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Note fo Readers.

This manual can be divided into three fundamental and
distinct = units. Sections 1~7 discuss the overall
construction of the program,; user options and presents the
governing eguations as used within the radiation program.
Section 8 details the commands and syntax necessary to
initialize the computer program and explicitly develops the
data entry seguence and procedures. The last primary
division, Section 9, presents a variety of worked examples
that hopefully provide <some indication of the range of
climatological problems to which the generated data can be

applied. Contingent upon the specific needs and experience
of +the user, each basic unit is designed to be self-
contained and can be consulted directly. For example, the

first—-time user may choose to go directly to Section 8 to
gain a basic working knowledge of the computer operations
and the mechanics of running the program. The more
experienced user may be primarily concerned with
applications of the generated data. Thus, Section 2 becomes
more meaningful.

If necessary, the user should consult the Table of
Contents and move to the section of the manual that meets
their specific reguirements. Hopefully, however, with

increasing experience in wusing the FORTRAN package and
greater familiarity with the model operation, this document
will serve as an integrated reference for those aspects of
radiation climatology as presented and applied within this
program.




PREFACE -

This program 1is primarily designed as an interactive
instructional aid for students concerned witn select aspects of
shortwave radiation climatology. On the basis of user supplied
temporal and geographic information the algorithm will produce
instantaneous values of diffuse, direct, global, reflected, net
shortwave and extraterrestrial radiation. Daily totals are also
generated by numerical approximation of the area under the curve
as described by each of these guantities. In addition, an
optional routine to compute the instantanecus values of solar
elevations and azimuths is included to further define the nature
of astronomical relationships for the site under investigation.
The overall structure of the program is such that the appropriate
variables can be easily and conveniently manipulated to provide
an accurate estimate of the shortwave radiative balance at a
given point with a minimal knowledge of the relevant mathematics
and of FORTRAN computer programming. It is hoped that the
interested student will investigate the range of possibilities
offered by this routine and use it as a stepping stone to the
understanding of the many fundamental concepts involved in
shortwave radiative transfer and its geographical distribution.

The syntax wused in the construction of this program is
MICROSOFT FORTRAN which, for certain statements, differs from
conventional ANSI FORTRAN 77 and its derivitives. Should this

program be modified to run on systems other than the IBM PC (or
equivalent systems) the IBM FORTRAN manual should be consulted.
In addition, Microsoft Fortran by Paul M. Chirilian and

and Thomas.Bugnitz are explicit references for programmers.

The executable file for the soclar radiation program
(SOLAR.EXE) has been included on the enclosed diskette and will
"run on any IBM compatible system simply by entering the code,
SOLAR. However, if necessary, the minimum system requirements to
successfully edit, compile and 1link this program under MICROSOFT
FORTRAN are 2346 K. of computer RAM (128 K of which is required by
the FORTRAN compiler for Version 1.9 and 158 K for Version 3.3},
two disk drives, a video display and/or a printer as the data is
not stored on disk at the time of generation. Approximately 108
minutes are required to compile and 1ink this program on the IBM
PC although this «can be expected to vary according to system
capacity. Although no graphics routines are built directly into
the radiation program, minimal knowledge of the data organization
and graphics routines of LOTUS 1-2-3 (or an eguivalent data base
management .program) enables the FORTRAN generated.results to be
easily manipulated and plotted. The routines inherent in LOTUS 1-
2-3 allow data to be graphically presented even if no on-screen
display 1i1s possible (i.e. in the case of a monochrome display
without a graphics card) as the generated graphics can be passed.
directly to almost any dot matrix printer. The advantages of being
able to conveniently and accurately plot the data are substantial
and the delays involved in hand-plotting or the generalizations



that can accrue from the direct interpretation of data columns are
avoided.

The following documentation and program description 1s not
intended as a discussion on radiative transfer or solar geometiry
but rather to outline and define the technigues used within this
program that 1lead to the successful integration of the relevant
components. Derivations of the selected equations have been
included only where considered necessary as have the many
assumptions that lie behind the theoretical construct of radiative
transfer. It is left to the user to become familiar with the
assumptions and limitations of the individual program elements ( a
complete bibliography used in the construction of this program is
provided on page 99). In addition, the author does not
necessarily claim originality in mest of the mathematics that
comprise this program; these are conventional formulae that are
well developed in a great variety of standard texts as well as
concepts explored in advanced courses in climatology with the
Department of Geography at The 0Ohio State University. In
particular, the author gratefully acknowledges the expertise of
Dr. A. John Arnfield of this Department. It is, however,
instructive for the user to see how the eguations are numerically
approximated and the direct relationship that exists between all
the relevant variables. In addition, as the information within
this manuscript has been compiled from a wide variety of sources
the documentation represents a rather complete synthesis of the
many governing equations  and principles. It is also recognized
that the solutions presented in this program may not represent
the best possible choice in terms of programming syntax or 1in
selection of the governing equations. It isy however, designed to
be user oriented and straightforward in i1ts operation; the program
statements are explicit and internally well documented and it is
hoped that the interested student will be able to conveniently
trace the programming steps.

During the construction and proofing of this program a great
variety of inputs and variables were +tested. It is, however,
difficult to ensure that the algorithm will successfully function
for all possible geographic and climatic scenarios. Should any
legitimate input generate obviously incorrect data or result in
compiler error the author would appreciate 1learning of the
problem.

The author would also like to express appreciation to the
Department of Geography at Portland State University for making
possible the publication of this manuscript and te Dr. Richard
Lycan for many helpful suggestions.

Keith R. Mountain.




Standard FORTRAN

Symbol  Name DESCRIPTION UNITS.
(Ah/ﬁ\)s/p SHAPE gorrgction factor for radiation rgceiQ?d on an
% inclined surfacl ...cveseccccaa {dimensionless)
As AZSUN solar azimuth angle ..... (computed in radians)
é Az AZMITH  user specified site azimuth
i angle ...... cemnsceaaann ses s {entered in deg.)
D DIFUSE diffuse beam solar radiation ........... (Wm™2)
(d/EE EDIST earth/sun correction factor..... (dimensionless)
Db DIFHAY backscattered diffuse solar radiation ...(Wm™2)
A HOUR hour angle .....c.0c... ... {(computed in radians)
H HOUR hour angle when cos(Z2)=@..(computed in radians)
i SLOPE user supplied site :
inclination ....cciieerecnness . {entered in deg.)
Io 10 solar co‘nstant. ......... e (1353 Wm
K K atmospheric transmission (turbidity) factor
K{ GLOBAL total (gleobal) incoming shortwave'
radiation ...ceseaaneans e nns chessean e (Wm2)
T K NET net shortwave radiation (k¥ = K} ~ k1 ). (Wm 72)
Kf REF reflected shortwave radiation
(K} = Kf (1 m€) ittt i i ie e iieennn (Wm=2)
Kex KEXINS instantaneous extraterrestrial
radiation c..eeesersvsnannonsensn hes s (Wm ™2 )
m M optical air mMass ..c.versnnrenns (dimensionless)
Nt DAYLTH total daylength (Sunrise to Sunset) ..... (Hrs)
Nh - half the total daylength .............. .= (Hrs)
p PRES atmospheric pressure ........ “asaaa (millibars)
5 DIRECT direct beam solar radiation ......; ..... (Nh‘z)
t TINC user supplied time increment ......-.. {minutes)
3.




Standard FORTRAN ' Description
Symbo1l Name
t TINC - user supplied time increment ......{(minutes)
z Z .. solar zenith angle ... (computed in radians)
@ or hor ) where provided the subscript indicates

sea level value and horizontal surface.

GREEK .

[3 BETA solar elevation ..... (computed in radians)
X ALBEDO site albedo .......... +.... (dimensionless)
I_'l TOPM user supplied skyline

1 elevation for a.m. ...... (entered in deg.)
Iz TOPE user supplied skyline

elevation for p.m. ...... (entered in deg.)

q5 PHI site latitude ..... +2se~» f(entered in deg.)
7’ DEC site declination ....... (entered in deg.)
ﬁp@g PSIWS water vapor scattering
q%s PSIRS Rayleigh scattering
ﬁp&s PSIDS aerosol scattering
\;ﬁa . PSIDA aerosol absorption
ip&a P5IWA water vapor absorption




INTRODUCTION.

The application of concepts involved in radiative transfer
and 1its diurnal, seasonal and geographic distribution clearly
extends beyond the limits of that particular to climatology and
into the many subfields of geography. In addition, many other
disciplines require some understanding of the physical aspects of
radiative loading; architecture, geology, glaciology, urban and
landscape planning, among many others, at some stage deal  with
the concepts of shortwave radiation climatology but may not
explicitly develop the mathematical, theoretical and conceptual
framework unique to shortwave radiative transfer. Typically, the
lack of familiarity of the appropriate theory often leads to the
use of generalized radiative data and results in egqually general
conclusions. Thus, it is hoped that the structure and concepts
that comprise this program will provide a link between these two
extremes and enable the student to develop an appreciation of the
very dynamic nature of shortwave radiative transfer.

e

The mathematics that form the basis of this program are
those most commonly applied to problems in shortwave radiative
geometry. The documentation that follows is not intended to
discuss all possibilities that exist or to justify the use of one
set of equations in preference to another. The intent 1is to
simply  present the selected equations in their standard
mathematical format, develop the hierarchy of +their position
within the computer program, to express their FORTRAN equivalents
and the procedures by which the algorithm integrates these
equations. To facilitate understanding of these relationships a
listing of the relevant program variables, their conventional
mathematical symbols and FORTRAN names have been provided on
pages 33 and 34. A generalized flow chart and a partial program
listing 1is ©provided on pages 32 and 35 - 45 respectively. In
addition, a variety of worked examples and their graphical
representation (with LOTUS 1-2-3 graphics syntax) is provided in
Section 9.

The equations that define the geometrical relationships
between the earth and the sun are definitively presénted in a
great variety of standard texts. Paltridge and Platt (1976),
Kondratyev (196%), and Sellers (1972) are perhaps those most
commonly referenced and all provide detailed derivations ‘and
discussions on the appropriate equations *. The basic solar
radiation generator 1s directly traceable to the model proposed
by Davies, Schertzer and Nunez (1975). This model is generally
considered to be one of the more versatile schemes and is known
to consistently generate reliable results for a wide range of

* The inputs required for the FORTRAN program as well as the
generated results conform to the Systéme International
units of measurement. This system has been adopted as a
standardization procedure by the World Meteorological
Organization. A table of S.I units and their equivalents
has been included in the Appendix (page 191).

1




conditions. Although in its original format, a cloud

paramaterization scheme was included, it has not been
incorporated into this radiation program. To the basic Davies (et.
al.) . model has been added a variety of wuser options. The

adjustment of radiative receipt due to site inclination and
azimuth, the additional contribution to the diffuse receipt by
first order backscatterance as suggested by Suckling and Hay
(1976), the effects of atmospheric refraction (Kasten, 1%66), the
shielding effects of the direct beam due to site topography and
several other options enable the user to generate results that are
both realistic and environmentally sensitive. All of these
options will be defined and their positions within the computer
routine established in the following discussion.

Above all, this program has been constructed to enable
convenient, straightforward manipulation of one or several
variables that are known to influence the shortwave radiative
balance at & given site. This provides an opportunity for the
user to develop a solid understanding and appreciation of the
relative effects upon radiative receipt of the generally accepted
influential components. It is also strongly recommended that the
user become familiar with the great variety of applications to
which the output generated by this program can be applied. Aside
from the above references Monteith (1973), Gates (1981), Oke
(1978), Outcalt ( 1971), Goodison (1972), Wendler and Ishikawa
(1974), Ter jung and Louie (1974), Terjung and O0’Rourke (1984) and
Ohmura (1982), represent just a few references that indicate of
the range of possibilities to which information on the shortwave
radiative balance can be applied.



SECTION 1.

The instantaneous value of the extraterrestrial radiation .
at the edge of the earth’s atmosphere can be expressed

Kex = lo (d/d‘)zcos Z L

where (d/af is the correction factor for the obligquity of the
earth’s orbit around the sun. The numerical value of this term
can be obtained by taking the inverse of the orbital radius
vector as compiled in the ephemeris of the sun tables (List,
1966, 495). A modified copy of these tables has been included in
the Appendix (page 182). Thus, the value of (d/a)2 will vary
from 1.817845 on January the 4th (perigee) to @.9835465 on July
the 4th (apogee). If this variable is not explicitly regquired
within the program a default value of 1.000000 should be entered.
This assumes that the earth’s orbit around the sun 1is circular
and, therefore, represents the average condition of the earth/sun
orbital relationships over the course of one year. The solar
constant, Io, is specified as 1353.9 Wm ™2 following
Thekaeksarra and Drummond (1971) and 1is perhsaps the most
conventionally accepted value.

Expanding thé cosine of the zenith angle

cos<z> = sin( siny + cos cos7y cosh {2

where QD is the user supplied site latitude and Y ., the
declination, also obtained from the ephemeris tables. ‘The hour
angle, h, can be determined by

., : -1
h = <12.0—t)15-0 ( Units: hr * deg hr -——-de'gl):3

The hour angle is defined as the angle through which the earth
must rotate to bring the meridian of the site directly under the
sun {(soglar noon). By convention, h is considered positive for all
times prior to solar noon and negative for all times past solar
noon. The time , t, as used within the program is local apparent
time (L.A.T). If necessary, the zonal mean time (2.M.T) can be
converted to L.A.T by

tear = lizmry +€ + € 1.4



where

c = ()\s - }\)4.0

and As standard meridian ]
A. meridian of site

The equation of time, e, can be taken directly from the |
ephemeris tables for the appropriate time of the year. Thus, the k
result generated by 1.4 is not constant for a specific site as :
the egquation of time will vary due to differences in the speed at ]
which the earth revolves around the sun throughout one complete
orbit.  Also, if this program is used to compare computed results
to measured data an adjustment for daylight savings may be
required. '

From equation 1.2 fhe zenith angle is obtained by

Z = _arcos‘(z) . 1.5

The zenith 1s defined as that point on the sky hemigphere
directly above the site. The zenith angle 1is, therefore, the
angle from this point to some other point on the sky hemisphere.
It 1s the opposite of the angle of that point above the horizon.
Should the value of the zenith angle as computed by 1.5 be less
than zero the sun lies below the horizon and all components of i
the radiative balance must be set to zero. This relationship can
be used to establish the exact times of astronomical sunrise and

sunset. From 1.2

cosZ = 0 = sin ¢sin7+ cosgbcos')fcosH

where H = h for the special case of cos(z)=0.0

solving for H

H=arcos(—-tan¢tan"f> -

The total number of hours that the sun is positioned above the
horizon over a 24 hour period can be determined by

Daylength = Nt = {arcos (—— tan ¢ tan’)/)}/?.s
1.7

And the half-day length, Nh,; centered around solar noon, becomes



Kot

Nh = {arcos (-—- tan qb tan?)}/15.o

1.8

Thus, the time of astronomical sunrise (i.e. not including
the effects of atmospheric refraction) 1s simply

- Sunrise 'SR = 12.0 -~ Nh

and for sunset ’
Sunset 5§55 = 12.0 + Nh

The computer program capitalizes upon the relationships that
exist between 1.6, 1.7 and 1.9 to both initialize and terminate
calculations. The time of sunrise as established by 1.9 is set to
its integer value (i.e. 1f SR = ©5.79  hrs ‘“computational"
sunrise is fixed at S a.m). This ensures that the program will
always be 1i1nitialized prior to sunrise and that for the first
iteration all components of the radiative balance will be set to
zero. In addition, if the time increment selected by the user is
natural divisor of 6@ (ie. 1,5,18,15, etc.) this allows - the
routine to 1isolate solar noon ensuring that the computed
radiative guantities will always be centered around solar noon.
For programming purposes and, as the primary solar radiation
generator lies within a DO LOOP; these associations are - further
used to establish the number of program iterations reguired over
the period from sunrise to sunset (see lines 690-697 and lines
771=-777 of the FORTRAN program).

However, for certain astronomical and geographical scenarios
the above eguations (hence their computer equivalents) are not
strictly applicable. For example, consider a site at B85 degrees
north latitude at the June solstice (declination of +23.5
degrees). In this instance the sun remains above the horizon for
the 24 hour period and the times of sunrise and sunset are,
therefore, undefined. From 1.6

X = —tan ¢ tan')’> +1.0 ;.o arcos X — oé

Thus, direct application of 1.6 is restricted to = 66.5
degrees and = 23.5 at the June solstice (northern hemisphere)
and =66.35 and -23.5 at the December solstice in the southern

‘hemisphere. Of course,; as this relationship depends upon both the

declination and the latitude the geographical position at which

equation 1.6 holds will vary, i.e. for 75 degrees north with a
declination of +19.0 degrees (Aug. %th) the times of sunrise and
sunset can be calculated. For sites where the sun remains above

the horizon throughout the day the times of sunrise and sunset
are set to zero and the number of iterations determined by simply
dividing 24 hours by the user specified time increment. In this



instance calculations will always begin at the 060280 hours
terminating at i1ts equivalent of 2400 hours.

In terms of FORTRAN programming it is important to note that
all the appropriate variables must at some point in the program
be converted to their radian eqguivalents. Thus

Kaos]* Vizo = X [raq

However, as no intrinsic function for T exists within the
FORTRAN compiler its numerical value must be specified. In this
program the value is given to 9 decimal places (3.141592634)
which is considered adequate for computational purposes. However,
as 97 is an irrational number all the converted variables will be
sub ject to some truncation. On occasion this rounding can lead to
compiler error as an exact solution to many of the trigonometric
functions will not exist. The potential problems generated by
this 1inconsistency are overcome by specifying upper and lower
limits on the results generated by the trigonometic functions.
For example, in lines 171 to 174 of the FORTRAN program, the
value of cos(z) (the solar zenith angle) is set to a maximum of
1.57867%9 for 1f the rounding errors generated by previous
calculations result in cos(z) exceeding this value compiler error
will occur. This problem does not appear to be significant with
larger computer systems and could possibly be reduced in
microsoft FORTRAN by specifying the appropriate variables as
DOUBLE PRECISION.

It is also interesting to note that there are certain
conditions for which the trigonometric associations identified
above do not always hold. For example, with QD = 93.0 degrees
the tangent function is undefined. Thus, equations such as 1.6 do
not strictly hold for the North and South Poles. Again, potential
complications are overcome by specifying that the radian value of
9% degrees cannot exceed 1.57879. Thus, 1n reality, 99 degrees is
set egual to B89.999637 which 1is accurate enough for computational
purposes. Another interesting inconsistency is generated for an
equatorial site during the eguinox at solar noon. In this
specific instance the varilables take on the following values

Z =0, Qb:o & Y=o

However,; to establish the solar azimuth angle (equation 2.1 ) we
require division by the result of sin(z) which is not possible
if z=0.6. I1f, however, =z 1s some positive number the equation
will be executed satisfactorily; in this instance z 1is set equal
to O.9801 radians (©.0857 degrees ) which 1s so small a value
that no inconsistencies will appear in the generated radiative
values ( see program lines 173-174).

END OF SECTION 1.

I0.



SOLAR PATH CALCULATIONS.

The equations that generate the solar azimuth angle and the
solar altitude are reqguired within the primary solar radiation
program and could have been integrated into the previous section.
However, these constructs have been isolated as they explicitly
form the basis of the optional routine for solar path
calculations and the relationships that exist between these
equations are perhaps more easily established. The computer code
for this user option can be found in the FORTRAN program between
lines 955 to 1836.

The solar azimuth angle, As, is the angle formed between
grid north _and the instantaneous position of the sun and is
specified by a north through east rotation. Thus, east is given
as 90 degrees; south as 188, west as 278 and north as @ or 3460
degrees {(see page 1©07). The instantaneous value of the solar
azimuth angle is conventionally expressed

cos (As) = (sin')f cos qS — sin gb cos“y cos h)/sin Z

where h has been previously defined by Equation 1.3 and the
zenith angle, z 5, by 1.5. Thus

2.1

As = arcos (As)

At solar noon the hour angle goes to zero and

—_ i A —_— ] Sj Z}
As = arcos {(sm')’ cos(p sin QZS cos')/)/ in -

Applying the standard trigonometric identity
sin(x—y) = SINX COSy — Siny COSX

and, if the latitude of the site i1s greater than the declination
sinZ = sin(gb—'y) =sin¢ cos')’—- sin 7y cosqS

Egn. cont’d
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sinY cos 525 — cosY sinqS
cosqS sinYy — sin¢ cos?Y

cos (As> = -1.0

cos(As) =

As = 180.0 <30uth) 2.3

For this particular relationship the position of the sun
is due south as can be seen from the solar path diagram and data
output generated for Example 1 (pages 66 and &7). However, - for
any geographical point that lies to the south of 23.5 degrees
north, there will be a time of the year that the solar path
will lie to the north of the site and will describe a curve
similar to that presented in the solar path diagram for Example
3A (page 74). Of course, for a site south of 23.5 degrees south,
at no time of the year will the sun be positioned to the south
and solar trajectories over all declinations would be
consistently described by curves to the north. Thus

<¢—y><o & As =0 or 360 (North) _—

It is also necessary to distinguish between solar azimuths
for times prior to and past solar noon. When t ( 12.8 the
numerical - value of the azimuth as computed by 2.2 is directly
applicable and the sun is positioned at some point to the east
of due south (or north). However, for t > 12.9 the solar
azimuth is determined by As = (368.0 - As) and the sun lies to

the west.
The times of sunrise and sunset have been previously
established by eqguation 1.%9. The azimuths of sunrise and sunset

are computed by setting the zenith angle in Equation 2.1 to 90
degrees. Thus as

Z =900 — sin(90) = 10

and

cos As = sin‘}’cos¢) — cos7y sin qﬁ cos h

solving for cos (h)

cosh = siny sin ¢
cos’y cos Qb

therefore

sin”Y sin gb

cosAs = sinY cos gf) — cos sin’(;b
T 7 cos) cosp
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From the identity
. 2 — 2
sin“ X =10 — cos”" X

Substituting and factoring yields

cos As =

Thus, the exact azimuth of sunrise is simply

s (sR) = arcos (45

and the azimuth of sunset

As (SS) = 360 — arcos (As)
2.7b

As previously stated, the solar altitude, /A& , is the angle
of the sun above the horizon. Thus, after establishing the zenith
angle from 1.2 and 1.5, the solar altitude is simply

B =90~ 27 a.é

The above mathematical relationships are conventionally
summarlzed 1in solar path diagrams of the type presented in this
manual. List (1966, 497-5835) provides similar diagrams for all
latitudes at 5 degree increments north of the eguator over all
declinations. Note, that for the southern hemisphere the
described curves for eguivalent south latitudes would be directly
opposite (i1.e rotated 1B@ degrees). However, while these diagrams
are most often used to illustrate solar relationships they are
not the only possibility. Wendler and Ishikawa (1974) provide an
alternative that is both interesting and instructive particularly
when site topography .(skyline) i1s superimposed on the solar
trajectory.

END OF SECTION 2
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Where necessary, meaningful determination of the radiative
balance at a given site must involve compensation for site slope
and orientation (azimuth). This conventionally 1involves the
modification of the radiative receipt computed for the horizontal
by a geometrically derived correction factor, <called the shape
factor, which is a number that can be greater or less than unity
including zero. The FORTRAN model allows adjustment of both the
direct, S , and diffuse beam, D, using the procedures outlined
and derived by Monteith (1973, Chap.4).

3A. SHAPE FACTOR EOR DIFFUSE BEAM RADIATION.

For the diffuse beam, assuming an isotropic (independent of
direction) radiance distribution, the shape factor, (Ah/A)D scan
be determined by

.7 \2 21\ 2
(At/a), = cos(/2) Dno: + sin(l2)ockl 3.1
and the total diffuse beam irradiance becomes

D = Dhor* (A,yD)

‘ Thus, the result generated by 3.1 represents the association
between scsite slope and the total diffuse irradiance from the sky
hemisphere, and includes the contribution of diffuse beam
radiation reflected from the surrounding terrain. QGQualitatively,
it can be envisioned that as the slope increases less and less of
the sky hemisphere can be '"seen” from the site for which we
require radiative data. The minimum view of the sky hemisphere
will occur when the inclination reaches its maximum, 9@ degrees.

Conversely, as the slope increases, greater portions of the
hemispheric field of view from the site are occupied by the
ground. Again, with an inclination of 90 degrees and no skyline
ocbstruction (mountains, buildings, etc.), one half of the

hemispheric field of view would be occupied by ground and the
other by sky.

The first term on the right of Equation 3.1 represents the
adjustment of the sky diffuse irradiance on the horizontal due
solely to site inclination. As the site is effectively angled
away from the sky the actual diffuse beam receipt is
proportionately reduced from the maximum that is available for
the horizontal. The second  term accounts for the additional
diffuse radiation received at the site due to reflectance from
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the surrounding terrain. The albedo of the terrain, &£ : must be
specified by the user and, as the reflection 1is considered
specular, must involve the total shortwave receipt on the
horizontal (i.e both & and D as K} =5 + D). Generally, the
contribution of reflected diffuse radiation +to the shortwave
balance at a given site is small. However, there are certain
instances when this component can become significant. For
example, conditions experienced over a high elevation glacial
site where K| is large and &£ high. Note also, that the
isotropic assumption for the diffuse beam eliminates the need to
compensate for azimuthal variations.

From the relationships inherent eguation 3.1 it can be seen
that if the site i1s specified as horizontal

. \2
{cos (l/2> } Dpor = 1.0 Dy,

and
{}‘in (%2)2} =0 . sin (72)204 Kl =0

reducing 3.1 to

_D = Dhor + 0O

In addition, if no direct beam radiation, (S) is received at
the site

Kl=S+D=D

and the second term of 3.1 can be given as
L 2
sin (Vz> X Dpor

In this instance, . even if the diffuse radiation was large,
the contribution attributable to this component of the shape
factor would be small (i.e. for i = 45 degrees, D = 159 Wm2 and
= @.40 the total contribution would be only 8.78 Wm™2 ).
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Again, Tfollowing Monteith (1973), the shape factor for the
direct beam at a specified azimuth can be expressed

(AhA>S = cos i — sin ’i Cotanﬁ cos (As-Az)

3.2

and the total direct irradiance

- Ah
S‘Shor*( AS

Thus, the magnitude of this correction depends wupon the
relationships that exist between the site inclination, i s the
solar altitude,l} y the solar azimuth angle, As (determined by
equation 2.1 ), and the user supplied site azimuth angle, Az.

In a gqualitative sense we can consider the components of 3.2 to
be such that they precisely determine the relationships that
exist between the instantaneous position of the solar disk and
the specific characteristics of the site. Thus, even though the
sun may lie above the astronomical horizon, should the slope and
user specified azimuth be such that the solar disk is not visible
from the site as defined by the geometry of 3.2 (i.e, for the
obvious case of a 90 degree west facing slope when the solar disk
is positioned due east), then the direct beam receipt must be set
to zero. Of course, 1T the slope faces toward the solar disk then
the site 1is radiatively loaded and the computed direct beam
receipt can be expected to exceed that for the horizontal. The
manner 1n which these elements interact is explicitly developed
in Example 2 (page 78). -

Thus, from 3.2 it i1s apparent that if the site is horizontal

i=0 then coSsi=1; sini=0

(A, )S =10 & S= Sp, *10

and should

sin i cotanlg cos (As—Az) < or | (Ah/A>S -0

and the direct beam mustAbe set to zero (see lines B78 - 878 of
the FORTRAN program). The cotangent function is determined by

cotan/} = 1'%anﬁ

which 1is necessary as no intrinsic function for the cotangent
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exists within the FORTRAN compiler.

From the above relationships there are circumstances that
can generate some interesting computational instabilities when
the zenith angle is large (i.e. small [? ). For example, consider
a site at 70 degrees North on July 24 (¢ = +20). In this
instance the times of sunrise and sunset are defined but the
solar trajectory 1is such that the sun maintains small solar
altitudes for a considerable time period (see the soclar path
diagram provided by List, 19466, 5@04). Thus, as the sun lies just
above the horizon, the extraterrestrial flux is small and the
global radiative receipt on the horizontal correspondingly
reduced. However, assuming a small solar altitude, for example,
of @.2 degrees (zenith angle of 89.8 deg.) and a site inclination
of 9@ degrees facing toward the sun, i.e. east at sunrise, the
tangent of this angle is very small. Conseguently, the cotangent
function defines &a very large number, and when the numerical
value of the shape factor is determined and multiplied - to the
direct beam received on the horizontal, the result is a value
that exceeds the extraterrestrial flux which, of course, 1s not
possible. Thus,; the solar disk needs to be positioned at least 1
to 2 degrees above the horizon ( at 1 = 9¢ deg.) Tfor 3.2 to
execute satisfactorily. For the rare instances when this
particular set of relationships develop, these idiosyncrasies are
overcome by not allowing the result of the cotangent function to
exceed a value of 2 and by specifying that the computed direct
beam received at the surface cannot be greater than the
extraterrestrial flux.

END OF SECTION 3.
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SECTION 4.

The daily totals are obtained by summation of the area

under the curve as described by the computed values of K} , D,

S, K#, K} and Kex. The summation interval is the time increment

(TINC) selected by the user for the computation of instantaneous

" values. The conventional backward differencing summation

procedure for determining the area contained within a specific
curve is graphically presented in Diagram 1. ‘ ‘

curve=f(x) where x=£(S,D,K*,K} ,X},Kex)

Solar Noon -\\‘\\\“

Area

Overestimatio7h

S0 Area
— ; Underestimation

Nf'\

! ——— e e et
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=

Q siitninn

] R3 e

c

g
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m rea -

Ry o
] 52 ‘
S o s Astronomical
Astronomical g Sunset
Sunrise dmmmm 4 paEm \\\
A R \
T T T
\T, T, T3 t I2+yAT t-2+yAT T Program/
Computed . Termination at
Sunrise ) T> Astro. Sunset
TIME ————

n
Thus, for the total area: = % J[<Xi>At
i=1

From the above diagram, however,; it can be seen that direct
application of this procedure would lead to an overestimation of
the exact area during the morning hours and underestimation for
all times past solar noon. Should the curve be symmetrical around
solar noon this over- and underestimation error would be
offsetting and ihe generated result reliable. However, there are
several conditipns under which this procedure could lead to
substantial erraor. For. example, if the computed curve were

DIAGRAM 1.
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asymmetric such as that generated for a site with an
inclination and azimuth of 68 and 270 degrees respectively, the
bulk of the radiant receipt would occur in the hours following
solar noon and the integrated daily total would effectively be an-
underestimate. Similarly, should the site be topographically
confined and the curve truncated such as Examples 3A and 3B
(page 73), again, the result could be erroneous. Note also, that
the diffuse component will remain unaffected by this summation
‘error as the assumption of isotropy ensures that the diurnal
distribution of diffuse radiation is always symmetrical around
solar noon. ‘ )

To reduce the magnitude of this possible error the computér
routine estimates an intermediate value between consecutive
instantaneous values (i.e. point P’4 on Diagram 2 where P’4 =
(P3 + P4 )/ 2.0). This approximated point is given as R’4 on the
ordinate. Thus, for each column, part of the area is effectively
overestimated and part underestimated generating a result that is
perhaps more sensitive to the specific characteristics of the
computed curves.

!

Solar Noon ——

Ares

Overestimated
~
1
£
E Area

Underestimated

8 R \
S | -
o~ | .
ke . N
: -
;‘ ---------- .
3 l -{
H ........... e

To T4 Tq I3 T4 n - | h

Units: A % B
. " hrs Wm'zvm A
(s % & s-Ti2)/10 g s
= MJ m~2 (dav)
DIAGRAM 2

It should alsc be apparent that summation error can be
reduced through the selection of a small time increment (hence
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ijteration interval). The smallest unit of time that the program
will accept is 1 minute { maximum not to exceed 6% mins).
However, this leads to a lengthy execution and printout time. In
addition, the resolution of the generated data would likely be in
excess of that required by the user for most purposes. It should
also be noted that the units of output are Megajoules per sguare
meter per day and not watts per sguare meter as for instantaneous
values.

As an analytical solution to the equations that govern the
daily total of extraterrestrial radiation exist, it 1s possible
to gauge the accuracy of the computer generated daily totals.
From Egn. 1.1

Kex = Io (d/d'>2003 V4

integrating from sunrise to sunset yields

SS SS

'

Koy dt = 10(9z) [cosz dt
SR SR

-2
As the values of both Io and (d/d) are constant they can
be placed outside the integral. In integrated form

\2
Kex(to‘m) = %2:5— {H sin QZS sin’)’ + COS ¢ eos’)/ sin H}
" 4.1

where the numerical value of the denominator is half the angular
velocity of the earth and, H hHhas been previously determined by
Egn. 1.6 and must be specified in radians for the first position

within the parenthesis (see Sellers, 1971, 16).

Comparison of the computed result for Example 1. (page 65)
to the analytical solution (4.1) indicates only a ¢.917 Megajoule
difference for an iteration interval of 3¢ minutes. Thus, for
most purposes, the summation procedure as used within this
program appears adeguate and can be expected to generate reliable

results for all but the smallest of areas bounded by a specific
curve.

END OF SECTION 4.
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The following discussion on the Davies. et.al. (1975)
shortwave radiation model is intended to present only the most
elementary components of this scheme. The theory, development and

testing of this radiative transfer model is definitively
presented in the original publication and will not be reiterated
in this section. The user is strongly advised to consult this

reference to understand the nature and limitations of this
particular model.

The model proposed by Davies, et.al (1973) has been selected
as the basis of this program for its apparent reliability over a
wide range of geographical and atmospheric conditions. In
addition, the ease to which a variety of user options can be
incorporated into the basic construct makes this an excellent
format for. a user oriented instructional computer program.

Developed and initially tested for stations on and around
Lake Ontario, Canada, this model expresses the surface radiative
receipt as the product of atmospheric transmissions. Based
-largely upon the earlier work of Houghton (1954), three primary
expressions are used to determine the amount of radiation
received at a given site. For the diffuse, direct and global
radiation these expressions take the form

D = Jo (d/a' >2 cos”Z \Ifwa \‘.LGa (1-0 - g-[,ws g-jrs \de)/é-o ‘ 5.1

S = Io (d/J)chSZ \Ifwa\lfaaqfrs%s\lfws

5.2
-\2
K‘horz lo (d/d> cosZ \I/wa\I[da (‘@rs \Ifws \I/'ds +1 )/2.0 5.3
where ws water vapor scattering
wa water vapor absorption
qy da aerosol absorption
ds aerosocl scattering
rs Rayleigh scattering
’ -2 - . -
The quantity (d/d) was not presented in the original
equations but its inclusion here is considered expedient. In
addition, the global radiation (K{ ) is that received on the
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horizontal and, should any adjustment to the direct or diffuse
beam (i.e. allowance for site inclination ) be required, the
value of K& as determined by 5.3 1s inappropriate. However, due
to the direct relationships that exist between the components of
these particular eguations it can bee seen that the value of Kl
as determined by the @ sum of Egn. 5.1 and 5.2 1is egually
reliable. Thus, Eguation 9.3 has neoct been explicitly included in
the FORTRAN program and for all values of global radiation the
relationship Kl = (8 + D) is applied.

Primary assumptions inherent in the Davies et.al. model
include: absorption prior to scattering, half of the scattered
radiation reaches the surface and half the dust depletion is due
to absorption (Davies, et.al, 1975, 3). Approximating Houghton’s
transmission curves the values of these variables are given as

Vs = 1.0 —0.025wm

\Ijrs =0.972 — 0.08262m + 0.000933m?2 - 0.00095m3 + 0.0000437m*

Uwa = 1.0 - 0.077 (wm)“

where m is-the optical air mass
w the precipitable water

For the dust transmission

\I&>==ﬁphaﬁphs = an

wHere the turbidity (transmission) factor, K , was allowed to
vary between ¢.88 and ¢.98.

To these fundamental equations have been added a variety of
theoretical constructs necessary to generate reliable and
realistic estimates of solar radiation at a specified site.
Although several of these options have been included 1in the
initial work of Davies, et.al.(1973), for purposes of discussion
and information continuity, they have been isolated and included
in the following section. ‘

END OF SECTION 5.




In addition to the inclusion of the earth/sun correction
factor and adjustment due to site inclination and azimuth, a
variety of wuser options have been integrated into the basic

radiative transfer scheme. These options are expressions that
' have been developed to account for the known physical properties
of the radiative environment and their inclusion into the program
provides the user with the capacity to test the sensitivity of
these elements through the generated results. As these options do
not necessarily occupy any specific hierarchy within the FORTRAN
program they are not preferentially listed.

A more basic body of information for each of these variables
has been included 1in the solar radiation program and can be
invoked by selecting Option 2 of the data entry seguence. This
option and other user facilities are explicitly discussed in
Section 8 of this manual.

6A. TIME INCREMENT. (Dption 4.)

The user selected time increment determines the number of
times the radiative data will be computed over the time from
sunrise to sunset. For example, if the daylength is 1@ hours and
calculations are required at 5 minute intervals then the model
will iterate 120 times. The minumum input that the model will
accept is ! minute and any value can be entered up to and
including 60 minutes. It should also be noted that for increments
of 5 minutes (i.e. 1,5,10,15,20 ... &0) the computed values will
always be centered around solar noon.

6B.PRECIPITABLE WATER. (Option &.)

I¥f all the water vapor in a column of air directly above
the study site could be condensed, the actual depth of water
cbtained defines the precipitable water. Various chart methods
have been developed to provide a general measure of “the
precipitable water if appropriate information about the state of
the atmosphere is avallable (see List, 1966, 3273 Berry
et.al.,1973, 392 and 1020). Also, if radiosonde data is available
an exact measure of the atmospheric moisture can be obtained.
Generally, under conditions of clear sky, the amount of
precipitable water can reasonably be expected to vary between .2
to 10.6 centimeters. Davies et.al (1975, 43) found the
precipitable water to vary between 6.2 and 3.9 centimeters for
over 99% of the clear sky days monitored during the study period
from which the basic radiation model was developed.

Various expressions have been developed that use more

readily available data to obtain a measure of the precipitable
water. Reiltan (1963) developed a well-used expression that
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relates precipitable water to the surface dew point temperature
(useful 1f monthly climatological summaries are availlable). Also,
as Reitan’s regression equation was developed using data gathered

from 15 stations over the continental United States, it 1is
possible to obtain an indication of the geographic variability
and ranges of precipitable water from this reference. 0Other

investigators such as Idso (197@) and Hay (1978) have attempted
to relate precipitable water to surface humidity. Again, the user
should consult these references if the necessary data is
available and some absolute measure of the precipitable is
required.

It should also be noted that the radiation model can be used

to determine the value of a single variable. For example, if
measured radlative.data exists and the other variables required
for model input are known with some confidence, the value of the

variable (i.e. precipitable water) is isolated when the measured
and computed curves converge.

The atmospheric transmission factor, K , can be expected to
vary between 0.75 and ©.98. Davies evaluated the model over a
range of tftransmissivities (©.88 to 9.98) with best results
achieved as the transmissivity approached @.88 ({Davies, et.al.,
1975,38). " The original value accepted by. Houghton for the
determination of the transmission curves was .95 (see Davies
et.al, 38). However, this variable can be expected to vary

considerably in time and space and ,therefore, represents one of
the 1less definable inputs to the FORTRAN program. As previously
suggested; it is possible to use the FORTRAN program to converge
upon an appropriate value.

6D. ADJUSTMENT FOR SITE ELEVATION. (Options 7 & 8.)

The effects of site elevation (or pressure) are incorporated
somewhat indirectly, although very effectively, into the
radiation model through adjustment of the optical air mass by
the ratio of the site pressure to the average sea level pressure.
Thus

ms=mg * (Bé%>

6.1
where m ad justed value of the optical zir mass
mg cea level optical air mass (computed by 4.5 or 6.6)
P atmos. pressure (mb) of the site under investigation

Po @average sea level pressure (1813.25 mb)
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Although only a measure of the pressure is required as model
input this gquantity can also be considered a surrogate for site

elevation. The relationships that exist between elevation
{height) and pressure are conventionally developed through
appropriate substitution into the hydrostatic equation. In

standard form

B = - po = - Vb

atmospheric pressure 6.2
height (meters)

air temperature (Kelvin)

Universal gas constant (288 J kg~! k™)
acceleration of gravity (9.80665 m s-2)

density of the atmosphere

where

DY TH4NT

By making certain assumptions about the "average" state of
the atmosphere and accepting general values for the constants,
the association between the elements expressed in Egn. 6.2 gives
rise to what 1is known as the U.S5. Standard Atmosphere. For
complete derivation of the following equétions and determination
of the constants the user should consult Berry et.al (1978, 371~
374). By integrating Egn. 6.2 the relationships between
pressure and temperature can take the form

. g/ .
p = ﬂ,(LO - ;;T> /¢h7

where - :

Fo average surface pressure (1013.25 mb)

To are average surface temperature (288 K)
n - the dry adiabatic lapse rate (0.65 deg. m~1)

z the elevation in meters of the point for which an

estimate of the pressure is required.
Solving for pressure at height, z yand with standard values

for the variables

(9.8066/ (287 o.ooes)

0.00652
_1013.25 (1.0 - 0:00852)
p =1013.25 (1.0 588
Thus, for an elevation of 3,000 meters the atmospheric pressure

becomes

5.2568

0.0065*3000 )

p=1013.25(1.0 - 2222

= 700.87mb.
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By solving equation 6.3 for height (z) we can use this
general construct to compute site elevation using pressure as

input. Thus:
z = n’(géhi.‘ Béb/ -1 )

n

By wusing equations &.3 and 6.4 the solar radiation program
gives the user the option of entering either the site elevation
or scite pressure. The computer will, in turn, compute an
estimated elevation or pressure depending upon the 1nput {see
output of user options on pages 65 and 73).

If necessary, the conversion from feet to meters can be
undertaken by setting 12 inches equal to @.3047 meters. Thus 3000
meters is equivalent to 9843 feet. For general reference a table
of pressure/height values computed using Egn.6.7 has been
included in the Appendix (page 1©85). : :

6E. SURFACE ALBEDO. (Option 11.)

A measure of the surface albedo (or surface reflection
coefficient) 1s essential 1in determining the net shortwave
radiation (K*¥) and for the additional radiative contribution due
to backscatterance. If measured data is not available many
standard texts provide a listing of generally accepted values and
ranges of the albedo for various surface types (i.e. Monteith,
1973, Chap.S55 0Oke, 1978, 155 Sellers, 1972, 29). Perhaps the most
complete compilation is that of List (1966, 442-443). For user
convenience a listing of surface refelection coefficients for a

variety of surface types has been included in the Appendix (page
123).

The shielding effects of the surrounding terrain are
incorporated into the model through the relationships that exist
between the user-specified terrain elevation (TOPM and TOPE) and
the time—- dependent computer generated zenith angle. 0Only the

direct beam receilipt is altered as the isotropic assumption Tfor
diffuse radiation results in a diurnal distribution that remains
unaffected by obstruction of the solar disk. The diagram below is
intended to approximate the conditions presented in Example 3
{page 73) and the FORTRAN syntax can be found between lines 835
and 841 of the computer program.

Example cont’d
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where the angles

skyline elevation for sunset (TOPE)
zenith angle for times prior to solar noon

Iﬂ1 skyline elevation for sunrise (TOPM)
2
1
2 zenith angle for times past solar noon

The position of the solar disk in the sky is defined by the
solar zenith angle. At solar noon the the zenith angle is zero
and increases as the solar disk approaches the horizon for both
sunrise and sunset. The opposite of the zenith angle, /3 , is the
actual angle of the sun above the astronomical horizon (i.e.
horizontal surface without surrounding terrain). Thus from the
above diagram it is clear that i1f the zenith angles, centered
around solar moon,; are greater - than either I1 or I; then the
solar disk lies below the visible horizon.

From the above diagram and with reference to the solar path
diagram included with Example 3, the computer iteration
‘procedure can be generalized as follows

4

."79; /9;

-—————— horizontal surface
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Therefore, if

B, > s=o0
[3.< I, s=0
p.< I, s=o0
[, >1, s=o0

Thus, . for the morning hours, the direct beam radiation is set
to =zero as long as the computed angle of the solar elevation is
less that the angle specified by the user for the skyline of the
surrounding terrain (TOPM). Similarly, for times past solar noon,
the the direct beam is set to zero only when the solar elevation
is less than the user specified skyline (TOPE).

~ Sunrise to Noon

— Noon to sunset

It should also be noted that, if the effects of the
surrounding terrain upon radiative receipt are required, the user
selected time increment (TINC) is important in determining in the
J computed time of direct beam receipt on the surface. For example,
S if the time increment selected was 68 minutes, the range of
%, zenith angles through which the sun would move between
W¥ consecutive instantaneous computadations is greater than for a time
) increment of 10 minutes. Thus, a smaller time increment will
;? produce results that are more sensitive to the exact
¥
i

|
JH) gspecifications of the skyline elevations (consult Example 3A).

&6G. ATMOSPHERIC REFRACTION (Optical Air Mass). (Option 14.)

The optical depth (or optical thickness) of the atmosphere
can generally be interpreted as the path length from the edge of
the atmosphere to the site for which calculations are being made
as taken by the direct solar beam. Thus, this "length" is related
to the zenith angle, for when the sun is low on the horizon the
depth of the atmosphere through which the direct beam must travel
is greater than if the sun were positioned directly overhead. The
most staightforward and conventional expression for the optical
air mass 1s

1.0/
m=secZ = /cosZ . s

The latter expression is necessary as no intrinsic function
for the secant exists within the FORTRAN compiler. Thus, the
"length”" is in reality & ratioc of the actual path length at some
point in time (as determined by the zenith angle) to the value of
this function when the sun is directly overhead. The optical air
mass is, . therefore;,; a dimensionless quantity for when the-sun is
directly above the site (zenith angle of zero)

1.0/
m= secO = /COSO = 1.0

"The numerical value of the optical air mass iss therefore,
greater when the sun is positioned near the horizon. However, at
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large zenith angles the value of m as determined by Egn. 6.5
becomes wunrealistically large and, to avoid computational
instability in the FORTRAN model, an upper limit of 186.86 is
specified. ' '

An alternative to the somewhat simple construct of Egn. 6.8
has been presented by Kasten (1966). As the secant format 1is
purely geometric, no allowance is made for the known effects of
atmospheric refraction which effectively makes the solar disk
appear above the horizon prior to the time of computed
astronomical sunrise and past the time of computed sunset. To
include refractive effects the expression for the optical air
mass becomes

-1.0
- 1.253

m={ cosz+ 0.15(93.885 - Z )
‘ | 6.6

Again, to avoid computational instability, an upper limit of 10.0
1s specified. The FORTRAN syntax for the above expressions and
their position in the computer program can be found between lines
B9% and 822 of the program listing.

6H. BACKSCATTERED RADIATION. (Dption 135.)

Suckling and Hay (1976) suggested that the diffuse
component of the radiative balance is augmented by a small but,
on occasion » significant component of diffuse radiation that is
effectively scattered back from the atmosphere toward the surface
after initial surface reflection. That is, a proportion of the
reflected radiation (K}t ) is in turn scattered back toward the
surface and becomes part of the total diffuse irradiance. In
keeping with the Davies et.al format, this additional term can be
expressed

Db==<>((S+ID){}IQm\l%a(LO ‘\;@sqhs\l%SX/éis

Where all the qyé have been defined through Eqns. Sa and Sb but
are evaluated with the op%tical air mass, m , fixed at a value of
1.66. Although this approach has the potential for multiple
reflections only the first component of this backward directed
radiation is accounted for. Thus

Db =(S+D)/j/(1.0 —/7)

6.7

e {04 Wia Vaa (1.,0 — Wins Ws Vs )}/2-0 6.8
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The total diffuse radiation received at the site, therefore,
becomes the sum of the diffuse component initially determined by
5.1 and the additional contribution as determined by 6.8. Thus

D + Db
tot |
and K} = Dioy + S | 6.0

This user option is positioned in the FORTRAN program between
lines B42 and BS6.

END OF SECTION 6&.
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The FORTRAN solar radiation program.
Filename = S50LAR.FOR

Only & partial listing of the solar radiation program has
been included in this manuscript. The intention is to present
only the FORTRAN statement lines that involve the primary solar
radiation generator. The total program consists of 1294 statement
lines and regquires 27 pages for a complete 1listing. Should a
program printout be required the user should refer to the
technical information provided on page 168 or the appropriate
section of the MICROSOFT FORTRAN manual. '
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SHORTWAVE RADIATION MODEL

| Variable
FORTRAN Field Type

Variable Symbol Name & Length Units
Latitude ————————~———v gb " PHI (PHIR)+ *  Fé&.2 Deg.
Declination —-—=—===——= Y DEC (DECR) * F5.1 Deg. -
Earth/Sun correction — (d/d) EDIST FB.6 -
Time increment ——————- t TINC 12 ' Mins.
Atmos. Transmission —— K K Fa.2 -
Precipitable water —--- W W Fa.2 - Cm.
Atmospheric Pressure - p PRES F7.2 Mb.
Site Elevation —-—————-— z ELEV ; F&.2 M.
Slope of Site ———————-— 1 ASLOPE (SLOPE) F4.1 Deg.
Azimuth of Site —————-— Az AZZ (AZIMTH)Y # FS.1 Deg.
Site Albedo —————————- & ¢ ALBEDO Fa.2 1gths
Horizon Elevation
at Sunrise ——————————-— - TOPM (TOPMR) Fa.l Deg.
Horizon Elevation _
at Sunset ——-——————-——- ~ TOPE (TOPER)Y =~ F4.1 Deg.
Backscattered radiation - IHAY ~ Il -
Atmospheric refraction - KAST ~ I1 -
Solar Path Calculation - I1s0L ~ “I1 -

Time Increment for

T -Solar Path Calculation - ISOLT I2 - Mins.
3 + Variable names i1n parenthesis are radian egquivalents as
% created within the program.

* All wvalues south of the eguator are to be preceeded by a
negative sign. i

Cont’d




# Specified as clockwise from north (368 or @) through east (98).

~ ODOptions: 8=N0; 1=YES.

Upon data entry the field type and length should be strictly
adhered to or compiler error can result. Should an entry error be
made the system prompt, B >, will appear. At this point the
complete data entry sequence will need to be repeated. A complete
printout of the data entry sequence is provided on pages 49 and
5@. Error codes and reentry procedures are outlined on page 53 of
Section B.

For each user option the field type and length is identified

at the point of entry. The wvariable +to be entered will
additionally be indicated by a line that will appear as "————.-"
which serves to specifically define the wvariable 1length, the
number of decimal places and the position of the decimal point.
An entry specified, for example, by F&6.2 ( F denotes a real
number ; I for integer) six positions have been allocated for the
input. The last two positions contain decimal places, the third

for the decimal point and the remainder for &all other data
including the negative sign where necessary. Note also that the
input 1is always right justified and; for those positions not

required to contain a value, a zero or a blank (usually indicated
by b ) is.the only acceptable input.

34,



I p Line# 1

- .
QO9oNo UMW
0

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

&62
663
bbG
665
bbb
667
668
669
78 C
671
&72 C

661

=

8

&70
3

19

336

Gsolar Radiation Model. Mountain (19864) Page -1 RR

19-12-86
CP:08:14
7 . Microsoft FORTRAN77 V3.3@0 March 1983

1 $title:’Solar Radiation Model. Mountain (1986)°
2 $storage:2

PROGRAM Solar

REAL KEX,ID,K,M,KEXINS,PRES;PHI,PHIR

REAL H,NETOT,NLGTH,NAREA,NET,NETP,KEXP

INTEGER ATINC, HELP, START, OPT

SET UP PROGRAM HEADINGS

WRITE(#,3)

FORMAT(2X,71(>~") //1@X,’A CLEAR SKY SOLAR RADIATION GENERAIDR’/ -
*16X,’FOR THE PERSONAL COMPUTER’ //4@x,’Created by: KEITH R. MOUNTA
#IN. ?//40X,’(C) Department of Geography’/ :
*#3%9x%x,’Portland State University. 1986.°//2%x,71(>=?)/)

WRITE(%,8)

FORMAT (> ’,1@8X,’There are two ways to enter this program:?*//
#¥15x,°1., If you are familiar with the data entry sequence and?’/
*¥1B8x,>the nature of the variables then just ENTER the NUMBER 1.°//
#13x,’2. If you would like additional information on the’/
#18xs’variables and how to enter your choice ENTER the NUMBER 2.7)

WRITE(*,9)

FORMAT (1x,14X,”_*/1X,”’ENTRY NUMBER =’\)

READ(%*,4) START

FORMAT(I1) .

IF( START.ER.1) GO TO 670

IF(START.EQ.2) BO TO 671

WRITE(%,3)

FORMAT(1X,71(°=")//)

WRITE (*,10)

FORMAT (2X,’Enter site latitude (F6.2).7/8X,’ . /1%, ’ENTRY =7

} Input options & help routjne_s

WRITE (%,594)

594 FORMAT(15X,’To PRINT the data:’//

¥15x, ’Press the CONTROL (CTRL) key and, while holding it down,’/
*15%, ’press the PRINT SCREEN (PRTSC) key. Release both keys and’/
*15x, ’press the ENTER key. Make sure the printer is switched ON.7/
¥/15%x,°To STOP PRINTING repeat the above sequence.’/8x,’_7;

*/1xs ’ENTRY..7\) : :

READ(%,336) IRUN

FORMAT (I1)

SET UP CONSTANTS AND RADIAN CONVERSIONS

555 CONTINUE

35



673
674
675

C 676

677
678
&79
680
681
682
683
684
685
686
687
688
689
670
691
692

693

694
6935
696
697
698
699
700
71
702

- 703

704
703
786
707
708
739
710
711
712
713
714
713
716
717
718
719
728
721
722

- 723

724
723
726
727
728

D Line# 1

c

c

@)

Splar Radiation Model.

120
880

606

615

=17}

S1

Se

33

Mountain

(1986)

7
: API = 3.141592654
RAD = API / 1B®.0
APID = 1B@.@8/API
PHIR = PHI * RAD
DECR = DEC # RAD
10 = 1353.0
IP = @
HELP = &
OPT = 2
TOPMR = TOPM % RAD
TOPER = TOPE * RAD
DHOUR = 15.8 * RAD
BETAP = 0.0
Si.OPE = ASLOPE % RAD
AZIMTH = (AZZ * RAD ) - API
IF(PHIR.G6T.1.57079) PHIR = 1.57079
IF(PHIR.LT.~1.57879) PHIR = —-1.57079
CALCULATE TIMES OF SUNRISE AND SUNSET
AC = - TAN(PHIR) #* TAN (DECR)
IF(AC.LE.-1.0) GO TO 110
IF(AC.GE.1.0) GO TO 110
AC = ACOS(AC)
SR = 12.8 - ((AC * APID) / 15.0)
88 = 12.8 + ((AC * APID) / 15.9)
GO TO 120
SR = 0.0
5SS = 9.0

ROUTINES TO COMPUTE PRESSURE OR ELEVATION

continue
IF(IOPT.EQ.1)

GO TO 686

COMPUTE ESTIMATED ELEVATION

ELEV =
ELEV
ELEV = ELEV =*
G0 70 615

(—-1.

CONTINUE

2)/0.0065
2)

COMPUTE ESTIMATED PRESSURE

((B.0865 * ELEV

PRES = 1. -

PRES = PRES *%x 5.2568
PRES = 1013.25 * PRES
CONTINUE

IF(OPT.LT.2) BO TO

WRITE OUT INPUTS
WRITE (%,39)

FORMAT (24X, ’USER SUPPLIED OPTIONS’/24X,21(°~7))

222

WRITE(%,51)

FORMAT (@’ ,20X,’Latitude of site ——————————--—- =

WRITE(%*,52)

FORMAT(21X,’Declination of site —————————ve-

WRITE(%*,53)

FORMAT(R1X,’Time increment four calculations

WRITE(%,54)

PHI

DEC

ATINC

EDIST

36.
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((PRES/1013.25)%%8.19303)~-1.0
(ELEV + 288.

)/288.8)

*yF6.2,° Deg?’)
s F&.2,7 Deg.?)
>, 12 y? Mins.?)
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16-12-86
\ . 90:08:14 .
1D Line# 1 7 Microsoft FORTRAN77 V3.3@ March 1985
729 S4 FORMAT(21X,’Earth/sun correction factor ———— = ’, FB.6,)
738 WRITE(%,55) K
731 5SS FORMAT(2FEX, ’Atmospheric transmission ——————— =7, F3.2," 10ths’)
732 WRITE(%,36) W
733 56 FORMAT(21X,’Precipitable water —-—-———————=——- = ?, F5.2,” Cm.”)
734 IF(IOPT.EQR.1) GO TO 687
735 WRITE(%,37) PRES
% 736 57 FORMAT(21x,’Atmospheric pressure ——————————=— =7, F7.2,” Mb.")
k] 737 WRITE(*,688) ELEV -
738 &8 FORMAT(21X,’Estimated elevation ——-————————~ = 7, F&6.1,’ Meters”)
739 GO TO 619
740 687 WRITE(*,611) ELEV
741 611 FORMAT(21X,’Elevation of site ————————-——— =’y F6.1,° Meters?’)
742 WRITE(*,612) PRES
743 612 FORMAT(21X,’Estimated site pressure ———————- =7, f7.2,> Mb?)
744 610 CONTINUE
745 WRITE(*,58) ASLOPE
746 58 FORMAT(21X,’Inclination of slope -—————————=— = ’, FS.1,’ Deg.’)
- 747 WRITE (%,39) AZZ
748 59 FORMAT(21X,’Azimuth of slope —————————————= = ’, FS5.1,” Deg.?’)
749 WRITE(*,68) ALBEDO
758 &0 FORMAT(21X5;’Albedo of site ————————"——=-—>—- =7, F4.2,° 108ths’)
751 WRITE(*,62) TOPM . :
752 62 FORMAT(21X,’Elevation of skyline for sunrise = ’, F5.1,’ Deg.?”)
753 WRITE(*,63) TOPE ,
754 63 FORMAT(21X,’Elevation of skyline for sunset = ’, F5.1,° Deg.’)
755 WRITE (%*,64) KAST
736 64 FORMAT(21X, ’Atmospheric refraction ————————= =7, 13
757 WRITE (%,66) IHAY
758 66 FORMAT(21X,’Backscattered radiation ~-—————- =7, I3
739 WRITE(*,67) SR
768 &7 FORMAT(21X,’Time of SUNRISE ———————————————~ = ?,F6.2,1X, "Hrg?”)
761 WRITE(*,68) SS .
762 68 FORMAT(21X,’Time of SUNSET - ————————————m—— = ’,Fb6.2,1X, Hrs’/)
763 C \
764 IF(IX.ER.18) GO TO 222
765 IF(IRUN.EQ.1) GO TO 222
766 C WRITE OUT HEADINGS
767 WRITE(%*,69)
768 69 FORMAT(® >, SX,’TIME’,4X,’DIRECT?,4X,’DIFFUSE’,;4X,°GLOBAL?,4X,
769 **’REFLECTED? 4 SX s >NET? ,SX, EX.TERR.>/6X54(>=?),4X,6(?="),;4X,
77¢ *¥T7(7=7)54X36(7=7),4X,9(7=7)45X,3(’~?),3X,8(>-?))
771 C
772 C INITIALIZE TIME INCREMENT - VALUES WILL PASS THRO. SOLAR NOON
773 SR = IFIX(SR)
774 DAYLTH = (12 - SR) * 2
773 ITER =(DAYLTH * (&68/ATINC)) + 1
776 AA = FLOAT(ATINC)
777 TINC = AR/ 60.0
778 AB = SR — TINC
779 C
789 DO 888 I = 1,ITER
1 781 TIME = AB + TINC
1 782 C CALCULATE THE HOUR ANGLE AND CONVERT TO RADIANS
;1 783 H = ((12.8 - TIME) % 15.0 ) % RAD
1 784 C CALCULATE COSINE OF THE ZENITH ANGLE

37.
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D Lirne# 1 7 Microsoft FORTRAN77 V3.30 March 1985

1 783 CO0zZ = (SIN(PHIR)* SIN(DECR))+{(COS(PHIR)*COS(DECR)*COS(H))

1 786 IF(COZ.LE.®.2) GOTO 2990 ‘

1 787 C

1 788 C CALCULATE INSTANTANEDOUS VAL UES OF KEX

1 789 KEXINS = I0 * EDIST* COZ

1 799 AKEXL = TINC * 3600.0

1 791 AKEXA = AKEXL * ((KEXINS + KEXP)/2.0)

1 792 KEX = AKEXA + KEX

1 793 KEXP = KEXINS

1 794 C

1 795 C REQUIRE THE ZENITH ANGLE

1 796 IF(C0z.6T7.1.9) COZ = 1.0

1 797 Z2 = ACOS( C02)

1 798 IF( 2.LE.2.9) 2Z2 = 0.0001

1 799 C COMPUTE SOLAR AZIMUTH ANGLE

1 800 A = SIN(DECR) * COS(PHIR)

1 801 B = COS(DECR) * SIN(PHIR) * COS(H)

1 8o C= (A - B)Y/ SINZ)

1 803 IF(C.GE.1.8) C = 1.0

1 804 IF(C.LE.-1.92) C = —-1.0

1 805 AZSUN = ACOS(C) .

1 806 C TEST FOR AZIMUTH AT TIME LESS THAN 12.0

1 8ag7 IFKTIME.LE.12.8) GOTO 139

1 8@8 AZSUN = (2.9 * API) - AZSUN

1 809 138 CONTINUE

1 810 C OPTICAL AIR MASS BY THE EQUATION OF KASTEN (1966)

1 811 IF(KAST.EQ.®) GO TO 140

1 812 . M= C02Z2 + ©0.15 * (93.885 - ( Z2 % APID)) %% (-1.253)

1 813 M =M *x%(-1.0)

1 814 IFIM.GT.10.0) M = 10.0

1 815 GO TO 159

1 816 C

1 817 C COMPUTATION OF OPTICAL AIR MASS AS FUNCT. ZENITH ANGLE

1 818 149 M = 1.0/C02

1 819 150 CONTINUE

1 820 C ADJUST OPTICAL AIR MASS FOR ATMOSPHERIC PRESSURE

1 821 M =M% (PRES/1013.25)

1 822 IFMM.GT.10.86) M = 190.0

1 823 C

1 824 C BEGIN DAVIES ET.AL. COMPUTATION

1 823 PSIRS= ©.972 - 0.08262%M+0 . 00933 ¥M*xM-0.BBBFSEMxM*M +

1 826 *0 . DOPBGI7¥M¥EMEM*M

1 827 PSIWA = 1.0 ~ ©0.077 *(W*xM) %xx0.3

1 828 PSIWS = 1.0 — (B.0225 * W * M)

1 829 Q@ = K #*¥ M

1 830 : ALPHA = SART (Q)

1 831 PSIDS = ALPHA

1 832 PSIDA = ALPHA

1 833 DIRECT= ID * EDIST % COZ * PSIWA * PSIDA * PSIWS*PSIRS*PSIDS

1 834 DIFUSE=0.S*I0O*EDIST*COZ*PSIWA*PSIDA* (1 ., 0-PSIRS*PSIWS*PSIDS)

1 835 C .

1 836 C TERRAIN OBSTRUCTION (DETERMINES IF DIRECT BEAM IS SET TO ZERD)

1 837.C CALCULATE ANGLE BETWEEN SUN AND HORIZON (BETA)

1 838 : BETA = (API/2.0) - 2

1 839 IF(TOPMR.GE.BETA) DIRECT = 9.0

1 B840 IFKTIME.LE.12.9) GO TO 155

38.
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B41 IF(TIME.GT.12.0) TOPMR = 0.0
842 IF(TOPER.GE.BETA) DIRECT = ©.0
843 C
844 C SUCKLING AND HAY MODEL (OPTIONAL)
B45 155 IF(IHAY.EQR.®) GOTO 16&@
B4b M= 1.66 ¥ (PRES5/1013.25)
B47 PSIRS =0.972-0.08262%M+0 . 30933 *Mx%x2—0 . PO0PFS*xM* %3+, DOPGBLI 7 %MK x4
848 PSIWA = 1.0 — @.077%(W*M)%%0.3 ‘ ~
849 PSIWS = 1.0 — (@.0225%WxM)
850 D= K ¥ M
851 ALPHA = SQRT(Q)
852 PSIDS = ALPHA
853 PSIDA = ALPHA
854 RHO = 0.5 *ALBEDO*PSIWA*PSIDA*(1.0-PSIWS*PSIRS*PSIDG)
855 DIFHAY = (DIRECT + DIFUSE) % RHO/(1.0 -~ RHO)
856 DIFUSE = DIFHAY + DIFUSE
857 C
858 C BEGIN COMPUTATION FOR INCLINED SURFACES
859 160 A = (COS(SLOPE/2.8))%%2 % DIFUSE
860 B = (SIN(SLOPE/2.@))%* 2 %ALBEDD *(DIRECT+DIFUSE)
861 - DIFUSE = A + B
go2 C ‘ :
863 C CALCULATE DAILY TOTALS OF DIFFUSE RADIATION

- BbY DLGTH = TINC * 34600.0
865 DAREA = DLGTH * ((DIFUSE + DIFP) / 2.8)
866 DTOT = DAREA + DTOT
867 DIFP = DIFUSE
868 C
869 C DETERMINE AZIMUTHAL DIFFERENCES
870 ' AZDIF = AZSUN - AZIMTH
871 C ‘
872 C COMPUTATIONS FOR DIRECT BEAM ON INCLINED PLANE
873 C GENERATE COTANGENT FUNCTION (1.8/ TAN(X))
874 - COTAN = 1.8 / TAN(BETA)
875 IF (COTAN.GT. 9.0) COTAN = 9.0
876 SHAPE = COS(SLOPE) - SIN (SLOPE) % COTAN *x C0OS (AZDIF)
877 C
878 DIRECT = DIRECT x SHAPE
879 IF (DIRECT.GT.KEXINS) DIRECT = KEXINS
880 ‘ IF (DIRECT.LT.2.8) DIRECT = 0.0
881 C DAILY TOTALS OF DIRECT
g8e SLGTH = TINC * 3&400.0
883 SAREA = SLGTH % ((DIRECT + DIRP) / 2.9)
884 STO1 = SAREA + STOT
885 DIRP = DIRECT
886 C :
887 C DAILY TOTALS OF GLOBAL RADIATION
888 GLOBAL = DIRECT + DIFUSE
889 GLGTH = TINC * 3400.0
890 GAREA = GLGTH * ((GLOBAL + GLOBP) / 2.8)
g1 GTOT = GAREA + GTOT
g GLOBP = GLOBAL
893 C
894 C COMPUTE DAILY TOTALS OF NET RADIATION
895 NET = GLOBAL * (1.¢ - ALBEDO)
8496 NLGTH = TINC % 3400.0

39,
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NAREA = NLGTH # ((NET + NETP) / 2.0)
NETOT = NAREA + NETOT
NETP = NET

COMPUTE REFLECTED RADIATION AND DAILY TOTALS

REF = GLOBAL % ALBEDO
RLGTH = TINC * 3600.0
RAREA = RLGTH * ((REF + REFP)Y / 2.0)
REFTOT = RAREA + REFTOT
REFP = REF
GO 70 17@
S¢® DIRECT = 0.0

DIFUSE = 0.9
GLOBAL = 8.0
KEXINS = 0.0

REF = 2.0

NET = 2.9

PRINT OUT INSTANTANEOUS VALUES
178 WRITE (*,7@) TIME,DIRECT,DIFUSE,GLOBAL,REF, NET,KEXINS
7% FORMAT( SX,FS5.2,3X:F7.2,4X,F7.2,3X,F7.2,4X,F7.2:,4X,F7.2,a4X,F7.2)

AB = TIME
888 CONTINUE

CONVERT DAILY TOTALS TO MEGAJOULES

DTOT = DTDT / 1000000.0

STOT = STOT / 1000000.0 N
GTOT = GTOT / 1000000.0
REFTOT= REFTOT/ 1000000 .0
NETOT = NETOT/ 1000000 .0

KEX = KEX / 1000000.O

WRITE OUT DAILY TOTALS A
WRITE(*,71)" DTOT,STOT,GTO!,REFTOT,NETOT,KEX

71 FORMAT(’@’,18X, DAILY TOTAL OF DIFFUSE RADIATION -- = ’,F&.2,

' *’ MI/mx*2%/
*19X,’DAILY TOTAL OF DIRECT RADIATION ——-
*19x,°DAILY TOTAL OF GLOBAL RADIATION ——-
*19x,>DAILY TOTAL OF REFLECTED RADIATION
*19x,>DAILY TOTAL OF NET SHORTWAVE RAD.--
*19%x,?DAILY TOTAL OF EXTRATERRESTRIAL RAD.
*° MI/m*%*2°//)

>yF6.25,7 MI/mexz”/
TsF6.257 MI/m¥x27/
>sF&.257 MI/m¥xg?”/
*yF&.257 MI/m*¥%27/
>yF6.2,

SET ALL ELEMENTS OF THE INTEGRATED DAILY TOTALS TO ZERO

DTOT = 2.9
STOT = 2.9
GTOT = 0.9
REFTOT = 9.9
NETOT = 2.9
KEX = 0.0
KEXP = ©.0
DIFP = 0.0
DIRP = 8.9
GLOBP = @.08

4a.
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953
954
955
956
957
958
959
P60
961
962
963
P64
965
966
967
968
Y69
Q70
Q71
972
973
974
975
976
977
978
979
9BG
%81
982
983
984
385
986
987
I88
989
eArd]
991
992
923
994
995
996
997
g98
999
1200
1201
1902
1203
1004
1985
1006
1007
1008

c

NETP
REFP

BEGIN ROUTINE FOR SOLAR PATH CALCULATIONS

Mountain (1986)

Page 1B
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]

2.0
2.0

IF(ISOL.EQ.O) GO TO 299

444 WRITE (*,300) :

300 FORMAT(?1’,28X,”S0OLAR PATH CALCULATIONS’/

350

360
323
304
385

386

*29X,23(°~"))
WRITE(%,301) PHI
301 FORMAT(?
WRITE(%*,302) DEC
302 FORMAT(?

CONVERT NECESSARY VARIABLES

PHIR
DECR

>y23X5’Site latitude ——

>,23X,’5ite declination —-—-———

PHI * RAD
DEC % RAD

IF(PHIR.GT.1.37879) PHIR = 1.57079
IF(PHIR.LT.-1.57879) PHIR = -1.

CALCULATE TIMES OF SUNRISE AND SUNSET

AC =

AC

- TAN (PHIR) * TAN (DECR)
IF(AC.LE.-1.8) GO TO 359
IF(AC.GE. 1.0) GO TO 350

SR =

Ss

AZ
AZSR
AZSS
60 70O 3
SR
SS
AZSR
AZSE =
CONTINU

N

SIS S|

il

]

E

0]

S7879

ACOS(AC)

12.8 — ((AC * APID)/ 15.8)
i2.8 + (( AC * ARPID) / 15.0)
ACOS(SIN(DECR) /COS(PHIR))

AZ ¥ APID

360.8 - (AZ * APID)

1]

10/

(0]

9]

WRITE(*,303) AZSR

FORMAT (

E

>,23Xs’Azimuth of sunri

WRITE(%,304) AZSS
>4y23%s’Azimuth of sunset ———-
WRITE(%,385) SR

FORMAT (

FORMAT (

3

>

>4,23X,’Time of sunrise

WRITE(%,306) S5

FORMAT (

E

>,23X,’Time of sunset -

WRITE OUT HEADINGS

WRITE(%,387)

307 FORMAT(’@’,228X, TIME’,5X, >SOLAR AZIMUTH?’ ,4X, >SOLAR ALTITUDE?/

*#23X54(7=7),5X513(7=7),4X,14(7="))
INITIALIZE ITERATION INTERVAL

SR = IFIX(SR)
DAYLTH = (12 — SR) * 2
ITER =(DAYLTH * (&8 / 1IS0LT))
AA = FLOAT (ISOLT)
SOLT = AA/ 60.0
AB = SR - SOLT
BEGIN LOOP

LI.

se —--

+ 1

>3sF6.251%,Deg’)

>sF6.251%,’Deg’)

>

2>

H

yF6.251%5’Deg’)
,Fb.E,lx,’Deg’)

sFb.2,°

sF&6.2,

3

(DECLINATION AND LATITUDE)

Hrs?)

Hrs?”)
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1009
1210
1011
112
1813
1814
1015
1816
1017
1218
1019
1020
1@21
1@22
1223
1224
1925
1026
1027
1328
1829
1330
1031
1832
1933
1834
1935
1836
1937
1038
1839
1040
1841
1842
1043
1044
1245
1846
1847
1848
1049
1050
1051
1852
1853
1054
1855
1056
1057
1958
1059
1060
1961
1862
10863
1864

Solar. Radiation Model. Mountain (1986) FPage 19
i : 1B3-12-86
00:08:14
7 Microsoft FORTRAN77 V3.3¢ March 1985
DO 666 1 = 1, ITER
TIME = AB + SOLT

H= ((12.80 - TIME) * 15.8 ) * RAD
XCOS =(SIN(PHIR)*SIN(DECR)) +(COS(PHIR)}*COS(DECR)}*COS(H))

[ S L N el T i I e e I T T T e

Line# 1

IF(XCDS.LE.®.8) GO TO 365

IF(XC0S.6T.1.8) XCOS = 1.0

Z = ACOS(XC0S)

SOLALT = 908.8 - (Z*ARPID)

AZUM = (SIN(DECR)#*COS(PHIR))—(COS(DECR)*SIN(PHIR)*COS(H)>
IF(zZz.EQ.0.8) B0 TO 379

AZUM = AZUM/ SIN(2Z)

IF(AZUM.GT.1.8) AZUM = 1.0

IF(AZUM.LT.-1.8) AZUM = —-1.0
AZUM = ACOS(AZUM)
GO TO 380

378 CONTINUE
AZUM = 9.0

382 S0OLAZ = AZUM * APID
IF(SOLAZ.GT.0.0.AND.SOLAZ.LT.0.9) SOLAZ= 0.0
IF(SOLAZ.BT.179.5.AND.SOLAZ.LT.180.5) S0LAZ=182.0
IF(TIME.GT.12.9) SOLAZ = 360.80 — SOLAZ
GO TO 392 ’

365 CONTINUE
SOLALT = 2.0
SOLAZ = 2.0

390 WRITE(*,308) TIME,SOLAZ, SOLALT

308 FORMAT(22X,F5.2,8X,F&6.2,18X,F7.2)

AB = TIME
666 CONTINUE
’ HELP = ©

END OF SOLAR PATH CALCULATIONS
200 CONTINUE

WRITE (%, 4809

4PP FORMAT(’®,317X, D0 YOU RERUIRE CHANGES IN ANY OF THE INPUT’/
*14%X,>PARAMETERS? NO=@; YES=1. IF ANS=NO YOU WILL EXIT THE’/
*28X, PROGRAM TO SYSTEM PROMPT: B>.”)

WRITE (%,399)
399 FORMAT(’@7,14X,”_”,/1X, ENTER NUMBER..’\)
READ(%,401) ICH
431 FORMAT(I1)
IF({ICH.EQG.®) GO TO 999
333 IF(HELP.ER.1) GO TO 659
WRITE(%,402)

432 FORMAT(’0°,18X,’TO ALTER THE VALUE OF ANY INPUT OPTION ENTER /

*17X,?THE CORRESPONDING NUMBER AS GIVEN (I.E. FORMAT I2)*)
GO TO 651 '

650 WRITE(*,652)

652 FORMAT(’@°,18X,’Y0OU HAVE REQUESTED ADDITIONAL INFORMATION FOR’/
*¥16X, >THE INPUT OPTIONS. AGAIN, SIMPLY ENTER THE CORRESPONDING?®/
*1X, HELP MODE’,16X, NUMBER AS GIVEN (I.E. FORMAT 12)7)

651 WRITE(%,4@3)

4®3 FORMAT(’@”,22X, 'LATITUDE OF SITE ——=-—————————————m B1°/
*23X 5 *DECLINATION ——=———m—= o mmmmmm e o2’/
*23X, "EARTH/SUN CORRECTION ——=———————m—m 23/
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1065 *23x s >TIME INCREMENT ——————m e o 242/
1066 *23X, ’ATMOSPHERIC TRANSMISSION ———————w——-— 25’/ ~
1067 *23X,’PRECIPITABLE WATER ———————————————— o6’/
1068 *23X, ’ATMOSPHERIC PRESSURE —————————w———— 27/
1069 *23X,’ELEVATION OF SITE —-————==—————m————— 28°)
1070 WRITE (%,404)
1971 404 FORMAT (23X, INCLINATION OF SITE ——————————————— 29/
1972 *23X,AZIMUTH OF SITE —=—=-——m——m——mmm—————— 197/
1073 *23X,’ALBEDD OF SITE —--———m———— e 11/
1074 *¥23X, ’ELEVATION OF SKYLINE FOR SUNRISE —— 127/
1975 *23X, "ELEVATION OF SKYLINE FOR SUNSET —— 137/
19076 *23X,’ATMOSPHERIC REFRACTION (KASTEN) ——=- 147/
1977 *23X, ’BACKSCATTERED RADIATION ——————————— 1957)
1978 if(help.eg.1) go to 385
1879 WRITE(*,620)
1080 620 FORMAT(23X,’S0LAR AZIMUTHS AND ELEVATIONS ~———-— 167/
1981 HPTX 3 THELP ¥R U HNENHHHUHHERRE RN AERNNR 177/
1982 *23X,’0PTION PREVIEW ******************** 18%/)
1983 nohelp = 0@
1284 go to 3B6
1985 C
1986 385 write(%*,387) .
1987 387 FORMAT(23x,>S0LAR AZIMUTHS AND ELEVATIONS ————— 167/
1088 21, 7% EXIT HELP ¥¥¥¥¥XXAKFFRKEXKAKRJXRA¥*¥ 17°/
1989 *¥23% 5 POPTION PREVIEW **¥¥¥XAHAKXXXXFXX*X® 187)
1090 NOHELP = 1 :

1991 386 WRITE(*,405)
1992 4@5 FORMAT (7 7,14X,°__7°/1X, ENTER NUMBER..’\)

1993 READ(*,406) 1IX

1894 4906 FORMAT (1I2)

1295 C

1896 C TEST FOR INPUT OPTION

1997 C

1298 IF(IX.EQ.17.AND.NOHELP.EQ.@) HELP = 1
1899 IF(IX.EQ.17.AND.NOHELP.EQ.®) GO TO 650
1100 IF(IX.EQ.17.AND.NOHELP.EQ.1) HELP = @
1181 IF(IX.EQ.18) GO TO 3555

lige C

1123 IF(IX.EQR.01.AND.HELP.ER.2) GO TO 501
1124 IF(IX.EQR.01.AND.HELP.EQ.1) GO TO 721
1185 IF(IX.EQR.82.AND.HELP.ER.8) GO TO S©2
1106 IF(IX.EQ.02.AND.HELP.EQ.1) GO TO 809
1197 IF(IX.EQ.03.AND.HELP.EQR.8) GO TO S04
1128 IF(IX.EQR.23.AND.HELP.ER.1) GO TO B15
1109 IF(IX.EQ.84.AND.HELP.EQR.®) GO TO 5@3
1119 IF(IX.EQ.04.AND.HELP.ER.1) GO TO B17
1111 IF(IX.EQR.85.AND.HELP.EQ.®) GO T0 585
1112 IF(IX.EQR.85.AND.HELLP.ER.1) GO TO 999
1113 IF(IX.EQR.86.AND.HELP.ER.®) GO TO 506
1114 IF(IX.ER.86.AND.HELP.ER.1) GO TO 835
1115 IF(IX.EQR.07.AND.HELP.EQR.8) GO TO S87
1116 IF(IX.ER.07.AND.HELP.EQ.1) GO TO 842
1117 IF(IX.EQR.0B.AND.HELP.ER.©®) GO TO 58
1118 IF(IX.EQ.28.AND.HELP.EQ.1) GO TO 842
1119 IF(IX.EQ.29.AND.HELP.EQ.®) GO TO 589
1120 IF(IX.EQ.89.AND.HELP.ER.1) GO TO 861
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D Line# 1
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134

1135 C

1136
1137
1138
1139
1149
1141
1142
1143
1144
1143
1146

1147 C
1148 C

1149
1159
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
li162
1163
1164
1165
1166
1167
1148
1169
11792
1171
1172
1173
1174
1175
1176

1p-12-86 . .|
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IF(IX.EQ.10.AND.HELP.EQ.8®) GO TOQ 510
IF(IX.EQ.19.AND.HELP.EQ.1) GO TO 867
IF(IX.EQ.11.AND.HELP.EQ.®) GO TO 511
IF(IX.EQ.11.AND.HELP.EQ.1) GO TO 875
IF(IX.EQ.12.AND.HELP.ERQ.8) GO TO 3512
IF(IX.EQ.12.AND.HELP.EQ.1) GO TO 337
IF(IX.EQ.13.AND.HELP.EQ.8®) GO TO 513
IF(IX.EQ.13.AND.HELP.EQ.1) GO T0 897
IF(IX.EQ.14.AND.HELP.EG.®) GO 70 Si14
IF(IX.EQ.14.AND.HELP.EQ. 1) 15O TO 916
IF(IX.EQ.15.AND.HELP.EQ.®) GO TO S15
IF(IX.EQ.15.AND.HELFP.EQ.1) 130 TQ 227
IF(IX.EQ.16.AND.HELP.EQ.2) GO TO S1é
IF(IX.EQ.16.AND.HELP.EQ.1) GU TO 925

222 WRITE(*,522)
S22 FORMAT(’@’,2X,’0THER CHANGES? NO=@; YES=1’/15X,’_"/
*1X, ’ENTER NUMBER..’>\)
READ(%,523) 1Z
523 FORMAT(I1)
IRUN = @
IF(IZ.EQ.8) IX = ©
IF(IZ2.EQ.1) GO TO 333
IF(IP.ER.1) GO TO 444
IF(IZ2.EQ.0.AND.HELP.EQ.®) GO TO 5855
IF(IZ.EQ.2.AND.HELP.EQ.1) GO TO 933

581 WRITE(*,528) PHI

520 FORMAT(’@’,2X, ENTER SITE LATITUDE (F&.2). NOW SET = 7,F6.8,1x,
*x°Deg.’/18Xs°___.__’/1X, NEW VALUE =7,\)
READ (%,521) PHI

521 FORMAT(F&.2)
GO TO 222

S5@2 WRITE(%,524) DEC

524 FORMAT(’@®’,2X, SITE DECLINATION (FS5.1). NOW SET = °,F5.1,’ Deg.’/
*¥12X,7 ___._>/1X,>NEW VALUE =7,\)
READ(*,525) DEC

525 FORMAT(FS.1)
GO TO 222

5903 WRITE(%,526) ATINC

526 FORMAT(’@’,2X,  TIME INCREMENT (I2). CURRENT VALUE = ’,12,° Min.’/
*¥12X,7__7/1X,>NEW VALUE =7,\)

.~ READ(%,527) ATINC

527 FORMAT (12)
GO TO =222

S@4 WRITE(%,528) EDIST .

S28 FORMAT(’@’,2X, EARTH/SUN CORRECTION (FB.&). NOW SET = °,FB.6/
¥12X 57 e >/1Xy >NEW VALIE =’,\)
READ(%,529) EDIST

529 FORMAT(FB.6)
GO TO. 222

S@S WRITE(%,530) K :

53¢ FORMAT(’@’,2X,’ ATMOSPHERIL TRANSMISSION (F&4.2). NOW SET = °,F4.2/
*¥12X,7 _.__7y/1Xy ’NEW VALUE =>\)
READ (#,531) K

by,
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‘ 1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191 C
1192
1193
1194
1195
1196
1197

1289
1290
1291
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531 FORMAT(F&4.2)

GO TO 2&e
506 WRITE(%,532) W
532 FORMAT(’@7,2X, PRECIPITABLE WATER (F4.2). CURRENT VALUE = ’,F4.2,

*? Cm.>/12X,7 _.__7,/1Xy’NEW VALUE =7,\)

READ(%*,3533) W
533 FORMAT(F4.2)

GO TO 222
57 IF(IOPT.EQ.1) GO TO 661

WRITE (%,534) PRES
534 FORMAT( @’ ,2X,’ATMOSPHERIC PRESSURE (F7.2). NOW SET = *,F7.2,

*7 Mb.’/18X,7____.__’/1X,’NEW VALUE =7,\)

READ (*,535) PRES
535 FORMAT(F7.2)

661 WRITE(*,662) PRES

662 FORMAT (@’ ,2X,’ESTIMATED ATMOSPHERIC PRESSURE IS ’,FB8.2,” Mb.’//
*9X,’Do you wish to enter a new value? @=N0O; 1=YES. Note that’/
*9%,’if ANS=YES then elevation will become the estimated value.’/
*15x,7_7/1x, ’ENTER NUMBER..’”\)
READ(*,663) 0OPT

> Variable alteration routines

J

READ (%,538) IP
3558 FORMAT(I11)
GO 7O 222

1292 C

1293 C
1294
1293

END OF INPUT OPTIONS
799 CONTINUE
END

END OF SECTION 7.
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SECTION 8.

This section outlines the sequence and procedures necessary
to execute the solar radiation program. The on-screen display
generated during data entry, program execution and subseguent
user options are explicitly documented. Only the operation bf the
already created executable file (SDLAR.EXE) is discussed. If the
program i1s to be altered in any form the modified file will
reqguire re-editing, compiling and linking under the DOS EDLIN and
Microsoft FORTRAN codes. The user should consult the technical
information provided on page 187 for additional information.

There are four FORTRAN files provided on the enclosed
diskette. These are identified as SOLAR.FOR, SOLAR.BAK, SOLAR.EXE
and SOLAR.OBJ.

B8A. SWITCHING THE CDMPUTER DN AND PDSITIDNING FILES.

To activate the computer system:

1. With the computer switched OFF place the M5-D0OS
diskette in DRIVE A.

2. Switch the computer ON.

3. Enter the DATE and TIME as reguested and the SYSTEM
PROMPT, A>, will appear on the 1left side of the
screen. '

4. If only one disk drive is available remove the DOS
diskette and replace it with the disk containing the
FORTRAN files. Go to point 6.

5. If two disk drives are available place the disk
containing the FORTRAN files in Drive B. Transfer the
system drive from A to B. With the system prompt
appearing as A> type

b: and press the ENTER key _J

System prompt will now appear as B>.

6. To ensure that the required file exists on the
program disk type

dir (for directory) and press‘J

The existing files on the disk will appear on
the screen. The four FORTRAN files should be listed.
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8B. OVERVIEW OF DATA ENTRY AND PROGRAM OPERATION.

The following 1listing is intended to serve only as a quick
reference .and <Qquide to entering the solar radiation program,
system responses and user options. Sections B8C through 8K
explicitly document the operations of the program and the user is
encouraged to work through these sections.

1. Place the solar radiation progfam in current (logged) disk
drive. Enter the program code, solar.

B>solar and press the enter ( ‘J) key.

2. System prompt - Input route?

A: without HELP routines (Entry =#1).

. B: with HELP routines (Entry =#2).
3. Enter responses to 16 user options.
4. Last data entry - Solar azimuths and elevations.
If: Answer = NO — program execution.
Answer = YES - enter time increment.

Program execution.

S. Data Generation on screen.
6. BSystem prompt - Run model again?
If: Answer = NO - Exit program to B>.
Answer = YES - Option alteration menu.

7. System prompt - Variable change?

1. With HELP routines. Information displayed.
2. Without HELP routines. Data entry only.

B. System prompt - Other wvariable changes?
If: Answer = YES - Option alteration menu.
Answer = NO - Program execution.



With the sequence outlined in BA completed and the system
prompt displayed on the screen ( A> for single disk drive; B> for
dual disk drive). Type the word Solar, i.e:

B>Solar
and press the enter ( *J) key.

First, the program title will be displayed on the screen
followed by the first user entry option. This will appear as:

There are two ways to enter this program:

1. If you are familiar with the data entry sequence and
the nature of the variables then just ENTER the NUMBER 1.

2. If you would like additional information on the
variables and how to enter your choice ENTER the NUMBER 2.

ENTRY NUMBER =_ .—(Cursor will be flashing in this position)

Thus, there exists two ways in which data can be entered
into the program (see the flow chart provided on page 32). The
first option (NUMBER 1) will only identify each of the 16
variables with no explanatory information. While this is the
most efficient way to enter the program it is not recommended for
the first-time user.

Option 2 results in the user being provided with descriptive

information on the variables, how to enter choices and other
useful information that can greatly facilitate the data entry
procedures. The information and format displayed in this entry

sequence will be referred to as the HELP routirnes. This option is
recommended until the user is familiar with the model operation.

The data entry sequence involves providing answers to 16
variables or options. The wvariables will be systematically
identified and the cursor will be positioned below 1lines that

1" b

appear as "____.__" which indicate the size of the variable input
and the location of the decimal point. (where necessary). This
format must be explicitly followed as the entered data must be
of the correct field type and length and 1is - right justified
{consult page 33 for the input sequences Tfield type and length).
If at some point in the data entry sequence a mistake 1s make
then compiler error may occur. If so, consult page 53 (8H) for
error messages and program reentry- procedures. The entry
selection used in the following example results in the data base
generated and applied in Example 1 on page 65. Note that in the
following information the comments in parenthesis will not appear
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Dn'the screen but have been included to assist the user.

ENTRY NUMBER =1 (From previous choice.
Press the ENTER key ( _} ).)

Y (System response)

Enter site latitude (F&.2).

ENTRY = 42.12

(User input. Press the ENTER key ( ] ).)
Enter declination . (F5.1).
ENTRY = 11.0

Enter the earth/sun correction factor (F8.6).

Enter the time increment for calculations in mins. (I2).
ENTRY =30

Enter atmospheric transmission factor (F4.2).

ENTRY =0£.89

Enter precipitable water in centimeters (F4.2).

ENTRY =2.00

Do you wish to enter site elevation or pressure?
For ELEVATION enter the number 1.
For PRESSURE enter the number 2.

ENTRY =1

Enter atmospheric pressure in millibars (F7.2).

ENTRY =10£13.25

Enter slope of site in deg.(F4.1).

ENTRY =08.0

Enter site azimuth in deg. (F3.1).

ENTRY =0008.

Enter albedo of site in 18ths (F4.2).

ENTRY =.25

Elevation of horizon at sunrise in deg.(F&4.1).

ENTRY =00. . Example cont’d.

4g.



Elevation of horizon at sunset in deg. (F4.1).

ENTRY =00.0
Backscattered radiation (I1)7 ©=N0; 1=YES.
ENTRY =@

Atmospheric refraction (Kasten 1966)7 @=NO; 1=YES.

ENTRY =0

Do you require SOLAR AZIMUTHS and ELEVATIONS?

These calculations will also provide times and azimuths of
sunrise and sunset. You will need to enter a time
increment for calculations; 3@ or 60 minutes are
recommended. NO=@; YES=1.

ENTRY =I @—————— (I ANS=@ program will execute)

Enter time increment for solar path calculations (I2).

ENTRY =40
T (Final data entry. Model will now execute
and generated data will be displayed on the screen)

BE. DATA ENTRY WITH HELE ROUTINES.
If, upon entering the program, option 2 is selected (see 8C)
the following information will be written on the computer screen.

WELCOME TO THE SOLAR RADIATION PROGRAM.

From this point on you will be prompted for answers to 16
questions f(or options). You should be somewhat familiar
with the order of input and the nature of the variable. ITf
in doubt consult Sections 3 and 8 of the User’s Manual.

For each data entry you will be guided by lines above the
location where vyour value will be entered. These
lines will appear as "___. " and indicate the size of

the data input and the location of the decimal point.

READ YOUR ANSWER BEFORE YOU PRESS THE ENTER KEY.

If you realize that you have entered the wrong number then
press the backspace key. This will erase your answer and

you Can enter a new value.

TO BEGIN JUST PRESS THE ENTER KEY.
Upon pressing the enter key the first input option will appear
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with the following information:

o —— e ——————— ——— — —— —- — T _———— —— i "o i - _— —— i Y S T T T G - . i Y S —— % _— _——- _—— T T— T — S T o . o T

OPTION 1 - SITE LATITUDE.

The latitude is the position of the site NORTH or SOUTH of
the equator. For all SOUTH latitudes the value should be
preceeded by a NEGATIVE sign. For example, suppose you
require calculations for a site at 52.5 degrees south then
your input would appear as —-52.30.

For all NORTH latitudes the positive sign need not
be entered (the computer assumes it to be positive if a

negative sign is not supplied). Thus 52.5 degrees north
would be entered as 52.50.

The 1limits of latitude are +990.0 and -99.0¢ degrees for the
North and South Poles respectively; the equator is given as
g.0 degrees of latitude. Enter your choice and simply press
the enter key.

ENTRY = . ——(The cursor will be flashing in this position).

Thus, for each input option a basic body of information is
provided to assist the user. Upon entry of an appropriate answer
the next option will appear. If at some point in the entry
sequence an incorrect response is entered, compiler error may
occur. This will result in error messages be displayed and the
user should consult page 53 (8H) for error codes and program
reentry procedures.

Due to the total amount of information provided for each
variable by selecting this data entry route only the first input
option has been presented. All other options present pertinent
information with the same format. The input  sequence 1s as
follows:

Latitude

Declination

Earth/sun correction factor

Time increment for calculations

Atmospheric transmission factor

Precipitable water

Site elevation or pressure

Inclination or slope of site

Site azimuth

Albedo of site

11. Elevation of horizon at sunrise

12. Elevation of horizon at sunset

13. Beackscattered radiation

14. Atmospheric refraction

15. Calculations for solar elevations and azimuths
16. Time increment for solar elevations/azimuths.

—
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Upon data entry for the last option the following will be
displayed on the screen.

You have now entered all the necessary data and the model
is ready to execute.

OPTIONS:

1. To run the model simply PRESS the ENTER KEY.
2. If you would like to PREVIEW your inputs ENTER the number 1.

To PRINT the data:

J' Press the CONTROL (CTRL) key ands while holding it down,
i press the PRINT SCREEN (PRTSC) key. Release both keys and
. press the ENTER key. Make sure the printer is switched ON.

To STOP PRINTING repeat the above sequence.

ENTRY..

If option 1 is selected calculations will begin and the
generated data user options will appear on the screen {(consult
Example 1 on page 65 for output format). Option 2, however,
allows the input options to be written on the screen along with
‘the entered values. Thus, if an incorrect choice has been
entered 1t can be changed before any computations are undertaken.

i 8F. PRINTING RESULTS.

If data entry using the help routines (option 2) 1s chosen
the option preview and print information will always be displayed
prior to any calculations being performed by the computer. The
user need only follow the directions'displayed on the screen.

However, for the more direct entry path (Option 1), at the last
data entry the solar radiation program will execute and the
generated data will automatically appear on the screen. There are
two positions in the data entry sequence at which the model will
execute. I¥ the user does not require calculations for the solar
elevations and azimuths (i.e. a @ be entered) the reguest for a
time increment will not be displayed and the model will run (see
output format on page 65). The last possible entry is the time
increment for the solar azimuths and elevations and the model
will execute upon pressing the enter key.

Cont’d.
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Prior to pressing the ENTER key at the last data entry
point, depress the CONTROL (CTRL) key and simultaneously
press the PRINT SCREEN (PRTSC) key. The ENTER key should
then be pressed. The print option 1s suppressed by
repeating the above sequence.

In most instances the size of the generated data base will be
too large to be contained within the viewing panel of the video
screen. This does not represent a problem if the output is being
printed but printing does slow down the execution time and a
complete data listing is not always required.

To HALT the screen display and to temporarily suspend the
program execution:

press the CONTROL (CTRL) key and simultaneously press the
NUMLOCK key. To continue press the ENTER key.

If, at some point in the data entry sequences; an incorrect
value is entered compiler (system) error can occur and an error
message will be displayed on the screen. The executable TFile

(SOLAR.EXE) has been created under Version 3.30 of the Microsoft
FORTRAN series and error messages can take two basic forms.

1. Incorrect input at time of data entry.

Enter site latitude (F&.2)

ENTRY = 44,12
Enter declination (F5.1)

T~

(The letter "0O" has been entered
in place of a "@".)

ENTRY = 45.0

The following message will appear on the screen

?7 Error: Data format error in file USER
Error Code 1236, Status QJ@0FE :
PC = @122: BBBB; 55 = 1343, FP = peelC, 5P = BB&B

Cont’d.
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At this point simply press the ENTER ( +J ) key and the
system prompt B> will appear. You will now need to reenter the
program. As before, just type the program code Solar.

B>Solar
and press the ENTER (A‘J) key.

2. Errors generated during program execution.

For Version 3.3@ the input error may not be i1immediately
detected by the FDRTRAN compiler. For example, a latitude,
declination or slope may be entered that 1s not within the
specified range. In this instance 1t is possible that the input
will be accepted by the system and the next wuser option will
appear on the screen. Usually, however, such input will generate
be displayed on the screen. At this point the system prompt, B>,
will appear and the data entry sequence will need to be repeated.
Again, the wuser should consult page 33 to ensure the correct
field type and length for each variable has been used. If
uncertainty exists the OPTION PREVIEW facility should be used
{(see page 356) to ensure that the data entry 1s correct.

81. INPUT CHANGES.

After the results are generated using the initial inputs
selected by the user, the following guestion will be displayed on
the screen.

DO YOU REQUIRE CHANGES IN ANY OF THE INPUT
PARAMETERS 7 NO=@; YES=1. IF ANS=NO YOU WILL EXIT THE
PROGRAM TO SYSTEM PROMPT B>.

ENTER NUMBER..

If the option ND is selected the SYSTEM prompt, B>, ~will
appear on the screen. As previously shown, to reenter the program
the code, SOLAR, needs to be typed and the enter key pressed.
None of the previous entries are stored by the program and the
complete entry sequence will need to be repeated. 5Such an option
may prove to be more efficient if 1t 1s necessary to alter. most
of the program variables. If YES5 is selected the following
Sequence will be written on the screen:

Example cont’d
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ENTER NUMBER. .1 (Input from previous option.)
(Screen display — Option alteration

’///////( Menu. )

TO ALTER ANY PARAMETER ENTER THE CORRESPONDING
NUMBER AS GIVEN (I.E. FORMAT=IZ2)

LATITUDE OF SITE —————=———————————e 21
DECLINATION ——————=—— et 22
EARTH/SUN CORRECTION ———————————~—e 23
TIME INCREMENT ———————————————————— o4
ATMOSPHERIC TRANSMISSION ~——————~—- 25
PRECIPITABLE WATER —————=~————————v 26
ELEVATION OF SITE —=————=————— e e 27
ATMOSPHERIC PRESSURE ———————=———~—- 28
INCLINATION OF SITE —————~———————m 29
AZIMUTH OF SITE ———=—————~————m— e 10
ALBEDO OF SITE ———=——————m—m— e 11
ELEVATION OF SKYLINE FOR SUNRISE —- 12
ELEVATION OF SKYLINE FOR SUNSET --- 13
ATMOSPHERIC REFRACTION (KASTEN)--—— 14
BACKSCATTERED RADIATION ~———=———=—m 15
SOLAR AZIMUTHS AND ELEVATIONS —-—-- 16

HELP ¥ HHHFHHNIHURRAHER KRR A*ENN*® 17
OPTION PREVIEW ¥¥¥®¥¥FIIFHHENI¥A¥¥¥x 18

ENTER NUMBER..

By selecting any one of the above input numbers (81-16) the
corresponding user option will appear on the screen. The current
value of the variable will be displayed and a new entry will be
requested. For example:

s "f~—fﬂ__,_,-(From previous choice.)
ENTER NUMBER..Z1

(Display)

ENTER SITE LATITUDE (F&.2). NOW SET = 42.12 Deg.

NEW VALUE = 055.00 ‘~__\~_‘___‘_—

(New value entered)

DTHER CHANGES? ©8=N0O3; 1=YES ~—

ENTER NUMBER. .1 *”””’//d//“/’

(System request and
response)

Example cont’d.



TO ALTER ANY PARAMETER ENTER THE CORRESPONDING
NUMBER AS GIVEN (1.E FORMAT I2)

ATMOSPHERIC TRANSMISSION ————————- 25

PRECIPITABLE WATER —————m————————m o6
ELEVATION OF SITE ~—~—————m———— — a7

HEL P %% %HHAHHRHRRINHARRRIAFRFENRNXE 17
OPTION PREVIEW #**¥¥¥¥k¥¥¥K¥X¥X¥%%%x¥% 18

ENTER NUMBER. .06

- PRECIPITABLE WATER (F4.2). CURRENT VALUE = 2.9¢

NEW VALUE =1.25
OTHER CHANGES? @=NOj 1=YES
ENTER NUMBER..®

™~

{Program will now execute.)

Thuss for the above example two variables were altered: the
latitude (@1) and the precipitable water (g86).

Option 18, OPTION PREVIEW, allows for all the variables and

their current values to be displayed on the screen prior to any
calculations being undertaken by the computer. Thus:

BACKSCATTERED RADIATION ~——————————— 15
SOLAR AZUMUTHS AND ELEVATIONS —-————- 16
HELP #%%%%¥H%HHKEUREERIKENHFRIXAHNNX 17
OPTION PREVIEW %¥%¥¥HFHI%XN¥AIXA¥x%¥x 18

ENTER NUMBER..18 = — (Response)

(Screen display on
following page.)
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USER SUPPLIED OPTIONS

Latitude of site —————————n————— = 44,12 Deg.
Declination of site —-—————-————- = 11.00 Deg.
Time increment for calculations = 30 Mins.
Earth/sun correction factor ~--—-- = .98B9354
Atmospheric transmission —-—=-~——- = .B9 18ths.
Precipitable water —--—-—~————--——- = 1.25 Cm.
Atmospheric pressure ——————————— = 1813.25 Mb.
Estimated elevation - - —————~——- = @ Meters.
Inclination of slope ———————~——— = .? Deg.
Azimuth of slope - —-—m————————- = .92 Deg.
Albedo of site -————————————n———- = B.25 10ths.
Elevation of skyline for sunrise = .@ Deg.
Elevation of skyline for sunset = .2 Deqg.
Atmospheric refraction —————~=—- = @
Backscattered radiation —-————~—- = @

Time of SUNRISE - ——+—————————— = 5.28 Hrs.
Time of SUNSET --——-———————-mmeoeme = 1B8.72 Hrs.

OTHER CHANGES? NO=@j; YES=1.

ENTER NUMBER..

Contingent upon the choice entered the model will either
execute (ANS=8) or the option alteration menu will be written
on to the screen (ANS=YES).

8J. OPTION ALTERATION WITH THE HELP ROUTINES.

From the initial option alteration display ( see 81 page 54)
the HELP code is specified as number 17.

SOLAR AZIMUTHS AND ELEVATIONS ——————— 16
HELP HHEHHHHHHIHIHHHRNIRHHHHNNNNHRNNkN¥ 17
OPTION_PREVIEN KUK ERERHXHHHINREHRXXF(XX¥ 18

ENTER NUMBER..17 =+——— (Entry choice)

Upon pressing the ENTER key the following menu will be
displayed:
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YOU HAVE REQUESTED ADDITIONAL INFORMATION FOR
THE INPUT OPTIONS. AGAIN, SIMPLY ENTER THE CORRESPONDING
NUMBER AS GIVEN (I.E. FORMAT I2).

HELP MODE
LATITUDE OF SITE —————m———==——————m @1
DECLINATION OF SITE —=——=——-——————— @2
EARTH/SUN CORRECTION FACTOR —-————-- 23
TIME INCREMENT —————m——m———— B4
ATMOSPHERIC TRANSMISSION —=——————-- 25
PRECIPITABLE WATER —~——=—=————————~ 26
ATMOSPHERIC PRESSURE ——~—==———————— @7
- ELEVATION OF SITE —=———=———m——————— 28
i INCLINATION OF SITE —=—=~=—==—————m- @9
. AZIMUTH OF SITE ——————————————— 10
ALBEDO OF SITE ————————=——————————— 11
ELEVATION OF SKYLINE FOR SUNRISE -- 12
ELEVATION OF SKYLINE FOR SUNSET --- 13
ATMOSPHERIC REFRACTION (KASTEN) —--- 14
BACKSCATTERED RADIATION ————-—————— 15
SOLAR AZIMUTHS AND ELEVATIONS ————-— 16

¥ EXIT HELP *%%%%¥HWHIHHHHIIX®NIENNNN® 17
OPTION PREVIEW HHH R KRR RRRFXR*% 18

ENTER NUMBER..

At this point any number that is entered will result
in pertinent information about the variable being displayed on
the screen. For example:

o ‘_—___,___’,___——(Choice.)
ENTER NUMBER..11

’/////(Display)

OPTION 11 - SITE ALBEDO

The albedo is simply a measure of the capacity of a given
surface to reflect incoming solar radiation and is
sometimes referred to as the surface reflection
coefficient. For each surface types therefore, a different
albedo can be expected.

While this guantity is wusually expressed as a
percentage the value is entered into the program in 18ths.-
Thus, for a surface that has the capacity to reflect 34%
of the incoming solar radiation enter the number £.34.

A complete listing of surface types and albedos has been
provided on page 183 of the User’s Manual.

ENTER SITE ALBEDO IN 10THS (F4.2). NOW = .25

NEW VALUE =

™~ (When a new value is entered and the ENTER key

pressed the standard prompt will appear.)

Example cont’d

58.




OTHER CHANGES? NO=@3; YES=1.

ENTER NUMBER. .

Depending upon entry selection, the option alteration menu
or the model RUN, PRINT and PREVIEW help codes will appear. If
other changes are required (ANS=1) the mernu will still be in HELP
mode. To exit the HELP routines, simply enter the number 17 when
the option appears on the screen.

8K. INTERNAL PROGRAM OPTIONS.

There exists two basic user options contained within the
program that are not immediately apparent from the output or the
user options considered to this point. These are the pressure and
elevation relationships and the solar azimuth/elevation
calculations.

As pressure and elevation are directly related it is possible
for the user to enter either of these two options into the
program. The computer will, in turn, compute the elevation or
pressure depending upon the the initial choice. Thus, if pressure
is selected as input the computer will calculate elevation the
value of which will appear as ESTIMATED ELEVATION on the output
of user options (see page 65)3 should elevation be entered the
atmospheric pressure will become the estimated value.

This wuser option can be changed from the input alteration
menu (see page S55). For example:

ATMOSPHERIC PRESSURE ———————————— @7
ELEVATION DF SITE —~——~=——————==—m 28

HELP *# ¥ ¥ ¥ UK KUK R K HRAXXAXHERXRKXX%¥ 17
OPTION PREVIEW *¥X¥¥¥¥XHHWH¥XX%%¥% 18

'ENTER NUMBER. .87
‘\\\\\‘(Variable selected for change)
(System response from Example 3B - Elevation
’///////’ was the initial entry)
ESTIMATED ATMOSPHERIC PRESSURE IS 700.09 Mb.

Do you wish to enter a new value? @=N0j; 1=YES. Note that
if ANS=YES then -elevation will become the estimated value.

ENTER NUMBER. .1
Example cont’d
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ENTER ATMOSPHERIC PRESSURE IN MB (F7.2).

NEW VALUE = 650.00
\

(New value entered)
(System response)

OTHER CHANGES? NO=@3; YES=1.

ENTER NUMBER. . {Model will either execute or return
to option alteration menu.)

The HELF routines have a similar response. However,
regardless of the selection of either pressure or elevation from
the menu (07 or #B) the system will respond with a body of
information and then specifically request either pressure or
elevation. '

c. Solar Azimuths and Elevations.

The program provides the user with a choice of eliminating the
solar path calculations from the generated results, or in turn,
computing only these values (refer to the generalized flow chart
on page 32). To use this option:

When the variable alteration listing is displayed select
option 146. Should the solar path data be reguired (i.e. ANS=YES)
the following sequence will appear.

SOLAR AZIMUTHS AND ELEVATIONS ——-————— 16
HELP %X ¥HWHHRHNHRERFHHIHR W HRNRRNRHXXX% 17
OPTION PREVIEW ##¥XXXXFKKKKNEXIXEAXXX%%% 18

ENTER NUMBER. .16 —_— -
{Choice.)

(System response.)

o

SOLAR AZIMUTHS/ELEVATIONS NO=@; VYES=1. NOW = 1

ENTER NUMBER..1 (Choice.)

(System response.)

_—

TIME INCREMENT FOR SOLAR AZ/ELEV (I2). NOW = 60

NEW VALUE =30
SOLAR PATH CALCULATIONS ONLY? NO=83;YES=1. NOW = @
ENTER NUMBER. .1 |
OTHER CHANGES? @=NO; 1=YES

Example cont’d

60.




ENTER NUMBER. .®

~~~~_m§“""‘“'(prcagra.m will now execute.)

Thus, for the abbve entry only the solar path data will be
generated (determined by the third guestion). Note also, that if

the answer to the first guestion was NO, then the follbwing two
questions would not appear on the screen. I¥f variable alteration
is in HELP mode, the input and output format is similar to the
above.

END OF SECTION 8.

EI.



The following examples and their graphical representation
5 have been included to indicate the variety of climatoloeogical
i problems to which the model can be applied. These examples are by
*‘ no means the only possibilities but hopefully reveal a diversity
o of - applications beyond the straightforward generation of
iy radiative curves for a specific location. No attempt is made to
interpret the generated results as the emphasis 1s directed
toward model use, data presentation and the necessary graphics
commands for the LOTUS 1-2-3 data base management system.

As suggested earlier, the graphics capacity of LDOTUS 1-2-3
offers considerable ease 1in the presentation of the FORTRAN
generated data. Once the data has been manually entered into the
LOTUS spreadsheet the elementary commands necessary to generate
the graph makes LOTUS 1-2-3 a particularly powerful system. This
is not necessarily meant to endorse this product as other equally
appropriate data base management software exists (i.e. SuperCalc
3). However, such software are generally conceptually similar and
it 1s the intention to illustrate the manmner in which these
types of software'packages can be directly applied to problems
such as those encompassed by this FORTRAN routine. It should also
be noted that the format as presented in these examples are not
the only options contained within LOTUS 1-2-3 graphics routines.
However, these simple procedures enable the user to obtain
maximum benefit from the results of the computer output without
spending considerable time in understanding the specifics of
LOTUS 1-2-3 graphics commands. For additional informations the
user should consult either the LOTUS 1-2-3 manual or refer to
Chapters B8, 9 and 1@ of Le Bond and Cobb (1983) for details of
the commands reguired for these examples. Hopefully, the
solutions and documentation presented in this section will
provide the user with adeguate information to directly manipulate
the data without detailed reference consultation.

For the examples presented,; it is important to note that
the graphics capacity of LOTUS 1-2-3 does not allow the addition
of text within the "window " as created by the graph axis. Thus,
all the lablesy; areas of shade, etc. on the following graphs
have been applied after printout. The data base for Examples
1,2,3,6 and 7 along with their corresponding graphs,1,253A:6B and
7B have been included on the program diskette. To access these
files - Upon initizal display of the LOTUS spreadsheet type:

/ F R {i.e. Slash (/) & for File Retrieve)

The data base will now be displayed on the screen. :
To display the provided graph (assuming graphics capability) type:

/ GV (for Graph View)

and the corresponding graph will be displayed.
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EXAMPLE 1.

This example perhaps represents the simplest application of
the radiation model. The surface is horizontal, no obstruction of
the solar disk due to surrounding terrain, surface albedo is
equivalent to a short grass surface (consult 1listing in the
Appendix) and all other variables considered to be representative
of the "average" state of the atmosphere. The user options and
computer output are provided on page 65. The data as entered into
the LOTUS 1-2-3 data base system (including printout under PRINT
commands)s the commands for the generation of Graph 1 and a solar
path diagram are all presented below.

Entering Data into LOTUS 1-2-3.

2. Place data disk in drive B. ,
3. With system prompt specified as drive A> type:
LOTUS then press the ENTER key (.]).

With the initial display of the spreadsheet the cursor will
be represented by a solid block, the location of which 1is
controlled by the positioning keys (—+--—-T l ) usually 1located
on the right hand side of the computer keyboard. The data columns
are 1identified alphabetically and the rows numerically. The
default wvalue of available space for each data entry 1is ¢
positions (i.e. a maximum number of % digits or a word of 9
characters). Thus, each data entry occupies & position on the
spreadsheet defined by a specific column and row number. In the
example below the first two rows are occupied by headings that
identify the data. The remaining rows, 3 through 28, contain the
data as taken directly from the results of the program output
(page 63). Once the data is entered, the file will need to be
identified and saved.

4. Press the / (slash) key and type FS (for File Save).
5. Select a filename and type "filename". Press _|.

To print out the data under system default (i.e. no manual
changes to LOTUS commands): '

6. Press the / key to bring up Lotus user options

7. Move cursor to PRINT option (or simply press P).
B. With cursor on PRINTER. _]

9. With cursor on RANGE. _}

1¢. On command: ENTER PRINT RANGE: A1..G31_]«

11. Move cursor to GD.J

12, Upon completion of printout move cursor to DUIT_J

* The range Al..G31 encompasses all cells within the data base

matrix. As for all graphics commands, the range delimiters
must be separated by two period symbols.
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| The output as controlled by the above commands for the
* Ashland data is presented in Table 1. The column and row labels
are not printed wunder these commands but have been added to
indicate what is observed on the screen.

' A B C D E F
: 1 ASHLAND  OREGON LAT=42. 12N DEC=11. 68

. 2  TINE DIRECT DIFFUSE  BLOBAL REFLECTED  NET

1 3 5 B ¢ p ¢ 8

: § 5.5 5.47 0 825 1172 293 B.TY

; 5 6 22.31  33.43 5594 13,98 41.95

ﬁ b .5 B6.75 54,48 141,22 3531 145.92

! 7 7 189.5  67.83 237,33 59.33 {71.99

| 8 7.5 258.68  77.19 335.87  83.97  251.9

* 9 8 348.21  B4.12  432.34  188.88  324.25

19 B.5 434,14  B9.4b 5236 13R.9 3927

1 9 513,59  93.63 667.28 15181 455.42

12 9.5 584,33  96.91 6BL.24 176,31 516.93

13 18 546,56  99.45  744.81 186 558.61

b 16.5 492.86 161,35 794.21 198,55 595.65

15 11 728.13 162,67  836.8  2§7.7  623.1

16 115 Te9.6  163.45 85365 213.26 639.79

17 12 756.81 163.71 8652 215.13  645.39

18 12,5 749.6 163,45 ©853.85 213.79 639.79

19 13 728,13 162.67 B3.8  267.7  623.1

2 13.5 &92.86 161,35 794.B1 198,55 595.45

21 14 646,56  99.45 74481 186  558.81

22 16,5 58433 96,91 6BL.24 176.31 518.93

23 1S 513.59  93.63 47.23  151.B1 455.42

24 155 63¢.16  89.46  523.6  136.9  392.7

5 16 368.21 B4.12 432,34 188.88 324.25

2% 16,5 258.68 77.19 335.87 83,97  251.9

27 17 1695 47.83 237.33  §9.33 170.99

28 175 Be.75  S4.4B 141,22 3531 185.92

2y 18 22,31 33.63 55.%4  13.98 41,95

3¥ 185  3.47 BB 1172 293 8.9

3 19 # 8 # # B

The following commands are necessary to generate Graph 1
{page ¢9). The ranges are directly interpretable from the data as
entered into the LOTUS 1-2-3 spreadsheet and printed in Table 1.

Example Cont’d on Page 68.
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TIME
5.08
5.50
6.900
6.950
7 .90
7.50
8.00
8.50
G.00
9.50
190.00
19.50
11.90
11.50
12.00
12.5¢
13.2¢
13.52
14.00
14 .50
15.0¢
15.5@2
16.20
16.50
17.00@
17.50
18.020
1B.50@
19.020

DIRECT

169.59
258. 69
348.21
434.14
513.59
584.33
64456
692.86
728.13
749 .60
756.81
749 .60
728.13
692.86
644,56
584.33
513.38%9
434.14

348.21

258.69
169.50
8&.75
22.31
3.47
.00

USER SUPPLIED OPTIONS

Latitude of site

Declination of site
Time increment for calculations
Earth/sun correction factor ——-—-
Atmospheric transmission ——————-

Precipitable water

Atmospheric pressure —-—————————-
Estimated elevation
Inclination of slope —-——~——————-—
Azimuth of slope ~——————————=——-

Albedo of site

Elevation of skyline for sunrise =
Elevation of skyline for sunset
Atmospheric refraction ———————~——

Backscattered radiation
Time of SUNRISE
Time of SUNSET

DIFFUSE
.00
8.25
33.63
54.48
&£7.83
77.19
84.12
89.46
©3.63
96.91
99.45
191.35
192.67
193.45
183.71
193.45
192.67
181.335
F9.45
6.1
23.63
8%9.46
B4.12
77.19
67.83
54.48
33.63
8.25
.20

DAILY TOTAL
DAILY TOTAL
DAILY TOTAL
DAILY TOTAL
DAILY TOTAL
DAILY TOTAL

OF
OF
OF
OF
OF
OF

GLOBAL
.00
11.72
55.94
141.22
237.33
335.87
432.34
523.60
607.23
681.24
744 . @1
794 .21
830.80
BS53.05
860 .52
853.05
830.80
794.21
744 .01
681.24
607.23
523. 60
432.34
335.87
237.33
141.22
55.94
11.72
.00

.00
2.93
13.98
35.31
59.33
83.97
- 198.08
139.99
151.81
17@.31
1846.00
198.55
297.70
213.26
215.13
213.26
207.70
198.55
186.20
179.31
151.81
130.92
198.08
83.97
59.33
35.31
13.98
2.93
.20

DIFFUSE RADIATION —— =
DIRECT RADIATION —--
GLOBAL RADIATION —-—-—
REFLECTED RADIATION
NET SHORTWAVE RAD.——
EXTRATERRESTRIAL RAD.

65.

]

G2.12°
11.00
30 Mins
. 98933

.B92 1
2.00 C
1013.25

.0
.0 D
.9 D
.25 19
.2 D
. D
3
0]
5.33
18.67

NET

. 29
8.79
41.95
195.92
177.9%9
251.90
324 .25
392.79
435.42
510.%93
558.91
595.635
623.10
632.79
645.39
63%9.79
623.10
095.65
0558.021
518.93
435.42
3%92.79
324.25

251.99 .

177.99

195.92

41.95
8.79
. 00

3.82
209.21
24,83

6.01
18.02
34.59

Deg
Deg.
4
Pths
m.
Mb.
Meters
eg.
eg.
ths
eg.
eg.
Hrs
Hrs
EX.TERR.
.00
44,09
171.30
298.52
423.956
0944 .29
6£58.63
764.63
B8&6@.49
44 .35
1915.38
1971.76
1112.74
1137.62
1145.95
1137.62
1112.74
1971.76
1915.38
944 .55
B60 .49
764.63
658.63
544.29
423.96
298.52
171.39
44 .09
. 00
MI/m¥x2
MJI/m¥%2
MI/m*x2
MJI/m¥*%2
MJ/m¥*2
MJ/m**2



SOLAR PATH CALCULATIONS

Site latitude ---————- = 42.12 Deg
Site declination ————— = 11.98 Deg
Azimuth of sunrise -—— = 75,09 Deg
Azimuth of sunset -——— = 2B4.%1 Deg
Time of sunrise ————-—-— = 5.33 Hrs
Time of sunset ——————- = 1B.67 Hrs
TIME SOLAR AZIMUTH SOLAR ALTITUDE
5.00 .00 1%
5.5@ 76.8B4 1.89
&£.00- 81.80 7.35
65.59 86.73 12.89
7 .00 91.74 18.435
7.59 Q6.94 23.99
8.00 182.43 29.47
8.5 128.41 34.84
9.00 115.¢2 40,00
9.59 122.51 44,88
190.00 131.13 49 .34
10.59 141.17 53.19
11.00 152.892 56.23
11.59 165.93 ' 58.29
12.99 180.90 58.88
12.30 194.907 58.29
13.020 207.20 36.23
13.59 218.83 53.19
14.80 ’ 228.87 49,34
14,59 237.49 _ 44,88
15.00 264,98 40 .00
15.50 251.59 34 .84
16.29 257.55 ' 29.47
16.350 263.96 23.99
17.9890 268.26 18.45
17.59 273.27 12.8%9
18.00 278.28 7.35
18.59 283.16 1.89
19.9¢ .00 .90

DO YOU REQUIRE CHANGES IN ANY OF THE INPUT
PARAMETERS? NO=@3; YES=1. IF ANS=NO YOU WILL EXIT THE
PROGRAM TO SYSTEM PROMPT: B>.

ENTER NUMBER..
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" SOLAR PATH DIAGRAM

LOCATION ASHLAND, OREGON. LAT. 42.12° N3 DEC.= 11.0




After the data as been entered and the file saved,; move the
cursor to the GRAPH option (or enter the letter G), press the
ENTER key and proceed according to the following (Note that the
comments do not appear on the screen but are included for user
convenience):

LOTUS TEXT. - COMMENTS
Type = XY,J ( Rows 1 & 2 used for headings)
= A3..A31 _] ( X axis - TIME)
= B3..B31 {Ist data range - DIRECT)
= £3..C31 {2nd data range - DIFFUSE)
D3..D31 {3rd data range - GLOBAL)

F3..F31 (Sth data range — NET)
= 63..631 {6th data range — KEX)

TMOOmD X
Il

-
.|
-
E3..E31 _J (4th data range - REFLECTED)
|
|
J

?

First _] = SHORTWAVE RADIATIVE BALANCE
Second _] = ASHLAND OREGON: LAT=42.123; DEC=11.0,
X axis 1 = TIME (L.AR.T)
Y axis ] = IRRADIANCE (Wm¥%-2)
If on—screen display is possible, move the cursor to VIEW

and press the ENTER key. The graph and titles will appear on the
screen. To return to LOTUS commands, simply press the ENTER key.

To save the graph:
Save.J = "Filename" ‘J .

Note: to avoid confusion the graph "Filename" should not be
the same as the data "Filename’.

Printgraph _] -

{Place LOTUS PRINTGRAPH in drive A and press ENTER )

Select *J= "Filename"” *
Options _]
Size ] = Full _]
Quit
Quit oJ
Go ]
The graph will now be printed.
* To select the graph move the cursor to "Filename" . and
press the keyboard spacebar. The # symbol will appear in front

of the file name. Press the ENTER key and continue.
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EXAMPLE 2.

Direct radiative loading on a building located in Columbus,
Chio (4@ Deg. N) during the June solstice (declination = +23.5).

The building facets are vertical (inclination of 9@ deg.) and
face directly north, south, east and west; the structure roof is
considered horizontal requiring both the site azimuth and
inclination to be set egqual to zero. Thus, the data base for this
graph reguires five executions of the model, altering only the
site azimuth for the walls and the azimuth and inclination for
the roof. In this example only the direct beam ( S or DIRECT )

from each program run has been entered into the Lotus spreadsheet
and plotted. The FORTRAN generated data for all building aspects
is provided on the following page (71) and the user supplied
options (i1n this case the west wall) have been included below.

USER SUPPLIED GPTIGNS

Latitude of site ——————————————-— = 4¢0.00 Deg.
Declination of site ————=——~——- = 23.58 Deg.
Time increment for calculations = 3@ Mins.
Earth/sun correction factor ~—-—— = .283777
Atmospheric transmission ——————-— = .90 10ths
Precipitable water ————==—m———m—w = 1.52 Cm.
Atmospheric pressure ————————=—- = 10038 .08 Mb.
Estimated elevation --————~——=——-—= = 112.4 M.
Inclination of slope —————=————- = 9@.¢ Deg.
Azimuth of slope - ———————-—r——-— = 278.9 Deg.
Albedo of site —————-~———m———w—— = 20 1@ths.
Elevation of skyline for sunrise = .3 Deg.
Elevation of skyline for sunset = .2 Deg.
Atmospheric refraction ————————-— = 1%}
Backscattered radiation —-————~-—- = 1%]
Time of SUNRISE ~—~———~———=—rwv—m = 4.37 Hrs
Time of SUNSET -—————————-maaem- = 19.43 Hrs
Graphics Commands. *
¥ For . the remaining examples the ENTER symbol (‘J ) will be
deleted from the text. If 1n doubt consult Example 1.
COMMENTS
Type = XY (Rows 1 & 2 for headings)
X. = AS5..R36 (TIME)
A = B5H..B36 (North Waill)
B = (C5..C36 (East Wall)
c = D5..D36 {South Wall)
D = ES..E36 (West Wall)
E = F5..F36 ({Roof - horizontal)
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Options, Titles,

“First = DIRECT RAD. ON BUILDING AT 48 N.
Second = COLUMBUS,0HIO; DEC=23.5 Dj; WALLS=9@ D.
X axis = TIME (L.A.T)
Y axis = IRRADIANCE (Wm¥¥-2)
View
Save = "Filename"
Printgraph,
Select = "Filename”
Options
Size = Full
Quit :
Quit
Go
A B C D £ F
1 DIRECT RADIATION ON BUILDING
2 LOCATION 48.8 D.N DEC=23.5
3 WALLS =VERTICAL  ROOF =HORIZONTAL
&  TINE  NORTH  EAST  SDUTH  WEST  ROOF
5 4 # g § 8 #
b 4.5 8 ) ) # #
7 5 44,27 85,62 # f  18.71
8 5.5 121,96 219.11 § § 5.5
9 b 153.29  3&1.1b 8 § 128.43
18 6.5 162,71  443.21 f 8 217.33
1 7 168.58 583.18 g f  311.16
12 7.5 b1.69  B54.4 ¢ §  495.61
13 B B.78 656.25 § 8 497.45
14 8.5 §  621.29  45.59 § 584,88
15 9 § 571.22 98,1 B 663.37
16 9.5 § S563.28 146,22 §  733.5
17 14 § 426.49 18B.63 §  792.97
18 18.5 § 325.81 222.82 § B48.52
19 1 § 222.19 247.87 g B75.18
28 11.5 § 112,59 262.41 §  B96.26
21 12 g § 267.58 § 993,33
22 12.5 § 6 262.41 112.59 895.2%
23 13 § § 247.87 222,19 875.18
26 13,5 g ¢ 222.82 325.B1 B4g,52
25 14 g § 186.63 426.49 792,97
2% 14,5 8 f 146,22 563.28  733.5
27 15 § § 981 571,22 663.37
28 15.5 8 §  45.59  521.29 5B4.88
JABLE 2. 29 16 8.78 8 § 658.25 497,45
¥ 165 1.7 8 §  b5h.4 485,51
Data base for Graph 2 3t 17 168.58 # f 583,18 311.16
as entered into the 3?1750 18271 ¢ § &63.21 217.33
spread-sheet and 33 18 153,29 # § 381,16 12B.83
printed under LOTUS 3 18,5 121.96 g f 219.11  52.5
1-2-3 commands. 5 19 44,27 8 8 85.62 18.71
3% 19,5 g # g ¢ ¢
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Glaciar VYanamarey 1is a small deeply entrenched alpine
glacier located in the southern portion of the Cordillera Blanca,
Peru (Latitude = 9.6 Deg. S.). The main body of the glacier is’
inclined to the southwest with an average surface slope of 12
degrees. The elevation of the ablation =zone approaches 3000
meters which can be translated into the 78@ millibar level by use
of the U.S5. Standard Atmosphere Tables (see page 105). Examples
3A and 3B have been developed using known information about this
particular glacier.

The skyline of the surrounding terrain as surveyed from the
center of the ablation zone is plotted on the solar path diagram
on page 74. The shaded area, therefore, represents that region of
the sky hemisphere obscured by the surrounding mountains, and
combined with the plot of the solar trajectories, provides an
indication of the extent to which the solar disk is not visible
from this site over the period from astronmomical sunrise to
sunset (i.e. the solar disk lies below the visible horizon).
Solar paths have been included for both the June and December
solstices (declination of +23.5 and -23.5 degrees respectively).
Thus, the region bounded by these two curves represents that
region of the sky hemisphere traversed by the sun throughout the
year. For both of the following examples, the solar path for the
declination of +280.6 (July 20th) 1s used as model input.

EXAMPLE 3A.

Graph 3A (page 77) is the result of 4 runs of the computer
model the primary intention of which is to determine the effects
of surface inclination, azimuth and topographic control on the
direct beam radiative receipt over the ablation zone of OGlaciar
Yanamarey. The user options as listed by the program (for Run #4)
are provided below.

Latitude of site ———=————wm——r———

= =-9.69 Deg.
Declination of site ———————=———= = 208.60 Deg.
Time increment for calculations = 38 Mins
Earth/sun correction factor -———— = .98B4155
Atmospheric transmission ————~———— = .G8 18ths
Precipitable water - —-——-————————-— = 1.39 Cm,
Site Elevation ———————=—————me——— = 3000.0 M.
Estimated atmospheric pressure —- = 798.98 Mb.
Inclination of slope --——————————= = 12.0 Deg.
Azimuth of slope ———————————— —~—— = 225.0 Deg.
Albedo of site - ——————————>——- = .20 18ths
Elevation of skyline for sunrise = 17.3 Deg.
Elevation of skyline for sunset = 47.8 Deg.

Example cont’d
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SOLAR PATH DIAGRAM

LOCATION: GLACIAR YANAMAREY, PERU. LAT=9.6"S.
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Atmospheric refraction - ———————— = )
Backscattered radiation ———————~- = 1
Time of SUNRISE —~~———v———e——— = 6.24 Hrs

Time of SUNSET -—-——————-——erm————m 17.76 Hrs

For each model execution the variable alterations become :

HORIZONTAL INCLINED
: Run #1 Run #2 Run #3 Run #4
Site Azimuth .0 3.0 225.0 225.9
Site Inclination 3.0 g.0 12.9 12.0
Skyline Elev. Sunrise 2.9 17.5 2.0 17.5
Skyline Elev. Sunset 3.0 47.0 2.0 47.0

The output for the direct beam (5) from each of these runs
is graphed in 3A. The shaded region (hand drawn) represents the
area under the curve removed when the shading effects of the
surrounding terrain are included. The extraterrestrial radiation
has been included for comparative purposes only. Apart from the
inferences that can be drawn from the trends exhibited by the
computed curves and, perhapss a guantitative evaluation of the
instantaneous results, it is also possible to use the integrated
daily totals to considerable advantage. For example:

HORIZONTAL SURFACE INCLINED SURFACE

Excluding Topography 21.33 * 18.48
Including Topography 16.39 ' 13.98

Difference 4.74 4 .00
Percent Difference 22.2% 24 .4%
Excluding Topography 21.33 18.48
Percent Difference 13.3%
Including Topography 16.59 13.98
Percent Difference 15.7% \

¥ All radiation values in megajoules per sguare meter per day.

In addition, if the surface were horizontal and excluding the
effects of the surrounding terrain, it can be determined that the
£9.9% of the daily energy available at the edge of the atmosphere
is transmitted to the surface as direct beam radiation. For the
inclined surfaces this value 1s reduced to 60.6%.

Thus, the model run with the inclusion and exclusion of known
site characteristics makes possible guantative evaluation of
relative effects of these characteristics upon the radiative
receipt. Such Tflexibility in the radiation model offers the
capacity to 1soclate those components that are of i1mportance in
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determining the specifics of the radiative balance at a
particular location.

Once the data from the four model runs has been entered
into the spreadsheet, the reguired graphics commands are
identical to those presented in Example 2.

Graph 3A following page.
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EXAMPLE 3B.

The wuser selected time increment (TINC or t) ranges from a
minimum of 1 to a maximum of 60 minutes and, for most purposes,
an interval of 30 to 60 minutes is adequate. However, if  the
model performance 1is to be tested against field measured data it
is advantageous to be able to compare the computed to the
measured value at exactly the same point in time. It 1i1s,
however, not always possible to obtain field measured data at
regular time intervals unless the measured data is placed on a
continuously recording system (i.e. strip chart or magnetic

tape). Thus, for example, if the model was run using a time
interval of 3@ minutes it would not be possible +to directly
compare results if the data was measured at $4.47 hrs. (this

point would lie between the closest computed times of @4.30 and
$5.98 hrs.).

If the model output 1s to be compared with field
measurements made randomly throughout the day, the program can be
run at 1 minute intervals and the data for the exact time of
measurement isolated from the output. Contingent upon the day
length, however, the printout time required for one model run
could be substantial with much of <the generated data not
required. For example, a daylength of 14.5 hours would require
878 iterations for a time increment of one minute. In this
instance it becomes far more efficient for the user to avoid data
printout and let the results be displayed only on the video
screen. When the required time appears on the screen, program
execution can be halted by pressing down the CONTROL key and
simultaneocusly pressing the NUM LOCK key. Once the operator has
recorded the data points program continuation is achieved simply
by pressing the ENTER key (refer to 8G page 53 HALTING SCREEN
DISPLAY).

Graph 3B compares computed to instantanecus values as measured
over Glaciar Yapamarey on July 206th, 1983 (declination of 28.6
deg.). The topographic effects incorporated into the FORTRAN
model become critical in the duplication of the curve described
by the measured data. Thus, wused in conjunction with the
information available from the solar path diagram, this
particular application of the computer model results in an
extremely powerful diagnostic tool. Note also, that the graphing
of this data by the LOTUS procedures absolutely necessitates the
use of the XY graph type as the data intervals are not uniformly
distributed on the X axis (abscissa).

The data for Graph 3A as entered into the LOTUS systems disk
is provided in Table 2. The value entered into column E
represents a false or a bogus data point that allows the user to
expand the axis of the graph and make the output more visually
satisfying. The wuse of this point is explained in the comments
section of the graphics commands.
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A B c b

1 GLACIAR YANAMAREYLAT=9.65 DEC=2€.b
2 DIRECT BEAM
3 TIME COMPUTED MEASURED  YAXIS
§ b ¢ 8 958
] .24 ] g
b 6.5 15.1 #
7 7.1 §2.7 8.9

, B 7.3 1.4 68.5

9 B.1  258.9 168
18 9 8k3,1  448.7
11 16 £57.9  596.3
12 11,15 BiB.4  784.1

13 12 B71.3  B33.9
14 12,5  879.8  826.7
15 13 B&9.5  BAB.1
16 13.45 848 - 887
17 18 7916 T48.1

18 14,2 768.2 7629
19 14,5 9.8 79.9
[] 15.5 3.2 79
)] 17.1 34,6 39.3
22 17,5 16.3 9.3

23 17,76 - # B
IABLE 3-
Graphics Commands
Graph, COMMENTS
Type = XY (Rows 1 & 2 used for headings)
X = A4..R23 ( X axis — TIME)
A = B4..B23 (l1st date range — computed)
B = C4..C23 {(2nd data range - measured)
C = D4..D4 * (3rd data range - Bogus point)

¥ The .graph axis are automaticelly determined by the
and lower values of the entered data. In certain instances,
particularly if the data is random over a certain time interval,
the result does not always visually satisfy the needs of the
user. By specifying the data limits, it is possible to control
the scale of the axis (both X and Y). There are two ways that
this can be done. If the user 1s familiar with the LOTUS package
the Worksheet/Graph/Options/Scale commands can be used. A more
direct approach is simply to enter a false or bogus data point
and specifying the plot ranges to encompass only that cell. In
example 3B the Y axis 1s expanded by the value of the third data
range (230) and specified as having a range egual to D4..D4. This
results in a single symbol plotted at the position egual to the
value on the axis and, therefore, does not interfere with the
curves generated for the other data.

upper

Example Cont’d
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Options, Titles
First = GLACIAR YANAMAREY, PERU

Second = SLOPE=12.03 AZIMUTH=225
X Axis = TIME (L.A.T)
Y Axis = IRRADIANCE (Wm¥*-2)
- Save = "Filename"
Printgraph,
Select = "filename"
Options
size = Full
Quit
Quit

Go

Graph 3B following page
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Daily Radiative Loading on a Slope varying from @ to 70 Degrees.

Allied with appropriate program design the flexibility of
interactive computer systems becomes apparent when it is necessary
to test the influence of a singular variable over a specified
range. This enables the user to operate the system efficiently in
terms of both time reguired at the terminal and time for system
output.

For this example the slope of the site (35 N. at the June
spolstice) was allowed to vary from the horizontal to the vertical
(@ to 9@ Deg.) at five degree increments and repeated for four
azimuths (N,S,E and W). Thus, the data base necessitated 57
executions of the program from which only the integrated daily
total of the global radiation (K} ) was of interest. The total

amount of operator time reguired to obtain the data was
approximately 9@ minutes as no printout was necessary and the
values manually recorded. The results are presented in Braph 4.

Note that only three curves are plotted due to the symmetry in
the radiative receipt for the east and west azimuths.

Apart from the data ranges and headings, the syntax
required for Graph 4. 1is basically identical to Examples 1 & 2.
The Y axis, however, has been expanded by the addition a false
data point equal to 35 megajoules, the symbol of which is plotted
on this axis in the upper left corner. The user should consult
the discussion that accompanies the syntax for Graph 3b. +to
understand the purpose of this additional data point.
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As the radiation model will function over all latitudes
and declinations it becomes possible to consider the global
distribution of radiative phenomena. Graphs Sa and Sb are the
result of iterating the model over all latitudes at 16 ~ degree
increments to estimate the meridional distribution «©f surface
global and net radiation. The albedo for each increment of
latitude was taken directly from a map of the average planetary
albedo which can be found in almost any standard physical
geography or general climatology text, i.e. Neiburger, Edinger
and Bonner (19B2376-77)3; Strahler and Strahler (1978;3;54-55).

Thus, for each program execution, the latitude and site
albedo are the only variables that reguire alteration. The
information reguired from each program run is the instantaneous
values of the global and net radiation for solar noon and their
integrated daily totals. For graphs Da and 5bs the surface albedo
was interpreted at 10 degree increments along the 100°  W.
meridian following Neiburger et.al (19825 77).

Graphics Commands.

For Example 5 only the commands for Braph S5a are documented.
With the exceptions of the headings and the A and B data ranges
the same commands will generate 5b.

Graph, COMMENTS

Type = BAR (Rows 1&2 data headings)
X = A3..A19 (Latitude - 60 N to 99 S)
A = B3..B1@9 {(Net shortwave - K#*)
B =

C3..C19 (Global radiation - K{ )

Options, Titles,
First = DAILY TOTALS OF RADIATION

Second = DECEMBER SOLSTICE
"X Axis = LATITUDE (DEG.)
Y Axis = MJ m¥x—2 Day*¥-1

Options, Legend,
' Ist data range NET SHORTWAVE
2nd data range = GLOBAL RADIATION
VIEW
Save = "Filename"

Printgraph, ,
Select = "Filename"”
Options
Size = HALF
Quit
Guit
Go

8L,
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It is possible to use the information generated by the model
to obtain the data base for a three variable graph. Although this
particular application may require a considerable amount of time
at the computer terminal, once complete and entered into the
Lotus spreadsheet, the additional information that can be derived
from the results makes this an extremely instructive and wuseful
application of the model. In addition, such a format begins to
capitalize on the flexibility and power of the graphics capacity
inherent in Lotus 1-2-3.

Graph 6A is an isoline diagram interpolated directly from
the data base presented in Table 4. The information was obtained
by running the radiation model 12 times the intention of which is
to determine the seasonal trends of the direct beam radiation
intercepted on a slope inclined at 5@ degrees, facing to the west
and located at 60 degrees north latitude. The first day of each
month was selected as the primary seasonal reference and the
declination and earth/sun correction factor entered into the
model for each of these twelve days. Graph 6A represents the
isoline diagram as interpreted directly from the data as entered
into the spreadsheet and printed out wunder the Lotus PRINT
routines (Table 4), Sellers (1981, 36) presents a variety of
similar diagrams generated for direct beam receipt but using as
the graph axis slope and time of the day. Thus, for the Sellers
examples, the time of the year is taken as constant rather than,
as for Example 6, the site slope.

Once the data has been entered into the spreadsheet, graphs
can be generated using either the columns or rows as the - graph
axis. Thus, it becomes possible to plot the more standard two
variable graphs from both hoizontal and vertical +transects
through the data base matrix. Graphs 6b and 6c have been created

from the data base capitalizing upon this capacity. The data

ranges for these graphs can be interpreted directly from Table 4.

Graph 6&B.
Graph , COMMENTS
Type = XY
X = A2..A33 {X Axis — TIME)
A = C2..C33 (Ist data range - FEB)
B = D2..D33 (2nd data range - MAR)
C = E2..E33 (3rd data range - AFR)
D = F2..F33 (4th data range - MAY)
E = H2..H33 {Sth data range - JuL)

Example cont’d on Page 89.

86.




(=
m

W o G S W W R S G owh T TR () O

n & o £~
RS A b ]

- S T W O MR sk R o G wh RSy O~

A B C b E F 6 K I J X L
1 TIRE JAN FEB HAR APR BAY JUN JuL AUB SEP ocT NOV
2 6.5 ¢ ¢ # # # # # ¢ 8 8 ¢
3 7 ¢ ¢ # g g # g 8 # # #
§ 7.9 ¢ # 8 # ¢ ¢ $ £ # 8 #
S 8 8 8 ¢ ¢ 8 8 8 @ ¢ 8 g
b 8.5 £ ¢ ¢ # ¢ 8 8 8 £ £ ¢
7 9 ¢ # # ¢ # # # 8 ¢ B g
8 9.5 ¢ § [ ¢ g # 21 § § ¢ §
9 18 ¢ ¢ ] ¢ 34 9% 185 b2 8 B ¢
18 18.5 £ ¢ $ 34 121 182 193 149 69 g )
11 11 # # 22 118 218 271 281 239 35 39 g
12 11.5 ¢ 18 95 21b 328 468 488 498 134 134 #
13 12 1% 39 1536 283 384 462 478 411 324 267 89
14 12.5 28 95 216 358 462 528 929 498 461 275 134
15 13 13 122 267 423 533 398 598 599 469 333 172
16 13,5 K 134 384 4§78 592 658 658 b8 oeh 79 192
17 14 o8 127 325 17 639 699 787 667 568 449 197
18 18,5 14 94 328 341 671 733 742 788 3% 421 174
19 15 # 5 360 43 687 753 762 718 b8t 4§11 127
2 15,3 £ 23 243 52b 683 753 767 728 596 373 o
I3} 16 # # 151 481 bbh 745 753 783 Sbk 385 23
22 16,5 8 8 b1 511 622 T4 727 887 587 od] ¢
23 17 8 8 8 384 598 667 481 612 423 77 8
24 17.5 g 8 # 169 §71 681 619 537 389 2f 8
5 18 g ¢ # 38 368 517 538 441 187 8 8
gb 18.5 # ¢ # § 227 §17 b44 325 37 # g
27 19 # 8 # 8 82 382 334 194 2 g 8
28 19,5 ¢ 8 8 # 38 178 21 " # 8 |
29 2f # 8 8 ¢ 8 &7 182 29 # # é
38 26.5 8 8 § ¢ ¢ o8 52 g # $ ¢
K 21 8 # $ 8 # $ 18 8 8 ] 8
32 21.5 ¢ £ 8 8 # 8 8 £ g ¢ $
33 g2 g 8 # 1] 8 $ ¢ £ £ ¢ B

IABLE 4.
Data base for BGraph 6A as printed under the lLotus

PRINT routines
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TIME OF YEAR

GRAPH 6A.
Seasonal Distribution of Direct Beam Radiation on a 59 Deg.

West Facing Slope at 5@ Deg. North Latitude. All Values are
in Megajoules per SqQuare Meter per Day.
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Options, Titles,
First

Second
X Axis
Y Axis
VIEW
Save

Printgraph,

Select
Options

Size
Quit
Quit
Go

(L.

A.T)

= "Filename"

= "Filename"

= HALF

SLOPE=50;

(Wm¥kx—2)

DIRECT BEAM RADIATION
SITE=60 N;
TIME
IRRADIANCE

AZIM.

=270

-
~<
> 0
it}
o

mooOowD
]

= LINE
Bi..Mm1
B13..M13
B17..M17
B2©2..M20
B25..M25
= Beg8..M28

Options, Titles,
DIRECT BEAM RADIATION
SLOPE=58; AZIM.=270
TIME OF YEAR

First
Second
X Axis
Y Axis
VIEW
Save

Printgraphs
Select
Options
Size
Quit
Quit
Go

|

SITE=60 N;

IRRADIANCE

COMMENTS

(must be 1INE format)
(X Axis -

(1st
(2nd
(3rd
(4th

ASth

"Filename"

"Filename"

HALF

data
data
data
data
data

TIME OF
range -
Tange -
range -
range -
range -

{Wm¥*%x—2)

YEAR)
1260
1400
1559
18@9
1958

(S)

or Solar Noon)

Hrs)
Hrs)
Hrs)
Hrs)

As the above graphs are printed under the HALF command 1t
possible to print them both at the same time and on one page.
procedure for this option is explained in Example 7 (page 94).
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EXAMPLE 7.

The distribution of global radiation received over the
surface of the earth is conventionally presented on an isoline
diagram as a function of time of the year and latitude. Usually,
two such diagrams are provided: one for the distribution of
global radiation received on a horizontal surface at the edge of
the atmosphere, and the other, for the horizontal at the earth’s
surface (see Sellers, 1971, 183 Neiburger, et.al.,1982; Strahler
& Strahler, 1978, 49).

By running the FORTRAN model, varying the latitude,
declination, the earth/sun correction factor and isolating the
integrated daily totals of global radiation from the computed
results, it is possible to to generate a data base matrix such as
that presented in table S5 (columns A-M). The 17th day of each
month was selected as the seasonal reference and the declination
and earth/sun correction entered into the user options for these
times. The latitude was then iterated at 5 degree intervals with
the other variables held constant. A sample of the the inputs is
provided below.

USER SUPPLIED OPTIONS

lLatitude of site - —————————————-— = 30.99 Deg.

Declination of site - - ————————-— = -1.590 Deg.

Time increment for calculations = 60 Mins.

Earth/sun correction factor --—-- = 1.080342¢

Atmospheric transmission ——————-— = .31 18ths

Precipitable water —-———————————- = 2.09 Cm.

Atmospheric pressure ——————————— = 1000.80 Mb.

Estimated elevation - —————-———~—-— = 112.40 M.

Inclination of slope =—==——v——e———n = .2 Deg.

Azimuth of slope —————————————-— = .8 Deg.

Albedo of site ——————-——=——-—-—— = .20 10ths

Elevation of skyline for sunrise = .2 Deg.

Elevation of skyline for sunset = .2 Deg.

Atmospheric refraction —-———————- = 1]

Backscatted radiation —————————-— = 4]

Time of SUNRISE —-——=———m————— ——— = 6.36 Hrs

Time of SUNSET -————————————mo—r = 17.65 Hrs

The data base as presented in Table 5. reguires a
considerable amount of time to compile. However, once generated

and entered into the spreadsheet, the ease to which this data can
be manipulated makes this a particularly instructive exercise
and, similar to Example 6, begins to capitalize upon model design
and the flexibility of LOTUS 1-2-3 graphics routines.

9I.



coL.#

2

oo ~3 o~ LN o Wy

1!
ie
13
14
15
16
17
18
19
28
21
22
23
24

c
o

26
27
28
29
38
3
3k
33
34
B
36
37

A B C b E F 6 H I J K L B
ROW.#1 LATITUDE JAR FEB HAR APR HAY JUK JuL #UG SEP ocy KOV DEC
98 8 # ¢ 8.3 21.6 27.9 24.7 13.1 i.2 # 8 #
85 ¢ ) 8.5 8.9 21.6 28.2 24.b 13.6 2 # # )
86 ] # 1.2 1.1 21.6 28.1 24.5 14,2 3.7 8 8 8
75 ] ¢ 4. 119 21.8 2.6 26.4 15.3 5.9 g.6 # ¢
7% 8 2.9 5.6 13.9 22.5 27.4 24.8 16.9 8.2 1.2 # #
b5 $.3 2.4 7.8 16.1 23.7 27.6 25.6 18.8 16.5 3.8 .5 #
68 1.1 2.2 16.1 18.1 25 28.3 26.5 26.5 12.7 5.8 1.6 8.5
o5 2.6 6.3 2.4 19.8 25.9 28.9 27.2 ge.! 14.9 8.1 2.4 1.2
8 §.5 8.5 4.6 21.6 27 29.5 28.2 23.6 16.9 18.4 3.4 3.4
45 6.6 1 16.7 23.1 27.8  29.8 28.8 24.7 18.9 2.6 7.6 9.9
46 8.8 3.1 18.7 24.4 28.6 3.2 29.3 25.9 2.6 14.7 9.6 7.7
35 i1 9.3 28.5 25.5 28.8 3.2 29.6 26.7 2e2.2 16.8 2.1 9.7
38 13.6 17.4 2e.1 26.4 28.9 29.7 29.3 27.3 23.5 18.8 14.4 12.2
2 157 19.3 23.5 27 8.8 29.5 29.1 27.6 24.7 28.5 16.5 18.5
28 17.8 2.1 24.7 27.4 28.5 28.8 28.6 27.7 25.b 2.2 18.6 16.8
15 19.9 22.8 25.6 27.5 27.9 27.9 27.8 27.6 2b.2 23.6 28.6 19
18 1.8 24.3 2.3 27.4 2741 26.8 26.9 27.3 26.7 24.9 2e2.5 2!
S 23.b 9.9 26.8 26.9 26.4 25.5 25.9 26,6 27.2 25.9 24.1 23

é 25.2 26.5 26.7 26 24.5 23.6 2b.3 25.4 2t.8 2b.6 25.7 24.4
-3 26.9 27.6 27.1 9.9 23.4 22.3 2e.7 24.7 26.5 27.5 26.8 26.3
-18 27.8 27.8 26.8 24.5 21.7 2¢.4  26.9 23,4 5.9 27.5 27.8 27.7
-15 . 28.7 28.1 26.3 23.2 19.9 18.4 19.1 21.9 2.1 27.5 28.6 28.7
-2# 29.5 28.2 25.6 21.7 17.9 16.3 17.1 2.2 24.1 27.3 29.2 29.7
=25 Kl 27.9 24.6 19.9 15.9 14 149 18.4 22.8 26.8 29.5 38.5
-3 3.2 27.5 23.4 18.4 13.8 11.8 12.8 16.4 2.4 26.1 29.6 3.6
=35 38.3 26.8 21.9 16.1 11.7 9.4 18.4 14,3 19.7 25.1 29.2 3.1
-48 3 25.8 26.3 14 9.3 7.4 8.3 12.1 17.9 23.9 28.9 .l
~45 29.5 24.7 18.5 11.9 7.1 5.3 b.1 9.9 15.9 22.6 28.3 3.8
-3¢ 28.8 23.4 16.5 9.6 .1 3.2 4.2 7.6 13.8 2.9 27.5 36.4
=55 28 21.7 14.4 7.3 3.1 1.2 2.3 3.6 1.6 19.2 26.3 29.8
-b# 26.9 2f 2.2 o.1 1.6 8.5 1 3.5 9.4 17.3 23.1 29.1
=65 25.9 18.1 9.9 3.3 B.4 £.1 8.2 1.8 7.1 15.2 23.8 28.4
-7 25 16.2 7.3 1.5 ¢ # # 8.6 5.9 13 22.7 8.2
=75 24.5 14.2 5.3 B.4 # # B 6.1 2.8 16.9 21.9 28.3
~Bf 24.5 12.7 3.1 # # # # # 1.2 8.8 21.7 28.7
-85 2h.b 11.7 1.5 8 # ¢ # ] 8.3 7.3 21.7 28.9
-0 4.7 1.5 {.1 8 # [ 8 ] # 6.7 21.7 28.3

38

The format of above table is simply the result of
entering the data into the Lotus spreadsheet and printed using
the PRINT commands discussed in Example 1. Even though the size
of the data base is such that it is not possible to view the
complete data set on the screen,; the print default compresses the

spreadsheet data allowing for a single page printout. For even
larger data bases it is possible to control the Lotus print
routines to achilieve any desired print format. This option 1is

particularly useful if an-isoline diagram is to be constructed
from the output, i1.e Graphs 6 and 7 (see Chapter B of Le Bond and
Cobb (1983) or the Lotus manual under / Print Commands).

¥ This column is exclusively reguired for the X axis on Graph 7D
and is not model generated data. Refer to page 95 for discussion.
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Graphs 7B and 7C represent just two possibilities directly
derived from the data base. After creating the two graphs it is
possible to print them on one page by using the HALF option in

the printing routines. The following commands generate these two
graphs:
COMMENTS
Graphs Type = Line
X = Bl..M1 (X axis - TIME OF YEAR)
A = Ba..Mm2 ({Ist data range - LAT.= 9@)
B = B9..M9 (2nd data range - LAT.= 395)
C = Big..M18 {3rd data range - LAT.= 1@)
D = B2@9..M20 (4th data range - LAT.= 0 )

Options, Titles,

Firest = SEASONAL DIST. OF GLOBAL RADIATION
Second = SOUTHERN HEMs SEA LEVEL
X Axis = TIME OF YEAR
Y Axlis = GLOBAL RADIATION (MIm*#%-2 Day¥%-1)
View
Save = "Filename" (7B)

As both these graphs are being constructed from the same data
base and have identical axis it is not necessary to repeat the

entire sequence outlined above to create the second graph (7C).
All that will require modification are the 4 data ranges (A,B,C
and D) and the second title command. All other entries will be

repeated as they are carried over by the system from the previous
graph entries. For Graph 7C:

Graph, 'and move cursor directly to the Ist data range,

A = B2@..M28 (Ist data range - LAT.= @& )
B = Bz22..M22 {2nd data range - LAT.= ~-10)
C = B31..M31 (3rd data range - LAT.= ~-55)
D = B38..M38 (4th data range - LAT.= —-99)
Options, Titles, {and go directly to the second title option)
Second = SOUTHERN HEM; SEA LEVEL
View
Save = "Filename'" (7C)

Printgraph (and enter PRINTGRAPH disk upon request)
Select = "Filename" (7B) and "Filename"” (7C) *

* Move cursor to "Filename” for the northern hemisphere
graph and press. the space bar. The # symbol will appear in front
of the file name. Move the cursor to the southern hemisphere
graph and, again, press the space bar to generate the # symbol.

Then press the ENTER key.

Example cont’d.

aL.



Options,; Size = HALF
Quit

Quit

Go

Both graphs will now be printed

From the data base presented in Table 5 it 1s possible to
consider aspects of the meridional (longitudinal) distribution of
the earth’s radiative balance. Obviously, to achieve this all
that 1s required is to use the latitude (+90 to -9@) as the X
axis and select the required months from the other data columns
(Lotus allows a maximum of & columns to be plotted). However,. as
was alluded to earlier in this section, the standard commands do
not always result in the generation of graphs that directly meet
the needs of the user. Directly applying the data base generated
for this example ( columns A-M Table 5) to generate curves of the
meridional distribution of radiation represents such a case. To
overcome the complications an additional column has been created
and 1is identified in Table 5 as a false X axis. The numbers
represent the integer values of the latitude amnd no distinction
hbas been made between north and south latitudes. The intermediate
cells have been left vacant. To generate Graph 7D:

_ COMMENTS
Graph, Type = Line {must be Line format)
) X = AZ2..A38 (X axis using all latitude data)
A = Dz..D38 ( March )
B = B2..B38 ( June )
C = M2..M38B ({ December)

The actual plots of the data (A,B and C) will . be
satisfactory. However, the X axis, due to the amount of data
points, will be subject to information conjestion to point where
numbers will be written over each other during graph printout.
This results 1in the axis being uninterpretable. At times this
problem can be overcome by selecting the XY graph option during
compilation. Unfortunately, for this data base, the automatically
interpreted axis will range from +100 to ~100 which is beyond our
data range and issy therefores, also unusable. To overcome this
problem ', once the graph has been created by the initial commands
outlined above:

Return to the X axis, press the enter key and
enter the new range N2..N38. Press the enter key and
return to the graph menu. The data contained within
this column is then substituted for the initial X axis
under which the graph was created. Even though this
column 1s incomplete and does not make any sense to the
lLotus graphing routines, as the graph is already
created and held by the system, it i1s possible to
use this data to label the X axis. The plot is. then able
to be printed without any distortion of the information
on this axis (see Graph 7D).

Continuing graph creation
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Options, Titles ,
First = MERIDIONAL DISTRIBUTION OF Kl.
Second = JUNE & DEC.SOLSTICE; MARCH EQUINOX.

X Axis = NORTH bbbbb LATITUDE (*1¢ D.) bbbbbbb SOUTH #*
Y Axis = GLOBAL RADIATION (MIm¥¥—-2 Day**x-1)
View
Save = "Filename" (7D)

# The position available within the system for axis labelling
occupies only one line. It is, however, 35 characters in
length and the information entered is centered along the
abscissa. For this example three elements of information
have been entered separated by blanks ( identified as b and
created by pressing the space bar). The information is then
centered automatically and identifies the north and south
latitudes which had not been conventionally presented through
the wuse of the negative sign for southern hemisphere data.
This Tfurther serves to reduce the amount of information that
must be placed on the X axis during initial graph creation.

Printgraph (and enter PRINTGRAPH disk upon reguest)
Select = "Filename" (7D)
Options, Size = FULL
RQuit
Quit

Go

Graph 7D will now be printed.

Graph 7D following page

END OF SECTION 9
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APPENDI X

1. SYSTEME INTERNATIONAL UNITS OF MEASUREMENT

Quantity SI C.G.S British
Basic
Length 1 m = 1¢2cm = 3.281 ft
Mass 1 kg = 1@3gm = 2.205 1b
Time 1 (min,h,day,yr) =1 ¢ = 2.778%10"4%n
Temperature 1 Kelvin (1°C) =1 K (1°C) = 1.8°F
Derived ‘
Area 1m2 = 10%cm? = 10.76 ft2
Volume 1m3 = 1p6cm3 = 35.31 ft3
Density 1 kg m-3 = 1073g cm-3 = 6£.243%107 b ft3
Velocity 1 m s-! = 102cm s = 3.281 ft o-1
Acceleration 1 m s-2 = 1902cm s-2 = 3.281 ft s-2
Force 1 kg m 5”2 = 185g cm <2 = @g.225 1bf
= 1 Newton = 18°dynes
Pressure 1 kg ms? = 19 g cm's2 = 9.021 1bf i
= 1 Pascal = 107%mb
Work,energy 1 kg m2g-2 = 187g cm?<? = ¢.738 ft 1bf
= 1 Joule = 1@7ergs
Power 1 kg m2s-3 = 1879 cm2s-3 = ¢.738 ft 1b f s-1
= 1 Watt = 1g7ergs s-1
Heat,energy 1 J (Joule) = @.2388 cal = 9.478%1¢ 'BTU
Heat flux 1 W (Watt) = ©.2388 cal s-! = 3.412 BTU h-1.
Heat flux
density 1 Wm?2 = 2.388%10 cal cmis' = ©.317 BTU ft2h-!

Prior to the standardization of units, climatologists primarily used

the Langley (ly) as a measure of the radiant flux density
(irradiance).

11y =1 calem? = 697.3 Wm>

(after Dke,1978,337)
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2. EPHEMERIS OF THE SUN TABLES (adapted from List,1966)

The declination ( jV ) of-the sun is its ‘angular distance

north (+) or south (~) of the equator.

The eguation of time (e) (apparent - mean) is the correction

to be applied to mean solar time in order to obtain 1local
apparent (true) time (L.A.7T). ‘

The radius vector of the earth is the distance from the center

of- the earth to the center of the sun expressed in terms of the
length of the semimajor axis of the earth’s orbit.

. - 2 .
The earth/sun correction factor (d/d) is the inverse of the

orbital radius vector

‘Equation Radius Equation Radius

Date Dec. of Time Vector (d/d) Date . Dec. of Time Vector (d/df
o 1 o | o o [/
Jam. 1 -23 .84 -03 14 ©.98324 1.017044 Feb. 1 =~17 19 ~-13 34 = ©.98533 1.014888
S -22 42 -05 86 ©.98326  1.0817044 5 ~16 18 -14 02 0.98593 1.814271
9 -22 13 -06 S6 ©.98333 1.016952 - ® -14 S5 -14 17  ©.98662 1.013561
13 -21'37 -08 27 ©.98352 1.816756 13 =13 37 -14 20 ©.98738 1.012781
17 =20 S4. -9 S4  ©.98378 1.016487 17 -12 15 =14 18  ©.98819 1.011951
21 -2 5 -11 16 ©.98410 1.08161S6 21 -1 56 -13 5S¢  ©.98983 1.011092
25 ~-19 89 -12 14 B.98448 1.815764 25 -9 @83 -13 19  0.98991. 1.010193
29 -18 88 -13 05 ©.98493 1.015300
Mar. 1 -£7 53 -12 38 2.99084 1.009244 Apr. 1 +84 14  —@4 12  ©.99928 1.000720
S -6 21 -11 48 ©.99182 1.808247 S +05 46  -03 01  1.00043 ©.999570
9 -o4 48 -18 S1  ©.99287 1.007181 ! 9 +07 17 -01 52 1.00160 ©.998403
13 -03 14 -89 459  ©.99396 1.886876 13 +88 46 —00 47  1.00276 ©.997248
17 =01 39 -@8 42  ©.99508 1.804944 17 +10 12 +00 13  1.00390 ©.99611S
21 -02 85 -07 32 ©.99619 1.003824 21 +11 35 +B1 B6 1.00500 ©.995025
25 +01 36 -06 20 ©.99731 1.802497 25 +12 56 +01 S3  1.00606 ©.993977
29 +03 64 -05 07 ©.99843 1.881572 29 +14 13  +02 33  1.00708 ©.992970
May 1 +14 58 +02 50 1.88759 ©.992447 June.l +21 S7 +B2 27 1.01405 ©.986145
S +16 02 +03 17  1.00859 ©.991483 5 +22 28 401 4%  1.01465. ©.985561
9 +17 89 +03 35  1.88957 @.990520 9 +22 52 +@81 06 1.81518 ©.985047
13 +18 11 +03 44  1.01051 ©.9895599 13 +23 16 +08 18  1.81564 0.9846081
17 +19 89  +3 44 1.0113B ©.988748 17 +23 22 -00 33 1.01602 ©.984233
21 +20 @2 +03 34 1.81218 ©.967967 21 +23 27 -01 25 1.01630 ©£.983%9!
25 +20 49 +03 16 1.81291 ©.987254 2S5 +23 25 . -@2 17 1.01649 ©.963778
29 +21 3@ +g2 S1  1.81358 ©.986602 29 +23 17 -03 07 1.01642 ©.983652
Jul. 1 +23 18 -P3 31  1.816467 ©.983603 | Aug. 1 +18 14  -P& 17  1.01494 ©.985280
S +22 52 -84 16 1.01671 ©.983564 S +17 12 -85 59  1.81442 ©.985785
§ +22 28 -4 56 1.01669 ©.983583 | 9 +16 @& -~0S 33  1.01384 ©.986349
13 +21 57 -05S 3¢  1.01659 ©.9836808 13 +14 55 -g4 S7  1.01318 ©.986951
17 +21 21 -80S S7  1.01639 ©.983874 17 +13 41 ~@4 12 1.81244 ©.987713
21 +26 38 -~66 1S 1.01610 ©.984155 21 +12 23 -3 19 1.01163 £.988503
25 +19 50 -04& 24  1.81573 0.984513 25 +11 @2 -~p2 1B  1.01876 ©.9893S5
29 +18 57 -6 23 1.01S38 ©.984930 29 +89 39 -01 18 1.80986 ©.990236
ct. -

Sept.1 +@8 35 -00 1S  1.00917 ©.996913 Ger. 1 -2 D D, jrooare PPt
'S +87 €7 +01 02 1.80822 ©.991847 9 -05 S8 412 27  0.90888 1.881101
9 +85 37 +@2 22 1.00723 ©.992821 13 —07 260  +13 30 9.9977a 1 .@0226S
13 +B4 @6 +03 45  1.00619 ©.993848 17 -08 S8 +14 25 p.9%eso 1. ppaenn
17 +02 36 +05 10 1.00510 ©.794926 21 -18 25 415 18 ©.99544 1.804581

21 +01 @1 +086 35 1.00397 ©.996046 25 —11 5B +15 as ° .
25 -gp 32 +08 90  1.00283 £.917178 2.77433 1.005702
. . 289 -13 12 +16 18 £.99326 1.904785

29 =02 06 +09 22 1.00170 ©.9983063

Dec. 1 -21 41 +11 16 0.98604 1.014158

Nov. 1 =14 11 +16 21 £.99249 1.8875&7 S -22 16 +89 43  @.985456 1.814754
5 -15 27 +164 23 £.99158 1.008573 9 -22 45 +08 01 ©.98494 1.815290
9 -16 38 +16 12 ©.99854 1.009550 13 -23 @6 +06 12 ©.98646 1.@1S78S
13 =17 45 +15 47  ©.98960 1.01050° 17 =23 20 +@4 17  ©.98405 1.016208
17 -18 48  +1S 10 ©.9886% 1.011439 21 -23 26 +@2 19  £.98372 1.816549
21 -19 45 +14 18 @©.98784 1.212318 25 -23 25 +00 2¢ ©£.98348 1.216797

25 -2¢ 36 +13 15 ©.98706 1.813109 25 -23 1

-91 39 . 42
29 -21 21 +11 59 9.984836 1.01382% 9.89334 1.8189




3. ALBEDO OF VARIDOUS SURFACES.

The following table has been compiled from a variety of sources:
primarily List (19466, 442-443); Sellers (1972, 29); and 0Oke
(1978, 15 and Appendix A2). For details concerning the nature of
observation, the type of measurement system and the manner in
which the surface albedo can be determined the user should
consult these references. The albedo of snow and glacial surfaces
has been derived primarily from the Author’s field data.

SURFACE ~ ALBEDOD %
Bay ..... sew e c e ea s asasassssamaaanas fe s s e “se 34
Bay and river ....ciicerrnecnsrrsnnse ce e e s e e e .. 6—10
Inland Waters ... iinaneeessirnonas Ces e e e aces e 5-~10
Ocean ..... e Cesressesenrsaaanne 3-7
" deep ... e s e e e s Eesacaearn s s ceass 3-S5
" s near shore, solar elevation 47 Deg. ....uvecuu... 4
L1} 5 s [} , 1 1 1" 43 Lt e e e s s s ss 6
1 s " " ’ " n ) Eg n Ceresesaaaa 14
t , " " ’ " " 18 1" e et e e e Bg
"o, " " y " " 5.5 " s e s e 46
Forest, deciduous, bare ......«.. C ettt ass e 15
T, " y leaved v ittt s c e s s s 29
" y coniferous ....cveanasoes e e sesasansa e 5-13
" y SNOW Ccovered ground . ..ssvassacnnconeas ceaman . 19-25
MEadoWsSs OTreeN ..e-ciernanasscensnnonas et s e e s aaann 16-20
Chaparral ....ccctiieeinncanras e suwssanmassenne ce s .. 1520
Tundra c.eeereeenenncans cararaaaas e ra e ase e cessenan 18-25
Orchards ciivs e i erenencraneansnenas s e e s ee s s s e . 15-29
Fields, dry, plowed .........c... e e s e fameen . 28-25
" ) QT EBBT 4t e v reeeeoncanosononsansassnssnssonsnsss .. 10-15
" sy most agricultural crops ...... cerenenas e usaon . 15-25
Grass, dry ...... e e se e s e nee ceensns ~ese 15-25
"y high (1.0 M.)s 7Y .t evtevsasensssacoosananansass 30-33
" s high (1.0 m.), green .....iceeeeerearcnnnss sen. 16-86
Soils dark, Ory s cicecasosnncsanss f e s e e e e sess  ©9-195
", light, dry ..., e seea e oo 2540
" y dark, wet ... ....0.... e e s ss s s e s s s s l1g-20
P N | T A co.. 15-30
Sand 5 light, Ory ...ttt iinnnnnernnnennsons ceneeeans 3345
" ’ " s WEBLE .ttt eecennorenssenensereannce ces e CO-30
Snow, fresh ,smooth, high zenith angle ...... P e e P@-95
oy " ’ " s low zenith angle ......... cese e 79-85
", old, clean 5 SMDOth +.evuereineneoncnnnas e eae EB-70
"oy, " 3 rough ....... Ceesnen s »eembasssusreaerean LOP-60
Cont’d

103.



ALBEDO OF VARIDUS SURFACES Cont’d.

SURFACE ALBEDD %
Glacial Ice, alpine, ablation zone,; SMOOth .veeeeesos. 2540
" , " y " ", rough .iiieeeie... 18-25
Glaciers, alpine, ablation zones; winter months ....... 4P-70
Glacial firn, alpines accumulation zone; clean ....... 6078
" " " y " ", rough & dirty 4@-40

Glaciers, alpine, accumulation zone, winter months ... 70-9¢

Large Ice Sheets (Greenland, Antarctica)l;,

Central regions .....cvcenu.e cer s va e r s ceseare s 80~-95
Superimposed 1Ce ZONE .c.vsscss s s e s es e rse s asenereenn . O0-70
Duter margins .......c0cvvenn B csricnesasansuane .. 2540
Glacial moraine and debris, dark .....ceeecensnas veeas 9-14

" " " " y light .. iniiri e nnnsnan 12-18
Sea 1Ce +tvvaernnseanncas s esmecsmmnee e ce s e veens 3B-40
Concrete; dry s.ieiicesinacsennnnnncansensne s s e seas 1727
Road top, black ...cicinivacnconcsneneresss crreas e .. O-10
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4, ELEVATIDN AND PRESSURE RELATIONSHIPS FEOR THE U.S

ELEVATION ELEVATION
Meters Feet  PRESSURE Meters Feet PRESSURE
@ @ 1013.25 2600 8532.9 737.32
50 164.1 1897 .30 2700 8861.2 728.08
100 328.2 1891.28 2809 918%9.4 718.92
150 492.3 995.35 2900 9517.6 789 .87
200 656. 4 989.44 30900 9845.7 700 .90
259 820.5 $83.55 ; 3109 18173.9 692.983
308 984 .6 977.70 32090 185¢2.1 683.24
350 1148.7 971.87 33008 1683@.3 674.55
40 1312.8 9646.08 3400 11158.5 665.94
450 1476.9 96@.31 3509 11486.7 657.44
S00 1649.9 954.57 3608 11814.9 649 .01
552 1805.1 948.86 3708 12143.1 bL4P.67
689 1969.1 943.16 3800 12471.3 632.42
650 2133.2 937.51 3909 12799.4 624.23
700 2297.3 931.88 LBO0 13127.7 616.18
750 2461.4 926.28 4100 13455.8 608.19
800 2625.5 920.78 4200 13784.0@ L00.27
850 2789.6 915.15 4300 14112.2 ~ 592.45
410 2953.7 909 .63 4400 14440 .4 584.71
958 3117.8 904.13 4500 14768.6 577.05
1000 3281.9 B98.66 4600 15996.8 569.47
1120 3610.1 BB7.82 4700 15425.0 561.97
1200 3938.3 877.087 4BoY 15753.2 554.55
1328 L4ebb. 4 866.42 4900 16081.4 547.21
1400 4594.7 '855.87 SO0 16409.6 539.95
1500 4922.9 845.45 5109 16737.8 532.79
1680 5251.1 835.12 o200 17065.9 525.66
1700 5579.3 824.89 5300 173%94.2 518.64
1801 5907 .4 814.77 S4B 17722.3 S511.69
1900 6235.6 8084.74 5500 18050.5 504.81
2000 6563.8 794 .82 S5609 18378.7 498.080
2100 6892.0 784.98 5788 18706.9 491.28
2200 7228.2 775.26 5800 199035.1 484 .63
2300 7548.4 765.63 - 59900 19363.3 478.85
24090 7876.6 756 .09 Y017 19621.5 471.34
2500 8204.8 746.66
¥ Derived from Equation 6.3 Page 25.
Pressure Conversion:
Sea level pressure = 1013.25 mb. = 101325 Pa.
= 76 cm Hg. = 760 mm Hg.
= 29.92 in Hg.
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7. PROGRAM TECHNICAL INFORMATION.

The solar radiation program has been created under the
MS-DOS EDLIN commands and has been edited, compiled and 1linked
using Version 3.3 of the Microsoft FORTRAN series. On the
program diskette Four Ffiles with the prefix G5OLAR. can be
identified. The basic solar radiation generator has the filename
SOLAR.FOR while the others, GSOLAR.EXE, SOLAR.0OBJ and SOLAR.BAK
are Tfiles «created during the editing, linking and compiling
sequence reguired by the FORTRAN package.

The file SOLAR.EXE is the executable file required to run the
model using the commands outlined in Section B of this manual.
Thus, upon the entry

B>Solar

it i1s this file that is activated. If the SOLAR.FOR program is to
be modified then new executable and object files will need to be
created. Note also, that for a system with 256 K of R.A.M the
complete - program cannot be accessed without applying the the
MS—-D0OS EDLIN APPEND and WRITE commands. In addition, prior to the
compiling process, it may be necessary to purge the disk of all
files other than the SOLAR.FOR file to ensure that adegquate space
is available for the several intermediate files created during
the first stage of FORTRAN editing (Forl).

The following presents the basic commands required by the
FORTRAN package to edit, compile and link the program. Several
versions of Microsoft FORTRAN exist and, if the program is to be
reedited, it may be necessary to alter some program statements in
accordance with the specific requirements of the particular
version. Depending upon the FORTRAN package available
the following information may be subject to some wvariation.

Generally, however, procedures necessary  to initialize ang
execute this (or any other) program are generally conceptually
identical. The fundamental commands necessary to initialize any

fortran program can be found in the appropriate FORTRAN manual
under the section dealing with the FORTRAN compiler.

—_——— e A s S Ll

Microsoft FORTRAN Version 3.38.

The following commands will edit, compile and 1link the
radiation program. The FORTRAN operations as they appear on-
screen have been included with appropriate comments and
directions. Where the ENTER sign (J ) only appears, no data is
required and the user should simply press the enter key. The

direction arrows and the entry comments will not appear on the
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screen but have been included to guide the wuser through the
required sequence. Note that the following assumes the FORTRAN
disk to be in drive A and the program diskette in drive B.

‘—_—_#_________________——~At system prompt, B>, type
B> a:fori a:forl and ‘J .

Microsoft FORTRAN77 V3.30 March 1985
(C) Copyright Microsoft Corp. 1982,1983,1984,1985

Source filename [.FORJ: solar

- \
Ob ject filename [solar.0BJJ]:
Source listing CNUL.LSTI:

- z z ‘\\
Ob ject listing INUL.CODR]:

Type solar and .J.

If program printout
is required type PRN and

press ‘J_

Pas One No Errors Detected
1294 Source Lines

B>a:pas2 At system prompt place
Pas2 disk in drive A
and type a:pasc

Code Area Size = #3B43 (15171) For MS FORTRAN V1.1
Cons Area Size = #2CH (  784) type a:for2 and ’J .
Data Area Size = #7@08C (28812)

Pass Two No Errors Detected

B>a:Pas3 This option can be deleted
Br>a:link — Place linker disk (with LIBRARY

files) in drive A and type
a:link and .J .

Microsoft 8886 Object Linker
Version 3.62 (C) Copyright Microsoft Corp 1983, 1984, 1985

Object Mpdules [.0BJ]: solar -— ,
Run File [SOLAR.EXEJ: Type solar and |,
List File CNUL.MAPJ:

Libraries [.LIBl: a: _~__~________‘~__ _ ' -
Type a: and ‘J

B>solar Without changing disks at
system prompt type SOLAR and ‘J.

Data entry seguence will now begin (see Section 8).
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2. The LOTUS 1-2-3- Files.

For Exambles 1,2,3, &6 and 7 documented in Section B the
data base and graphics as entered into and created by the LOTUS
1-2-3 package have been included on the program diskette. Thus
there are 1@ LOTUS files. In order of entry:

EXAMP1 .WKS GRAPH1.PIC
EXAMPZ.WKS GRAPHZ2.PIC
EXAMP3.WKS GRAPH3A.FPIC
EXAMP&.WKS GRAPH&B.PIC
EXAMP7.WKS GRAPH7B.PIC

The data base i1s identified by the extension .WKS5 {(worksheet) and
the corresponding graphs .PIC (picture). Note that 1t 1is
necessary to have access to the LOTUS SYSTEMS and PRINTGRAPH
routines to access these files.

The generated graphs can only be viewed on-screen if a
graphics card exists in the computer and is correctly configured.
The necessary procedure is to be found under the section on
installing dirvers in the LOTUS manual or on pages 34-35 of Le
Bond and Cobb. However, if no graphics capacity exists for the
system 1in use, the database for each of the files can be
activated and the graphs can be passed directly to almost any dot
matrix printer from the PRINTGRAPH stage of the LOTUS procedures.
Of course, from the database additional graphs can be generated
according to need and the fundamental commands necessary to
construct graphs under LOTUS1-2-3- routines are documented 1in
Section 1@. '

If on—-screen viewing is possible then the graph correspending
to each of the data base is simply accessed from the GRAPH/VIEW
stage of the LOTUS worksheet routines. The picture will
automatically be drawn on the screen.

End of Section 9.
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