST{I)=0
MHIST(I)=0
MBASE(1)=0
NHIST(5)=0
IFLAG=0
READ{5,TEMPS,END=999)

INITIALIZE ALL OPTIONS

1KD=0
IF (MNTH1 .EQ. 0) MNTHl = 1
IF (MNTH2 .EQ. 0) MNTH2 = 12
IF{NDELT .EQ. O) NDELT=1
IDELT = NDELT

ICMP=10UT

IF(ICMP .EQ. 0) ICMP=1

ND=0

ISOL =0 ,

IFCIPTN oEQ. 1) [IPTN=2

INITIALIZE HISTOGRAMS, INDEPENDENCE TESTS,DISTRIBUTION FITS

CONTINUE

DO 15 I=1,4 )

IF{NHIST(I) .EQ. O0) GG TO 17
ND=ND+1

CONT INUE

GO TO (19,16 +19,18),IPTN
HISTOGRAM OPTION ONLY
DO 12 I=l.4

JHIST(I)=1
IND(I)=1
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14

18

185

19

40
45
50

55
70
15

121

125

130

DO 13 I=1.ND
INDUI)=10

DO 14 J=1,5000
I1ZR(J)=0

GO TO 19

DISTRIBUTION FITS ONLY

CONTINUE

DO 185 I=1,5

KD{E1=0

KMN(I)=0

MEAN(1)=0

MSD{1)=0

CONT INUE

ITSD=TINT B B )
NOW HAVE COUNTED NUMBER OF HISTOGRAMS TO DO AND CLEARED SPACE
CONTINVE N
WRITE(6,699)

WRITE(64700) NDELT,IYAR,IYEAR,MNTHL,MNTH2,MHOUR,
1 NHOUR,NHIST,MHIST,MBASE,IQUT

INITIALIZATION OF INPUT FINISHED

IYUR = IYAR +1IYEAR-1
CONT INUE
READ(12,801,END=550) IDATA

IF(IYAR .NE. O) GO TO 55

IYAR=IDATA(1)

IYUR=TYUR+IYAR
CONTINUE

IF( IDATAL1)-IYUR) 75,70,550

IF{ IDATA (2).GT. MNTH2) GO TO 550

REJECT RECORD

IF{IDATA(2) LT MNTHL .OR. IDATA(2) .GT. MNTH2) GO TO 45
IF{ IDATA(4)__.LT. MHOUR ,OR, IDATA(4) .GT. NHOUR) GO TD 45
CONTINUE

IF(ICMP_.NE. IOUT) GO TQ 125
WRITE (6,701) IDATA

ICMP=0

ICMP=1CMP+1

ACCEPTED RECORD

USE EVERY IDELT DATA POINTS{NECESSARY FOR OPTIONS WHERE DATA IS

BEING SAVED)
IFCIDELT .EQ. NDELT ) GO TO 130
IDELT= IDELT+l
GO T0 175
DO 150 I=1,ND
DEFAULY VALUES
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1395

140
142
145

148

149

150

155

160

(aNe)

162

" NO DATA

Isvii)=-1
JHIST(I)=10
COMBINE NUMERIC AND ALPHA PART OF DATA

CONTINUE I

L= ILOCINHIST(I))

ITST= IDATA(L) )

IF( L.EQ. 9) GO TO 148

IF(C TST «EQe AST LOR. TST LEQ. BL) GO TO 142

CHECK FOR CLOUD COVER MEASUREMENT EQUAL TO X —OVERCAST

IF( L «NEe 10 oORa TST .NE. XHEX) GO TO 1395
ITST=10

GO TO 148

CONTINUE

00 __ 140 K2=1,3 -

DO 140 K3=1,10 :

IF(TST oNEe HEX{K3,K2)) GO TO 140

[TST=K3-1
GO TO 145
CONTINUE .
GO TO (1754150,175,150),IPTN
IF{ L.EQs 10) GO TO 148

ITST = ITST*10 + IDATA(L+1l)
IF( K2 +EQe 2) ITST= -1TST
SAVE ALL DATA IF EQUIL OPTION
IF{IPTN +EQe 2) GO TO 149
ISV(E¥I=1TST
GO TO 150
CONTINUE B
J= ITST-MBASE(I)
IF(J «LT. O) J=0
JHIST(I)= J/MHIST(I) +1

IF(JHIST(I) +GT. 9) JHIST(I)=9

CONTINUE

IKO = IKD+1

IDELT=1

GO TO (155,170,165,160),IPTN

CONT INUE

GO YO 175 o ) )

DISTRIBUTIONS — NOT FULL DATA SETS

CONTINUE ,

EACH POINT 1S EITHER SAVED OR USED IN SAMPLE STATISTIC.

IF(IINT o NE. ITSD) GO TO 163
00 162 1=1,ND

14=1sv(i)

IF(IJ .LT. 0) GO TO 162
KMNCI)=KMN(T)+1

MEAN(I )= MEAN(I)+1J

MSDLI) = MSDUI) +1J*IJ
CONTINUE
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163

164

165
167

168

170

175

550

560

570

580

590
600

1TSD=1

GO TG 175

ITSD = ITSD +#1

DO 164 I=1,ND

[FCISV(I) .LT. O) GO TO 164

IF (KD{I) .EQ. 1000) GO TO 168
KDCI)=KD(I )¢l

X(KDUT)y I)=ISV(I)

CONT INUE

Go TO 175

INDEPENDENCE TESTS - FULL DATA SETS
DO 167 I=1,ND
XUIKD, T)=1SV(I)

CHECK X STORAGE NOT EXCEEDED

IF (IKD LT, 1000) GO TO 175

CONTINVE __ .

WRITE (64754)

GO YO 550

CONTINUE
[HISTU10d24J3,0J4)=IHISTIJ1,J2,J3,04)¢1
CONTINUE
GO TO 45

FINISHED GATHERING DATA TOGETHER AND SORTING

CONTINVE . .
GO TO (560,570+580,590},IPTN

EQ. TEMP AND OTHER PLOTS

THIS. GPTION NOT IN THIS PROGRAM
GO Y0 600

HISTOGRAMS , CONDITIONAL PROBABILITIES,ETC.

CONT INUE -
CALL HIST(ND)

G0 10 600 =
INDEPENDENCE TESTS
CONTINUE
CALL INDTST(IKD,ND)
GO TO 600

TESY OF_FIT YO DISTRIBUTION

CONTINUE
CALL DIST(ND)
CONT INUE
REWIND 12
GO TO 10
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801
699
700

701
753

154

799

sTOP

REFERENCE -~ WBAN HOURLY SURFACE OBSERVATIONS DECK 144
FORMAT(5X 4412 +27X+sALsI144XsA1,1243X,13,A1)

FORMAT({'1PROGRAM FOR TAPES FROM WeB. CARD DECK 144 ')
FORMAT('0 PROCESS EVERY ', [4,* RECORDS, FROM BASE YEAR %,[2,

1* FOR *913,° YEARS'/'0 TIME WINDOW IS FROM

3MONTH 16, 'TO MONTH? 16,5 *HOUR®,16,'T0 HOUR'.I6I

4 515, CODE_NUMBERS OF PARAMETERS'/
5 415,5X¢' INTERVAL SIZE FOR CLASSES'/
6 415,5X,' BASE (ZERO POINT) FOR CLASSES*/
7 '0 OUTPUT IS EVERY',15,* RECORDS IN WINDOW'//)
FORMATI'0*441593X9A1,12¢3X9A141343X,14,3X,Al)
FORMAT (4164 (2115/))
FORMAT (*ODATA COLLECTION STOPPED AT 1000 POINTS #**&kkkkkkkkkkk?//)

FORMAT (V0% ,20A47'0 NOTE ~ TENTH HISTOGRAM DIVISION REPRESENTS INVA
1LID OR MISSING DATA®/)
END
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10

75

100
113

115

120

L . PATMORE

CONVERT, COMPA

MAY 1972

CYy REORDER TEN YEAR SOLAR RADIATION TAPES

THESE TAPES HAVE MISSING DAYS, BEGINNING BLANK RECORDS
AND BEGINNING PORTIONS OF RECORDS BLANK

DEFINE FILE
DIMENS ION
1+ IWROTE(132)
DATA HEX/

4 2C0404040,
S 1C6404040,
6 1D2404040,
7 7108404040,
8 IF4404040,
1,BLNK/* ¢/
EQUIVALENCE
D0 2 I=1,132
IWROTECI) = 0
KST=0
KMX=1
K=1
IDAY=1]
READ (13,803,E

- 140132,2109,U, IFND)

ISLR(104+16)+ASLRIL10,16),IPUT{2108)ISV(2)4HEX(10,3)

IC1404040,2C2404040,2C3404040,2C4404040,2C5404040,
1C7404040,2C8404040,2C9404040,2D0404040,2D1404040,
203404040,204404040,2D5404040,2D06404040,207404040,
209404040, 2F 0404040,2ZF1404040,2F2404040,2F3404040,
IF5404040,2F6404040,2F7404040,2F8404040,2F9404040/

(ESLR(L+1)4ASLR{L,1)), (ITT,ATT)

ND=600) ISLR

TAKE CARE OF POSSIBLE OVERPUNCHES IN DAY-

ACCEPT ONLY
DO 113 M=1,16
L=M

VALID DAYS

FIND FIRST NON-BLANK YEAR,MONTH,DAY

IFL{ISLR(24L) &
0O 100 I=1,2
TST = ASLR(I+3

EQ. O +OR. ISLR(3,L) .EQ. O} GO TD 113

L)

IF(TST .EQ. BLNK) GO TO 113

Do 75 12=2
Do 75 13=1

v3
' 10

IFL TST «NEe. HEX(I3,12)) GO TO 75

ISV(I)=13-1
G0 TO 100
CONTINUE
G0 TO 113

READ TO A VAL

CONTINUE
GO TO 115

CONT INUE

GO TO 500

00 120 I=1,3
IPUT(K)= ISLR(
K=K+1

IPUTIK)= ISV(1

1D DAY

I.L)

) XL0+1ISV(2)
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aXaXe]

OO

(pNeNe]

e NaNel

130
140

190

200

210

400
500

525

530

VAKE POSSIBLE MISSING DAYS INTO ACCOUNT

1PUT SHOULD NEVER BE LESS THAN IDAY
IF(IPUTIK) — IDAY) 900,140,130

iDAY = [PUTI(K) '
CONTINUE

NOW CONVERT RADIATIONS AND LOAD FULL DAY INTO IPUT
MAY INCLUDE INITIAL ZERO RECORDS

K=K+1

00 %00 I=1,16

1PUTIK)= ISLRU6,1)

K=K+ 1

[T=0

ITT= ISLR(T7,1)

FLAG BLANK RECORDS

IF {ATT .NE. BLNK)} GO TQ 190
[T=-9999

GO 70 210

00 200 12=2,3

DO 200 13=1,10

IF(ATT NE. HEX(I3,12}) GO TO 200

IT = (13-1)%1000

GO TO 210
CONTINUE

ASSUME INVALID CHARACTER IS ZERO (X/BLANK)

CONTINUE
[PUTIK)I=ISLRIB,1)+1T
IPUT(K+1)=ISLR{9,1)
IPUT(K+2)=ISLR(10,1)
K=K+3

CONTINUE

IDAY = IDAY+1 .
IF(IDAY (LE, 31) GO TO 10

PUT ONE MONTH ON DISK

KPL=K-1

IF(KPL .EQ. O) GO TO 530
KYR=(IPUT(2)-52) *12

KM = ([PUT(3)-6)

IFIKM JLE. O) KM = IPUT(3)+6 —12
RECORD NUMBER FOR OUTPUT

IV= KYR+KM

IF(KPLL.LT.IWROTE(IV)) GO TO 530
IWROTE(IV) = KPL

FIND NUMBER OF RECORDS WRITTEN FOR REREAD
IF(IV «GTe KMX) KMX=IV
WRITE(14'IV) IPUT

IF (KST LEQ. 0) GO 7O 1
FINISHED READING AND SORTING
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550

615

625

650

60

.600

900
700

720

803

TF(I LEQ. KMX)} GO TO 615

CONTINUE

WRITE( 64720} IWROTE

DO 650 I=1l, KMX
KPL=IWROTE(I) )
IFIKPL .EQ. O0) GO TO 650
READ(14°'1) IPUT

K=]+1 7

FIND(I4'K)

DO 625 L=1.KPL,68
L2=L+6T

WRITE(12) (IPUT(J),Jd=L,L2)
CONTINUE

JHW=KPL~-6T7 o ) A
WRITE(G6,700) (IPUTCJ) 2J=1468)+{IPUT(J)sJ=JdW,KPL)
CONTINUE
ENDFILE 12
REWIND 12
REWIND 13
sTOP

END OF INPUT FILE

IF(K (EQ. 1) GO TO 550

KsT=1

FINISH PARTIAL (LAST) MONTH

G0 T0 525

WRITE(64720) IPUT(1),IPUT(2),IPUTI3),IDAY,IPUTIK)
sTOP

FORMAT(164215,2514/15X,2514/15%,1514) o
FORMAT (2016)
FORMAT(16(15,212,2A1,12,A1,13,12,13,44X))

END
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Programs to Calculate Equilibrium Temperature and Its

Sensitivity to Metéeorological Parameters

One computer program was written that calculates equilibrium
temperature over a range of meteorological conditions and outputs

the results in tabular form. This program, called EQUIL, calculates
equilibrium temperature using the same equations as subroutine EQSUB,
i.e., equations 4-2 through 4-12 of Appendix A. A flowchart of
EQUIL is shown in Figure 4-28. The listing of program EQUIL follows
the flowcharts.

Table A-7 lists the input and other important variables. Figure A-29
shows a sample set of input, and Figure A-30 shows the corresponding
output.

Another program (EQUILS) was written that calculates equilibrium
temperature and its sensitivity to a change in air temperature,
solar radiation, relative humidity, cloud cover, and wind speed.
The equations used to calculate the sensitivities are listed in
Section IV, equations 4-14 through 4-58. A flowchart of EQUILS is
shown in Figure A-31. The listings of EQUILS and its associated
block data follows the flowchart.

This program was designed in a modular form so that if any
equation was changed, its partials could be updated and the rest
of the program would not need to be changed. For example, if the
equation for long wave solar radiation, (HA), is changed the
subroutine that calculates this value, (subroutine XHA), must be
altered by replacing the equation for HA and the equation defining

the partials with respect to the meteorological parameters.
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READ INPUTS

|

CALCULATE BRUNTC
AIR VAPOR PRESSURE e e —— -] CALL TWOFIT
SHORT-WAVE SOLAR

REFLECTIVITY

|

CALCULATE SLOPE AND

INTERCEPT OF SATURATION |— — —— —1 CALL FBETA
VAPOR PRESSURE CURVE

CALCULATE

EQUILBRIUM
TEMPERATURE

Figure A -28. Flow Chart and Listings of Program EQUIL
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REAL*4 K

COMHDN/BRLNTC/ BC(10517) ,RATRC(10) +TABC(17),DRATBC,DTABC

COMMON /EA/ EA(10.7),RHEA(1C).fAEA(7),DRHEA.DTAEA‘

"COMMON /RSR7 RSR19,3714SARSRI9),CCRSR(3),DSARSR;ICCRSR
COMMON /INPUT/TAL4DTAZTA2 yHS L yDHS,HS2,RH1,DRHGRH2, CC14DCC,CC2,

LWl eDW W2 sHSCySA, TMeAsByHEADER{20) 4, TMERR, WMUL T, IFLAG,HSMULT
21A1ORME, A2PRME ,RG s DA, DS

NAMELIST/IN/ TAL DTA,TA2,HS1,DHS,HS2,RH]1,DRH,RH,
i CCl, DCC CCZ!HlvDH'NZQHSC SAyAyByHEADER,
2 TMERR,WMULT,IFLAG,HSMULT

3,A1PRME, A2PRME,RG,DA,DS

READ INPUTS

CONT INUE I T T e
4 FORMATU(///' *420 A4)
FORMAT(® 1A o HS RH 'y
1 _ cc W £ ')
WRITE(6,2) )
2 FORMAT(!' 1) - , -
READ{54 IN,END=9999) N T
IF{IFLAG.EC.1)GN TO 11
WRITE(6,IN)
11 WRITE{6,4) HEADER
WRITE(6,43)
C _ SET UP _LCCPS FOR TAsHSsRHyW,AND C

[¥Y]

IF(DTAJNE.O.) GO TO 20
ITA=1
GC TQ 25
20 ITA=(TA2-TAL)/CTA +1 ] . , -
25 DO 5005 INDI=1,ITA
TA=TA1+(IND1-1)*DTA

TM=TA

If {DHS.NE.O.) GG TO 30
THS=1
GC TO 35
30 IhS=(HSZ-HSL)/LCHS +1
35 00 5004 INCZ=1,1HS
HS=HS1+( IND2-1)%CHS
HS=HS®HSNULT
HSMUL2=(A2PFME+.5% (1, ~ALPRME *DS)=DA) /(1. -, 5%FG*( 1L ~ALPRME+DS) )
HSCI=hSC *HSMUL T¥HSMUL?2

¢

Figure A-28. ~- Continued
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IF (DRH.NE.0.)GO TO 40
. IRH=1 _
€0 TO 45
40 IRH=(RH2-RHL)/DRH +1
45 DO 5003 IND3=1,IRH
- RH=RH1+{ IND3=-1)%DRH .. e e
¢
_IF(DCC.NE.O.) GO TO 50
1cC=1
- 6071 55
50 1CC={CC2-CCL)70CC+1
. 55. DO 5002 IND4=1,1CC
CC=CC1+{ IND4-1)*DCC

IF(DW.NE.0.)GO TO 60
IW=1 _
GO TO 65
.60 IW=(h2-Wl)/OWel
65 00 S001 INDS=1,IW
W=W1+{IND5~1 }*DW

W=WEWMULT _
00 5000 IND6=1,25 . o
RATSR=HS/HSC1
€. e e o - =
' CALCULATE HA, FIRST GET VALUE DF BC AND tA
C L N . -
CALL TWOFIT{(BC,RATBC yDRATRC,10,TABCy DTABC,»17,RATSR,TA,BC1)
~ CALL TWOFIT(EA,RHEA,DRHEA, 10, TAEA,DTAEA, 7,RH,TA,5AL)
HA=4.15E-8%( TA4460.) *#4%{(BC1+.021%SQRT(FALl))
C L e i
HAR = _03#FA
C e . -
o CALCULATE HSRs FIRST GET VALUE CF RSK
c S S
‘ CALL TWOFIT(RSR,SARSRyOSARSR¢y9+CCRSRDCCRSRy3,5A,CCyRSR1}
. HSR=RSR1%*HS S e
C
HR=HA-HAR+HS=HSR _
o
C CALCULATE EXCHANGE COEFFICIENT , FIRST CALCULATE BETA AND C(B)
c
____ CALL FBETA(TM,BETAL,CBETAl) _ L
= 1547 +{.26¢#BETAL) ¥ (A+B*W)
o

CAPA= .051/K
CAPB= -((HR-1801.)/K + ((K=15.7)/K)*((EAL-C3ETAL+.26%TA)/
1 (J26¢BETALNTY
—CAPD = SQRT(1l.=%.*CAPAXCAPB)

Figure A-28. -- Continued
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CALCULATE EOQUILIBRIUM TEMPERATURE

[aNeXe!

A EQUIL = (-1.+4CAPD)/(2.%CAPA)
C
500  FORMAT (F10.2,6F15.2) A o
IF(ABS(EQUIL-TM) .LE.(TMFRR*TM)}) GO TO 5001
CTM=EQUIL
5000 CONT INUE
5C01 WRITE(69500) TALHS,RH,CC,W,FQUIL
5002 CONTINUE ~— &~ 77 o
L5003 CONTINUE . .. .
5004 CONTINUE i
5005 CONTINUE

6o To1 T
S5S99 STD_Q_ ~ o o
ENC
Figure A-28. -- Con*inued
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BLOCK DATA
CCMMON /BRUNTC/ BC(IC417)RATBC(10),TART (17) 4DRATRC, WTAEL
CATA RATBC/2501255+e601065407090754480,.854.904.957,
Tnbb/zgn'32-!36094J-!44004v-13d0v5)076)-1640163-'7Z0176-'80.g
84.9884992./
BC/o7190705+0700.6Y99.6754065544624459,.535, .45,
.72..715..11..7u,.685,.6€5.764726637.555,.48,
e7250072y07151.7051.691.6754 4657106202575 ,.51,
eT30072510729eT1327042685,.6694635,4.555,.54,
.7d4yo73fo7251.715.-7“57.69)0.677.65)-6151.561
.74'.735..73..72'-71'.70v.68..66..6j,.582r"
.74'.74’.735'.725'.715'.71l-69'067’06425!!60L3'
.74v.74'074'-73'.729-715'4700.6825,.66'.0h251
749441490735 407251e72¢4T70530693e67 4464,
.?4!-741074'.7375|-731.7?251-71’.701-“80.655'
.74"74'074'.74"73q' .7 5'.715007050069' 067'
.74'.74v.74v.74v.7375v.73,.72,.71,.70'.o825,
.74'.74&12&1c74'.74'.7325!-7L3!o715007110701 )
eThrvalbr a8y eT99eT%9e7354073,4.724.7175,.7075,
.741-74,,7‘0.74v-74'.7375v-7351-72)'-721.71251
e Th0aThraThye Th9aTbvaTlre135,4.73,,72754.72,
e 140 eTh1aTbseT9r1aTbyeT41e735¢0735,.735,.73/
CATa CRATY3C/ .05/ ,0TABC/4.7
CCMMON /EA/ EA(10,71}, RHEA(LD) 4 TAEA(7),ODRHEA,DTACA
CATA RHE A/lO.-ZO.vBO.vQO..bO.,60.,70.,80.,90.,130 /
CATA TAEAZﬁO.'50.160¢1700730009 e9130a/
CATA EAY
«50 4110 92.00 42.50 33.00 ,3.50 +14.50 »5.00 15.50 56.00,
14CO0 +2.00 9280 43.90 94480 $5.50 16,50 r7.50 +3.20 +9.10,
1.50 92.80 44.C0 95.10 46.80 48,00 19.20 410.60,12.00,13.10,
2400 $4.00 9550 57250 95430 ,11.20,13.05,15.00,17. 00, 18.80,
2.50 15420 98400 910450,13.00415.90,4i8410+21.00,23.4C 426,00,
3450 374C0 910.90414.00,17.90,21. . 60425.00,25.80432.00436. 00,
500,10.C0,14.90,19. 80:24 50129.30!3%.2”.3 1Q!&ﬁ790749 0/

\LGJN(hUW#k»hqw

VoI - & ST - UUIE R

~40Ar:~wnuw

"CATA DRHEA/710./,DTAEA/10.7
CCMMON /RSR/ RSR{S43)+SARSR{9),CCRS* (3),DSA<5k 4 ICCRSR
DATA SAFSRlﬁ..lJ.,Zb.oBF..4“.,5'..6 et TD o8& &/

FATA CCFSR/3.46.5910./

CATA RSE7.559225001259e0870069.05,07452.04,.035,
L -450-18{010'007’0069-051.0%5’.040-Ujs,
2 2251 01l44¢09¢ e0753e069.C559095 42045, .04/

CATA CSARSR/10./+CCCRSR/ 3.5/

CCMAON 7INPUT/TETDTA9TAZ 4HS1 ,BRSyHS 2 y T L, (A RHZ,CC190CC,CC2, .
LW1yOWoWZ yHSC o SAy TMe A4 ByHEADER(2C ) ¢ TMERRy WMUL T4 17 LAG, HSMULT
2,A1PRMELAZPRME RG,DA,DS 7 ‘ T

CATA TA1,LTA,TA2/60.,04,60.7/,
1T = kS1,CHS,HS2/1%C0.,0.+1500.7,
2 RHL yCRHyRH2/50. 904950/
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3 CCL+CCCsCC2/5e1CerDe/y

ha #lyCwoW2/174900910074 o
5 HSC v SAsA3B/73000¢96069Derlla4/,y
6 FEADER/Z2C*4H /s

7 TMEEP JWMULT s TFLAGyHSMULT/ oGl v lu slola/
39AlPRME,A2PRME JFGyDA DS/ eB8l0eeT08,40209a07y0a/
ENC
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Table A-7. Variables Used in EQUIL
Functional
Area Name (Dimension) Program Value Description
EQUIL TAl 60 First Temperature
used
TA2 60 Last temperature
used
DTA 0 Step size?*
HS1 1500 First value of sclar
radiation used
HS2 1500 Last value of solar
radiation used
DHS 0 Step size*
RH1 50 First relative
humidity used
RH2 50 Last relative
humidity used
DRH 0 Step size*
CcCl 5 First value of cloud
cover used
CcCc2 5 Last value of cloud
cover used
DCC 0 Step size*
Wl 10 First wind speed used
w2 10 Last wind speed used
DW 0 Step size
HSC 3000 (BTU Extraterrestrial
Ft~2 Day‘l) solar radiation

(units must be con-
sistant with HS1,
HS2.
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Table A-7, -- Continued.

Functional
Area Name (Dimension) Program Value Description
SA 60 Solar Angle
A, B 0, 11.4 Characteristics of
evaporation formula
AlPRME, .81, .708 Transmission coefficients,
.A2PRME functions of optical air

mass in and water content
of the atmosphere

DA, DS .07, 0 Total dust depletion

RG .20 Total reflectivity of
the ground

HEADER (20) (blank) heading to be printed

at top of output

TMERR .01 The equilibrium
temperature is
calculated using an
iterative method that
terminates when the
change is less than
TMERR* equilibrium
temperature.

WMULT 1 Value used to change
the units of the wind
speed. If wind speed
(Wl, W2) is in
miles/hour WMULT=1.
If wind speed is in
knots WMULT=1.15

HSMULT 1 Value used to change

the units of the solar
radiation. If solar
radiation (HS1l, HS2)
is in BTU Ft~2 Dpay-1
then HSMULT=1. 1If
solar radiation _is

in Langleys hr~

the HSMULT=88.47.
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Table A-7. -- Continued.

Functional
Area Name (Dimension) Program Value Description

IFLAG 1l If IFLAG is equal to
zero the inputs are
printed; if IFLAG is
equal to one they are

not.

TA - Current value of air
temperature

HS Current value of

solar radiation

RH Current value of
relative humidity

CC Current value of
cloud cover

W Current value of
wind speed

BCl, EAl, RSR1, ?
HA, HAR, HSR
HR, K, CADA, S

As in Table A-5

CAPB, CAPD, EQUIL

*A step size of zero indicates that only the first value is toc be used.
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sve

H§E§ER=' TEST COF EGLIL®, -

CC1=%,sCC2=16.»ICC=5.>
RE1=SC, sRH2=6AC. s IRK=1(.
HS1=1560, +KHS2=2500. » THI=1C0C. »
LIN TA1=6C.TAREZ=7L. s RTA=10,

00000200000 000000 000 0 00000000006 0000008000000000000000000000000000000000

12348367 890112131615 16171W18202122232429262028293C DM BN IMINBA 20K 45 BET @IS0 S25054 55 5657 A9 GOGH G263 CAGS 66T GREI0TI 123 42516 T 0 19 00

T bk e v 1ivitrrtnd | RE R RN RN RN ER R RN

2222%22221212217,121171212112112121212121
33333,33333,,,33333,.,3 3333,.,3

4444444048404 0044844 444884414 £44444444444l4444l44444444444444464
35

$55,.5555955555555555959555551% 5555;55555555555555555555555555555

66666666, 666566 66566666 ,66666 66666065 F5656666666666666666666666666686

IR R RN RR RN } 111111 1111310011000 1111111 r1ii1?
Jz",,

86568886 88 888 88 _ .888 88, 088886883888 5868F88888088038538666888888888888888886838

e
T
>

“ng 999999999999‘3999999999999!!9999999999999599999999 999999983939
<o n

A 62728 4900 N J2 X435 36 97 30 3940 &1 42 4D 44 €5 46 47 4D 49 50 L) D7 53 4 59 56 57 58 59 B0 6t B2 63 64 65 5. 67 S 68 70 11 2P 13 14 1o 06 M e 45 80

9
!
H

Figure A-29, Input Example for EQUIL
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IFLAG=0y —\
111=10. 5 H2=15. »DU=5, & "—\ |
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3 X4

e 4 s ‘ —~— . i shemy ] s : I A

m-: 60.000000 +CTA=  10.6C0C00 WTA2=  70.0C0000 .Hs1- 1500.0000 .ons- 1000.000 g HS 2= ggoo,oooo JRHIx °
- yCC2=  10.000000 Wis
.ooooooo .oooooo .usc- 3ooo.oooo .u- 5o.oooooo sAe 0.0 . .e- 11.400000
d . > i 56 i g RY
—o.sucnzsze u. o.zsouoaa . o.zsovaoas ’ o.zsooeoas 8 _ o

. 02 WML T= 1.00600600 TFLAGS
o.usnuu- 1.0000000 JALPRME= 0.30999994 .sznntz 0.70799994 .ns- 0.19999999 +DA= 0.69999993E-01,08=

]
L Ad

*
10.000000 oOh=

3880162 7¢ 42. 0. nzuo:;

o 0.25098038 ) 0-25098035

T
SEND
TEST OF EQUIL N
At ) AS RH [l W E
60400 1500.00 50.0C 5.00 10.00 61.76
8000 TS0U.TU 50.0C - 500 13.00 23.75
60,00 1500.C0 50.00 10.00 10.00 61.69
UL U0 TS00.00 —  S0.00" 10,00 1500 L1 PYLY)
60.00 1500.00 60,00 5.00 10,00 63,20
0. U0 T500,.00 50,00 50T 15.00 Y ) S
60.00 1500.c0 60,00 10.00 10.00 63.16
60.00 1500.00 60,00 10.00 15.00 60.26
60.00 2500.C0 50.00 5.00 10,00 69.61 N e
T 60700 T 28TasCo $0.00 ©  TTTTBJ00 T LSBT T T T ka6 -
60,C0 2500,.C0 50.0C 10.00 10.00 69.51 )
50.00 T 2%60.00 50,00 “10.00 TR0 T T b4.68
60.00 2500.C0 60.C0 5.C0 10.00 12.86 - L B
Y+ Do T+ -2 Y T 29 o + JY Y + P I+ R 997 ¢ Y+ I 1%5.00 TTTe6.16 T )
60,00 2500.00 60,00 10.00 10.00 70.76
-1 ) © " 2%%0.cc 69,00 10.00 R § 7Y 66.08
70.00 15€0.C0 50.00 5,00 10.00 68.88
10.00 15C5.00 50.C¢ 5.00 15.00 ©6.01
10.0¢ __1500.2¢ 50.GC 10.C0 - 10.00 68.82 o B .
B (T “{sod.00 50.00 10.00 TR0 63457
70.C0 15C0.CC © 60,00 5.00 10.00 10,66
70.00 1507.00 60.00 5.00 15.00 68.15
70.60 1507.00 60,00 10.00 10.07 7).80
70.00 15C.C0 60.CC 10.00 i5.07 ’ 63.10
..J0«00 = 2500.C0 50.00 o 5,00 10,00  T6.04 e e
70,00 2%00.C0 50.0¢ 5,00 15.03 Tl.46
70.00 ) 25C0.CC 50,00 10.00 10,00 75.94
70.00 2503.C0 50,00 10.00 15.00 71.39
71.0¢ ~ 2%03.C0 60.00 5.00 -10.00  A1.TT
70.¢0 2500.00 60,00 5,00 15.00 73.38
70.00 2500.0C . 60.00 10.00 10.00 77.68 e o
70.00 25C5.0C 60.00 10.00 15.00 73.32

Figure A-30. Output Example for EQUIL



EQUHS

READ INPUT
XHA
CALCULATE HA AND
CALL xna — ASSOCIATE PARTIALS
XHR
CALL XHAR e e e ] CALCULATE HAR AND
ASSOCIATED PARTIALS
XHSR
CALL XHSR | o _ | cAcuLatEnsAAND
ASSOCIATED PARTIALS
XHR
- CALCULATE HR AND
ALL XHR fo o — —
cat ASSOCIATED PARTIALS
xx
CALL XK e e e ee i .1 CALCULATE K AND
ASSOCIATED PARTIALS
XCAPA
|
catLxcarh b . ___ 1 CALCULATECAPA AND
ASSOCIATED PARTIALS
XCAPB
L _ _ _ | cawutaTEcarsanD
GaLL xcars ASSOCIATED PARYIALS
XCAPD
CALCULATE CAPD AND
CALLXCAPD  |— —— — == == ~— — —  L550CIATED PARTIALS
XEQUIL
CALCULATE EQUIL AND
CALL XEQUIL | — — cm — — —— -~  ASSOCIATED PARTIALS
WRITE OUTRUTS

Figure A-31. Flow Chart and Listings of EQUILS
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_REAL*¥4 K B , o
COMMON/BRUNTC/ RC(LO,17) ,RATBC{10),TABC(1T7)4PBCT (10,170,
1 PBCR(1C,17),DRATBC,DTABC

COMMON /EA/ EA(10,7) ,RHEA(LC),TAEA(T),PEARHI10,7),PEATAL10,7),
1 DRHEA,DTAEA ’ -

COMMON /RSR/ RSRI(S,3)¢SARSR(9)4CCRSR{3), PRSECC{94+43)+DSARSR,,OCCRSR
"COMMON 7INPUT/TAL,DTA,TA2,HS1 sOHSsHS2 sRH1,DRH,RH2,CCY1,DLC,CC2,
LWl oOWoW2 ,HSCoSA+AsB,HEADER(20) 4 TMERR yWMULT 4 { FLAG sHSMULT

2eA1PRME,AZPRME RGsDA,DS T T

CCMMON /DATA/ HSoTAyWeRH $CCoRATSR,HSCL T M, S T
HA 4 PHAHS PHATA, PHAK s PHARH , PHACC o

HAR y PHARHS, PHAR TA, PHARW , PHARRH, PHARCC, ST T
HSR s PHSRHSs PHSKTA s PHSRW s PHSRRHy PHSRCC o

FRy PHRHS, PHRTA, PHRW, PHRRHPHRCC y
KyPKHSy PKTA ¢ PKHWyPKRH,PKCC,
CAPA,PCAHS,PCATA,PCAW,PCARH,PCACC, T T T T
CAPByPCRBHS, PCBT Ay PCBW4PCBRH,PCBCC,

CAPDPCDOHS,PCOT ALPCOW,PCDRH,PCDCC, T T
EQUIL yPEHSoPETA yPEW,PERH,PECC,

% BC1,EAL,RSR1,BETAL1,CBETAL,PBCRL,PBCTL,PEARHL,PEATAL, PRSRTI
NAMELIST/IN/ TAL+DTASTAZ ¢HSLyDHS ¢yHS2yRH1 yORH,RH2,

"1 CC1+DCCoCC2,WLl CHsWZ,HSC3SA,A,B, T T
2 HEADER, TMERRyWMULT, IFLAG,HSMULT

3,A1PRME,A2PRME+RG,0A,DS ~— T T e e s

\cmwo'mbwmw

SEAD INPUTS

4 FORMATU(///' "+20 A4
FCRMAT{? TA CTTTTHS T T CRE T e,
R N 1~ W £ ")
1. CONTINUE 7 T ' T T TTm T
__ . MRITE(642) e
2 FORMAT(T #7) S

READ(5, IN,END=9999)
TF(IFLAG.EG.1) GO TO 11
WRITE(6, IN)

11 WRITE(6,4) HEADER R ) T

WRITE(6,2) . .
IF{DTA.NE.O0.) GO TO 20 .
1TA=1 T
GC TO 25

20 ITA={TA2-TAL1)/0TA +1

25 DO 5005 IND1=1,1TA

Figure A-31l. ~= Continued
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—. 43__ 00 5003 IND3=1,IRH

TA=TAL+( INDL~1)*DTA
TM=TA

IF (DHS.NE.O.) GO TO 30

IHS=1

_ GC_TO 35 L o o
30 THS=(HS2-HS1) /DHS +1
35 DG 5C04 IND2=1,IHS ) _

HS=HS1+( IND2-1)%DHS
HS=hS&HSMULT e
HSMUL2=TA2PRME+.5% (1. -A1PRME*DS)=DA) /(1. =.5%RG*{ L. ~A1PRME+DST)

. HSC1=HSC *HSMULT*HSMULZ

IF (DRHoNE.C.)GO TO 40
IRH=1

GO TO 45

40  [RH=(RH2-RH11/DRH +1

RH=RH1+( INC3-1)3*DRH
 IF{DCC.NE.0.) G2 TC S0
50  ICC={CC2-CCl)/DLC+]

55 DO 5002 IND4=1,1CC
- CC=CC1+( IND4-1)*DCC

[F{OW.NE.0.)GO TO 60
IW=1

. GC TO 65

€0 [W=(W2=W1)/DW+1

£s 0O 5001 INDS5=1,1W
w=Wl+(INOS-1)2DwW
WW¥WMULT =~
CO 5000 IND6=1,5
RATSR =HS/HSC1
CALL XHA
CALL XHAR
CALL XHSR
CALL XHR
CALL XK
CALL XCAPA
CALL XCAPS ~
CALL XCAPC
CALL XEQUIL

S00 FORMAT(F10.2,6F15.2)
IF(ABS(EQUIL-TM) (LE. {TMERR*THM)) GO TG 4999

m e e e L. s e L e em AR Ge S e S

Figure A-31. -= Continued

249



TM=EQUIL
5000 CONTINUE
74999 WRITE(64500) TA,HSyRH,CCoW,EQUIL
WRITE (64502) PETA , PEHS 4 PERH sPECC s PEW
502 FORMATIF17.4,4F15.4)

5001 CONTINUE - L
5002 CONTINUE - T e
5003 CONTINUE
5004 CONTINUE
5005 CONTINUE
T eeTo 1
/9999 STOP
END

Figure A -31. -~ Continued
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SUBROUTINE XHA
_ REAL*4 K S

~ COMMCN/BRUNTC/ BC(10, 17).RATBC(10).TA3C(17) PBCT(10,17),

1 PBCR(10,17)4DRATBC,DTABC

COMMON /EA/Z EA(1Q+7)yRHEA(LO),TAEA(T )P ARH(10,7),PEATA(10,7),
"1 CRHEA,DTAEA

COMMCN /RSR/ RSR(943)4SARSR{9)4CCRSR (3), PRSRCC(943),DSAR SR, DCCRSR

CGMMON /INPUT/TALDTA4TAZ HS14DHS,HS2,RHL4DRH4RH2,CLCT,DCC,CC2, =
Ll oOWoW2 4\HSCsSAvAyB,HEADER(20) 4 TMERR y WMULT 4 IFLAG 4HSMULT

g

FaXals)

ZyA1PRME, AZPRME RG,DALDS TTorrmmT

CCMMUN /DATA/ HSyTAgWeRH 4CCoRATSRyHSCL 4T M,
1 HA,PHAHS,PHATA,PHAW,PHARH,PHACC ,

"2 KRAR,PHARHS,PHARTA,PHARW »PHARRH, PHARCC,
3 _HSR,PHSRHSsPHSRTA 4PHSRW sPHSRRHs PHSRCC,y
4 FR,PHRHS, PHRTA, PHRKW, PHRRH,PHRCC , -
5 KyPKHSe PKTAy FKW 4 PKRH,PKCCy

"6 CAPASPCAHS,PCATA,PCAW,PCARH,PCACC,

7 _CAPB+PCBHS.PCRTA,PCBW,PCBRHsPCBCC,

3 CAPD,PCDHS,PCDTA,PCDWsPCORH,PCOCC,

5 EQUIL.PEHS.PETA +PEWPERHL,PECC,

* BCl,FALlRSR1,BETAL,CBETAL,PBCR]1,PBCTL,PEARH],PEATAL,PRSRC1

CALCULATE HA, FIRST GET VALUE GF BC AND FA

TA460=TA+460.
TA4603=TA460%%3 e

TA4604=TA4603%TA460
CALL TWOFIT(BC,RATBC yORATBC+10,7ABC,DTARC,17,RATSR,TA,BC1)

 CALL TWOFIT(EA,RHEA,ORHEA,10,TAFA,DTAEA,7,RH,TA,EAL)
HA=4.15E-8%TA4604%(BC1+.031%«SQRT(EAL})

_ CALCULATE PARTIALS

CALL TOLOCK(PBCT, TABC'DTABC:17'PATECoDRhTBC710'TA RATSR'PBCTI)

CALL TGgQ;K(PEARH RHEA DRHER, 10 TAEA,DTAEA, T, RH TA, PEARHl)

CALL TCLOGK{PEATA,TAEA,DTAEL,7,RHEA,DRHEA,10,TA,RH,PEATAL)
 PHAHS= 4.15E-8%TA4604%(PBCR1/HSCL)

PHATA= 4.15F-8%(4.%TA4603%(BC1+.031*SQRT{EAL))+TA4604%

tpagjx_f((.031f 5)/SQRT(EAL) ) *PEATAL))

PhAW = O.

PHACC= 0.

PHARH= 4.,15E-8%TA4604%((.031%.5)/SQRT(EAL))*PEARHL

Figure A -31. —--= Continued
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0023 RETURN
0024 o END

Figure A-31. == Continued
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SUBROUTINE XHAR
REAL*4 K

CGMMCN/BRUNTC/ BC(10s17) yRATBCU10) »TABC(17),PBCT{10,17)y
1 PBCR(10,17),DRATBC,DTABC

. .COMMON /EA/ EA(10,7)sRHEA(10)TAEA(T) P ARH{10,7),PEATA(LO,7),
1 DRHEA,DTAEA

COMMCN /RSR/ RSR{993)+SARSR{9),CCRSF{3), PRSRCC(9,+3)4DSARSR, DCCRSR

"COMMON /INPUT/TAL,DTA,TA24HS1 DHS,HS2 ,RH1,DRHyRH2,CC1,0CC,CC2y

. 1Wl1eDWoW24HSC9SAyAsBIHEADER(20) 4 TMERR ¢ WMULT s TFLAG ¢ HSMULT

2+A1PRME, A2PRME yRG¢DA,DS S

" COMMON /DATA/ HSeTAsWsRHsCC,RATSR,HSCL4TM,

1 HA,PHAHS.PHATA, PHAW,PHARH,PHACC,
2 HAR,PHARHS, PHAR TA,PHARW »PHARRH, PHARCC »

'3 HSR4PHSRK Sy PHSRTA4PHSRN yPHSRRH, FHSRCC 4

4 HR,PHRHS, PHRTA, PHRW, PHRRH yPHRCC 4

S KePKHSy PKTA . PKW4PKRHPKCC,

& CAPA4PCAHS,PCATA,PCAW,PCARH,PCACC,
7 CAPB,PCBHS,PCBT Ay PCBW,PCARH,PCBCC,

8 CAPD,PCOHS,PCDT A,PCDWsPCDRH,PCDCC,

9 EQUIL.PEHS,PETA,PEW,PERH,PECC,

* BCly,EAl RSR1,BETA1,CBETAL,PBCRL,PBCT1,PEARH],PEATAL,PRSRCL

HAR = .03%HA

CALCULATE PARTIALS

PHARHS = .03%PHAHS = S L
PHARTA = ,03%PHATA ’
PHARW = oQ3%PHAW
PHARCC = .03*PHACC
PHARRH = .03*%PHARH - I e
RETURN o
END

Figure A-31l. ~-- Continued
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o0

1 DRHEA,DTAEA

. LW1oDH W2 HSCoSAsA,ByHEADER(20) o THERR \ WHULT o 1FLAG o HSHULT _

SUBROUTINE XHSR

REAL*4 K _ = S,
COMMON/BRUNTC/ BC(10,417) 4RATBC(10) ,TABC(17),PBCT (104171,
1 PBCR{10,17),DRATBC,DTABC

COMMON /EA/ EA(10+7) ¢RHEA(10),TAEA(7),PEARH(10,7),PEATA(10,7),

COMMON /RSR/ RSR{943),SARSR(9)4CCRSR(3 ), PRSRCCI943),DSARSRyDCCRSR
COMMON /INPUT/TAL,DTA,TA2,HS1OHS,HS2,RH14DRH4RHZ2,CC140CC,CC2,y

2+ALIPRME JAZPRMERG9DALDS

CCMMON /CATAZ HSoTAyW,RHCCoRATSRyHSCL 4TM,

1 HA,PHAHS, PHATA, PHAW s PHARH,PHACC ,

——3 HSRPHSRHS, PHSRTA ¢ PHSRW 4 PHSRRHy PHSRCCy

!

* O V~NOWVP

HSR=RSR1*HS

" PHSRCC
- PHSRRH

2 HAR,PHARHS, PHARTA,PHARW PHLRRH, PHARCC ,

FRey PHRHS ¢ PHRTA, PHRW s PHRRH,PHRCC,
K pKHS'PKTA PKH'pKRH PKCC'
CAPA,PCAFS,PCATA,PCAW,PCARH,PCACC,
CAPB.PCBHS: PCBTA,PCBW,PCBRHPCBCC,
CAPDPCDHS,PCRT A, PCDW,PCDRHPCDCC,y
EQUIL4PEHS,PETA ¢PEWPERH,PECC,
BC1,EAL.RSR1,BETA1,CBETAL,PBCR]1,PBCTL,PEARH],PEATAT,PRSRCI
CALCULATE HSR, FIRST GET VALUE CF RSF

CALL TWOFIT{RSRsSARSRyDSARSR+9+CCRSR4DCCRSRy3,5A9CCoeRSR1)

CALL TOLOCK(PRSRCCyCCRSRyDCCRSRe3,SARSRyDSARSR,94CCySA,PRSRCL)

CALCULATE PARTIALS
PHSRHS
PHSRTA
PHSRW

SR1

R
C.
0 —— e e e e
“FS*PRSRC1

0.

uouu hel

RETURN

~END - ' ' - -

Figure A-31, == Continued
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SUBROUTINE XHR

REAL*4 K

COMMCN/BRUNTC/ BC(lO.lT) RATBC(IO) TABC(17), PBCT(lO l?)v
1 PBCR(10417) 4DRATBC,0TABC
- COMMGN /EA/ EAU1Q457) +RHEA(LO) 4TAEA(T ) 4PEARH{L0,7),PEATA(L10,7), _

1 DRHEA,DTAEA

COMMCN /RSR/ RSR{943) ySARSR{G),CCRSR(3), PRSRCC(942),DSARSR,OCCRSR
COMMON /ZINPUT/TAL 4DTAsTAZ yHS1 ¢DHS HS2 9RH1 yDRH4RH2,CC1sDCCoCC2y

_IW1yDWeW24HSC ySA A9 BsHEADER(20) ¢ TMERR ¢ WMULT ¢ IFLAG yHSMULT =~
2.A1PRME,A2PRME,RG,DA,DS

CCMMON /DATA7 HS+TA,WoRH W CCoRATSRyHSCL ¢ TM,
1 HA,PHAHS,PHATA, PHAW,PHARH,PHACC,

2 HAR,PHARHS, PHAR TA4PHARM  PHARRH, PHARCC ,

3 HSR,PHSRHS, PHSRTA,PHSRW + PHSRRH, PHSKCC,

1

"HR, PHRHS, PHRTA, PHRW , PHRRH s PHRCC ,
Ko PKHS, PKTA s PKWoPKRH o PKCC o

CAPA ,PCAHS, PCAT A, PCAWoPCARH,PCACC,
CAPB yPCBHS,PCBT A, PCBW,PCBRH ,PCBCC,y
CAPD,PCDHS,PCDT A4 PCOW,PCDRH,PCLCCy
EQUILPEHSPETA ,PEN 4 PERH,PECCy.

8Cl,EAL.RSR1,BETAYL,CBETAl,PBCR1,PBCT1,PEARH]1,PEATAL,PRSRCY

*&DmNOU\-&

HR=HA~HAR#+HS-HSR

CALGULATE PLRTIALS

PHRHS= PHAHS-PHARHS+1.~PHSRHS

PHRTA= PHATA-PHARTA-PHSRTA

PHRW = PHAW —PHARW —PHSRW

PHRCC = PHACC-PHARCC-PHSRCC
_PHRRH=_PHARH-PHARRH-PHSRRH = _

RETURN
END

Figure A-31. -- Continued
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[aNel

TC” " CALCULATE PARTIALS

SUBROUTINE XK
_ REAL®*4 K

COMMON/BRUNTC/ BC(1C,17),RATBC(10) 4TABC(17),PBCT{10,17),
.1 PBCR{10,17),DRATBC,DTABC

__GOMMON /EA/ EA(10,7),RHEA(10), TAEA(T) \PEARH(10,7 )} PEATALL10,7),
1 DRHEALDTAEA
"dﬁﬁﬁéﬁ“?hSd?'éS&(q.é);éansatqt.ccasatz) PRSRCC (943)y DSARSRs DCCRSR

covucu /INPUT/TAL DTA,TA2,HS1 ,0HS,HS2,RH1,DRH,RH2,CC1,0CC CC2,
1 WLsDW W2 4HSC s SA A¢ByHEADER{20) s TMERR yWMULT , [FLAG,HSMULT
24A1PRME, A2PRME +RG,DA,DS

(@)

COMMON /OATA/ HS.TA,WeRH+CCoRATSR, HSCL.TM. R
1 _HA,PHAHS, PHATA, PHAW, PHARH ,PHACC ,

"2 HAR,PHARHKS,PHARTA, PHARW , PHARRH, PHARCC,
3 _HSR4PHSRFE Sy PHSRTA+PHSRW yPHSRRH. PHSRCCy_ _ _
HR, PHRHS, PHRTA s PHRH s PHRRH , PHRCC 4

KePKHSo PKTA ; PKWy PKRH,PKCC,
CAPA,PCAHS.PCATA,PCAW,PCARH, PCACC,

CAPB ,PCBHSy PCBT A4 PCBWyPCBRH,PCBCC,
CAPD,PCDHS, PCDT A, PCDW,PCDRH,PCDCC ,

FQUIL ,PEHS.PETAPEW, PERH,PECC, _
BC1,EAL yRSR1,BETA1,CBETAL,PBCR1,PBCT1,PEARH1,PEATAL,PRSRC1

CALCULATE EXCHANGE COEFFICIENT , FIRST CALCULATE BETA AND C(B)

*,\C D .~ O‘;\.n o+

CALL FBETA(TM,BETA1,CBETA1)
K= 15.7 +(+26+BETAL) *(A+B*MW)

¢ O
[ ]

PKHS
PKTA
PKW
_PKCC
PKRH

Won.

o

!

ﬂ'

«26+BETAL)*B : R - » Y

*

Wil

[e][=]
)

RETURN o N o ' S
END

Figqure A-31. -- Continued
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-1 PBCR(10,17),0RATBC,DTABC

_L1W1sDWeW2yHSCySAyA9B,HEADER(20) s TMERR ¢ WMULT yIFLAGHSMULT

SUBROLTINF XCAPA
REAL*4 K_
COMMON/BRUNTC/ BC(10,17) yRATBC(10),TABC(17)4PBCT (10,170

_COMMON /EA/ EAL10+7)RHEA(10)TAEA(T ) PEARHI10,7)4PEATA(LOsT]y

1 ORHEA,DTAEA

"CCMMON /RSR/ RSR({9,2) 4 SARSR{9),CCRSR(3),PRSRCC(9,3),DSARSR,DCCRSR

‘COMMON /7 INPUT/TA1,0TA,TA2 ) HSI ,DHSyHS24RH1¢DRH,RH2,CC1,0CC,CC2,y
2,A1PRME, A2PRME ,RG,DA,DS

COMMON /DATA/ HS»TA WeRHLCCoRATSRyHSCL T M,
HA s FHAHS s PHAT Ay PHAW,, PHARH,PHACCy

FAR o pHARHS'PHARTA PHARW,PHARRH,PHARCC,

HSR ¢ PHSRHSe PHSRTA yPHSRW ¢ PHSRRHy PHSRCCy_

HR PHRHS PHRTA, PFRH PHRRH PHRCC.

Ko PKHSIPKTAQPKH pKRH'PKCC’

CAPA,PCAHS, PCATA,PCAW,PCARH,PCACC,

CAPB,PCBHS,PCBTA,PCBW,PCBRH,PCBCC,

CAPD,PCDKSs PCDT 8, PCOWsPCORH,PCDCC,y

*\othO\»4~wha—

.. SOK=K*K__

. CALCULATE PARTIALS

EQUIL PEHS+PETA o PEW,PERH,PECC, _

BC1,EAL,RSR1,BETALl,CBETA1,PBCR1,PBCTLI,PEARHL,PEATAL,PRSRC1

CAPA= L0O51l/K

PCAHS = (-.051%PKHS)/(5SQK) o N
PCATA = (-.051%PKTA)/(SQK)
_ PCAW = (-.051%PKW )/(SQK) ) i
PCACC = (~-.051%PKCC)/1SQK)
.. e PCARH = (=.051%PKRH)/(SQK) — e o
_RETURN L . )
END
Figure A-31. -= Continued
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SUBROUTINE XCAPB

REAL*4 K

CUHHON/BRLNTC/ BCL10, 17).RATBC110) TABC(lT)yPBCT(lO:l?)'
1 PBCR{10,17)4DRATBC,DTARC I
COMMON /EA/ EA(10,7)+RHEA(LC),TAEA(T),PEARHI( 10, 7).PcATA(10 Ty
"1 DRHEA,DTAEA

COMMON /RSR/ RSR{9y3) +SARSR{S),CCRSR(3)4PRSRCC(9+3)sDSARSR,DCCRSR

COMMON "/ INPUT/TAL4CTA,TA2 4HS1 4DHS HS2,RH1 4 DRHeRH24CC1,DCC,CC2y
 _1W14DWyW2,HSGC ¢SAyAsByHEADER(20) yTMERR JWMULT , IFLAG,HSMULT
2,A1PRME,A2PRME JRG¢DA,DS
CCMMON /DATA/ HS,TAsWoRH sCCoRATSRyHSCL T M,
1 HA,PHAHS,PHATA, PHAW, PHARH ,PHACC ,
2 HAR, PHARHS, PHARTA,PHARW 4 PHARRH, PHARCC ,
.3 HSRyPHSRHS, PHSRTA PHSRN s PHSRRH, PHSRCC
4 FR,PHRHS, PHRTA, PHRW ; PHRRH 4 PHRCC ,
5 KePKHS, PKTA s PKily PKRH,PKCC
6 CAPALPCAFS,PCATA,PCAW,PCARH,PCACC,
7_CAPB,PCBHS, PCBTA,PCBW,PCRRH,PCBCC,
8 CAPD.PCOHS,PCDTA,PCOW,PCDRH,PCDCC,
9 EQUIL,PEHS,PETA,PEW,PERH,PECC,
* BCL,EAL+RSRL,BETAL,CBETAL,PBCR1,PBCTL,PEARI{1,PEATAL,PRSRCI
HR18=HR-1801.
SOK=K#*K
_JA26=,26%TA =
BET26=.26+BETAL
CAPB= —{(HR18)/K + ({K-15.7)/K)*((EA1-CBETAL+TA26)/
1 (BET261))

C o S : L
c CALCULATE PARTIALS
c

T PCBHS = —={ (K*PHRHS—-(HRLB) *PKHS)/ (SQK) + ((K*PKHS—(K=-15.7)%
_1PKHS) /{SOK)})*((EAL-CBETAL) +{TA26))/(BET26))

PCBTA = —{(K*PHRTA-(HR18)*PKTA)/(SQK) +(((K-15.7)/K)*

1(PEATAL+ .26)/7(BET26) + ((K*PKTA - (K-15.7)%PKTA)Z{SQAK))I*
2{(EA1-CBETA1+TA2¢€)/(BET26))))

PCBW = —((K*PHRW —{HRLB)*PKW )/{SQK) + ({K*PKW-(K=15.7)%PKW)/_

TUI(SCKIIFT (ERL-CBETALI+TA26)/(RET26) )

" PCBCC = ={(K*PHRCC-(FRLIBY*PKCC)I/Z{SQK) + ((K%PKCC-{K-15. 7%
_1PKCC)/(SQK) ) *{{EAL1-CBETAL1+TA26)/(BET26)))

PCBRH = —((K¥PHRRH-{HR1B)*PKRH)/(SQK) _+ ({K*PKRH-{K-15,7)%

Figure A-31. . -~ Continued - -

258



1PKRH) /(SQK))*{ (EAL-CBETAL+TA26)/(BET26)) +{(K-15.7)/K}* (PEARHL
- 2 /BET260)
RETURN
END

Figure A-31. -- Continued
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SUBRDUTINE XCAPD
_REAL®4 K S o

COMMON/ERUNTC/ BC(10,17) ,RATRC(10),TABC(17),PBLT (16,171,
1 PBCR{10,17),DRATBC,OTABC

COMMON /EA/ EA(L1Co7)RHEA(1C) TAEA(T ) yPUARH{1047)4PEATALLO,7), _
1 CRHEA,DTAEA e e e S —

COMMON /7RSR7 RSR19+3) »SARSR(91,CCRSR(3),4 PRSRCC(943),DSARSR,DCCRSR

COMMON 7INPUT/TAL1,DTA,TA2 ,HS1,0HS,HS2,RH1,0RH,RH2,CCI,DCC,CC2, ~
1WlsDWeW2,HSC sSAsAsByHEADER(20D) s TMERR ¢ WMULT » IFLAG jHSMULT

27A1PRME, AZPRME,RG,DA,DS

CCMMON /DATA/ HS,TAyWeRHyCCoRATSRyHSCL ,TM, —~ = 77
1 HA,PHAHS, PHATA, PHAW,PHARH ,PHACC,

2 HAR, PHARHS,PHARTA ,PHARW y PHARRH ¢ PHARCC » o T
3 HSRyPHSRKES,PHSRTAPHSRW ¢ PHSRRHy PHSRCCy _

HRy PHRHS s PHRTA, PHRW, PHRRH y PHRCC y T
KePKHSs PKTA, PKW,PKRH,PKCC,

CAPA.PCAHS, PCATA,PCAW,PCARH,PCACC, T T T
CAPB+PCBHS, PCBTA+PCBWPCBRH,PCBCC,
CAPD,PCDHS,PCDT 2,PCOW,PCORH,PCCCC,
EOUIL.PEHS.PETA-PEN.PERH Pecc.

O(ﬂ—4o\ncq

C‘PD__w§QRI!}::4:fQABéfEéE§’

 CALCULATE PARTIALS

PREMUL =((.5)1/50RT(1.-4.*CAPA*CAPB)I*(~4.)

PCDHS
PCDTA
PCDw

pCCCC
PCDRH

PREMUL*(PCAHS*CAPB + PCBHS*CAPA)
.  PREMUL*({ PCATAXCAPS + PCBTA*CAPA)
PREMUL*(PCAW *CAPB + PCBW *CAPA)
"PREMUL®(PCACC*CAPB + PC3CC*CAPA)
PREMUL*(PCARH®*CAP3 + PCBRH*CAPA)

] iH ] |I‘ ]

REYURN
END

Figure A -31. -=- Continued
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SUBROUTINE XEQUIL —
REAL*4 K

COMMON/BRUNTC/ BC(10,17),RATBC(10),TABC(LT),PBETTLIO0,17), o
1 PBCR(10,17),DRATRC,DTABC

COMMON /EA/ EA{10+7) yRHEA(10),TAEALT ) 4PEARH(10,7)4PEATA{L0,7),
"1 DRHEA,DTAEA Do EARALAON s

CCMMON /RSR/ RSR1{9,3),SARSR{9),CCRSR(3),PRSICC(3,3),D5ARSR, OCTRSR’

COMMON 7INPUT/TAL,DTAVTAZ JHST ,DHS HS 2 4 R4 1 yDRHyRAZ,CTY1,DCC,CC2Y
1W1oDWyW2 yHSC +SA,AyByHEADER(20) s TMERR 4WMULT 5 IFLAG yHSMULT
2+.A1PRNE,A2PRME ,RG,D4,DS T T T

CCMMON /DATA/ HS TA,WeRH,CCoRATSRyHSCL1,,TM, ~ 7~ &7 7777 777
1 HA,PHAHS, PHATA, PHAW,PHARH,PHACC ,

2 HAR 4PHARHS,PHARTA,PHARW ,PHARRH, PHARCC, T T
3 HSR s PHSRHSy PHSRTA 4 PHSRW ¢ PHSRRH,y PHSRCC 4

4 HKR,PHRHS,PHRTA, PHRW, PHRRH,PHRCC, 7~ o

5 KePKHS s PKTA o PKWyPKRHPKCC,
6'CEPA}PcAﬁs;5thLT?ELU;PCARH}PCACc."“ comer e
7 CAPB,PCBHS,PCBTA,PCBW,PCBRH,PCBLC,

8 CAPD,PCDHS,PCDTA,PCDW,PCIORH,PCDCC, oo T e me e
9 EQUIL,PERS,PETA ,PEWsPERH,PECC,

1,PEARHL,PEATAL, PRSRCT

%« BC1,EAl,RSR1,BETAL,CBETA1,PBCR1,PHI

CALCULATE EQUILIBRIUM TEMPERATURE =~ S T
EQUIL = (-1, +CAPD)/T2.%CAPA} _ I
" 'CALCULATE PARTIALS S T T

CCNST1 =2.%CAPAXCAPA

CONST2 = (-1.+CAPD) :
PEHS =(CAPA%*PCDHS = CONST2 #PCAHS)/CONSTLI = = o o
PETA =(CAPA%XPCOTA — CONSTZ2 *PCATA) /CONSTL

"PEW  ={(CAPA%®PCDW - CONSTZ *PCAW) ~/CONST1 ~ T T T
PECC =(CAPA%PCDCC =~ CONST2 *PCACC) /CONST!

PERH =(CAPA®PCDRH ~— CONST2 #PCARH) /CONST1 ' T

RETURN " T

_END

Figure A-31. -- Continued
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i

BLOCK DATA

CCMMON /BRUNTC/ BC(10417),RATBC{10),TABC(17),PBCT(17,10),
1 PBCR(10,17),0RATBC,DTABC T
DATA RATBC/ 50'.55'060'.65'.70'.75'-80'.85'.90,.95/'

TABC/ 28413244364 +4%00944.048¢952.1566960.96%¢968¢1T72.17644804,

 E4448809924/y _

BC/ eT1yaT059e709069¢.6751.65590624.59,.535,.45,
e7200T1590TL0eT04068590665906%90e6054 25554448
0725’.72'0715'.705'069’067590657062'0575;:5T; oo T

073907250723 eT13eTC1e608540664:6359.5959454,
T e1354e731.T251eT154410544695¢.674.65,.615,.56, 7
-740.735'073'.72'071'-700068'066'-63’05825'

T4y« 1417351725+ T1574714.69,.67,.6425,.6025,
ﬁ07400740074'.73'072'.7151070I06825'.66’.6225’

e 1490140078907 3517253e729+70540694.6T,4.64, 77

0749 eT49eT49e73759073¢072251e719e7071689.6559
.74'.74'.749.74'07330072510715907059c69'067' T T
0749074007410 749e7375907371e72507142709.6825,

eTbrelbsalbreltreT99e7325,e125,.T7159719.70, _-
eThoeTbrsalbd1eT4reT@0e7350eT39e729471754.7075,

O W[ WA =i Oj® ~ 0 W1 & R

O o =

e Thy Tare Ty Th,e Ty 0 T375,.735,.725,.72,. 7125, 777
«T40eTh00Th00T4reTl00T402735,2T3+72752.72,4

e1hyeThyo 1oy TasaTa0a T4e o 135,0735,.735,. 737/~~~ 7777
CATA CRATBC/.05/,DTABC/4./

CATA PBCT/ - T e -
1 40025¢400125440C1254.001254.00125,12%044
2.0025,.001254.00125,.00125,.001254.00125+0¢+0e¢0<90e730.90e900ey
2 CQQOQOOO'OO’
3 0002500001250000125'.001251000125'.00125|.n0125<0..0-'£-90.1-MAM
. 3 co'OQ'O.'O.’O.'O.'

+ +0025,.00125,.00125,.00125,.00125,.00125,.00125,.00125,.0 T
«000640490290a90e90e30.40es
«0025,.00125,.0€25,.00125,.,0C125,.00125,.00125, .00125,.00125,
¢00125¢ 00064 +0006 304 30« y0e 900900
"e00259¢00254.0025900025,400125,.0025+.00125,.0012%,.0006,.0006,
4001254 4C0064 00064200065 .000690040.s
«0050,.0025,.0025,.0025,.0025,.€025,.0025,.00125,.00125,.00125,
400125, 4001254200125, 40012504 40. 0.
.00375'.00375..30375-.00375..0CZS{-0bZ5}.00306'.OQY@T:@OZS{“
«00125y .0C1254.001254.001254.00125,.00125,.00125,40.,
«0050¢.C050,.0050,.00504.00375,.00306+.0044,.0325,.0025,.0025,
«00259.00509.0019,4C00642.00199.0019¢04+
"% ,0C755.C0754.00754.005054C06,.005,.005,.0044,.004,.00%, 0031,
«00444.0019, .00125,.00195.0025,0./

"CATA PBCR o ) B T
&{TQIOQQ‘fIOCQ .200' 0300’ 0“00'-0700".600’—1010’-1080'_2000'
2 =e100+s-e1004-22004-23009=24009=¢50079-e700+-1e00,-1.509y~1.75,
3 -01001 .100. .20@11.309' 0300. 05001 06001 .90)"1 301 1 50'

'* 4~o«ﬂu>m}q-ﬂo~0\m\n:-b
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Torr CCRSR/2 . e605,10./

SATD QSP/ bS,aZSQ-125!.08'0060-0)'.0“5'004,0035'
1 -45,.189.10;407'006'.0500045b00‘f'6')35'
2 .250.141.09,.0751.06|. 5)9005’0045'004/
TATA PRSRCC/

1 -.728y-4C564-4057,

d ~wl2Ce—eCll.e-.011,

} - L00Te-0034-.003,

- (02,.0014,.0014,

5 Oo pOo 10.
6 C. +.0014,.0014,
7 C. 90014, .0014,
3 Q. +«0014,.0014, i T
5 3 +«CCl4,.CN14/

FATA CSLRER/L1D o/ ¢DCCKSR/3.5/ |
COMAUN /INPUT/ TAL DTAZTAZHSL1sDHSIHS29RHL s 7RH ¢RH2,
1 CCLeDCC2CC29mWloDWeW24HSE sSA9AyB,HEADER(20)
2 TMERR,WMULT . IFLAG.HSMULT
3,ALPKME,A2PRMEFG+DALCS
CATA TALl y,OTA3TA2/60e90e950e/
HS1 +DHS yHS2/ 15304 +C 9150047
RHL sCRFyRH2/504.904950.7
CCLyDCCsCC27/5e90e95e7
hlvDH N2/10.'00!10 /'
HSC ySAsA B/ 30004 e6Ce s0arllates g
FEADER /2C%*4H /s :
7 TMEFR,WMULLT ,IFLAG,HSMULT/.0lyleglole?
8B LPRME  A2PRME ¢RG4 DA yDS/ 48101 7089020407404/
END

(I NS
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qcrvwahsmxm #iC ® ~ AN D

BV JIU N ST O

3

«100,

~e1009~e1003=¢2003~22009=e3009=e500,-¢5004=e800,-1e10s-1.25,

~e100,-¢1004=2e2009=2200¢=22009= 500304004~ 7009~1e10y=1.20, .

-0100' olOC' 02000 0200' 02700' .400' 0400' 0600' .95\)' 1 125!
0. V.f,lgq!,.zoo. e2009~¢100y~e400¢=24004=2550 y=e8004~2925,

0- 10- .200' -200' .100' .300' .350' .450' 1750' 09001
___G_:_‘T_A__'_“O‘o_*'__ 0100’ .200' 0100' .300' .3001 0‘0000 gP_O_O'

G. 20, .050, ~e150 9015092250 4~22004=24009~e500s-0550,

q. - .’.QL.- i 'Q,_ . 0100’ .200' 0200"‘0200 ’f 03A0’3. .400’ .450'

0. 10 10 -050. e1505-42009-4200+-42001-e3504-4425,

0. +0. to.“ﬂ,,o,m ~e1504-41503=4200,-2100,-4200,-4250,

O. 10a v0e 20. ~el007-e1009=42009-e050+~2200s-4275,

O #0s 30« 0. -050v 2050 5-4200,-21009-¢1509-2175,

Ce v0e 20, +0e '0. ~el00y=~e1004-20504-e1504-4200,

0. ¢0e  ¢0e _ 90e  o0e .-.100.0.  40e  4=el00,-.150/
COMMON /EA/ EA(10,7)+RHEA(10),TAEA(T ) PEARH(10, 7) +PEATA( 7,10},
10RHEADTAEA

CATA RHEA/10«120¢+304940¢ 950096009704 9800+90e41004/

CAT

CAT

2 «0909¢0805.12054120,.180,¢300,.360,
003092120,¢15004250442904.400444554 _
" 01400.120’.240' -300|0350'.580’- 695'

A EA/

.50 41.10,
1.00 +2.00
1.50 +2.80
2.00 44.00
- 2230 +5.20

3.50 «7.00

A PEATA/

02.00 :
1280 ,3.90
2%.00 ,5.1C

9550 9750 o
+8.00

12450 +3.00
v4.80

'6. 80

+9.30
910.50913.00915.90,18.10¢21.00923.40,+26.00,
v10090¢14¢00¢17290421<60525.00+28.80+32.00+36.00,
5e00410e00414.90919.80424,50929,309394.20939.10944.00449.00/

13.30
v5.50
18.C0

CATA TAEA/40¢9500960097049804+90.4100.7

+4.50

1650

+9.20

#1500 95450 ,6.00,
19.10,

2750 ,8.20

v10.60412.00,13.10,

211.20,13.00915.00417.00,18.80,

1 0509405090509 +05091009421509.175,

5 DISOQOZOOQDZSQ’ 03701049000660'071’50
6 01700425045¢320447043.570+.770+.870,
7 «2000¢27C9e380¢+510,+69079.880,1.035,

8 <2504¢310+¢4400.6004.780+1.03041.155,

9 Q270'¢3800.5501-64010860 1 20'1 370'
¥ .2904+44C09e5700e72041.0051e3C,1.45/

CAT

A PEARH/

1 20609e09C3e0507¢0507.080¢4070940509¢0509e0509.050,
2 2100¢.08090110¢.09C¢070¢220042100,.0705.090,44100,

'3 413094120041204.170512042120+.140,.140,.110,.095,
4 220040150+020090.18090190+01804.200++200+.180+.170,

5 0270'028000250’ n250'029000220'¢29000240'.260'0270’" .
6 ¢350¢¢3909231090390920370¢03404.3809320¢0400¢.%440y
7T 5000490004909 0a4T04.480344904.5104449049.5004.505/

'DATA CRHEA/10./,DTAEA/10./ o
COMMON /RSR/ RSR19+3),SARSR{9),CCRSR 133, PRSRCC(3,9),D5ARSR, DCLRSR

_EATA SARSR/0¢ 1009200 930¢540e¢504160¢470.,80./
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Table A-B lists the variables used in the EQUILS program. Figure
A-32 lists a set of input and Figure A -33 lists the corresponding
outputs. Note that the input values for the meteorological parameters
are listed below the headings while the sensitivity of the equilibrium
temperature with respect to that parameter is printed below and to

the right of the value of the parameter.

265



Table A-8.

Variables in EQUILS

Functional
Area - Name (Dimension) Description
EQUILS TAl, TA2, DTA,
HS1, HS2, DHS,
RH1, RH2, DRH,
CCl, Ccz, mc'
Wl, W2, DW, Same as Table A-7
HSC, SA, A, B,
AlPRME, AZPRME,
DA, DS, RG
HEADER(20) , TMERR,
WMULT, HSMULT,
IFLAG, TA, HS,
RH, CC, W, BCl,
EAl, RSR1l, HA, HAR,
HSR, HR, K, CAPA,
CAPB, CAPD, EQUIL
XHA HA Long Wave
Atmospheric Radiation
PBCT1 aBCl/aTA
PBCR1 3BCl/3RH
PEARH2 dEA1l/93RH
PEATAL 9EAl/3TA
PHAHS dHA/3HS
PHATA dHA/3TA
PHAW 9HA/ W
PHACC 3HA/3CC
PHARH 9HA/9RH
XHAR HAR Reflected Atmospheric
Radiation
PHARHS JHAR/JHS
PHARTA 9HAR/JTA
PHARW 9HAR/3W
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Table A-8.

-- Continued.

Functional
Area Name (Dimension) Description
- "PHARCC 3HAR/3CC
PHARRH 9HAR/3RH
XHSR HSR Reflected Solar
Radiation
PHSRHS BHSR/BHS
PHARTA dHSR/3TA
PHARW ' 9HSR/3W
PHARCC dHSR/3CC
PHARRH JHSR/3RH
XHR - HR Net Radiation
Input
PHRES 3HR/ HS
(PHRTA 3HR/JTA
PHRW 3HR/ W
PHRCC éHR/aCC
PHRRH dHR/3RH
XK K Exchange
Coefficient
PKHS 9K/ 3HS
PKTA 9K/3TA
PKW . dK/3W
PKCC 3aK/acCC
PKRH 9K/ 93RH
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Table_A—S. -~ Continued.

Functional =
Area , Name (Dimension) Description
XCAPA , CAPA Intermediate
variable see
equation 4-9.
PCAHS dCAPA/ 3HS
PCATA JCAPA/3TA
- PCAW 3CAPA/ oW
" “PCACC 3CAPA/3CC
" PCARH 9CAPA/9RH
XCAPB CAPB Intermediate
variable see
equation 4-10.
PCBHS dCAPB/3HS
PCBTA aCaAPB/3TA
PCBW ' 3CAPB/3W
PCBCC dCAPB/3CC
PCBRH 3CAPB/3RH
XCAPD CAPD Intermediate
variable see
equation 4-11.
PCDHS oCAPD/3HS
PCDTA 9CAPD/J3TA
PCDW , 3CAPD/3W
PCDCC 3CAPD/3CC
PCDRR : 9CAPD/93RH
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Table A-8.

-- Continued.

Functional .

Area Name (Dimension) Description

XEQUIL EQUIL Equilibrium

temperature

PEHS 3EQUIL/3HS
PETA dEQUIL/3TA
PEW 3EQUIL/3W
PECC 3EQUIL/3CC
PERH dEQUIL/3RH
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oLe

HEADER
=* TEST CF EGUILS®
IFLAG=C) ST

RR1=5C, sRH2=T1. s DRH=1,
HS1=150C. »HS2=1600, » DHS=1CC. >
TA1=6L.»TR2=61.»TR=1.1

&IN

BSQB0000D000000BROOR0N0OP00000000000000RROREROROOGUOOOOOROREOODOD0CRS00RRORENE

123438802 MUBRTBUNIRANDBRIANNNTANR I DN ABANLOHICSOBINH VVHBUNAANRNRUSS U UIRTINNABRIRAN

IR RN R S R R R R R R R R R AR R ERRRRR B (R RAARRRR AR R R AR R EEERRRERERRRREREE
2122112221211 22 12

21221222221212222212222212222122121212

313113333 333333333323333323332333333323333333B2333313%13323333333333333333333332123103

IR R R R R R R R R R REREREEREERYRER IEREN N AN)
555, 5555555955555 555355553555535§7§ P55

GGG666656666666666666666666650 665G 0GEI6GCRHGECHbRPPPRoCCCa hERoebhiGEE000CGGEFR6E

P43 400000000000t
] » 55555555595555555555558555555556555

I RR R R R R AR R R R R R R DR RRRRRR RN IRRERRRV 4RRERRERRRREERRREERRRRRRR RN RRE NN

gosdasssscsoscosnoadasnanstunnnse et a At a0 00028 BB 880 B0B0BRBRRRRRRBED

58°9949
12 95 1
7 B

&
2374 8sC

9949999999995 499999995999989999999999999999999599999939999939999999394999189%
s

l WD RBRS T N0N 22D BI W NIT IS I IV A A AT S AT M0 L) G2 51 M 5 b W sER bl B2 WG MBI EN N DRI

.

Figure p~32. Input Example for EQUILS
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£-1 BII/1TE~9pS €761 7301440 ONILNIH LNTANHIAOD 'S'%

L
1IN
TAl= 60,000000 «DTA= 1,0000000 eTA2=  61.000000 enSi= 1500.0000

#+0OHS> 100.00000 H§2= 1600.0000

50. 000000 <DRH= 1.0000000 «RH2~ 51,000000 »CCI=  5.0000000 20CC» 0.0 yCC2w  $,0000000 T Wi=
10.0C0C00 +Dw= _ 1,0000000  ,W2= 11.000000 »HSC=_3000.0000 +SA=_ 60,000000 vA* 0.0 oBx  11,400000 4
HEADER= 0.25098038 + 0.35098038 + 0.25098038 . 0.25096038 y 0.25098038 ¢ 0.25098038 v 0.88973820 .

~043530168TE 42, 0.7728407%  +=0.568T7122F 11, 0.25098038 + 0,25098038 + 0.25098038 + 0.25098038 ¢+ 0,25098038 ’
0.25098038 . 6.25098038

e 0.25098038 . 0.25098038 y 0.25098538 +THERR="0.999999T9E-02, WML T= 1.0000000 JIFUAGs

C,HSMULT= 1.0000000 +ALPRME= 0,80999994 +AZPRME= 0.T0799994 +RG= 0.19999999 +DA* 0,69999993E-01,D5=
0.0
O - o .\ _
ey gy ey - ~ —— ——— - INPUT DATA,
N .5%’_ T e couits ‘7@ ,59/, A FLAG=D
TFA /T THY /S RH S Te YA W /3 € e o T
50.06 P 1500.00 F so.00 . F s.0 f/ 10.00 } 61,76
0.7527 0.0089 T0WI%6S T TR T T T T Ip. 5198 - - - N -
60.00 1537 .cc 50.00 5,00 11.00 61.00
0.7574 0.0783 0.1494 SRR P Yo D v ¥ S
60,00 1500.0C 51.00 5.00 10.00 : 61.91
TS 41 C IR Yo 1Y B ' P ¥ YY) 0.0 ~3.816% o
£7.06 1570.99 51,0 5.20 11.00 61.15
0704 0.0083 0.1489 0.0 =0.7103
63,008 1600.00 50.00 5.00 10.03 62464
C.l415 2.02437 0.1443 00T T T T TTLa.stT2
69.00 16CJ.00 50.00 5.00 11.99 61.83
Col4617 0.0332 Vsl473 0.0 . -0 1634
65420 1609.30 51.00 5.00 10.00 o 62.79
C.7480 0.0087 0.1438 0.0 -0.3742
50400 1600400 51.00 o 5.C0 11, 61.97
0.7532 0.0212 Vel468 3.0 -0, 7605
O1aC0 152,00 SC.C0_ . 5,CC_ 10,00 62.51 .
T Rl Tead C.CiB8 0.15219 0.3 -7.8154
61.00 1503.00 50,00 5.00 11.00 61.75
C.7495 C.0032 velS99 0.0 ~0.T089
€140¢C 150, .NC 51.70 5,00 10.00 62.66
0.17505 a.ucar 0.1523 0.9 -0.8124
61.0% 1560400 51.00 5,20 11.00 61.91
C.7943 0.0182 0.1553 0.0 ~0.7061
£1.00 16€0.00 30,00 5.C0 10.07 63.38
C.7330 0.0036 2.1506 0.7 ~0.8721
61.00 1600.00 50.00 5.00 11.00 62,57
3.7379 0.0231 C.1537 3.0 ~0.7587
- 81420 1600.€0 _ 5L.C) 5490 10,03 63.53 .
0.739% 7 0.008¢e ’ "0 1500 0.0 <0.0689 ”
61.00 16¢2.CC 51.00 5.70 11,00 62.72
Yo 1442 0.0%31 n.1531 6.0 " T -0 TsST
Figure A-33. Output Example For EQUILS
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