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SECTION 1

INTRODUCTION AND OVERVIEW

The Natural Backgrcund Radiation (NBR) Module is defined to be a
computer program which integrates nine ROSCOE-IR models (see Table 1-1} into a
consistent, stand-alone module for the purpose of developing and testing the
capability to compute the natural upwelling spectral radiance as & function of
altitude. The relationships of the routines in the NBR Module should be
similar to the relationships of the routines in the ROSCOE-IR Program except
for its use of overlays and a broader use of the GRC Dynamic Storage Alloca-
tion (DSA) System [SP-78].

The upwelling radiance will normally be a function of direction;
however, for the anticipated applications it is expected that a spatially-
averaged value will be adequate. (If later studies show that direction-
dependent values are required, relatively minor code changes can be made to
retrieve the more detailed information now generated to derive the spatially-
averaged value.)

Computation of the upwelling radiance may be described with the aid
of Figure 1-1. Point ¥ is at altitude z above a selected reference origin,

Table 1-1. Models Integrated into the NBR Module.

Model ROSCOE Manual

Title Number Developer  Volume Number
Ambient Atmosphere la SAI/LJ 14a-1, l4c
Atmospheric Aerosols 1¢,19:1¢ VI 25
Natural Clouds 1d,19:1d  SAl/PA 24
Atmospheric Thermal Emission 20b GET 28,31
Molecular Transmittance 24d GET 28,31
Earth Surface Characterization 23a SAI /LY 27,5ect.2,3
Earth Surface Radiance 23b SAI/LY 27,5ect.5
Upwelling Natural Radiation 23c SAI /LY 27.5ect.6
Solar Radiation 23e SAI /LY 27,Sect.4
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Figure 1-1.  Geometry to illustrate the computation of upvelling natural radiation for one viewing
—
direction VP.

V'. For a (fictitious) detector at Point V viewing in the direction of Point
P on the ground, the processes we include in computing the radiance in the
direction of PV may be separated into two cases:
A. No Clouds
1. Air emission between V and P, attenuated by moiecules and
aerosols.
2. Surface emission at Point P (from any of the seven modeled sur-
face materials), attenuated by molecules and aerosols alung V.
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3. Surface-reflected solar radiation, attenuated by molecules and

aerosols along the total path (5P + PV).
B. With Clouds

(Highest cloud tops are at or below Point C at 12-km altitude. The

first three processes below are weighted by the probability the line-

of-sight along VC intercepts ¢louds.)

1. Air emission between V and C, attenuated by molecules and
aerosols.

2. Surface emission from cloud tops at or below 12 km, attenuated by
molecules and aerosols along cv.

3. Cloud-reflected solar radiation, attenuated by molecuies and
aerosols along the total path (ST + CV).

4. Processes 1 and 2 from the no-cloud case, weighted by the prob-
ability of a one-leg cloud-free line-of-sight along vP.

5. Process 3 from the no-cloud case, weighted by the probability of
a two-leg cloud-free path along the broken path (VP + PS).

In view of the above-listed contributions to the radiance, it is easy
to recognize the need for integrating so many models into the NBR Module.
Five of these models, as indicated in Table 1-1, have been reported in other
volumes. The remaining four models are documented in this volume. To this
documentation we first provide an overall guide, foilowed by more detailed
descriptions.

The Earth Surface Characterization Model is described in Sections 2
and 3. Section 2 contains general information and details for non-water sur-
faces; the details for water surfaces are given in Section 3. The Solar Radia-
tion Model is described in Section 4 and the Earth Surface Radiance Model in
Section 5. In terms of such models, the Upwelling Natural Radiation Model is
presented in Section 6 and overall coding information for the stand-alone NBR
Module in Section 7,

In Sections 2 and 3 we present the ROSCOE-IR model (23a) for the

Earth surface characterization, in the spectral range from 2 to 5 um (or 5,000
-1 )
to 2,000 ¢cm ). The principal routine in the model is Subroutine ESURF which

13



' (with auxiliary routines for water surfaces) provides the (1) monochromatic
bidirectional reflectance-distribution function (BRDF), monochromatic direc-
tional endssivity, and (3) temperature of the Earth's surface at the inter-
section point of the optical line-of-sight. Since the surface category is not
automatically correlated with the geographic position, the user must select
one of the seven categories provided plus an associated descriptor where appro-
priate: (1) Lambertian surface (and diffuse reflectance), (2) water (and wind
speed), (3) snow (and its age-parameter), (4) sand, (5) soil, {6) foliage, and
(7) urban material (and degree-of-urbanization parameter). The user calls
Subroutine ESURF with the zenith angle of the solar ray at the intersection
point, the direction of the detector at the intersection point (specified by
the zenith angle and the azimuth angle relative to the principal plane of the
solar ray), the altitude at the intersection point, the surface material (and
associated descriptor) at the intersection point, and the wavelength.

The BRDF for each of the surfaces (except water) is computed from an
invented analytic expression containing spectral and directional parameters
which have been fitted to the (meager) available data, presented in Section 2.
A1so presented are derivations of directional-hemispherical reflectance from
the BRDF and the directional emissivity.

For a water surface, Subroutine ESURF calls Subroutine GLITTR to
obtain the BRDF and directional emissivity. Subroutine GLITTR, its auxiliary
routines, and the underlying model for the glitter from a wind-ruffied water
surface are described in Section 3. The model is based Targely on the work of
Cox and Munk [CM-541, including (1) the basic equation relating the glitter
radiance to the wave-facet slope-probability distribution, (2) a two-dimen-
sional isotropic normal distribution for the s)ope-probability distribution,
and (3) a linear relation between the slope variance and the wind speed.
Modifications and extensions of the Cox-Munk work include (1) using the
Levanon-derived [Le-71b] equaticns for the slope and angle of incidence re-
quired at a viewed point to provide a qlint, in terms of the position of an
arbitrary-al titude detector viewing a spherical Earth, instead of the equa-
tions for a flat Earth as (appropriately) used by Cox and Munk, (2) evaluating
the Fresnel equations for the specular reflectance in terms of the compies
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index of refraction of water for the 2- to 5-um region, instead of the visible
region, (3) incorporating a shadowing factor {based on the work of Saunders
[$a-67, Sa-67a, Sa-68c] but extended to permit a "bistatic" dependence on the
zenith angles of both the incoming and outgoing rays) which multiplies the
slope probability distribution and takes account of shadowing of some slopes
by others for iliuminating and viewing near the horizon, and (4) providing a
solution (by iteratian) for the location of the specular reflectance point on
a spherical-Earth water surface that is smooth for zero wind speed. The direc-
tional emissivity of the wind-ruffied water surface is approximated by that
for a smooth water surface owing to the complex geometry which prevents analy-
tically integrating the BRDF over a hemisphere.

In Section 4 we present the ROSCOE-IR model (23e) for the solar spec-
tral irradiance at the top of the atmosphere, in the spectral range from 2 to
5 um. The input data to the model, taken to be the NASA data adopted by the
American Society of Testing and Materials, have been fitted by piecewise-
continuous power-law expressions., The model may be called with either wave-
length (um) or wavenumber (cm'l) and an index which selects the output spec-
tral irradiance in any of four forms. Therein are presented derivations and 2
flow ¢ gram of Subroutine SOLRAD.

In Section 5 we present the ROSCOE-IR model (23b) for the Earth sur-
face radiance. The model provides two comporents of the radiance directed
along the path PV in Figure 1-1: (1) thermal radiation emitted at Point P and
(2) solar radiation reflected at Point P, Strictly, the surface-reflected
solar radiation is actually provided in an unattenuated form with the path
parameters required as part of the input to a later computation of the molecu-
lar absorption over the total two-leg path (SP + PV). The aerosol transmit-
tance along the incoming path SP is also provided. The principal routine in
the model, Subroutine SURRAD, and its auxiliary geometry routine (Subroutine
RINOUT) are described, including derivations of the zenith angle of the sun
(2], zenith angle of the detector (2,), ard azimuth angle of the solar ray
reflected toward the detecter (V). We also provide detailed summaries of the
inputs and outputs for the routines developed by other organizations (G.E.
Tempo and Visidyne, Inc.) which we use to complete the model.

15
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Subroutine SURRAD also provides for natural clouds if they are in-
cluded in the calculation. While clouds are not strictly an Earth-surface
feature, the treatment of the two components of the radiance along the path v
in Figure 1-1, resulting from cloud tops (the highest of whick is 12 km in the
Natural Cloud Model and shown as Point C in Figure 1-1), is analogous to that
for Point P and thus is appropriately included.

The ROSCOE-IR model (23e) for the upwelling natural radiation is
presented in Section 6., This model evaluates the mean upwelling spectral
radiance at Point V (in Figure 1-1) by averaging the radiance over the sclid i
angle (nT) defined by the cone with vertex at Pcint V and tangent to the '
Earth's surface. In practice, we average the set of radiances received at
Point V by viewing (in the absence of clouds) a set of characteristic Poin*s P
on the Farth's surface and within Q. The Pgints P are selected in terms of a
set of angles (B) measured from the nadir and a set of azimuth angles (¢) for
each nadir angle. The results from the Earth Surface Radiance Model for =sach
Point P are augmented by computing (1) the air emission along the nath 5V, (2)
the molecular path parameters along 5?, (3) the total path parameters along
(SP + BV) by adding those for SP and PV, (4) the molecular transmittance for
the path PV and for the tota) path (SP + PV), and (5) the aerosol transmit-
tance for the path PV and the total path (3P + PV). E
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The inclusion of the statistical submodel of the Natural Cioud Model
complicates the modeling. Now, for each Point C there is a distribution of
radiance values corresponding to the 159 sets of three-layer cloud configura-
tions. Details are given in Section 6.

The principal routine in the Upwelling Natural Radiation Model is
Subroutine UPMELL; it is Tengthly, with 20 pages ¢f FORTRAN. In Section 6 we
present formulas for the geometry involved, the radiance computed, a detailed
symmary of the calculational steps, and a detailed summary of the input and
output variables,

In Section 6 we also provide detailed summaries of the input and
output variables for all the auriliary routines which are called by Subroutine
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UPWELL but which are not so documented elsewhere, These routines include a
number prepared by SAIl and three important ones (Subroutines TRNSCO, ATMRAD,
and TRANS) prepared by G.E. Tempo,

In Section 7 we provide genera! coding information for the NBR
Module, including that required for the stand-alone version. We identify all
of the (66 non-DSA) routines in the NBR Module and provide a chart showing
their calling-structure relationships. For each of these rouytines we also
state (1) the function it performs, (2) its originator, {3) the location of a
T1isting of the routine, and {for 27 routines) (4) the number of the table in
this volume which states in detail the inputs and outputs of the routine. For
common blocks we provide (1) a matrix showing routines and the 35 common
blocks appearing in them and (2] either definitions of all the variables in
the common block and where the variablec are set or a specific reference where
the definitions are given.

The NBR Module in its stand-alone version is driven by Program DRVUPW
(11 pages of FORTRAN). For this program we describe in Section 7 the calcula-
tional steps required in both the initialization and operation phases. During
the iaitialization, calls are made to QINITL (for the DSA routines}, ATMOSU
(for the ambient atmosphere depending on time and location), CLOUDO (for cloud
properties), TRANSB (for molecular band-model parameters for transmittance),
and SHELLS (for atmospheric grid). Ouring operation, calls are made to SETALT
{to determine the altitudes (depending on wavelengths of interest) at which
Subroutine UPMELL is to compute the upwelling natural background radiation)
and UPWELL. Our development of Subroutine SETALT is described. Summaries of
input and output variables are provided for Subroutine SETALT and the G.E.
Tempo routines TRANSB and SHELLS.

Finally, in Section 7, we provide some comments aon the integration of
the NBR Module into ROSCOE-IR, including some of the differences between the
stand-alone version and that in ROSCOE-IR. In particular, we summarize the
inputs and outputs of Subroutine UPWELT, prepared by GRC, to select the appro-
priate wavenumber interval and to interpclate in altitude the upwelling
natural radiation array.
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In Seccion 8 we provide a listing of those (37) routines in the NBR
Module which are not listed elsewhere (at least not as we are using them).
These include 19 SAI routines, 17 G.E. Tempo routines, and 1 Visidyne, Inc.
routine.
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SECTION 2

EARTH SURFACE CHARACTERIZATION: GENERAL AND NON-WATER SURFACES

2-1 INTRODUCTION AND SuM4ARY
2-1.1 Reguirements for the iodel

The characterization of the Earth's surface is required for input to
the tarth Surface Radiance “odel {23b) and the Upwelling “atural Radiation
Model {23c) via Model 23b. For the farth Surface Radiance Model, Model 23a is
required to provide the reflectance, emittance, and temperature of the farth's
surface at the point (P) where the optical line-cf-sight intersects the
Earth's surface, including directional effects as necessary. For the Upwel-
1ing Matural Radiation Model, Model 23a is required to provide the average
characteristics (i.e., reflectance, emittance, and temperature) of that por-
tion of the Earth's surface that could be viewed from an altitude of interest.

2-1.2 Approach

The reflectance and emittance properties of the Larth's surface are
controlled mainly by composition and t0 a lesser extent by surface roughness.
Since the composition and roughness of the Earth's surface can vary markedly
from point to point, s0 can its optical properties. A useful summary of the
reflectance data for the Earth's surface features was prepared by Bartman in
his thesis [Ba-67b]; this summary has been reproduced by Kondratyev [Ko-72d]
and is shown here as Table 2-1. This table is of general interest for us even
though Bartman and Kondrat:rev were mainly interested in the farth's total
albedo for solar radiation and hence emphasized the visible spectral region.

It has been agreed to renresent the Earth's surface in a relatively
simple way, yet one which provides a range of reflectance, emittance, and
temperature values. The general procedure is to provide for six catecories of
the tarth's surface: water, snow, sand, soil, foliage, and urban material.

19
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Table 2-1.

Summary of reflectance data for the Earth's surface features.

(Reproduced from Ko-72d; originally prepared by Bartman [Ba-67bl.)

Surtuce Spectral characterssies

Argu.r disiribution o1 reflectance

Tarai retieciance

+ Sonls and rouvhs . Increasing 1o | micron
Decreasing aborve 2 mictons

Moisture Jdecreases refiettunce

ot 12—

i Vegetation . 1. Small (below 0.5 mxron)
: 2. A smail maximum bump at
0.5 10 0.55 mucron

3. Chiorophyll sbsorpuon at

Q 63 micron ;
. Sharp increase at ©.7 mkron -
3. Decregse abore X macroos
6. Depends on gruwing sason

>

. |
i Water busins { 1. Maxmum a1 0 5-5.7 mxron
. + 2. Depenvs on wrbidity amd
! WA S
y
: i
i
. Snow and we 1. Decreases slightly witk

InCreLung wave-kengta .
2. Large varabiaty derending on

! purity, wetness, payswal Jon-
diion

* 1. Bacascattering and farwand

watiering

2. 3and has jarge forward
Wattenng

3. Loam has small Torwary
WILNNE

T 1. Backscatiening
_ 2. Smail forwara scatterning

t. Large back and forward

scatlering

I. Duffuse component plus
Mrror component

with increasing angle of aa-
cidence

2. \Murror component  1nKres s

T ke,

. Moslure decreases reflectance

by 3-20%,
. Smooth suoies hase higher
refdectance

Dwirnal sanauon, mauvmam

refleciance for small san angtes

£-25%,
Diwrnai effexis, masmum re-
Acctance “or ~oabl aesies

. Marked annual -armeon

. Smail refectance
. Diyradl vanaunon manxamum

for smali sun aneles

. Depends on turbudiy  and

WaL s

Varmbic. 25-20%,
44%,5 in Antarciw
Tiv, Ross Sea we
0-40%, e Sea e

For each category the reflectance and emittance have been chosen to be repre-

sentative of the average value for that category.
on those we have been able to find in the literature so far;
main alert to possibly finding improved values.

tion between geographic position and surface category.

The chosen values are based

one should re-

There is no automatic correla-
However, the user

could, in principle, place different surfaces as he desires in a given scene

when he wants to address surface boundary problems, but the necessary coding

has not been implemented.

For test and possibly other purposes, we also pro-

vide for a Lambertian surface with a user-defined value of the diffuse reflec-

tance.

A review of the literature has convinced the writer that mist materi-

als have a strong non-diffuse character.

To take account of the non-diffuse-

nass, we postulate a general expression for the bidirectional reflectance-




) ] distribution function {frequently referred to as 3RDF) with several parameters
‘ that are evaluated on the basis of whatever experiement3l data are available.
{The reader unfamiliar with the quantity we call the BRDF - which has many
3 aliases, including partial reflectance or reflectance-distribution function -
may want to refer to the discussions by Wolfe [Wo-b5a, pp. 23-28] or by Nico-
demus [Ni-65¢, Ni-70d, Ni-76].)

Having determined the BRDF for a material, one can then integrate the
BROF over a hemisphere to obtain the directional-hemispherical reflectance
(which is egual to the hemispherical-directional reflectance) and thus obtain
the directional emissivity for the material by applying Kirchhoff's law [Ni-
7041,

2-1.3 The Bidirectional Reflectance-Distribution Function (BRDF)

We follow the recommendation of Nicodemus [Ni-70d] and use the symbo)
fr to represent the 3RDF, which has the units of sr—l. The general form we pro-
pose for the BRDF is

- ) -3

f fr[m, Am), 2y A, 3 . %}, m>2

r b A -
<o (0 'R () llcos 6.1 ™+ (cos 2 1™ °
= oomtt) Rptv] exp{-a ilcos 6.1 cos ¥
e (1-11-2. 02030y, et (1)
*m i P Yy,
where
., = _r ¢ - - /%
Qm(») Rm(O) ;Rm(J) Rm(-H«/ . (2)

For the Lambertian surface (m=1), the BRDF is a constant, given by

f =0

, 01(\) (1"




with
Rl(O) = RI(') =0 . (2")

In Equation (1), the symbols have the following .aeanings.

m - Index for category of surface material.

B(m) - Additional descriptor available for the mth material, if needed.
For brevity, we will frequently supprass O(m) as an explicit
argument.

A - Wavelength {um).

€; - Lenitn angle of sun at intersection point (P).

8. - Lenith angle of detector at intersection peint (F).

¥ - Azimuth angle {(at intersection point {P)})} of vertical plane

through line-of-sight, measured relative to the solar principal
plane (i.e., vertical plane through the source ray). Values of
zero and v for v correspond to forward and backward scattering,
respectively.
There are six parameters - aa“(x), Rm(O), RLE7), 3gs Eme
characterizing a material, according to our Equation (1). Note that all of

and Tm ©

the spectral dependence of the reflectance is contained in the parameter
Jom(\), which has no directional dependence; i.e., we assume that the spectral
and directional properties are separable. The parameters 2,(0) and R (=),
together with a_and v, control the forward and backward reflection in the
principal plane; the parameter o controls the scattering away from the princi-

pal plane.

in addition to the separability of the spectral and directional naro-
perties, our expression for the BROF has two other important properties. The
more important of these is that tquation {1) satisfies the elmholtz reciproc-
ity theorem [Ni-§5c] acccrding to which f_ must be invariant to an interchange
of the incident and reflected rays. The thira principa) property of Zquation
(1) is that f_is integrable over a hemisphere provided y_ equals 1 or 2.
Ahereas we have imposed this restriction in the determination of the other
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parameters, we recognize in retrospect that this requirement could probably be
relaxed for practical applications in which the quality of the fits to experi-
mental data might be improved if v had other values. We do not claim unique-
ness for Equation (1), but it is the only expressior of its kind of which we
are aware. Further thought - with more trials and errors - may lead to a
pecter expression.

Finally, we mention an odd property of our BRDF which is not of much
practical consequence but which may bz a small wonderment. This property s
that, for 9; % 8. = 0 (i.e., normal incidence and reflection), f. as given by
Equation (1) is multivalued in that it depends on the value of v. Of course,
physically we expect a single value. Our practical sclution to this problem,
for 6, =0 =0, is simply to define f_ to be the value obtained by averaging

fr(O,U,v) over v, i.e.,

z o <f {3,0,v)> . (3)

From the integrations presented in Section 2-4 we show that

""" - T ot/
' -2&_“ N .
; | <fr(0,0,w)> = Oom [1+e R Pl(amsm)] ; (3a)
; : where
i Ry = [Rm(O) + R (n)]/2 (4a)
1 1
-] P = fae™™ - Lie) (ab)
2 0
T
N 2-1.48 The Directional-Hemispherical Reflectance
S
The spe:tral, directional-hemispherical reflectance, denoted here hy
. 3 om(x;ei,Zn), is defined [Ni-65¢, Wo-£5a] by the integral

. SR . e rei Lot )
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om(x;ei,Zn) = ffr cos 6. da, (5)
where

dnr = sin 8. dwr der . (5a)

In Section 2-4 we show that the result of the integration, when Equation (1)
is used for fr’ is

ol 38552m) = wp  (3) Gla .8 ,vp505), m> 2 (6)
with
G(am’am’Ym;ei) =1+ 2 Pl(“msm) szm(°m)RmFym(“m’ei) {7}
1
P21(a) = J/.dxxe'ax = ;% [1 - e %a+1)] (8)
o
1
Poplad = fane™ = oL (1 e (9)
0
m
F_(a,8) = exp[-alcos 8) 1, {10)
m

For a Lambertian surface {(m=1),

ol(k;ei,ZN) = nool(x) . (6")

ret

If the spectral directional-hemispherical refiectance, Dm(\;e;;z“).
1
for a material is known from experiment for at least one value of 0, and if

the five directional parameters a_, By vp» Rm(G), and Rm(n) are known, then




our spectral parameter oom(x) in Equation (1) can be determined from Equation
{6) evaluated at the given @;. Ir practice, the directional-hemispherical
reflectance is frequently measured for a direction at or near normal inci-
dence. In this case, for at least the materials we have examined, the quan-
tity Glo .8, ,v58:=0) - which is a measure of the departure of the BRDF from a
constant, as it would be for a diffuse reflector - differs from unity by only
a few percent (9.5% in one case). Thus, in practice, it would be a good ap-

proximation to simply evaluate pom(k) by the relation

p(a) .asn’l pm(x;e1.=0,21r) ; (11)

om

however, for self-consistency, to get pu“(x) we have used Equation (6) evalu-
ated at 9i=0 with om(k;9i=0,2l) given by (meager) experimental data, i.e., we
have used

om(l;6i=0,2w)
- ,m> 2 (6'")
mBm Y 0370 -

2-1.5 The Directional Emissivity

The directional emissivity, €4 for material m, at a zenith angle 8,
is [Ni-65¢, Ni-70d]

ey

= ed(m,x,e) = l-pm(X;B,Zn)“? {12)

where the directional-hemispherical refiectance om(x;e,Zn) is given by Equa-
tion (5) in general and by Equation (6) when our fr (Equation (1)) is used in
Equation (5}. For a Lambertian surface (m=1),

ed(l,x,e) = 1—p1(x;a,21) = l—wool(x) . (12")

For urban mit.rial (m=7), see Section 2-3.5.2 for the special form appropriate
tor urban geowet.y,
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2-1.6 Summary of Parameters for the BRDF

A perusal of the literature, including the putative extensive HASA
data base [LE-71a, LE-72c¢], has so far revealed very few photometric data of
the type desired, i.e., bidirectional spectral reflectance data in the 2- to 5-
um region. The data available typically are broad-band and usually include
the visible region. Bidirectionality is usually lost in that the data are
usually for hemispherical-directional or hemispherical-hemispherical condi-
tions. Where there are spectral data of interest, the directional data are
lacking; similarly, where there are directional data, the spectral region or
resolution is wrong. Where the data are taken under field conditions, not
only the sun but the sky radiance is mixed in.

Despite these difficulties, however, we have boldly arrived at the
values for the parameters, recorded in Tables 2-2a and 2-3. The details of
the derivation of these parameters are given in Sections 2-2 and 2-3.

In Table 2-2b, we present the azimuthal dependence of fr for 0, = 8,
=0, as well as <£,.(0,0,4)>.

2-1.7 Surface Temperature

The remaining required specification, surface temperature, may be
chosen to be equal to the ambient air temperature at the Earth's surface.
This assumption is reasonably correct for all cases at night, and for water,
snow, and foliaged surfaces during the day. This assumption leads to signifi-
cantly low surface temperatures for other surfaces (barren soil. sand, and
urban materials) during periods of solar illumination. However, because of
the complexity of modeling this phenomenon, and the fact that the natural
Earth surface radiance is only a baseline for nuclear effects, use of the
ambient air temperature as the surface temperature is currently recommended;
however, consideration should be given later (if resources permit) to devel-
0ping a better prescription for the surface temperature.
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Table 2-2a. Spectral and directional parameters for characterization
of the BRDF for Earth surface materials.*

Spectral Directional
Material | m D(m) Pom(x) W Ba Yo Rm(O) Rm(n) R
: Lambertian 1 a 0{1)/n - - - 0 &) 0
A Water 2 b f - - - - - -
3 Snow 3 o g 3 u.g9 1 13 3 b
Sand 4 d h 3 0.5 1 2.5 4 3.25
. e Soil 5 d i 2.5 0.5 2 1 4 2.5
Vegetation ) d 3 2.5 0.5 2 1 10 5.5
Urban Materials 7 e k 4 0.5 2 10.5 1 5.75
Directional (continued)
Materia] m Pl(ﬁmsm) PZYH(Qm) FYm(Gm,U) ':::( l’im,am,Ym;O)
] Lambertian 1 - - - 1.00
Water é - - - -
Snow 3 .245 .0B90 .049% 1.024
Sand 4 .518 .0890 .0498 1.015
Soil 5 571 .184 .0821 1.043
Vegetation 6 W571 .184 L0821 1.0956
Urban Materials 7 432 .123 .0183 1.011

*Footnotes are on the following page.
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Footnotes for Table 2-2a.

-n

D(1) is the diffuse reflectance (ol = '“ol) for a Lambertian surface. A
typical value is O.1.

0(2) is the wind speed, 0 < D(2), m/sec.

0{(3) is the snow-age parameter, 0 < D(3) < 1. Values of zero and one corre-
spond to new and old snow, respectively.

Not used.

D(7) is the degree-of-urbanization factor, 0 < D{7) < 1. A value of zero
for D(7) provides a spectral-dependent BRDF corresponding to a fiat surface
with directional reflectance properties equal to the average for concrete
and asphalt. A value of dne for D(7) provides a spectral-dependent BROF
corresponding to a diffuse reflector but modified by a shadow factor
S(ei,er) = (cos 9, + cos er)/z.

See Section 3 for treatment of water.

Evaluated from Equation (6'') with o, given in Table 2-3 by a formula with
dependence on the snow-age parameter, D(3).

Evaluated from Equation (6'') with p,, given in Table 2-3, being the average
value for natural gypsum sand [Ho-66, Figure 10] and Russian sand [Kropotkin
(1964) per Ba-67b, Figure 82].

Evaluated from Equation (6'') with o, given in Table 2-3, being the average
vaiue for topsoil [RM-73, p. 15-20], Pawnee Grassland soil {Ho-66, Figure
9], and Russian soil [Kropotkin (1964) per Ba-67b, Figure 82].

Evaluated from Equation {(6'") with g, 9iven in Table 2-3, based on data
provided by D.C. Anding, said to be an average of many values in LE-7la for
2.0 < (um) £ 2.5 and estimated for 2.5 <A(um? < 5.

Evaluated from Equation (6'') with p,, given in Table 2-3, being the average
value for Russian asphalt, asphaltic material [Wo-65a, Figure 4-23], Russian
(red) brick, and Russian concrete. Russian data are given by Kropotkin
(1964) per Ba-67b, Figure §2.




Table 2-2b. <fr(0,0,w)> and azimuthal dependence of fr(0,0,w).

Mo e 000,00 o TN (0,0,0/2) o Tl 40,0,m) 5 TReR (0,0,00

3 1.032 1.0013 1.0074 1.0068

4 1.0062 1.0018 1.0099 1.0042

5 1.0067 1.0048 1.027 1.0095

6 1.0067 1.011 1.067 1.021

7 1.0035 1.00026 1.00034 1.00083

: Table 2-3. Norma]-incidence—-gemispherical reflectance for Earth
surface materials.
Snow
o5 = [0.44 - 0.12 (x-2)] [1-(5/12) D(3)]
Soil Sand

Asum Pg A,um oy A,um LY} Ayum P4
2.00 0.262 3.15 0.067 2.00 0.205 2.95 0.040
2.08 212 3.50 .112 2.05 .238 3.20 .070
2.25 .257 3.70 .158 2.18 .209 3.30 .093
2.50 .227 3.82 177 2.30 206 3.60 .145
2.62 .198 4,10 .195 2.45 177 3.75 .162
2.70 .095 4.60 .158 2.50 .174 3.90 .152
2.77 .067 4.77 .142 2.63 .148 4.35 .076
2.92 0.061 5.00 0.113 2.73 114 4.90 .031

2.88 0.080  5.00 0.035

Vegetation

A ,um og A,um eq

2.00  0.129 3.16  0.033
2.20 212 3.22 .033
2.64 .059 3.42 .g74
2.78 .059 3.58 074
2.96 .120 3.95 .037
3.03 0.120 5.00 0.n21

(continued)




Table 2-3. Norwmal-incidence--hemispherical reflectance for Earth
surface materials” (Cont'd).

Urban Materials

Ay ul Py A, ul Py A, pm Py

2.00 0.347 2,70 0.272 4,00 0.231
2.17 .348 2.85 .145 4.10 .238
2.24 .326 2.89 .118 4.26 .240
2.26 .278 3.00 .090 4,42 .2h4
2.36 .272 3.10 .091 4.70 . 246
2.47 .295 3.24 .100 4.83 .229
2.55 .299 3.62 .149 5.00 0.215
2.63 0.2% 3.89 0.193

°In this table, for brevity, we use the notation p_ = o _(2,0,2n) for the

spectral, normal-incidence--hemispherical reflectance.

2-2 EVALUATION OF SPECTRAL DATA FUR THE BRUF
2-2.1 Snow

For snow, we have found very limited spectral reflectance data in the
2- to 5-um region, although there are considerable spectral data in the visi-
ble region [Ko-73a, pp. 227-229, 231] and albedo data [Ko-72dJ. Kondratyev
[Ko-73a, p.234, Figure 4.12] reports spectral reflectance data for old snow
for A< 2.5 um and for fresh snow for A € 2.2 um; these values are much smaller
than those we have adopted, taken from graphs given by Rose et al. [RA-73,
Figures 37b, 37c] (or Wz-78, Figure 3-19) and attributed to Russian literature
which we have not yet acquired for verification. The data from RA-73, which
are limited to X < 4.U um, are replotted in Figure 2-1 where they are extrapo-
Tated to 5 um. By using the siopes of the curves in the 3- to 4-um regicn, we
have very well fitted the two curves by the single eguation

py = £0.44 - 0.12 (a - 2}] [1-(5/12) 2(3)] {13)

v
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4 WINTER SNOW & ICE —
RA-T73, Fig. 37b
(W2-78, Fig. 3-19)
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A, um

Figure 2—3.  Spectral diffuse reflectance of winter snow and ice and summer ice
{2 to 5 um).

in which we have introduced the snow-age parameter D(3) to which we assign the
value of zerc for winter snow and ice and the value of unity for summer ice.
Intermediate curves can be interpolated by using intermediate values of U(3),
0 <0(3) < 1.0,

2-2.2 Sand

Hemispherical--normal-directional spectral reflectance data in the
range 0.5<x(um) < © are given by Hovis [Ho-601 for pure silica sand, beach
sands (from New Jersey and Florida) which are largely silica, and gypsum sand,
common 1n much of the 5011 of the western United States, particularly in the
sand of the White Sands Naticrial Monument in New Mexico. For gypsum sand,

Hovis LHn=-00] shows reflectance data for samples of both {ts¢ natural state and

P
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partially dehydrated state., Spectral data for (Russian) sand, not otherwise
identified, are given by Xropotkin [(19064), per Ba-67b, Figure 82]. The data
from Kropotkin are reproduced as Figure 2-2. The results of digitizing the
Hovis curve [Ho-66, Figure 10] for the natural-state gypsum sand and those
for the Russian sand are given in Table 2-4; these data are plotted in Figure
2-3, The results of averaging the digitized data for the natural gypsum sand
and the Russian sand are given in Table 2-3 and plotted as the dashed curve in
Figure 2-3.
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Figure 2—2. Spectral reflectance for (1] sand, (2} soil, (3) asphalt, (4} brick, and (5) concrete
{after Kropotkin et al., per Pa—67b, Figura 82).
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Table 2-4. Spectral reflectance of sand, o,.

Natural Gypsum Sand 2 Russian Sand b
3 A,pm 94 A,um 04
2.00 0.07 2.00 0.34
2.05 .14 2.25 .325
i 2.18 .09 2.50 .30
2.3 .095 2.65 .23
¢ 2.45 .05 2.78 .20
2.63 .04 2.88 .15
2.73 01 2.95 .06
2.87 .01 3.10 .10
v o 2.95 .02 3.30 .15
3.20 015 3.60 .29
3.75 .12 3.90 21
4.35 .015 4.00 .20
4.80 .015 4.90 .04
5.00 0.03 5.00 0.c4
%ovis [Ho-66, Figure 10]. erOpotkin (1964) [Ba-67b, Figure 821.
4 T T T 1 T

Pa

Figure 2—3. Spectral reflectance for sand, o4. Dathed curve is average of (A) natural
gypsum sand {Hovis, Ho—66, Figure 10] and {B) Russian sand (Kropotkin
(1964) per Bartman |Ba—67b, Figure 82]).




2-2.3 Soil

Hovis {Ho-66, Figure 9] presents the hemispherical--normal-direc-
tional reflectance of soil from the Pawnee Grassland area in Colorads. The
results of digitizing the Hovis curve are given in Table 2-5 and plotted in
Figure 2-4.

RH-73 (p. 15-20, Figure 1U) presents the non.al emittance of topsoil.
The results of digitizing this curve and computing the normal reflectance are
given in Table 2-5 and plotted in Figure 2-4.

Spectral data for (Russian) soil, not otherwise identified, are given
by Kropotkin { (1964} per Ba-67b, Figure 82], reproduced here as Figure 2-2.
The results of digitizing the Kropotkin curve are given in Table 2-5 and plot-
ted in Figure 2 4,

The results of averaging the digitized data for the Pawnee Grassland
soil [Ho-661, the topsoil reported in RH-73, and the Russian soil [Ba-67b] are
given in Table 2-3 and plotted in Figure 2-4.

2-2.4 Vegetation

The following spectral reflectaince data for vegetation were provided
by D.C. Andir3 who says:

"Values of spectral diffuse reflectance of vegetation repre-
sentina the averages for many types of vegotation were ab-
taired. The data were taken from LE-7la for a < 2.5 um for
which the typical measurement procedure was to illuminate at

normal incidence and collect hemispherical gqutput. Values

beyond 2.5 um were estimated.”




Table

2-5.

Spectral reflectance of soil, og.

Pawnee Grassland Soi'la

Xy um
2.00
2.08
2.62
2.70
3.15
3.7
4.10
5.00

°5
0.36
.395
.27
.045
.045
.22
.25
0.09

%hovis [Ho-66, Fig. 9]

. .1 C
Russian Soil

A, um

.00
.25
.50
.70
.85
.25
.10
.60

NN RS

(%]
o
S

.130
0.110

Topsoilb 4
X, um € l-e, =og 1
2.00 0.725 0.275 Ei
2.50 766 234
2.61 .800 .200
2.77 .950 .050
2.92 .050 .050
3.15 .920 .080 b
3.50 910 .090 H
3.82 .810 .190 :
4.15 . 790 .210 ¥
4.77 .825 175 i
5.00 _0.860 0.180 q
b ,’

RH-73, p. 15-20, Fig. 10.

e

L e
A Mt

kropotkin (1964) [3a-67b, Fig. 321

For » < 2.5 um, the data are the same as those given in Figure 37e of

RA-73 (or Figure 3-19 of WZ-78); at longer wavelengths tne curve in Figure 37e
of RA-73 differs somewhat from the estimated data provided by Anding. The
results of digitizina Anding's curve are given in Table 2-3 and plotted in

Figure 2-5.

L.

Whereas we will use the curve in Figure 2-5, one should be alert
for more specific data.
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Figure 2—-4.  Spectral refiectance for soil, pg . Dash—dot curve is average of (A) Pawnee
Grassland soil [Ho—66, Figure 91, (B) Topsoil [RH-73, p. 15—20,
Figure 10], and (C) Russian soil [Kropotkin {1964) per Ba-67b, Figure 82] .
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A, um

Figure 2-5.  Spectral reflectance for vegetation, sg.
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2-2.5 Urban Materials

Wolfe [Wo-65a, Figure 4-23] reports the spectral reflectance of
asphal tic road material. The results of digitizing this curve are given in
“able 2-6 and plotted in Figure 2-6.

Spectral reflectance data for (Russian) asphalt, brick, and concrete
are given by Kropotkin [{1964) per Ba-67h, Figure 67b], reproduced here as
Figure 2-2. The result of digitizing these curves are given in Table 2-6 and
plotted in Figure 2-6.

The results of averaging the digitized data for the asphaltic road
material [Wo-65a] and the Russian asphalt, brick, and concrete are given in
Table 2-3 and plotted in Figure 2-6.

2-3 EVALUATION OF DIRECTIONAL DATA FOR THE BRDF
2-3.1 Snow

Salomonson and Marlatt [SM-68, SM-68a] have neasured spectrally inte-
grated values (0.55 to 0.85 um and 0.2 to 4.0 um) of the BRDF's for clouds,
snc.” and white gypsum sand, The ordinate in their Cartesian plots is actu-
ally = times the BRDF. The relative values of the ordinates on the curves for
the 0.2- to 4.0-um spectral interval have been digitized and they are given in
Table 2-7.

The expression we have evaluated as the relative BROF far snow is the
ratio given by Equation (14),

)
fr(ei,er,w,
f.00,,8.20,¥)

F(e.:8 .¢) = (14)

where fr(ai,er,w) is given by Equation (1), with the five directional para-
meters (03, Bys a3, R3(0), and R3(n)) as given in Table 2-2a for m=3. We have




Table 2-6. Spectral reflectance of some urban materials, 0y-

Aspnaltic Road Material® Aspha]tb
X,um 07 A,Um 07
2.00 0.462 2.00 0.100
2.12 .480 2.50 .090
2.24 411 3.00 .025
2.26 .226 4.00 .075
2.36 .226 4.60 .075
2.47 .346 5.00 0.060
2.63 .436
2.70 .436
2.89 .100 b
3.00 .074 Brick
3.15 .on
3.24 .042 X, um 0y
3.38 .042 ’
3.62 .068 2.00 0.525
3.89 . 160 2.30 .500
4.00 .279 2.50 .480
4.26 .331 2.65 .465
4.42 .419 3.00 .220
4.62 .439 3.10 .220
4.79 .467 3.50 .350
4,83 .457 4,00 .450
5.00 0.476 4.10 .450
4.60 .350
5.00 0.200
Concreteb
X,Um 07 l,um 07 X,um 97
2.00 0.300 2.65 0.200 4,30 0.140
2.20 .300 2.85 .040 4.60 . 140
2.40 .275 .10 .040 5.00 0.125
2.55 0.250 3.60 0.100

gwmfe (Wo-65a, Figure 4-23, p. 83)
Kropotkin [{1964), Ba-67b, Figure 82]
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Figure 2—6.

A, um

Spectral reflectance for urban materials, py . Dash--dot curve is average of
{A) Asphaltic road material [Wo—65a, Figure 4 —23, p. 83], (B) Asphalt
(Kropotkin (1964) per Ba—67b. Figure B2], (C) Brick [Kropotkin (1964}

per Ba—67b, Figure 82], and (D) Concrete | Kropotkin (1964) per Ba-—-67b,
Figure 82].
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plotted the results for the forward (y=0) and backward (v=v) directions as the
set of continuous curves in Figure 2-7, with the lowest, middle, and highest
portions corresponding to solar zenith angles (ei) of 64, 68, and 84 deg. The
experimental values of SM-68 are also shown in Figure 2-7 for comparison.

Table 2.7. Relative directional reflectance of snow for solar zenith
angles of 8 =364, 68, 84 deg, in the spectral range of
0.2 to 4.0 um.

Solar Azimuth Zenith Angle of
Zenith Angle Reflected Ray, @_

8, ] 0 45 60 75

64 0 1.00  1.26  1.52  1.97
180 1.03 1.12 1.19

68 0 1.21 1.48 2.36
180 1.21 1.31 1.48

84 0 1.63 2.26 4.11
180 1.01 1.34 1.94

4yalues inferred from Figures 16, B, and 15 of Salomonson and Marlatt [SM-68].

2-3.2 Sand

Salomonson and Mariatt [SM-68] have also obtained results for white
gypsum sand. The relative values of the ordinates on their curves for the

0.2- to 4.0-um spectral interval have been digitized; they are given in Table
2-8.

The expression we have evajuated as the relative BRDF for sand is the
ratio given by Equation (14) with the five directional parameters as given in
Table 2-2a for m=4. We have plotted the results for the forward (v=0) and
backward (w=x) directions as the set of continuous curves in Figure 2-8, with
the lowest. middle, and highest portions corresponding to solar zenith angles
(ei) of 21, 48, and 59 deg. The experimental values of SM-68 are also shown
in Figure 2-8 for comparison.
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Figure 2—7. Relative BRDF for snow.
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Table 2-8. Relative directional reflectance of gypsum sand for solar
zenith angles gf 0y = 21, 48, 59 deg, in the spectral range
0.2 to 4.C um.

Solar Azimuth Zenith Angle of
Zenith Angle Angle Reflected Ray, 8.
ei ] 0 45 60 75
21 0 1.00 0.95 0.95 0.85
180 1.04 1.04 0.95
48 0 1.00 1.02 1.04
180 1.13 1.19 1.19
59 0 1.01 1.10 1.11
180 1.11 1.22 1.28
59 0 1.04 1.07 1.38
180 1.10 1.20 1.40

EValues inferred from Figures 17, 18, 9, and 19 of Salomonson and Marlatt
SM-6817.

2-3.3 Soil

Coulson {Co-66a, Figure 4] plots the directional reflectance of black
loam soil at three angles of incidence (0, 53, and 78.5 deg) in the principal
plane for 1=6430 R. Coulson notes that the backward maximum is relatively
more pronounced at all three angles than it is for desert sand, and the for-
ward maximum is almost absent at the small angles of incidence.

Duntley, Gordan, et al. [DG-64] measured the directional luminous
reflectance of dirt (hard packed, yellowish). Their data are reproduced here
in Table 2-9a. We have normalized these data to the nadir value and tabulated
the results in Table 2-9b.

The expression we have evaluated as the relative BRDF for soil (dirt)
is the ratio given by Eqguation (14) with the five directional parameters as
given in Table 2-2a for w5. We have plotted the results for the forward
(+=0), backward (y=n), and sideward {v=n/2) directions as the set of con-
tinuous curves in Figure 2-9. The experimental values of 0G-64 are also shown
in Figure 2-9 for comparison.
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Figure 2—8. Relative BRDF for gypsum sand.
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Table 2-9a. Directional 1um‘nou3 reflectance of dirt for solar zenith

. ] angles o, = 54 deg.
“ 4 Solar Azimuth Zenith Angle of '
Zenith Angle Angle Reflected Ray, @,
P 0, v O 15 30 45 60 75 80
53.2 0 0.243 0,230 0.229 0,239 0.252 0.300 0.330
i 56.5 90 0.243 0.258 0,260 0.276 0.300 0.304
@ 5l.1 180 0.272 0.313 0.370 0.422 0.432 0.434

aDuntley, Gordan et al. [DG-64, Table 3.2]; Item 8 = hord-packed, yellowish
dirt.

Table 2-9b. Relative directional 1uningus reflectance of dirt for solar
zenith angles By ~ 54 deg.

Sotar Azimuth Zenith Angle of
Zenith Angle Argle Reflected Ray, °.

85 v 0 15 30 45 60 75 80
53.2 0 1,00 0.95 0.94 0.98 1.04 1.23 1.3
56.5 90 1.000 1,06 1.07 1.4 1.23 1.25
51.1 180 1.1z 1.29 1.52 1.74 1.78 1.79

al)erived from Table 2-9a.

2-3.4 Vegetation

For green grass, Coulson [Co-66a] has measured the directional reflec-
tance at four different wavelengths in the visible and neare'-lR spectral reg-
jons and at three different angles of incidence at i=6430 A, all measurements
being in the principal plane.

Duntiey, Gordan et al. [DG-64, Table 3.2] have measured the direc-
tional 1uminous reflectance of several types of veg: tation. For each type of
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vegetation we have normalized their data to the nadir value for the correspond-
ing type of vegetation and presented the results in Table 2-10. The last set
of numbers in Table 2-10 represents an average of the data for the first four
types of vegetation,

The expression we have nvaluated as the relative BRDF for vegetation
is the ratio given by Equation (14) with the five directional parameters as
given in Table 2-2a for m=6. We have plotted the results for the forward
(¥=0), backward (¥=r), and >ideward (¥=7/2) directions as the set of continu-
ous curves in Figure 2-10. The average cf the experimental vegetation values,
given in Table 2-10, are also shown in Figure 2-10 for comparison.

2-3.5 Urban Materials
2-3.5.1 Concrete and Asphalt

#olfe [Wo-65a, pp. 88,89] presents directional reflectivity curves
for concrete and for asphalt. 1In fact, results are given for three types of
detectors: PbSe, PbS, and thermistor. We have selected the results for the
PbSe detector as being of the greatest interest for applications in the 2- to
5-um region, as seen by examining the detector characteristic curves presented
by Wolfe [Wo-65a: PbSe, pp. 477-479; PbS, pp. 474-476; thermistor, p. 48817,
We have digitized the directional reflectivity curves presented by Wolfe [Wo-
65a] for the PbSe detector and taken account of the fact that the "directional
reflactivity” Tir given in these fiqures is related to the partial reflectance
{which we here call the BRDF, fr [Ni-70d, Ni-65c]) by the expression

Tip © fr(si’er;

v=0,n) cos e; cos o _ . {15)
He have given both the directly-read values rip and converted values fr in
Tables 2-11a and 2-11b. For each scurce zenith angle ®; we have normalized
these values of the BRDF to an average of the near-nadir values and tabulated
the results in Table 2-1lc.
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Table 2-10. Relative directional lYuminous reflectance of several types of
vegetation,

{1) Pine Trees; small, uniformly spaced. Data are for unresolved terrain.

Solar Azimuth Zenith Angle of Reflected Ray, O,
Lenith, 8, v J 15 30 45 80 75 80 85
415 0 1.00 0.72 0.64 0.64 .78 1.14 1.39 2.58
45 67 .61 58 .63 .91 1.16  1.65
90 .95 .93 .95 .95 1.01 1.16 1.39
135 1.1 1,15 1.18 1l.16 1.32 1.39  1.72
180 1.21 1.33 1.74  1.92 2.14 2.8 2.48

R o AP o T W = R = b b Sk ok e = b A B e A r — ke R W R = e b e e e

(Z) Grass; thick, rather long, pale green, dormant, dryish, little ground

showing.
Solar Azimuth Zenith Angle of Reflected Ray, 8
Zenith, Oi ¥ 0 15 30 45 60 75 80 85
315 0 1.00 0.92 0.86 0.87 1.00 1.07 1.09 1.07
180 1.11 1.35 1.66 1.70 1.74 1.74 1.82
(3) Grass; lush green, closely mowed thick lawn.
Solar Azimuth Zenith Angle of Reflected Ray, 6,
Zenith, Bi ¥ 0 15 30 45 60 75 80
40.4 0 1.00 0.96 0.98 1.08 1.20 1.49 1.68
39.6 90 1.03 1.10 1.21 1.38 1.59 1.68
39.6 135 1.07 1.25 1.48 1.66 1.78 1.78
39.9 180 1.09 1.09 1.19 1.22 .25 1.25
{continued)
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Table 2-10. Relative directional luminous reflectance of several types of
vegetation {Cont'd).

{4) Mixed Green Forest; deciduous (oak) and evergeen (pine).

Solar Azimuth Zenith Angle of Reflected Ray, 8,
Zenith, o, v 0 15 30 45 60 75
39.0 0 1.00 v.90 0.81 0.57 0.57 Q.95
37.0 180 1.14  1.37 1.37 2.28 7.30

(5) Pine Forest.

Solar Azimuth Zenith Angle of Reflected Ray, &
Zenith, 5. 0 15 30 45 60 75
33.5 0 1.00 1.00 0.80 0.64 0.64 0.52
{6) Average of First Four Types.
Solar Azimuth Zenith Angle of Reflected Ray, 8.
Zenith, o. v o 15 30 4 60 75 80 85
~a0 0 .00 0.88 0.82 0.79 0.89 1.16 1.39 1.82
90 0.99 1.01 1.08 1.16 1.30 1.42
By 1.14 1.28 1.49 1.78 3.11 1.76

% rom DG-64, Table 3.2

The expression we have evaluated as the relative BRDF for concrete

and for asphait is the ratio given by Equation (14) with the parameters for

concrete being Y74 ° 2, a4, c 4, 87, 7 0.5, R7a(0) = 8, and R7b(w) = 1 and for

asphalt being Y7p = 2, ay = 4, By = 0.5 R7b(0) = 13, and R7b(w) = 1. wWe
have plotted the results for the forward {4=0) and backward (¢=v) directions
in Figure 2-11a and 2-11b. The experimentai values reported in Wo-65a are

aleo shown in Figures 2-11a and 2-115 for comparison. For an averaye of com
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Figure 2—10. Relative BRDF for vegetation.
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Table 2-1la. Directional reflectance data for concrete.a

1

Tir fr‘Sr

Y er Gi—O vi—ZO ci-t‘ld ei—OO e}.—U "].—?\J ei—dO tf’.»b(.)
0 80 0.027 0.030 0.030 0.032 g.16  0.18 0.23 Q.37
0 70 039 .040 .04% .055% .11 .12 .17 .32
0 &0 L0583 .083 .053 064 L1 .11 .14 .26
0 50 073 L0758 .074 .061 e .12 .15 .19
0 40 .086 .081 .075 .Q57 Ll .11 .13 .15
0 30 .10 .09a .92 .058 12 12 .14 .13
Q 20 .10 A1 .090 L0583 L1 .12 .13 L1
0 10 11 .12 .0838 .059 .1 L13 .12 W12

0 i .089 .064 .12 .12 13
180 10 .10 .10 .084 .C5% 10 .11 L1 !
180 29 .10 .077 .049 11 .11 10
180 30 .10 .094 073 .49 12 .12 11 11
180 40 .087 L0656 .049 A1 .090 13
180 50 0713 063 .053 .G32 .11 .10 L1 .10
180 60 .06l .040 050 .12 .085 i3
180 70 .037 .040 .030 11 .12 11
180 80 027 .17

dalues of *ip read from Wo-65a, p. 88, Figure 4-28, PbSe dotector. Values of
f . computed from f. = ri/lcos 8, cos a.).

crete and asphalt we propose the five directional parameters as given in Table
2-2a for m=7.

2-3.5.2 Urban Geometry Parameters

decause an urban area has an exceedingly complex geometrical struc-
ture, we introduce (1) a {conjectured) shadow-factor, S(ai,er), given by

S(ei,ar) = (cos 8, * oS er) /2 {1}

{which may take on values in the range from J to 1 as ¢, and @ range from
maximum vaiues of ¢, = A = 90° to miniwum values of 35 = * = 0), and (2) a

Y Sy e L I
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Table 2-11b. Directional reflectance data for aspha]t.a

-1
Pir fr,sr

] o, ei—O ei-20 1-40 ei—60 91-0 ei—20 ei—40 ai—60
0 75 0.0093 0.015 0.047 0.12
¥] 70 0.0057 0.021 .014 .022 0.017 0.065 063 .13
0 60 025 .027 .020 .020 .050 .057 .052 .080
0 50 0256 025 .020 022 .039 .043 .041 .068
0 40 025 .029 .023 .036 .032 .040 .039 .094
0 30 .028 .019 .027 .017 .032 .023 041 .039
0 20 .020 .025 .031 .013 021 .028 .043 .0z28
0 10 .026 .023 .022 .018 .026 .025 .029 .037

0 .024 .022 017 .025 .029 .034
180 10 .026 .022 .022 011 .026 024 .029 ,022
18¢ 20 .020 .018 014 .021 .025 .030
180 30 .028 014 .015 .014 .032 .017 .Je3 .032
180 40 .025 .026 013 .032 .036 .037
180 /0 .025 025 .016 012 .039 .041 .032 .037
180 60 .026 013 .0069 052 .028 .018
180 70 .0066 .013 .0053 .019 .050 .031
180 80 .0036 041

alues of r,  read from Wo-65a, p. 89, Figure 4-29, PbSe detector. Values of

1 =
f. computed From f.= r,/lcoso, cos 6 ).

degree-of-urbanization factor, D(7), with the rang~ 0< D(7} £ 1. The BROF for
an urban area will be defined as

{ fr(m=7) = D(7)oo7(\) S(Oi’ar) + [1-D(7), . given by Eg. (1)3. 7 (17)

e o c—

Thus, for D{(7) = 1, the spectral BRDF corresponis to a diffuse reflector modi-
fied by the snadow factor S(ei’er)' For D(7)=0, the spectral %RDF corresponds
to a flat surface with average directionai-r . .tance properties of concrete
ana asphalt.

The directional-hemispherical reflectance defined by Equation (5),
with f_ given by Equation (17), is
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Table 2-11c. Relative bidirectional reg\ectance distribution functions

for concrete and asphalt.

Concrete Asphalt

] 8, ei-O 1.—20 ei¢40 91.—60 8, ei-O ei-zo 1.—40 91.-60
0 80 1.45 1.50 1.92 3.25 75 1.62  3.97
0 70 1.600 1.00 1.42 2.81 70 0.72 2.60 1.83 4.30
0 60 1.00 0.92 1.17 2.28 60 2.13 2.28 1.79 2.65
0 50 1.09 1.00 1.25 1.67 50 1.66 1.72 1.41 2.25
0 40 1.00 0.92 1.08 1.32 40 1.36  1.60 1.34 3.1l
0 30 1.09 1.00 1.17 1.14 30 .36 0.92 1.41 1.29
0 20 1.00 1.00 1.08 0.96 20 0.89 1.12 1.48 0.93
0 10 1.00 1.08 1.00 1.05 10 1,11 1.00 1.00 1.22

0 1.00 1.00 1.14 0 1.00  1.00 1.13
180 10 0.91 0.92 0.92 0.96 10 1.11 0.96 1.00 0.73
180 20 1.00 0.92 0.88 20  0.89 0.86 0.99
180 30 1.09 1.00 0.92 0.96 30 1.36 0.68 0.79 1.06
180 40 1.00 0.75 1.14 40 1.36  1.44 1.22
180 50 1.00 0.83 0.92 0.88 50 1.66 1.64 1.10 1.22
180 60 1.09 0.71 1.08 60  2.21 1.12 0.62
180 70 1.00 1.00 0.92 70 0.81 1.72  1.03
180 80 1.42 80 1.36
dnerived from data in Tables 2-11a and 2-11b.

<p,y> z <p_’[x;e1.,2n', D(7)]>D(7) =ffr cos o, da,

D(7) oo-,(k! fS(ei'er) cos o, da,

+ {1-D(7)] f[fr given by Eq. (1)] cos e, da.
<p,> = D(7) (1) 1 .(cos + cos 8..) Cos da
o7 Po7 Z _/ 9 r ¥ G0,

+ [1'0(7)] "907(X) G(G7,B7,Y_7;ei)

<o7> = D{(?) 007(x) " [%—cos éi + %] + [1-D(7)] 07(l;ei,2w).
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The directional emissivity (for m=7, at a zenith angle 8) defined by
Equation {(12) with pm(k;B,ZW) given by <p,> (in which 8; is replaced by 8) is

eqlm7) = <gd[m=7,x,e;0(7)]>D(7)

= 1 - <D7> (12..)

ed(m=7) =1 - ( T 0,7(2) D(7) [E§5~9 + éJ + p7(x;e,2n)[1-D(7)]—lJ (19)

Thus, as expected, for D(7) = 1, the directional emissivity corresponds to
that for a diffuse reflector modified by the shadow-factor quantity (which
ranges from 1/3 for 9=90° to 5/6 for =0°). For D{7) = 0, the directional
emissivity corresponds to a flat surface with average directional-emissivity
properties of urban materials.

2-4 INTEGRATION OF THE BRDF

The spectral, directional-hemispherical reflectance, denoted here by
o(ei,Zn), is defined [Ni-6.~, Wo-65a] by the integral

. n(ai.Zn) =‘/Pfr cos o, da, (5")
where fr is the bidirectional reflectance-distribution function (BRDF). We

§ , want to evaluate this integral when f. is given by our invented expression for
the BRDF, given by Equatiaon (1):

f.= fr[m, D{m), x; By 0, v] = f (o5 0., ¥ {20)
fo =0 ML+ FY(Bi) o.lu) ¥(y)

with
FY(ei) E FY(a,ei) = expl-a (cos ei)*] (Z1a)




er(u) = expl-an’]

B = COS er

v() = R(vw) exp[-aB(1-{1-2¢/n(}]

R(O) - aRw/n

R(v)
aR = R(0) - R(x) .
For symmetry about the principal plane, we can write Equation (5') as
" i

p(ei,Zn) = Zpo fdw fduu {1+ exp('uuY)?(W)Fy(ei)]
0 Q

n
20005+ FL 000 [ av v(up, ()]
0

where

1
PZY(G) = f duu exp(-uuY)
(V]

]

Pyyla) ;-12 [1-e " (a+1)]

%y

oL (e
Pypla) = 5= (l-e

For the i-integral, we have
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(21le)

(21f)

(22a)

{22b)

{23)
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—
ul

n
. fdrp v(o)
0

/2 L
= f dy exp{-2aBy/v)R(¥) + fdw expl-2ad (-0 /v JR(¥) (24)
(V] 11/2
x/2 a/2

RO) [ oy exp(-2ase/a) - 2 f vy expl-zase/n)
0 (o]

" v
R0) [ av epl-zaet-0)/n] - 2 av v expl-zas(r-01/e]

n/2 n/2

2
RI0) 5 Pylas) - 22 (5) Py (as)

+R(0) % P,laB) - %% [« P,(e8) - %PZI(QB)]

'Iﬁ Pl(aB)

where

1
Pl(uB) = f dy exp(-aBy) = u%— [1-expl-aB)]
0
R = [R(0) +R("))/2 .

After collecting terms, we have
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pleg,2n) = mp [ 1+ 2P (a8) Py {a) RF (a,60)] . (26)

To compute <fr(0,0,v)>, we write

<f(0,0,0)> = o [+ Fy(O) 8,41} <¥(v)>] (27)
= 0, [1 + exp(-2a) <r(¥)>] (27a)
with
n
9> =1 [ v <Ryl (275)
0
2-5 SUBROUTINE ESURF

Subroutine ESURF provides the bidirectional reflectance-distribution
function (BRDF), directional emissivity, and temperature of the Earth's sur-
face at the intersection noint of the optical line-of-sight. Since the sur-
face category is not automatically correlated with the geographic position,
the user must select one of seven categories provided.

The relationship between Subroutine ESURF and the routines it calls
is shown in Figure 2-12. Table 2-12 summarizes the inputs and outputs for
Subroutine ESURF,




= [ Eesure |
< WATER M=-21 >

GLITTR
1 CANGLE ERF
| FRESNL ] | GCRCLE |

)

Figure 2— .2. Relationships between the routines in the Earth Surface
Characterization Model.

59




e G 4 A e

Table 2-12. Input and output variables for Subroutine ESURF

INPUT VARIABLES
Argument List

THI -  Zenith angle of sun at intersection point (P) on Earth's
surface. (radians)

THR -  Zenith angle of \ine-of—sight {from detector) at inter-
section point (P) on Earth’s surface. (radians)

PST - Azimuth angle (at intersection point {P)) of vertical plane
through line-of-sight, measured relative to the solar prin-
cipal piane (i.e., vertical plane through solar ray). A
vatue of zero for PSI corresponds to forward scattering.

(radians)
IKM - Altitude of surface. {(km)
MSM -  Index M for category of surface material.

3 : =1, Lambertian diffuse surface with spectrally-independent
reflectance set by DD(1) and emissivity by [1 - 0D(1)].

=2, Water.
=3, Snow.
=4, Sand.

: - =5, Soil.

: 3 =b, Foliage.

- =7, Urban material.

‘ DD(M} - Additional descriptor for selected surface material,

DD{(1) = Diffuse reflectance for Lambertian surface.

1l
%.
g

Typical value is 0.1.

po(2)

Wind speed. (meters/sec)

DD(3)

Snow-age parameter, between the limiting values of
0 and 1 for new and old snow, respectively.

DD(M)} for M = 4, 5, 6 not used.

{continued)
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Table 2-12. Input and output variables for Subroutine ESURF (Cont'd).

D0(7) = Degree-of-urbanization between O and 1, for which
limits the spectral BRDF corresponds, respec-
tively, to (a) a flat surface with average direc-
tional-reflectance properties of concrete and
asphalt and {b) a diffuse reflector multiplied by
a shadow factor S(TEI,THR)={cos THI + cos THR}/2.

SPCULR - Logical variable.

n

.TRUE., Compute coordinates of specular reflection point
on an assumed smooth horizontal water surface, if MSM =
2, in which case the variable is passed to Subroutine
GLITTR.

.FALSE., Do not compute such coordinates.
ILAM -  Mavelength. (um)

IDAY - Index for diurnal condition at Point P.

0, Solar zenith angle > 90 deg.

1, Solar zenith angle < 90 deg.

IFIRES - Flag for inclusion of fireballs as sources. In NSBR Module,
TFIRFS = 0 always.

= 0, No fireball is to be considered.

> 0, Fireballs are to be considered.
ESURF1 - Logical variable.

= LJTRUE., If ESURF is called for the first time from
Subroutine SURRAD and both EPSD and TKS are wanted in
addition to SFR as outputs. In NBR Module, ESURFI1 =
.TRUE. always.

= L.FALSE., If ESURF is not being called for the first time
from Subroutine SURRAD and a recomputation of EPSC and
TKS is not needed. This possibility occurs only if
Subroutine SURRAD is used as a utility routine with fire-
balls as sources.

{(continued)




Table 2-12. 1Input and output variables for Subroutine ESURF (Cont'd).

ATMOUP  Common
TT - Ambient atmespheric temperature at altitude ZXM. (deg K)
OQUTPUT VARIABLES
Argument List
SFR - Bidirectional reflectance-distribution function.
= fr[H, DD(M), ZLAM; THI, THR, PSI]. (1/sr)
EPSD - ©Directional emissivity
= 1 - o (ZLAM; THR, 27). (dimensionless)
TKS - Surface temperature. (deg K)
POSITN Common

{This output obtains only if MSM=2 and SPCULR=.TRUE.)

SPCLAT, - North lititude and east longitude of the point on an

SPCLON assumed smooth horizontal surface for a specular
reflection from the sun to the detector at Point V.
(radians)
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SECTION 3

EARTH SURFACE CHARACTERIZATION: WATER SURFACE

3-1 RADIANCE FROM A "'TND-RUFFLED WATER SURFACE

3-1.1 Basic Cox-Munk Formula

The Cox-Munk formula [CM-54, Equation (9)] may be rewritten as

- )
" SN = o{w) E p(3) — ; (1)
~ 4 cos u cOs 8 i

r—-
Bl
—
1

where L is the spectral radiance of the sea surface in the line-of-sight, o(w)
is the Fresnel specular reflectance of water for radiation of wavelength ) at
angle of incidence w, : is the zenith angle of the detector, 8 is the siope
{or tilt) of the water facet required to give a specular reflection to the
detector, £ (called H in CM-54) is the solar spectral irradiance (normal to
the solar path) at the sea surface, and p(8) is the probability for the occur-
rence of slope 8.

Stegelmann and Garvey [SG-73b] derive an equation for the radiance
which differs from Equation (1). The ratio of the radiance predicted by Ste-
gelmann and Garvey to that predicted by Cox and Munk is

- 8. cos 8
lJG i} ¢€0s i 0 B
LCM cos w

where 8y is the solar zenith angle. Stegelmann and Garvey seem to imply that
Equation (1) is incorrect owing to an incorrect coordinate transformation. We
have not checked all of the work in detail, <o we don't know wnat the discre-

pancies are due to., Since the Cox-Munk formula is widely used in the litera-
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ture, we will continue to use it until the cause of the alleged error is iden-
tified more explicitly.

3-1.2 Slope Distribution Function

Cox and Munk [CM-54] show that to a first order the slopes are nor-
mally distributed and independent of wind direction, according to

1 2 2,,2 ’
= expl-{z~ + 2 o 3
P . pl-(z, y }/0%] {3a)
where
g = rms slope regardless of direction
a = azimuth of the direction of steepast ascent, measured clock-
wise from the sun
z, = az/ax = sin a tan 8 (4a)
zy = az/ay = c0s a tan g (4b)
so that
1
p= Ly expla7? tan’ g). _J (3b)
LK

3-1.3 Relation Between Slope Variance and Wind Speed
3-1.3.1 Cox-Munk Relation (regardliess of direction)

Cox and Munk (CM-54, (M-56] computed the mean square slope compo-
nents, for crosswind (ccz) and up/downwind (vuz), from their glitter photo-
graphs. For simplicity we shall use only their results for the mean square
slope, 02 =0 2y ouz, regardless of wind direction, for a clean surface (as

¢
opposed to an oil-slick surface, e.g.)

3

o= %452 (3+5.144W) 107+ 0.008. (5)

64

. g



This result is based on measurements for wind speeds from about 0.3 to about
14 m/sec [CM-56].

Since one might expect ¢ to vanish as W vanishes, we have plotte. the
velocity-dependent portion of Equation (5),

/2 , {5a)

5, = (0.00512 w)"

as the dash-dot line in Figure 3-1. We also represent Equation (5) in Figure
3-1 by plotting

o= (002 + 0.003)1/2 (5b)

as the solid line and

2 1/2

+ 0.004) {5¢)

o+=(c

as ihe dashed lines.

3-1.3.2 Some Usefui %ind-Related Conversion Factors
Relations between knots, meters per second, and miles per hour are:
1 knot = 0.5144 m/sec = 1.151 mph.

Relations between sea-states, Beaufort numbers, and wind velocity are shown in
Figure 3-2 (adapted from Wu-6%9a).

There is a significant altitude variation of wind which must be kept
in mind while reading the sun-glitter 1iterature.

Duntley [Du-541, in relating his measurements of the distribution of
water wave slopes (on a lake) to those of Cox and Munk [CM-54] {in the open
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Figure 3—2. Relations between sea-states, Beaufort numbers, and wind
speed (from Wu—69a).

sea), speaks of the "customary 2-to-1 ratio between wind speeds measured at 41
feet (12.5 meters) above the mean water level {as for CM-54) and 8 inches
[Du-547 above the wave crests."

Cox [C0-58] relates his laboratory measurements to those of Cox and
Munk [CM-54]. Cox states:

"Measurements of wind speed in the tank represent average
speed throughout the air channel; it may be estimated that the
level at which this speed is reached in the boundary layer
next to the water is 4 to 8 cm above mean water level. Hence,
oceanic measurements of wind épeeds made at a height of 12.5 m
must be reduced by a large and uncertain correction factor
before a useful comparison can be made. 1 assume the factor
is

]n[g_or)/(lzsxm“” 2.2:

this assumes (1) a logarithmic velocity profile near the
water in both tank and ocean, (2) an effective height of wind
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observation in the tank of 6 cm, and (3) a roughness length
in both the tank and ocean of 0.1 cm.”

3-1.3.3 Limitations on the Cox-Munk Relation

Strong and Ruff [SR-70a) state: "“Recent results from Wu [J. Atmos.
Sci. 26, 408 (1969)] show a sea-roughness saturation for winds above 15 m/sec,
which means one cannot rely on a changing slope distribution at higher wind
speeds."

Time does not permit further review of the relation between slope
variance and wind speed; some additional relevant references include those by
Wu [Wu-69a, Wu-70, Wu-71, Wu-72a, Wu-77] and Cox [Co-741].

3-2 REFLECTION GEOMETRY FOR A SPHERICAL EARTH

Cox and Munk assumed a flat Earth in deriving their reflection geo-
metry. We want to consider a sphericél Earth. Fortunately, Levanon [Le-71b]
has derived the necessary equations for viewing the reflections from a synchro-
nous satellite. We have not yet verified the equations in detail; so far, we
have only determined, by examining Levanon's simplified formylas, that an east
longitude relative to the detector is positive and a north latitude is
positive. Levanon assumed his satellite was on the equator and at zero-degree
Yongitude. Accordingly, we have modified some of his definitions so as to
allow for an arbitary position of the detector. We reproduce these (slightly
modified) definitions and formulas from Levanon's Section 2 [Le-71b]. Anyone
studying these equations should consult his Figure 2 which illustrates the
reflecticn geometry.

Levanon has considered the following geometrical question: Given the
longitude and Vatitude of the sun and detector subpoints, and of the point of

refiection, what is the tilt magnitude and direction and the angie of inci-
dence, at that point of reflection?

68

w




I A e TR TR M e

The following notation is adopted:

- T < N O

@@
-

—

[~

=L L - b~ g T -3
=]

<

the center of the Earth

the sun subpoint

the detector

the point of refloction

an index taking values s, p, i, n

a point defined by the sea surface and a vector parallel to
i and starting at 0

north Jatitude of i (or of Q;)

east longitude of i (or of Qi) relative to that of V
radius of Earth

altitude of detector

altitude of P (if a lake, e.g.)

vector between the detector and the point of reflection
the normal required for reflection from P

the northward tilt at P

the eastward tilt at P

the magnitude of the total tilt at P

the angle of incidence

For convenience we introduce

€4 = {r + hp)/(r + hd).

For Point 01:

L- 2
n

=€, €cos 6_ sin ¢_ 1
tan_1 [1_ d P p J (L)

tan

€, C05 6 CoS ¢
d p p

-e sin 8

d p

d

> ]
{1-2 €4 COS ep cos °p + e cosZ ep)




For Point Qn:

- co . e . 4
-1 cos 6, sin ¢£ cos 05 sin ¢S

2
¢ = tan J {L3)
n | cos 8, cos ¢, + cos 8, COsS b
Al sin o, + sin es
8 _ = tan . (La)
n z 7 j *177~'}
jcos 8, * COS” 8, + 2 COS B, COS 0. €OS (¢E ¢S)]
At the point of relection the tilt toward the east is given by
0% on - o (L5)
and the tilt toward the north by
6 =0, - ep. (L6)
Since ¢ and @ are orthogonal, the total tilt magnitude is
B = tan™! [tan2 ¢ + tan? 011/2 (L7
and the angle of incidence is
_ -1 2 2 1/2
w = tan = {tan (o, - 65) + tan” (¢ - os)] . {L8)

In Table 3-1 we have summarized the input and output quantities,
based on Levanon's equations.

3-3 REFLECTANCE AND EMISSIVITY

3-3.1 The Bidirectional Reflectance-Distribution Function (BROF)

The BRDF 1is defined as




Table 3-1. Input and output quantities for reflectiun
viewed from a detector.

Input Quantities {per Levanon)

Object East Longitude North Latitude
Sun subpoint (S) 9 o
Detector subpoint (V') 9,0 8, =0
Reflection point (P) °p 6p
Intermediate Qutput Quantities

Quantity Symbol Le-71b Eq. No.
Longitude of Qm o, 1
Latitude of Q, o, 2
Longitude of Qn ¢ 3
Latitude of Q, 8 4
Eastward tilt at P % 5 (9)bb
Northward tilt at P 8 6 (10)

Final Output Quantities

Quantity Symbol Le-71 Eg. No.
Tilt magnitude at P 8 7 (1)}
Angle of incidence at P w 8 (12)

a .
Values relative to detector subpoint V'.

b . .
For small-angle approximation, which we do not use.
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f. = L/(E cos ei) (6)

where L is the radijance along the reflected ray and E cos 8, is the irradiance
on the (horizontal) sea surface. By using the Cox-Munk formula, Equation (1),
for L/E, we have

f - ele) pis) (7)

r .
+ Cos u C0548 cos Bi

(It is not abvious that Equation (7) satisfies the reciprocity law, since 8
and v have a very complicated dependence on the coordinates.)

E 3-3.2 The Directional-Hemispherical Reflectance

The directional-hemispherical reflectance, denoted here by p(x;ei,
2x), s defined by the integral

o(x;a‘.,Z«) = ffr cos 6. da, i8)
with f_ given by Equation (7); it is understood that
wECos 6., (9)

Gwing to the complexity of the dependence of w and B8 on 8., we assume it is
impossible to perform an analytic ir.egration indica‘ed in Equation (8).

!

For now, we shall not pursue further the topic of directional-hemis-
pherical reflectance for a wind-ruffled sea. We were interested in it mainiy
as a self-consistent way to get the directional emissivity, but we shall con-
tent ouselves with an approximate treatment as next described.
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3-3.3 The Directional Emissivity

Since we are unable to perform an analytic integration of the BROF to
get the directional-hemispherical reflectance for a wind-ruffled sea, we shall
ignore the wind and compute the directional emissivity from the expression
(sometimes referred to as Kirchhoff's law)

:d(e) =1 - p(e) (10)

where p(6) is the Fresnel specular reflectance next discussed in Section 3-3.4.

We note that Hall [Ha-64b] used Equation (10) for each of the planes
of polarization of the radiation in computing the polarized emissivity of
(flat and calm) water. We expect that Equation (10} will provide reasonable
answers even for a wind-ruffled sea except for large zenith angles. Perhaps
one can later make an improvement for such large zenith angles. Papers by
Saunders [Sa-67a, Sa-68c] may be helpful.

3-3.4 Fresnel Reflectance of Water

3-3.4.1 Introduction

The factor o(w) in the Cox-Munk formula, Equation (1), is the Fresnel
specular reflectance of water for unpolarized radiation incident on a plane
surface at angle of incidence w. The Solar Radiation Model (23e), described
in Section 4, provides Ex (at the top of the atmosphere). Here, we present
the Fresnel equations necessary to compute o(w) and necessary data for the
camplex index of refraction for an air-water interface.

3-3.4.2 Formulas

We need the formula for the refiectance o(w) of a plane electro-
magnetic wave incident at an angle 8, = wona plane, absorbing surface

{(water). For an unpolarized wave, and a compiex index of refractioen W,




N = n-ik, (11)

where n is the index of refraction, k is the extinction coefficient, and i =
/TT, the monechromatic specular reflectance is given [Me-60a, p.422; AH-66;
SC-66a, p.63] by the expression

2
olo) = — 24 | (12)
c+2,d+d !
;
where
r_.=(c- 2a,e+ ez)/(c + 2a,e + 92) (13a)
5 + + -
¢= ol v al (13b)
d = sinw tan « {13c)
e = cos w {134d)
2 & = tinfalosin®)? v 4812 ¢ (W24 ligina) | (13¢)
At nomal incidence,
2 2
D(O) - (n‘l) + k2 . (14)
{ne1)° 4 K

We chose the Fresnel formulas as given by Equations (12) and (13)
because {1) the form is the simplest we have seen and {2) three different
references agree on the formulas. (Note that Me-60a uses N=n(1l-ik) instead of
N = n-ik.} Relatively simple, but different formulas are given by Friedman
[Fr-69b] but the two obvious misprints leaves one uncomfortable without verify-
ing the overal! formulas. Hall [Ha-54b] also gives the Fresnel formulas but
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their form is again different and more complicated than that we have chosen.
Other references include Condon and Odishaw [CO-58, 6-8, §;113,*114], Stratton
[St-41], and Born and Wolf [BW-75al. Roudreau [Bo-73b] gives the Fresnel
formulas in a form attributed to Stratton [St-41],

3-3.4.3 Complex Index of Refraction of Water

The most recent values of optical constants for (pure) water in the
infrared are those given by Downing and Williams [DW-75] who tabulate n{v) ana
k{v), the real and imaginary parts of the complex index N = n + ik, in the
range from 3=2 um to ) = 1 mm. In the 2- tc 5-um range of interest to us, 221
sets of data are given for wavenumbers y=2000(10)4000(50)5000, entered as data
statements in Subroutine FRESNL.

We also note that very recently Querry et al. [QH-77] determined the
complex refractive index in the infrared for samples of surface water from
five widely separate locations: San Francisco Bay, the Pacific Ocean, the
Atlantic Ocean, the Great Salt Lake (Utah), and the Dead Sea (Israel). The
variations will be ignored for the purposes of ROSCOE-IR.

3-4 SLOPE ~SHADOWING FACTOR

Cox and Munk [CM-55, p. 70; CM-56, n. 470], in computing the albedc
of direct sunlight from a rough surface, take account of the fact that large
negative slopes in the component zy (where the y-azis is horizontally away
from the sun) are shadowed if they exceed cot 3y, with 8, the solar zenith
angle. Cox and Munk include this effect by setting the limits to be {-cot %i)
and {+=) for z, (but == for z ), Thus, while Cox and Munk include the effect
in their albedo calculation, they do not mention the effect with respect to
the slope distribution function p(3) appearing in tquation (1).

Gordan [Go-69b] presents a formula, derived by K. B. MacAdam, for the
fraction of the light from a source at zenith angle 9, which reaches a given
noint on the sea surface without having first intersected the water surface at
some other point. However, in presenting his formula, Gordan [Gp-69b, p.20]
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fails to note that the derivation is based on a one-dimensional distribution
(instead of an isotropic, two-dimensional distribution as we would Yike).
Also, Gordan [Go-69b] does not address the question of shadowing effects on
the reflected ray.

Saunders Sa-67a, Sa-6Bc] has derived an approximate, slope-shadowing
factor, >*, to account for the fact that, as one views near the horizon, the
slopes on the back sides of the waves and deep in the troughs are hidden. For
two-dimensional roughness, the factor $* is stated [Sa-67a, p. 4648; Sa-68c]
to be

v2 -1

S*(er) =2 {1+ erflv) + V;? e} (15a)
where v, given by
v=o0l tan (% -8,) = ol cot Bps {15b)

is the ratio of the inclination of the line-of-sight to the root-mean-square
slope {regardless of direction) and 8, is the zenith angle of the reflected
ray. Presumably S*(er) refers to only the reflected ray not escaping in one
pass.

To permit a "bistatic" dependence on the zenith angles of both the
incoming and outgoing rays, we propose using as the shadow factor

S(ei,er) =S(ei)s(er) (16)

with

1 —vz -1
S{a) =2 (1 + erfly) + — ¢ " } (17a)
\ LK

- P 1.



o cot o {17b)

<
n

(5.12 x 1073 yy172 | (17¢)

For numerical reasons, we need to consider some limiting cases:

{a) If the wind speed W = 0, we set 5({8,,6.) = 1.0.

(b) 1f 8 <o, tan" (050711, we set S(s) = 1.0. The introduc-
tion of the angle ev2 results from the observation that the
shadowing factor is essentially unity for v 2 2. Thus, there is
no need to compute the shadowing factor unless & exceeds the
angle (evz) for which vs2, for a given wind speed.

(c) If (0.5x-8) < 1.745x10™>, set o to 89.9 deg, an arbitrarily
selected value. We do this to avoid possible division by zero
or near--2ro.

3-5 SPECIAL CASES

3-5.1 Location of Specular Point for Quiet Surface (no wind) on Spherical
Earth, Given Locations of Source and Detector

Since we want to consider cases where the Earth-central angle between
rays to the sun and the detector is not necessarily small, we cannot use the
“lens" equation for a spherical convex mirror {and the concomitant paraxial
rays) to aid in determining the reflection point but must resort to an itera-

tive solution.
3.5.1.1 Algebraic Equations for Specular Point

Assume we are given the positions (i.e., the longitudes and tatitudes
7 of the subpoints) of the detector and sun, as depicted in Figure 3-3 (Points
p V' and S', respectively). The total central angle between the rays 7V and 0s,
» 1, is given by
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i Figure 3—3.  Spherical geometry for determining specular point.

-1 N . N \
cos  (sin 3, sins }

-

+ 9 3 s! (18}
, T cos 8 cos 3 cos s

{18a)

In the VO3S plane, in which the reflection point, R, must lie, con-

sider the plane triangles 02V and ORS, depicted in Figure 3-4.

The sum of the
two central angles, N and 1o must equal 1, i.e.,

78

|9

LR e

e e e

it S R L U R e B B SRt PR s ittt g o o D
= Py B B L e IR 0 L A L P RN IV E S P 5t R AN S

SRR e




N
A3
L]
e
- "y
-,
]
%
4 ~ ]
5.
v
-
. -
&
-
e
» »
~

.-
-
.
o
-
o
.
N
-y
.
-rv
.y |, f
- :
¥
e
‘e
§ ¥
Y
. ot .
.
I
< *
-
~-. A
[
Ty e
R
R84
e
»”*
.
=

L

. -
L

e

T
<

Figure 3—4. Plane geo wetry tor deter mining tpecular point
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. | oy Tag T, (19)

L ]
»
- and for each triangle, we have
7 + + =
¢, Bv Y " (20a)
_ + = 2 )
a 8ty = {20b}

“,f Thus, from Equations {20a) and 20b), we have

: + = +
el va Bv g BS . {21}
ks 3 _l
Now,
k = + = + {
3 ry=rth, = rcosa +s, COS By, (22a)
3 r ireh o= + 5. cos (22b)
i . s g = T A0S ag * s COS By
L and
-
¥ ! 5 r
] 1 LA VORI S {23a)
g — _ 2.
i} § sina, sin g, siny
i1 z
& Sf r
I _ -" . S (23b)
: sin a sine_  siny

A (In the code, r is the Earth radius plus the altitude assigned to the “oint
e P.) By eliminating s, between fquations (?2a) and (23a) and s5_ between &qua-
) tions (22n) and (23b), we get

A
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sin a

r =r + -
: v Cos &+ r B, cos 8, {24a)
sin a
r = c + ———————
g = T COS o ¥ o 5. cos 8 (24b)
3
H ar
¢ -1 v . \
: €y = Py =~ T Cos ay + sin av/taﬂ Bv (24c)
¥ ' e_l : s :§ = cos + sin a_/tan (74d)
13 s “Pg Ty gg g Bs 4
I3 or
3 B, = tan‘l [e, sin (1- 0s )-1] (24e)
; : v €y oy tiTey €05 ey !
K -
B = tan"® [e_ sina_ (l-c_ cos a ) 1] (24f)
; , s s 5 s s .

H

i

\ -

?» 4 Thus we have four equations ((19), (21), (24e), and (24f)) which need to be
i 4

t

i

solved for the four unknowns (uv, Ggs By and 65).
3 | In presenting the equations for the specular point we have referred
E' : to the sun as the source. Indeed, that is tne case within the NBR Module.
§
}

dowever, in the original develcpment of the specular point equations, we
. ? wanted to allow for non-tolar sources at arbitrary altitudes, for which aur
; specular-point equations are valid.

1f one does specialize for a solar source, then one can obtain (with
an appropriate approximation) a pair of equations (or, equivalently, a single
transcendental equation if the user prefers) instead of the set of fou' equa-
tions. That is, for a solar source, as in Section 5-2.2.1 where we obtain the
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solar zenith angle, we can assume that the solar ray to the reflection point
is essentially parallel to the ray to the subsolar point, an approximation
implying that the angle Bg is essentially zero. Thus, in fquation (21), if we

set Bg equal to zero and eliminate ag by use of Equation (19), we obtain

a, = (a - 3,)/2 . (24g)

Thus we have two equations ((24e) and (24g)) which need to be solved for the
two unknowns (av and 8 ). Of course, one can eliminate a, between these two
equations if he prefers. An iterative solution of the pair of equations
should be analoqous to that described in Section 3-5.1.2, but we have not
implemented such a solution.

3-5.1.2 Iterative Solution of Specular-Point fquations

By using Equations (19}, (21), (24e), and (24f), we find the condi-
tion to be satisfied is

) IR sin ag _1 [ ey SN ay, i
F(av) za - va + tan [_es cos oy - tan T—_-C—V—-c—og—;‘-l- =0 . (25}

Now,

EF'(H):—2+ S S S + V2 v v . (26)
v

According to the Newtrn-Raphson method, our iteration formula is

{n)
L) (m) Floy )

N o, (27)

a -- v




] It remains to choose a starting value, uio), to be used in Equation
{(27). To do so, we start with Equation (21) and substitute for s and 8,

their small-angle approximations from Equations (24e) and (24f). Thus we get

Ev (!v ':S(G‘Clv)
R I (28)

By solving Equation (28) for a, in terms of a, ¢, and € . we get
l-¢
= v .
oy " [_'(TTVTTTT__ST]“ - (29)
Cur iterative procedure now becomes
1-¢
: {0y _ v
b v [ =T+ (e ] ]“ f29a)
; 0) (0)
£ ag e - oa, (30a}
0y _ .
; 8, = From Equation (24e) {30t)
" o
‘- Y
P . J0) ¢ ,
. , ¢ = From Equation {24F) (30¢)
A CIN . 3
i ! {a,”") = From Equation (25) {30d)
L
! 3 Ve (0 .
.o A F'{a,”") = From Equation (26) (30e)
) (0)
I ](1) = 0(0) _ F(-JV ) . {39f)
| ‘.. v v F.(avl()i]
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We now put a. into Equation (30a) and continue the looping over

Equations (30) until we satisfy the condition

u:n) + 55") - (aé") + eé")) L <2 X 107° . (31)

3-5.1.3 Angle of Incidence and Reflection
From Figure 3-4 and Equation (20a), we have

w=F-y T a_ + 8 £32)

with ay and By given by the iterative solution in Section 3-5.1.2.

3-5.1.4 Geographic Coordinates of Specular Point

Determination of the geographic coordinates of the specular point,
given those for the sun and detector and the central angles a and ay, is pro-
vided by Subroutine GCRCLE, discussed in Section 3-6.5.

3.5-2 Radiance and BRDF for Specular Reflection from Smooth Water

To obtain the radiance for specuiar reflection from a smooth water
surface, one ca- follow, e.g., the detailed development (given for another
purpose) by Cox and Munk [CM-54] or immediately write the answer by assuming
conservation of radiance for reflection from a perfect reflector. For the
latter alternative we have for the specular radiance

2
Lspec plwlE/ (we™) (33)

where o(w) and £ are the same as in Equation (1) and ¢ is the angular radius

of the sun ‘16.0 minutes).




The BRDF corresponding to Equation (33} is defined to be

fr Lspec/(E cos ai) (34)

s0 that
2
fr = p{w)/(ne” cos 8;) . (34a)

3-5.3 A Limiting Form of Basic Cox-Munk Formula

The Cox-Munk basic formula, Equation (1), explicitly including the
formula for the probability for the occurrence of slope 8, is

-2 2
_ ole) £ expl{-o = tan B)

COS u COs B ®0

For a zenith sun and downward-looking detector, the slope is zero and the
zenith angle of the reftected ray equals the angle of incidence, i.e.,

g =0

so that

2 {0) £

Leule s == I L3b)

We note that this radiance is smaller than the specular value given by Fqua-
tion (33) by the ratioc

! LC tz=0) 2

1 M _ €

| [ lT?TJ . {37)
: spec Ler

#h
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since

(4.65 x 1073)2

£l = << 1 . {38)
[°] (3 + 5.124) x 1073

The ratio given by Equation {37) will be obtained in another way in Section ,
3-5.4- 11

3-5.4 Relation Between Radiances from Smooth- and Rough-Water Surfaces

Saunders [Sa-67, p. 41161 makes a simple estimate of the radiance
reflected from a rough-water surface compared with that from a smooth-water '
surface. He notes that the angular radius of the glitter pattern is approxi-
mately 2¢ {(as is readily seen from Figure 3-5) and hence the solid angle it

iy a1

subtends is n(Zc)z, where o is the root-mean-square siope. The solid angle

subtended by the mirror image of the sun is [according to Saunders) “Ez, where
£ is the angular radius of the sun's disk. (Saunders did not account for the
solid angle of the mirror image of the sun being reduced for an observer at
high altitudes, as explained below.) Saunders then states that if the total
radiant energy reflected from the surface is independent of roughness (an
assumption commented upon below}, then the ratio of the intensity in the
glitter pattern to the intensity in the mirror image is in the inverse ratio
of the solid angles that they subtend, namely, (e/zg)g. Note that this ratio
is just the ratio given by Equation (37}.

A smooth-water surface on the spherical Tarth acts iike a convex
spherical mirror of radius Re' The virtual image of the sun is formed at a
depth Re/2 beluw the surface and the size of the sun's radius in this image is
€ Re/ﬁ. The area of the virtual image i3 ={c ReJZSZ and the solid angle at
the observer, at an altitude h from the mirror surface, is

)E ¢

{ / p T
Le le,Z Re/Z !

R L R (19)

th + ?e/Z)

2

4
.
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Figure 3—5. Geometry for simple estimate of angular radius
of glitter pattern.

s 1‘52 for h - 0 (393)
—
l e (Re/zh)‘ for h >> R /2 . (39b)

The assumption made above by Saunders - that the total radiant energy
reflected from the surface is independent of the roughness - is adequate for
the order-of-magnitude estimate being made but it is not strictly correct.

Cox and Murk [CM-55, Section 3; CM-56] show that the elbedo of a rough surface
to direct sunlight is slightly larger at high sun angles and substantially
smaller at low sun angles than the albedo of a flat surface.




3-6 SUBRQUTINES FOR CHARACTERIZATION OF WATER SURFACE

The relationship between the routines characterizing a water surface
and Subroutine ESURF (for non-water surface characterization) is shown in
Figure 2-12.

3-6.1 Subroutine GLITTR

Subroutine GLITTR is called from Subroutine ESURF when the line-of-
sight from the detector (either a fictitious one at Point V in the NBR Module
or, more generally, a real detector which may be in a satellite) intersects a
wind-ruffled water surface prescribed by the user. Subroutine GLITTR provides
(ia) the bidirectional reflectance-distribution function (BROF) for the wind-
ruffled water surface and (lb) the directional emissivity of a smooth-water
surface as an approximation to that for the wind-ruffled water surface at the
intersection (Point P) of the optical Vine-of-sight from the detector and, if
requested (by the logical variabie SPCULR = .TRUE. in the argument Tist), {2}
the geographical coordinates of the point on an assumed smooth horizontal
surface (taken to be at the same altitude as Point P} for a specular reflec-
tion of a ray from the scurce to the detector. Only the directional emis-
civity at Point P is provided if there is no source.

See Table 3-2 for a summary of inputs and outputs for Subroutine
GLITTR and Figure 3-6 for a chart of information flow within Subroutine GLITTR,

3-6.2 Function CANGLE

Function CANGLE is called from Subroutines RINOUT and GI1TTR to com-
pute the Farth-central angle, CANGLE, between two central rays to Points M
and P2, given the latitudes and Tongitudes of Points Pl and P2. Application
7

of the cosine law for a side of the spherical triangle P1-N-PZ in Figure J-
gives the relation

" o . - L= . oo
Cos ay, = COS (5—91) cos (7-e23 + 5in (?-91) LIS P I RS




Table 3-2. Input and output variables for Subroutine GLITTR.

INPUT YARIABLES
Argument List
THETT - Zenith angle of the source at the intersection point (P) of

the line-of-sight from the detector to the Earth's water
surface. (radians)

WIND - Wind speed at 41 feet above sea level. {meters/sec)
SPCULR - Logical variable.

= .TRUE., Compute coordinates of specular reflection point
for an assumed smooth surface.

= .FALSE., Do not compute such coordinates.
ZLAM - Wavelength. (wm)
IDAY - 1Index for diurnal conditions at Point P.

0, Solar zenith angle >30 deg.
1, Solar zenith angle <90 deg.

i o

IFIRES - Flag for inclusion of fireballs as sources.

= 0, No fireball is being considered (always the case in
the NBR Module).

> 0, Fireballs are heing considered as sources.
ESURF1 - Logical variable.

= TR ., If Subroutine ESUIRF is called for the first time
from Subroutine SURRAD and =ZPSD is wanted as an
output (always the case in the NBR Module).

= JFALSE., If Subroutine ESURF is not being called for the
first time from Subroutine SURRAD and a recom-
putation of EPSD is not needed.

TECTOR Common

DETALT, - Detector {at Point V) altitude, north Jatituyde, and east
DETLAT, longitude. (km, radians, radians)
DE TLON

{continued)
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Table 3-2. Input and output variables for Subroutine GLITTR (Cont'd).

DETZEN - Detector (at Poirnt V) zenith angle at Point P. (radians)
PGSITN Common

POSALT, - Altitude, north latitude, and east longitude of intersection
POSLAT, on Earth's surface (Point P} of line-of-sight from detector
POSLON {at Point V). (km, radians, radians)

SOURCE Common
SRCALT - Altitude of source, if not the sun. (km)
SRCLAT, - MNorth latitude and east longitude of source (sun in KBR
SRCLON #odule, o fireball, more generally}. {radians)
SRCFLG - Flag characterizing source.

= 1, Sun is source (always, in NBR Module).
= 2, Fireball ic source {(never, in NBR Module).

OUTPUT VARIABLES

Argument List

SFR - 8iairectional reflectance-distridbution,function for a wind-
ruffled water surface at Point P. (sr

EPSD - Directional emissivity (of a smooth-water surface as an
approximation to that for a wind-ruffied surface) at Point
P toward the detector at Point V. (dimensionless)

POSITN Common
(This output ohtains only if SPCULR = .TRUE.)
SPCLAT, - North latitude and east longitude of the point on an assumed

SPCLON horizontal surface for a specular reflection from the
source to the detector at Point V. (radians)




¢

Need not compute SFR if neither sun nor fireball is considered as a source.
Thus, set SFR — as well as the coordinates of the spacular point — {arbitrarily)
to —-1.0.

y_
< (IDAY = 1) .OR. (IFIRES - 0) S F
Sy T

Formulas for SFR

Wave—facet refiection (Sect. 3--2) -

Slope distribution (Sect. 3—1) L SFR ! 6—]
BRDF & Fresnel reflectance (Sect. 3—3)
Slope shadowing factor (Sect. 3--4)
Cox—-Munk formula {Sect. 3—1)

< NOT.SPCULR  >>T
}F 70}

Formulas for SPCLAT & SPCLON SPCLAT = --1.0

Specular reflection (Sect. 3—5.1) SPCLON = -1.0

- I
80

, T
< NOT.ESURFi >

¥ F

Formulas for EPSD

Emissivity (Sect. 3—3.3, 3—-3.4)

<

A
( RETURN ’

Figure 3—6. Infurmation flow within Subroutine GLITTR
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Earth geometry used in deriving formulas for Function
CANGLE and Subroutine GCRCLE.

sin #) sin 3, + COS vy COS 8, COS (ez-el)

™



= cos'1 [sin PLLAT sin P2LAT + cos PILAT ccs P2LAT cos (P2LON-PILON)T .
See Table 3-3 for a summary of inputs and outputs for Function CANGLE.

Table 3-3. Input and output variables for Function CANGLE.

INPUT VARIABLES

Argument List

PILAT, - North latitude and east longitude of Point P,. (radians)
PILON
P2LAT, - North latitude and east longitude of Point P,. {radians)
P2LON

QUTPUT FUNCTION

CANGLE - Earth-central angle between rays to Points P, and PZ'
{radians)

3-6.3 Function ERF

Function ERF is the errar function, based on the rational-approxi-
mation formula (7.1.2.6) in AS-64.

3-6.4 Subroutine FRESNL
Fresnel specular reflectance of a {smooth) water surface is discussed

in Section 3-3.4. 1In Subroutine FRESML, the complex index of refraction of
water as given by Downing and Williams [DW-75] is stored as data and the Fres-

nel reflectance is computed from Equations (12) through (13e) in Section
3-3.4, Table 3-4 sumnarizes the inputs and outputs for Subroutine FRESNL.




Table 3-4. Input and output variables .r Subroutine FRESNL.

INPUT VARIABLES
Argument List
ZLAM - Wavelength. (um)

OMEGA - Angle of incidence (with respect to norma! to smooth ele-
ment of water surface). (radians)

OUTPUT VARIABLE
Argument List

RHO - Fresnel monochromatic reflectance of plane, unpolarized
electromagnetic wave incident at angle » on plane, ab-
sorbing surface of water with complex index of refraction
N=n-ik obtained from Downing and Williams [DW-753. (di-
mensionless)

3-6.5 Subroutine GCRCLE

For three points Pl’ PZ, and P3 on a great circle, Subroutine GCRCLE
computes the latitude and longitude of the intermediate point P2, given the
latitudes and longitudes of the end points P1 and P3, the central angle g
between the central rays to Pl and P3, and the central angle a5 between the
central rays to P1 and P2.

Application of the cosine law for a side of the spherical triangle

Pl—N—P3 in Figure 3-7 gives the relation

T o) = Ll i in (2-
cos (?-63) €OS a4 COS (2 91) * sin a4 sin (2 91) COS A

or

in 3., - co in
S 33 cos a13 S 91

COos A = 1
5In a13 cos 01
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Similarly, for triangle Pl-N-P2 in Figure 3-7, we have
n - n . - L
cos (7—82) = C0S ay, COS (7—91) + sinay, sin (2 al) cos X

ar

ineg, = i + si
gin 2 Cos 012 sin 81 sin o) cos 61 Cos5 A

Application of the sine law to the spherical triangle Py-N-P, in Figure 3-7

gives

sin (¢2- °1) . sin A

sin oy, sin(%-ez)

or

sin (o,-0,) = sin aj, sin a/cos o,.
Thus,

0, =9 (@2-¢1) x SIGN(1.0, ¢3-6;) .
If Poy=011 > n, 4y = 67 = (6p-0)) x SIGN(L.0, e3-6y) .
If by < 0.0, by =9 * 2n
1f ¢232n, 4y = 6y - 2y

See Table 3-5 for a summary of the inputs and outputs for Subroutine
GCRCLE .
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Table 3-5. Input and output variables for Subroutine GCRCLE.

INPUT VARIABLES

Argument List

PILAT, - North latitude and east longitude of Point P,. (radians)

PILON

P3LAT, - North latitude and east longitude of Point Pj. {radians)

P3LON

ALP13 - Earth-central angle between rays to Points Py and P3.
(radians)

ALP1Z - Earth-central angle between rays to Point Py and P2.
(radians)

OUTPUT VARIABLES
Arqument Tist
P2ALAT, - North latitude and east longitude of Point P,. {radians)

P2LON
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SECTION 4

SOLAR RADIATION

4-1 INTRODUCTION
4-1.1 Requirements for the Model

Solar radiation must be modeled because it is a source of sensor
illumination, and atmospheric and fireball species excitation, through scatter-
ing and/or reflection from the Earth's surface, clouds, aerosols, and dust,
either naturally occurring or caused by the fireball.

4-1.2 Model Function

The Solar Radiation Model (23e) consists of a statement of the solar
spectral irradiance, at the top of the Earth's atmosphere, in the spectral
range from 2 to 5 um (or 5000 to 2000 cm |).

4-2 DATA BASE

As a result of extensive work by NASA related to the design of space
vehicles, an engineering standard for solar irradiance has been adopted by the
American Society of Testing and Materials (ASTM) [Th-74a, Th-76]. We have
adopted the tabular data presentec by Thekaekara [Th-74a]. Columns 1 and 2 in
Table 4-1 present data abstracted tr~om Table I of Th-74a in the spectral range
from 2 to 5 ym at 0.1 um intervals. These data are plotted in Figure 4-1 as
the ¢ircled points and have been fitted by the following piecewise-continuous
power-1law expression:
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Table 4-1. Solar spectral irradiance (2 to 5 umj.

g el £ E® e
W W Percent® nlo photon 1013 phruton 10_7 W
um mé um me um  Error cn? sec ym  cm” secC cm'1 e el em”!
2.0 103 104 .62 1.5 10.4 4.15 41.2 5000
' 2.1 30 90.61 0.7 9.51 4,29 39.7 4762
2.2 7% 79.00 u.0 8.75 4,23 8.2 4545
2.3 69 69.30 0.4 7.99 4.23 36.5 4348
2.4 62 61.13 -1.4 7.49 4.31 35.7 4167
2.5 55 54.20 -1.%5 6.92 4,33 34.4 4000
2.6 48 48.29 0.6 6.28 4.25 32.4 3846
2.7 43 43.20 0.5 5.84 4,26 31.3 3704
2.8 39 38.81 -0.5 5.50 4.31 30.€6 3571
2.9 35 35.00 0.0 5.11 4.30 29.4 3448
3.0 31 29.90 -3.7 4.68 4.21 27.9 3333
3.1 26.0 25.67 ~1.3 4.06 3.90 25.9 3226
3.2 22.6 2¢.15 2.0 3.64 3.73 23.1 3125
3.3 19.2 19.19 0.0 3.19 3.47 20.9 3030
3.4 16.6 16.71 0.6 2.84 3.28 19.2 2941
3.5 14.6 14.60 0.0 2.57 3.15 17.9 2357
3.6 13.5 13.33 -1.2 2.45 3.17 17.5 27178
3.7 12.3 12.21 -0.7 2.29 3.14 16.8 2703
3.8 11.1 11.21 .9 2.12 3,07 16.0 2632
3.9 10.3 10.31 .1 2.02 3.08 15.7 2564
4.0 9.5 9.50 .0 1.91 3.06 15.2 2550

{continued)

98




3 Table 4-1. Solar spectral irradiance (2 to 5 um} (Cont'd}.
. Exa xb Exd Eue wa “
W W Percent® lqu*gﬂgpgg 1013 photon 1077 %
pm m um e um  Error cm2 sec .m cn sec and el cm ! cm™
4.1 8.70 8.58 -1.4 1.80 3.02 4.6 2439
4.2 7.80 7.77 -0.4 1.65 2.91 13.8 2381
4.3 7.10 7.05 -0.7 1.54 2.84 13.1 2326
4.4 6.50 6.42 -1.3 1.4 2.79 12.6 2273
4.5 5.92 5.8 -1.2 1.34 2.72 12.0 2222
4.6 5.35 5.3¢ -0.1 1.24 2.62 11.3 2174
4,7 4.86 4.89 0.6 1.15 2.54 10.7 2128
4.8 4.47 4.48 0.3 1.08 2.49 10.3 2083
4.9 4.11 4.12 0.2 1.01 2.43 9.87 2041
5.0 3.79 3.79 0.0 0.9%54 2.38 9.47 2000

%krom Th-74a, Table I.
bComputed from fit function, Equation (1),
CPercent error in fit-function values with respect
dComputed from tquation (4) and Column-2 data.
eComputed from Equation {(5) and Column-2 data.

fComputed from Equation (6) and Column-2 data.
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where

log E2.9 - log E2.2

8% Yog2.9-T10g 2.2

2.2

2.9

3.5

4.0 °

5.0

- log E3.5 - log Es 9 )

Tog 3.5 - Tog 2.9

tog E4 a- log E3.5

" 73 4.0 - Tog LY

. log EB.O - log E4_0

Tog 5.0 - Tog 3.0

=35

= 14.6
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Evaluation of the fit function gives the values and percentage errors “n
Columns 3 and 4 of 7able 4-1, respectively.

By using the conversion relations derived in Section 4-4, we can
cowert tne units of the spectral irradiance from EX[H/(m2 wm} to £, {photon/

(cm2 sec um)1 by writing

-4 photon
€ photon . W {10 "/hc)) W sec
* cm2 sec um b m2 um (102 cm/rn)2
or
- 1
o | —BheToR .5 03408 x 101 g, . l (4)
: M osec um | m" ym
: The product hc is expressed in units of J cm and » in um, Similarly, we can
3 convert from t\[‘al/(m2 ui}] to Ew[photo'\/(cm2 sec cm'l)] by writing
-4 A photon
£ photon 1 _ . ! W < (10 "/hc) 2 W sec
“1 em® sec on-l l : im2 um | (102_-(:m/m)2 104 \:2 cm-l/um
_ or
£ PROton |- 5.03408 x 1010 e | E L. (5)
cm” sec ¢m | m° um I
% : el e e L
N de can convert from L\[H/(m v to E [W/fom®™ cm 7)1 by writing
- e e BN e S
' 2] em® om” oS um ' (10° em/m)“ 107 27" cm /fum

-




or

(o)

. 2 - 2 -1.. Coros
The quantities E\[photon/(cm sec w1, © [photon/{cn sec ¢m l);, and £ [ W/

-

(Cm2 cm'l)] are given in Columns 5, &, and 7 of Table 4-1, respectively, and

are plotted in Figures 4-2, 4-3, and 4-4, respectively.
3-3 SUBROUTINE SOLIAD

ror Subroutine 30LRAD, see Table 4-2 for a summary of tne input and
output variables and Figure 4-5 for a flow chart.

Table 3-2. Input 1d output variables for Subroutine SOLRAD,

INPUT VARIABLES
Arguzent List
K - 1Index specifying units for input and output
‘uavenumber {cm'l) for K=1,2.3,%
° [ davelengtn {.m) for ¥=5,6.7.8
QUTPJT YARIABLES

Argument List

£ - Solar spectral irrdaiance at the top of the farth's atmo-
spnere, in units of:
photons em 8 sec lrenl K = 1,58
photors cm'2 sec'1 um L vo= 2,6
4o remt K = 3,7
W m'? um'l ¥ = 4.8
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Solar Spectral Irradiance, 107 Wem—2/ cm‘1
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Figure 4—4.  Solar spectral irradiance from 2 to 5 um (units of W em™2/ cm"’).
The circled points correspond to the data in column 2 of Table 4—1
and the solid curve to the fit function.
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4-4 SOME CONYERSION RELATIONS
Some useful conversion relations may be derived as follows:
1. Energy photon'1 = hy = hc/xcm = hcw, W sec

where hc is expressed in J cm and @ in inverse centimeters. If
we use the values of h and ¢ from Cohen and Taylor [CT-73b,
Table 33.1 on p. 717], we have

_ 6.626176 x 1072 10

5 €rg Sec , 2.997924 x 10
10" erg/d

hc cm/sec

23

"

hc = 1.98648 x 10~ J cm

5.03404 x 1022 371 ¢ml

1/hc

Also,
-1 08
Energy photon =~ = 10" hc/a, W sec

where A is in micrometers; thus,

e
|

1 Watt

1074 x/hc, photon sec”}

1/hcw, photon sec'1

i
)

L

2. = 104

td/de] = 104702

104742

. -1
micron wavenumber




or

wavenumber m1'cr'0n_1 = 1078 L2

104/x2
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SECTION 5

EARTH SURFACE RADIANCE

5-1 INTRODUCTION

The Earth Surface Radiance Model (23b) provides (essentially), at the
Point P where the optical line-of-sight from the detector (which is fictitious
in the NBR Module) at Point V intersects the farth's surface, the upwelling
spectral radiance directed toward the detector. The model provides two compo-
nents of the radiance: (1) thermal radiation emitted at Point P and (2)
source radiation reflected at Point P, 1n the NBR Module, the only source is
the sun., Reflected sky radiance is not included.

Strictly, the surface-reflected source radiation is actually provided
in an unattenuated form together with the path parameters (areal density U (cm
at STP) and the product UP (atm cm, with P the pressure)) integrated along the
incoming path from the source. These parameters are required as input to a
comp'itation of the molecular absorption over the total two-leg path., The
aerosol transmittance along the incoming path from the source to Point P is
also provided.

The principal routine in the Earth Surface Radiance Model is Sub-
routine SURRAD (surface radiance), which makes a number of calls as shown in
Figure 5-1. Subroutine SURRAD is discussed in Section 5-2. Subroutine RINOUT
(ray-in-out) computes the geometry for the reflected ray and is discussed in
Section 5-3. Subroutine ESURF has been discussed in Section 2-5 and Sub-
routine SOLRAD in Section 4-3. The rest of the routines used in Model 23b,
most of which were obtained from other organizaticns, are described in Section
5-4.

5-2 SUBROUTINE SURRAD

Table 5-1 summarizes the input and output variables fur Subroutine
SURRAD .
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| SURRAD l

RINOUT
ESURF

PLANCK

1

SUN

SOLRAD

PsC
GEOXYZ

VLIN

'
3

SP, SC
STEPS
SP, SC
PATH

AEROSOL

ACCUM

Figure 5--1. Routines called directly from the principal routine (SURRAD) in the Earth Surface
Radiance Model, For subsequent calls, see Figure 7--1.
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Table 5-1. Input and output variables for Subroutine SURRAD.

INPUT VARIABLES
Argument List
IDETEC - Flag for nature of detector location.

= 1, If detector is at a satellite position (SATLAT,
SATLON, SATALT) specified in SATELL Common. (This
mode is not used in the NBR Module.)

= 2, If detector is at a position (DETLAT, DETLON, DETALT)
specified in TECTOR Common. (This latter option is
used when Subroutine SURRAD is called from Subroutine
UPWELL in the NBR Module.)

MSM - Index for category of surface material (see Table 2-12 for
Subroutine ESURF).

DB - Additional descriptor for selected surface material (see
Table 2-12 for Subroutine ESURF).

SPCULR - Logical variable,

= .TRUE., Compute coordinates of specular reflection point
on an assumed smooth horizontal water surface.

= .FALSt., Do not compute coordinates of specular
reflection point.

{SPCULR appears in SURRAD only to be passed to Subroutine

ESURF.)
IUP - Altitude-loop index in Subroutine UPWELL.
JUP - Nadir-loop index in Subroutine UPWELL.
KUP - Azimuth-Toop index in Subroutine UPWELL.
LUP - Wavenumber-loop index in Subroutine UPWELL.

{Each of the previous four indices should be set to unity
in a call from any routine other than Subroutine UPWELL,
which would be a use outside of the NBR Module.)

ZLAM - Wavelength. {um)
{continued)




Table 5-1. Input and output variables for Subroutine SURRAD (Cont'd).

IFIRES - Ftlag for incluzion of fireballs as scurces.
= 0, No fireball is to be included (always true in N8R
Module where Subroutine SURRAD is called from Sub-
routine UPWELL).

> 0, Fireballs (1FIRES, in number) are to be included with
position and radiant intensity specified in FIRBAL
Common.

FIRBAL Common (not used in NBR Module)

FBALT(I), - Fireball-1 altitude, north latitude, east longitude, and
FBLAT(1), spectral radiant intensity. 1

FBLON(I), [km, radians, radians, W/{sr cm "]

FBRINT(I)

POSITN Common

POSALT, - Altitude, north latitude, and east longitude of Point P at
POSLAT, which line-of-sight from {fictitious) detector at Point ¥
POSLON intersects Earth's surface. (km, radians, radians)

C12ALT, - Altitude, north latitude, and east longitude of Point C at
C12LAT, which line-of-sight (directed toward Point P from fictitious
C12L0N detector at Point V) intersects the 12-km altitude surface.

{km, radians, radians)

SATELL Common (not used in NBR Module)

SATALT, - Satellite-borne detector altitude, north latitude, and east
SATLAT, longitude. (km, radians, radians)
SATLON

SOLARP Common

SOLLAT, - Subsolar-point north latitude and east longitude. (radians)
SOLLON

SOURCE Common
(The variables in this Common are returned from a call to Subroutine
RINOUT. 1In the NBR Module, only the sun is used as a source for Sub-
routine SURRAD. Fireballs are never used in the NBR Module where
Subroutine SURRAD is called from Subroutine UPWELL.)

SRCZEN(1) - Zenith angle of soclar ray incoming to Point P. (radians)

{continued)




Table 5-1. lInput and output variables for Subroutine SURRAD (Cont'd).

{(The follnwing two arrays are not used in the NBR Module; L=1,IFIRES)

SRCZEN(L+1) - Zenith angle of Fireball-L ray incoming to Point P.
(radians)

SRCSR(L+1) - Slant range from Fireball-L to foint P. (km)

TECTOR Common

DETALT, - Altitude, north latitude, and east iongitude of fictitious
DETLAT, detector at Point V. (km, radians, radians)
DETLON

UPWELS Common

NWAVZ {M) - Number of wavenumbers at which the upwelling spectral
radiance is to be computed for broad-band loop-index
M:zJBAND.
IDAYV - Index for diurnal condition at Subpzint V',

0, Solar zenith angle > 90 deg.
1, Solar zenith angle < 90 deg.

IKM - Index for number of altitudes at which calculations are
made when ciouds are included (set in Subroutine UPWELL).

UPMELS?2 Common

JBAND1 - Same as JBAND in Subroutine UPWELL. Index for list of
(broad) wavelength bands.

Data Statement
NSPECS - Number of species in molecular transmittance model,

NTEMP - Number of temperature bins in molecular transmittance model.

QUTPUT YARIABLES
Argument List

RAU(1) - Radiance emitted from surface material at Point P and
directgd toward detector at Point V.
W/ (em™ srocm 7]

(continued)
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Table 5-1. 1Input and output variables for Subroutine SURRAD (Cont'd).

RAD{2) - Radiance of solar radiation reflected at Point P (with
] incoming ray unattenuated) and directed toward detector at
] Point X.

[W/ (cm® sr enHl

For L=1,IFIRES (not used in NBR Module)

RAD{L+2) - =2adiance of Fireball-L radiation reflected at Point P {(with
incoming ray unattenuated) ana directed toward detecior at
Point ¥.
[W/{cm™ sr cm 1
UPS(I,N,1), - Path parameters U (areal density) and UP (product of J and
UPPS(I,N,1) pressure P) for temperature-index-1 and species-N along
incoming solar path to Point P on Earth's surface. Com-
, puted only for LUP=1.
b - 3 (cm at STP, atan-cm at STP)
g For L=1,IFIRES (not used in NBR Module)
’ UPS(I,N,L+1), - Path parameters U and UP along path from Fireball-L to
UPPS{I,N,L+1) Point P on Earth's surface. Computed only for LUP=1.
{cm at STP, atm-cm at STP)
UCS(I,N), - Similar to UPS(I,N,1) and UyPPS (I,N,1) except Point P is
UPCS(I, N} replaced by Point (.

AIRSOL Common

For LUP=1,NWAVZ (JBAND)

. et et

TASP(LUP), - Aecrosol transmittances for incoming solar rays ta Point ¢
TASC{LUP) on Farth's surface and Point  at 12-km altitude. (Depend
! only on wavelength and assumed single paths.)

t o For L=1,IFIRES (not used in NBR Module)

TAFP(L) - Aerosol transmittance for incoming ray from Firebali-L to

Point P on Earth's surface.
SOLARP Comnon
For LL=1,NWAVZ (JBAND)
SOLIRR{LL) - Solar spectral irradiance at the top of the atmosphere at

waven:igber: jndex Li.
[W/(em™ em ]
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The calculational steps performed in Subroutine SURRAD, as it is employed in
the NBR Module, may be described as follows:

A.  Preliminaries (done only for spectral index L=1)

1. Call RINOUT to evaluate geometry for solar source, surface
point (P}, and fictitious detector at Point V. Obtain at
Point P:

4. Detector zenith.

b. 1DAY.

€. Source zenith (if IDAY=1).

d. Detector azimuth (if IDAY=1 and MSH >2}.

2.1 1If IDAYV=1 and IDAY=1, set source zenith into TAl and detec-
tor azimuth into PSI (if MSM >2).

2.2 1f 1DAYY=D, set IDAY=D,

Set detector zenith into THR.

B. Call ESURF
Obtain surface temperature {TKS), directional emissivity (TPSD),
and (if IDAY=1) bidirectional reflectance-distribution function
{SFR}. If sun and water surface are present and if SPCULR=
.TRUE., also get solar specular reflection point on assumed
smcoth horizontal water surface.

C. Compute surface spectral radiance [RAD(1)] by:
1. Call PLANCK (only for 1=J=K=1).
2. Evaluate RAD(1) = EPSD x PLANCK (TKS,).

D. Compute {unattenuated) surface-reflected solar radiance [RAD(2)]
by:
1. Call SOLRAD to get solar irradiance [SOLIRR{L}] at top of
the atmosphere (only for I1=]J=K=1).
2. Evaluate RAD(2) = SFR x SOLIRR(L) x cos (THI}.

m
.

Get path parameters (species areal density ¥ {(cm at STP) ana the
product UP (with P the pressure, atm-cm)) for ray SP from sun to



Point P. Assume path parameters are independent of latitude and

longitude of P; therefore, do only for 1=y=K==1. Also get

aerosol transmittance from S to P, TASP{L), only for 1=)=K=1.

1. Call GEIXYZ (Point P, P)

2. Call GOXYZ (Points, §)

3. Call STEPS (A, $,...)

4. Loop over path segments with calls to PATH, AEROSOL, and
ACCUM.

5.  Preserve U/{I,N,2) and UP(I,N,2) arrays as UYPS{I,N,1) and
UPPS (1,N,1) arrays.

F. Get path parameters for ray <C from sun to Point C. (This step
is included only if natural clouds are inciuded in the caicula-
tion. wWhile clouds are not strictly an Earth-surface feature,
the treatment of them is analogous to that for Point P and thus
is appropriately described here.) Assume path parameters are
independent of latitude and longitude of C; therefore, do only
for IKM=J=X=L =1, Alco get aerosol transmittance from S to C,
TASC(L), only for 1KM=J=K=l.

1. Call &0xYZ (Point C, €.
2. Ccall sTeEps (€, S,...).
- ] 3. Loop over path segments with calls to PATH, ATRQSOL, and
f ACCUM,
4. Freserve uU{1,N,2) and UP(],N,2) arrays as UCS(I,N) and
UPCS{1,4) arrays.

5-3 SUBROUTINE RINQUT
5-3.1 Purpose

Subroutine RINOUT, given the geographic locations of the source {sun
and/or firebalis), the detector, and the position P of the intersection of the
line-of-sight from the detectcr to the farth's surface, computes the zenith

angle iand, for fireballs, slant range (hut not in NBR Modulz)) of the source
from P and the direction of the ray from P toward the detector in terms of the
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zenith angle of the detector and {if the surface is not Lambertian (4AT=1) or
water (MAT=2)) the absolute value of the azimuth angle of scatter with respect
to the principal plane con*taining the incoming ray.

See Table 5-2 for a summary of the input and output variabdles vcr
Subroutine RINOUT and Figure 5-2 for a flow chart.

5-3.2 Derivations

5-3.2.1 Zenith Angle of Sun

Since the tarth's radius subtends a maximum angle of abcut 4.2 x 10-5
radians at the sun, it is a good approximation to assume that the solar ray to
Point P is essentially parallel to the ray to the subsolar point. Thus the
great circle arc from Point ? to the subsolar point is essentially the solar
zenith angle, s, at Point P. This angle 2; is obtained by applying the
cosine Taw for sides to an oblique spherical triangle, with the result

Cos 3, = sin 3 in 3+ cos 3_ cos & T
;TS D 5 s s 0 s 2, Cos (‘s p) (1}

where 55 and °p are the north latitude and east longitude cof Point ° and o

and +¢ are the corresponding quantities for the subsolar point. This formula
is the same, of course, as that evaluated in Subroutine SJLZEN [V¥olute lda-1.
H5-79], but we do n2t use that routine here because it receives its input for

Peint P from /TiME,, which is inappropriate '1n the present context,
5-3.2.2 Zenith Angle of Detector
The approximation made in deriving the sclar zenith angle is inade-

quate to use for the z<nith angle of a low-altitude detector, as shown in
Figure 5-3, 4ere, tne zenith angle is
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Tahle 5-2. Input and output variables for Subroutine RINOUT.

INPUT VARIABLES

Argument List

MAT - Index for category of surface material (see Tatle 2-12 for
Subroutine ESURF).

3 IFIRE - Number of firebails to be considered as sources {always
g zero in NBR Module).

FIRBAL Common (not used in NBR Module)
For L=1,IFIRE

FBALT(L), - Aititude, north latitude, east longitude, and radjant
FBLAT (L), intensity of Fireball-L.
.3 FBLON (L), {km, radians, radians, W/sec)
3 FBRINT (L)

20SITN Common

f.: POSALT, - Altitude, north latitude, and east longitude of intersection
e POSLAT, (Point P) of 1ine-of-sight from detector (at Point V) to
. POSLON Earth's surface.

(km, radians, radians)

SOLARP Zommo.

SOLLAT, - MNarth latitude and east longitude of subsolar point.
SOLLON (radians)
'q.; TECTOR Common
DZTALT, - Altitude, north latitude, and east longitude of detector
DETLAT, at Point V. (km, radians, radians)
DE TLON

QUTPUT VARTABLES
Argument List

IDAY - Index for diurnal condition at Point P.
= 0, Solar zenith angle > 90 deq.
= 1, Solar zenith angle < 90 deg.

{continued)
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Table 5-2, 1Input and output variables for Subroutine RINOUT (Cont'd).

SOURCE Common

SRCZEN{1) - Zenith angle of solar ray incoming to Point P on Earth's
surface. {radians)

For L=1,IFIRE (not used in NBR Module)

SRCZEN(L+1), - Zenith angle and slant range of Fireballi-L ray incoming
SRCSR(L+1) to Point P on Earth's surface. (radians, km)

TECTOR Common

DETZEN - Zenith angle of ray reflected at Point P on Earth's surface
toward the detector at Point V. (radians)

i DETAZI{1) - Absolute value of azimuth angle of reflected ray, measured
i from principal plane determined by vertical plane through
incoming solar ray. (radians)

For L=1,IFIRE (not used in NBR Module)
DETAZI(L+1) - Absolute value of azimuth angle of reflected ray, measure i

from principal plane determined by vertical plane through
incoming ray from Fireball-L, (radians)

where the Earth-central angle ay is obtained from a call to Subroutine CANGLE
{see Table 3-3 for Subroutine CANGLE). Thus we need §.

With

=l
n

Earth's radius
Altitude of Point P
hd Al titude of Point y,

1]

1

let

b=2_+nh (3a)
C=R_+h, . (3b)

[e]
(=9
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Figure 5—3. Geometry for detector’s zenith angle at Point P.

from the l1aw of tangents for a plane triangle, we have

1
tan 5 (y+g8) c+b

tan é-(;jg) ) ng “
which, with the use of

Y+ 8 = m-a {5)
and

g * b/c = (Re + hp)/(Re + hy), (6)
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d becomes
1-¢
tan % (y-8) = I;;g tan %~(n-u) (7a)
or

1. 1
1 = [ {
Tanle727) * “d - (7b)

o

i -1
y~8 = 2 tan [1+€

o

By subtracting Fquation (7b) from fquation (5), we have the needed 8,

B = (r-a-Cy)/2 , (8)

to use in Equation (2) for the detector's zenith angle at Point P.
5-3.2.3 Azimuth Angle of Reflected Ray

We want to compute the azimuth angle ¢ snown in Figure 5-4. For
simplicity in the formulzs, we drop the primes from the subpoints V' and S'.
Jur derivation (which may not be the simplest) requires solving, in turn,
triangles P-N-5, Q-N-S, P-Q-N, and P-V-Q. The numbers on the various sides
and angles indicate the sequence of solution.

A. For later use, note that NP and NS are known, since

NP = o (9a)
NS = es_ (9b)

Define
PNSt = i¢5—¢p| (10a)
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Figure 5—4. Geometry for azimuth angle of reflected ray.

NS, = fog-0g

WPy = lo-ogl
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B. For triangle P-N-S,

‘ PNS if PNS, <

PNS = (11)
( 2n-PNS if PNS, >7

PS = CANGLE (8, 0. 0, o) (12}

where CANGLE is the function rcutine described in Section 3-6.2 From the law
of sines,

sin QSN = sin PSN = sin NP sin PNS/sin PS (13a)
QS sin~! {sin QSN). (13b)

To determine the proper quadrant for (SN, we consider the conseguence
of PSN equaling 90°; i.e., by applying the law of cosines for sides to tri-
angle P-S-N, we have

cos NP = cos PS cos NS + sin P5 sin NS cos QSN (14a)
cos NP, = cos PS cos NS. (14b)

Tf NP > NPR, then QSN > 90°; i.e., if cos NP < cos NPp s then QSN > 90°. Thus,
‘ QSNp  if cos NP > cos NP,
QSN = - (15)

l n-QSNp if cos NP < cos NPR

where the subscript P denotes the principal value of sin'l, as returned by the
computer.
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C. For triangle Q-N-S,
‘QNSt if NS, <

NS =
lzﬂ-QNst if NS, > v .

(18)

By applying the law of cosines for angles to triangle Q-N-S, we have

SN = cos™! (cos QNS cos QSN + sin ONS sin QSN cos NS) . (17)
By applying the law of sines to triangle Q-N-S, we have

;= sint {sin QSN sin NS/sin SQN). (18)

To determinz the proper quadrant for QN, we consider the consequence
of QN equaling %0°; i.e., by applying the law of cosines for angles to tri-
angle Q-N-S, we have

cos QSN = -cos SQN cos QNS + sin SON sin QNS cos ON. (19a)
For N = 90°, we have

cos QSNy = - cos SQd ccs ONS. (19b)
Now, SON < =; therefore, sin SQN > 0. For daylight conditions at the detec-
tor, QNS < «/2; therefore, sin QWS > 0. Thus, the second term in (19a) is

always positive for (N < %0°. Thus

‘ M, if cos BN > cos USNy

4 (20)

l "-QN, if cos QSN < cos QSNp.




D. For triangle P-Q-N,

‘QNP,C if Py < 7

QNP = (21)
l 2n-QNP, if QNP > 7.

By applying the law of sines, we have

sin QP = sin QNP sin NP/sin SN (22a)
or

cos @ = (1-sin? ®N/2, (220)
a quantity we will need later.

E. For triangle P-A-Q, by applying the law of sines, we have

y = 9.1'n'1 (sin VQ sin VQP/sin VP) (23)
where VQ is evaluated by noting, for the arc V-3-N, that

Q=5 - (8 + V) (24a)

sin VQ = cos (84 + ™) (24b)
where VQP is evaluated by noting that

VQP = n - SN (25a)

sin VQP = sin SON {25b)




where ¥YP is evaluated by noting that

VP = ay = CANGLE(Od, 4y 05 op). (26)

P

Thus,
v = sin"! [cos ey + QM) sin SON/sin ud]. (27)
To determine the proper quadrant for ¢, we consider the consequence

of ¢ equaling 90°; i.e., by applying the law of cosines for sides to triangle
P-¥-Q, we have

cos VQ = cos VP cos QP + sin VP sin QP cos w. (28a)
For v = 90°,
cos VQp = cos VP cos QP (28b)
= €0S ay cos QP. (28¢)
Thus,
Swp if cos VQ > cos VQR
v o= . (29)
ln-wp if cos VG < cos VQR.
5-4 OTHER ROUTINES IN EARTH SURFACE RADIANCE MODEL

5-4.1 SAT Routines (ESURF, SOLRAD, GEJXYZ)

Among tne routines shown in Figure 5-1 to be directly called from
Subroutine SURRAD, those {besides RINOUT) that have been prepared by SAl are
ESURF (discussed in Section 2-5 and its related water-surface routines in
Section 3-6), SOLRAD (discussed in Section 4-3), and GEOXYZ.
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Subroutine GcOAYZ converts the geographic coordinates of a poini (P)
to Earth-centered Cartesian coordinates. Reference to Figure 5-5 aids one in
writing the following equations.

RP =Rt + PH 130) :
RPEQ = RP x cos PLAT (31) ’i
RPX = RPEQ x cos PLON (32) lg
RPY = RPEQ x sin PLON (33)

RPZ = RP x sin PLAT. (34) b

The input and output variables are summarized in Table 5-3.

5-4.2 Yisidyne, Inc. Routine {AEROSOL) !

Subroutine AEROSOL, prepared by C.H. Humphrey et al. [Yolume 251, )
computes attenuation coefficients for scattering and absorption (and. though :
not used in the 48R Module, the asymmetry factor (average cosinz of +he
scattering angle)) due to atmospheric aerosols, given the altitude and wave-
length, Table 5-4 summarizes the inputs and outpits for Subroutine AFROSOL.

5-4.3 G.E. Tempo Routines (ACCUM, DOT, FRAC, rATH, PLANCK, SEGMENT, STEP,

STEPS, SUBYEC, UNITV, VLIN, XMIT)

Among the routines shown in Figure 5-1 to be directly called from
Subroutine SURRAD, those that have been prepared by G.E. Tempo are Function
PLANCK, Subroutine VLIN, Subroutine STEPS {and its auxiliary routines SUBVEC,
VLIN, DOT, UNITV, STEP, and FRAC), Subroutine PATH (and its auxiliary routines
XMIT and SEGMENT}, and Subroutine ACCUM. A brief description of the purpoce
of each of these routines is included in Table 7-3a which summarizes all the
routines in the NBR Module. For the longer and more important routines we
have symmarized their inputs and output: Sibroutine PATH (Table 5-5), Func-
tion PLANCK (Table 5-6), Subroutine SEGMENT (Table 5-7), Subroutine STEP
(Table 5-8), and Subroutine STEPS (Table 5-9). Briefer statemeats - but in
some instances, flow charts - pertaining to these routines have been given by
Ewing et &l. in Yolume 31 {PATH, p. 62; PLANCK, n. 63, SEGMENT, p. 66 with
flow chart on p. 67; STEP, p. &8, with flow chart on p. 69; STEPS, n. 70).
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- Figure 5—5. Geometry for corversion of geograptuc coordinates to Earth -centered

Cartesian courdinates.
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Table 5-3. Input and output variables for Subroutine GEJXYZ.

INPUY VARIABLES

Argument List

PH, - A}titude, north latitude, and east longitude of Point 2.
PLAT, {km, radians, radians)
PLON

QUTPUT VARTABLES

Argument List

RPX, - Earth-centered Cartesian cocrdinates X, Y, and 7 of Point P,
RPY, {km)
RPZ

Ty Table 5-4. Input and output variables for Subroutine AZRJISOL.

INPUT VARIABLES
Argument List

HCM - Altitude above sea level. (cm)
LAMDA - Wavelength. (um)

AFROK Commen

5
KVIS - Visibility range oarameter (YR) for 3 < HCM < 9 x 137 Cm.

=1, VR = 50 km

? =2, VR = 23 km

] = 3, VR = 10 um
=4, V] = 5 ¥xm

= 5, VR = 2 km.

- KTYPE - Terrain parameter for O < HOM < 2 x 135 cm,

1, Terrain is rural
2, Terrain is urban
3, Terrain is maritime.

woaqon

{continued)
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Table 5-4, Input and output variables for Subroutine AEROSOL (Cont'd).

QUTPUT VARIABLES

Argument List

i j XKSCT, - Scattering and absorption coefficients. (cm‘l)
3 XKABS
3 GBAR - Asymmetry factor (averace cosine of the scattering angie).

Table 5-5. 1nput and output variables for Subroutine PATH,

INPUT VARIABLES

Argument List

5 FIRST - Logical variable serving as initialization switch,
_; = .TRUE., For firct call (i.e., corresponding to path from
N RX to RY in Subroutine TRNSCO}.
"3 = .FALSE., For subsequent cails {i.e., corresponding to
E path from RY to RZ in Subrcutine TRNSCO).
. ISHELL{1), - INDX{I) and INOX(I+1} in calis from Subroutines TRNSCO and
9 ISHELL(2) SURRAD.
. )
: DS - OS{I+1) in calls from Subroutines TRNSCO and SURRAD.

Note: It is always true that DS(1) = 0.0 and DS(NC+1) =
~-1.0, where NC is the number of path segments plus one.
Subroutine ATMRAD w~ill not be called from Subroutine TRNSCO
with I=NC.

XFRACS (1), XFRACS{I) and XFRACS(I+1) in calis from Subroutine TRN>CQ
3 XFRACS (2) and SURRAD. !
: ‘ Notes: (1) Do not confuse this array XFRACS {dimensioned
3 2) with the array XFRACS (dimensicned 100) in
Sutroutines STEP, STEPS, and TRNSCO.

e e mas il
.

R

O § (2) For meaning of XFRACS(1), see Table 6-9 for
! ; Subroutine ATMRAD.

{continued)
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Table 5-5. Input and output variables for Subroutine PATH (Cont'd).

XYZCOM Common
NS - Number of altitude boundaries set in Subroutine SHELLS.

For J=1,N5; N=1,10

T5{3), - Temperature, pressure, and smecies-N density at altitude
PS(d), boundary J. 3
XNSPEC(I N) (deg X, atm, 1/cm”)

OUTPUT VARIABLES
XYZCOM Common

r 1=1,2 (adequate for ambient atmosphere); N=1,10

U(I,N,2), - Cumulative value of path pa ameters U (species-N areal
1,N,2) density) and UP (product of J and pressure P) for temper-

ature-index I and species-N at end of 1ine segment DS(J+1).

{cm at STP, atm-cm at STP)

Table 5-6. Input and output variables for Function PLANCK.

INPUT VARIABLES
Argument List

T - Temperature. {deg K)
W - Wavenumoer. (1/zm)

Nata Statements

C - Velocity of light. (cm/sec)
H - Planck’s constant. (J =ec)
CHK - C x H/X, where K is Bultzmann': constant. (cm deg-kK)

OUTPUT VARIABLES
Funztion

PLANCK - Srectral radiance. [N/(cm2 ev cm'l)]
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Talule §-7. TInput and output variables for Subroutine SEGMENT.

INPUT VARIABLES

Argqument List
NSPEC -~ Number of species (10) in the molecular transmittance
model. These species are identified Ly comments in Table
7-9 for Subroutine SHELLS.

X1 - Distance along line segment; set as 0.0 in call from Sub-
routine PATH.

For N = 1,NSPEC

NSI(N), - Array of species concentrations, pressure, and temperature
P1, at start of Tine segmegt; set in call from PATH as XN31(10}),
T1 PSL1, and TSL1. (1/cm”, atm, deg K)
X2 - Length of line segment; set as DS in call from Subroutine
PATH. {cm)
NSZ2(N), - Array of species concentations, pressure, and temperature
P2, at end of line segment; set in cgll from Subroutine PATH as
T2 WNS2(10), Pst2, and TSLZ2. (1/cm™, atm, deg K)
XY Comnon
For I = 1,10
TT(1} - Temperature array used for band-model parameters. (deg K)

OUTPUT VARIABLES
Argument List
For 1=1,10; N=1,10
DU(I,N), - Incremental path integrals U (areal density) and UP (product

DUP(I,N) of U and pressure P} for path segment 0S, temperature-I,
and species-N. (cm at STP, atm-cm at STP)
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Table 5-8. Input and output variables for Subroutine STEP.

INPUT VARIABLES

Argument List

RX - Location vector to one end of transmission path, typically
but not necessarily at the detector. {cm)
SHAT - Unit vector alnng the transmission path from RY to nX. (cm)
5 DIST - Magnitude of distance along transmission path from RY to
‘ RX. (cm)
NC - Initialization value. Normally set to O and leads to DS(1)

being set to 0.0,
XYZCOM Common

NS - Number of shell boundaries in atmospheric transmission
model .,

OQUTPUT VARIABLES

Argument List

NC - Number_of path segments plus one on the transmission path
from RY to RX, or equivalently, the number of end points.
For 1=1,NC
DS(I+1) - Length of line segment | along transmission path. (cm)

Note: It is always true that DS{1) = 0.0 and DS{NC+l) =
-1.0. (There are two more values of 95 than there are
segments. )

XFRACS(I) - The weight associated with the 1th end point appropriate
for finding at that point the linearly-interpolated value
of parameters - such as temperature and pressure (or even
altitude) - whizh are specified at the two shell boundaries
adjacent to the Ith end point.

Note: For verification of this interpretation, see the usage of
XFRAC(1) and XFRAC(2) in Subroutine ATMRAD for obtaining altitude and
temperature at front and back of cell DS. The same conclusion may be
drawn from the usage of XFRACS(1) and XFRACS(2) in Subroutine PATH,

{continued)




Table 5-8. Input and output variabies for Subroutine STEP (Cont'd).

It is useful to consider a hypothetical example with HSHELL(I) = 0.0,
1.0, 2.0, 3.0 for 1=1,2,3,4 and 45-degree path from altitude 1.9 to 2.9
km. Then, NC=3 and we have the following values for the arrays:

1 0s() XFRACS (1) INDX (1)
1 0.0 0.1 2
2 0.1414 1.0 3
3 1.2728 0.9 4
4 -1.0 Not defined 0
INDX(I) - 1Index of shell boundary at or just before the start of the

l1ine segment I. INDX(NC) will be the index of the shell
boundary just after the last endpoint.
Note: INDX{NC+l) = O.

Table 5-9. 1Ipput and output variables for Subroutine STEPS.

INPUT VARIABLES
Argument List

RX - Location vector to one end of transmission path, typically
but not necessarily at the detector. (cm)

RY - Location vector to one end of transmission path, typically
but not necessarily at the scattering or source point. (cm)

NC - Initialization value. Normally set to 0 and leads to DS(1)
being set to 0.0 in Subroutine STEP.
QUTPUT VARIABLES

Internal Use (for call to Subroutine STEP)

SHAT - Unit vector along the transmission path from RY to RX. (cm)
DIST - Magnitude of distance along transmission path from RY to

RX. (cm)

{continued)




Table 5-9. Input and output variables for Subroutine STEPS (Cont'd).

Argument List

The following quantities are obtained by a call to Subroutine STEP
(see Table 5-8 for Subroutine STEP): NC, DS, XFRACS, and INDX.




SECTION 6

UPWELLING NATURAL RADIATION

6-1 INTRODUCTION
6-1.1 Requirement

The Upwelling Natural Radiation Model (23c} is required to provide
the mean upwelling spectral radiance at a viewing Point V at any altitude in
the atmosphere, with account of the effects of solar radiation reflected from
the Earth and clouds, emitted radiation from the Earth, atmosphere, and
clouds, and attenuation by atmospheric aerosols.

6-1.2 Approach

The mean upwelling spectral radiance is evaluated, in principle, by
averaging the upwelling spectral radiance over the solid angle (nT) defined by
the cone with vertex at Point Vv and tangent to the Earth's surface. In prac-
tice, we average the set of spectral radiances received by a (fictitious)
detector viewing, from Point V, a set of characteristic Points P on the
Farth's surface and within QT. (For now, we ignore clouds.) The selection of
the Points P is done by first dividing nT into a number of regions (HN < 10)
bounded by common-vertex cones, each reqgion with solid angle aa = nT/NN. For
each region we determine an angle 8, measured from the nadir, which defines a
cone that bisects ad. (For brevity, we will hereafter let the phrase 'nadir
angle’ mean an angle measured from the nadir, just as ‘zenith angle' means an
angle measured from the zenith.) For daytime, we assume symmetry about the
vertical (or principal) plane passing through Point ¥ and the sun. The region
on one side of the principal plane is divided into a number of sectors, each
with angle "My (HA < 6 for day; Ny = 1 for night since complete azimuthal
symmetry then obtains). The intersections between the bisecting cones and the
planes bisecting the sectors are a set of N” X NA lines which intersect the
Earth's surface at a set of points we call Poirts P. We assume the upwelling
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radiance directed from a Point P to Point V is representative of that from the
entire facet associatad with the Point P.

In the absence of clouds, we model the upwelling radiance directed
along a Path PV (i.e., from Point P to Point V) by including contributions
from (1) air emission between Points V and P, (2) surface emission at Point P,
and (3) solar radiation reflected from the surface at Point P. {We ds not
include air emission reflected at Point P.) Let us denote such radiance as
UPRAD(1,J,K,L), with 1,3,K, and L being indices for altitude, nadir angle,
azimuth angle, and wavenumber, respectively.

To obtain a mean value for the upwelling radiance, we first average
UPRAD(I,J,K,L) over azimuth angles for & constant nadi- angle to get
UPRADA(I,J,L) and then average UPRADA(1,J,L) over nadir angles tc get
UPRADN{T,L). Very recently this last array has been extended to
UPRADN{T,L,JBAND) to provide for a broad-band spectral index JBAND.

The inclusion of natural clouds complicates the modeling. No attempt
is made to include the deterministic cloud submodel. The statistical cloud
submodel is included only for altitudes of Point V equal to or greater than
the highest altitude {12 km) of a cloud top i~ that submodel. The general
procedure is to first consider a given altitude (row denoted.by index IKM),
nadir-J, and azimuth-K, just as with no clouds. With the air emission,
ARCVA(iKM,J,L), along the line-of-sight (LOS) above 12-km altitude serving as
a base value, we obtain a distribution function for the additional radiance
corresponding to cloud-free-L0S (CFLOS) and cloudy-1.0S extending below 12-km
altitude. Because there are 159 cloud configurations in the statistical cloud
model, this distribution function has 160 members for nighttime and 161 mem-
bers for daytime:

159 for cloud-top emission and (if daytime) cloud-reflected solar

radiation

1 for Earth's surface emission and air emission below 12-km
altitude {for a 1-leg CFLOS)
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1 for Earth's surface emission, air emission below 12-km altitude,
and (if daytime) ground-reflected solar radiation (for a 2-leg
CFLOS, obtaining for daytime).

The last two members are the weighted contributions for CFiO0S conditions.
(Owing to certain simplifications made in the cloud modeling, there are
actually only 9 and not 159 distinct values in the distribution for a cloudy-
L0OS.) Having determined the distribution function for a given look direction
from Point V, we form the integral distribution and ccmpute celected percen-
tiles (XXX = 10, 25, 50, 90, 100) of the integral distribution, RXXX(K,L), at
implicit aititude-IKM, implicit nadir-J, and explicit azimuth-K. Values of
RXXX(K,L) are averaged over azimuth angles to give RXXXA{IKM,J,L}. Values of
ARCVA(IKM,J,L) and RXXXA(IKM,J,L) are averaged over nadir angles to give
ARCVN (IKM,L) and RXXXN{IKM,L), respectively.

Since the inclusion of the broad-band index JBAND was a late change
(March 1980), we elected not to modify the arrays ARCVN(IKM,L) and
RXXXN(IKM,L) to provide for an explicit dependence on the index JBAND 1 we
did for the array UPRADN{I,L,JBAND). This limitation must be remembere:! and
removed if JBAND > 1 and if clouds are included, unlesc one adopts the GRC
definition of UPRADN(I,L,JBAND) (which we give later),

It would probably be more conceptually satisfying if one could per-
form azimuth- and nadir-averages for each of the cloud configurations, sc that
one could end up with a distribution functicn at a given altitude instead of
averaged percentile-values. Such a procedure was not followed.

The natural cloud model does not include air emission between cloud
tops and 12-km altitude. Hence, such air emission is not included here,
either.

6.1-3 Dependence on Other Models

It will be recognized, of course, that the Upwelling Radiation Model
depends heavily on other models which we have integrated into it. Obviously
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required are the models described in earlier sections of this report (Earth
Syrface Characterization in Sections 2 and 3, Solar Radiation in Section 4,
Earth Surface Radiance in Section 5) as well as the SAI models described else-
where for the Ambient Atmosphere (Volume 14a-1) and Natural Clouds (Volume
24). In addition, highly essential ingredients are provided by the G.E. Tempo
models for Atmospheric Thermal Emission (Volumes 28 and 31) and Molecular
Transmittance (Volumes 28 and 31) and the Visidyne, Inc./AFGL model for Atmo-
spheric Aerosols (Volume 25). Explicit recognition of the pertinent routines
is given later.
6-2 SUBROUTINE UPWELL
6-2.1 Formulas
6-2.1.1 Geometry

Here we derive the formulas associated with the characteristic Points

in Figure 6-1, consider the Point V at altitude h and the ray VT
tangent to the Earth's surface. Then, for the right triangle 0TV, we have

s$ +r% - (R+h)®
or

s = (20 R+ 02,
The nadir angle 8, at Poirt V for the tangent ra, is

By = cos'1 (sp/(R+n)].

The solid angle between radir angles 8y and 3, is
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Figure 6—1. Geometry for characteristic points on Earth’s surface.

"2
2(8,,8,) = 2n M,P sin 6 d8 = 2n (cos &, - COS Byl
%1

v

For By = 0, we have

9(0,62) = 27 (1 - cos By).

13

For 81 0 and 82 = BT‘ we have

2way = 2(0,8,) = 2n(1 - cos B).
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Consider now the oblique triangle OPV for which

where, at Point P, x is the zenith angle of Point ¥. From the law of sines,
we have

sin (r-x) _ sin yx _ sina _ sing

R+h R+h 3 R

Consider now the fractiles (n-1/2)/n, (with n=1, 2,..., ns) of the
normalized solid angle n%. The corresponding angles and distances of interest

are:

n-1
cos 1 =1 - _Z Q-
n n, T
2
g = cos'1 (cos 8 )
n n
-1 h .
= i — g
x, = sin [(1+ R) sin n]
IR R

= i ina .
s R sin un/51 "

These quantities of interest are tabulated in Table 6-1 for altitudes of I,
10, and 100 km, g% has the values of 0.982, 0.944, and 0,825 for h = 1, 10,

and 100 km.

For a Point C at 12-km altitude on the ray VB, we have
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Table 6-1, Geometrical quantities of interest for Point-V at
altitudes of 1, 10, and 100 km.

h=1km
n 8, Xn ap Ran Sh
1 18.03 18.03 .00293 0.33 1.05
2 31.50 31.50 .00551 61 1.17
3 41.02 41.03 00782 87 1.33
4 48.99 49.00 01034 1.15 1.52
5 56.08 56.10 .01338 1.49 1.79
6 62.63 62.64 01737 1.93 2.18
7 68.80 68.83 02320 2.58 2.77
8 74.73 74.76 03298 3.67 3.80
9 80.50 80.5%5 .05386 5.99 6.07
10 86.16 86.30 .1365 15.18 15.21
h = 10 km
n Bn yl'\ u“ R“n Sn
1 17.67 17.70 .0286 3.19 10.50
2 30.86 30.92 .0533 5.98 11.65
3 40.18 40.26 0760 8.45 13.10
4 47 .96 48 .06 .0998 11.10 14,95
5 54.89 55.01 .1281 14.24 17.41
6 61.26 61.43 . 1644 18.28 20.85
7 67.27 67.48 .2156 23.98 26.00
8 73.02 73.32 .2971 33.03 34.54
9 78.60 79.06 .4551 50.61 51.62
10 84.08 85.02 9414 104.68 105.24
h = 100 km
n By Xn a, Run S,
1 16.51 16.78 2668 29.7 104 .4
2 28.80 29.30 4957 55.1 114.4
3 37.46 38.15 6922 77.0 126.6
4 34 .66 45,55 .8956 99.6 141.7
5 51.04 52.16 1.1257 125.2 161.0
6 56.88 58.29 1.4052 156.2 18€.5
7 62.36 64.13 1.7700 196.8 222.1
8 67.58 69.87 2.2914 254.8 275.6
9 72.61 75.76 3.1488 350.1 6.7
10 77.50 82.58 5.0774 564.6 577.5
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sin {(x-x_)
( Xc

_sin 8
R h R3T),
or
. R+h .
sin x_ = sin 8
C R+C12

where, at Point C, x. 1S the zenith angle of Point V.

C

The Earth-central angle a. is

6-2.1.2 Radiance

Here we record the general formulas used to compute the radiance
directed along the paths from Point P to Point V and from Point C to Point Vv,
shown in Figures 6-2 and 6-3.

6-2.1.2.1 No Clouds

For no clouds {or for Point-V altitudes below 12-km whea clguds are
included), the radiance may be written as

[Radiance]pv = [Air radiance]pv + [Ground emission radiance1p

x TTPV(L) + [Ground-reflected solar radiance]p x TTSPY

or
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Figure 6-2. Geometry and ingredients fo. radiance calculation alona path SV without clouds.

JPRADIX,L) = ATPYIL) + RAD(1) x TTPV(L)} + A0(2) x TISPV(L)
. !

- 8 i
UPRADG(K,L)
where
TTPY(L} = Total transmittance along Py
= DPpoduct of molecular transmittance and aerosol trans-
mittance
TISPV(L) = TYotal transmittance along (5P + PV}

= {Mplecular transmittance) x (feroscl transmittance)
= TMSPV(LY % [TASP(LY x TAPYILY].

The moleci.iar transmittance TSPV depends on the nath pavameters for the en-

tire path (3P + 2V):
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1l

U PS{M,N,1} + U (M,N,2)
UPPS{M,N,1) + UP(M,N,2).

U (MN,D)
UP(M,N,1)

1"

6-2.1,2.2 Mith Clouds (h > 12 km)

When clouds are included in the calculation on a statistical basis,

the problem becomes much more complicated, as inferred from Figure 6-3. The

general procedure is to compute the radiance with and without the clouds and
(essentially) to weight the two results by the probabilities that the line-of-
sight (LOS) from Point V intersects the clouds or does not intersect the

clouds (discussed in Section 6-2.3),

If the LOS intersects the clouds, the radiance may be written as

[Radiance]cv = [Air radiance]cv + [Cloud emission radiance]c x TTCV(L)

+ [Cloud-reflected solar radiance]c x TTSCV{L)

or

= AECV(L) + EMISS(IDX) x TTCV(L) + SOLIRR(L) x TRANS(IDX) x TTSCV(L),

where

TTCV(L) = Total transmittance along CV

= Product of molecular transmittance and aerosol trans-
mittance

e

Total transmittance along (SC + CV)

TTSCV(L)

= (Molecular transmittance) x (Aerosol transmittance)

TMSCV(L) x [TASC(L) « TACV(L)].

The molecular transmittance TMSCY depends on the path parameters for the
entire path (SC + CV):

RCA

AN LT




U SCVI(M,N,1)
UPSCV(M,N,1)
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U CS(M,N) + U CV(M,N)
UPCS(M,N) + UPCV(M,N).

6-2.2 Input and Output Variables

The input and output variables for Subroutine UPWELL are described in

Table 6-2.

6-2.3 Calculational Steps

Al

Preliminaries

1.
2.
3.

5.

Set JBAND1 in /UPWELSZ/.
Set Subpoint V' in /TECTOP/.
Determine solar conditions.
a. Solar zenith angle
b.1 If IDAYY =0,
REFAZI = 0.0, RS = O.
b.2 If IDAYV = 1,
(1) Call GEOREA for REFAZI
(2) Call GEOXYZ for RS in /SORCE/
{3) Zero arrays USPV, UPSPV, USCV, UPSCV.
Set altitude of all Points P.
Initialize counter for cloud calculations, IKM = 0.

Altitude Loop (I=1,NALT(JBAND)=NALTJ)

1.
2.
3.

Advance altitude {of fictitious detector) at Point V.

Call GEOXYZ for RV = RD in /SANDD/.

Get nadir angle for tangent ray and corresponding solid
angle.

If IKM=1 (implies ZKM(1,JBAND) = 12.0), compute CFPS, the
CFLOS for Path PS by using calls to CFLOSF in the following
formula:

5
CFPS = E CCOVER({IC,KMODEL) x CFLOSFLICC(IC), SOLZ]
IC=1
with 12C(1C) = 1,4,6,9,11 for IC = 1,2,3,4,5.
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Table 6-2. Input and output variables for Subroutine UPWELL.

INPUT VARIABLES

Argument List

MSM - Index for category of surface material (see Table 2-12 for
Subroutine ESURF).
DD - Additional descriptor for selected surface material (see
Table 2-12 for Subroutine ESURF).
WW, - Arrays of central wavenumbers and wavenumber-interval,
oW widths corresponding to broad-band index JBAND. (cm °)
SPCULR - Logical parameter, passed to Subrcutine SURRAD.

= _TRUE., "ompute coordinates of specular reflection point
on an assumed smooth horizontal water surtace, provided
MSM=2.

= FALSE., Do not compute such coordinates.

LBINT - Word-5 (LHV) in GRC Dataset-BN (No. 114), List of Band-
Interval Datasets (BI). Strictly, LBINT is the pointer
{i.e., contains the (Q-array) address) for the 1ist header
of the Band-Interval Datasets-81 corresponding to Dataset-
BN.

JBAND - Index for jist of (broad) wavelength bands. (1 to 5)
AIRSQL Common
For L=1,NWAVEJ

TASP{L), - Aerosol transmittance for incoming solar rays to Point P on
TASC{L) ground and Point C at 12-km altitude.

CLDFREQ Common

KMODEL - 1Index {1 to 11) characterizing a set of statistical aver-
ages of c¢loud-coverage categories, cloud types, and number
of cloud layers for a given geographic region. Character-
izes a specification of CCOVER{5,11) and CFREQ(17, 4, 11)
in Block Data CDATA for KMODEL = 1,10; user must supply his
own data for KMODEL=11,

For 1CC=1,5; KM:zKMODEL=1,11

(continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

CCOVER{ICC,KM) - Fractional occurrence frequency of cloud-coverage category
ICC for given KMODEL.

CLDWT Common
IDX - Index for length of arrays returned from Subroutine CLDWT.

IDX equals 160 for a full set of 159 cloud-layer and cloud-
type configurations and is less for a restricted set.

WT(1) - Probability of configuration-I. IDX equaling 160
I=1,10X corresponds to a cloud-free line-of-sight.
TRANS(I) - Transfer coefficient for configuration-I. In WBR Module,
1=1,10X-1 geometry for transmission through clouds is not included;

only geometry for reflection of solar ray from the highest-
layer cloud in configuration-1 is included. Attenuation is
included (within the Natural Cloud Model) to 12-km al-
titude. (1/sr)

EMISS({I) - Thermal emission spectral radiance from the highest-layer
1=1,1D%-1 cloud in configuration-1 with attenuation computed (within
the Najural Cloud Model) to 12-km altitude.

[W/(km~ gy um))

OPTIN1 Common

RADSW - Logical variable serving as option switch for atmospheric
volume emission calculation; passed to Subroutine TRNSCO.
= TRUE., T.ctde call (from Subroutine TRNSCO) to Sub-
routine ATMRAD.
=.FALSE., Bypass call to Subroutine ATMRAD and perform
transmittance calculation in Subroutine TRNSCO without air
emission,

OPTION Common

d ] TRNSOPT - Logical variable affecting complexity of molecular treans-
P mittance calculation (see Tables 7-3 and 6-10 for Sub-

. 3 routines TRANSB and TRANS). In Subroutine UPWELL, TRNSOPT
is used only in the argument 1ist for calls to Subroutine
TRANS.

QNCNC Common

NCNC - A variable, set to NC after the double call to Subroutine
STEPS in Subroutine TRNSCD, employed to facilitate being

{continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

able to use zero-kilometer altitude in the NBR Module. For
more information, see comments preceding label number 22 in
Subroutine UPWELL.

SOLARP Common
SOLLAT, - North latitude and east longitude of subsolar point.
SOLLON {radians)

For L=1,NWAVE)

SOLIRR(L) - Solar spectral irradiance at the top,of the Earth's atmo-
sphere at wavenumber-index L. [W/(cm )]

ULPWELS Common

UPWALT, - Surface altitude, north latitude, and gast longitude of the
UPWLAT, sub-Y-point at which the upwelling radiance is computed.
UPWLON (km, radians, radians)

For I=1,NALTJ; M JBAND=1,NBANDS

NALT(M) - Number of altitudes ZKM(I,M) for (broad) wavelength-band
index JBAND. Defines NALTJ.

IKM(I,M) - Altitudes of Point V above UPWALT at which upwelling radi-
ance is computed. (km)

NNADIR, - Number of nadir and azimuth angles at Point V at which

NAZ1 upwelling radiance is computed.

NWAVE(M) - Number of wavenumbers at which the upwelling spectral radi-
ance is to be computed for (broad) wavelength-band index
JBAND. Defines NWAVEJ.

CLDFLG - Index for optional inclusion of natural clouds

=0., Clouds are not included.
=1., Clouds are included.

OUTPUT VARIABLES
FLAGS Common (differs from GRC's)

ITFLAG - Flag indicating the diurnal condition at Point V', for use
by Subroutine CLDWT in the Natural Cloud Module.

{continued)
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Table 6-2. Input and output variables for Subroutine UPWELL (Cont'd).

=G, Sun is below the horizon.
=1, Sun is above the horizon.

POSITN Common

POSALT, - Altitude, north latitude, and east longitude of Point P at

FOSLAT, which line-of-sight (from fictiticus detector at Point V)
POSLON intersects Earth's surface. (km, radians, radians)
C12ALT, - Altitude, north latitude, and east longitude of Point C
C12LAT, at which line-of-sight (directed toward Point P from
C12LON fictitious detector at Point V) intersects the 12-km alti-
tude surface. (km, radians, radians)
SANDD Common
XS, ~ Earth-centered Cartesian coordinates of the sun. The
YS, orientation of the system is shown in Figure 5-5. (km)
A
XD, - Earth-centered Cartesian coordinates of the fictitious
YD, detector at Point V. (km}
20
UL, =~ Direction cecsines of Point P from Point V.
VL,
WL
SORCE Common

(Solar coordinates are needed in Subroutine TRANSF of the Natural
Cloud Module.)

NSORCE - Number of sources. Set to 1 in data statements.

HSORCE (1) Altitude of sun (RSUN), set in data statement. (km)

RSORCE(1) - Radius of source. True value for sun is not relevant for
this application in the NBR Moduie. Set to 0.0 in data
statement.

THETAS,
PHIS

Colatitude and east longitude of subsolar point. (degrees)

(continued)

e g ————— e s . i
P O o [ F5 SHR I

il

e —— s —

183

hé‘

|



T s -

Table 6-2. Input and output variables for Subroutine UPWELL {Cont'd).

TECTOR Common

DETALT, - Altitude, north latitude, and east longitude of fictitious
DETLAT, detector at Point V. (km, radians, radians)
DETLON

A kK k ko k ok k kK k kK kK k k K %k kK X % Kk k kK K k k k kK k k * k k k k *k Kk % & k %

0 Note: UPRADIK,L) (in /UPWELS3/), UPRADA(I,J,L) {in JUPWELS3/), and
UPRADN(I,L,JBAND) {in /UPWELS/) are cloud-free results. For results which
alsc include cloud effects for altitudes >12 km, use the corresponding
arrays RXXX(K,L), RXXXA{I,},L), and RXXXN{I,L), all in JUPWELS1/. To these
arrays one must add, respe. tively, the base-value quantities ARCVA{I,J,L),
ARCYA{1,J,L), and ARCVN(I,L) (in /UPWELS1/).

o In the GRC version, for altitudes >12 km and if clouds are included, the
array UPRADN(I,L,JBAND) is wreset as

UPRADN(T1,L,JBAND) = ROSON(IKM,L} + ARCVN(IKM,L),
which is transferred through /UPWELS/ to (the GRC) Subroutine UPWELT.
Thus, in the GRC version, for altitudes ZKM >12 km, UPRADN is not the cloud-

free result but the 50-percentile of the radiance distribution function for
statistical clouds (if included in the problem).

******************k*k*tik***i********kt
UPWELS Common
IDAYY - Index for diurnal condition at sub-V-point.
=0, Solar zenith angle > %°
=1, Solar zenith angle < 90°.
For I=1,NALTJ; L=1,NWAVEJ; M=JBAND=1,NBANDS
UPRADN(I,L,M} - Nadir-averaged value of UPRADA(I,J,L). [N/(cm2 sr Cmnll]

I - Tndax for number ¢ altitudes at which calculations are
made when clouds are included {used in Subroutine SURRAD).

UPWELS 1 Common
For 1=1,NALTJ: J=1,NNADIR; K=1,NAZI; L=1,NWAVEJ; M=JBAND=1 NBANDS

{continued)
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Table 6-2. Input and output variables for Subroutine UPWELL {Cont'dl.

ARCVA(I,J,L) When clouds are considered (ZKM(1,M) > 12.0), a component
of the upwelling spectral radiance received at Point ¥ (at
altitude-1), from air emission above 12-km altitude, along
a ray directed to Point P on the Earth's surfage (at _,

nadir-J and indeperdent of azimuth-K). [W/(cm”™ sr cm ")]

ARCWN(1,L) - Nadir-gveraged,value of ARCVA(I ,J,L) for ZKM(1 W) > 12.0 km.
[w/{cm™ sroem )]

For XXX = 10, 25, 50, %0, 100

RXXX(K,L) - XXX-percentile of the integral distribution of the total
(including that from statistical clouds) natural upwelling
spectral radiance received at Point V for wavenumber-L (at
impVicit altitude-1KM above surface material-MSM) along a
ray directed to Point P on Earth's surfage (at ij1icit
nadir-J and explicit azimuth-K). [W/{cm™ sr cm 7}]
**Note: RXXX(K,L) does not include ARCVA(1,J,L). Cur-
rently, UPRAD(K,L) and RXXX(K,L) are being written in
binary form on logical unit No. 8, for all appropriate
al titudes and nadirs.

RXXXA(I,J,L) - Azimuth-averaged value of RXXX{K,L). [H/(cm2 st oom 1))
RXXXN(I,L) - Nadir-averaged value of RXXXA(I,J,L). [H/(cm2 sr cm'l)]
UPWELSZ Common

JBAND1 - Same as JBAND, but made available to Subroutine SURRAD to
facilitate print.

UPWELS3 Common
For 1=1,NALTJ: J=1,NNADIR; K=1,NAZ[; L=1 NWAVZJ

UPRAD(K,L) - Natura! upw:'1ing spectral radiance received at Point V (at
altituage-I above surface material-MSM) along a ray directed
to Point P on Earth's surface (at nadir-J and azimuth-K).

(Implicitly, 1=1,NALTJ; J=1,NADIR. 1- and J-dependences
are not ttored so user must print UPRAD(K,L) irmmediately
after computation if he wants to see them. Currentiy,
UPRAD (K,L) and RXYX(K,L) are being written in binary form
on logical unityNo. 8, fur all appropriate altitudes and
nadirs.) [W/{cm™ sr cm "]

UPRADA(I,J,L) - Azimuth-averaged v.:'ue of UPRAD(K,L}. [H/(cmz sr On_l)]




C.

Nadir Angle Loop (J=1,NNADIR)

l.
2.

Advance fractile (FRCTL) of tangent solid angle (OMEGAT(1)).
For fractile FRCTL, get
a. Nadir angle (BETA).
b. Zenith angle (CHI) of PV.
c. Earth-central angle (ALPHA).
d. If clouds:
{1) Zenith angle (CHIC) of CV.
(2) Earth-central angle (ALPHAC).
Initialize azimuth loop (number of azimuths and azimuth
angle). If IDAYV =0 or MSM = 1, set NAZl = 1.

Azimuth Angle Loop (K=1,NAZI)

1.

Allow solar specular point to be computed (at most) once
per altitude.
Advance azimuth angle.
Call AGAGEQ to set latitude and longitude of Point P in
/POSITN/.
Call GEOXYZ to get RP and thence direction cosines (UL,VL,
WL) for /SANDD/.
If clouds:
a. 1f IKM=1, Point C is at Point V and RC = RV.
b. If IKM >1:
{1) Call AGAGEQ to set latitude and longitude of
Point C in /POSITN/.
{2) Call GEOXYZ to get RC for later use in cali to
TRNSCO.
Initialize position (FILPOS) of file LTMTE (necessary if
TRNSOPT = .FALSE.)}.

Wavenumber Loop (L=1,NWAYE (JBAND )}=NWAVEJ)

1.
2

Advance central wavelength (ZLAM)
Call SWRRAD to get:
a. At Point b:
(1) Emitted radiance, RAD(1}; for L>1,
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(2.1) Unattenuated reflected solar radiance, RAD(2);
for L>1.

(2.2) Path parameters [UPS{IT,N,1} and UPPS(IT,6N,1)]
for path §3; for L=1.

{3} Aerosol transmittance, TASP{L) through /AIRSOL/,
for path §5; for L>1.

b. At Point C (if IKM=1):

(1) Path parameters [UCS(IT,N) and UPCS{IT,N)] for
path §E; for L=1.

{2)  Aerosol transmittance, TASC{L) through /AIRSOL/,
for path SC; for L>1. ‘

3. Call TRNSCO(PY) to get for path PV:

a. (Derived from Word-8§, -7, and -5 of Dataset-BI,
obtained by calling PREV):
Aerosol transmittance, TAPV{L};
Total (molecular and aerosol) transmittance, TTPV(L);
Air emission, AEPV(L).

b. rrom XYZCOM Common:
Path parameters, U{IT,N,2) and UP{IT,N,2), preserved
as UPV(IT,N) and UPPY(IT N).

4., Compute sum (temporarily defined as JPRAD(K,L) and recog-
nized as azimuthally independent) of (1) the Earth's sur-
face radiance RAD(1), multiplied by the total transmittance
TTPV{L} along PV, and {2) the atmospheric emission AEPV(L)
along PV:

[UPRAD(K,L)]o1d = RAD(1) x TTPV(L) + AEPV{L) (K=1,NAZ.},

which is the upwelling spectral radiance, for implicit
nadir index-J, at night (IDAYV=0) and for no clouds.
5. 1f clouds, call TRNSCO(CV) to get for path CV:
a. (Derived from Word-8, -7, and -5 of Dataset-BI, ob-
tained by calling PREV):
Aerosol transmittance, TACV(L]);
Total (molecular and aerosol} transmittance, TTIV{L);

Air emission.
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b. From XYZCOM Common:

Path parameters, U and UP, preserved as UCV and YPLY.
Preserve AECY(L), which is azimuthally independent, with a
notation to indicate it is the azimuth average for the
current values of IKM, J, and L:

ARCYA{IK™M Jd,L) = AECV(L).

Set ITFLAG in /FLAGS/ equal to IDAYY, for use in Subroutine

TRANSE when called by Subroutine CLDWT.

Call CLOWT to obtain through /CLDWT/ the arrays WT, Eid1ss,

and TRANS of lengths 10X=160, I[DX-1=159, and 1DX-1=159,

respectively. IDX equals 160 for a full set of 159 cloud
configurations. W7 is the array for weights corresponding
to the various cloud configurations or sets; at 12-km alti-
tude (Point C) along PV, EMISS is the array for cloud-top
emission radiances and (if IDAYV=1) TRANS is the arrey for
the {irradiance-to-radiance) transfer coefficients for

Cloud-top reflection of solar radiation. WT(M), for any of

the 10 lYocation-season averaged statistical c¢loud models

(KMODEL=1,10), is the probability that {a) the cloud-

configuration set indicated by the index M occurs and (b)

the detector's L0OS at zenith angle CHI intersects the c¢loud-

configuration set. The probability of the detector's LOS
intersecting clouds is & WTU'1), (M=1,159).

Continue with following steps:

a. To facilitate computing the radiance distribution
function resulting from the statistical treatment of
natural clouds, start forming a new radiance distribu-
tion function (UPRADC) and corresponding weights (WTC).

b. To facilitate assessing the relative importance of
emission and reflection contributians, prezerve the
emission component of JPRADC in another array (JPRDC1).

2.  Multiply the spectral radiance fron the Natural Cloud
“odule, expressed in ‘A.f'(km2 sroum}, by 1.07-14 »

2 2 -1,
{ZLAM) " to obtain d/(cm™ sr cm ).
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d. Include transmittance between Points C and V. For
M=1,159:
- - 2 - . .
LUPRADC(M)JO]d = 1,06-14 x (ZLAMY™ x EMISS(M) x TTCV(L)

UPRDCL(M) = [YPRADCIM) ] q 4
ATCIM) = WT (M)
159
SUMATC =

Z ATC(M)
M=1

e. Now use fact that the radiance at Point ¥V due to air
emission along PV can be separated into two portions:
ADPVIL) = SEPC(L) x TTCV(L) + AECY(L)
or
ACPCIL) x TTCV(L) = AEPY(L) - ASCV(L).

Hence we need to subtract AECV{L) from UPRAD(K,L) in
order that JPRADC(160) will be the air emission along
P but attenuated atong cv.

UPRADC (160) = UPRAD(X,L) - AECY(L)

UPRDC1(160) UPRADC(16G).

f. We need the mean probability of a cloud-free line-of-
sight {CFLOS) aiong PC {at zenith angle C4! at Point P
corresponding to nadir angle BETA at Point ¥). As
noted in Step 8, the probability of the detector's L3S
intersecting clouds is SUMWT = T WAT(4), (M=1,159]).
Hence we take (1-SUMWT) as the desired probability of
a CFLOS, CFPV:

CFoy 1-SUMATC
Wi (160) = CFPY,
This WTC{160) obtains for night. The daytime value is

(i

set later.
19, 1f 10AYV=1, we nust include the surfoce-reflected sclar

radiation:




a. In Step 3b, we preserved the path parameters along PY
as UPY(IT.N) and UPPY{IT,N). We now add the param-
eters for path segments SP and PV and preserve as USPY
and UPSPY arrays.

U SPY(IT,N) = U PS{IT,N) + U PV(IT,N),
UPSPY (IT,N)} = UPPS(IT,N) + UPPY(IT,N).

b. Call TRANS(...,USPY UPSPY,...) to get the total
molecular transmittance (TMSPV(L)) for the totai path
(SP+PV).

¢. To get the aerosol transmittance for the total path
{(SP+PV), use TASP(L) returned through /AIRSOL/ from
call to Subroutine SURRAD and TAPV(L) from Subroutine
TRNSCO's call to Subroutine ATMRAD for path PV.

d. Thus the total transmittance for the surface-reflected
solar ra: along the total path (SP+PV) is
TTSPY{L) = TMSPV(L) x FTASP{L) x TAPY({L)].

e. The total upwelling radiance along the path PV (with-
out clouds) is
LUPRAD(K, L)Y = [UPRAD(K, L))y 0 + TTSPV(L) x RAD(2)
where only RAD(2) may depend on azimutn, which it will
for non-Lambertian surface materials {MSM>1). The
first term is the sum of the attenuated ground-surface
emission and 2ir emission along path PV (obtained in
Step E.4) and the second term is the product of the
unattenuated surface-reflected solar radiance (ob-
tained from Step E.2.a.{2.1)) and the total trans-
mittance (obtained from Step E£.10.d).

11. If IDAYV=1 and clouds are present, one must include the
cloud-reflected solar radiation.

a. We must convert the transfer coefficients (TRANS, from
Step £.8} into radiances for the cloud-reflected solar
radiation. To do so, we need the solar spectral

2 w141 (normal to tne path to the

irradiance £{W/(cm

sun) at the 12-km oltitude point along the path VP.
We use the quantity SOLIRRIL) = £, previously obtained




from Subroutine SURRAD's call to SOLRAD and available
through /SOLARP/.
We include air transmittance [TTSCV(L)] above 12-km
altitude along the total path {SC+CV). TTSCV(L) is
given by the product of the molecular transmittance
[TMSCV(L)] and the aerosol transmittance [TASC(L) x
TACV(L)]. TMSCV{L) will be computed by Subroutine
TRANS, given the path parameters USCV and UPSCV. From
Subroutine TRNSCO's call to PATH (Step E.5.b), we have
the path parameters U(IT,d,2) and UP{IT,N,2) (which we
saved as UCV(IT,N) and UPCV(IT,N) for the path CV.
The path parameters UCS(IT,N) and UPCS(IT,N) were
obtained from the call to Subroutine SURRAD [Step
£.2.b.{1)]. Add to the path parameters and preserve
as USCY and UPSCY arrays.
U SCY(IT,N) = U CS(IT,N) + U CV(IT,N)
UPSCV(IT,N) UPCS{IT,N) + UPCV(IT,N).
Call TRANS(...,USCV,UPSCV,...) to obtain the total
molecular transmittance TMSCV(L) for the total path
(ST+CV) .
To get the aerosol trarsmittance for the total path
(SC+CV), use TASC(L) returned through /AIRSOL/ from
call %¢ Subroutine SURRAD and TACV(L) from Subroutine
TRNSCO's call to Subroutine ATMRAD for path CV.
Thus the total transmittance for the cloud-reflected
solar ray along the total path (SC+CV) s
TTSCYIL) = TMSCV{L) x [TASC(L) x TACV(L)T.
A contribution to the total upwelling radiance along
the path CV (with clouds at or below Point C) is
[uPrRADC(M}] . = [UPRADC(M)] ;4

+ SOLIRR(L) x TRANS(M) x TTSCV(L)

(M=1,159)

where only the transfer coefficient TRANS(M) depends

on azimuth. Thne first term is the cloud-surface
emission attenuated along path CV (obtained in Step
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£.9.d) and the second term is the product of the un-
attenuated cloud-surface~reflected solar radiance
[SULIRR(L) x TRANS(M)] and the total transmittance
{obtained from Step E.ll.e).

g. WIC(160) needs to be reset for daytime conditions. We
mul tiply the probability of the {nighttime) one-leg
CFLOS by the probability of not having the second
(daytime) leg:

WTC(160) = CFPV x (1.0 - CFPS),
where CFPV was set in Step £.9.f and CFPS was set in
Step B.4.

h. For daytime, the arrays UPRADC, UPRDC1, and WTC wust

be augmented by inclusion of members for a two-leg

CFLOS:

UPRDC1{161) = UPRADC(16D)

UPRADC(161) = UPRADC(160) + RAD(2) x TT5PV(2)
WTC(161) = CFPS x CFPV

where UPRADC(160) was set in Step E.O9.e, RAD(2) in
Step £.2.a.(2.1), and TTSPY(L) in Step t.10.d.
12. For clouds, day or night, the distribution-function arrays
must he processed.
a. Augment each of the three arrays (UPRADC, UPRDC1, and
WTC) with a zero-value member, which allows Subroutine
LINEAR to interpolate within its given array if the
weight of the normally smallest member exceeds the
smallest fractile (now 0.10) for which an integral-
distribution value is requested.
UPRADC(ITI) = UPRDCL(II)} = WTIC = 0.0
‘ 161 for night
11 =
l 162 for day.
b. Call SORTLJ to sort the radiance array UPRADC in in-
creasing order and carry along the arrays UPRDCL and
WiC.
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C. Sum the weights and normalize to unity (although, in
' principle, the weights are already so normalized).
- d. Interpolate the array UPRADC (by calling LINEAR) to
] obtain the percentile values {called RXXX(K,L)) corres-
ponding to XXX = 10, 25, 50, and 90 (i.e., WIC = 0.10,
0.25, 0.50, and 0.90). For XXX = 100, set AXXX(K,L) =
UPRADC(I1).

C'. Nadir Angle Lcop {J=1,NNADIR) Completion
After completing the wavenumber and azimuth loops, compute aver-
age: wer azimuth angles K at wavenumbers L=1,NWAVEJ; nadir
angle J; and altitude I (or IKM for clouds).
NAZL
(l/NAZI):E: UPRAD (K,L)
K=1

UPRADA(T ,J,L)

NAZY
{1/NAZI )Z RXXX(K,L)
K=1
10, 25, 50, 90, 100

RXXXA{IKM,J,L)

1l

"

XXX

D'. Altitude Loop (1=1,NALTJ) Completion
After completing the nadir loop, compute averages over nadir
angles J at wavenumbers L=1,NWAVEJ and altitude 1 (or IKM for

clouds):
NNADIR
; _ UPRADN (1,L,JBAND) = {1/NNADIR) E UPRADA{L,J,L)
T J=1
NNADIR

ARCVN (1KM,L ) (1/NNADIR) :E: ARCVA(IKM,J,L)
J=1
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NNADIR
RXXXN(IKM,L) = (1/NNADIR) Z RXXXA(IKM,J,L).

d=1
Since the inclusion of the index JBAND was a ‘ate change, we
elected not to modify the arrays ARCVN(IKM,L) ar.d RXXXN(IKM,L)
to provide for an explicit dependence on the index JBAND as we
did for the array UPRADN{I,L,JBAND). This limitaticn must be
remembered and removed if JBAND >1 and if clouds are included,
unless one adopts the GRC definition of UPRADN{I,L,JBAND), i.e.,
UPRADN(1,L,JBAND) = ROSON(IKM,L) + ARCVNi{IKM,L).

6-3 OTHER ROUTINES IN UPWELLING NATURAL RADIATION MODEL
Subroutine UPWELL, the principal routine in the Upwelling Natural
Radiation Model, makes a number of calls as shown in Figure 6-4.

6-3.1 SAI Routines

The calls to the left of the vertical line in Figure 6-4 are related
to the Natural Cloud Model. Subroutine GEOXYZ has been discussed in Section
5-4.1. Subroutine XMIT is described in Table 7-3a. The routines CFLOSF,
CLDWT, SORTLJ, and LINEAR are part of the Natural Cloud Model; listings of
them are in Volume 24 and brief descriptions of them are given here in Table
7-3a. Note that the listing of SORTLJ given here in Section B differs in an
essential aspect from that in Volume 24 and must be used with the NBR Module
{the 1isting in Volume 24 is satisfactory for its use there).

The routines AGAGEQ, GEOREA, GEOTAN (called by GEOREA), REATAN
{called by AGAGEO), and TANGEO {called by AGAGEQ) provide coordinate transforma-
tions. They ar¢ described in Table 7-3a. Their input and output variables
are given in Tables 6-3 through 6-7, respectively,
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Figure 6 —4. Routines called directly from the principal routine (UPWELL) in the
Upwelling Natural Radiatior Model. For subsequent calls, see Figure 7—1.
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Table 6-3. 1Input and output variables for Subroutine AGAGEQ.

INPUT VARIABLES

Argument List

HAl, - Altitude, colatitude, and east Tongitude of Point 1.
GC1, {em, radians, radians)
GL1
Az21, -~ Azimuth angle and geocentric angle of Point 2 relative
GAZ1 to Point 1. (radians)

HAZ ~ Altitude of Point 2. (cm)
OUTPUT VARTABLES
Argument List

GC2, - Colatitude and east longitude ot Point 2. (radians}
GL?2

Table 6-4. Input and output variables for Subroutine GEOREA.

INPUT VARIABLES

Argument List

HAl, - Altitude, colatitude, and east longitude of Point 1.
GC1, (em, radians, radians)

GL1

HAZ, - Altitude, colatitude, and east longitude of Point 2.
GC2, {cm, radians, radians}

GL2

QUTPUT VARIABLES

Argument List

SR21, - Slant range, elevation, and azimuth of Point 2 relative
EL2l, to Point 1. (cm, radians, radians)
Az21
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Tabie 6-5. Input and output variables for Subroutine GEQTAN.

INPUT VARIABLES

Argument List

HA1l, - Altitude, colatitude, and east longitude of Point 1.
6C1, (cm, radians, radians)

GL1

HAZ, - Altitude, colatitude, and east longitude of Point 2.
6C2, {em, radians, radians)

GL2

OUTPUT VARIABLES
Argument List
XE2L, - X, Y, and Z coordinates of Point 2 relative to Point 1. (cm)

YN21,
V21

Table 6-6. Input and output variables for Subroutine REATAN.

INPUT VARIABLES

Argument List

SR, -~ Slant range, elevation angle, and azimuth angle of.Point P.
EL, {cm, radians, radians)
AZ

OUTPUT VARIABLES
Argument List
XE, - X, Y, and Z coordinates of Point P. {(cm)

YN,
v
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Table 6-7. Input and output variables for Subroutine TANGEO.

INPUT VARIABLES

Argument List

HA1, - Altitude, colatitude, and east longitude of Point 1.

GCl, (cm, radians, radians)

GL1
ZE21, - X, Y, and 7 coordinates of Point 2 relative to Point 1. (am)
YN2L,

Vel

OUTPUT VARIABLES

Argument List

HAZ2, - Altitude, colatitude, and east longitude of Poini 2.
oc2, {cm, radians, radians)
GL2

6-3.2 G.E. Tempo Routines (TRNSCO, ATMRAD, TRANS)

Three very important routines called either directly or indirectly by
Subroutine UPWELL are Subroutines TRNSCO, ATMRAD, and TRANS. A brief descrip-
tion of the purpose of each of these routines is included in Table 7-3a. Me
have summarized their input and output variables here: Subroutine TRNSCO
(Table 6-8), Subroutine ATMRAD {(Table 6-9), and Subroutine TRANS (Table 6-10).
Ewing et al. have given briefer statements about two 01 .“e routines in Volume
31: TRNSCO (p. 75) and TRANS (p.72, with flow chart on p, 73).
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Table 6-8. Input and output variables for Subroutine TRNSCO.

INPUT VARIABLES

Argument List

For 1=1,3
RX{I), - Location vectors of Points X, Y, and Z which, respectively,
RY {1}, ar2 typically but not necessarily the locations of the
RZ(I) detector, scattering site, and source. {am)

LBINT - Word-5 {LHV) in GRC Dataset-BN (No. 114), List of Band-
Interval Datasets (BI). Strictly, LBINT is the pointer
{i.e., contains the {Q-array) address) for the List Header
of the Band-Interval Datasets-BI corresponding to Dataset-
BN.

RADSW - Logical variable serving as option switch for atmospheric
volume emission calculation.
= TRUE,, Include call (from Subroutine TRNSCO) to Sub-
routine ATMRAD.
=.FALSE., Bypass call to Subroutine ATMRAD and perform
transmittance calculation in Subroutine YRNSCO
without air emission.

Dataset-Bl (Band-Interval Dataset No. 115)

Q(1) = BNLO BI, - Low and high wavelengths for wavelength-band-index
Q{2) = BNHI BI J. (um)

Q{3) = WLO BI, - Low and, high wavenumbers for wavelength-band-index
Q(4) = WHI BI J. {em )

. AYZCOM Common

LTMTE - Binary file containing the band-model parameters_yhich were
derived in Subroutine TRANSB from the basic 5-cm ° reso-
lution data. Here in Subroutine TRNSCO, File LTMTE is
rewound for use in Subroutine TRANS.

OPTION Common

TRNSOPT - Logical veriable affecting complexity of molecular trans-
mittance calculation (see Tables 7-8 and 6-10 for Sub-
routines TRANSB and TRANS). In Subroutine TRNSCO, TRNSOPT
is used only in the argument list for the call to Sub-
routine TRANS, a call that occurs only if RADSW = .FALSE.,
which is not the case in the NBR Module.

{continued)
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Table 6-8. Input and output variables for Subroutine TRN®() (Cont'd}.

OUTPUT YARIABLES

Jescription of the output requires caveats.

1.

2.1

2.2

In the (rare) event the path should not intersect the shelled-atmo-
sphere, then initialized values of Word-5 (if RADSW =.TRUEL.),
Word-7, and Word-8 of Dataset-BI are explicitly set here in Sub-
routine TRNSCO.

In the usual event that the path does intersect the atmosphere,
there are two cases to consider:

RADSW = .TRUE. (Applies to NBR Module)

Subroutine ATMRAD is called to evaluate Words-5, -7, and -8 of
Dataset-BI, but this dataset is not called here in TRNSCO and thus
is not explicitly available in TRNSCO.

RADSW = .FALSE. (Does not apply to NBR Module)

Subroutine ATMRAD is not called. Hence, the calls that ATMRAD makes
to get the transmittance calculations done must be made here in
TRNSCO. In this case, Word-7 and -8 of Dataset-31 are exp:icitly
availabie.

Definitions of Word-5, -7, and -8 of Dataset-31 follow.

Q(5)=BKGND 81 - 1In-band-interval radiance {dus to atmospheric

emission) over the entire path length (which should
have 1-ieg and not 2-legs). [W/{¢m® sr band-intervall)

Q(7)=TRANS Bl - Product of molecular and aerosol transmittances over

the entire path length.

Q(3)=IDSBX 31 - Aerosol transmittance over the entire path length,

Hote: This is a temporary use of Word-8 (and not the GRC dictionary

use of Word-8)., Here it is used to carry information to Sub-
routine UPWELL.

ONCNC Common

NCRC - A variable set to NC and made available to Subroutine
UPWELL to facilitate being able to use zero-kilometer
altitude in the NBR Module. For more information, see
comments preceding label number 22 in Subroutine JPWELL.
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Table 6-9. Input and output variables for Subroutine ATMRAD.

INPUT VARIABLES
Argument List

LOGIC - Logical variable.
= TRUE., On first entry (for first path segment) from
Subroutine TRNSCO (and is reset to .FALSE. in
ATMRAD).
=.FALSE., On subsequent entries along the same path.

ISHELL{1), ~ INDX{I1) and INDX(I+1)} in call from Subroutine TRNSCO.
ISHELL(Z)

3 ISHELL(3) -~ Used in evaluating the logical variable TEST. ISHELL{3)
will typically be egqual to INDX(I1+2), a positive quantity
except on the last call to ATMRAD when the last path-
segnent is being treated, at which time ISHELL(3) will
become equal to INDX(NC+l) which had been set to U in Sub-
routine STEP.

XFRAC({1), - XFRACS(I) and XFRACS{I+1) in call from Subroutine TRNSCO.

XFRAC{2) To help understand the values and uses of XFRACS(l), (1)
recall that the total path has NC-1 segments and NC end

points of these segments and (2} see Table 5-8 for Sub-
routine STEP.

DS - DS{i+1) in call from Subroutine TRNSCO.
Note: It is always true that DS(1)=0 and DS(NC+l) = -1.0,
where RC is the number of path segments plus one. ATHMRAD
will not be called with I=NC. {cm

LB INT

word-5 in GRC's Dataset-BN (No. 114). Strictly, LBINT is
the pcinter {i.e., contains the (Q-array) address) for the
List Header of the Band-Interval Datasets-Bl corresponding
tc Dataset-BN.

XYZCOM Comman

FACT - Path resolution factor controlling the number of altitudes
and spacing used in Subroutine SHELLS. See Table 7-9 for
Subroutine SHELLS. Here in Subroutine ATMRAD, FACT is used
to set TOL, which is used to test temperature differen.es
across cells.

{continued)

in




Table 6-9, Input and output variables for Subroutine ATMRAD (Cont'd).

For J=1,KS

HSHELL (J},
15(J)

Altitude and temperature at boundary-J. (HHELL(1)=0.0)
(om, deg K)

For 1=1,2; N=1,10

U{I,N,2),
uP(1,N,2)

NMOLS

LTMTE -

OPTION Common
TRNSOPT -

Cumul ative values of path parameters U (areal density) and
UP (product of U and pressure P} for temperature-index-l
and species-N at end of line segment DS.

{cm at STP, atm-cm at STP)

Number (10) of molecular species in molecular transmittance
model .

Binary tile containing the band-model parameters yhich were
derived in Subroutine TRANSB from the basic 5-cm ~ resolu-
tion data. Here in Subroutine ATMRAD, File LTMTL is
rewound for use in Subroutine TRANS.

Logical variable .affecting complexity of molecular trans-
mittance calculation (see Tables 7-8 and 6-10 for Sub-
routines TRANSB and TRAMS). In Subroutine ATMRAD, TRANSOPT
is used only in the argument list for the call to Sub-
routine TRANS.

Dataset-BI {Band-interval Dataset No. 115)

Q(1)=BNLO BI, - Low and high wavelengths for wavelength-band-index J.

Q(2)=BNHI BI

(um}

Q(3)=WLO Bl, - Low_gnd high wavenumbers for wavelength-band-index J.
)

Q(4)=wHl BI

OUTPUT VARIABLES

{cm

Dataset-B1 (Band-Interval Dataset No. 115}

Q(5)=BKGND B] - In-bané-interva] radiance to back of cell-DS.

[W/(cm® sr band-interval)l
Q(7)=TRANS B! - Product of cumulative molecular and aeroscl transmit-
tance to back of cell-DS. (dimensionless)

{continued)
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Table 6-9. Input and output variables for Subroutine ATMRAD (Cont'd).

Q(8)=10S8X 81 - Cumulative aerosol transmittance to back of .ell1-DS.

Note: This is the second of two temporary uses of Word-8 {(and not the
GRC dictionary use of wWord-8). Here, it is used to carry
information to Subroutine UPWELL.

Table 6~10. 1Input and output variables for Subroutine TRANS.

INPUT VARIABLES

Argument List

NTEMP - Number of temperatures in the atmospheric transmittance
model (set to 10 in call from either Subroutine ATMRAD or
TRNSCO).
M - Index for mode of transmittance calculation. Could be 1,

2,...,15. Within the NBR Module (where TRANS is called
from ATMRAD, TRNSCO, and UPWELL), M is always 1. (In calls
from Program EMISCAT, M is 1, 2 and is allowed values up to
15.) In Subroutine TRANS, ™ being 1 limits use of the U
and UP arrays to their first-half values. This is consis-
tent with the fact that within the NBR Moduie, Subroutine
TRANS is always called with M set to 1, U set to u(1,1,2},
and UP set to UP(1,1,2), This is also true for calls with
M=1 from Program EMISCAT. btut there, when M2, the calls
are with U and UP, j.e., the entire arrays.

For 1=1,NTEMP; N=1,NSPEC

U(I,N,1}, - Path parameters U (species-N areal density} and UP
I,N,1) {(product of U and pressure P} for temperature-index [ and
species-N. (am at STP, atm-cm at STP)

FK(M) - FK(M) is used only if M-3. In the NBR Module, M is always
1. {(But for those calls with M-3 from Program EMISCAT,

FX{M) is a set of weights used to partition the patn
element.)

(continued)
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Table 6-10. Input and cutput variables for Subroutine TRANS (Cont'd).

'y WDL, - Lowest and highest wavenumber in the detector interval bejng
WOH used for which the transmittance is to be conmputed. (an )
FAST -~ Logical variable determining complexity of transmittance

calculation. 1In calis to Subroutine TRANS (from Sub-

routines ATMRAD, TRNSCO, and UPYELL within the NBR Module

and from Program EMISCAT outside the NBR Modulel, FAST 15

set *0 TRNSOPT.

=, TRUE,, Transmittance is based on single-level groups and
statistical bands.

=, FALSE., Transmittance is based on multiple-level groups
and random tlsasser bands.

In addition, note that for TRNSOPT=.TRUE£., Subroutine
> TAANSB develops the band-model parameters for the user
. inter.al of interest and Subroutine TRANS uses these band-
) model parameters to comjpute the transmittance and optical
depth for the same interval. But for TRNSOPT=.FALSE.,
Subroutine TRANSB develops band-model parameters for an
interval with (probably but nut necessarily) nigher resolu-
tion than the user interval. Thus, 0 ¢obtain the trans-
mittance and optical depth for the user iaterval, Sub-
routine TRANS first computes the optical depth (XS5.) and
transmittance [expi-XS.}] for the higher-resolutioh inter-
val j and then obtains”the transmittance [TaJ(1S$)] anc
optical depth [ABC{IS)] for species-IS in the user interval
by using the foilawing expressions to perform the weighted
A sum over those hijher-resolution intervals overlapping the
- user interval.

TAU(IS) = 9.F. expl-XS.)
j J J

\ SVa [TAUCIS)T for 107 -« TAU(IS) < ¢ 9939
ABCLIS) =
‘ ZFJ.XSJ. otherwi se.

These formulas are not given in Volume 2.

For additional information regarding the consequences for
Subroutine [RAHS due tO the two possidilities for TRANSOPT
in Subroutine TRANSB. see Table 7-3 for Subroutine TRANSH.

(continueq)
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Table 6-10. Input and output variables for Subroutine TRANS {Cont'd).

FILPOS - Position of file LTMTZ, Set to '.£E+04 in calls from Sub-

routine TRNSCO and ATMRAD.
XY Common
For i=1,10
TT{I) - Temperature array in atmospheric transmission modei.

XYZCOM Common

LTMTE - Binary file containing the band-model parameters wyhich were
derived in Subroutine [RANSB from the vasic 5-cm * resolu-
tion data. Fquivalenced (in Subroutine TRANSB) to TAPOT,
for which definition see Table 7-8 for Subroutine TRANSB.

x K ¥ x %

For each read of File LTMTEZ, the 202 words are s*tored as:

-1)

WATL, - Lower and higher wavenumbers of interval. (cm
WTH

ror 1=1,10; N=1,10
SOD(1.N), - Mean absorption coefficient and inverse of mean line-spacing
DEI(IN) parameter (or the effective line density) for species-i. at

temperature- index-1 for_ghe wavenumber interval (WTL,WTH).
{1/cm at STP, Tines/(cm 7))

*x = &k k K

NSPEC - NMOLS, the number (10) of species in the molecular trans-
mittance model.

QUTPUT VAR ABLES
Argument List

For N=1 MSPEC; 4=1,15 but “=1 for NBR *odule

TAIN,M) - Transmittance for species-N. (dimensjoniess)
ABC(N,MY - Dptical depth for species-N. (dimensioniess)
TT3L(M) - Molecular +ransmittance of all the species for mode-M.
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SECTION 7

NATURAL BACKGROUND RADIATION (NBR) MODULE

1-1 INTROCUCTION

The NBR Module is defined to be a complete computer program which
integrates nine ROSCOE-IR models into a consistent, stand-alone module -
similar to the way it exists in the ROSCOE-IR Program - for the purpose of
developing and testino the capability to compute the natural upwelling

spectral radiance as a function of altitude.

Table 7-1 provides a guide to

the nine modules so integrated: we also include the Dynamic Storage Allocation
(DSA) System {SP-78] because it plays such an important role and it is an

entity integrated into the NBR Moduie.

Table 7-1. Guide to modules integrated into the NBR Module.

Title

Ambient Atmosphere

Atmospheric Aerosols

Natural Clouds

Atmospheric Tnermal Emission
Molecular Transmittance

Earth Surface Characterization
Earth Surface Radiance
Upwelling Natural Radiation
Solar Radiation

DSA System

Model ROSCCE Manual

Number Developer Vclume Number

la SAL/LJd 14a-1,14c¢

1c, 19:1¢c VI 25

id, 19:1d SAl/PA 24

20b GET 28,31

244d GET 28,31

23a SAT /LI <7, Sect. 2,3

23b SAT /LY 27, Sect. b

23c SA1 /L2 27, Sect. 6

23e SAL /LY 27, Sect. 4
GRC"

awe have used a G.E. Tempo versicn.
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7-2 GENERAL CODING INFORMATION FOR NBR MODULE
7-2.1 Routines in NBR Module

Table 7-2a lists all the {non-DSA} routines used in the NBR Module.
Those routines from the DSA System [SP-78] we have used in the NBR Module are
listed in Table 7-2b. 1In Table 7-2a, each of the routines is annotated by a
letter, defined in the footnotes, which identifies either the module or a
category to which it belongs.

7-2.2 Calling Structure of Routines

The essential relationships between all of the routines in the NBR
Module are shown in Figure 7-1; however, we have omitted all the DSA routines
except for QINITL which we include as a reminder that the DSA system is there.
Calls to the left of the heavy vertical line are those required for inclusion
of the statistical cloud submodel.

In addition to the routine names in Figure 7-1, we include annota-
tions to enhance the utility of the diagram. Near the top of the figure, a
dashed line divides the initializing calls from those made later while looping
over the spectral bands. The T (for TRUE) besides the SUN-hexagon means the
indicated call is made if the sun is present {above the horizon). Vectors V,
P, £, and §, refer, respectively, to positions for (a) the {fictitious) view-
ing point at which the upwelling radiance is being calculated, (b) a repre-
sentative point on the farth's surface toward which the (fictitious) detector
at Point V is pointed, (c) the intersection of the detector's line-af-sight
with the 12-km altitude surface (the highest altitude of cloud tops), and {d)
the sun. Vectors such as 7S denote paths joining the indicated points. The
indices 1,J,K,M, and L are, respectively, those for altitudes, nadir angles,
azimuth angles, broad-bands (from Datasct-BN), and band-intervals within a
broad-band {from Dataset-BI). 0On the second and third paqges of Figure 7-1,
the indices 1,J,K, and L head columns of entries which are either 1 or ~ 1,
Each row of such entires is correlated with the call to 2 routine (or a set of
routines) on the same line. Such cntries dennte the values of the indices for

which the call is made to achieve maximum econony.
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Table 7-2a. Routines in the Natural Background Radiation (NBR) Module.

Routine Comment* Routine Comment Routine Comment
ACCUM T GEOREA X SOLVE A
AERGSOL p GEOTAN X SOLZEN A
AGAGEQD X GEOXYZ X SORTLY C
ATMOSUC A,C,T,E GLITTR E SPCMIN A
ATMRAD T H20SVP A STEP T
BESSO C I0NQSU A STEPS T
BK CDATA C JUL 1AN A SUBVEC T,V
CANGLE E LINEAR C,E SURRAD E
CFLOSF C 0Z0NE A TAIR C
CLDBDR a C PATH T TANGED X
CLDGEOM C PLANCK T,E TEMPZH A
CLDWT C RATCOF A TRANS c T
CLOUDO C REATAN X TRANSB T
DOT c T,V RHOEPS C TRANSFC C
DRYUPY U RINOUT E TRNSCO T
EMISSF C SEGMENT T UNITV c 1.V
ERF £ SETALT U UPWELL U
ESURF E SGEOM C VLIN T,V
FITTER A SHELLS T WATER A
FRAC T SoLcYE A wVOPE A
FRESNL E SOLORB A XMIT T
GCRCLE E SOLRAD 5 ZTTOUT A

A Routine from Ambient Atmosphere Module.

C Routine from Statistical Submodel of Natural Cloud Module.

E Routine from Earth Surface Characterization and Radiance Module.

P Routine fron Atmospheric Aerosols Moduie.

S Routine from Solar Radiation Module.

T Routin2 fiom Atmospharic Thermal Emission and Molecular Transmittance

Modules.

U Routine from Upwelling Natural Radiation Module.

) Routine for relations between vectors,

X Routine for transformation of coordinates.

a A dummy routine to simulate that from the Deterministic Submode) of the

Natural Cloud Module which, though loaded to satisfy externals, s not
otherwise used.

b This rortine is a FORTiAN-language version, prepared by L. Ewing, of the
COMPASS-Tanguage routine used in the GRC DSA System. Here, it is used
independent of its role in the DSA System.

C Employs the DSA System.




Table 7-2b. Routines from the DSA System used in the NBR Module.

CREATEP»2 NEXTP D QCREAT QGCBLK QZBLOK
CREATX NLOKDS QDSRED QGDBLK REMOVE
DSPWRDP PUTAFY QDSRYT QGRBAG WipouTP
DSTROYP pUTBOTP ¢ QERROR QGTZWD xm1tP
INDHRDP puTORDY QOFIELD QINITLP

LockDs? QCEASE QFLDST QPTZWD

pPrimary cails,

Has entry point CREATLP,

®4as entry points PREVP and PREVNLP.
““4as entry point PUTTOPP.

%as entry point PUTORAP.

7-2.3 Description of Routines: Functicn Performed, Originator, and Loca-
tions of Listing and Input-Qutput Table

In Table 7-3a, for all the (non-DSA) routines in the NBR Module (as
tisted in Table 7-2a), we provide a short descripiion of the routine's func-
tion. We aiso identify (a) the organization (if not SAL) originating the
routine, (b) the number of the volume in the 20SLOE Manual containing a list-
ing of the routine, and (¢) the number of the table in Volume 27 when we have
summarized the inputs and outputs for the routine.

In Table 7-3b, we provide a short description of those DSA routines
which are called dirvectly from the NBR Module.

1
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Table 7-3a, Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output table.

Routine

ACCLM

AERDSOL

AGAGED

ATMOSU

ATMRAD

BESSD

3KDATA
COATA

CANGLE

Function performed

Integrates (between X=A and X=B) a function F{X) given at two
points X1 and X2, by using linear, logarithmic, or power-law
interpolation, corresponding to specified ITYPE = 1,2,3, respec-
tively; uses linear interpolation in case the other methods would
fail. (GET routine; listing in Vol. 27.)

Computes attenuation coefficients for scattering and absorption
(and, though not used in the NBR Module, the asymmetry factor
(average cosine of the scattering angle)) due to atmospheric
aerosols, given the aititude and wavelength. (VI routine; see
Vol. 25 for original routine which differs slightly from ours in
Vol. 27. Input-cutput in Tabdle 5-4.)

Provides the geographic coordinates (colatitude and east longi-
tude} of Point 2, given the gecgraphic coordinates of Point 1,
the azimuth and Earth-central angle of Point 2 with respect to
Point 1, and the height of Point 2. (A modified MRC HARC
routine; 1isting in Vol. 27. Input-output in Table 6-3.]

Computes the properties of the undisturbed atmosphere, giver the

attitude (ZH), after the associated subroutines compute the local
apparent time (HL), sclar flux (SBAR), and day-or-night parameter
(1D0RM). (Listing in Vol. l4a-1.)

Computes the atmospheric volume emission on an optical path.
(5E71 routine; listing in Vol. 27. Input-output in Table 6-9.)

Provides the zero-orger cylindrical Bessel function per Formulas
9.4.1 and Y.,4.3 in AS-54 (Listing in Vol. 24.)

Frovides (1) for 14 cloud types, their (a) base altitude, (b)
thickness, (¢) water droplet radius, (d) water droplet density,
and (e} optical scattering properties lextinction and scattering
cross-sections and mean cosine of scattering angle) 3t i wave-
Tengths in the Z- to 5-.m range, and (2} for Regions 4 and 11 in
the NASA cloud-ddta base, (a) tne statistical-cloud indec, (D)
occurrence frequencies of cloud types, ana {C) occurrence fre-
guencies of number of cloud layers. {Listing in ¥vnl, 23,

Comprtes the tarth-central angle {CANGLE) between the two central
rays td Points P21 and P2, given the north Yatitudes and cast
1ongitudes of Boints P1 and P2. ({iisting in yol., Z/. Iaput-
output in Table s-3.)

fcontinued)




Table 7-3a. Description of routines in NBR Module: function performed,

originatar, and locations of listing an? input-output
table {Cont'd}).

CFLOSF

CLDBDR

CLOWT

€LOuDO

207

DRYUPW

EMISSF

Computes the probability of a cloud-free 1ine-of-sight (CFLOS) as
a function of the cloud coverage {expressed in tenths) and zenith
angle of the LOS from tae ground. (Listing in Vol. 24.)

Provides the bidirectional reflectance (i/sr) of a plane, semi-
infinite stratocumulous (KCLOUD=4) cloud for a photon of wave-
Tength ALAM incident at zenith angle THIN = ACOS(CTHIN) and re-
flected at zenith angle THOUT = ACOS{CTHOUT) and azimuth angle
PHIQUT = ACOS(CPHICUT}. (Listing in Vol. 24.) Known as ALBEDC
in ROSCOE-IR.

Computes {for a given source and detector location) three arrays
{TRANS, EMISS, and WT), each with IDX members (normally 160).

The TRANS and EMISS arrays are, respectively, (1)} the distribu-
tion of irradiance-teo-radiance transfer coefficients (1/sr} at
the 12-km altitude transfer point for clouds and (2) the distri-
bution of {attenuated) spectral cloud-emission radiances at 12-km
altitude and directed toward the detector. The WT array is the
set of weights associated with the set of statistical cloud con-
figurations, influenced by cloud-coverage fractions and cloud-
free Yine-of-sights from the detector. (Listing in Vol. 24.)

Reads (a) a flag (MODE) indicating by a value of U or 1 whether
the deterministic~ or statistical-cloud submodel is desired, (b}
cloud data appropriate to the indicated submodel and makes them
available to the appropriate routines. For MODE=1, the routine
reads an index KMODEL which selects data from that in the code or
allows the user %0 input his own data. Other flags are read
which aliow selected portions of thie provided data to be over-
ridden. These user-provided data are output through CLOFRG and
CONF1G Commons and override data in BLOCK DATA CDATA. (Listing
in Voi. 24.)

Computes the dot product of two vectors. (GET, GRL routine;
Tisting in vol. 27.)

Drives, and provides a means for testing, the N5R Module, by
accepting the necessary input data for each of the modules (see
Table 7-1) integrated into the NBR Module and printing selectea
results. (Listing in Vo1, 27.)

Computes the (attenuated) spectral radiance a*t l¢-km al titude
for radiation emitted (at a specified zenith arnjle) from a cloua
top at a specified altitude. (Listing in ¥ol. 23.)




Table 7-3a. Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output
table (Zont'd).

ERF

ESURF

FITTER

FRAC

FRESNL

GCRLLE

GEOREA

GEOTAN

tvaluates the error function, based on the rational-approximation
Formula 7.1.2.6 in AS-64. (Listing in vol. 27.)

Provides the bidirectional reflectance-distribution fuaction
(BRDF), directional emissivity, and temperature of the Earth's
surface at the intersection point of the optical line-of-sight
with one of the seven allowed categories of surface materials.
(The surface temperature is approximated by using the atmospheric-
modgl)temperature.) (Listing in Yol. 27. Input-output in Table
2-12.

Computes, by the method of least squares, the coefficients Z{J)
(J=1,N) in a polynomial of degree N representing the dependent
variable Y(I1) (or, optionally, its natural logarithm) specified
(and given equal weights} at NPTS values of the independent vari-
able X{I1). (Listing in Vul, l4a-1.)

Computes the fraction of interval (A,B) either contained in in-
terval (X,Y) if (A,B) < (X,Y) or covered by interval {X,Y) if
(A,B) > (X,Y). (GET routine; listing in Yol. 27.)

Evaluates the Fresnel (specular) monochromatic reflectance of a
smooth water surface (characterized by a complex index of refrac-
tion), given the wavelength (in the 2- to 5-um range) and angle
of incidence. (Listing in Vol. 27. Input-cutput in Table 3-3.)

Computes, for three Points P1, P2 and P3 on a great circle, the
latitude and longitude of the intermediate point P2, given the
latitudes and Tongitudes of the end points Pl and P3, the central
angle ALP13 between the central rays to Pl and P3, and the cen-
tral angle ALP1lZ2 between the central rays to Pl and P2. (Listing
in vol. 27. Input-output in Table 3-5.)

Provides the slant range, elevation angle, and azimuth angle of
Point 2 with respect to Point 1, given the geographic ccordinates
{altitude, colatitude, and east longitude) of the two points. (A
modified MRC HARC routine; listing in Vol. 27. Input-cutput in
Table 6-4,)

Provides the tangent-plane coordinates of Point 2 with respect to
Point 1, given the geographic coordinates {altitude, colatitude,
2ast longitude) of the two points. (A modified MRC HARC routine
called GEOXYZ; listing in Vol. 27, Input-output in Table 6-5.)

{continued)




Table 7-3a. Description of routines in NBER Module: function performed,

originator, and locations of listing and input-output
table (Cont'd).

GEOXYZ

GLITTR

HZOSVP

1GNOSY

JULIAN

LINEAR

OZONE

PATH

Converts the geographic coordinates {altitude, north latitude,
east longitude) of a point to Earth-centered Cartesian cocrdi-
nates. {Listing in Yol, 27. Input-output in Table 5-3.)

Provides, upon being called from Subroutine £SURF when the line-
of-sight intersects a water surface, {(la) the bidirectional re-
flectance-distribution function {BRDF) and (lb) directional
emissivity of the water surface at the intersection point of the
optical line-of-sight from the detector and (2) the geographic
coordinates (north latitude and east longitude) of the point on a
smooth horizontal surface for a specular reflection of a ray from
the source to the detector, if requested (by logical parameter
SPCULR=.TRUE. in argument list}. Only the directional emissivity
is provided if there is no source. (Listing in Vol. 27. Input-
output in Table 3-2.}

Computes the saturation vapor pressure of sater vapur over a
plane surface of (1) water for the temperature range from 173.15
to 373.15 deg Kk (-100 to +100 deg C! and {2) ice for the tempera-
ture range from i73.15 to 273.15 deg X {(-100 to 0 deg C}.
{Listing in Yol, l4a-1.)

Provides the properties of the ambient ionosphere required by all
the chemistry modules, (Listing in vol. l4a-1.)

Converts a Gregorian calendar date to Julian day number DAYJ for
Subroutine SOLORA. (Listing in Vol. 1l4a-1.)

Performs a Tinear interpolation to find FXJ at a given XJ, giver
the independent varijaple array XX(1)} and the corresponding depen-
dent variable array FxX(1). FX0 is set to zero if X0 is not
within the range of XX(I). An efficient search is used.

{Listing in Yol. 24.)

computes the latitude and season dependence of ozapne for alti-
tudes from G- to 55-km. (For hioner altitudes, see Subroutine
SPCMIN.} (Listing in Voi. 14a-1.)

Develops the cumulative values of the path parameters J(I,N,2)
{species-N areal density) and UF{1,N,2) (proauct of U and pres-
sure P) for temperature-index 1 and species N at end of line
segnent JS(J+1), expressed, respectively, in ¢m at STP and,atm-cn
art STP (if Loschmidt's number is expressed in mdleculesicm™ at
$12).  Incremental values are obtained from Subroutine SEGMENT.
(GET routine; iisting i scl. 27. Inmnot-output in Table 5-5.)
(continued)
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Table 7-3a. ODescription of routines in NBR iModule: function performed,
originator, and locations of listing and input-output
table (Cont'd).

PLANCK Computes the blackbody spectrai radiance. (Gt
in Vol. 27. [Input-output in Taple 5-6.)

routine: listing

RATCOF Provides the rate coefficients needed for the £- and F-rejion
ionosphere model used in RCSCOE-IR. {Listing in Vol. l4a-1.)

REATAN Provides the tangent-plane coordinates of a pcint with respect to
some reference location, given the slant range ~levation anyle,
and azimuth angle of the point with respect tc .ne same rcfererce
location. (A modified MRC HARC routine called REAXYZ, listing in
Yol. 27. Input-output in Table €-6.)

RHOEPS Computes the hemispherical-directional reflectance from the {hori-
zontal) surface of cloud-type 4 (stritocumulous) for radiation of
wavelength 1 reflected inta zenith angls =. (risting in Vol. 27.)

RINQUT Computes - when given the geographic tocation {aititude, north
latitude, east longitude) of the sources {sun and/or firebails}),
the detector, and the position P of the intersection of the 11ine-
of-sight from the detector t0o the farth's surface - the zenith
angles and slant ranges of the sources from P and the direction
of the ray from P toward the detector in terms of the zenith
angle of the detector and (if the surfdce is not Lambertian
{MAT=1) or water (MAT=2)) the absolute value of the azimuth
angle of scatter with respect to the principal plane containing
the incoming ray. (Listing in Vol. 27. Input-cutput in Tabls
5-2.)

SEGMENT Jomputes the incremental values of the patn parameters oJu(l,N)}
and DUP(L[,N}, for temperature-index ! anc species N, for the lire-
segment 25, based on a linear variation of the properties in 2s.
Units are, respectively, ¢m at STP and atm-cm ay 3TP (if
Loschmidt's number is expressed in molecules. cm™ at 37#). CZumula-
tive vaiues are farmed in Subroutine PATH. (GET routine: Yistira
in ¥o1, 27, lInput-output in Tadle 5-7.)

SETALT Determines the altitudes at which Subroutine JPeEilL COMDULes the
upwelling natural radiation., A set of characteristic altitudes
has been previocusly selected for each of the iJ spectral >ins
spanning the 2~ to 5-.m rance. [f the wavelengtn-band of
interest (ALMIN, ALMAY) spans more than one hin, 3 set of alti-
tudes is cobtained by combining those fur zach of the sparneg

7

pins. (iListing in ¥ol. 27. Input-output in Tadle 7-7.;

(oontinued!
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Table 7-3a. Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output
table (Cont'd}.

SGE

SHELLS

SOLZYC

SOLORB

SOLRAD

SOLVE

SOLZEN

Camputes the geometrical relations between a rource, (statis-
tical) cloud layer, and detector. (Listing in Vol. 24.)

Prepares arrays of ghysical properties at spherical-shell bound-
aries used in calculating molecular transmittance through the
arbient atmosphere. Properties at each shell-boundary are alti-
tude, temperature, pressurg, and number densities of species
(CHQ, C0, CO,, H,0, NC, NO |, NO,, NZO, 0,, and OH). For infor-
mation, the water content of thé atfiosphére above each shell
boundary is also computed, expressed in units of precipitable
centimeters. {Modified GET routine; listing in Vol. 27. Irput-
output in Table 7-9.)

Computes the solar flux (SBAR}, 2an input to ATMOSU through ATMOUP
Common, based on an assumed sinusoidal ll-year (or 4018-day)
variation. with the maximum value of 250 for SBAR .associated
with the CIRA-65 Model 9) occurring on 1 June 195., 1 June 1969,

1 June 1980, etc. and with the minimum value of o5 for SBAR {(asso-
ciated with the CIRA-65 Model 1) occurring on 1 December 1963, 1
December 1974, 1 December 1985, etc. (Listing in Vol. 18a-1.)

Comrutes the north latitude {SOLLAT) and east longitude {SOLLON)
0. the apparent (actual motion) subsolar point, given the Julian
day number at O hours UT on ! January of the year of interest
{YRFJ), the Julian date at which vernal equinox occurs (VEQJ),
the Julian day number at O hours on the day of interest (DAYJ),
and the universal time (YT). (Listing in vol. l4a-1.)

Provides the solar spectral irradiance at the top of the tarth's
atmosphere, in the spectral range from 2- to 5-.m (or 5000- to
2000-wavenumbers). The NASA data adopted by the ASTM have bzen
fitted by piecewise-continuous power-law expressions. (Listing
in Vel. 27. Input-output in Table 4-2.)

Solves a set of N simultaneous linear algebraic equations by
using the Gauss-Jordan method with maximum pivot feature.
{Listing in Vol l4a-1.)

Computes (1) the cosine of the zenith angle of the sun at a Foint
P {COSCH1}, given the geagraphic north latitude (PLAT) and east
longitude {PLON) of the Point P and w2 north latitude (SOLLAT)
and Zast longitude (SOLLON)} of tne subsolar point, (2) the day-or-
night parameter (IDORN}, which is 1 if COSCKI > uU.0U and U other-
wise, and (3) the local apparent time (HL), from the Greenwich
?gpare?t time (3AT) and tne Yongitude PLON. (Listisg in Vol.
a-1.}
{continued)
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Table 7-3a. Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output
table {(Cont'd).

SORTLY

SPCMIN

STEP

STEPS

SUBVEC

SURRAD

Sorts an array A of length N from low to high {if LOHI < U) or
from high to low [if LOHI > 0). Two additional arrays are simply
carried along in the sorting process. (Listing in Vol. 74 is
adequate for use with Clouds Module but listing in Vol. 27 nmust
be used for NBR Module.)

Provides analytic-fit profilfs at all altitudes of the minor
species (N, NO, NO?, 0., 0,(°a ), and H,0! not provided by Sub-
routine ATMOSY but‘neeged %y the chemis ry modules, by using
tabular data-base species-densities. §or ROS%OE-IR, a]sg ro-
vides for CO, N20, CH,, H, OH, HO,, , N( D),4N( P), and 0(°D), as
well as revised profi?es of 03, HZO’ N, N('S), and NO. (Listing
in Vol. l4a-1.)

Calcula.2s the intersections of an optical path with the bound-
aries of the atmospheric shells determined in Subroutine SHELLS.
Path eiements less than 10 meters in length are assigned to the
neighboring shell. The output includes {a) the number of path
segments (plus one) on the transmission path, (b) the length of
the path segment along the transmission path, (c) the weight
associated with the Ith end point appropriate for finding at that
point the linearly-interpolated value of the parameter, and (d)
the index of the <hell boundary at or just before the start of
the Tine segment. (GET routine; Yisting in Vol. 27. Input-
output in Table 5-8.)

Serves effectively as an entry to Subroutine STEP, given the
optical path defined by its end point vectors RX(1) and RY(I).
(GET routine; 1isting in Vol. 27. Input-output in Table 5-9.)

Returns the difference between vectors ¥X and VY, i.e., OVXY
(1-3) = VX(1-3) ~ V¥{1-3). (GET routine, equivalent to GRC
routine with same name and argument Tist; listing in Vol. 27.)

Provides (essentially) the upwelling radiance directed toward the
detector at the point where the optical line-of-sight intersects
the Farth's surtace. This version of SURRAD provides two com-
ponent; of the radiance: (1) thermally emitted « i (2) source
(sun or fireball) reflected. Reflected sky radiance is not in-
ciuded. Strictly, the source-reflected component is actually
provided in an unattenuated form together with the path param-
eters (species areal density U and UP, with P the pressure},
integrated along the incoming path from the source, required as
input to a computation of the molecular absorption over a total

{continued)




Table 7-3a. Description of routines in . Module: function performed,

TAIR

TANGEO

TEMPZH

TRANS

TRANSH

originator, and locations of listing and input-output
table (Cont'd).

path. The aerosol transmittance alnng the incoming path from the
source is also provided. The statistical cloud submodel is also
included; see Subroutine UPHELL for comments. Note that the
1nput parameters for Point C in POSITN Common and IKM in UPWELS
Common facilitate providing, as additional outputs for the path
from the sun to Point € at 12-km altitude, the patn parameters
UCS and UPCS and the aerocsol transmittance TASC(LUP). (Listing
in vol. 27. Input-output in Table 5-1.)

Provides, for use within the statistical-cloud submodel, the
molecular iransmittance for radiation of wavelength ALAM from
altitude ALT to 12 km along a path at zenith angle THETA, by
interpolating results from using the AFGL LOWTRAN-III code with
the 1962 U.S. Standard Atmosphere. (Listing in Vol. 24.)

Provides the geographic coordinates of a Point 2, given the geo-
graphic coordinates of Point 1 and the tangent-plane coordinates
of Point 2 with respect to Point 1 (called Subroutine XYZGEO in
ROSCOE-Radar). (A modified MRC HARC routine called XYZGED;
listing in Yol. 27. Inpu*-output in Table 6-7.)

Determines the temperature profile (tabular, 0(4)1120 km) by inter-
polating the data base (U.S5. Standard, 1966) for latitude and
season, to be used as input to the major atmospheric species

model for the Tow-altitude range from (- to 120-km altitude.
{Listing in Vol. 14a-1.)

Provides the molecular transmittance and optical depth for each
of the ten species and the total molecular transmittance in a
specified wavenumber interval, given the parameters U (cm at STP)
and UP (atm-cm at STP) for the total transmission path., (GET
routine; 1isting in Vol. 27. Input-output in Table 6-10.)

Processes the S—cm'1 resolution band-model parameters file so as
to (1) eliminate the data for the unwanted spectral regions and
(2} derive new parameters with modified resoluticn in accordance
with the user-setting of the logical variahle TRNSOPT. The
method for TRNSOPT set to .TRUE., for faster but less accurate
calculations, provides in-band averaged band-model parameters.
The method for TRANSOPT set to .FALSE., for slower but wore
accurate calculations, provides band-model parameters at a finer
resolution, actually 0.5 of the narrowest usey wavenumber band-
interval, but within the range of 5 tn 50 ¢cm . The two band-
model parameters are (a) S(I,1S}, the mean absorption coefficient

{continued)
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Table 7-3a. Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output
table (Cont'd).

TRANSF

TRNSCO

UNITV

UPWELL

for species-1$ at temperature-index-1 for the interval DW, cm'1
at STP, and (b) DE(i,IS), the inverse of mean_jine-spacing param-
eter, or the effective line density, lines/cm ~, (GET rcutine;
listing in Vol. 27. [Input-output in Table 7-8.)

Computes a quantity defined in the natural statistical-cloud
submodel as the irradiance-to-radiance transfer coefficient
(1/sr} or simply the transfer coefficient at the intersection of
the detector LOS vector with 12-km al titude (known as the trans-
fer point). The transfer coefficient is actually the ratio of a
radiance and an irradiance. The radiance is that directed anti-
parallel to the detector LOS vector and the irradiance is the
(unattenuated) source irradiance at the transfer point. For a4
source above 12-km altitude and far from the transfer point (as
for the sun), the transfer coefficient becomes essentially the
bidirectional refiectance of the cloudtop times the cosine of the
zenith angle of the incident ray. For a source below or within
the clouds {(conditions not allowed in NBR Hodule), the transfer
coefficient depends on the detaiis of the diffusion solution to
the transpert of radiation through the clouds. (Listing in Vol.
24.)

Provides, tor RADSW=.TRUE. as in the NBR Module, a call to Sub-
routine ATMRAD to evaluate Words-5, -7, and -8 of Dataset-Bl {in-
band-interval radiance, product of molecular and aerosol trans-
mittance, and aerosol transmittance). (GET routine; Yisting in
Vol. 27. Input-output in Table 6-%.)

Returns the unit vector VXHAT(1-3) along the vector VX(1-3).

{GET routine, equivalent to GRC routine with same name and argu-
ment list; Yisting in Vol. 27.)

Computes - for a Point V at each of a set of NALTJ altitudes
above a given geographic position, specified in UPWELS Common
(UPWALT, UPWLON, UPWLAT) and characterized by material MM and
property DD{MSM) - the natural upwelling spectral radiance
directed towards Point V from Points P located on the Earth's
surface with respect to Point V at HNADIR representative nadir
angles and NAZI representative azimuth angles. This upwelling
radiance, UPRAD(I,J,K,L), includes contributions from (1} air
emission between Points V and P, (2) surface emission at Point P,

{(continuecd)
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Table 7-3a. Description of routines in NBR Module: function performed,

originator, and locations of listing and input-output
table (Cont'd).

VLIN

WATER

WYOPT

XMIT

ZTTouT

and (3) the solar-reflected radiation at each of the Points P.
Values of the radiance UPRAD(1,J,K,L) are averaged over azimuth
angles to give UPRADA{I,J,L) and over nadir angies to give
UPRADN(I,L,JBAND}., For inclusion of natural {statistical)
clouds, distribution functions of the radiance are obtained
instead of the single values in the absence of clouds. Selected
percentiles (10, 25, 50, 90, 100) of the corresponding integral
distributions are output.

Note that for the GRC version of the NBR Module integrated into
ROSCOE-IR, the array UPRADN(I,L,JBAND) (for altitudes > 12 km and
if clouds are included) 1is rese. as UPRADN{I,.,JBAND) = ROSOM
(IKM,L) + ARCVN(IKM,L)}, which is transferred through UPWELS
Common to (the GRC) Subroutine UPWELT. Thus, in the GRC version,
for altitudes ZKM > 12-km, UPRADN is not the cloud-freze result
but the 50-percentile of the radiance distribution function for
statistical clouds (if inciuded in the problem), (Listing in
vol. 27, "Input-cutput in Table 6-2.)

Returns the linear combination of two vectors, X(1-3) = A*Y{(1-3)
+ B*2{1-2). {GET routine, corresponds to GRC routine VECLIN with
transposed arguments; listing in Vol.27.)

Computes the longitude, latitude, and season dependence of water
vapor for altitudes from O0- to 45-km. (For higher altitudes, see
Subroutine SPCMIN.} (Listing in Vol. 1l4a-1.)

Allows the user to bypass the normal treatment (achieved by set-
ting WVFLAG = 0.0) of water vapor in Subrcutine SPCMIN for the
altitude range from 0 to 120 km. The user effects the bypass by
reading in WVFLAG .GT. 0.0 and his own data in one of four
optional forms according to METHOD = 1, 2, 3, 4, (Listing in
Vol. l4a-1.)

Returns an array Y copied from a given array X of length LX if LX
>0 and sets Y (of length [LX[)! to a constant X(1) if LX < 0. (A
COMPASS-Tanguage version of the routine is used with the GRC DSA
system, though no listing of it is included in SP-78, We have
used a FORTRAN version of the routine premared by L. Ewing of
G.E. Tempo. Listing in Vol. 27.)

Converts a Gregorian calendar date (expressed ac 20th century
year (1YRS), month (MONS), and day (IDAYS)) and zone time (ZT) at
east Tongitude PLON to the Gregorian calendar date and mean time

FETS a]

{UT} at Greenwich, (Listing in Vol. l4a-1.)




Table 7-3b. Description of Dynamic Storage Allocation routines
called directly from the NBR Module.

Routine Function Performed
CREATE Creates a dataset of (at least) n+l words and returns the dataset
index (the pointer to the first (not zeroth) word of the dataset).
CREATL Performs the same as in Subroutine CREATE, except that the
dataset lock value and lock count are set to 1 (Tocked).
DSPWRD Returns the pointer to the DSP word for the dataset specified by :
its index. '
DSTROY Returns to the system the space occupied by the dataset specified i
by its index. 3
)
INDWRD Returns the index for the dataset specified by the pointer to its E
DSP word. {
4
LOCKDS Sets the specified lock number of the dataset specified by its '
index. 4
1
NEXT Returns the link word and index for a dataset (in forwar< order) '1

on a list, given initially the pointer to the list header and
subsequently the previously-returned 1ink word.

PRSP

PREV Returns the Tink word and index for a dataset (in backward crder)
on a Tist, given initially the pointer to the list header and
subsequently the previously-returned link word.

PRE VNL Performs the same as Subroutine PREV, except that lock values are
not set and reset.

PUTBOT Places the dataset specified by its index as the bottom dataset
on a list specified by its list-header pointer.

PUTORA Inserts a dataset (specified by its index) into a list of data-
sets (specified by its list-header pointer) according to the
ascending order of the specified nth words (with real values) of {
the datasets. i

PUTTOP Places the dataset specified by its index as the top dataset on a
Tist specified by 1ts list-header pointer.

QINITL Initializes the routines in the DSA System.

WI1POUT Removes all the datasets from the 1ist specified by its list-
header pointer and, if the parameter kdstry=1, also destroys the
datasets.
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7-2.4 Routines, Comcn 3iocks, and Cormon-Block Variables

7-2.4.1 Routines and Common Rlocks

In Table 7-4 we provide a matrix which shows the appearance of comon
blocks in the routines in the NBR Module.

7-2.4.2 Definitions of Common-8lock Variables

In this section we either define the variables in a common blecck or
give a reference where the definitions can be found. We also comment on the
use of the common block and/or of its variables,

Blank COMMON

Blank COMAON is used unly for the DSA System., For definitions of
variables, see SP-78.

Common /AEROK/ KVIS, KPTYPE
The variables KVIS and KPTYPE are read in Pregram DRVUPY and trans-
ferred through /AEROK/ to Subroutine AERGSOL.
KVIS - Visibility range parameter (VR) for 0 < HCM < 9 y 105 cm
=1, VR = 50 kn
=2, VR = 23 km
=3, Vk - 10 km
=4, VR = 5 km
=5, VYR = 2 km
KPTYPE - Terrain parameter for ¢ < HCM < 2 x 105 cm
=1, Terrain is rural
=2, Terrain is urban

=3, Terrain is nmaritime

Common /AIRSOL/ TASP(10), TASC(10), Tarp{1u)
The arrays TASP and TASC are set in Subroutine SURRAD and transferred
through /AIRSOL/ to Subroutire UPWELL. (The array TAFP was never intended for
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Tabla 7-4. Matrix of routines and common blocks.

T
-
218 \

Common W
Block

6__“‘

PARAMS

AEROK
AIRSOL
ALTODN
ATMOUP
CODATA
CLDFREQ
CLOWT

| CLOUD
OPTINT

POSI TN
ONCNC |
SANDD
e |
SOLARP
ECTOR
PYIELS
JELS?
'ELST
2
UPWELS3

CONFIG
[ DIFF

Blank
|

Routine

P

| AEROSOL |
ATMOSU
ATMRAD X
b—
BKCDATA
1
CLOBDR
CLOWT
 clowr |
cLOUDO
DRVUPW X
EMISSF
ESURF
GUITTR
iONOSU
BEE
JULIAN
JuLiAN |
QZONE
PATH
QINITL
RINOUT
| RINOUT |
| SEGMENT |
SETALT
SGEOM
SHELLS

SOLCYC

L
>
x
xX
T

H
am

=N

-
SOLORB

SOLZEN
.
SPCMIN
SURRAD

e ——

STEP
TEMPZH
TRANS
TRANSB
TRANSF
TRNSCO
UPWELL
.

WATER
WVOPT

o
FARESIVE] { 1

*Could be deleted.
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use with the NBR Module but was pruvided should Subroutine SURRAD be used as a
utility routine; this use hds nct evelved in ROSCOE-IR.)

For LUP=1,NWAVE (JBAND )
TASP{LUP)}, - Aerosol transmittance for incoming solar rays to Points P
TASC{LUP) on Earth's surface and Point C at 12-km altitude on the
VP-path. (Dimensionless; depends only on wavelength and
assumed single paths.)

For L=1,1FIRES (not in NBR Module)
TAFP({L) - Aerosol transmittance for incoming ray from Fireball-L
to Point P on Earth's surface. (Not used in ROSCOE-IR.)

Common /ALTODN/
Yariables in /ALTODN/, defined in Subroutines ATMOSU and SPCMIN in

Vol. 14a-1, are of no direct interest for the NBR Module per se.

Common /ATMOUP/ HL, SBAR, IDORN, PP, RHO, TT, SNI{30), HRHO, FEHSEQ

HL - Local apparent time (set by Subroutine SJLZEN).
(decimal hours)

SBAR - Average 10.J-cm solar flux (set by Subroutine SOLCYC).
[1.0E-22/(m" HZ)]
IDORN - Diurnal parameter {set by Subroutine SOLZEN),

=1, for daytime
=-1, for nighttime

PP - Pressure (set by Stbroutine ATMOSU). (dyne/cmz)
RHO - Mass density (set by Subroutine ATMOSU). (g/cm®)
TT - Temperature {set by Subroutine ATMOSU). (deg K)

SNI(1) - Species-1 density. (llcms). The full array is defined
in Subroutine ATMCSU. See Table 7-9 for those species
used in computing the molecular transmittance.

HRHO -~ Density scale height (set by Subroutine ATMOSU). (km)

FEMSEQ - Fractional error in hydrostatic equilibrium (set by

Subroutine AT0SU).

Common /CDDATA/
The variables in /CODATA/ are defined on p. 74 of Volume 24.




Common /CLDFREQ/
The variables in /CLDFREQ/ are defined on pp. 74, 75 of Volume 24.

Common /CLODWT/
The variables in /CLDWT/ are defined on p. 76 of Volume 24.

Common /CLOUD/

The variables in /CLOUD/ are defined on pp. 76, 77 of Valume 24.
However, they are used only in the detemministic cloud submodel and hence are
not used in the NBR Module.

Common /CONF1G/
The variables in /CONFIG/ are defined on p. 77 of Volume 24.

Common /DIFFUS/
The variables in /DIFFUS/ are defined on p. 78 of Volume Z4; however,
they are not used in the NBR Module,

Common /FIRBAL/ FBLAT(10}, FBLON(10), FBALT(10), F2RINT(10)
JFIRBAL/ appears in two routines (QINQUT and SURRAD} even though the
NBF Module does not use any of its variables. The reason fcr the appearance
of /FIRBAL/ is that Subroutine SURRAD was created with a dual purpose in wind:
(1) As an integral part of the NBR Module, to be called from Sub-
rouline UPaELL with only the sun as a source.
{2) As a utility routine, to be called by rovtiner (other than
UPWELL) needing the surface radiance (thermally emitted and
source {sun or fireball) reflected). For such use, /FIRBAL/ was
incluaed.
However, Subroutine SUARAD is not used as a utility routine in ROSCOL-IR.

FBALT(L), - Altitude, north latitude, and east longitude of
FBLAT(L), Fireball-L. {km, radians, radians)
FBLON(L)

FBRINT(L) - Radiant intensity of Fireball-L. (W/sec)
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Common /FLAGCS/ TTFLAS

in order that Subroutine TRANSF in the Natural Cloud Module, called
by Subroutine JLDAT, will know whether or nnt tne sun is above or below the
horizon, we require Subroutine JPJELL to set {TFLAG in /FLAGS/ before calling
Subroutine CLUWT.

ITFLAG - Flag irdicating the diurna) condition at Point v'.
] =0, Sun is below the horizon
: =1, Sun is above *the norizon

Common /1UNDUR/
The variatles in /IJMNYYP/ are defined on pp. 133, 134 of Volume
14a-1; however, they arc not used in the N33 “foduie.

4 Common /)PTION/ TRNSIPT
See TRNSIPT in Table 7-8 foar Subroutine TRANS3, FAST in Table o-1J
for Subroutine TRANS, and TRN3OPT in Tadle u-2 for Subroutine JPwrli.

Zommon /IPTIN1/ RADSY
See RADSY in Table §-2 for Subroutine JPWELL and Table 6-3 for Sudb-
routine TRNSCO.

Zommon /PARAMS/
IPARAMS 7 contains constants used in the Natural Zloud HModule. They

4 ] are defined on n, 80 of Volume 24 and are set in Program JVJPW.

Common /r)STTN/ PISLAT, PISLON. POSALT, SPCLAT, SPCLON, TI2ALT, CIZLON. C12aLT

POSALT . - Altitude, north latitude, and east lonjitude of Point P

POSLAT, at which line-of-sight (from fictitious detector at
‘S POSLON Point V) intersects farth's surface. 3et in Subroutine
E 71 1 JPAELL.  (km, radians, radians)

SPCLAT, - North latitude sna east lo~n3i*ude 0f the point on an

SPCLON assumed smooth horizontal surface for a specular ret ec-

tion from the source to the detector at Point V. (Set
in Subrgutine GLITTR f SPCHLR=.YRYZ,.) (radians)

CIZALT, - Altitude, nortn latitude, and east longitude of Point o
C12LAT, at which line-of-sight (directed toward Point U from
C12LON fictitious detector at Point V), intersects the 12-km
198
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altitude surface, >
;atians, radrans)

]
-~

in Sabroutine Pafil.  (km,

common - INON L NTHD
See HOND in either Tabls 5-2 for ~ghrogtine “ac, or Yable o-1 tor

Subroutine TRNSCOD.

Common CBANDD NS, Y3, 25, X3, YD, ID, UL, Vi, &b

Ry ¢211s to Subrouting GEIXYZ, Sudroutine JPaLil sots - for ysc n

PRt

Subroutine ¥ 1™ after transfer fron Function TRANSF in the Natural Zleud

“Yodule - the farth-centered Cartesian coordinates of the sun 33, Y3, 237 and
of tha fictitious detector (XD, YO, 72) at 2oint V; the salar Zoorldinates are
zeroed if the sun is pelow the horizon., JPafli also sats the dirsction
cosines {JL, VU, aL) of Po0int P as viewed from “oint V.

XS, - Zartesian coordinates of the source location in the

135, Tarth-centered system, The x-directinn points to zero

y -

I5 degrees longitude and ninety degrees colatitude. The z-
direction is through the norta sole. (ko)

XD. - Cartesien coordinates of %tha detector lagatipn in tna

Y3, Zarth-centered systan.  {Km}

2D

L, - DJirection casines of tre Tine-af-signt vector in the
Vu, Tarth-cantered system.

AL

Jommon SATIUL . SATUAT | SAT M, SATALT, 3ATIZN, SATAZS

SATELL  is no*t used 0 the 432 “odule mecauss uhroytine SPatL
does not deal with real sensors.  “3ATILL- was includea in . hroutine 533450
on the assulption that it would be 2 utility routine, uysed when a real sensor

in a satellite looks at the Jround. -owever, U211 13 not so used,

SATALT, - Altitude, north latitude, and east leonaitude of
SATLAT satellite-borne de*ector. (km, radians, raaians)
SATLON

SATIEN - Zenith angle of ray reflected at 2oint 2 towards the
satellite. (Hot comouted.) (radians)

SATAZY - Absolute valge of azimuth of reflected ray. meisurea
fran principal plane determined by vertigcal nlane

y




t. rough incoming ray from suyn. (Not com;.ited.)
{racians|

Commor /SOLARP/ SOLLAT, SOLLON, SOLIRR(1V)

The position variables, set in Subroutine ATMOSY after it Calls Sub-
routine SCLORR during the initiaiization phase, are used in Subroutine UPWELL,
SURRAD, and RINOUT. Tne irradiance, set in Subroutine SURRAD after it calls
Subroutine SOLRAD, is used in Subroutines SURRAD and UPWELL.

SCLLAT, - North latitude and east longitude of subsolar peint.
SOLLON (radiars)
SOLIRR{L] - Solar spectral irradiance at tge to? of the atmosphere
L=1,NdAVE] at wavenumber-index L. {w/(cm™ cm

Common /SORCE/ NSORCE, HSORCE(1Y, RSORCE(L), THETAS, PHIS

The geometricol variables in /SORCE/ are set by Subroutine (PiELL in
terms of the solar position {the only source with which Subroutine JPWELL is
concerned) and are passed to Function TRANSF in the Natural {loud Module.

NSCRCE - Tne number of sources. Set to 1 in data statement in
Subroutine UPWELL.

HSORCE{1) - Altitude of sun (RSUN), RSUH 15 set in data statement
in Subroutine UPWKELL. (km)

RSORCE(1) - Radius of source. True value for sun is not relevan*
for appfications in NBR Module. Set to 0.0 in data
statement in Subroutine UPWELL.

THETAS, - C(Colatitude and east longitude of subsolar pcint.
PHIS {degrees)

Lommon /SOURTES SRCLAT, SRCLON, SRCALT, SRCFLG, SRCZEN(11), SRUSR(LLY
The geometrical variables in /SCURCE/ are set by Subroutine RINOST.
Currentiy (April 198U0) only the syn is used as a source for tubroutine SURRAG.
(Fireballs are never used in the call to Subroutine SURRAD from Subroutine
UPWELL in the NBR Modyle.)
SRCALT - Altitude of source i/ not the sun. (km)

SRCLAT, -~ MNorth latitude and east longitude of source {sun or fire-
SRCLON ball). (radians)




SRCFLLG - Flag characterizing source
=1, Source is sun
=2, Source is fireball

SRCZEN(1) - Zenith angle of ray incoming to Point P from the sun.
(radians)

For L=1,IF IRES (Not used in NBR Module)

1 SRCZEN(L+1) - Zenith angle of ray incaming to Point P from Fireball-L.
. (radians)
SRCSR(1) - Not defined.
SRCSR{L+1) - Slant range from Fireball-L to Point P. (km)

Common /TECTOR/ DETLAT, DETLON, DEVALT, DETZEN, DETAZI(11)

Subroutine UPWELL uses /TECTOR/ to position a fictiti:.; detector at
Point V and pass the information to Subroutines SURRAD, RINOUT, and GLITTR.
The scattering angles are set in Subroutine RINOUT and used in Subroutine

SURRAD.
M DETALT, - Altitude, north latitude, and east longitude of
: DETLAT, fictitious detector at Point V. (km, radians, radians)
DETLON
DETZEN - Zenith angle of ray reflected at Peint P on tarth's

surface toward the detector at Point V. (radians)

DETAZI(1) - Absolute value of azimuth angle of reflected ray,
measured from principal plane determined by vertical
plane through incoming sclar ray. (radians)

For L=1,IFIRE (Not used in NBR Module)
DETAZI(L+l) - Absolute value of azimuth angle of reflected ray,
measured from principal plare detevmined by vertical
plane through incoming ray from fireball. (radians)

Common /TIME/ IYRS, IMONS. IDAYS, ZT, PLAT, PLON, UT, GAT, FYR, FST, RHOSKM,
CHI
The variables IVYRS, IMONS, IDAY., and ZT are read by Program DRVUPW.
GCO and GLO are also read, in terms of which PLAT and PLON are set. UT is set
by Subroutinme ZTTOUT, GAT by Subicutine SOLOURB, FYR and FST by Subroutine
JULIAN, RHOSKM by Subroutine ATMQSU, and CHI by Subroutine SOLZEN.

IYRS - MNumber of the year in the 1900's at east longitude GLO
(e.g., 1980 becomes 80).
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IMONS - Number of the month at east longitude GLO (e.g.,
Februyary becomes 2).

[DAYS - Day of the month at east tongitude GLO.
IT - Zone time for the 15-degree lungitude interval contain-
ing east longitude GLO. (decimal hours)
" GCO, - Geograpnic colatitude and east longitude of grid origin
GLO or whatever reference point is desired. ({(degrees)
PLAT, - North latitude and east longitude of grid arigin.
PLON (radians)
UT -~ Universal time corresonding to zone time Z7. {decimal
hours)
GAT - Greenwich apparent time. (decimal hours)
FYR - Fractional season-year, being zero on 1 January in the
7 northern hemisphere and zero on 1 July in the southern
E hemisphere.
FST - Fractional summer, being one on 1 July and zero on 1

January in the northern hemisphere and reversed in the
southern hemisphere,

RHOSKM - Mass density of dry air at 5-km altitude, (g/cm3)

CHL - Zenith angle of the sun at grid origin. ({radians)

Cormon /UPWELS/ UPWALT, UPWLON, UPWLAT, NALT(5), ZKM{13,5), NNADIR, NALI,

NWAVE (5), IDAYV, CLDFLG, UPRADN(13,10,5), WV(10,5), IKM,

N3ANDS

Program DRVUPW sets the variables UPWALT, UPWLON, UPWLAT, and NBANDS

and the array NWAVE(M) (MzJBAND=1,NBANDS! and reads the variables NLADIR,
NAZ1, and CLDFLG. Program DRVUPW's call to Subroutine SETALT sets the arrays
NALT(M) and ZKM{I,M) (M=1 NBANDS; [=1,NALT(M)). The call to Subroutine UPWELL
sets TDAYV, UPRADN(I,L,M)} {(for I=1,NALT(M}; L=1,NWAVE(M}; M=1,NBANDS}, and IKM.

The array WV(L,M) (L=1,NWAVE(M); M=1,NBANDS) is not used in the stand-
alone version of the HBR Module but is set in Program ( OOK in ROSCOE-IR to
record the group of centrai wavenumbers of the band-intervals used in calling
Subroutine UPWELL for each broad-band M.




UPWALT - Surface altitude of the sub-V-roint. (km)

UPWALT, - North latitude and east longitude of Point V at which
UPWLON upwelling radiance is computed. (radians)

For 1=1,NALT(M); L=1,NWAVE(M); M=1 NBANDS
NALT(M) - Number of altitudes ZKM{I,M) for (broad) wavelength-band
index M, Uefines NALTJ,

ZKM(I,M) - Altitudes of Point V above UPWALT at which upwelling
radiance is computed. (km)
NNADIR, - Number of nadir and azimuth angles at Point V at which
NAZI upwelling radiance is computed.
NWAVE(M) - Number of wavenumbers at which the upwelling spectral
radiance is to be computed for (broad) wavelength-band
index M. Defines NWAVEJ.
IDAYW - Index for diurnal condition at sub-V-point.
=0, Solar zenith angle > 90 degrees
=1, Solar zenith angle < 9U degrees
CLDFLG - Index for inclusion of natural clouds. 5
)., Natural clouds are not included ]
=1., Natural clouds are included _”
UPRADN(I,L,M) - The nadir-averaged value of UPRADA(L,J,L). LW/(ca’ sr
cm )] ‘
AV(L,M) - The array of central wavenumbers corresponding to '
{broad) wavelength-band index M. (Not used in stand- ¥
alone version of the NBR Module. Set;in Program OLOOK ¥
and used in Subroutine UPWELT.) (cm 7) i
IKM - Index for number of altitudes at which calculations are g
made when clouds are included. Used in Subroutines 1
SURRAD and UPWELL. i
NBANDS - MNumber of (broad) waveiength bands.

TR T

Common / UPWELS1/ RU10(b,10), ROLOA(6,10,10), ROLON{b,10),
RO25(6,10), RO25A(6,10,10), RO25N(6,10),
RU50(6,10), ROSUA(6,10,10), ROBON(6,10),
RO90(6,10), RO90A(6,10,10), ROJUN(6,10),
R100{6,10}, RIDUA(6,10,10), RIOUN(6,1U)
Lach of the arrays in /UPWELS1/ is computed in Subroutine UPWFLL.
For XXX=10,25,50,90,100; IKM > 1;
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J=1,NNADIR; K=1,NAZL; L=1,NWAVE(M)

RXXX{K,L) - XXX-percentile of the integral distribution of the total
(including that from statistical clouds) natural up-
welling spectral radiance received at Point V for wave-
number-L (at implicit altitude-IKM above surface mate-
rial MSM} along a ray directed to Point P on Earth's
surfacg (at implicit nadir-J and explicit azimuth-X).
[W/A{m® sr am )]

Note: RXXX{(K,L) does not include ARCVA(1KM,J,L).
Currently, UPRAD(K,L) and RXXX(K,L) are being written in
binary form on Logical Unit No. 8, for all appropriate
altitudes and nadirs.

RXXXA(IKM,J,L) - Thgl?ﬁimuth-averaged value of RXXX(K,L). [W/(cm® sr
cm

RXXXN(IKM,L)Y - Thglnﬁdir-averaged value of RXXXA(IKM,J,L). [N/(cm2 sr
cm )

ARCVA(IKM,J,L) - When clouds are considered, a component of the upwelling
spectral radiance received at Point V (at altitude-1KM),
from air emission above 12-km altitude, along a ray
directed to Point P on the Earth's susface (ag nadir-J
and independent of azimuth-K). [W/{cm® sr an )]

ARCWN (TKM,L) - Thglr;e];air-averaged value of ARCVA(IKM,J,.). [W/cm? sr
cm

Common /UPWELS2/ JBAND!

The variable JBAND1 is set to the (broad) wavelength-band index JBAND
in Subroutine UPWELL and passed through /UPWELSZ2/ To Subroutine SURRAD to
facilitate some print.

Common /UPWELS3/ UPRAD(6,10), UPRADA(13,10,10)

Both of the arrays in /UPMELS3/ are computed in Subroutine UPWELL.
(As the code has developed, there remains little reason for including the
array UPRAD in /UPWELS3/.

For 1=1 NALT(M); J=1,NNADIR; K=1,NAZI; L=1,NWAVE (M)

UPRAD(K,L)} - Natural upwelling spectral radiance received at Point Y
(at altitude-1 above surface material MSM) alony a ray
directed to Point P on Earth's surface (at nadir-J and
azimuth-K). 1- and J-dependence is not stored, so user
must print UPRAD(K,L) immediately after computation if
he wants to see them. Currently, UPRAD(K,L) and
RXXX{K,L) are being written in binary form on Logical
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Unit NQ. 8, fgi all appropriate altitudes gnd nadirs.
[W/(em® srocm )]

UPRADA(I,J,L} - The azimuth-averaged value of UPRAD(K,L). [H/(cm2 sr
em CY]

Common /VPC/ WVFLAG, METHOD
Currently, in Program DRVUPW, we set WVFLAG=0.0 and METHOD=0.

WVFLAG - Flag for optional treatment of water vapor.
= 0,0, Normal treatment
# 0.0, Optional treatment

METHOD - Flag indicating one of four options for treatment of
water vapor.
=1, Data values in parts per million by mags. { ppmm)
=2, Data values in absolute humidity. (g/m”)
=3, Data values in relative humidity. (percent; 10 por-
cent is input as 10.0, not 0.10)
=4, Data values in dew-point temperature. (deg K)

Common /XY/ TT(10)

TT(I) - Temperature array in atmospheric transmission model.
Set as data in Program DRVUPW and used in Subroutines
SEGMENT and TRANS.

Commen /XYZCOM/ 1TMTE, LTMTE, NS, HSHELL(81), TS(81), PS(81), XNSPEC{81,10),
U(10,10,2), Ww(10,10,2), NMOLS, FACT
The variables [TMTE, LTMTE, and NMOLS are set, and the variable FACT
is read, by Program DRVUPW. Subroutine SHELLS sets the variable NS and the
arrays HSHELL(81), TS(81), PS(81), and XNSPEC(B1,10). Cumulative values of
the path-parameter arrays U(10,1G,2) and UP(10,10,2) are set by Subroutine
PATH and used by Subroutine TRANS to compute the molecular transmittance.

ITMTE, - Auxiliary input and output data file numbers for

LTMTE Subroutine TRANSR, Set to 2 and 3, respectively, in
Program DRVUPW. See TAPIN and TAPOT in Table 7-8 for
Subroutine TRANSB for more information.

NS - Number of boundary altitudes used in Subroutine SHELLS.

For J=1,NS
HSHELL(J), - Altitude, temperature, pressure, and species-N density
T8(J), at a1titude-boundary3d.
PSW), (an, deg K, atm, cm ~)

XNSPEC{J)

el



For 1=1,2 (adequate for ambient atmosphere); ¥=1,10
J(I,N,2) - Cumulative value of path parameters U {species-N areal
yP (i ,N,2) density) and UP (product of U and pressure P) for
temperature-index 1 and species-N. See Table 5-5 for
Subroutine PATH and Table 6-10 for Subroutine TRANS.
{em at STP, atm-cm at STP)

NMOLS - Number of species. Set in Program DRVUPW and used in
Subroutines ATMRAD and TRANS (where known as NSPEC).

FACT - Parameter controlling the number of altitude boundaries
and their spacing. See Table 7-9 for Subroutine SHELLS
for more information.

Common /ZHCHEX/ ZHFLAG, SPIFLS

The variables in /ZHCHEX/ are defined and their use {to insure Sub-
routine ATMOSU is called prior to Subroutines IONOSU and SPCMIN) is described
in the 1istings of Subroutines ATMOSU, IONOSU, and SPCMIN in VYolume 14a-1.
/IHCHEX/ does not affect the NBR Module per se.

Common /ZHTEMP/ NZHT, ZHT(31), TZH(31), TPFLAG

For steps required by the user to bypass the code's specification of
the temperature profile in the low-altitude (0- to 120-km) region, see p. 38
in Volume 14a-1. (The arrays ZHTZ(3) and TZIHZ(3) appearing as arrays in
JTHTEMP/ in Volume l4a-1 are development artifacts and should be deleted.)
Currently, in Program DRVUPW, we set TPFLAG=0.0.

NZHT - Number of altitudes (31) at which the low-altitude tem-
perature profile is defined.

For 1=1,NZHT
ZHT(I) - Altitudes at which the temperature profile is defined.
=0.0(4.0)120.0 km

TZH(1) - Temperature profile (fo~ TPFLAG=0.0), determined by
interpolation of the data base [US-66] for latitude and
season, used as input to the major atmospheric species
modei for the low-altitude range from O- to 120-km alti-
tude. (deg K)

- Temperature profile {for TPFLAG # 0.0), specified by
user at altitudes 2z = 0(4)120 km. (degK)

TPFIAG - Flag for optional treatment of temperature profiie.
= 0.0, Hormal treatment




¥ 0.0, Optional treatment, allowing Subroutine TEMPZH to
read the user-specified profile at altitudes z =
0(4)120 km

7-3 DRIVER PROGRAM DRVUPW AND INITIALIZING RQUTINES
7-3.1 Calculational Steps in Program DRVUPW

Here we describe the calculational steps required in the driver for
the NBR Module, Program PRVUPW.

A. lnitialization
1. DSA System
a. Set parameters
b. Call QINITL
2. Ambient atmosphere
a. Read time and place
b. Set option parameters for water vapor and temperature
profiles
c. Call AT™MOSU
3. Natural c¢louds
a. Read/set parameters
b. Call CLOYDO
4. Create Datasets-BN and -31
a. Read spectral data
b. Call CREATE, PUTBOT, or PUTTOP
5. Compute band-model parameters
a. Set option
b. Call TRANSB
.  Atmospheric shells
a. Read/set option
b. £all SHELLS
7. Prepare to call UPWELL

a. Read/set aerosol parameters

207




—rn -

LT e

b. Read/set atmospheric emission option and transmittance
parameter
C. Read/set geometry parame%ers for UPWELL
d. Read/set surface material parameters
B. Operation
1. Initiate (broad) wavelength-band spectral loop
2. Get Datasets
a. Call PREV for Dataset-BN
b. Call PREY for Dataset-B81
3. Set altitudes for UPWELL
a. Set (broad) wavelength-band limits
b. Call SETALT
4, Call UPMELL
5. MWrite results

7-3.2 Subroutine SETALT

The purpose of Subroutine SETALT is to provide a set of altitudes at
which Subroutine UPWELL, for a given spectral range, will compute the up-
welling natural radiation. To minimize the number of such altitudes, we have
accounted for the spectral dependence of the air transmittance, as now de-
scribed.

-

Our approach in selecting altitudes was to compute the upwelling
radiance for a strictly nadir-looking sensor as a function of altitude and
wavelength in the 2- to 5-um band, The wavelengths used are the 27 test
values given in Table 7-5. The resolution was 10 cm’l. The altitudes used
are 0(0.1)1(1)10(2)20(5)30(10)100 km. We used an atmosphere (see Yolume
14a-1) Hr a zone time of G.0 hours on 19 September 1978 at a geographic loca-
tion of 45-deg north latitude, O-deg longitude. The version of the code avail-
able at the time required the surface temperature to be independently speci-
fied. It was set at 288 deg K (instead of the air temperature at the first
shell boundary which was 28€.6-deg K). The surface emissivity was 0.9. The
zoning of the atmosphere into shells was determined by FACT=1, but the algo-
rithn used was not the one currently set by GRC (see Table 7-7 for Subroutine
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SHELLS) but the one originally specified by G.E. Tempo, according to which the
76 shell thicknesses were 0.5263 km between 0 and 20 km and 2,105 km from 20
to 100 km.

Table 7-5, Wavelengths used in developing Subroutine SETALT.

Wavelength, um

Bin
No. Bin Edge Test Values Bin Edge
1 2.0 2.0 2.1
2 2.1 2.40, 2.50, 2.5% 2.575
3 2.575 2.60, 2.65 2.675
4 2.675 2.70 2.725
5 2.725 2.75, 2.80, 2.85 2.825
6 2.875 2.90, 2.95, 3.00, 3.20, 3.50, 4.00, 4.10 4,15
7 4.15 4,20, 4.25, 4.30, 4.40, 4.50 4.55
8 4.55 4.60, 4.70 4.75
9 4.75 4.80 4.85
10 4.85 4,90, 5.00 5.0

The results for these upward-vertical radiance calculations are shown
in Figures 7-2a, 7-2b, and 7-2¢ for the 27 wavelengths. ({(The peaks at 50-km
altitude for the strongly attenuated wavelengths simply reflect a peak in the
atmospheric temperature profile at that altitude.) Examination of these
curves laed us to set the bin altitudes given in Table 7-6. More detailed work
may indicate a need for revising the bin edges and/or altitudes. Subroutine
SETALT is designed so that if the wavelength band of interest spans more than
one bin, a set of altitudes is provided by combining those for each of the
spanned bins. Table 7-7 gives the input and output variables for Subroutine
SETALT,

The results in Figures 7-zZa, 7-2b, and 7-2c are replotted in Figure
7-3 to show the spectral dependence of the upwelling radiance for a nadir-
looking sensor, for altitudes of O, 5, and 50 km. The curve for O-km altitude
is, of course, just that given by the Planck function for 7=288 deg K and an
emissivity of 0.9,
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Table 7-6. Bin altitudes selected for Subroutine SETALT.

Bin

No. Altitudes, km

12, 20, 100

12, 100

3, 12, 100

2, 4, 9, 12, 20, 30, 50, 70, 100
3, 12, 100

12, 100

3, 6, 12, 20, 50, 70, 100

12, 100

12, 30, 100

12, 100

v w v =
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Table 7-7. Input and output variables for Subroutine SETALT.

INPUT VARIABLES

Argument List

ALMIN, - Minimum and maximum wavelengths for which upwelling matural
ALMAX radiance is to be computed, for (broad) wavelenath-band
index JBAND. ( um)
JBAND - Index for list of (broad) wavelength bands. (1 to 5}

Data Statements

NBINL1 - Number of wavelength bins (or number of wavelength-bin
boundaries minus one).

For L=1,NBINL1+]
BINLAM(L} - Wavelength of bin-boundary L. (um)

For I=1,NALTL(M), M=1,NBINL1
NALTL(M} - Number of altitudes for wavelength-bin M,

HUPWEL (I,M) - Altitude-I for wavelength-bin M. (km)

{continued)
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Table 7-7. 1Input and oulput variables for Subroutine SETALT (Cont'd).

QUTPUT VARIABLES

JPWELS Common

For JBAND = J=1,5; I=1,NALT(J)
NALT(J) - Number of altitudes fcr (broad) wavelength-band index JBAND

ZkM(1,3) - Altitudes of Point ¥ above reference altitude (UPWALT) at
which upwelling natural radiance is computed for (broad)
wavelangth-band index JBAND. (km)

7-3.3 Other Initialization Routines

7-3.3.1 0OSA Systen

Comments in our listing of Program DRVUPA define the six words and/or
arrays that are initialized there before calling QINITL. We also state how to
estimate minimum storage requirements for high speea memory in terms of the
number and sizes of datasets. For more information on the GRC DSA System, see
oP-18. The version of tne OSA System we have used was prepared by L, Fwing of

G.E. Tempo. Whereas it differs somewhat fram the GRC version,it is saia to be
equivalent, at least for the current application.

7-3.3.2 S\l Routines {ATMQSY, CTLGUDY)

Full documentation is given for Subroutines ATMOS. ang CLZUDC in
Yolumes 14a-1 and 24, respectively.

7-3.3.3 (.2, Tenmpo Routines (TRANSS, SHELLS)
The purpose of Subroutine TRANSE is briefly described 1n Table 7-33

and 1in Volume 31 (p. 74). Our nore detailed summary of its in,ut and ouiput
variables is given in Tatle 7-8,

LTI st L0537 250

et AT

iaite SN Rt



10_3 Rl T T I T T 1 ] T ¥ !

1074

Okm
106

Radiance, W/ (cm2 sr um)

107

10-8

A . ] i ] 1 L 1 1 i 1 ]
10—92

Wavelength, um

Fiqure 7—-3.  Wavelength dependence uf spectral radiance (2.0 10 5.0 um) at 0—, 5— ang
50—km altitude fo- nadir—looking sensor.




Table 7-B, Input and output variables for Subroutine TRAMSB.

INPUT VARIABLES
Argument List

N b L3AND - List Header Variable (LHV) for Wavelength Bands Dataset-BN

g (No. 114). Strictly, LBAND is the pointer (i.e., it con-

: tains the (Q-array) address) for the 1ist header of the

: Wavelength Bands Dataset-BN. In GRC usage, LBAND is stored
as Word-12 of Dataset-ST (No. 111). 1n the SAI stand-alone
version of the NBR Module, Dataset-ST (No. 111) is not

‘ used, but LBAND is still generated in Program DRVUPW and

i used as the LV for Dataset-BN.

S OPTION Common
3 TRNSOPT - Logical variable affecting (a) procedure for converting the
- 3 basic 5-cm © resolution band-model parameters to those for
E© . the user-specified resolution and (b) possible redundancy

of output data if user-selected bands overlap with ¢ommon
spectral intervals.

=.TRUE., TRANSB provides:
{a) in-band (more precisely, “in-interval") averaged band-
model parameters. (There is no 1imit on the allowed
coarsgness of the resolution. If resolution finer than
- b-cm © is requested, the code will compute answers, but
they may have little or no physical reality.)
g - (b) band-model parameters for each interval within a band
i - 4 {even though bands may overlap), and the bands are ordered
‘ as in the Wavelength Bands Dataset-BN (No. 114).

b E =.FALSE., TRANSB provides:
It 3 (a) band-model parameters at a {below-defined) resolution
'y ] that may be finer than the requested spectral intervals.
% . In this case the TRANSB-generated resolution {or subinter-
LT : val) is 0.5 of the narrowest user-specified wavenumber
. interval, but within the range of 5 to 50 cm . The lower
R edge of the first output interval lies at the luwcr edge of
i the Towest wavenumber spectral interval.
(b) non-redundant information for intervals in overlapping
bands. (1f bands don't overlap, there is nothing to elim-

s inate, of course.)
Note: Ffor additional information regarding use of these
- band-model parameters, ser comments under FAST in Tatle
. 6-10 for Subroutine TRANS.

(continued}
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Table 7-8. Input and output variables for Subroutine TRANSB (Cont'd).

XYZC0OM Common
ITMTE - Auxiliary input data file number {=2 in Program DRVUPW).
LTMTE - Auxiliary output data file number (=3 in Program DRVUPW).
"Dataset-BN"
Note: The spelling (BN) is an unfortunate artifact from
the original development of the routine by L. Ewing of G.E.

Tempo. We are really dealing with Words-3, -4, and -6 of
the GRC dictionary Dataset-Bl (No. 115) and not Dataset-BN

(No. 114},
WLO BN, - Lowest and highest wavenumbers of spectral intervallover f
WH1 BN which band-model parameters are to be averaged (cm °) {

TFLAG BN - Flag to denote whether the wavelength or wavenumber {cor-
responding to the arqument of TFLAG BN) is associated with
the first, intermediate, or last spectral division in a
band of {ascending) wavelengths or (ascending) wavenumbers.
=1,0, First spectral division {lowest wavelength) in a
wavelength band or last spectral division (highest
wavenumber) in a wavenumber band.
0.0, Intermediate spectral divisijon.
2.0, Last spectral division (highest wavelength) in a
wavelength band or first spectral division (lowest
wavenumber) in a wavenumber band.

Input Binary File

TAPIN - Equivglenced to ITMTE. Contains band-model parameters for
5-cm © resolution.
WSL, - Lower and higher wavegumber of 5—cm—1 interval for the sets
WSH 1997.5(5.0)4997.5 cm ~ and 2002.5(5.015002.5 cm °, respec-
tively. (em )

For 1=1,10; N=1,10

SOD(I,N), - Mean absorption coefficient and inverse of mean line-spacing

DEI(1,N) parameter (or the effective line density) for species-N at
temperature-index-1 for,the wavenumber interval (WSL, WSH).
(1/cm at STP, lines/cm )

(continued)

rav




Tabie 7-8. Input and output variables for Sub-outine TRANSB (Cont'd).

OUTPUT VARIABLES

Output Binary File

TAPIT - Equivalenced to LTMTE., Contains band-model parameters,
derived from the 5-cm ~ resolution data, for the user-
specified interval OW either (a) communicated through the
Dataset-B{ if TRNSOPT=.TRUE. or (b) set by an algorithm if
TRNSIPT=.FALSE.. The algorithm is that DW equals 0.5 of
the minimum DW comunicated through the Dataset-B[, but not
less than 5.0 or more than 50 cm

WL, - Lower and higher wavenumbers of interval DW. (cm_l)
WH
S{I,N), - Mean absorption coefficient and inverse of mean line-
DE(T,1) spacing parameter (or the effective line density) for

. : species-N at temperature-index-I for the wavenumber in-
terval DW. (1/cm at S$TP, lines/cm

Note: In Volume 31, L. Ewing briefly comments (on p. 74) on the algo-
rithm, in Subroutine TRANSB for using the band-model parameters for the
5-cm © resolution (WSL, WSH) to obtain the band-model parametars for the
output spectral interval (WL, WH), regardless of TRNSOPT being TRUE or
FALSE. The description is not fully satisfying since the evidence is not
given, In any event, we record here the formulas used in TRANSB:

DE(1ines/cm_l) = DE(I,N} as output from Subroutine TRANSH
: DEI(1,N) as input to Subroutine TRANS
= inverse of inean line-spacing parameter for
species-H at temperature-index-1, or the effec-
tive 1ine density for the interval

DW : (WL, WH) in TRANSS
= (WTL, WTH) in TRANS.

r_ I
| ooE - [Zr /307
- H i
: i
3 ' -1 b . J
S{em = at STP) = S(I, N) as output from Subroutine TRANSB

SOD(I N) as input to Subroutine TRANS
mean absorption coefficient for species-i at
temperature-index-1 for the intervail

0o

{continued)
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Table 7-8. Input and output variables for Subroutine TRANSB (Cont'd).

DW z (WL, WH) in TRANSB
: (WTL, WTH) 1in TRANS.
E k. E /a.
. 3 J g J
where:
kj = SOU(I,N) (not same as input to TRANS]
= mean absorption coefficient fgf species-N at tem-
perature-index-1 for the 5-cm interval (WSL,
WSHY. (em™* at STP)
8y = DEI(I,N) [not same as input to TRANS]
= inverse of mean line-spacing paramegfr, or the
effective line density for the 5-cm ° interya!
(WSL, WSH}. {lines/cm )
Fj = FRAC(WL, WH, WSL, WSH)
= fraction of Ege user interval OW = (WL, WH] covered
by the (5-cm ) basic tape interval (WSL, WSH).
>
F, =1
R

It is easily shown that, in the special case of uniform 1ine spacing
over J intervals, Ewing’s formulas give the expected results:

1 g
DE v 3 2 2 s
_5 5& | FOJ 0
Bg J=1
F J J
2 kLK
S AO J:]- - J=1
*F J -
o
s 2:1

=g
o
.
Hl
—
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The purpose of Subroutine SHELLS is briefly deszribed in Table 7-3a and
very briefly in Volume 31 (p. 68). Our summary of its input and output
variables is given in Table 7-9. In our version of Subroutine SHELLS we have
added statements (a} to print a table of all the atmospheric properties com-
puted at the shell boundaries and (b) to compute and print the water content
of the atmosphere along a vertical path above each of the shell boundaries.
The water content is expressed in units of precipitablie centimeters. This
computation was added to facilitate compariscns with other workers.

Table 7-9. Input and output variables for Subroutine SHELLS.

INPUT VARIABLES

ATMOUP Common
PP - Pressure. (dyne/cmz)
TT -~ Temperature. (deg K)

SNI{1) -~ Density of species-I. (cm'3)

Particular species are indicated as follows:

N I=IMAP(N) SNI(1) Set by Subroutine
1 8 NO SPCMIN
2 11 NO TONOSU
3 21 N0 SPCMIN
4 15 Ngz SPCMIN
5 14 0 SPCMIN
6 6 c82 ATMOSY
7 20 co SPCMIN
8 22 CH SPCMIN
9 16 W8 SPCMIN
10 18 0 SPCMIN
XYZCOM Common
FACT -~ Parameter controlling the number of altitude boundaries and

their spacing. Nominal value is 1.0, but a reasonable
range is between 0.1 and 10.0 (per L. Ewing). The original
algorithm provided by G.E. Tempo aliowed a maximum of 81

(continued)
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Table 7-9. Inmput and output variables for Subroutine SHELLS (Cont'd).

boundaries, but a revision by GRC reduced this number to 61
and also altered the spacings. Me have adopted the GRC
revision. In the comments of our listing of SHELLS, we
have given the boundary altitudes per GET algorithm for
FACT=1.0 and per GRC algorithm for FACT=0.1, 1.0, and 10.0.
Here, we record the results for GRC‘s FACT=1.0 (X;=1.25,
X1=3.125, X2=7.8125).

i J Hs d HS J HS
RN 1o 102 13.125 18" 42.8125
T3 2 1.25 11 16.250 19 50.6250

3 2.50 12 19.375 20 58.4375

4 3.75 13 22.500 21 66.2500

5 5.00 14 25.625 22 74,0625

6 6.25 15 28.750 23 81.8750

7 7.50 16 31.875% 24 89.6875

8 8.75 17 35.000 25 97.5000

9 10.00

2)CHNGL ®icHnG2
QUTPUT VARIABLES
XYZCOM Common
NS - Number of altitude boundaries
For J=1,NS; N=1,10
HSHELL(J), - Altitude, temperature, pressure, and species-N density at
TS(3), al titude-boundary J.q
PS(d}, {cm, deg K, atm, cm )
XNSPEC(J,N)
7-4 INTEGRATION OF NBR MODULE INTO ROSCOE-IR

7-4.1 General

Table 7-10 provides a gquide to the integration of the NBR-Module
routines into ROSCOE-IR. For these routines, we now mention some of the
differences between the routine in the stand-alone version of the NBR Module
and the routine in ROSCOE-IR.



Table 7-10. Guide to integration of NBR Module into ROSCOE-IR.

NBR -Module routine? Program in ROSCOE-IR
Name Purpose of call calling NBR-Module routine
QINITL, b ROSMAIN,®  overlay (0,0)
ATMOSU e ATKGEN, Overlay (3,1}
CLOUD9 f AT¥GEN, Overlay (3,1)
TRANSB q ATYGEN, dverlay {3,1)
SHELLS h AT¥5EN, Overlay (3,1)
SETALT 1 JL00K, Overlay (3,25)
UPWELL j OLOOK, Overlay (3,25)
UPWELT k EMISCAT, Overlay (3,31)

aEach of these routines {except UPWELT which is not in the stand-alone version
of the Niit Module) is called by the driver, Program DRVUPW.

Bro initialize the DSA routines.

CStrict\y, Subroytine QINITL is c¢alled by Subroutine ROSCOL which is called by
Program ROSMAIN.

%nown as ATMOS in ROSCOE-IR.
70 initialize atmospheric routines depending on location and time.
fTo initialize statistical-cloud submodel properties.

Y9 prepare, from the basic S—Cm'1 resolution band-model parameters file,
band-model parameters for prescribed spectral resolution.

hTo establish atmospheric grid for h <100 km.

To determine the al titudes (depending on wavelength of interest) at which
Subroutine UPKELL is to compute the upwelling natural background radiation.

JTo compute, for a Point V at each of a set of NALT altitudes above a given
geographic position, characterized by "aterial ™SM and Property DD(MS1), the
natural upwelling spectral radiance directed toward Point V from Points P on
Larth's surface with respect to Point V at NYADIR representative nadir angles
and NAZI representative azimuth angles,

kTo interpolate the upwelling radiation array UPRADM(I M,L) in altitude (1)
and select the appropriate band-interval (M) in broad-band (L), For
altitudes ZKM > 12 km, UPRADN is not the cloud-free result but the 50-
percentile of the radiance distribution function for statistical clouds (if
included in the problem).
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Jur QINITL was prepared by G.t., Tempo and, while different from
GRC's, is said to be equivalent for the present purposes.

Our ATMOSU, documented in Yolume 14a-1, does not contain the DSA
System as does the GRC version.

GRC's CLOUDO, more restricted than SAL's documented in Volume 24,
initializes only statistical (as opposed to deterministic) cloud data. How-
ever, with respect to the NBR Module which contains only statistical clouds,
the two versions are presumably equivalent (except for GRC's DSA)Y, although
the details have not been verified.

Subroutine TRANSS contains the DSA System in both versions and should
be the same in both versions except for one small difference, The logical
variable TRNSOPT enters through Common OPTION in the SAL version whereas in

the GRC version TRNSOPT is set to Word-27 (FAST or GOOD) in the Basic
Dataset-30 (No. 9).

Jur Subroutine SHELLS is the same as the GRC version in all essential
aspects. (See Section 7-3.3.3 for small differences.)

Subroutine SETALT should be the sawme in both versions.

Subroutine UPWELL, written in terms of the DSA System in both ver-
sions, should be essentially the same, SAI's version contains many orint
statements properly deleted in the GRC version. The comment regarding TRNSIPT
in Subroutine TIANSB applies here, too.

Subroutine UPWELT, not in the stand-alore version of the WBR Module,
is discussed in Section 7-4.2.

7-4.2 Subroutine YPAELT

Subroutine YPAELT was prepared by GRT to select the appropriate wave-
number interval and to interpoiate in altitude the upwelling nztural radiation

aina .
L



array, UPRADN(I,K,JBAND). For altitudes ZKM > 12 km, UPRADN is not the cloud-
free result but the 50-percentile of the radiance distribution functicn for
statistical clouds (if included in the problem). Table 7-11 gives the input
and output variables for Subroutine UPWELT.
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Table 7-11. 1Input and output variabies for Subroutine UPWELT.

INPUT YVARIABLES
Argument List
HCM -

WL, -
WH

UPKWELS Common

For I=1,NALTJ;

NALT(M} -

IKM(I M) -

NWAVE (M) -

UPRADN(I,L,M) -

WY (L, M) -

NBANDS

OUTPUT VARIABLES
Argument 1ist

fADUP -

Altitude at which upwelling spectral radiaince is desired in
Program EMISCAT. (cm)

Lower and higher limits of wavenumber interval for which
upwelling spectral radiance is_gesired {set in Prog-am
EMISCAT from Dataset-BT). (cm °)

L=1,NWAVEJ; M=1,NBANDS
Number of altitudes ZKM(1,M) at which upwelling spectral
radiance has been computed for {brpad) wavelength-band
index M, Defines NALTJ.

Altitudes of Point V above UPWALT at which upwelling radi-
ance is conputed., (km)

Number of wavenumbers at which the upwelling spectral radi-
ance has been computed for (broad) wavelength-band index M.
Defines NWAVEJ.

The nadir-averaged valus of UPRADA(I,J,L). See Table 6-2
for Subroutine UPWELL. 1~ the GRC version, For altitudes
ZKM > 12 km and 1f clouds ar2 included, UPRACN is not th:
cloud-free result but the 50-percentile of the radiance
distripution fynctior for statistical ciouds.

[W/(em® sr cm *))

The array of central wavenumuers corresponding to (hroad)
wavelength-band igdex M. Set in Program JLODK from
Dataset-tI. (cn )

Number of (broad} wavelength bands.

The value of the upwelling natural radiation for the wave-
number interval (WL ,WH), averaged over the downward hemis-
phere and logarithmically interpolat~d from the grray
UP&Q?% for the input altitude dCM. LPhotons/{cm™ sec sr
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-y SECTION 8

{ LISTING OF SELECTED ROUTINES

_ In this section we provide a FORTRAN l1sting o those routines in the
\\ . NBR Module which have not been published elsewhere {or at least rot in the
' : form in which they are used in the N8R 'Yoduie). An index to such routines, as
well as their originator, is given in Table 8-1. Tabie 7-3a telis where list-
ing of the other routines have been pudblished.

Table 8-1. Index to routines with rORTRAN listing in Volume 27.

Routine Originatora Page Routine Originatora Page
DRVUPW SAI 227 RINOUT SAl 268
ACCUM GET 237 SE GMENT GET 271
AEROSOL vi 238 SETALT SAl 278
AGAGED SA1 243 SHELLS GET 217
ATMRAD GeT 244 SOLRAD SAI 280
CANGLE SAI 249 SORTLJ SAl 281
DOt GET 249 STEP GET 282
ERF SAL 249 STEPS GET 284
ESURF SAI 250 SUBVEC GET 284
| . FRAC GE 254 SURRAD SAl 285
N FRESNL SAl 255 TANGEO SA1 295
3 GCRCLE Al 257 TRANS GET 296
P SEOREA sal 258 TRANSB GET 303
;k'f 1 GEATAN SAI 258 TRNSCO 6T 308
P GEOXYY SAl 256 UNITV GaT 312
" GLITTR sAl 260 HPWELL SAl 312
PATH 1 265 VLN 6T 333
0 ANCK GET 267 YAIT GET 333
REATAN SAL 267

35A1 conments inserted in routines developed elsewhere are denoted by CLJ in
the first three columns,




PROGRA™ DRYUPW ( INPUT DUTPUT TAPES=INPUT TAPLE=QUTPUT TAPE? TRPLY, LRYUPW 2

1 TaPES) oV ItY 2
cC R 2
cc THIS RQUTINE TS PROVINED TQ DRIVE ARD TEST SRam TINT (IPWTLL ART  [RYVUPY &
cC THE PELATED ROUTINES WWICH (DUORISE THE NATIR AL BACKGROUAD DAY P 3
cC RADIATION MODEL FOR THE {WDISTURBED 2TMOCPHERE | [NTLUNING & MRVUPH -
cc STATISTICAL TREATWENT OF NATURAL (1 0pDS. DRVUPW <
cc DRVPY Q
cr e HISTORICAL STATEWENT eve MVIO0W 1n
cc BECAYSE WE WERE GIVEN (6/1/78) A MOLECULAR TRANSMITTANCE hLatiit i1
cc MODULE BY G.E. YEWPD THAT MAD SEVERAL ROUTINES (DRIVER PROGRAW DRVUOW 12
cC ATMOST AND SUBROUTINES ATWRAD  TRAWSE, AND TRNSCT) WRITTEN IN  DRVUPW 12
cC TERMS OF THE GRC DSA SYSTEM WE PREPARED TWC VERSIONS OF THE  DRVUPK 18
c NATURAL BACKGROUWND RADIATION (NBRY MOTULZ. ONE VEASION W<ICH DOV €
cc WE REGARDED AS THE BASIC VERSION, USED DSA IN THE SA] DRIVER  DRV.UDPW 146
c PROGRAM DRVUPW, SUBROUTINE UPWELL, AND TMF ABOVI-NAMED GET DRY 10w 1
ce SUBRDUTIRES, THE OTHER VERSION DID NOT USE DSA.  BOTH MRy UDW le
cC VERSIONS WERD TESTED ON SFVERAL PROBLEWS AND GAVE THE SAME DRV le
cC ANSWERS, DRYUPW 20
oo [HISTORICALLY, WE FIRST PREPARED THE DSA VERSION AND THEN DRVUPY 2.
cC DEVE! OPED THE NON-DSA VERSION BY USING A SIT OF ABQUT 235 DEyye . 2?
cc CORRECTION CARDS (90 ACTION CARDS AND ABQUT 145 COwwENT CRYUMW 23
cc CARDSY. THMEN, THE NON.DSA VERSION WAS AVAILABLE FROM A DRVLOW 28
e PROGRAM L 12RAPY (1N TME CONTEXT OF THE €DC UODATE UTILITY DRV!IPW 2
cC PROGRAMY AND THE DSA VERSION WAS OBYAINED BY USING THE *VANK  DRVUPW 2%
¢C UPDATE QIRECTIVE TO DELETE THE NON-CSA CORRECTION SET.Y LRV 27
o WE EFFECTED THE REMOVAL OF THE DSA-USASRE RY & WIN-STANDARD VoW 23
cc METHOD wHICH RETAIHED AS MUCH OF TE DSA CODING A5 POSSIGLE i tHEN 26
cC BUT WlTr NEW MEANINGS TO MANY OF THE DSA VARIABLES, TWE DSA  [DRVPw 3
jod STATEMENTS THAT (QULD RCT BE USED WERC COMMENTTD (C.DSAY AND:  DRVIPY kN
cC FOLLOWED WITH THE NECESSARY REPLACEMENT STATIMONTS, RVUW 2
cC {THIS PROCEDURE WAS FEASIBLE FOR (S BECAUSE ONLY TWD [aTASTTS DRVLos o3
o WERE INVOLVED. [T MAY NOT BF FEASIB.E FOR A CASE wWl7i MARY VP k&)
cc DATASETS.) ey 32
cc DRVUPN ¥
oo IN JANUARY 1980, DURING # REVIEW QF T~F INCORPORATION QT THE  DRVIOK L
cC NBR MOMGILE INTO ROSCOE, NUMEIROUS ERRORS WERET DISCOVERED, SUME  DRVUPW e
CC OF WHICH WERE COMPOUNDED OWING TO THE FATT THAT THE DATASETS  DRVIPW 29
cc USED IN "HE GET ROUTINES WERET INCONSISTENT W1TH THE GRT DRYOwW L
o DICTIONARY JATASTTS, TWD NONLSTANTART GATASETS WAVE NOW BEEN DRVDW 41
cc REPLACED BY THE STANDART DATASETS [EXTEPT IN SUBIQUTINE DRy %W 2n
o TRANSE), AN EXTENSIVE REVISION OF THI {STAND-ALONS' NEBR DRY YW a1
cc MODULE WAS REQRIIRED TO RRING IT INTQ A CLOSE CORRESPONNENSE WyreR 4
C WITH THE CORRECYED VERSINN [N THE ROSCOC CODE, CONSEQUENTLY, DRVUPN LIS
¢ In THIS FINAL VERSION OF THE NBR ™MODULE, WD 00 EMPLOY THE GRT DRVIDW LIS
o DSA SYSTEM {BU™ IN A GET VERSICN AND NOT IN THE GRT VERSION'  DRVLSW 4
cc WHERE APPROPRIATE. WF N0 NOT PROVIDD A KDN-OSA VERSION, DFYIPW L
¢ DRV Pu 42

COMMON ORAREA, OWARTAL10Y, OFREHD ONDTST  ONLNKS, Q2SIZE, DRVUOH 80

1 ON7BLK, QZHEAD, QUOUNT 300, QDSIZEI10Y, ONSIZE, QULUNIT/I0Y, DAvirw 1

2 QERLUN, QFRITS(?,10Y, (1) MYUW 52

INTEGER ONAGEA, OWAREA, QFREMD, ONDTST  OWINKS, DIS1YE, QN2 X, DRy Dy 57

1 QZHEAD | OCOUNT, QDSIZE, OMDDLK, ONSIZE, DULUNIT, DFIELD, 52

4 QERLUN, OFBITS, QCRSIZ £e

COMMON / TIMT / IYRS, IMONS, IDAYS, IT, PLAT, PLON, UT, GAT, FYR, 133

1 FST, RMDEEM - (u] 5"

COMMON / VPC / WVFLAG, METHOL a2

LRV

P
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COMMON / THTEMP / XX{63), TPFLAG OR VUPK 56
COMMON / XYZCOM / ITMYE, LTWNTE, NS, NSHELL(B1), T5(8l), PS/B1), bRvuPN 18

1 XNSPZC(81,10), 1(10,10,2), UP(10,10,2), MLS,  ORVUPW 6!

2 AT DRV 62

COMMON / OPTION / TRNSOPT DR V(P 63

COMMON / DPTINY / RADSW DRYYPYW 64

COMON / XY / TT(10) DS YUPH €5

] COMMON/AEROK * KV¥1§, KPTYPE DRYUPR 33
- 3 COMMDN/PARAMS/  TMFIL,I0FIL,PI,ERAD,DGTOR ,RTHDG DRVUSW 67
3 COMMON/UPNEL S/ UPMALT UPMLON UPMLAT MALT(S) ZXKM{13,5) MNADIR, DRVUPY 63

1 * NAZI ,WAVE(S) IDAYV, CLDFLE, UPRADN(13,10,5), DRV PN 69

* WY{10,5), IKN, NBANDS DR VY P 70

COMON/UPWELS) / DRVWPY 7

2 RO1076,10}1 ,ROI0A(6,10,10),RO10K(6,10), pevyPY 72

3 RO25(6,10),RO25A(6,10,10) ,RO25% (6,107, ORVUPHW 73

4 ROS0(6,10),RO50A(6,10,10) ,ROSON(6,10), DRYUPY 74

5 RO9C(6,10),R0804(6,10,10) ,RUGON{6 , 10}, DR WIoW 75

6 R100(§,101,R1004{6,10,10),R100N(6,10) ORVUPW 76

: 7 JARLYA(6, 10,10}, ARCYN{E ,10) DRVUPY 77
N COMMON/UPWELS3/ UPRAD(6,10) ,UPRADA(13,10,10} DRYUPY b}
: cce TI=NALTS, JJ=MNADIR, KK=NAZl, LL='WwAVEJ, MN=NBAXNDS DRVUSW 79
cce UPRAD(KK, L.}, UPRADA{II,JJ,LL), UPRADR{TI.LL NN} DRVUPW 80

DIMENSION QXXx{2000) DRVUPY 81

EQUIVALERCE { 0, OXXX ) DRYUPW 82

DIMENSION DD(7),Ww!{10),DW{10),ALAN{10},GLAM{10) DRVUPM 83

DIMINSION BXLO BN{1), BNMI 8x{1), WO BN{1), WwHI B%(1), DRV P 84

* LINRY 8%(1) DRYVUPW 85

EQUIVALENCE ( Q(1), BMLO 8% )}, ( Q{2), BAKI BN ), DRVPW 86

* (Q(3), w0 8 ), { Qa), WMl BN ), DRYUPY 8?7

* { 0(5), LInRY BN ) DRYUPW 88

DIMEXSION BMLO BI(1), BNHI BI(1), WO  SI(1), wNI  8I{1}, DRVUPK 89

- BRGNO BI(1), TFLAG BI{1}, TRANS Ei{1), 10SBX BI{1} DRV P 90

EQUIVALENCE { O(1), BNLO B! ), { 0{2), Bws1 BI ), DRVUIPW 9

o { 0{3), w0 Bl ), [ Qia), w1 Bl ), DRVU PN 92

. { Q(5), moun B ), ( qQ(6), TFLAS o1 ), DRVUPH 93

. { Q(7;, TRANS B }, { Q(8), 10SBx BI ) DRVUPY 94

LOGICAL  SPCULR DRVUPY 95

LOGICAL RADSH, TRNSOPT DRYUPY 95

DATA TT / 200., 300,, 500., 750., 1000., 1500., 2000., 3000,, DRVUPY 97

. S00C., 7000. / DRVUPM g8

DATA PI / 3.14159265 / DRYUPW 99

DATA 00 / 0.10, 10., 0.59, 0., 0., 0., 0.5 / VIS 1IN0

“~ cce eV 101
: e FILE NAMES DRVUPY 102
c * TAPE2 AND TAPE3 ARE IDENTIFIED IN PROGRAM DRVUPK WITH [T™TE DRVUPW 103

e AND LYMTE, RESPECTIVELY, DRVUM 104

e TTWTE (ALTAS YAPIN) ANG CTWTE (ALTAS TATOT! ARE READ AND  DRVUPW 105

o WRITTEN, RESPECTIVELY, BY SUBROUTINE TRANSE, RYUP 106

e * TAPES 1S WRITTEN RY SUBROUTINE UPWELL ARD READ BY PROGRAM  DRVUPN 107

. e DRYUPW, DRVUPR 108
cc READ OR OTMERWISE SET THE FOLLOWIWG PARNMETERS... pRYIPN 109

cc VAW 110

e PARMMETER 1N COMMON  DEFINED IN  READ/SEYT  COMMONT pRVUPW 111

0 mecceecer eecimann weeecmmme memaceme cmmawee YU 112

¢ KvIS AEROK SUB. AEROSC. R DRVUPW 113

24 KPTYRE AEROK SUB, AEROSOL R DRV 114

. e DRWPW 115

220
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RADSW

TRNSOPT

INFIL
10FIL
Pl
ERAD
DGTOR
RTOGG

IYRS
IMONS
IDAYS
7
PLAT
PLON
6C0
GL0

UPHALT
UPWLON
UPWLAT
NNADIR
NAZ1

MWAVE (5)

CLDFLS
M5™

DD{MSH)

SPCULR

WVFLAG
METHOD

)

IT™MTE
L™MTE
NMOLS
FACT

Bl INPUT FILE FOR STATISTICAL CIOUD MODEL
B2 OQUTPUT FILE FOR STATISTICAL CLOUD MODEL
C  EARTH RADIUS, KM

Dl DEGREES-TD-RADIANS

OPTINI
OPTION

PAR AMS
PARAMS
PARAMS
PARAMS
PARAMS
PARAMS

TIME
TIME
TIME
TIME
TIME
TIME

_—

UPWELS
UPWELS
UPWELS
UPWELS
UPWELS
UPWELS
UPWELS

veC
vPC

XY

XYZCOM
AYZCOM
XYZCOM
XYZCOM

ZHTEMP

SuUB.
SuB.

UPWELL
TRANS

DRVATH
DRVATM
DRVATM
DRVATM

SUB.
SuB.

SOLZEN
SOLZEN

DRVATM™
DRYATM

SUB.
SuB.
SUB.
SUB.
Sus.
SUB.
SuB.
SuB.
SUB.
SuB.

UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL

DRVATM
DRYATM

SUB.

Su8,
suB.
SuB.
SUB.

D2 RADIANS-TO-DEGREES

E  PROGRAM DRVATM FOR SUBROUTINES ATMOSU, SPCMIN, ETC.
F1 USED TO SEY PLAT
F2 USED 7O SET PLON

G SET BY DATA STATEMENT

Hl IGEALIY BUT MOT NECESSARILY SET TO PLAT
E2  IDEALLY BUT NOT NECESSARILY SET TO PLON

TRANS

TRANSB
TRANSZ
TRANS

SHELLS

I ALSO SEE SUBRCUTINE TRANSB

IN THE FOLLOWING SEVEN STATEMENTS, THE DSA MEANINGS ARE ...

=
(R RV AT RNV RV, ]

oo
v

o x>

(7 NV AV

wvr (DY)
mm

“ron

DRVUPW
DRVUPW
ORVUPW
DRVUPW
ORVUPW
DRVUPW
DRVUPW
DRVUPW
ORVUPW
DRVUPH
DRVUPW
DRVUTW
DRYUPW
DRYUPW
DRYUPW
DRVUIW
DRVUPH
DRYUPH
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPWN
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUFW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPN
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
125

137
138
139
140
141
142
143
144
145
146
147

167
168
169
170
17
172
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o QNAREA = NUMBER OF STORAGE ARFAS. DRVUPW 1723

cc QWAREA(1) = NUMBER OF WORDNS OF HIGH-SPEED MFMORY (SCM), DRVUPW 174

cc NOTE THAT THROUGH THE INITIALIZATION PERFORMED BY DRVUPW 175

0 SUBROUTINE QINITL, THE MAXIMUM NUMBER OF WORDS DRVUPW 176

cc AVATLABLE TN THE Q-ARRAY IS SET EQUAL TO DRVUPK 177

cc OWAREA(1). THUS THE LENGTH OF BLANK COMMON DRVUPW 178

3 cc ECUALS THE SuM OF QWAREA({1) AND THE NUMBER (89)  DRVUPW 179

k cc OF WORDS REQUIRED FOR THE BLANK-COMMON VARIAELES DRVUPW 180

3 o OTHER THAN Q. DRVUPW 181
v cC THE MINIMUM VALUE REQUIRED FOR QWARFA(1) MAY BE  DRVUPW 18?
cC DETERMINED BY NOTING THAT DRVUPW 183

cc (A) THE FIRST TWO WORDS AND THE LAST WORD IN THE DRVUPW 184

cC (-ARRAY ARE USED BY THE DSA SYSTEM. DRVUPW 185

] cc (B) EACH DATASET HFS A ZEROTH WORD. ORVUIPW 186

" cc (C) THE NUMBER OF WORDS USED BY THE Z-BLOCK DRVUPK 187
¢ DATASET 1S HARDWIRED TO BE 101 (SUBROUTINE  DRVUPW 188

e QINITL SETS QZ2SIZE=100, AND A 2FROTH WORD IS DRVUPW 189

B oo REQUIREDY. ONE MAY DETERMINE THE MINIMUM DRVUFW 130
cc S1ZE REQUIRED FOR THE Z-BLOCK BY NOTING THAT DRVUPW 191

(o TWO WORDS (A DATASET POINTER WORD AND A LINK DRVUPW 192

cC WORD) ARE REQUIRED FOR EACH DATASET AND ALSO DRVUPW 193

o ONE LIST HEADFR WORD FOR THE DATASETS ON A DRVUPW 194

cc L1ST. DRVUPW 195

cc IF TWO BANDS, EACH WITH TWO BAND INTERVALS, ARE  DRVUPW 196

cc USED FOR A SAMPLE PROBLEM, THEN DNE NEEDS DRVUPW 197

ce FOR TWN DATASETS-BN, e*(541)=12 DRVUPW 198

cc FOR FOUR DATASETS-BI, 4+(8+1)=136 DRYUPW 199

cc FIRST TWO AND LAST WORDS 07 0, =3 DRVUPW 200

v cc -8BLOCK, =16 DRVUPW 201
. cC ZERDTH WORD, 1 DRYUPW 202
oo DATASETS-EN, 147%2 = § DR VUPW 203

cC DATASETS-BI, 2*{1+2%*2)= 10 DRVLIPW 204

ce - DR VLIPW 205

e 2-BLOCK TOTAL = 16 DRVUPW 206

. ne .- DRVUPW 207
ce TOTAL WORDS =67 DRVUPW 208

cC USE OF NEAR-MINIMUM SIZES FOR THE 2-BLOCK AND FOR DRVUPW 209

cc OWAREA(1) IS HIGHLY RECOMMENDED WHEN ONT WANTS TO DRVYPW 210

cc USE PDUMF TO SEE WHAT 1S GOING ON IN BLANK DRVUPW 211

. cc COMMON . DRVUPW 21?2
N 3 cc QWAREA{?) = NUMBEP DF WORNS OF LOW-SPEED MEMORY (LCM), DRVUPW 213
e ONSIZE(1) = NUMBER OF WORDS IN SMALLEST GATASET, DRYUPW 214

o ODSTZE(2) = AN ASSIGNED VALUE OF ZERO IMPLIES THAT DATASETS  DRVUPW 21%

cc LARGER THAN THE LAST ASSIGNED INCREMENT WILL BE  DRVUPW 216

cc ALLOCATED THE EXACT NUMBER OF WORDS REQUIRED. DR VUPW 217

cc QFRLUN = LOGICAL UNIT NUMBER OF DEVICE USED FOR SYSTEM DRYUPW 218

-3 te ERROR MESSAGES. DRYLIPW 219
- i e QINITL = THIS SUBROUTINE INITIALIZES OTHER SYSTEM DRVUPW 220
: ce VARIABLES AND SETS UP THE FREE LIST. DRVLIPW 221

re DRVUPW 22?

ONAREA = 2 ORVUPW 221

QWAREA(L) = 2000 DRVUIPW 224

QWAREA(2) = 50000 DRVUPW 275

ODSIZF(1) = § DRVUPW 226

QDSIZE(2) = O DRVUPW 227

QERLUN = 6 DRVUPW 226

CALL QINITL DRVUPW e

230




cce

CC + * *+ INITIALIZE AMBIENT ATMOSPHERE AFTER SETTING PARAMETERS IN

cc TIME, VPC, AND ZHTEMP COMMONS.
: READ (5,315) IYRS, IMONS, IDAYS, IT, GCO, GLO
. WRITE(6,316) IYRS, IMONS, IDAYS, ZT, GCO, GLO
660 = GCO * PI / 180,
| L0 = 6LO * P] / 180.
PLAT « 5 * PI - GCO
PLGN = GLO
WVFLAG = 0. § METHOD = O $  TPFLAG = O.
CALL ATMOSU ( 1, 120. )
: eee
: CC * =+ INITIALIZE NATURAL CLOUDS.
cce
cC THE STATISTICAL CLOUD SUBMODEL OF TWE SAI/PA NATURAL CLOUD
e MODEL (NCM) HAS NOW BEEN INTEGRATED INTO THE UPWELLING
cC NATURAL RADIATION MONEL. {THERE 1S NO INTENTION OF INCORPORA-
cc TING THE DETERMINISTIC CLOUD SUBMODEL.) THE INTERFACE OF THE
cc UPWELLING NATUKAL RADIATION MODEL WITH THE NCM IS ACHIEVED IN
cC THO GENERAL STEPS. (1) A CALL (FROM THE DRIVER PROGRAM FOR
€ THIS UPWELLING NATURAL RADIATION MODEL) TO NCHM SUBROUTINE
cc CLOUDO WHICH READS DATA CARDS FOR THE STATISTICAL CLOUD SUB-
c MODEL AND (2) REPLACEMENT OF THE CALL FROM THE NCM DRIVER TO
¢ THE NCM SUBROUTINE SCLOUD BY A SET OF CALLS AND OPERATIONS IN
e SUBROUTINE UPKELL WHICH, IN THEIR TOTALITY, ADAPT THE ROLE OF
e SUBRCYTINE SCLOUD TO OUR SPECIAL NEEDS. A FLAG (CLDFLG), SET
cc BY A READ STATEMENT, HAS BEEN INTRODUCED SO THAT NATURAL
cC CLOUDS ARE IGNORED IF CLDFLG=0 AND ARE INCLUDED IF
ec (A) CLDFLG=1 AND (B) THE ALTITUDE ABOVE THE SURFACE AT WHICH
¢ THE UPWELLING RADIATION 15 COMPUTED IS AT LEAST 12 kM (THE
ce HIGHEST ALTITUDE OF THE TOP OF ANY OF THE STATISTICAL CLOUDS).
cee
READ {5,300) CLOFLG
WRITE{6,318) CLOFLG
- c * SET'PARAMETERS IN PARAMS COMMON,
INFIL =5 §  IOFIL = 6
ERAD = 6371.03
: , DGTOR = P] / 180, § RTODG = 1.0 / DGTOR
. ; cc « NOTE TMAT SUBROUTINE CLOUDO READS SEVEN CARDS, THE FIRST OF
: S c WHICH 1S FOR MODE=1 ,
£ IF( CLOFLG.EQ.1.0 ) CALL CLOUDO(MODE)
cee
1 ] CC * * * CREATE GATASETS BN AND BI AND SET WORDS.
'] cC WAVELENGTHS IN THESE TWO DATASCTS ARE IN MICRONS FOR SAT AND
- cc IN CENTIMETERS FOR GRC.
' : J=0
' 100 READ (5,320) ALAMI, ALAM?, W1, W2, LINT
g - c NEGATIVE WAVELENGTM DENOTES END OF BANDS.
| IF( ALAM1 .LT. 0. ) 6O T0 105
{ d=Jd+1
c DIMENSIONING LIMITS ALLOMED NUMBER OF BANDS TO & .

IF(J .GT. 5 ) GO TO i05

NWAVE(J) = LINT

IF( ALAM1 [EQ. 0. ) GO TO 102
BAND-LIMIT WAVELENGTHS ARE INPUT,

ALMIN = AMINY { ALAM1, ALAM? )

ALMAX = AMAX1 ( ALAM1, ALAM? )

231

DRYVIPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVLIPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRV, PW
DRVUPW
DRVUPY
DRVUPW
DRVUIPW
DRVUPW
DRVUPR
DRVUPW
ORVUPW
DR VUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPY
DRVUPW
DRYVUPW
DRYUPW
DRVUPW
DRYUPNW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
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232
233
234
235
736
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
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256
257
258
259
260
261
262
7263
264
765
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
28?2
283
284
28k
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QOO OO0

101

s¥sfalzisialel

102

CALL
BNLO
BNHI
WLO
WHI
D8N

D0 1

aaign o

CREATE THE 5-WORD DATASET-BN AND SET THE FIRST FOUR WORDS.
CREATE ( 5, NBN )

BN(NBN) = ALMIN

BN(NBN) = ALMAX

BN(NBN) = 1.E+04/BNHI BR(NBN)

BN(NBN) = 1.E+03/BNLC BN(NBN)
= { BNHI BN(NBN) - BNLO BN(NBN) ) / FLOAT(LINT)

WRITE(6,303) ALMIN, ALMAX, FLOAT(LINT), DBN,
* .

WLO BN{NBN), WHI BN(NBN)

LOOP DO-101 1S PATTERNED AFTER LOOP DO-700 IN GRC'S
PROGRAM ATKGEN.

01 I=1,LINT

CREATE THE 8-WORD DATASET-BI AMD SET THE FIRST SEVEN WORDS.

CALL CREATE ( 8, NBI )

BNLO BI(NBI) = BNLO BM(NBN) + FLOAT(1-1)*0BN
BNHI BI(NB1) = BNLD BI(NBI) + DP.

WLO  BI(NBI) = 1.F+04/BNH! BI(No )

WH1  BI(NBI) = 1.E+04/BNLO BI{NBI)

BKGND BI(NBI) = O.

TRANS BI(NBI} = 0.

TFLAG BI{(NB!) = 0.

IF(
1F (

CALL
CONT

CALL
GO T

WMIN
WHMAX
ALMI

1 .EQ. 1) TFLAG BI(NBT) = 1.
1 .GT. 1 .AND. T .EQ. LINT ) TFLAG BI(NBI) = 2.

ORVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPK
DRYUPW
DRVUPW
DRVUPW
DRVUPH
DRVUIPW
DRVYUPW
DRVUPM
DRVUPH
DRVUPW
DRVUPW
DR VU PW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW

SET WORD-5 OF DATASET-BN, LINRV BN{NBN), WHICH IS A POINTER TO DRVUPW

THE LIST HEADER FOR TdE DATASET-B1. THERE IS5, OF COURSE, A
DIFFERENT POINTER FOR EACH DATASET-BN. USE OF SUBROUTINE
PUTBOT MEANS TMAT THE HIGHEST WAVELENGTH (OR LOWEST WAVENUMBER
) IS ON THE BOTTOM OF THE LIST,

PUTBOT ( LINRV BN(NBN), NBI )

INUE

GET LBAND, THE POINTER TO THE LIST HEADER FOR DATASET-BN. IF
THE INPUT BANDS ARE ORDERED WITH RESPECT TO INCREASING VALUES
GF ALAMZ (ASSUMING ALAM? ,GT. ALAM1), THEN USE OF SUBROUTINE
PUTBOT MEANS THAT THE HIGHEST WAVELENGTH {OR LOWEST WAVENUMBER
) 1S ON THE BOTTOM OF THE LIST.

PUTBOT ( LBAND, NBN )
0 100

BAND-LIMIT WAVENUMBERS ARE INPUT.
= AMIN] ( W1, W2 )

= AMAX1 ( W1, W2 )

N = ], E+02/WMAX

ALMAX = 1,E+04/WMIN

CALL

CREATE THE 5-WORD DATASET-BN AND SET THE FIRST FOUR WORDS.
CREATE ( 5, NBN )}

BNLO BN(NBN) = ALMIN

BNHI
WLO
WH1
DWN

BN(NBN) = ALMAX
BN{NBN) = WMIN
BN{NBN) = WMAX
= ( WH] BN(NBN) - WLO BN(NBN) ) / FLOAT(LINT)

WRITE(6,303) ALMIN, ALMAX, WLO BN(NEN), WHI BN(NBN),

FLOAT(LINT), OwN

232

PRVUPW
ORVUPW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPHW
DRYUPH
DRVUPW
DRYUPW
DRVUPW
DPRYUPW
DRVUPW
DRYUPHW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPW
DRVUPW
DRYUPW
DRVUPW
DRYUPW
DRVUPK
DRVUPW
DRYUPW
DRVUPW
DRVUPW

287

3z7

3
334

339
340

343
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LOOP DO-103 1S PATTERNED AFTER LONP DO-702 IN GRC'S
PROGRAM ATKGEN.
DO 103 I=1,LINT
CREATE THE 8-WORD DATASET-BI AND SET THE FIRST SEVEN WORDS,
CALL CREATE ( B, NB[ )
WLO  BI(NBI) = WLO BN(NBN) + FLOAT(I-1)*DwN
WHI  BI(NBI) = WLO BI{NBI) + DWN
BRLO BI(NBI) = 1.E+04/wWNI BI(NBI)
BNHI BI(NBI) = 1.E+O4/WLO BI{(NBI)
BKGND BI(NBI) = 0.
TRANS BI(NBI) = 0.
TFLAG BI(NBI) = O,
IF( 1 .EQ. 1 ) TFLAG BI(NBI) = 2.
IF( T .6GT. 1 .AND. 1 .EQ. LINT ) TFLAG BI(NBI) = 1.

SET WORD-S OF DATASET-BN. USE OF PUTTOP MEANS THAT THE LOWEST
WAVENUMBER (OR HIGHEST WAVELENGTH) 1S ON THE BOTTOM OF THE
LIST.

CALL PUTTOP ( LINRV BN(NBN), NBI )

103 CONTINUE

[alnlalaY el

GET LHV (LBAND) FOR DATASET-B8N. IF THE INPUT BANDS ARE
ORDERED WITH RESPECT TO INCREASING VALUES OF W1 (ASSUMING W2
.GT. W1), THEN USE OF PUTTOP MEANS THAT THE LOWEST WAVENUMBER
(OR MIGHEST WAVELENGTH) 1S ON THE BOTTOM OF THE LIST.

CALL PUTTOP { LBAND, NBN )

G0 TO 100

105 NBANDS = MINO( J, 5 )

cce

CC * + » COMPUTE BAND-MODEL PARAMETERS AFTER SETTING PARAMETERS IN

cc

ccc

XYZCOM AND OPTION COMMONS NEEDED FOR SUBROUTINE TRANSE.
ITMTE = 2§ LTMTE = 3
READ (5,301) TRNSOPT
WRITE{6,304) TRNSOPT
CALL TRANSE ( LBAND )

CC * =+ INITIALIZE ATMOSPHERIC SHELLS AFTER SETTING PARAMETER IN

cc

cce

XYZCOM COMMON,
READ (5,300) FACY
WRITE(6,302) FACY
CALL SHELLS

€C » + + PREPARE TO CALL SUBROUTINE UPWELL BY SETTING NEEDED PARAMETERS

cC
cc

cc

cC

cc
cc

IN VARIOUS COMMONS,
* SET PARAMETERS IN AEROK COMMON,
READ (5,315) KVIS, KPTYPE
WRITE(6,317) KVIS, KPTYPE
* SET PARAMETER IN OPTINI COMMON,
READ (5,301) RADSW
WRITE(6,305) RADSW
* SET PARAMETERS IN UPWELS COMMON,
UPHALT = 0.0 § UPWLON = PLON $  UPNLAT = PLAT
READ (5,315) WNADIR, NAZI
WRITE(6.319) NNADIR, NAZI
* SET PARAMETER TN XYZCOM COMMON. NOTE MMOLS 1S KNOWN AS NMOLS
IN SUBROUTINE ATMRAD BUT AS NSPEC IN SUBROUTINE TRANS.
WOLS = 10

233

DRVUPW
DRYUPW
DRVUPW
DRVUPW
DR VUPW
DRYUPW
DRVUPW
DRVUPW
DR VUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DR VU P
DRVUPW
DRVUPW
DRVUPH
DRVUPW
DRYUPW
DRYUPY
DRVUPW
DRVUPY
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYUPY
DRVUPW
DRVUPW
DRVUPW
DRVUPH
DRVLIPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPN
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRV PY
DRVUPW




DRVUPW
DRVUPHW
DRVUPHW
DRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DR VUPW
DR YUPW
DRYVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRYYPW
DRVUPH
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPH
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPN
DRVUPK
CRVUPW
DRYUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPW
DRVUPK
DRVUPW

e * SET TWO OF THE PARAMETERS FOR SUBROUTINE UPWELL ARGUMENT LIST DRVUPW
READ (5,315) MSM
WRITE(6,321) MSM
SPCULR = .FALSE,
IF( MSM EQ. 2 } READ (5,301) SPCULR
WRITE(6,322) SPCULR
cce
CC * * * [DOP OVER BROAD BANDS WITH CALLS TO SUBROUTINES SETALT AND
cc UPWELL., THE PORTION OF TH1S LOOP THROUGH THE CALL TO
e SUBROUTINE UPWELL (BUT WITHOUT THE SUBSEQUENT PRINT) 1S
cc PATTERNED AFTER THAT IN THE GRC PROGRAM OLOOX.
¢ USE OF PREV IN STATEMENT LABELS 106 AND 107 MEANS THAT BOTH
e BANDS AND BAND INTERVALS ARE BEING PROCESSED IN ORDER OF
(o INCREASING WAVENUMBERS.
o ON THE FIRST CALL TO SUBROUTINE PREV, THE INPUT VALUE OF
C LKBAND 15 EQUAL TO LBAND, THE (1-FIELD) POINTER TO TME (2-
c FIELD) LIST HEADER FOR DATASET-BN, WHEREAS THE RETURN VALUE OF
c LHBAND IS THE LAST (3-FIELD) LINK-WORD FOR DATASET-BN AND THE
c RETURN VALUE OF NBN, THE DATASET-BN INDEX (OR PGINTER), 1S THE
o Q-ARRAY ADDRESS OF THE FIRST (NOT ZEROTH) WuRD OF DATASET-BN,
o SUCCESSIVE CALLS TQ PREV RETURN SUCCESSIVE LINK WORDS AS THE
C VARTABLE LHBAND UNTIL THE LAST CALL {(WHICH RETURNS Z2ERD FOR
C THE DATASET INDEX NBN) RETURNS THE (2-FIELD) LIST HEADER AS
C THE WORD FOR LHBAND.
J= 0
LHBAND = LBAND
106 CALL PREV ( LHBAND, NBN )
IF{ NBN .EQ. 0 ) 60 TO 110
J=J+1
IF(J .6T. 5) GO TO 110
120
c LBINT IS SAVED FOR CALL TO SUBROUTINE UPWELL.
LBINT = LINRV BN{NBN)
LINT = LINRV BN(NBN)
107 CALL PREV { LINT, NBI )
IF( NBI .EQ. 0 ) GO T0 108
1=1+1
IF( 1 .67, 10 ) GO TO 108
WH{1) = 0.5%{ WHI BI(NBI} + WLO BI(NBI) )
DW(1) = ABS( WHI BI(NBI) - WLO BI(NBI) )
C ALAM(T) AND DLAM(I) ARE USED ONLY IN PRINTING THE RESULTS SO
C THAT BOTH WAVENUMBERS AND WAVELENGTHS ARE READILY AVAILABLE,
ALAM(1) = 1.E+Da/WW(1)
DLAM(1) = ABS{ BNMI BI(NBI) - BNLD BI(NBI) )
GO TO 107
108 CONTINUE
NWAVE(J) = MINO( I, 10 )
NWAVE] = NWAVE(J)
cc * SET ARGUMENT-L1ST PARAMETERS FOR SUBROUTINE SETALT,
ALMAX = 1.E+04/( WW(1)-0.5*DW(1} )
ALMIN = 1.E+04/( WW{NWAVED)+D.5*DW{NWAVE]) }
ALMIN = AMAX1 { ALMIN, 2.0 )
ALMAX = AMIN] { ALMAX, 5.0 )
CALL SETALT ( ALMIN, ALMAX, J)
cc NOTE THAT SUBROUTINE SETALT OUTPUTS, THROUGH UPWELS COMMON,
ol NALT(J) AND ZKM(11,J).
cc * NOW READY TO CALL SUBROUTINE UPWELL.

oo

DRVUPW

a0}
an?
403
408
405
0%
407
408
a0
410
an
412
413
413
415
416
417
alg

420
LY
422
423
424
4725
426
427
428
429
430
431
232
433
434
435
436
437
438
439
420
441
447
443
444
445
a4s
487
448
449
a5n
45)
452
453
454
ass
a%h
1%
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REWIND 8 ORVUPH asg

- CALL UPWELL { MSM, DD, WW, DW, SPCULR, LBINT, J ) DRYUPM acg
3 tc DRVUPY 460

cc * + PRINT RESULTS. DRVUPW 461

REWIND 8 DRVUPW 462

WRITE(6,402) DRYUPW 443

402 FORMAT [1M1,42X,*UPNELLING RADIANCE RESULTS FROM PROGRAM DRVUPW*/1 DRVUPW 458

$X,4BX,33HIN UNITS OF WATTS/{CM**2 SR CM-1)) DRVUPW 465

WRITE(6,801) J, NWAVEJ DP VUOW 466

3 401 FORMAT {1HO,5X,8HJ=JBAND=,12,14H NWAVE{ M)=,13) DRVUPH 867

, 3 WRITE(6,406) (WW(L),ON(L),ALAM(L ), DLAM(L),L=1,NWAVE]) DRVUPW 468
! : 406 FORMAT (*0 FOR THE SPECTRAL QUANTITIES WE HAVE (FOR L=1,NWAVE)) DRVUPM 469
\ -8 CTHE OUARTETS WW{L), OW(L), ALAM(L), AND DLAM(L) =+/(5X,1P8E12,4)) DRVUPW 470
L WRITE (6,4D3) M3M DRVUPW 471

CY 203 FORMAT (1HD,5X,SHMAT =, 13} DRVUPH 47?

=0 DRVUPH 473

e =0 DRVUPW 474

RALTJ = NALT(J) DRVUPM 475

DO 475 11=1 NALTJ DRVUPW 476

WRITE(5,409) ZKM(11,2) DRVUPH arn?

209 FORMAT (1HO,5X,IOHALTITUDE =,F7.2,80 ¥M) DR VoW 478

o0 470 JJ=1,NNADIR BAVUPH 479

WRITE(6,804) ) DRVUPW 480

404 FORMAT (1HO,1X,*NADIR ) = *12} LRVUPH 481

READ(8) ( { UPRAD(KK,LL),KK#1,NAZI ), LL=1,NWAVEJ ) DR VUPW 182

WRITE(6,805) DRYUPK 481

405 FORMAT (&X,*NO CLOUDS*/2X,2'HAZIMUTH / WAVENUMBER . ,5X, 10HUPRAD(K L DRVUPW aga

$)) DRVUPH 485

cee DR VUPW 486

D0 480 KK=1,NAZl DRVUPK ag7?

WRITE(6.4075 KK,  ( UPRAD(KK,LL},LL=1,NWAVLJ ) DRVUPH ane

407 FORMAT (2X, I5 ,1PI0E12.3) DRVUPY 4gq

480 CONTINUE DR VUPW agn

cce DRVUPK 491

IF{ (CLDFLG .EQ. 0.0) .OR, (ZXA(I1.J) .LT. 12.0) ) GO TO 470 DRVUPW 432

READ(8) (((ROlD(KLLL‘,RO?S(KK,U_I.PO.‘O(KK.LU,RD‘;O(KK,LL), DRVUPW 493

b RI00(KK.LLYY, K¥=1 MAZDY, (=1 ,NWAVED) DRVUPW 434

WR1TE({6,605) DRVLUPW 495

605 FORMAT (1HO,3X,*WITH CLOUDS*/2X  2THAZIMUTY / We VENUMBER . 5X 64HARC DRVUPW 49¢.
tv(K,L), ROIOIK,L), RO25(K,L), ROSCIK, LY, ROPO{K,L), RI0O{x,L))} DRVIIFW 437

cce NRVUPw agp
IF ( Q) .£0. 1) 1CC =1CC + 1 IR VL PW 4a3

DO 680 XKk=1,NAZl DR VUIPW 500

WRITE(6,6070) KK, [ARCVA(ICC,d,LL),LL=1,NWAVED) DRV!IPW 501

WRITE(6,6071) KK, (RO10(KK,LL),LL =], NWAVED) DRVUOKW 567

WRITE(6,6072) KK, (ROZ5 (KX ,LL),LL=1,NWAVE]) DRVUPK 503

. WRITE(6,6073) XK, (ROSC{KK,LL),LL=1,NWAVED) ORYUPM 504
WRITE(6,6074) KK, (ROBOIKK,LL),LL=1 KWAVED!) DRVUPW 508

WRITE(6,6075) KK, (R100{KK,LL),LL=1 NWAVED) DRVUPW 506

6070 FORMAT (1x, 14 , 6H ARCV , 1P10E12,.4) DRVUPW Q7

5071 FORMAT (1X, 14 , 6H RO1C , 1P10F12.4) DRVUIPY 50

6072 FORMAT (1x, 14 , 6H RO25 , 1PIDEL2.8) BRVUPY 510

§073 FORMAT (1X, I4 _ 64 ROSO , 1P10E12.4) DRVU"W s10

£074 FORMAT {1X_ 14 _ 6% ROPY , 1P10£12.4) DRVUPW i

6075 FORMAT (i1x, 14 04 RIQ 1P10E12.4) DR VUIPW 617

680 CONTINUE R VUIPW £12

470 CONTINUE DRYLFW 514




a3 cce DRYUPW 515

v 3 WRITE(6,413) DRYUPW 516
E E 413 FORMAT (1HO,1X, *AZIMUTH-AVERAGED RESULTS*/3X,*NO CLOUDS*/2X,2IH N DRUPW 517

: SADIR / WAVENUMBER.,5X,13HUPRADA{1,J,L)) DRVUPN 518

DO 465 Jo=1,NNADIR DRVUPW 519

-4 WRITE(6,411) 03, { UPRADA(17,J,LL),LL=1,NWAVED ) DRVUPW 520

‘ 411 FORMAT (2X, 15 ,1P10£12.4) pRVUSW 521

! 455 CONTINUE DRVUPW 522

P cee DRVUPW 523

; IF({ (CLDFLG .EQ. 0.0) .OR. (ZKM{II,J} .LT, 12.0) } GO TO 475 poview 524

(" A WRITE(6,613) DRVUPW 525

613 FORMAT (1HO,3X,*WITH CLOUDS*/2X,21H NADIR / WAVENUMBER.,5X,B2HARC DRVUPW 526

< $VA(I,J,L), ROI0A(1,J,L), RO25A(I,J,L), ROSOA(I,o,L), RO9CA(I,J,L), ORVUPN  §27

i 3 $ R100A(I,J,L)) DRVUPW 528

A d v 1C = 1C + 1 DBRVUPW 529

- . DO 665 JJ=1,KNADIR DRVUPW 530
;' A WRITE(6,6110) JJ, (ARCYA(1C,J0,LL),LL=1,NWAVED) DRVUPN 531

; WRITE(6,6111) JJ, (RO10A(IC,J3,LL),LL=1,NWAVED) DRVUPM 637
g 3 WRITE(6,6112) 1), (ROZSA(IC, 3, LL),LL=1, NWAVED) DRVUPW 533
F, - WRITE(6,6113) 3, (ROSOA(IC,J0,LL),LL=1,NWAVE)) DRVUPH 534
3 WRITE({6,6118) JJ, (ROSOA(1C, )J,LL),LL=1,NNAVED) DRVUPW 535
WRITE(6,6115) JJ, (RI00A(IC,J0,LL),LL=1 ,NWAVED) DRVUPH 536

6110 FORMAT (1X, 14 , 6H ARCVA,1P10E12.4) DRVUPK 537

6111 FORMAT (1X, 14 , 6H ROIOA,1PI10E12.4) DRVUPW 538

6112 FORMAT (1X, 14 , 6H RO25A,1P10F12.4) DRVUPK 538

6113 FORMAT (1X, 14 , 6H ROSOA,1P10E12.4) DRVUPW 540

6114 FORMAT (1X, 14 , 6H RO90A,1P10E12.4) DRVUPW 541

6115 FORMAT (1X, 14 , 6H R100A,1P10E12.2) DRVUPW 542

665 CONTINUE DRYUPW 543

475 CONTINUE DRVIPN 544

cce DRVUON 645

WRITE(6,414) DRV:; DY 546

414 FORMAT (1H0,10X,*AZIMUTH- AND NADIR-AVERAGED RESULTS VS ALTITUDE®) DRVUPW 547

WRITE(6,415) DRVUR: 548

415 FORMAT (1M0,1X,*NO CLOUDS*/2X,17HALT / WAVENUMBER,,5X,*UPRADN{1,L, DRVUPW 549

$J)%) DRVUPW 550

DO 490 II=1 NALTJ DRVUPW 51

i WRITE(6,417) IXM(I1,0), ( UPRADN{II,li,J),LL=1,NWRVED )} DRVUPN 5852

3 417 FORMAT (2X,F7.2,1P10F12.8) DRVUPN 553

490 CONTINUE DRYUPN 554

cce DRVUPN 55§

: ] IF( CLOFLG .EQ. 0.0 ) GO TO 109 DRVUPW 558
; . IL=0 DRVUPW 657
] . WRITE(6,615) DRVUPW 558
K. ] 615 FORMAT (1HO,1X,*WITH CLOUDS*/2X ,17HALT / WAVENUMBER. 5X,*ARCVN(I,L DRVUPW 559
! - $), ROION(I,L), ROZSN(I,L), ROSON(1,L), ROGON(I,L), RIOON{I,L)}*) DRVUPM 560
j 1 DO 690 I1=1,NALT) DRVUPM 561
: 3 IF( ZXM(11,J) .LT. 12.0 } 60 TD 690 DRVUPH 562
| 1 IC =I1C +1 DRVUPW 563
;' : WRITE(6,6170) ZKM(11,J), ( ARCVN(IC,LL),LL=1,NWAVE] } DRYUPW 564
1 WRITE(6,6171) Zxm{11,J), ( ROLION(IC,LL),LL=],NWAVE) ) DRVUPW 565

4 3 WRITE(6,6172) ZXM(11,J), ( RO25N(IC,LL),LL=1,NWAVE) ) DRVUPW 566
) ] WRITE(6,6173) IXM{1i,J), ( ROSON{IC,LL),LL=1 MWAVE) ) DRVUPW 567
; : WRITE(6,6174) ZKM(I1,J), { ROSON(IC,LL),LL=1 NWAVEJ ) DRVUPW 558
: . WRITE(6,6175) 2XM(11,3}, { RIOON(IC,LL),LL=1,MWAVEJ ) DRVUPW 569
6170 FORMAT (1X, F6.2 , 6M ARCYN,1PI10E12.4) DRVUPW 570

6171 FORMAT (1X, F6.2 , 6H ROION,1P10F12.4) DRV 571
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b

6172 FORMAT {1X, F6.2 , 6H RO2SN,1P10F12.4)
6177 FORMAT (1X, F6.2 . 6H ROSON,1P10£12.4)
6174 FORMAT (1X, F6.2 . 6H ROSON.1P10E12.8)
6175 FORMAY (1X, F6.2 , 64 R100M,1P10E12.4)

90 CONTiNUE

109 €1 T0 106

110 CONTINUE

200 STOP
oo

300 FORMAT ( 8£10.0 )

301 FORMAT{L10]

307 FORMAT (IHO,1X, BHFACT =,F6.2)

303 FORMAT { 1P 6E15.5 )

304 FORMAT (IHO,IX, QHTRNSOPT =,12)

305 FORMAT (1HO,1X, 7HRADSW =,L2)

315 FORMAT ( 3110, 3£10.0 )

316 FORMAT (1HO,1X, GHIYRS =,13,7X,7HIMONS =

$T =,F6.3,4X,5HGC0 =,F8.3,3X.5HGLO =,FB.3}

317 FORMAT (1HO,1X, 6HKVIS =,12.7X,8HKPTYPE = 12)

318 FORMAT (1HO.1X. BHCLOFLG =,F3.0)

319 FORMAT (1HO,1X. BHNNADIR =.12,7X,GHNAZI = 1?)

320 FORMAT (4£10.0. 110)

321 FORMAT (1HO,1X, SH¥SM =,12)

322 FORMAT (1HD,iX, BHSPCULR =.12)

323 FORMAT [1H0,1X,5025)

END

FUNCTION ACCUM( ITYPE, X1, Xz, F1, F2, A, B )
Ll FURCTION ACCUM INTEGRATES BETWEEN X=A AND X=B A FUNCTION F(X)
cLd BI%IN AT TWO POINTS X1 AND X2 BY LINEAR, LOGARITHMIC, OR
Ll POwiR-LAW INTFRPOLATION, CORRESPONDING TO ITYPE=1,2,3 ,
cLd RESSECTIVELY. LINEAR INTERPOLATION [S ASSUMED IN CASE THE
Ll OTHER METHODS WOULD FAIL,
c

G0 TO(1,2,3), ITYPE

1 ACCUM = 5 /7 (X2 -X1)* (F2*((8B-2X1)**2.(A-Xl)"™2)

1 -FL* ((B-X2)"2 - (A-X2)"2))
RETURN
2 IF{Fl1*F2 {E, 0, )60 1
IF ( ABS{ 1. ~F1 /F2) .LT. 0.01 160 ™ 1
ALNR = ALOG( F2 / F1 )
ACCUM = F1 7/ ALNR * ( EXP{ ( B~ X1 ) /7 {X2-X])*AN) -
1 EXP{ ( A~ X1 ) /(X2 - X1 ) *» &SRR MY *(X2-1X1)
RETURN
3 IF (X1 % X2 .LE. 0. .OR. Fl * 2 .LE. 0. )60 TO1
EVAL = ALOG( F2 / FY ) /7 MOG[ X2 7 x1 )
IF ( ABS{ EVAL } .67. 10. } GO T0 1
ACCUM = F1 / (( EVAL + 1. ) * X1+*EVAL ) * { B*( EVAL + 1. )
1 Avv( EVAL + 1. ) )
RETURN
END
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13,7X,7HIDAYS = 13,7X,8HZ
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SUBROUTINE AERQSOL{ HCM,LAMDA,X¥SCT,XKABS,GBAR )

SUBROUTINE AERSOL COMPUTES ATTENUATION COEFFICIENTS FOR
SCATTERING AND ABSORPTION AND THE ASYMMETRY FACTOR (AVERAGE
COSINE OF THE SCATTERING ANGLE) DUE TC ATMOSPHERIC AEROSOLS.
THIS PROGRAM IS BASED DIRECTLY ON THE WORK OF E.F. SHETTLE AND
R.M. FENN OF AFGL AND USES A PORTION OF MATERIAL WHICH WILL
APPEAR IN A FORTHCOMING DOCUMENT (AFGL-TR-77-XXXX), *'MODELS OF
THE ATMOSPRERIC AEROSOLS AND THEIR OPTICAL PROPERTIES'' BY E.P.
SHETTLE AND © W, FENN,

IN SUBROUTINE AERSOL, THE WAVEI ENGTH REGION (S RESTRICTED TG 2-5
MICRONS AND PROPERTIES ARE PRESENTED FOR AVERAGE SEASONAL CONDI-
TIONS ONLY AND FOR ALTITUDES LESS THAN 100 KM, THE ALTITUDE
RECION FROM SEA LEVEL TO 100 kM 15 DIVIDED INTO FOUR REGIONS...

A BOUNDARY LAYER 0-2 XM
8 TROPO>: HERE 2-9 KM
C STRATOSPHERE 9-30 KM
D UPPER ATMOSPHERE 30-100 KM

IN THE TROPOSPHERE AND THE BOUNDARY LAYER REGION, PROPERTIES ARE
COMPUTED FOR ONE OF FIVE VISIBILITY RANGES {50.23,10,5,2 KM} AKD
IN THE BOUNDARY LAYER, FOR ONE OF THREE TERRAIN TYPES (RURAL,
URBAN, AND MARITIME). IN THE STRATOSPHERE A CONTRIBUTION FROM
VOLCANIC AEROSOLS IS ALSO ADDED T¢ THAT FROM BACKGROUND AEROSHLS.
THE ABSORPTION COEFFICTENTS ARE COMPUTED AS A PROOUCT OF A SCALE

DIFFERENT MODELS TIMES ATTENUATION COEFFICIENTS FOR THE
SCATTERING, ABSORPTION AND THE ASYMMETRY FACTOR AS FUNCTIONS OF
WAVELENGTH NORMALIZED YO THE EXTINCTION COEFFICIENT AT 0.55
MICRONS.

VERSION 1 OF THE VISIDYNE-SUPPLIEL AERSOL RQUTINE WAS RECEIVED ON
10/13/77. WE MAVE LEFT GBAR, THE ASYMMETRY FACTOR, IN ¥ni ARGU-
MENT LIST BUT HEVE COMMENTED OUT THE STATEMENTS WHICH EVALUATE
GBAR BECAUSE OUR TREATMENT OF AEROSOL TRANSMITYANCE DOES NOT USE
IT. OUR TREATMENT PROVIDES FOR ATTENUATION BY ABSORPTION AND
SCATTERING OUT OF THE BEAM BUT FOR NO SCATTERING INTO THE BEAM.
1T WAS OUR UNDERSTANDING THAT G.E.TFMPD (EWING, 10/18/77) ALSD
PLANNED TO ACCOUNT ONLY FOR SINGLE SCATTERING OF AEROSOLS (AS
OPPOSED TO ACCOUNTING FOR MULTIPLE SCATTERING WITHIN NUCLEAR
CLOUDS). ON THIS BASIS WE INTEGRATED SUBROUTINE AERSOL INTO QuR
UPWELL ING NATURAL RADIATION MODEL AND INTERFACED IT WITH THE GET
TRANSMISSION WODEL.

OUR COPY OF VERSIOM 2 OF AERSOL 1S DATED 2/13/78. WE HAVE UPDATED
OUR VERSION 1 WITH THE SUBSTANTIVE CHANGES IN VERSION 2 BUT DID
NOT INCLUDE THE NONSUBSTANTIVE CHANGES IN SPELLINGS.

NOTE...WE HAVE ALSO MADE CORRECTIONS PERTAINING TO THE SEARCHING
OF THE WAVELENGTH ARRAY [N DO-LO0PS 6, 7, 9, AND 10,
IF LAMDA=WAVE (121=5.0 MICRONS ERRONEQUS VALUES OF XKSCY
AND XKABS WOULD BE RETURNED TO THE CALLING PROGRAM,

VERSION 3 (08/29/78) PROVIDES...
1. THE ALTITUDE IN THE ARGUMENT LIST TO BE IN CENTIMETERS
INSTEAD OF KILOMETERS,
2. THE SCATTERING AND ABSORPTION ATTENUATION COEFFICIENTS YO BE
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IN 1/CM INSTEAD OF 17N,
VERSION 4 (01/13/79) PPOVIDES. . .
3, p TEST (2.0 .LE. LAMDA .LE. 5.0) FOR NONZERG VALUES OF THE
QUTPUT PARAMETERS.
NOTE.. . REVIEFD REPORT V1-401, THE COMPUTER MODEL FOR ATMOSPHERIC

AERSOL OPTICAL PROPERTIES, BY C.H. HUMPHREY, ™.E. GARDNER ,
E.P. SHETTLE, AND R.W. FENN, JURE 1978, WAS RECEIVED AT SAJ

13 pec 78, THE REVISED SUBROUTINE AERSOL IN THIS REPORT

CNRRECTS AN EARLIER ERROR WHICH LED TO ERRONCOUS RESULTS IF

LAVDASS .0 MICRONS. HOWEVER, SA1 HAS RETAINED 1TS OwWN
EARLCER, DITTCPENT CORRELTI ™. THE SAl CORRECTION ALSO
ALLOWS THE SUBROUTINE TO COMPUTE NONZERO ANSWERS FOR
LAWDA=2.0 MICRONS, N CONTRAST WITH THE vl VERSION.
INPUT PARAMETERS
ARGUMENT L1ST
HeW = ALTLTUDE ABOVE SEA LEVEL, CM
LAMDA = WAVELENGTH, MICRONS
AERQY, COMMON
kY15

= YISIBILITY RANGE PARAMETER {FOR H=0-3 M)

« 1 CORRESPONCS TO VISIBILITY RANGE = 5O KM
= 2 CORRESPONDS 70 VISIRILITY RANGE = 23 M
= 3 CORRESPONDS T YISIBILITY RARCE = 10 KM
= & CORRESPONDS TO VISIBILITY RANGE = 5 KM
+ § CORRESPONDS TO VISIRILITY RANGE = 2 ¥

KTYPE = TERRAIN PARAMETER {FOR H=0-2 KM}
s 1 TERRAIN = RURAL
< ? TERRAIN = URBAN

3 TERRAIN = MAR1TIME
OUYTPUT PARAMETERS
ARGUMENT L1ST
XKSCT = SCATTERING ATTENUATION COEFFICTENT, 1/CM
XKABS = ABSORPTION ATTENUATION COEFFICIENT, M

GRAR = FSYMMETRY FACTOR
VARIARIES N DATA ERRAYS

WAVE()) = WAVELENGTH ARRAY FOR ABSORB, ASYM, AND
SCAT ARRAYS,

ABSOBA{1,2),--»s = NORMAL1ZED ABSORPTION ATTENUATION

apscan{1) COEFFICIENTS.

ASYMA(1,3},..-s = ASYMMETRY FACTORS.

ASYMD{ 1)

SCATALL,dYseeey = NORMALTZED SCATTERING ATTENUATION

SCATD{ 1Y COEFFICTIENTS.

A,8,C, AND D SIGNIFY ALTITUDE REGIONS.

INDEX 1 REFERS YO WAVELENGTH ARRAY.

INDEX 3 REFERS TO AEROSQL TYPE FOR H=0-2 XM,

SCALMIY, Yl ¥ NORMALIZED SCALE FACTOR FOR ALTITUCE

SCALS(] REGIONS AS FOLLOWS...

1=A BOUNDARY LAYER
253 TROPOSPHERE

3,4=C STRATOSPHERE, VOLCANIC
=0 UPPER ATMOSPHERE

INDEX | REFERS TO A TITUDE. FOR REGIONS | AWD 2, SCAL 1<
OOUBLY DIMENSIONED WITH J REFERRING TO V1SI1BILTITY RANSE.

(ALTITUDE VALUES SPECIFIED th HITE ARRAY FOR REGION '

DIMENSION HXTE(4\.SCAL1(4.5).HAVEH'2‘. ,SCATAL 12,37,ABSOBAS 12,42,

239

AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
AERSDL
AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
ACRSOL
AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
AERSOL
AFRSOL
AERSOL
AERSOL
AFRSOL
AFRSOL
AERSOL
AFRSOL
AERSOL
AFRSOL
AFQSOL
AERSOL
AERSOL
AERG L
AERSOL
AERSOL
ATRSOL
AFRSOL
AERSOL
AFRSOL
RERSOL
AERSOL
aTREm
ATRSDL
AERSOL
ATRSOL
AERAOL
AESSOL
AERSOL
ATRAOL
AERSNL
AER QL
AERSOL
pERSOL
AERSTL
ATRSOL
ATRSTL
ATRSN,

59
60
61
52
62
&4
€5
66
67
62
&9
70
7n
72
73
14
7%
76
77
78
79
80
81
£2
2
B4
85
86
a7
88
g9
qn
o1
a2
33
°14
95
96

9¢

Q0
1nQ
1..
107
1«
104
108
10

108
109
117
111
11?
12

11e



1 SCATB(lZ),ABSOBB(lZ), SCATC(12,2), AERSOL 11€

2ABS08BC(12,2), SCATD(12),ABSOBD(12), AERSOL 117

3 sCaLz(s 2) SCAL3(22) SCAL4{22), SCN_S(IS\ AERSOL 118

e DIMENSION LSYHA(I? 4), AS"B'I?) ASYMC(12,2), ASYMD{1Z) AERSOL 119
COMMON/AEROK / KVIS, KPTYPE AEROXO 2

REAL LAMDA AERSOL 121

! DATA(WAYE(1),121,12)72.0,2.25,2.5,2.7,3.0,3.2,3.392,3,5,3.75,4.0,8 AERSOL 122
1.5,5.0/ AERSOL 123
DATA(HHE(I) 1-1,4;70.6,1.0,1.5,2.0/ - AERSOL 124
DATA(SCALY(I,1),1=1, I)/E 95€-2,2.58€-2,1.61£-2,9.70E-3/ AERSOL 125
DATRA{SCAL1{1,2),1=1,4)/1,.57€-1,9.90€-2,7.92E-2,6.21E-2/ AERSOL 126
DATA{SCALI(1,3),1~1,4)/3,726-1,3.72€-1,3.72E-1,6.21€-2/ AERSOL 127
DATA{SCALY(1,4),1=1,4)/7 57E-1,7.57€-1,7.57€-1,6.21E-2/ AERSOL 128
DATA(SCALY(1,5),1=1,4)/1.88,1.88,1.88,6.21E-2/ AERSOL 129

: DATA{SCATA(I,1),1=1,12}/1. JIZE-I,l 140£-1,1.016€-1,7.835¢-2, AERSD . 130
18.330€-2,9.339€-2,9.251E-2,9.398t-2,9.394E-2,9.001E-2 AERS.L 131
28.011E-2.7.672E~2/ AERSL. 132
DATA{ABSOBA(I1,1),1=1,12)/2.763E-2,2.894E-2,2.932E-2,6.559€E-2, AERSOL 133
13.696€-2,2,046E-2,1,979E-2,1.583E-2,1.357E-2,1 . 465E -2, AERSOL 134
22.219¢-2,2.033E-2/ AERSOL 135

cC DATA(ASYHA(I 1),1=1,12)/.715,.7306,.7459, 7863, .7714,.7491, . 7456, AERSOL 136
CC  1.7316,.7337, 7390 7560 .7636/ AERSOL 137
DATA(SCATA(! 2}, 1=1 12)/1 129€-1,9.8336-2,8,758E-2,7.286E-2, AERSDL 138
17.209€-2,7 STZE 2, 7.383E- 2,7. SOOE-Z 7.258E- 2,6. 939~ 2, AERSOL 139
16.220E-2,5.900E- 2/ AERSOL 140
DAYA\ABSOBA(X 2},1=1,12}/1.339€-1,1,240€-2,1.157€-1,1,288E-1 AERSOL 141
l.1.075E-1,9.3¢6E—2.8.9665-2,8.610(-2,8.%3&2,7.739E-Z. RERSOL 142
27.A74E-2,6.824E-2/ AERSOL 143

cC DATA(ASYMA(1,2),1=1,12)/.649,_6609,_6730,.6900,.5937,.6894, AERSOL 144
CC  1.6907,.6841,.6887,.6943,.7099,.7193/ AERSOL 145
DATA(SCATA(I,3),1=1,12}/7.159¢-1,6,772€6-1,6.0936-1,4,399¢-1, AERSOL 146
13,271E-1,4.594¢-1,5.670€-1,5,849E-1 ,5,645¢E-1,5.289E-1, AERSOL 147
24.520E-1,4.072E-1/ AERSOL 148
DATA{ABSOBA(1,3),1=1,12)/1,380E-2,1 062€-2,2.125E-2,9.134-2, AERSOL 149
13.327€-1,2.208E-1,8.004E-2,4.164E-2,1.718E-2, 1, 985E-2, AERSOL 150
24,247€-2,3.660E-2/ AERSOL 151

< OATA(ASYMA(T,3}),1+1,12}/.7857,.7931,.8114, 8611, .B205,.7724 AERSOL 152
CC 1,.7448,.7413,.7475,.7530,.7630, . 7645/ AERSOL 152
DAYA (SCAL2{1,1),1=1,8) / 9.70€-3,9.256-3,8,32E-3,7.08E-3,5.63E-3, AERSOL 154

1 4,26E-3,2.39E-3,1,40E-3 / AERSOL 155

DATA [SCAL2(1,2),1=1,8) / 6.21E-2,3,09E-2,1.53€-2,7.08E-3,5.63F~3, AERSOL 156

i 4.26£-3,2,29€-3,1.40-3 / AERS0L 157
DATA(SCATB(1),1=1,12}/6,761E-2,5.005E-2,3, 797€-2,2.650E -2, AERSDL 158
12.394¢-2,2,350€-2,2.133¢E-2,2, 174¢- 2,1. 838~ 2,1, 564¢- 2, AERSOL 159
21.159€-2,8,487E- 3/ AERSOL 160
DATA(ABSOBB(I) 1=1,12)/1.092¢-2,1,146€-2,1.1576-2,3,891E-2, AERSOL 161
11,589-2,6.769E-3, 6.481¢- 3,4. 826E- 3,4, o17¢. 3,4, 34360 3, AER SOL 162
27.013¢-13, 16,233~ 3/ AERSOL 163

cc DATA(ASVFE(I) I=1,12)/.5828,,5688,.55¢1,,5427,.5305, AERSOL 164
€€ 1.5236,.5166, 5089 4999, l910 0739 4614/ AERSOL 165
DATA (SCAL3(1), 1= »22) I 1.408-3,9. GlE-‘ 7.57E-4,6.53E-4,5.70E-4, AFRSOL 166

1 5.44£-4,5,19€6-4,5,12¢-4,5.136-4,5,41E-4,5.37€-4,5.07E-4 AERSOL 167

2 4,286-4,3,586-4,2.71€- 4.1 94€-4,1, 41[-!.1 03E-4,7.87E~ 5 AERSOL 168

3 5.946-5.4.665 5,3.32€-5 / AERSOL 169
DATA (SCALA(i),1= 1,22) / 1.40E-3,1,62€-3,1.95€-3,2.33€-3,2.77€~3, AERSOL 170
1 2.89€-3,2.92E-3,2.74E-3,2.46E-3,2,10E-3,1.71E-3,1,35E-3, AERSOL in
21.09E-3,8,60E-4,6.608-4,5.15E6-4,4,106-4,3, 2064, 2. 51€-4, AERSOL 172
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32,108-4 |1,24E-4,7 .60E-5/ AERSOL 173

DATA{SCATC(I,1),1=1,12)/4,055¢-2,2,5706-2,1.560€-2,9.308E-2, AERSOL 174
16.321€-5,6.003E-3,6,274£-3,6,232E-3,5,103E-3,4.030¢-3, AERSOL 175

22.420€-3,1 449E-3/ AERSOL 176
DATA(ABSORC(1,1),1~1,12)/1.282€-3,1.5746-3,2.894E-3,4,_030€-3, AERSOL 177
15,878£-2,7.671€-2,8.300€-2,7,917E~2,6,019E-2,5.391E-2, AERSOL 178

28.552€-2,4,132E~2/ AERSOL 179

e DATA(ASYMC(1,1),121,12)/.3223,.2686,.2233,.1916,.1580, 1416, KESOL 180

CC  1.1299,.1242,.1108,.0983,.0780, .0629/ AERSOL 151
DATA[SCATC(1,2),1=1,12)/1.353€E~1,1,0206~1,7 ,792E-2,6.343¢E-2, AERSOL 182
15.126€-2,4.262E~2,3.761E-2,3.435€-2,2.913E-2,2.394E- 2, AERSDL 183

21,7756-2,1.208E-2/ AFRSOL 184
DATA(ABSOBC(1,2),1=1,12)/1.019€-2,8.668E-3,8.429E-3,8.424E-3, AERSDL 185
19.4936-3,9,.361£-3,7.431E-3,6,5376-3,4.879E-3,3.487E-3, AERSOL 186

23.186€-3,3 347E-3/ AERSOL 187

R cc DATA{ASYMC{],2),1=1,12)/.556]1,5255,.4958, 4729, 4401, .41965,. AERSOL 188
. ¢C  14015,.3915,.35699,.3490,.3125,.2773/ AERSOL 189
3 DATA{SCATO{1),1=1,12)/4_B22E-1,4,160€-1,3,574€E-1,3.162E-1, AERSOL 190
12.645€-1,2.367E-1,2. 1476-1,2.0426-1,1,845¢-1,1.700€-1, AERSOL 191

21.509£-1,1.378E-1/ AERSOL 192
DATA(ABSOBO({1),1=1,12)/6.161E-2,7.5395-2,8.943€-2,1,005E-1, AERSOL 193
11,161€-1,1.254E-1,1.331E-1,1,368E-1,1,.435€-1,1 472E-1; AERSOL 194

21.4636-1,1.3736-1/ AERSOL 195

la DATA(ASYMD(1),1=1,12)/.6989,,.7046,.7099,.7133,.7159, . 7155, AERSOL 196

€C  1.7134,.7116,.7058,.6986, 6827 ,.6687/ AERSOL 197
DATYA{SCALS(T),1=1,15)/3.32E-5,1.65¢€-5,8.00£-6,4.026-6, AERSOL 198
12.10€-6,1.09€-6,5.7R€-7,3.05€~7,1.60E-7,6.95£.8,2.90E-8, AERSOL 199

21.20£-8,5.10€-9,2.156-9,9.30E-10/ AERSOL 200

€ AERSOL 201

c AERSOL 202

¢ AERSOL 203

1F( (LAMDA .GE. 2.0) .AND. (LAMDA .LE. 5.0) } 60 YO 1000 ALRSDL 204

WRITE(6,900) LAMDA AERSOL 205

900 FORMAT (1X,*SUBROUTINE AERSOL HAS BEEN ENTERED WITH LAMDA =1PE12. AERSOL 206
$5*, WHICH 1S OUTSIDE THE ALLOWED RANGE (2.0 TO 6.0 MICRONS).*/* 1€ AERSOL 207
$RO-VALUES HAVE BEEN ASSIGNED TO THE OUTPUT PARAMETERS XKSCT AND XK AERSOL 208

SABS.*) AERSOL 209

60 T0 11 AERSOL 210

1000 CONTINUE AERSOL 211
H = 1.06-05 * HCH AERSOL 212

IF(H LT, 0.) STCP AERSGL 213

IF{ H.6T.100. ) 60 TO 11 AERSOL 214

IF( H.6T, 30. ) 60 TO 4 AERSOL 215

IF( H.6T, 9.0 ) 60 TO 3 AERSOL 216

IF{ H.6T. 2,0) & TO 2 AERSCL 217

C AERSOL 218
C ALTITUDE=0-2 KN AERSOU 216
c AERS0L 220
1 00 8 J=2,4 AERSOL 221

IF( H.GEMITE(J) ) B0 TO 8 AERSOL 222
COMON=(H-HITE(J-1))}/{HITE(J)-HITE{JI-1)) AERSOL 223
ASCAL=SCALY(J-1,KVIS)-(SCAL1(J-1,KVIS)-SCALY{J,KV]S) }*COMON AERSOL 224

60 TO S AERSOL 225

8 CONTINUE AERSOL 226

IF( H.EQ.2.0 ) ASCAL = SCALI(4 . XVIS) AERSOL 227

5§ 006 Jx2,12 AERSOL 228

1F( LAMDA . GT.WAVE(J) ) 60D TO & AERSOL 229
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COMON (L AMNA-WAYE(J-11 )/ IWAVEL - WAYE(J-1)) AERSMHY 23
XKSCT=SCATAL J=1 KPTYREY-{ SCATAY I} XEYYPEV.SCATA( D KPTYPEY ) #00MIN  AERSH: o

XKABS=ASS03A{ 3.1 KPTYPE ). (ABSOBA( 1-1 XPTYO{\.ABSORA[ ) KPTYRPI V) ATRSD 21
1*{0oM0N KEPSOL n

cc GBAR=ASYMA! )1 KFTYOO . 2SWMA 1) XPTYPEV-ASYMA! S KPTYDE ) \e( MY ASRSD_ 2
60 0 100 AERSOL 23

6 CONTINUE &ER 3N 23

¢ REQYNY 227
C ALTITUDE=2-9 Ku REPSOL 23%
4 ACRIOL 720
2 IM=h.1.0 ACRSYL 287
HI=THa] AERSOL 241

J =2 AERSOL 2az

IF0 EVIS.EQ.I Y J =] ATRSD ze3

TF{ H,KE.9.0 ) 60 TC 12 AERSOL 248

ASCAL = SCAL2/6 ) ATRSQL 24¢

60 10 13 AERSOL 226

12 ASCAL = SCALZ2IIM V- {SCALZ{TH, JV-SCAL2! THe], 2) vl N1 AERSOU 28°

13 D0 7 J=2,12 AERSOL 248
IF{ LAMDA GT.WAVE(J) ) GO TO 7 AFRSAL 249
COMON=LAMDA-RAVE{ )1 )/ (WAYES DV-MAVE({ J-1)) AERSOL 25%
XKSCT=SCATB{ -1 - £ SCATBI J-11-SCATB( 2} )+ OMON AEPSOL 252

XK RRS=ABSOBS [ J-1)-(ABSOBB(I-1)1-ARSOBS! 3) ) eCOMON ATRLOL 252

e GBAR=ASY™B!{ )-1)- (ASYMB(J-11-ASYME[ I} +COMON AERSOL 253
GO TO 100 AERSOL )

7 CONTINUE AERLOL 255

C AERSOL 256
O ALTITUDE=9-30 KM ATROOL 287
¢ LA 252
3 14=H-8.0 ATQSDL z58a
H1=TH+8 ATRSD, 260

IF{ H.NE.30. ) 60 TD Y4 ATRSGL 261

FBS = SCAL3(22) AFQSOL 262

YOLC = SCAL4{22} AERSD: 263

GO ™ 15 ATRSD 264

14 FRG = SCALI/HY-{SCALI[IHY.SCALT/THeI Yerp Ut ATRSAL EL33
VOLC=SCALA{ TN - {SCALA/ THILSCAL AL THel I+ MoK AEE SN 26

15 00 8§ J=2,12 ALQSOL 767
17T LAMDA GT.WAVE!JY ) 60 TD ¢ AERSO: 26¢
COMON= ! LAMOA-WAYE! J- 1117 WAVEM DV WAVEC Jui 1D | 133408 262

TSI =SEATI -1, 11 SCATCI J-1, 1 - SCATL 21 )\ +COMOR AERSOL 7T
XKSCT2=STATCI -1, 2 )~ {SCATCI -1 2V~ S0ATE 1, 2V b DMK ATTSOY !
YKARST=4BS0AC()-1,1)-TARSABS (1] 1. ARSARE D ] 1Y YLDy AFC SO 217
AKABS2=AESN8C( J-1,2)-(ARSOBC(J-1,2)~ABSOBC (], 2 Y=COMON AFRSL 273
XKSCT=XCSE Y *F BG+XKSITZ4yOL" AEQ SO 278
XKARS=XXARS1*FBG+XKABS2*OLL AERSOL 2%

¢ GBAR1=ASYMC(J. 1,1 - ASYMC/ 0] 1V ASYMC] 3 1) i en0MmOy ATRSAL »7E
cc GBARZ=ASYMC(J_1, 2V {ASYIC )1, 2V -ASYMC (2 D) Ve QMON ATOSOL 277
ce GBAR= (XK SCTI®GIART +XKSCTZGBAR2 Y /1 XKSLTI4XKSTT2Y ATRSDL e
60 TD 105 AFRSDL 279

9 CONTINUE AEQSCL 783

c AFQSQY 28!
C ALTITYUDE 1% GREATER THAN 30 K AR SO 287
C AfRSO: 293
4 [H=[{M_30.0}/5.0}+1.01 AERSN, 282
HI={TH*R Y425 AR SN 282

IF{ HONE IO0, ¥ 60 TO 16 AERED PRE
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ASCAL = SCAL5(15) AERSOL 227

GO TO 17 i AEPSOL PRE

16 ASCAL = SCALS(TH)-(SCALS{IHY-SCALS!TH+1))*(H-HI)/5.0 AERSOL ?B9

17 o 10 9=2,12 AERSNL 240
IF{ LAMDA,GT.WAVE(D) ) GO T0 10 AERSOL 291
COMON={LAMDA-WAVE(J-1)}/(WAVE())}-WAVE(J-1)) AFRSOL 292
AKSCT=SCATD( )-1Y- {SCATR(J-1Y-5CATD{ J) Y*COMDN AFRSOL 293
XKABS=ABSOBD{J-11- (ABSORD(J-1)-ABSOBO( I} Y =COMON AZRSOL 294

cC GBAR=ASYMD{J-1)-(ASYMD(J.1)~ASYMD({.)) 1 *COMON AERSOL 295
60 T0 100 AERSOL 294

10 CONTINUE AER SOL 297
100 XKABS=XKABS*ASCAL AERSOL 262
XKSCT=XKSCT*ASCAL AERSOL 299

G0 YO 105 ATRSOL 300

11 XkABS = 0.0 AERSOL 301
XKSCT = 0.0 AFRSOL 10?7

cc GBAR = 0.0 AERSOL 303
105 XxABS = 1.0E-05 * XKABS AERSOL 3na
XKSCT = 1,0E-05 * XKSCT AERSOL 305
RETURN AERSOL 306

END AERSOL 307
SUBROUTINE AGAGEN{HA1,GC1,GL1,AZP1,GA?1,HA?,GC2,6L2) AGAGFOD 2

cee AGAGED 3
C SUBROUTINE AGAGEO {A MODIFIED HARC ROUTINE), GIVEN THE AGAGED 4
C GEOGRAPHIC COORDINATES OF POINT 1, THE AZIMUTH AND EARTH-CENTRAL AGAGEQ 5
ANGLE OF POINT 2 WITH RESPECT TO POINT 1, AND THE HEIGHT GF AGAGED 6

POINT 2, PROVIDES THE GEOGRAPHIC COORDINATES OF POINT 2. AGAGED 7

cce AGAGEN 2}
C INPUTS FROM CALL STATTMENT AGAGEQ 9
C HAl = ALTITUDE OF POINT 1, (M AGAGEC 10
C GC1 = COLATITUDE OF POINT 1, RADIANS AGAGED 1
c GL1 = EAST LONGITUDE OF POINT 1, RADIANS AGAGED 1?
C R22) = AZIMUTY ANGLE OF POINT 2 RELATIVE TO PO'NT 1. RADS AGAGED 13
o GA?1 = GEOCENTRIC ANGLE OF POINT 2 RELATIVE T¢ NT 1, RAD AGAGEG 14
C HA? = ALTITUDE Of POINT 2, (M AGAGED 15
C OUTPUTS AGAGED 16
C 302 = COLATITUDE OF POINT 2, RADIANS AGAGEQ 17
o GLZ = EAST LONGITUDE OF POINT 2, RADJANS AGAGFD 18
cce AGAGED 19
DATA PI,RE / 3.141592653590,6.37103E+08 / AGAGED 20

cce AGAGED 21
IF( GA21.£Q.0.0) GO 7O 100 AGAGED s

Rl = RE+HAl AGAGEQD 23

R? = RE+HA? AGAGED 24

SR12 = SQRT(RI*R] + R2*R? - 2 *R1*RZ*COS(GAZ1)) AGAGED 25

IF( SR12,EQ.0.0 ) GO TO 100 AGAGED 26

SINXI = R?*SIN(GA21)/SR12 AGAGEQ 27

COSXT = (SR12##7 + Ri*#7 . R2**2)/(2_*SR12+*R], AGAGED 28

XI = ATANZ( SINX],COSX! ) AGAGEN 29
HALFP] = »1/2. AGAGED 30

EL2]1 = A1-HALFPI AGAGEQ 31!

CALL REATAN(SRI?,EL21,A221,XE,YN,ZV) AGAGEN kY

CALL TANGEQ(HA1,6C1,GL1,XE,YN,ZV HA22,GC2,GL2) AGAGEN 12

99 RETURN AGAGFN 34
100 GC2 = GC1 AGAGED kS
GL2 = GLD ARLAREN IR

GO T 7% AGAGKN 37

END AGAGEQ 39




SUBROUTINE ATMRAD { LOGIC, ISHELL, XFRAC, DS, LBINT ) ATMRAD 2
C ATMRAD 3
C *ATMRAD* COMPUTES THE ATMOSPHERIC VOLUME EMISSION ON AN OPTICAL ATMRAD 4
c PATH. ATMRAD 5
C ATMRAD 6
CLd  INPUT PARAMETERS ATMRAD 7
CLd ARGUMENT LIST ATMRAD 8
CLd LOGIC = LOGICAL VARIABLE ATMRAD 3
cL = .TRUE. ON FIRST ENTRY FROM SUBROUTINE TRNSCO ATMRAD 10
CL) (RND 15 RESEY TO .FALSE. IN ATMRAD). ATMRAD 1
cL = _FALSE, ON SUBSEQUENT ENTRIES ALONG THE SAME PATH ATMRAD 12
CLJ ISHELL(1) = INDX(I) IN CALL FROM TRNSCO ATMRAD 13
CLd ISHELL(2) = INDX(1+1) IN CALL FROM TRNSCO ATMRAD 14
CLd ISHELL(3) - USED IN EVALUATING THE LOGICAL VARIABLE TEST. ATMRAD 15
cLd WILL TYPICALLY BE EQUAL TO INDX(1+2), A POSITIVE ATMRAD 16
cLJ QUANTITY EXCEPT ON THE LAST CALL TO ATMRAD WHEN ATMRAD 17
cu THE LAST PATH-SEGMENT 1S BEING YREATED A1 WHICH ATMRAD 18
cLd TIME TSHELL[3) WILL BECOME EQUAL TO INDX(NC+1) ATMRAD 19
CLd WHICH HAD BEEN SET TO O IN SUBROUTINE STEP. ATMRAD 20
(Al XFRAC!1) = XFRACS(1) IN CALL FROM TRNSCO ATMRAD 2]
cu XFRAC(2) » XFRACS(I+1) IN CALL FROM TRNSCO ATMRAD 22
CLd NOTE... TO UNDERSTAND THE VALUES AND USES OF ATMRAD 23
CLd XFRACS(1), RECALL THAY THE TOTAL PATH HAS NC-1 ATMRAD 24
CLd SEGMENTS ANG NC ENDPOINTS OF THESE SEGMENTS. ATMRAD 25
CLd XFRACS(1) (I=1,NC) 1S THE WEIGHT ASSOCIATED WITH ATMRAD 25
i THE I-TH ENDPOINT AFPROPRIATE FOR FINDING AT THAT ATMRAD 27
CLd POINT THE LINEARLY-INTERPOLATED VALUE OF ATMRAD 28
CLy PARAMETERS -- SUCH AS TEMPERATURE AND PRESSURE ATMRAD 29
CLd (OR EVEN ALTITUDE) -- WHICH ARE SPECIFIED AT THE ATMRAD 30
CLd TWO SHELL BOUNDARIES ADJACENT TO THE I-TH ATMRAD 3
cLa ENDPO INT. ATMRAD 32
(WY FOR VERIFICATION OF THIS INTERPRETATION, SEE THE  ATMRAD i3
(R USAGE OF XFRAC(1) AND XFRAC(2) IN SUBROUTINE ATMRAD 34
Ll ATMRAD FOR OBTAINING ALTITUDE AND TEMPERATURE AT  ATMRAD 35
CLd FRONT AND BACK OF CELL DS. THE SAME CONCLUSION ATRAD 36
CLJ MAY BE DRAWN FROM THE USAGE OF XFRACS({1) AND ATMRAD 37
CLJd XFRACS(2) IN SUBROUTINE PATH, ATMRAD 38
cLy CONSIDER A HYPOTHETICAL EXAMPLE WITH HSHELL(I)=0., ATMRAD 39
CLd 1.,2,,3. FOR 1=1,2,3,4 AND A5-DEGREE PATH FROM ATMRAD 40
CLy ALTITUDE 1.9 TO 2.9 KM. THEN NC=3 AND WE HAVE THE ATMRAD 1]
CLd FOLLOWING VALUES FOR THE ARRAYS, ATMRAD 42
cLd T DS(I)  XFRACS(I) INDEX(I) ATMRAD 43
CLd = e—mmces memccecme meeseno ATMRAD 44
CLJ 1 0.0 0.1 2 ATMRAD a5
CLJ 2 0.1434 1.0 3 ATMRAD 46
cLd 3 1.2728 0.9 4 ATMRAD a7
CLd 4 1.0 0 ATMR AD 48
CLy ATMRAD 49
cLl DS = DS(I+1) IN CALL FROM TRNSCO ATMRAD 50
L) NDTE... 1T IS ALWAYS TRUE THAT DS{1)=0 AND ATMRAD 51
(R DS{NC+1)=-1., WHERE NC 1S THE NUMBER OF PATH ATMRAD 52
L) SEGMENTS PLUS ONE, ATHMRAD WILL NOT BE CALLED ATMRAD 53
(] WITH 1=NC. (Cm) ATMRAD 54
cL) LBINT =~ WORD NO. 5 IN GRC'S DATASET-BN (NO. 114). ATMRAD €5
cul STRICTLY, LBINT IS THE POINTER (I.E., CONTAINS THE ATMRAD 56
CLd (Q-ARRAY) ADDRESS) FOR THE LIST HEADER OF THE ATMRAD 57
cw BAND- INTERVAL DAT.SETS-B! CORRESPONDING TO ATMRAD 58
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cLy DATASET-BK. ADRAD 59

CLd XYZCOM COMMON ATMRAD 60

L) FACT = PATH RESOLUTION FACTOR CONTROLLING THE NUMBER OF ATMRAD 61

CLd ALTITUDES AND SPACING USED IN SUBROUTINE SHELLS.  ATMRAD 62

CLy SET IN DRIVER PROGRAM, HERE IN SUBROUTINE ATMRAD, ATMRAD 63

; €L FACT IS USED TO SET TOL, WHICH 1S USED TO TEST ATMRAD 64
t 3 CL TEMPERATURE DIFFERENCES ACROSS CELLS. ATMRAD 65
} CLJ HSHELL (J) = ALTITUDE BOUNDARY, CM (J=1,NS) (HSHELL(1)=0.) ATMRAD 66
[ T${J) = TEMPERATURE AT ALTITUDE BOUNDARY J, DEG K ATMRAD 67

A cLd U(1,N,2) ~ CUMULATIVE VALUE OF PATH PARAMETER U (AREAL ATMRAD 68
CLJ DENSITY) FOR TEMPERATURE-INOEX I AND SPECIES N AT ATMRAD 69
f (L) END OF LINE SEGMENT DS, CM AT STP ATMRAD 70
Ly UP{1,N,2) = CUMULATIVE VALUE OF PATH PARAMETER UP [PRODUCT OF ATMRAD 71

cLJ U ARD PRESSURE P} FOR TEMPERATURE-INDEX 1 AND ATMRAD 72

cL) SPECIES N AT END OF LINE SEGMENT DS, ATM-CM ATMRAD 73

CLJ AT STP FOR U AND UP (I=1,2 , N=1,10) ATMRAD 74

CLd NMOLS = NUMBER CF SPECIES. SET IN DRIVER. ATMRAD 75

cwl LTMTE = BINARY FILE CONTAINING THE BAND-MOOEL PARAMETERS  ATMRAD 76

Ll WHICH WERE DERIVED IN SUBROUTINE TRANSB FROM THE  ATMRAD 77

CLa BASIC 5-(1/CM)-RESOLUTION DATA, HERE IN ATMRAD 78

; cu) SUBROUTINE ATMRAD, FILE LTMTE IS REWOUND FOR USE  ATMRAD 79
. CLJ IN SUBRQUTINE TRANS. ATMRAD BO
3 cud OPTION COMMON ATMRAD 81
cLd TRNSOPT - LOGICAL VARIABLE AFFECTING COMPLEXITY OF MOLECULAR ATMRAD 82

(4 TRANSMITYANCE CALCULATION (SEE SUBROUTINES TRANSE ATMRAD a3

CLJd AND TRANS). IN SUBROUTINE ATMRAD, TRNSOPT S USED ATMRAD 84

CL) ONLY IN THE ARGUMENT LIST FOR THE CALL TO ATMRAD a5

CLy SUBROUTINE TRANS. ATMRAD 86

cLld DATASET B1 (BAND- INTERVAL DATASET, NO. 115) ATMRAD 87

CLd Q(1) = BNLO BI = LOW WAVELENGTH FOR WAVELENGTH-BAND- INDEX ATMRAD 88

CLy J, MICRONS ATMR AD 89

. cL) 0(2) = BNHI B] = HIGH WAVELENGTH FOR WAVELENGTH-BAND- ATMRAD 90
3 Ll INDEX J, MICRONS ATMRAD 91
cLy Q(3) = WLD BI = LOW WAVENUMBER FOR WAVELENGTH-BAND- INDEX ATMRAD 92

CLJ J, CM-1 ATMRAD 93

CLJ Q(4) = WHT BT = HIGH WAVENUMBER FOR WAVELENGTH-BAND- ATMRAD 94

CLJ INDEX J, CM-1 ATMR AD 95

CLJ  OUTPUT PARAMETERS ATMRAD 56

CLa DATASET BI ATMRAD 97

L Q{5) = BKGND BI = IN-BAND RADIANCE TO BACK OF CELL DS, ATMRAD 98

cLJ WATTS/(CM*+2 SR BAND) ATWRAD 99

cLl Q(7) = TRANS Bl = PRODUCT OF MOLECULAR AND AFROSOL ATMRAD 100

=Y TRANSMITTANCE TO BACK OF CELL DS ATMRAD 101

CL) Q(8) = IDSBX Bl = CUMULATIVE AEROSOL TRANSMITTANCE TO ATMRAD 102

CLl BACK OF CELL DS ATMRAD 103

cLd w+x NOTE *** THIS IS THE SECOND OF TWO TEMPORARY USES OF ATMRAD 104

cL) *+*  WORD-B (AND NOT THE GRC DICTIONARY USE OF ATMRAD 105

CLd ere  WORD-B8). HERE, 1T 1S USED TO CARRY ATMRAD 106

CLa *+++ INFORMATION TO SUBROUTINE UPWELL. ATMRAD 107

L ATMRAD 108

CLJ  WE ALSD NOTE, FOR COMPLETENESS OF DATASET BI, ATMRAD 109

CLy Q(6) = TFLAG BI - SEE SUBROUTINE TRANSB FOR DEFINITION.  ATMRAD 110

CLy ATMRAD 1

COMMON QNAREA, OWAREA(10), QFREHD, ONDTST, QNLNKS, QISIZE, ATMRAD 112

1 ONZBLK, QZHEAD, QCOUNT{30), QDSIZE{10}, ONSTZE, QLURIT(10), ATMRAD 113

2 QERLUK, QFBITS(2,10), 0{1) ATMRAD 114

COMMON / XYZCOM / ITMTE, LTMTE, NS, HSHELL(B1), TS(81), PS(8l), ATHRAD 115
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CcLJ
CLJ
CLJ
Ll
€L
cL)
cLd
L
CLl
Ctd
L
CLd
(4]
CLJ
Ly
CLy
(L

CLJd
CLJ
cLa

(]
(W]

CLJ

1 XNSPEC(81,10), u{10,10,2), UP(10,10,2), NMOLS,
2 FACT
COMMON / OPTION / TRNSOPT

DIMENSION TAU(10), ABC(10), ISHELL(3), XFRAC(2)

DIMENSION BNLO BI(1), BNHI BI(1), WLO BI(1), WHI  BI(1),
* BKGND BI(1), TFLAG BI{1), TRANS BI(1), IDSBX BI(1)
DIMENSION TDST BX(1), DELTS BX(1), ABCLD BX{1), UWRB BX(1),
-

AKABS BX{1)

EQUIVALENCE { Q(1), BNLO 81 ), ( Q(2), BNHI Bl ),
* ( Q(3), wLo  B1 ), ( 0(4), WHI  BI )},
* ( Q(5), BKGND 81 ), ( Q(6), TFLAG BI },
* ( 0(7), TRANS B! ), ( Q(8), 1DSBX BI )

EQUIVALENCE ( qQ{(1), TDST BX )}, ( Q{2), DELTS BX )},
* ( Q(3), ABCLD BX ), ( Q(4), UWB BX ),
- { Q(5), XKABS BX )

DATASET-BX USED HERE IN SUBROUTINE ATMRAD 1S A TEMPORARY
FIVE-WORD DATASET WHICH SHDULD NOT BE CONFUSED WITH THE
FIFTEEN-WORD DATASET-BX (NO. 118) USED IN THE GRC DICTIONZRY
OF DATASETS.
DATASET-BX PROVIDES VARIOUS PROPERTIES AT THE FRONT OF THE
CURRENT CELL DS,
Q(1) = TDST BX = CUMULATIVE AEROSOL TRANSMITTANCE TO
FRONT OF CURRENT CELL
Q(2) = DELTSBX = LENGTH OF LAST CELL {OR CELLS) IF IT (OR
THEY) WAS (OR WERE) SKIPPED OVER BECAUSE
TEST = .TRUE. , CM
Q(3) = ABCLDBX = OPTICAL DEPTH AT FRONT OF CURRENT CELL,
DIMENSTONLESS
0(4) = UVRB BX = MOLECULAR ABSORPTION COEFFICIENT AT
FRONT OF CURRENT CELL DS, 1/CM
0(5) = XKABSBX = AFROSOL ABSORPTION COEFFICIENT, 1/CM

LOGICAL TRNSOPT, LOGIC, TEST

L1 = ISHELL(1)
L2 = ISHELL(2)
HSF,HSE AND TFRONT,TBACK ARE, RESPECTIVELY, THE ALTITUDES
AND TEMPERATURES AT THE FRONT AND BACK OF THE CURRENT CELL DS
CORRESPONDING TO 0S(141), C™ AND DEG K
1F ( LOGIC ) HSF = XFRAC(1) & HSHELL{L1) + ( 1. - XFRAC(1) ) =
s HSHELL(L2)
HSB = XFRAC(2) * HSHELL(L2) + ( 1, - XFRAC(2) ) * MSMELL{L1)
1F ( LOGIC ) TFRONT = XFRAC{1) * TS(i1) + ( 1. - XFRAC(1} ) =
s T8(L2)
TBACK = XFRAC(2) * TS{L2) + { 1, - XFRAC(2} ) = TS{L1}
SET FILE POSITION FILPOS FOR USE IN SUBROUTINE TRANS.
FILPOS = 1.€4
TEST = .TRUE. PROVIDED THE TEMPERATURE CHANGE ACROSS A CELL IS
LESS THAN ONE PERCENT (FOR THE STANDARD ATMOSPHERIC SHELL
SPACING SET BY FACT=1) AND PROVIDED IT 15 NEITHER THE FIRST
WOR LAST CALL TO ATMRAD.
wxx NOTE *#**+  GRC {IN PROGRAM ATKGEN) SETS FACT TO 10.0 IF
TRNSOPT = TRUE.
TOL = 0.01 * SORT{ FACT )
TEST = ABS{ TFRONT - TBACK )}/ TFRONT ,LT. TOL .AND.
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(4]
cLa

CLl
(A
CLd
CL)
(W)
CLd
CL

CLJ
o]
cLd
cLl

(of 1]
CLd

Ll
CLd
CLd
cud

CLd
cLl
(M ]

[aNel

(4
cuw

cLd
(W]
cLy
L)
L
CLa
cLo

n

$

ISHELL(3) .6T. D .AND. .NOT. LOGIC
LOOP OVER SPECTRAL BAND- INTERVALS IN INCREASING WAVENUMBERS.
LINT = LBINT
CALL PREY ( LINT, J)
IF (J .EQ. 0 ) GO T0 10
CREATE A 5<WORD DATASET WITH INDEX JJ. (IN OTHER WORDS, JJ IS
THE ADDRESS OF THE FIRST OF THE FIVE WORDS.)
iF ( LOGIC ) CALL CREATL ( 5, JJ )
CALL TO DSPWRD RETURNS ADDRESS, INSBX BI(J) (WHICH IS STORED
AS WORD-B OF DATASET-BI), OF DSP WORD FOR THE GATASET-BX WMOSE
FIRST-WORD ADDRESS IS J3 (ALL FOR EACH J). (IN OTHER WORDS,
10SBX BI{J) 1S THE POINTER TO THE DSP WORD FOR THE DATASET-BX,
) THIS IS THE FIRST OF TWO TEMPORARY USES IN THIS ROUTINE OF

WORD-8 OF DATASET-BI., HERE IT 1§ USED AS A POINTER TO THE DSP
WORD FOR THE TEMPORARY DATASET-BX.

1F { LOGIC ) CALL DSPWRD ( JJ, IDSBX BI{J) )

IF [ LOGIC ) TRANS BI(J) = 1.

IF ( LOGIC ) B*"ND BI{J) = O.

IF ( LOGIC ) TOST BX(JJ) = 1.

IF ( LOGIC ) ABCLD BX(JJ) = O

CALL TO INDWRD RETURNS IN JJ THE INDEX (FIRST-WORD ADDRESS)
FOR THE DATASET-BX FOR WHICH THE POINTER TO ITS DSP WORD
{ZEROTH-WORD ADDRESS) IS STORED IN IDSBX Bi(J) (WORD-8 OF
DATASET-BI).

1F ( .NOT. LOGIC )} CALL INDWRD { 1DSBX BI(J}, 43 )

WDL = WLO  BI{J)

WDH = WHI  BI(J)

W= 5w ([ WOL 4 WDH )
SET MEAN WAVENUMBER W FOR CALLING PLANCK AND MEAN WAVELENGTH
WAVEL FOR GA'' TNG AEROSOL.

WAVEL = 1.E4/N
DELTSBX(JJ) WILL NORMALLY EQUAL DS BECAUSE THF OLD DELTSBX{J.J)
WAS INITIALLY ZEROED BY THE DSA SYSTEM AND SUBSEQUENTLY ZEROED
AT THE END OF EACH PASS THROUGH ATMRAD, EXCEPT WHEN
TEST = .TRUE,

DELTS BX(JJ) = DELTS BX{JJ) + DS

1F { LOGIC ) CALL AEROSOL( HSF,WAVEL,XKSCA XKABS BX{JJ),GBAR )

CALL AEROSOL( HSB,WAVEL,XXSCA,XKABS,GBAR )
XKEXT IS THE AEROSOL EXTINCTION COEFFICIENT [1/CM) AT BACK OF
CURRENT CELL AND TDST IS THE AEROSOL TRANSMITTANCE TO THE BACK
OF CURRENT CELL

XKEXT = XKSCA + XKABS

TOST = EXP( -XKEXT * DS ) + TOST  BX(J))
COMPUTE INCREMENTAL RADIANCE WHEN TEMPERATURE
CHANGE 1S MORE THAN ONE PERCENT AT STANDARD PATH RESOLUTION

IF { TESTYGD TO 5
NOTE THAT SUBROUTINE TRANS RECEIVES THE ARRAYS U(I,N,2) AND
UP{I,N,2) AS U(I,N,1) AND UP{I.N,1).

CALL TRANS { 10, 1, U{3,1,2), UP{1,1,2), X1, WDL, WDK, TAU, ABC,
3

TNEW, TRNSOPT, FILPOS )
NOW HAVE. ..
ABC = OPTICAL-DEPTH ARRAY T0O BACK OF CURRENT CELL FOR
SPECTES N=1,10
TNEN = MOLECULAR TRANSMITTANCE TO BACK OF CURRENT CELL
TAU = MOLECULAR TRANSMITTANCE ARRAY TO RACK OF CURRENT
CELL FOR SPECIES N=1,10  (UNUSED HERED
RESET TNEW TO BF THE PRODUCT OF THE MOLECULAR AND AFROSDL
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cLy TRANSMITTANCE TO BACK OF CURRENT CELL (DS) ATMRAD 230
TNEW = TNEW * TDST ATMRAD 231
ABCNEW = O, ATMRAD 232

tw COMPUTE OPTICAL DEPTH FOR ALL SPECIES, ABCNEW, 10 BACK OF ATMRAD 223

cL CELL DS, ATHRAD 234
D0 3 N=1,NMOLS ATMRAD 23%

3 ABCNTM = ABCMEW + ABC(N) ATMRAD 236
ABCNEW = AMAX1{ ABCNEW, ABCLD BX(JJ) ) ATMRAD 237

C ACCUMULATE SPECTRAL RADIANCE AND TRANSMISSION ARRAYS ATMRAD 238

cL UVRS = MOLECULAR ABSORPTION COEFFICIENT, 1/CM (NORMALLY ATMRAD 239

cLd FOR CELL DS) ATMRAD 240
UWRB = ( ABCNEW - ABCLD BX(JJ) ) / DELTS 8X(JJ) ATMRAD 241
IF ( LOGIC ) UVREB BX{JJ) = UWRS ATMRAD 247
BBODYF = PLANCK( TFRONT, W ) ATMRAD 243
BBODYB = PLANCK( TBACK, W ) ATMRAD 244

cLy COMPUTE IN-BAND RADIANCE TO BACK OF CELL DS BY AVERAGING OVER ATMRAD 245

cLd PATH SEGMENT DS WITH LOGARITHMIC INTERPOLATION. THIS STEP IS ATMRAD 246

cLl VERY IMPORTANT, THE FACTOR (WDH-WDL) CONVERTS FROM SPECTRAL  ATMRAD 247

cLy TO IN-BAND RADIANCE. ATMRAD 248
BKGND BI(J) = BKGND B1/J) + ACCUM{ 2, O., DS, ( UVRE BX{JJ) + ATMRAD 249

4 XKABS BX(JJ) )*BBOOYF+TRANS BI{J), ( UYRB + XKABS )* ATMRAD 250
$ BBODYB*TNEW, 0., DS ) * { WOH - WOL ) ATMRAD 251

CLJ SET VALUE OF MOLECULAR AND AEROSOL TRANSMITTANCE TO FRONT OF ATMRAD 252

CLa NEXT CELL FOR NEXT CALL TO ATMRAD, ATMRAD 253
TRANS BI(J) = TNEW ATMRAD 754

cL THE COLLOWING TEST IS FOR THE LAST CELL. THE CALL TO DSTROY  ATMRAD 255

(oI REMOVES DATASET-BX AND ITS DSP WORD, (THE INDEX JJ AND THE  ATMRAD 256

cLJd DSP WORD FOR DATASET-BX ARE SET TO ZERD, THE SIX WORDS USED ATMRAD 257

cL) BY DATASET-BX ARE REGARDED AS FREE BY THE SYSTEM, THOUGH THEY ATMRAD 258

cL) HAVE NOT YET BEEN ZEROED.) INVOKE SECOND TEMPORARY USE OF ATMRAD 259

cL WORD-8 OF DATASET-BI BY SETTING IT EQUAL TO TOST. ATRAD 260
IF { ISHELL(3) .EC. O ) CALL DSTROY { JJ ) ATMRAD 261
IF {ISHELL(3) .EN. 0 ) CALL XMIT(1,TDST,IDSBX BI(J)) ATMRAD 262
IF (ISHELL(3) .E0. 0 ) &0 TO 2 ATMRAD 263

cLl ZERD THE PATM-SEGMENT LENGTH, WHICH 15 ALWAYS DONE UNLESS ATMRAD 264

CLJ TEST = ,TRUE.  ALSO, SET PROPERTIES AT FRONT OF NEXT CELL ATMRAD 265

CLl FOR NEXT CALL TO ATMRAD,.. ATMRAD 266

cuw ABCLD BX(JJ) = OPTICAL DEPTH ATMRAD 257

cLy XKABS BX(JJ) = AEROSDL ABSORPTION COEFFICIENT ATMRAD 268

tLJ UVRB BX(JJ) = MOLECULAR ABSORPTION COEFFICIENT ATMRAD 269

cLy TOST BX(J)) = AEROSOL TRANSMITTANCE ATMRAD 270
DELTS B4(JJ) = 0. ATMRAD 271
ABCLD B£(JJ) = ABCNEW ATWRAD 272
XKABS BX{JJ) = XKABS ATMRAD 273
UVRB BX(JJ) = UWRB ATMRAD 274

5 TDST BX(JJ) = TDST ATMRAD 275
60 T0 2 ATHRAD 276

¢ ATMRAD 277
10 IF ( YEST ) 60 TO 11 ATMR AD 278
REWIND LTMTE ATMRAD 279
HSF = HSR ATWRED 280
TFRONT = TBACK ATMRAD 281
11 LOGIC = .FALSE. ATRAD 282
RETURN ATMRAD 283
END ATMR AD 284
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FUNCTION CANGLE{PILAT,PILON,PZLAT, P2LON) CAMGLE 2
cee CANGLE 3
¢ FUNCTION CANGLE COMPUTES THE EARTH-CENTRAL ANGLE, CANGLE, CANGLE a
c BETWEEN THE TWO CENTRAL RAYS TO POINTS P1 AND P2, GIVEN THE  CANGLE 5
c LATITUDE AND LONGITUDES OF POINTS P1 AND P2. CANGLE 6
cce CANGLE 7
c INPUT PARAMETERS CANGLE 8
t ARGUMENT LIST CANGLE 9
4 PILAT - NORTH LATITUDE OF POINT P1, RADIANS CANGLE 10
c PILON - EAST LONGITUDE OF POINT P1, RADIANS CANGLE 11
(o P2LAT - NORTH LATITUDE OF POINT P2, RADIANS CANGLE 12
I PZLON - EAST LONGITUDE OF POINT P2, RADIAMS CANGLE 13
c QUTPUY PARAMETER CANGLE 14
¢ CANGLE - EARTH-CENTRAL ANGLE BETWEEM RAYS TO POINTS CANGLE 15
c Pl AND P2 CANGLE 16
tee CANGLE 17
¢ CONSIDER THE SPHERICAL TRIANGLE P1-N-P2, WHERE N 1S AT CANGLE 18
c THE NORTH POLE. CANGLE 19
cce CANGLE 20
SINSIN = SIR(PILAT)*SIN(P2LAT} CANGLE 21
£0SC0S = COS(PILAT)*COS(P2LAT) CANGLE 22
ALPHAC = AZOS( SINSIN + COSCOS*COS(P2LON-PILON) ) CANGLE 23
CANGLE = ALPHAC CANGLE 24
RETURN CANGLE 25
END CANGLE 26
FUNCTION DOT ( X, Y ) DoT 2
c potT 3
c *DOT* FORMS THE DOT PRODUCT OF TWO VECTORS. poT g
c 0ot
DIMENSION X(3), ¥(3) DoT 6
DOT = X(1) * Y(1) + X(2) * ¥{2) + X(3) * ¥(3) 00T 7
RETURN poT 8
END ooT 9
FUNCTION ERF(X) ERFF 2
C ERF 1S THE ERROR FUNCTION, BASED ON THE RATIOMAL-ATPROXIMATION ERFF 3
c FORMULA 7.1.2.6 IN THE NBS APPLIED MATH. SERIES NO. 55 (BUT  ERFF 4
c WITH CONSTANTS REDUCED TO SEVEN DIGITS). ERFF 5
c ERFF 6
Y =1.0 ERFF 7
IF(ABS(X)-4.0) 1,1,2 ERFF 8
17 = 1.0/7(1.40.3275911*ABS(X)) ERFF 9
Y &1, - ({{(1.061405%T - 1,453152)*T + 1,421414)#T - 0.2844967)*T ERFF 10
1 + 0.254R296 ) *T*EXP(-X*X) ERFF 1]
2 ERF = SIGN(Y,X) ERFF iz
RETURN ERFF 13
END ERFF 14
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. SUBROUTINE ESURF(THI,THR,PST,7KM MSM DO, SPCULR,ZLAM, IDAY, IFIRES,  ESURF 2
3 * ESURF1,SFR,EPSD,TKS) ESURF 3
K e ESURF 4

c SUBROUTINE ESURF PROVIDES THE BIDIRECTIONAL REFLECTANCE ESURF 5

c DISTRIBUTION FUNCTION (BRDF), DIRECTIONAL EMISSIVITY, AND E£SURF 6

c TEMPERATURE OF THE EARTH'S SURFACE AT THE INTERSECTION POINT  ESURF 7

c OF THE OPTICAL LINE-OF-SIGHT. SINCE THE SURFACE CATEGORY IS  ESURF 8

¢ NOT AUTOMATICALLY CORRELATED WITH THE GEOGRAPHIC POSITION, ESURF 9

c THE USER MUST SELECT CNE OF THE SEVEN CATEGORIES PROVIDED. ESURF 10

cce ESURF 11

¢ INPUT PARAMETERS ESURF 12

¢ ARGUMENT LIST ESURF 13

c THI = ZENITH ANGLE OF SOURCE (E.G., SUN OR FIREBALL) AT ESURF 14

. c INTERSECTION POINT, RADIANS ESURF 15
c WHEN SUBROUTINE SURRAD IS CALLED FROM SUBROUTINE  ESURF 16

c UPWELL, AS IT IS IN THE NBR MODULE, THI IS SET IN ESURF 17

c SURRAD TO AN ARBITRARY (NON-PHYSICAL) VALUE OF ESURF 18

c ~3.0 FOR NIGHTTIME CONDITIONS. ESURF 19

C THR = ZENITH ANGLE OF LINE-OF-STGHT AT INTERSECTIGN ESURF 20

. c PO:NT, RADIANS ESURF 21
¢ PSI = AZIMUTH ANGLE (AT INTERSECTION POINT) OF VERTICAL ESURF 22

c PLANE THROUGH LINE-DF-SIGHT, MEASURED RELATIVE TO ESURF 23

c THE SOURCE PRINCIPAL PLANE (1.E,, VERTICAL PLANE  ESURF 24

c THROUGH SOURCE RAY), A VALUE OF PSI=0 CORRESPONDS ESURF 25

1 c TO FORWARD SCATTERING, 1IN RADIANS ESURF 26
c FOR NIGHTTIME CONDITIONS, PSI IS SET TO -1.0. SFE ESURF 27

c COMMENT ABOVE FOR THI. ESURF 28

o ZxM = ALTITUDE OF SURFACE, KM ESURF 29

3 c MSM = INDEX FOR CATEGO®Y OF SURFACE MATERIAL. ESURF 30
4 c = 1, LAMBERTIAN DIFFUSE SURFACE WITH SPECTRALLY- ESURF 3
! c INDEPENDENT REFLECTANCE SET BY DD(1) AND ESURF 32
c EMISSIVITY BY (1.-DD(1)). ESURF 3

c = 2, WATER ESURF 38

i c = 3, SNOW ESURT 35
. c = 4, SAND ESURF 36
: c =5, SOIL ESURF 37
b o = &, FOLIAGE ESURF 38
R c = 7, URBAN MATERIAL ESURF 39
4 c DD(M) = ADDITIONAL DESCRIPTOR FOR SELECTED SURFACE ESURF 40
C MATERTAL . ESURF a1

c FOR M = 1, (IAMBERTIAN SURFACE), DD{1) = DIFFUSE ESURE 47

C REFLECTANCE. TYPICAL VALUE IS 0.10 ESURF a3

c FOR M = 2, (WATER), DD(2) = WIND SPEED, M/SEC. ESURF a4

C FOR M = 3, (SNOW), DD(3) = SNOW-AGE PARAMETER, ESURF 45

c OD(3).GE.0, .AND. .LE.1.  VALUES OF O. AND 1. ESURF 4

c CORRESPOND TO NEW AND OLD SNOW RESPECTIVELY.  ESURF a7

C FOR M = 4,56, DD(M) NOT USED. ESURF &g

C FOR M = 7, (URBAN MATERTAL), DD(7)=DEGREE-OF -URBANIZATION, ESURF 4q

C DO(7).GE.O. .AND. .LE.1. FOR DD(7) = O., THE ESURF 50

c SPECTRAL BROF CORRESPONDS TO A FLAT SURFACE ESURF 1

c WITH AVERAGE DIRECTIONAL-REFLECTAHCE PROPERTIES ESURF 52

. c OF CONCRETE AND ASPHALT. FOR DD(7) = 1., THE  ESURF 53
c SPECTRAL BRDF CORRESPONDS TO A DIFFUSE ESURE 54

C REFLECTOR MULTIPLIED BY A SHADOW-FACTOR ESURF 1

C S{THI,THR) = { COS(THI) + COS{THR) )/2. ESURF 56

c SPCULR = LOGICAL PARAMETER ESURF 57

¢ = _TRUE. COMPUTE COORDINATES OF SPECULAR EsiRF 58
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c REFLECTION POINT ESURF 59
c = _FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR ESURF £0
o REFLECTION POINT £SURF 61
. o ILAM = WAVELENGTH, WICROMETERS ESURF 62
C IDAY = INDEX FOR DAYLIGHT CONDITIONS AT POINT P ESURF 63
c =0 IF SOLAR ZENITH ANGLE .GT. 90 DEGREES £SURF 64
c =1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES ESURF 65
: C IFIRES = FLAG FOR INCLUSION OF FIREBALLS ESURF 65
o =0 IF NO FIREBALL 1S BEING CONSIDERED gsunr 67
c WHICH 1S ALWAYS THE CASE IN THE NBR MODULE, ESURF 68
C .GT. 0 IF FIREBALLS ARE BEING CONSIDERED ESURF 69
¢ ESURF1 = LOGICAL PARAMETER ESURF 70
¢ = .TRUE. IF ESURF IS CALLED FOR THE FIRST TIME FROM ESURF 71
C SUBROUTINE SURRAD AND BOTH EPSD AND TXS ESURF 72
C ARE WANTED IN ADDITION TO SFR AS QUTPUTS, ESURF 73
¢ WHICH IS ALWAYS THE CASE IN THE NBR MDDULE ESURF 74
C = ,FALSE. IF ESURF IS NOT BEING CALLED FOR THE FIRST ESURF 75
C TIME FROM SUBROUTINE SURRAD AND A RECOMPU- ESURF 76
¢ TATION OF EPSD AND TXS IS NOT NEEDED, A ESURF 7
t POSSIBILITY WHICH OCCURS ONLY IF £ SURF 73
c SUBROUTINE SURRAD IS USED AS A UTILITY £ SURF 79
C ROUTINE WITH FIREBALLS AS SOURCES. ESURF 80
cce ESURF 81
c ATMOUP COMMON ESURF 8?
c TT = AMBIENT ATMOSPHERIC TEMPERATURE AT ALTITUDE ZKM.  ESURF 83
cce ESURF 84
o OUTPUT PARAMETERS ESURF 8%
< ARGUMENT LIST ESURF 86
C SFR = FSUBR(M,DD{M),ZLAM'THI, THR,PSI) £ SURF 87
. ¢ = BIDIRECTIONAL REFLECTANCE DISTRIBUTION £SURF B
t FUNCTION, 1./5R ESURF g9
C (COMPUTED ONLY IF SOURCE IS ABOVE THE HORIZON) ESURF 90
C EPSD = 1.0 - RHOSUBM{ZLAM'THR 2+P1) ESURF a1
¢ = DIRECTIONAL EMISSIVITY, DIMENSIONLESS. ESURF 92
o TXS = SURFACE TEMPERATURE, DEG K. ESURT 02
o POSTTN COMMGN £SURF a4
o THIS OUTPST DBTAINS ONLY IF MSM=2 AND SPCULR=,TRUE, ESURF 95
d SPCLAT - NORTH LATITUDE OF POINT ON SMOOTH HORIZONTAL  ESURF ¢
o WATER SURFACE FOR A SPECULAR REFLECTION FROM  ESyeF 97
N C THE SOURCE TO THE DETECTOR (COMPUTED IN ESURF e
¢ SUBROUTINE GLITTR), RADIANS ESURF 92
o SPCLON - EAST LONGITUDE OF POINT ON SMOOTH HORIZONTAL  ESURF 100
4 c WATER SURFACE FOR A SPECULAR REFLECTION FROM  ESURF 101
. ¢ THE SOURCE TO THE DETECYOR (COMPUTED IN £ SURF 12
C SUBROUTINE GLITTR), RADIANS ESURF 1n2
cee ESURF 1ud
DIMENSION 3007),ALPM(7) BETMIT),GAMM! T) RMOO! 7Y RMPI(7) LL(T) ESURE 1na
DIMENSION wva/18) Wy5(16, ,WY5712} WV7{23),GTHIO(T) ESURF 1%
DIMENSION  SP4{1:),5P5(16),5P6(12),5P7(23) ESumFe 127
COMMON/ATMOUP/ H.  SBAR, IDORN,PP RHO,TT SNI/30) HRHQ,FEMSEQ ATMOUP ?
3 COMMON/POS! TN/ PCSLAT POSLON,POSALT,SPCLAT, SPCLON POSITN ?
d 3 3 LCI2LAT C12LON,C12ALT POS I TN 2
b X LOGICAL  SPCULR,ESWRF! £SURF 117
: 3 DATA (ALPM{1}, 121, 7) / 0.,0.,3.,3.,2.5,2.5,4, / goues 111
2 i DATA (BETM(1), 1- . 7Y/ 0.,0.,0.,9,0.5,0.5,0.5,0.5 / ESuRF 117
DATA (GAMM/1' [=1 7) 0..0.,1.,1.,2.,2.,2. / gsner 112
DATA (RMDO/13.1=1. 7) , 0. ,0..13.,2.5,1,,1,,10.8 / £Suee 1
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DATA (PMPI(1},1=1, 7} / 0.,0..3.,4.,4.,10.,1_ /
DATA (5THIO(1),1=1,7) / 1.,0.,1.024.1,015,1.043,1.095,1.011 /
DATA (LL{1), 1=1,7) / 0,0,0,18,16.12,23'/
DATA PI / 3.141592653590 /
¢ SPECTRAL PARAMETERS FOR SAND,
DATA  {wv&(1),1=1,18) / 2.00,2.05,2.18,2.30,2.45,2.50,2.63,2.73,
. 2.88,2.95,3.20,3.30,3.60,3.75,3.90,4.35,
* 4.90,5.00 /
DATA  (SP4{1),1=1,18) / 0.205,0.238,0.209,0.206,0.177,0.174,0.148,
* 0.114,0.080,0.040,0.070.0.093.0.145.0.162,
* 0.152,0.076,0.031,0. 035 /
C SPECTRAL PARAMETERS FOR SOIL.
_DATA (WVS(1),11,16) / 2.00,2.08,2.26,2.50,2.62,2.70,2.77,2.92,
3.15,3.50,3.70,3.82.4.10,4.60.4.77,5.00 /
DITA (sP5(1),11,16) / 0.262,0.272,0.257,0.227,0.198,0.095,0.067,
0.061,0.067,0.112,0.158,0.177,0.195.90. 158,
* 0.142,0,113 /
t SPECTRAL PARAMETERS FOR VEGETATION.
DATA  (W¥6{1),1x1,12) 7 2,00,2.20,2.64,2.78,2.96,3.03,3.16,3.22,
* 3.42,3.58.3.95.5.00 /
DATA (SPB(1),1+1,12) / 0.129,0.212,0.059,0.059,0.120,0.120,0.033,
. 0.033,0.074.0.074.0.037,0.021 /
¢ SPECTRAL PARAMETFRS FOR URBAN MATERIALS.
DATA (W¥7(1),1=1,23) / 2.00,2.12,2.28.2.26,2.36,2.47,2.55,2. 63,
. 2.70,2.85,2.89,3.00,3.10,3.24.3.62,3.89,
*  4.00,4.10,4.26,4.42,4.70.4.83.5.00 /
DATA  (SP7{1),1=1,23) / 0.347,0.348,0.326,0.278,0,272,0.295,0.299,
* 0.296,0.272,0.145,0.118,0.090,0.091,0,100,
« * 0.149,0.193,0.231,0.238,0.240,0.254,0.246.,0.229,0.215 '/
c
¢ CHECK MATERIAL INDEX FOR PROPER RANGE
IF( (MSM.LT.1) .OR. (MSM,6T.7) )} 60 TO 1G!
IF( .NOT.ESURF1 ) 60 T0 50
cc GET SURFACE TEMPERATURE TAKEN TO BE AIR TEMPERATURE
o KT ALTITUDE ZXM.
CALL ATMOSU(Z, ZKM)
™S = 17
50 1F{ MSM.6T.]1 ) G0 TO 99
tc SET PROPERTIES FOR MSM=1 {THE VALUE -1.0 FOR SFR IS AN
e MBITRARY DEFAULT SETTING WHICH WILL REYER BE USED)

SFR = -1,0
1F( (IDAY.£Q.1) .OR. (IFIRES.GT.0) ) SFR = DB(1)/PI
EPSO = 1.0-00(1)
RETURN
99 IF( MSM.67.2 ) 60 TO 100
ge#bnsllTTR(THl.DD(2),SPCULR,2LAH.IDAY,IFlRES.ESURFl,SFR,EPSD)
N
100 ALPHA = ALPM(MSM)
BETA = BETM(MSM)
GANMMA 2 GAMM(MSM)
RM2 » RMOO{MSM)
RMP » RMPI(MSM)
LLM = LL{MSM)
GTHIOA = GTHIO(MSM)
OBTAIN THE SPECTRAL, NORMAL-INCDENCE--HEMISPMERICAL
REFLECTANCE, RMOM(ZUAM), BASED ON TABLE 2-3 IN TEXT.
50 T0 {101,101,103,104,106,106,107), MM
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101 WRITE(6,13) MM
12 FORMAT (44HO ERROR IN VALUE OF MSM-{SEE ESURF),  MSM= 15)
CALL EXIT
cc FOR SMOW (M5M=3)
103 RHOM = (0.44-0.12+(ZLAM-2.))%(1.0-00(3)*5./12.)
60 TO 110
cc FOR SAND (MSM=4)
104 CALL LINEAR (ZLAM,RHOM,WV4 SP4,LLM)
60 T0 110
cc FOR SOIL (MSM=5)
105 CALL LINEAR {ZLAM, RHOM,WVS,SP5, LLM)
60 TO 110
cc FOR FOLIAGE (MSM=6)
106 CALL LINEAR (ZLAM,RHOM, WVYG,SP6,LLM)
60 TO 110
FOR URBAN MATERIAL (MSM=7)
107 CALL LINEAR (ZLAM,RHOM,WV?,SP7,LLM)

cC COMPUTE APPROX IMATE VALUE FOR THE SPECTRAL PARAMETER
cc RHOZM(ZLAM) BY USING EQ.(6'') IN TEXT.

110 RHOZM = RHOM/(PI*GTHIOA)
cC PROTECT AGAINST ABORT FOR GRAZING RAYS.

CTHI = COS{ THI )

CTHR = COS{ THR )
cc IF THI OR THR GREATER THAMN B9.9 DEGREES RESET TO 89.9 .

IF( ABS(CTHMI).LT.1,7456-03 )} CTH! = 1,745F-03

IF{ ABS(CTHR),LT,1.745€-03 ) CTHR = 1,745E-03
cc EVALUATE AUXTLIARY PARAMETERS NEEDED REGARDLESS OF PRESENCE
cc OF SOURCE,

RBAR = 0,5%(RMZ+RMP)

SA = ALPHA®BETA

P1A = (1.0-EXP(-SA})/SA

cC NEED NOT COMPUTE SFR IF NEITHER SUN NOR FIREBALL IS
cC CONSIDERED AS A SOURCE, SO SET IT (ARBITRARILY) TO -1.0
SFR = -1.0

IF( (IDAY.EQ.0) .AND. (IFIRES.EQ.0) ) GO TD 124
IF{ (THI.G6T.0.0) .OR, (THR.6T.0.0) ) GO TO 120

cC EVALUATE SFR AVERAGED OVER AZIMUTH ANGLES, FROM EQ.{3A) IN
oo TEXT,

SFR = RHOIM*{1. 0+RBAR*PIA=EXP(-2.*ALPHA)})

CTHR = 1.0

60 TO 122

120 ABTF = BETA*(1.0-ABS{1.0-2.*PSI/P1))
CGAM = CTHI*+*GAMMA + CTHR**GAMMA
RMPSI = RMZ - (RMZ-RMP)*PSI/PI
(o EVALUATE EQ.{(1) IN TEXT,
SFR = RNOZM*(1,04RMPSIVEXP(-ALPHA*{CGAM+ARTF )))
122 1F( MSM.NE.7 ) GO TO 124
cc FOR MSM=7, EVALUATE EQ.(17) IN TEXT FOR 3FR.
URBAN = RMOIMOD(7)*{CTHI+CTHR) /2.
SFR = URBAN + SFR+*(1.0-D0(7})
124 1F( .MOT.ESURF1 ) RETURN
cc PREPARE TO COMPUTE DIRECTIONAL EMISSIVITY,
cc EVALUATE E0.(10) IN TEXT WITH THETA REPLACID BY THR,
FGAMM = EXP{-ALPHA*{ THR**GAMMA}
[GAM = GAMMA+0,25
60 TO (126,128}, I6AM
cc EVALUATE €0.(B) IN TEXT,
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126 P2GAM = (1.0-(ALPHA+L.)*EXP(-ALPHA))/(ALPHATALPHA) ESURF 229

GO TO 130 ESURF 230

cc EVALUATE £Q.(9) IN TEXT. ESURF 231

. 128 P2GAM = {1.0-EXP(-ALPHAY)/{2.*ALPHA) ESURF 237

N 4 cc FRHOM = DIRECTIONAL-HEMISPHERICAL REFLECTANCE ESURF 231

cC EPSD = DIRECTIONAL EMISSIVITY ESURF 234

cc EVALUATE €0.(6) IN TEXT, BUT WITH THI REPLACED BY THR IN THE  ESURF 235

1 cc ANTICIPATION THAT FRHOM WILL BE USED IN EQ.(12) FOR THE ESURF 236

1 xd DIRECTIONAL EMISSIVITY, ESURF 237

3 130 FRHOM = PI*RHOZM * (1.042.*P1AtP2GAMSRBARTF GAMM) ESURE 238

3 IF{ MSM_NE.7 } GO TD 140 £SURF 2139

3 tc FOR MSM=7, EVALUATE EQ.(18) IN TEXT, BUT WITH THI REPLACED BY ESURF 240

cc THR IN THE ANTICIPATION THAT FRHOM WILL 8E USED IN £Q.(19) FOR ESURF 241

4 cC THE DIRECTIONAL EMISSIVITY, ESURF 742

¢ FRHOM = (1.-DD{7))*FRHO® + DD!7)*RHOZM*PI*(0.50*CTHR + 0.333333) ESWRF 243

cC EVALUATE £Q.(12) IN TEXT. ESURF 244

: 140 EPSD = 1.0-FRHOM ESURF 235

3 RETURN ESURF 246

3 END ESWRF 247

FUNCTION FRA" ( A, B, X, Y ) FRAS 2

C FRAC 3

C *FRAC* CALCULATES THE FRACTION OF INTERVAL (A,B} FRAC &

cLd CONTAINED IN INTERVAL (X,Y} IF( (A,B} .LE. {X,Y} ) OR FRAC s

cL COVERED  BY INTERVAL (X,Y) IF{ (A,B) .BT. {x,¥} ). FRAC &

c FRAZ 7

4 4 D=A-8 FRAC !
F FR1 = AMAXI( AMINI{ {A - Y)/0, 1. ), 0. FRAZ 9
; : FRZ = AMAX1{ AMINI{ (X ~ P'/D, 1. )}, O. ) FRAC 10
: FRAC = FR] + FR2 - 1, FRAC 11
RETURX FRAL 12

' - END FRAC 13
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SUBROUTINE FRESNL ( ZLAM, OMEGA,RHO) FRESHL 2
cce FRESN. 2

c SUBROYTINE FRESNL EVALUATES THE FRESNEL (SPECULAR) FRESNL 3

¢ MONOCHROMATIC REFLECTANCE OF A SMOOTH WATER SURFACE. GIVEN FRUSNL 5

c THE WAVELENGTHM AND ANGLE OF INMCIDENCE. FRESK. 6

cce FRESNL 7

C INPUT PARAMETERS FRESNL g

C ARGUMENT LIST FRESNL L4

C JLAY - WAVELENATH /MISPOMITERS) FRESNL He

C OMEGA - ANGLE OF INCIDENCE (W}TH RESPECT TO NORMAL TO FRESNL 1

C SMOOTH ELEMENT OF WATER SIRFACEY  (RADTANS! FRESNL 1?

cce FRESN. 13

C OUTFUT PARAMETER FRESNL 14

z ARGUMENT LIST FRESNL 18

c RHO - FRESKEL MONOZHROMATIC REFLECTANCE OF PLANE, FRESH: 16

¢ UNPOLARIZED ELECTROMAGNETIC WAVE INCIDENT AT FRESN. i7

. C ANGLE OMTGA ON PLANE, ABSORBING SURFACE WITH FRESNL 18
[« COMPLEX INDEX OF REFRACTION NN = SN - I+SX FRESN. 19

cee FRESNL 20

DIMENSION  SNNU{222), SKNU(222) FRESNL 21

o FRESNL 22

¢ THE VALUES OF THE COMPLEX INOEX OF REFRACTION ARE TAKEW FROM  FRESNL 23

¢ H, O. DOWNING AND D, WILLIAMS, OPTICAL CONSTANTS OF WATER IN  FRESN. 24

¢ THE INFRARED, J. GEOPHYS, RES. VOL. BO, 1656(1975}. FRE SN 25

, c FRESY. 26
3 i DATA  (SNNU(1),1=1,142) 7 1.321,1.322,1,322, 1 323,1.324,1.324, FRESH. 27
! * 1.325.1.325.1.325.1.325 1,325,325, FRESNL 28
¢ * 1.176,1.326,1,.326,1.327,1.327,1.327,1.327, 1 327.1.328.1.378, FRESAL 23
s 1.32001.329.1.320,1.330,1.330,1.330,1.331,1.332,1,332,1.333. FRESNL kY

* 1.324,1,334,1.335,1.337,1.337,1.338,1.340,1,340,1 341 1,347, FRESHL 1

" * 1.383,1.344,1.344,1,345,1,346,1.347 /1,348,134 1.349,1.350, FRESN. ki
! ¢ * 1.351,1.352,1.353.1.354,1.356,1.357,1.358,1,358,1.360,1.361, FRISNL kK
. « 1,361,1.363,1.365,1.366,1.367,1,369,1.370,1.371,1.372,1.374, FRESHL g
: * 1.375,1.377,1.2378,1.379,1.387,1.383,1.385,1.387,1,388 1200, cRESY, 3=
: * 1.392.1.398.1.395,1.398.1.400,1.403.1.405,1.407,1.410,1. 413, FRESNL K13
: * 1,415,1.418,1.421,1.425.1,427,1.43% 1,434 ,1.437,1.441 1. 444, FREGNL 27
: * 1.448,1.451 1.454,1.457 1.461,1.464 1,467, 1,472 1. 4741 477, FRESN. R
! * 1,479.1.482 1.485,1,486,1.487,1.487_1.487,1.486,1.483,1.482, FRESK_ 36
\ * 1.475,1.471,1.465,1.457 1 450 1,442 1,.34,1.426,1.617,1.40°, FRESNL &
{ + 1,398,1.386,1.376,1.364,1,353,1,342,1,329,1.317,1.305,1.793 /  FRESWL 3]
! OATA  (SNNU{1),1=143,222) / 282,1.271,1.258,1,246,1.233, FRESY, 4°
{ * 1.220,1.212,1,199,1,191,1.183, FRESNL 4
i * 1,177,1,171,1.165,1.161,1.158,1,154,1,1489,1.1448,1,141 1,139, FRESK. ]
H * 1,138,1.138,1.139,1.144,1,149,1,157,1,166,1.172,1,179,1.185, FRESNL ac
'8 * 1.191,1.195,1.200,1.205,1 210,1.218,1.218,1.221,1.224,1.227, FRESN: 45
! * 1,230,1.232,1.235,1.238,1.240,1.241,1.743,1,246 1,247,1,249, FRESN. e”
* 1,250,1.252,1.254,1.755,1,256,1,257,1.259,1.260,1.261,1.265, FRESN, 2

* 1.270,1.274,1.277,1,280,1.282,1.285,1,287,1.289,1,291,1.293, FRESN, 4

* 1,294,1.295,1.29€,1.298,1.298,1,300,1,301,1.301,1.303,0.0 / FRESN, 50

i DATA  (SKNU(I:,T=1,112) / 1.266-2,1.29€-2,1. 155-2.1.3’r-?. FRE SN 3!
H * 1.408.2,1. ’15 2,1.86F-2,1.880.2, FRISN. 3¢
; * 1.51£-2,1.53E-2,1.55-2,1.576-2,1.567E-2. 5 ~/E-2.1.66E-2.1.64E.2, FRESK. €2
! * 1.52€-2,3.A96-2,1.45E-2.1.40F.2.1 3F-2.1.31E-2,1.26-2,1.226-2, FRISN. as
* 1.17€-2,1.12€-2,1 .08E-2,1.045-2,1,00£-2,9.665-3,9,27E-3,8.960-2,  FRESN, 33

* B.64F.3,8,336-3,8.065-3,7.79E-3,7 49F-3,7.22E-3,6.965-3,6,73E-3, FRESNL 3

* 6.536-3,6.316-3,6.08E-3,5,86€-3,5.686-3,5.405-3,5.31£-3,5.126-2, FRESN. o

* 4,942-3,4,796.3,4 £5£.3 45073 4,336-3,4,226-3,4.108-3 3.930-3, FROSK, &e
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SUBROUTINE GERCLE{PILAT,PILON,P3LAT,PILON, ALPLY, ALP12, P2LAT P2LON) GCRCLE ?
£ee GCRCLE 3
¢ FOR THREE POINTS P1, P2, AND P3 ON A GREAT CIRCLE, SUBROUTINE GCRCLE 4
t GCRCLE COMPUTES THE LATITUDE AND LONGITUDE NF THE INTER- GCRCLE
C MEDIATE SQINT PZ, GIVEN THE LATITUDES AND LONGITUDES OF THE  GCRCLE )
[ END POINTS P] AND P3, THE CFNTRAL ANGLE ALPI3 BETWEEN THE GCRCLE 7
C CENTRAL RAYS TO P1 AND ©3, AND THE CENTRAL ANGLE ALP12 GCRCLE 8
£ BETWEEN TAE CENTRAL RAYS TO P1 AND P2, GCRCLE 9
cce GCRCLE 10
o INPHT PARAMETERS GCRCLE 11
o ARGUMENT LISY GCRCLE 12
C PILAT - NORTH LATITUDE OF POINT P1, RADIANS GCRCLE 13
t PILON - EAST LONGITUDE CF POINT P1, RADIANS GCRCLE 14
¢ P3LAT - NORTH LATITUDE NF POINT P3, RADIANS BCRCLE 15
c P3LON - EAST LOWGITUDE OF POINT P3, RADIANS GCRCLE 16
¢ ALP13 - EARTH-CENTRAL ANGLE BETWLEN RAYS TO POINTS GCRCLE 17
C P1 AND P3, RADIANS GCRCLE 18
C ALP12 - EARTH-CENTRAL ANGLE BETWEEN RAYS TO POINTS GCRCLE 19
c P1 AND P2, RADIANS GCRCLE 20
tce GCRCLE 21
C QUTPUT PARAMETERS GCRCLE 22
C ARGUMENT LIST GCRCLE 23
d PZLAT -~ NORTH LATITUDE OF POINT P2, RADIANS GCRCLE 24
C PZLON - EAST LONGITUDE OF POINT P2, RADIANS GCRCLE 25
cce GCRCLE 26
DATA F1 / 3.141592653590 / GCRCLE 27
cce GCRCLE 28
C CONSIDER THE SPHERICAL TRIANGLE P1-N-P3 GCRCLE 29
C POINT N IS NORTH POLE GCRCLE 30
cce GCRCLE 31
SINCOS = SIM{P3LAT) - COS(ALP13}*SIN(PILAT) GCRCLE 32
SINCOS = SINCOS/(SIN(ALPL3}*COS(PILAT)) GCRCLE 33
AMDA = ACOS{ SINCOS ) GCRCLE k1)
cee GERCLE 35
¢ CONSIDER THE SPHERICAL TRIANGLE P1-N-P2 GCRCLE 36
cee GCRCLE 37
COSSIN = CNSCALP12)*SIN(P1LAT) GCRCLE 38
SINCOS = SV R{ALP12)*COS{P1LAT) GCRCLE 19
PZLAT = ASin{ COSSIN + SINCOS*COS(AMDA) ) GCRCLE 40
cce GCRCLE 1l
c AGAIN, CONSIDER SPHERICAL TRIANGLE P1-N-P2 GCRCLE 42
cee GCRCLE 43
P12 = PI+P1 GCRCLE 44
PIMF) = PILON-P1LON GCRCLE 45
P12LON = ASIN[ SIN{AMDA)*SIN(ALP)Z}/COS(PZLAT) ) GCRCLE a6
P2LON = PLLON + P12LON*SIGN{1.0,P3MP1) GCRCLE 47
IF{ ABS{PIMP1).LE.PI ) &0 Y0 10 GCRCLE 45
P2LON = PILUA - PI2LON*SIGN{1.0,P3MP1) GCRCLE a9
10 IF( P2LON.LT.0.0 ) P2LOM = P2LON+PI? GCRCLE 50
IF{ P2LON.GE.P12 } P2LON = P2LON-PIZ GCRCLE 51
RETURN BCRCLE 52
END GLRCLE 53
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SUBROUTINE GEOREA{HA1,GC1,GL1,HAZ,GC2,GL2,SR21,EL21,A221)

SUBRGUTINE GEOREA (A MODIFIED HARC ROUTINE), GIVEN THE
GEOGRAPHIC COORDINATES OF TWO POINTS, PPGVIDES THE SLANT RANGE,
ELEVATION ANGLE, AND AZIMUTH ANGLE OF POINT 2 WITH RESPECT 7O
POINT 1.

INPUTS FROM CALL STATEMENT
KA1 = ALTITUDE OF POINT 1, CM

GC1 = COLATITUDE OF POINT 1, RADIANS
GLl = EAST LONGITUDE OF POINT 1, RADIANS
HA2 = ALTITUDE OF PDINT 2, (M
GC2 = COLATITUDE OF POINT 2, RADIANS
GL2 = EAST LONGITUDE OF POINT 2, RADIANS
QUTPUTS
SR?]1 = SLANT RANGE OF POINT 2 RELATIVE TO POINT 1, CM
EL21 = ELEVATION OF POINT 2 RELATIVE TO POINT 1, RADIANS

AZ21 = AZIMUTH OF POINT 2 RELATIVE TO POINT 1, RADIANS

CALL GEQTAN(HAL,GC),GL1,HAZ,6C2,GL2,XE21,YN21,2V2])
XYSQ = XE21%%2 + YN21#+2
SR21 = SQRT(XYSQ + IV21**?)

EL21 = ATANZ{ ZV21,SQRT(XYSQ} )

A2} = 0.0

IF{ XY$Q.GT.0.0 ) A7Z21 = ATANZ{ XE21,¥YN2} )
RETURN

END

SUBROUTINE GEOTAN(HA1,GC1,GL1,HAZ 6C?,GL2,XE21,YN?]1,2V?21)

SUBROUTINE GEOTAN (A MODIFIED HARC ROUTINE CALLED GEOXYZ),
GIVEN THE GEOGRAPHMIC COORDINATES Of TWO POINTS, PROVIDES THE
TANGENT-PLANE COORDINATES OF POINT 2 WITH RESPECT TO POINT 1.

INPUTS FROM CALL STATEMENT
HAl = ALTITUDE OF POINT 1, (M

GC1 = COLATITUDE OF PQINT 1, RADIANS
GL1 = EAST LONGITUDE OF PQINT 1, RADIANS
HA2 = ALTITUDE OF POINT 2, (M
GC2 = COLATITUDE OF POINT 2, RADIANS
GL2 = EAST LONGITUDE OF POINT 2, RADIANS
QUTPUTS
XE21 = X COORDINATE QF POINT 2 RELATIVE TO POINT 1, (M

YN?Z1 . Y COORDINATE OF PQINT 2 RELATIVE TO POINY 1, CM
2¥21 = 7 CODRDINATE OF POINT 2 RELATIVE TO POINT 1, (M

DATA RE / 6.37103E+08 /

GR1 = RE+HAL
GK2 = RE+HA?
GLD = GL2-6L1
SINGC1 = SIN(GC1)

SINGC2 = SIN(G(C?)
COSGCY = COS(GC1)
COS6C2 = COS(GC?)

COSGLD = COS/GLD)

XE21 = GRZ*SINGC2*SIN(GLD)

YNZ1 = GR2*(SINGC1*COSGL? - COSGC1*SINGC?*COSGLD)

V21 = GR2*(COSGC1*COSGC? + SINGCI*SINGC?*(0SGLDY - GRI1
RETURK

END

GEQREA
GEOREA
GEOREA
GFOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEQREA
GFOREA
GEORFA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEOREA
GEQREA
GEOREA
GEORFA

GEOTAN
GEQOTAN
GFOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GEOTAN
GFNTAN
GEQTAN
GEQTAN
GEDTAN
GEQTAN
GEOTAN
GEOTAN
GEOTAN
GEQTAN
GEOTAN
GFOTAN
GEGTAN
GFOTAN
GEDOTAN
GFNTAN
GEOTAN
GEQTAN
GEOTAN
GEQTAN
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SUBROUTINE GEQXYZ{PH, PLAT, PLON,RPX ,RPY ,RPZ) GEOXYZ 2
cee GEOXYZ 3
C SUBROUTINE GEGXY? CONVERTS THE GEOGRAPHIC COORDINATES OF A GEOXYZ 4
c POINT T0 EARTH-CENTERED CARTESIAN COORDINATES. GEOXYZ 5
cce BEOXYZ €
¢ INPUT PARAMETERS GEOXY2 7
o ARGUMENT LIST GEOXYZ 8
o PH - ALTITUDE OF POINT P, KM GEOXYZ 9
o PLAT ~ NORTH LATITUDE OF POINT P, RADIANS GEGXYZ 10
¢ PLON - EAST LONGITUDE OF POINT P, RADIANS GEGXYZ 11
C QUTPUT PARAMETERS GEOXYZ 12
o ARGUMENT LIST GEOXY. 13
o /PX - FARTH-CENTERED CARTESIAN COORDINATE X OF GEOXYZ 14
o POINT P, KM GEOXYZ 15
o RPY - EARTH-CENTERED CARTESTAN COORDINATE Y OF GEOXYZ 18
C POINT P, KM GEOXYT 17
¢ RP? - EARTH-CENTERED CARTESIAN COORDINATE Z OF GEOXYZ 18
c POINT P, KM GEOXYZ 19
cce GEOXYZ 20
DETA RE / 6.37103E+03 / GEOXYZ 21
cce GEOXYZ 22
RP = RE+PH GEOXYZ 23
RPZ = RP*SIN{PLAT) GEOXYZ 28
RPEQ = RP*COS(PLAT) GE0YYZ 25
RPY = RPEQ*COS({PLON) GEOXYZ 26
RPY = RPEQ*SIN{PLON) GEOXYZ 27
RETURN GEOXYZ ?8
END GFOXYZ 29
259
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THETAT = ZENITH ANGLE OF SOURCE (SUN OR FIREBALL) AT THE GLITTR 19
INTERSECTION POINT OF LINE-OF-SIGHT FROM DETECTOR GLITTR 20

SUBROUTINE GLITTR(THETAT,WIND,SPCULR,ZLAM, 1DAY, IFIRES, ESURF1, GLITTR 2
*" SFR,EPSD) GLITTR 3
cce GLITTR 3
C SUBROUTINE GLITTR, CALLED FROM ESURF WHEN THE LINE-DF-SIGHT  GLITTR 5
£ INTERSECTS A WATER SURFACE, PROVIDES (1A} THE BIDIRECTIONAL  GLITTR 6
C REFLECTANCE-DISTRIBUTION FUNCTION {BRDF) AND (1R} DIRECTIONAL GLITTR ?
¢ EMISSIVITY OF THE WATER SURFACE AT THE INTERSECTION POINT OF  GLITTR 8
¢ THE OPTICAL LINE-OF-SIGHT FROM THE DETECTOR AND (Z) THE GLITTR 9
C GEOGRAPHIC COORDINATES (NORTH LATITUDE AND EAST LONGITUDE) OF GLITTR 10
c THE POINT ON A SMODTH NORIZONTAL SURFACE FOR A SPECULAR GLITTR 1
c REFLECTION OF A RAY FROM THE SOUWRCE TO THE DETECTOR, IF 6LITTR 12
¢ REQUESTED (BY LOGICAL PARAMETER SPCULR = .TRUE. IN ARGUMENT  GLITTR 13
c LIST), ONLY THE DIRECTIONAL EMISSIVITY IS PROVIDED IF THERE GLITTR 14
c IS MO SOURCE. GLITTR 15
cce GLITTR 16
C*= INPUT PARAMETERS GLITTR 17
ré ARGUMENT LIST GLITTR 18
¢
c TO EARTH'S SURFACE (RADIANS) GLITTR 21
c WIND = WIND SPEED AT 41 FEET ABOVE SEA LEVEL (METERS/SEC) GLITTR 22
c SPCULR = LOGICAL PARAMETER SLITTR 23
« .TRUE. COMPUTE COORDINATES OF SPECULAR GLITTR 24
REFLECTION POINT GLITTR 25
= .FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR GLITTR 26
REFLECTION POINT SLITTR 27
ILAM = WAVELENGTH (MICROMETERS) GLITTR 28
IDAY = INDEX FOR DAYLIGHT CONDITIONS AT POINT P BLITTR 23
« 0 IF SOLAR ZENITH ANGLE .GT. 90 DEGREES GLITTR 10
« 1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES GLITTR 3
IFIRES = FLAG FOR INCLUSION OF FIREBALLS GLITTR »
=0 IF NO FIREBALL IS BEING CONSIDERED 6LITTR 33
.6T. 0 IF FIREBALLS ARE BEING CONSIDERED GLITTR 34
ESURF1 = LOGICAL PARAMETER GLITTR 5

= ,TRUE. IF ESURF IS CALLED FOR TME FIRST TIME FROM GLITTR 36
SURRAD AND EPSD 1S WANTED AS AN OUTPUT, GLITTR 37
WHICH 1S ALWAYS THE CASE IN THE NBR MODULE GLITTR 38
= .FALSE. IF ESURF IS NOT BEING CALLED FOR THE FIRST GLITTR 39
TIME FROM SURRAD AND A RECOMPUTATION OF GLITIR 40

EPSD 1S NOT NEEDED GLITTR 41

TECTOR COMMON GLITTR 42
DETLAT - DETECTOR NORTH LATITUDE, RADIANS GLITTR 43
DETLON - DETECTOR EAST LONGITUDE, RADIANS GLITTR 4a
DETALT - DETECTOR ALTITUDE, KM G6LITTR 45
DETZEN - DETECTOR ZENITH ANGLE AT POINT P, RADIANS GLITTR a5
POSITN COMMON 6LITTR 47

POSLAT - NORTH LATITUDE OF INTERSECTION POINT OF LINE-OF- GLITTR 48
SIGHT FROM DETECTOR YO EARTM'S SURFACE (RADIANS) GLITTR 49
POSLON -~ EAST LONGITUDE OF INTERSECTION POINT OF LINE-OF- GLITTR 50
SIGHT FROM DETECTOR TO EARTH'S SURFACE (RADIANS) GLITTR 51

POSALT - ALTITUDE OF PUINT P AT WHICH LINE-OF-SIGHT GLITTR 52
INTERSECTS EARTH'S SURFACE, KM GLITTR 53

SOURCE COMMON GLITTR 54
SRCLAT - NORTH LATITUDE OF SOURCE (SUN OR FIREBALL) RADIANS GLITTR 55
SRCLON - EAST LONGITUDE OF SOURCE (RADIANS) GLITTR 56
SRCALT - ALTITUDE OF SOURCE, IF NOT THE SUN (KM) GLITTR 57

x¥zlzXsizizsizizialsinlsiaialnlalnlsinisinkslinlizinialalalalalaiaRal ey

SRCFLG - 1, IF SOURCE IS SUM GLITTR 58
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cC
cee
ccc
cce
cce
ccc
cc
cC
cC

cC
cc
cc

cC
cC

cc

*

- 2, 1F SOURCE IS FIREBALL
OUTPUT PARAMETERS
ARGUMENT LIST
SFR - F SUB R (2,D(2),2LAM,THETA], THETAR) (1/5R)
- BIDIRECTIONA. REFLECTANCE-DISTRIBUTION FUNCTION
FOR A WIND-RUFLED SURFACE.
EPSD - ( 1.0-RHO(THETAR' ) (DIMENSIONLESS)
- DIRECTIONAL EMISSIVITY, WHERE RHO(THETAR) IS THE
SPECULAR REFLECTANCE AT TENTTH ANGLE THFTAR
FOR A SMOOTH HORIZONTAL SURFACE.
POSITH COMMON
(THIS QUTPUT OBTAINS ONLY IF SPCULR=.TRUE.)
SPCLAT - NORTH LATITUDE OF POINT ON SMOOTH HORIZONTAL
SURFACE FOR A SPECULAR REFLECTION FROM THE
SOURCE TO THE DETECTOR, RADIANS
SPCLON - EAST LONGITUDE OF POINT ON SMDOTH HORIZONTAL
SURFACE FOR A SPECULAR REFLECTION FROM THE
SOURCE TO THE DETECTOR, RADIAKS

sC\’.)F"DN/PDSI'I’N/ POSLAT,POSLON, POSALT, SPCLAT SPCLON

o

oC12LAT,C12L0N,C12ALT
COMMON/SOURCE/  SRCLAT, SRCLON, SRCALT,SRCFLG, SRCZEN(11),SRCSR(11)
COMMON/TECTOR/  DETLAY,DETLON,DETALY,DETZEN,DETAZI(11)
LOGICAL SPCULR,ESURF]
DATA PI,RE / 3.141592653590,6.37103£+03 /
DATA RSUN,EPSHLN / 1,495379E+08,4.6524E-03 /

NEED NOT COMPUTE SFR IF NEITHER SUN NOR FIREBALL 1S CONSIDERED
AS A SOURCE, S0 SET IT AS WELL AS THE COORDINATES OF THE
SPECULAR POINT (ARBITRARILY) YO -1.0

1F( (IDAY.FQ.1) .OR. (IFIRES.GT.0) ) 6O TO &

SFR = -1,0

DTZENP = DETZEW

GO TO 70

FORMULAS FDR SFR ® # % & % & 2 % % & % # % & & £ & T % 4 & + »
FIRST, FOR TILTED FACET AT POINT P USE LEVANON'S EQUATIONS
FOR TOTAL TILT MAGNITUDE (BETA) AND DIRECTION (THETA, PHI) AND
ANGLE OF INCIDENCE (OMEGA). WE USE HIS EQUATIDNS REWRITTEN IN
TERMS OF DUR PARAMETER EPSA,

EPSA = (RE+POSALT)/(RE+DETALT)

THETAP - NORTH LATITUDE OF POINT P RELATIVE TO DETECTOR
THETAP = POSLAT-DETLAT
CSTHTP = CUS({ THETAP)

PHIP = EAST LONGITUDE OF POINT P RELATIVE TO DETECTOR
PHIP = POSLON-DETLON
CSPHIP = COS(PHIP)

PHIL = EAST LONGITUDE OF POINT Q-SUB-L RELATIVE TO DETECTOR
{LEVANON (LE-71B) EQ. (1)).
POINT Q-SUB-L IS DEFINED BY THE SCA SURFACE AND A
VECTOR, STARTING FROM THE EARTM'S CENTER, PARALLEL TO
THE RAY FROM THE OETECTOR YO THE REFLECTION POINT P,
EPTHTP = EPSA*(STHTP
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PHIL = ATAN( -EPTHTP#SIN(PHIP)/(1.-EPTHTP*[SPHIP) ) GLITTR 115

cC THETAL = NORTH LATITUDE DF POINT Q-SUB-L RELATIVE TO DETECTOR GLITTR 115

(o (LEVANON EQ. (2)). GLITTR 117

ROOT = SORT( 1.0-2,*EPTHTP*CSPHIP+EPTHTP*EPTHTP ) GLITTR 118

THETAL = ATAN( -EPSA*SIN(THETAP)/ROOT ) GLITTR 119

CSTHTL = COS(THETAL) GLITTR 120

e GLITTR 121

3 cc THETAS = NORTH LATITUDE OF SOURCE RELATIVE YO DETECTOR GLITTR 127

g THETAS = “RCLAT-DETLAT GLITTR 173

3 CSTHTS = COS({THETAS) GLITTR 128

3 cc PHIS = EAST LONGITUDE OF SOURCE RELATIVE TD DETECTOR GLITTR 125

; PHIS = SRCLON-DETLON GLITTR 126

cc GLITTR 127

cC PHIN = EAST LONGITUDE OF POINT 0-SUB-N RELATIVE TO DETECTOR GLITTR 128

cc (LEVANON EQ. (3)). GLITTR 129

c POINT Q-SUB-N IS DEFINED BY THE SEA SURFACE AND A GLITTR 130

cc VECTOR, STARTING FROM THE EARTH'S CENTER, PARALLEL TO  GLITIR 131

cc THE NO 4AL REOUIRED FCR REFLECTION FROM POINT P, GLITTR 132

AAA = CSTHTL*SIN “HIL) + CSTHTS*SIN(PHIS) GLITTR 133

BBB = CSTHTL*COS{PHIL) + CSTHTS*COS{PHIS) GLITTR 134

PHIN = ATAN( AAA/BBB ) GLITTR 135

cc THETAN = NORTH LATITUDE OF POINT (-SUB-N RELATIVE TO DETTCTOR GLITTR 136

cc (LEVANON EQ. (4)). GLITTR 137

ROOT = CSTHTL*CSTHTL + CSTHTS*CSTHTS + 2, *CSTHTL*CSTHTS* GLITTR 138

3 COS{PHIL~PHIS) GLITTR 139

THETAN = ATAN( [SIN{THETAL)+SIN(THETAS))/SORT(ROOT) ) GLITTR 140

cc GLITTIR 141

e MIT = TILT TYOWARD THE EAST AT THE REFLECTION POINT P GLITTR 147

cc (LEVANON EQ. {5)). GLITTR 143

PHI = PHIN-PHIP GLITTR 148

cc THETA = TILY TOWARG THE NORTH AT THE REFLECTION POINT P GLITTR 145

tc (LEVANON EQ. (6)). GLITTR 146

THETA = THETAN-THETAP GLITTR 147

cc GLITTR 148

cc BETA = TOTAL TILT MAGNITUDE AT THE REFLECTION POINT P GLITTR 149

cC (LEVANON Q. (7). GLITTR 150

ROOT = TAN(THETA)**2 + TAN(PH])#+? GLITTR 151

BETA = ATAN( SQRT(ROOT) ) GLITTR 152

cc GLITTR 153

cC OMEGA = ANGLE OF INCIDENCE AT REFLECTION POINT P GLITTR 154

cC (LEVANON EQ. (8)). GLITTR 155

ROOT = TAN!THETAN-THETAS)*#*2 + TAN(PHIN-PHIS)#**? GLITTR 156

OMEGA = ATAN( SORT(RO0T) ) GLITTR 187

cc GLITTR 158

v ce SiGSQ = MEAN SQUARE SLOPE REGARDLESS OF DIRECTION GLITTR EX]

i SIGSO = (3.0 + 5.12+WIND)*1,£-03 GLITTR 160

1 cc GLITTR 161

i cc SMALLP « PROBABILITY FOR OCCURRENCE OF SLOPF BETA GLITTR 162

it TBETA = TAN(BETA) GLITTR 162

i SMALLP = EXP/ ~TBETA*TBETA/SIGSQ )/(PI*SIGSO) GLITTR 164

X ce GLITTR 1685

CALL FRESNL(ZLAM, OMEGA RHO) GLINTR 166

cc NOW HAVE FRESNEL MONOCHROMATIC REFLECTANCE (RHO) GLITTR 167

oo GLITTR 16R

cc IN COMPUTING SFR, TO AVOID POSSIBLE DIVISION BY ZERD OR GLITTR 169

P ] ce NEAR-ZERD IF THETAT OR DETZEN EXCEEDS AN ARBITRARILY- GLITTR 170

: . cc SELECTED VALUE, B9.9 DEG., RESET THETAI AND/OR DETZEN TN 89.9 GUITTR 171
3
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cc DEG. DEFINE TEMPORARY VARIABLES TO AVOID ALTERING GLITTR 172

cc ORIGINAL VARIABLES, GLITTR 173
IWARN = O GLITTR 174
THTAIP = THETA! GLITTR 175
DTZENP = DETZEN GLITTR 176
P102 = 0.50%P] GLITTR 177
DELTHI = PID2-THETAL GLITTR 178
DELTHR = PID2-DETZEN BLITTR 179
1F( DELTHI,GE,.1,7456-03 ) GO T0 101 GLITTR 180
THTAIP = PID2-1,745E-03 GLITTR 181
INARN = 1 GLITTR 182

101 IF({ DELTHR.GE.1.745€-03 ) &0 TO 102 GLITTR 183
DTZENP = PID2-1.745E-03 GLITTR 184

INARN = 1 6LITTR 185

102 IF( IWARN.EQ.0 ) GO TO 104 GLITTR 186
cc WRITE{6,103) GLITTR 187

103 FORMAT (1HQ,9X,44H *** NOTE #++ FROM SUBROUTINE GLITTR ws& GLITTR 188

1 10X,55HTHETA] OR DETZEN EXCEEDS AN ARBITRARILY-SELECTED VALUE,/ GLITTR 189

2 10X,55H89.9 DEGREES, TO WHICH THETAI OR DETZEN HAS BEEN RESET / .GUITTR 190

3 10X,55HT0 AVOID POSSIBLE DIVISION BY 2ERO DR NEAR-ZERO IN /  BLITIR 191

4 10X, 15HCOMPUTING SFR. / GLITTR 19?2

5 10X%,30HUSER SHOULD VERIFY THATw-« / GLITTR 193

6 10X,55H (1) THE CODE HAS A PROPER VALUE OF THETAI OR DETZEN / GLITTR 194

7 10%x,20H AND, IF SO, / GLITTR 195

8 10X,55H (2} WHETHER OR NOT RESETTING OF THETAI OR DETZEN / GLITTR 196

9 10x%,40H TO 89.9 DEGREES 1S SATISFACTORY. ) GLITTR 197

cc GLITTR 198
104 SHADOW = 1.0 GLITTR 199
IF( WIND.EQ.0.0 } GO TO 107 GLITTR 200

cc SHADOW = SHADOWING FACTOR BASED ON WORK OF SAUNDERS [SA-67, GLITTR 201
cc SA-68C) BUT EXTENDED TO PERMIT A BISTATIC DEPENDENCE GLITTR 207
[ ON THE ZENITH ANGLES OF BOTH INCOMING AND OUTSOING GLITTR 203
cC RAYS GLiTTR 704
PISQ = SORT( P1 ) GLITTR 205

SIGS = SORT( 5.12E-03*WIND ) GLITTR 206
THETY2 = ATANZ{ 0.50,5165 ) GLITTR 207

[l THETVZ 15 THE ZENITH ANGLE BELOW WHICH ESSENTIALLY GLITTR 208
tc NO SHADOWING OLCURS, GLITTR 209
SOFSVY « 1.0 GLITTR 210

JF( THETAT.LT.THETVZ ) GO TO 105 GLITR 211

SVI = 1.0/{SIGS*TAN{THTAIP)) GLITTR 212
SOFSVE = 2.0/({1.0+ERF{SVI)}+EXP(-SVI*SVI)/{PISO*SVT)) GLITTR 213

105 SOFSVR = 1.0 ‘GLITTR 214
1F( DETZEN.LT.THETVZ )} GO TO 106 GLITTR 215

SYR = 1.0/(SIGS*TAN/DTIENP)) GLITTR 216
SOFSVR = 2_0/{1.0+£RF (SYR)+EXP{-SYR*SYR)/{PISO*SYR)) GLITTR 217

106 SHADOW = SOF SYI*SOF SVR GLITTR 218
cc GLITTP 219
107 SFR = 0. 25*RHO*SMALLP/{COS(DTZENP)*COSITHTAIP)) GLITTR 220
SFR = SFR*SHADOW/COS{BETA)**a GL1TTR 221

tc GLITTR 202
CC GLITTR 223
e GLITTR 224
IF{ .NOT.SPCULR ) G0 TD 70 GLITTR 225

cc . GLITTR 226
cce FORMULAS FOR SPCLAT AND SPCLON ¢ ® & % & v v # & + ¢ 4 % & 2 » G ITTR 227

cC GLITTR 228




cc ALP = TOTAL EARTH-CENTRAL ANGLE BETWEEN RAYS YO DETECTOR GLITTR 229

cc AND SOURCE. GLIT™ 230

ALP = CANGLE(DETLAT,DETLON,SRCLAT, SRCLON) GLITTR 231

KFLG = SRCFLE+0.05 GLITTR 232

60 T0 (10,12), KFLG GLITTR 23

cc SET EPSS FOR SUN BEING SOURCE. GLITTR 234

10 EPSS = (RE+POSALT)/RSUN GLITTR 235

60 T0o 14 GLITTIR 236

cc SET EPSS FOR FIREBALL BEING SOURCE. GLITTR 2317

12 EPSS = (RE+POSALT)/(RE+SRCALT) GLITTR 238

Cw s GLITTR 239

Cw *» START OF ITERAYIVE PROCEDURE FOR THE SOLUTION OF THE GLITIR 240

c REFLECTION POINT (IN TERMS OF ALPA AND ALPS). GLITTR 241

¢ THE METHOD USED IS NCWTON-RAPHSON. GLITIR 242

Crrw GLITIR 243

14 KOUNT = 0 GLITIR 244

FACT = {1.0-EPSA)/({{1.0-EPSA)+(1.0-EPSS)) GLITTR 285

¢ THE INITIAL GUESS FOR ALPA 1S GIVEN BY FACT*ALP GLITTR 246

ALPA = FACTwALP GLITTR 287

4 16 KOUNT » KOUNT+1 GLITTR 248

A ALPS = ALP-ALPA GLITTR 249

3 ] BETA = ATAN( EPSA*SIN(ALPA)/(1,0-EPSA%COS{ALPA)) ) 6LITR 250

3 BETS = ATAN{ EPSS*SIN{ALPS)/{1,0-EPSS*COS(ALPS)) ) GBLITTR 251

c CALCULATE F(ALPA), FOFA, AND F PRIMI(ALPA), FOFAP GLITTR 252

FOFA = ALP-2, %ALPA+BETS-BETA SLITTR 253

. DDl = 1.0 + EPSS*(EFSS-2.*COS(ALPS)) GLITTR 254

LB DD2 = 1.0 + EPSA*(EPSA-2.*COS(ALFA)) GLITIR 255

FOFAP = EPSS*(EPSS-COS(ALPS)!/DD]1 - 2.0 GLITTR 256

FOFAP = EPSA*(EPSA-COS{ALPA))/DD2 + FOFAP GLITTR 257

DELTA = (ALPA+BETA)-[ALPS+BETS) BLITTR 258

C UPDATE ALPA -- GLITTR 259

c ALPA NEW = ALPA OLD - F(ALPA OLD)/F PRIME( ALPA OLD) 6LITTR 260

ALPA = ALPA.FOFA/FOFAP GLITTR 26}

¢ CHECK FOR SOLUTION OR IF MUMBER OF ALLOWED ITERATIONS GLITTR 262

¢ HAS BEEN EXCEEDED : GLITTR 263

;. IF{ ABS(DELTA).LE.2.0E-05 ) GO TO 18 GLITIR 268
H | IF( KOUNT.BE.100 ) 60O TD I8 GLITTR 265
i [ GO TO 16 GLITIR 266
- Crwe GLITTR 267
‘] C*+* END OF ITERATIVE PROCEDURE. &ITIR 268
! C*w GLITTR 269
i ] 18 ALPS = ALP-ALPA GLITTRR 270
: : ALPSD = ALPS*1B0./PI GLITIR 271
: . ALPAD = ALPA*180./PI GLITIR 272
H -3 WRITE(6,5) ALPAD, ALPSD,KOUNT,EPSA EPSS GLITTR 273
1 g 5 FORMAT™ (12HD ALPHA A = F12.4,5X,11M ALPHA S =,F12 4,5, 15, GLITTR 274
§ ¢ * 124 C"TERATIONS,5X,6H EPSA= E12.4,5X,6H EPSS= t17.4) GLITTR 275
CALL GCRCLE{DETLAT,DETLON, SRCLAT SRCLON,ALP ALPA, SPCLAT,SPCLON}  GLITTR 276

¢ NOW HAVE SPCLAT AND SPCLON GLITTR 217

T GLITTR 278

: &0 Y0 BO GLITIR 279
: 70 SPCLAT = -1.0 GLITTR 280
1y SPCLON = -1.0 GLITTR  2R)
o 80 IF( .WOT,.ESURF1 )} RETURN GLITTR 282
cc GLITTR 283

: ccc meLAS Fm EPSD LR R BE B BE SN R IR N R T S Y * % % GLIm 284
4 cc GLITTR 285
CALL FRESNL{ZLAM DTZENP,RHD) GLITTR 786

e GLITTR 287

[ COMPUTE EPSD GLITTR 288

EPSD = 1.0-RHO GLITTR 289

RETURN GLITTR 290

END GLITTR 291
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SUBROUTINE PATH({ FIRSY, ISHELL, DS, XFRACS )
*PATH* DEVELOPS THE PATH INTEGRALS FOR ATNSPHERIC ABSORKFTION.

INPUT PARAMETERS
ARGUMENRT LIST
FIRST = LOGICAL INITIALIZATION SWITCH
= .TRUE. FOR FIRST CALL (I.E., CORRESPONDING TO
PATH FROM RX TO RY IN TRNSCO)
= FALSE. FOR SUBSEQUENT CALLS {1.E., CORRESPONDING
TO PATH FROM RY TO RZ IN TRNSCO)
TSHELL(1) = INDX(I) IN CALL FROM TRNSCO OR SURPAD
ISHELL(Z) = INDX(I+1) IN CALL FROM TRNSCO OR SURRAD
DS = DS(I+1) IN CA(L FROM TRNSCO OR SURRAD.
NOTE... IT IS ALMAYS TRUE THAT DS(1)=D.0 AND
OS(NC+1)=-1., WHERE NC IS THE NUMBER OF PATH
SEGMENTS PLUS ONE. ATMRAD WILL NOT BE CALLED
WITH Y=NC.
XFRACS{1) = XFRACS(1) IN CALL FROM TRNSCO OR SURRAD
XFRACS{2) = XFRACS{I+1] IN CALL FROM TRNSCO OR SURRAD.
NOTE. THIS ARRAY XFRACS (DIMENWSIONEC 2) 1S NOT THE
SAME AS THE ARRAY XFRACS (DIMENSIONED 170) IN
SUBROUTINES STEP, STEPS, AND TRNSCO.
{ SEE NOTE IN SUBROUTINE ATMRAD )
XYZCOM COMMOK

NS = NUMBER OF ALTITUDE BOUNDARIES
TS(J) = TEMPERATURT AT ALTITUDE BOUNDARY J, DEG K (J=1,KS)
PS{J) = PRESSURE AT ALTITUDE BOUNDARY J, ATM (J=1,NS)
XNSPEC(J,N) = SPECIES-N DEMSITY AT ALTITUDE BOUNDARY J, 1/CM+*3
{J=1,8S , N=1,10)
OUTPUT PARAMETERS
XYZCOM COMMON
U{I,N,2) = CUMULATIVE VALUE OF PATH PARAMETER U (AREAL
DENSITY) FOR TEMPERATURE-INDEX I AND SPECIES N AT
END OF LINE SEGMENT DS, CM AT STP
UP(1,N,2) = CUMULATIVE VALUE OF PATH PARAMETER UP (PRODUCT OF
U AND PRESSURE P) FOR TEMPER®™UIRE. [RDEX 1 AND
SPECTES N AT ENC OF LINE SEGVENT DS, ATM-CM
AT STP FOR U AND UP (I=1,2 , N=1,10)

DIMENSION XNS1(10), XN52{10), DU(10,10), DUP{10,10), ISMELL(2),
1 YFRACS(2)

COMMON / XY2COM / 1TMTE, LTMTE, NS, HSHELL(81), TS{81), PS(81},
1 XNSPEC(81.10), v{10,10,2), UP{10,10,2}, NMOLS,
? FACT

LOGICAL FIRST
XINTRP IS AN ARITHMETIC STATEMENT FUNCTION FOR LINEAR
INTERPGLATION, RETURNING THE VALUE XIWTRP AT A FRACTIONAL
DISTANCE (1.-XFRAC) BETWEEN END-POINT VALUES Z1 AND I2.
XINTRP( Z1, 22 ) = 2} * XFRAL + 72 * (]}, - XFRAL )

IF ( .NOT, FIRST ) GO TO 1
INSTIALTZATIONS
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- ' FIRST = .FALSE. PATH co

cL NOW ZERD SECOND-MALVES OF L AND UP ARRAYS, WHICH IS WMERE ME PATH 60
- cw ACCUMULATE OUR OUTPUT RESULTS FOR THESE ARRAYS. PATH 61
CALL XMIT { -100, 0., U(1,1,2) ) PATH 62

CALL XMIT ( -100, O., UP(1,1,2) ) PATH 63

¢ PATH 64

1 L1 = ISHELL()) PATH 6%

L2 = JSHELL(?) PATH 66

: c SET SHELL PROPERTIES AT FIRST POIAT FATH 67
4 X NOW TRANSFER SECOND-HALVES OF U AND UP ARRAYS TO FIRST-HRLVES, FATH 68
cud 1.E., INITIALIZE THE STARTING POINT OF THE SECOND LFG TO PATH 69
9 cLl VALUES AT END OF FIRST LEG OF PATH. BATH 70
E. CALL XMIT | 100, u(1,1,2), U} PATH 71
3 CALL XMIT ( 100, UP(1,1,2), tP ) PATH 72
IF { L2 .EQ. O ) RETURN PATH 73

(o INTERPOLATE FOR P, T, AND C(SPECIES) AT FIRST PUINT PATH 74

3 XFRAC = XFRACS(1) FATH 75
, pSLl = PS{LL) PATH 76
TSLY = TS{L1) PATH 77

IF ( XFRAC .EQ. 1. ) 60 TO 2 PATH 78

pSLl = XIKTRP{ PS(L1), PS(L2) ) PATH 79

TSLY = XINTRPI TS(L1), T5(L2) )} PATH 80

2 D0 3 N=1,10 PATH 8!

ANSIN) = XNSPEC(L1,N) PATH 82

IF ( XFRAC .EQ. 1. DR, XNSPEC(L1,%) + XNSPEC(L2,N) -EQ. 0. ) PATH 83

s GO TO 3 PATH as

YNS1(N) = XINTRP( XNSPEC{L1,N}, XNSPEC{L2,¥) ) PATH 85

3 CONTINUE PATH as

t INTERPOLATE FOR P, T, AND C{SPECIES) AT SECOND POINT PATH 87

XFRAC = XFRACS(2) PATH a8

pPsL2 = PS(L2) PATH 89

TSL2 = Ts{L2) PATH LTo}

1F { XFRAC .FQ. 1. ) GO T0 4 PATH 91

PSL2 = XINTRP( PS{i2), PS({L1}) ) PATY 02

TSL2 = XINTRP( TS§(L2), TS(L1) ) PATH 93

a4 po 5 N=1,10 PATH 94

XNS2(N) = XNSPEC(L2,N) PATY a5

IF { XFRAC .EQ. 1. .OR. XNSPEC(LI,N) + XNSPEC(L2,N) (EQ. 0. PATH 96

$ GO TO S PATH 97

YNS7{N' = XINTRP( XNSPEC(L2,M), XNSPEC(L1,N} ) PATH 9

S CONTINUE PATH 99

C COMPUTE DIFFERENTIAL U AND UP PATH 100

CALL SEGMENT { 10, 0., XNS1, PSL1, TSL1, DS, XNS2, PSLZ, TSL2, PATH 101

$ Dy, DUP ) PATH 10?

C ACCUMULATE U AXD UP AT SECOND POINT PATH 103

D0 6 N=1,10 PATH 104

po ¢ 1=1,2 PATH 108

Ul N,2) = ULI,N,2) + DULINY PATH 106

uP(I,N,2) = UP{T1,N,2) + DUFIT N} PATH 167

6 CONTINUE PATH 108

RETURN PATY 1%

END PATH 110

o et
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FUNCTION PLARCK ( T, W ) PLANCK 2

C PLANCK 3

C *PLANCK* GIVES THE BLACK BODY SPECTRUM PLANCK [}

C { WATTS CM.2 ST-1 (CM-1)-1 ) PLANCK 5

C PLANCK 6

(4] PLANCK 7

cLJ INPUT PARAMETER PLANCK B

CLJ ARGUMENT LIST PLANCK ]

(2 T = TEMPERATURE, DEG K PLANCK 10

cL W = WAVENUMBER, 1/CM PLANCK 11

CLJ DATA STATEMENTS PLANCK 12

cL C = VELOCITY OF LIGHT, CM/SEC PLANCK 13

Ly H = PLANCK'S CONSTANT, J SEC PLANCK 14

cL CHK = C*M/K, CM DEGREE-K PLANCK 15

[/ W] WHERE K » BOLTZMANN CONSTANT PLANCK 16

cLd = 1.380662E-23 )/({DEGREE-K) FLANCK 7

CLJ  OUTPUT PARAMETER PLANCK 18

CcLa FUNCTION PLANCK 19

CLd PLANCK = SPECTRAL RADIANCE, WATTS/(CMw*2 SR CM#**.]1) PLANCK 20

[218] PLANCK 21

DATA € / 2.997925E1D /, CHX / 1.438786 /, B / 6.626176E-34 / PLANCK 22

cLl PLANCK 23

PLANCK = O, PLANCK 24

IF {7 .6Q, 0. YG 10 2 PLANCK 25

2 =(CHK/T=*H PLANCX 26

IF (7 .6E. B8. ) GO TO 2 PLANCK 27

PLANCK = ( 2, * C%*2 * W3 / ( EXP(Z) - 1. ) } * H PLANCK 28

cLd LANCK 29

CLo TO DBTAIN PLANCK IN THE UNITS USED BY GRC, PLANCK 30

[} PHOTONS/ (CM*=2 SEC SR CM+>_1}), PLANCK 31

cLJ DIVIDE BY HCW=H*T*W | PLANCK 32

cL PLANCK 33

cLd TO CBTAIN PLANCK IM UNITS OF W/((M¥*2 SR MICRON), MULTIPLY BY PLANCK 34

CLJ 1.E-04*W*W OR BY 1.E+04/{ZLAMDA*ZLAMDA) WHERE ZLAMDA=1.£+04/W PLANCY 35

(4] FLANLK 36

2 RETURN PLANCK 37

END PLANCK ki

SUBROUTINE REATAN(SR,EL ,AZ, XE YN, 2V} REATAN ?

cec REATAN 3

o SUBROUTINE REATAN (A MODIFIED HARC ROUTINE CALLED REAXY?), REATAM 4

C GIVEN THE SLANT RANGE, ELEVATION ANGLE, AND AZIMUTH ANGLE OF A REATAN )

C POINT WiTH RESPECT TO SOME REFERENCE LOCATION, PROVIDES THE REATAN 6

C TANGENT-PLANE COORDINATES OF THE POINT WITH RESPECT TO THE REATAN 7

C SAME REFERENCE. REATAN g

cce REATAN 9

o INPUTS FROM CALL STATEMENT REATAN 10

] C SR = SUANT RANGE OF POINT, (M REATAN n
; c EL = ELEVATION AMGLE OF POINT, RADIANS REATAN 12
. [ A7 = AZTMUTY AMGLE OF PCIRT, RADIANS REATAN 12
C OuTPUTZ REATAN 14

C XE = X COORDINATE OF POINT, (M REATAN 15

. C YN = Y COORDINATE OF POINT, (m REATAN 16
' o IV = 7 COORDINATE OF POINT, (M REATAN 17
) cce REATAN e
=3 COSEL = COS(EL) REATAN 1a
XE = SR*COSEL*SIN(AZ) REATAN 20

YN = SR*[COSEL*COS{AZ) REATAN 21

IV = SR*STA(EL) REATAN 2?

RETION 2EATAY 22

END REATAN 24

ra
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SUBROUTINE RINOUT(MAT,IFIRE, 1DAY)

im]
o

SUBROUTINE RINOUT, GIVEN THE GEOGRAPHIC LOCATIONS OF THE
SOURCES (SUN AND/OR FIREBALLS), THE DETECTOR, AND THE
POSITION P OF THE INTERSECTION OF THE LINE-QF-SIGHT FROM THE
DETECTOR T0 THE EARTM'S SURFACE, COMPUTES THE ZENITH ANGLES
(AND, FOR FIREBALLS, SLANT RANGES) OF SOURCES FROM P AND THE
DIRECYION OF THE RAY FROM F YO DETECTOR IN TERMS OF ZENITH
ANGLE OF THE DETECTOR AND (If THE SURKFACE IS NOT LAMBERTIAN
(MAT=1) OR WATER (MAT=2)}) THE ABSOLUTE YALUE OF THE AZIMUTH
ANGLE OF SCATTER WITH RESPECT TO THE PRINCIPAL PLANE
CONTAINING THE INCOMING RAY.

oo
[atn]

INPUT PARAMETERS
ARGUMENT LIST
IFIRE = NUMBER OF FIREBALLS TO BE CONSIDERED AS SOURCES
(ALWAYS ZERO IN WBR MODULE)
INDEX FOR CATEGORY OF SURFACE MATERIAL
1, LAMBERTIAN DIFFUSE SURFACE = 2, WATER
3, SHOW = 4, SAND = 5, SOIL = 6, FOLIAGE
7, URBAN MATERIAL
TECTOR COMMON
DETLAY - NORTH LATITUDE OF DETECTCR SUBPOIMT, RADIANS
OETLON - EAST LONGITUDE OF DETECTOR SUBPOINT, RADIANS
OETALY - ALTITUDE OF DETECTOR, KM
FIRBAL COMMON (MOT USED IN NBR MODULE)
FBLAI(L) - NORTH LATITUDE OF FIREBALL-L, RADIANS
FRLON(L) - EAST {ONGITUDE OF FIREBALL-L, RADIANS
FBALT(L) - ALTITUDE OF FIREBALL-L, KM
FBRINT(L) - RADIANT INTENSITY Of FIREBALL-L, WATTS/SEC
POSITN COMMON
POSLAT - NORTH LATITUDE OF INTERSECTION POINT OF LINE-OF-
SIGHT FROM DETECTOR TO EARTH'S SURFACE, RADIANS
POSLOM - EAST LONGITUDE OF. INTERSECTION POINT OF LINE-OF-
SIGHT FROM DETECTOR TO EARTH'S SIRFACE, RADIANS
POSALT - ALTITUDE OF INTERSECTION POINY OF LINE-OF -SIGHT
FROM DETECTOR TO EARTH'S SURFACE, KM
SOLARP COMMON
SOLLAT - MORTH LATITUDE OF SUBSOLAR POINT, RADIANS
SOLLON - EAST LONGITUDE OF SUBSOLAR POINT, RADIANS
OUTPUT PARAMETERS
ARGUMENT L 18T
IDAY - INDEX FOR DAYLIGHT CONDIYIONS AT POINT P
=0 IF SOLAR ZENITH ANGLE .GT. 90. DEGREES
=] IF SOLAR ZENITH ANGLE .LE. 90. DEGREES
TECTOR COMMON
DETZEN - ZENITH AMGLE OF RAY REFLECTED AT POINT P TOWARD
THE DETECTOR, RADIANS
DETAZI(1) - ABSOLUTE VALUE OF AZIMUTH OF REFLECTED RAY,
MEASURED FROM PRINCIPAL PLANE DETERMINED BY
VERTICAL PLAME THROUGH IMCOMING RAY FROM SUN,
RADYANS
DETAZI(L+1), L=1,IFIRE  (NOT USED IN WBR MOD(nE)
- ABSOLUTE VALUE OF AZIMUTH OF REFLECIED RAY,
MEASURED FROM PRINCIPAL PLANE DETERMINED BY
VERTICAL PLANE THROUGH INCOMING RAY, RADIANS
SOURCE COMMON

MAT

ﬁnnnnnnnnnnnnﬁnngnnnnnnnnnnnnnnnnnnnnnnhnnnnnnﬁnnnnnnnhn
o
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C SRCZEN(1) - ZENITH ANGLE OF RAY INCOMING TO POINT P FROM RINOUT 59
c THE SIM, RADIANS RINOUT 60
C SRCZEN{L+1), L=1,IFIRE  (NOT USED IN NBR MODULE) RINOUY 61
C -~ ZENITH ANGLE OF RAY INCOMING TO POINT P FROM RINOUT 62
C FIREBALL-L, RADIANS RINGUT 63
c SRCR(L+1}, L=1,IFIRE  (NOT USED IN NBR MODULE) RINOUT 64
c ~ SLANT RAMGE FROM FIREBALL-L TO POINT P, KM RINOUT 65
ccc RINGUTY 66
COMMON/F IRBAL/ FBLAT(10),FBLON(10},FBALT(10) FBRINT{10) FIRBAL 2
COMMON/POSITN/  POSLAT ,POSLON, POSALT SPCLAT, SPCLON POSTTH 2

$ LC12LAT ,C12LON, CI2ALT POSIT 3
COMMON/SATELL/ SATLAT, SATLOK, SATALT, SATZEN, SATAZI SATELL 4
COMMNON /SOLARP/  SOLLAT,SOLLON, SOLIRR{10) SOLARP 2
COMMON/SOURCE/ SRCLAY, SRCLON, SRCALT,SRCFLG, SRCZEN{11),SRCSR(11)  SOURCE 2
COMMON/TECTOR/ DETLAT,DETLON, DETALT,DETZEN,DETAZI(11) TECTOR 2

DATA P1,RE / 3,141592653590,6.37103E+03 / RINGUT 73

cce RINOUT 74
c UPON BEING CALLED FROM SUBROUTINE SURRAD INITIALLY WITH RINOUT 75
c IFIRE=Q (EVEN THOUGH IFIRES .6T. 0), RINOUT DECIDES WHETHER RINQUY 76
C THE SUN CAN BE A SOURCE, DEPENDING ON JTS ZEMITh ANGLE. RINOUY 7
ccc RINGUT 78
IF{ IFIRE.GT.0 ) 60 YO 20 RINOUT 79
SINSIN = SIN{POSLAT)*SIN([SOLLAT) RINOUT 80
€0OSCOS = COS(POSLAT)=LOS{ SOLLAT) RINOUT 81
CSSOLZ = SINSIN + COSCOS*COS(POSLON-SOLLON) RINOQUT 82

IDAY = 0 RINOUT 83

IF( CSSOLL.LT.0.0) GO TO 10 RINOUT 84

I0AY = 1 RINOUT 85
SRCZEN(1) « ACOS{ CSSOLZ ) RINOUT 86

10 CONTINUE RINOYT 87

cc RINOUT 88
cc COMPUTE DETECTOR ZENITH ANGLE, DETZEN, AND, IF MAT _GT. 2 AND RINOUT 52
¢ IDAY=1, THE DETECTOR AZIMUTH ANGLE FOR SUN, DETAZI(1). RINOUT k5]
cC ALPHAD = EARTH-CENTRAL ANGLE BETWEEN RAYS TO DETECTOR AND RINOUT 91
cc LINE-OF =SIGHT INTERSICTION POINY RINOUT 92
ALPHAD = CANGLE(DETLAT DETLON,POSLAT POSLON) RINOUT 52

EPSD = (RE+POSALT)/(RE+DETALT) RINOUT 94

C0 = (1.0-EPSD)/(1.0+EPSD) RINOUT 95

CO = 2.0*ATAN{ CD/TAN(ALPHAD/2,}) RINOUT 96
BETAD = 0,.5%(PI-ALPHAD-CD) RINOUT 97
DETZEN = ALPHAD+BETAD RINGUT 3¢

IF{ (IDAY.EQ.0) .OR. (MAT.LE.2) ) RETURN RINOUT 99

cC RINOUT 100
cc SET SUN INTO SOURCE CODRDINATES. RINOUT 101
SRCLAT = SOLLAT RINGUY 102
SRCLON = SOLLOW™ RINOUT 103

60 TO 40 RINOUT 104

20 Le=] RINOUY 105

cC RINOUT 106
cC SET FIREBALL-L INTD SOURCE COORDINATES, RINOUY 107
30 SRCLAT = FBLAT({L) RINOUT 108
SRCLON = FBLON(L) RINOUY 109
SRCALT = FBALT(L) R INQUT 119

cc RINOUT 111
IF{ MAT.LE.2 ) 60 TO 60 RINQUT 112

cr RINOUT 112
cC START CALCULATION OF DETAZI{1) OR DETAZI{L+1), [(L=]1,JFRE} RINOUT 114
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3 40 STNNP = COS( POSLAT ) RIw0nT 115
3 COSNP = SIN{ POSLAT ) RINDUT 1186

° COSNS = SIN( SRCLAT } RINOUT 117
] SINNS = COS{ SRCLAT ) RINOUT  11B
¢ THOPI = PI+PI RINOUT 1i9

I PNS = ABS{ SRCLON-POSLON ) AIn0UT 120
IF( PNS.GE.PI ) PNS = TWOP!-PNS RIsQUT 121
SINPNS = SIN{ PNS ) RINOUT 127

PS = CANGLE({POSLAT,POSLON, SRCLAT, SRCLOM) RINGUT 123

SINGSM = SINNP*SINPNS/SIN{ PS ) RINOUT 124

e SOME MUMERICAL PRECAUTIONS ARE FECESSARY. RINOUT 1on

i ABSQSN = ABS{ SINOSN } RINOUT 126

ol ABSONE = ABSQSN-1.0 RINOUT 127

1F( (ABSQSM.GT.1.0) AND. (ABSOME.LE.1.0£.10} ) RINOUT 128

*  SINOSN = SIGN{ 1.0,SINQSK ) RINOUT 129

QSN = ASIN{ SINOSN ) RINOUT 130

COSMPR = COSKS*COS{ PS ) RINOUT 12

IF( COSWP.LT _COSNPR ) QSN = PI-QSN RINOUT 132

COSOSH = COS( QSN ) RINQUT 133

3 QNS = ABS( SRCLOM-DETLON ) RINOYT 134

A . IF( OMS.GE.PI ) ONS = TWOPI-ONS RINOUT 135
: 3 COSQNS = COS( WS ) RINOUT 136
3 [ SINQNS = SIN( QNS ) RINDUT 137
RNQS = ACOS{ SINONS*SINQSN*COSNS - COSONS*COSQSN ) RINOUT 138

SIKNQS = SIN{ RNOS ) RINDUT 139

O = ASIND SINQSH*SINNS/SINNGS ) RINOUT 140

CSQSNR = -COSONS=COS{ RNQS ) RINOUT 141

IF{ COSOSN.LT.CSOSMR } ON = PI-ON RINOYT 147

SINAQ = COS{ QN+DETLAT } RINOLT 142

PSI ® ASTN( SINAQ*SINMOS/SIN( ALPHAD 1 ) RINOLT 144

COSAQ = SIN({ ON+DETLAT ) RINQUT 145

QNP = ABS/ DETLON-POSLON ) RINOUT 146

IF( QNP.GE.P] ) ONP = TWOPI-QmP RINOUT 147

SINQNP = SIN/ QWP ) RINOUT 148

SINQP = SINONF*SINNP/SINNQS RINOUT 149

SNOPSQ = SINQP*SINGP RINOUT 150

COSQP = SORT' 1.0-SKQPSQ ) RINOUT 151

COSADR = ALPHAD*COSQP RINOUT 152

IF{ COSAQ.LT.COSACR } PSI = P[.PS] RINOUT 153

E IF/ IFIRE.GT,0 } GG TO 50 RINOUT 164

: DETAZE(1) = PSI RINOUT 155

3 RETURN RINOUY 156

cc RINGUT 157

Ll cem e cmcmecescmmam—temm—mmmer—cieemacceearramceemreoccmc-aeoesama RINOUT 158

cc THE REMAINING PORTION OF THIS SUBROUTINE 15 NOT USEC I T™ME  RIWOUT 159

e MBH MODULF, RINOUT 162

50 CONTINUE RINCUT 181

e SET DETAZL/L+1). RINOUT 162

DETAZI(L+1) = PS] RINOUT 162

e RINWT 182

R cc COMPUTE SRCZEN(L+1) MND SRCSR(L+1Y, RINOUT  16S

1 cc ALPHAF » EARTH-CENTRAL ANTLE BETWEEN RAYS TO FIREBALL AXD RINOUT 15¢
. - o LINEOF-51GNT INTERSECTION PQIAT RINDUT 167
- BO ALPHAF = CANGLL, POSLAT,POSLON,SRELAT, SRCION ) RINT 162
5 5 EPSF = {REPOSALTY/(RE+SRCALT) RINDUY 169
i CF =~ {1.0-EPSF)/ {1, 0+EPSFY QINT 170
i . CF = 2. %ATAN( CF/TAN/ALPHAF/2.) ) orNnuT 17}
i} 3 BETAF = 0.5%(PI-ALPHAF-CF) RINOLT 172
! SRCTEN(L+1) = ALPHA+BETAC RINDUT 172
3 . SRESR(L*1) = RE*SIN{Ai PHAC ) /SIN{BETAF) RINOLT 172
. o IF{ L.GE.IFIRE ) RETURN RINOUT 178
i 8 L= L4l RINCUT 176
a - 60 T0 30 RINOUT 177
6 k- END 2IRo0T 1
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SUBROUTINE SECMENT ( NSPEC, X1, NS1, P, T1, X2, WS2,6 P2, T2, SFGMENT ?
1 pu, DuP ) SEGMENT 3

o SEGMENT 4
f *SEGMNT* DEVELNPES THE ABSORBER AND PARTIAL MRESSURE SEGMENT 3
o INTEGRA.S FAR SPECTES IN THE PATH ELEMENT FROM POINT 1 SEGMENT [
o 0 POING 2. ALL PROPEPTIES, TEMOERATURC, PRESSURE, AND SEGMENT ?
o CORCENTRATIONS, ARE ASSUMED TO VARY LINTARLY THROUGH THE SEGMENT 8
o PATH ELEMENT, SFGMENT 9
o SEGMENT 10
cLa INPUT PARAMETERS SEGMENT 11
cLa ARGUMENT (157 SEGMENT 1?
(Wi NSPEC = NIIMEER OF SOECIES (10, ST IN CALL FROM PATH). SERMENT 13
cLd THEISF SPECIES ARE INFNTIFIED BY COMMENTS IN SEGMENT 14
cLy SIBROUTINE SHELLS. SEGMENT 15
CLa X1 = DISTANCE ALONG '.INE SEGMENT (0., >t'7 IN CALL SEGMENT 16
cie FROM PATH), CF SEGMERT 17
cLd NSY = XNSIIIDI-ARRAY  SET IN CAL. FRNM PAT:, SEGMINT 18
cL: = ARRAY OF SPECIES CONCENTRATIONS AT START OF SEGMENT 19
cLd U{RE SEGMENT, 1/CM%+3 SEGMENT 2C
cLe PJ = PSL1, SET IN CALL FROM PATH, SEGMENT 21
cLd = PYESSURE AT START OF LINE SEGMENT, ATM SEGMENT 22
cLa T1 = YSLY, SET N CALL FROM PATH. EGMENT 23
cLa = TEMPERATURE AT START OF LINE SUGMENT, DE X LIGMENT 74
fLe X2 = DS, SET IN CALL FROM PATH. SEGMENT 25
cLl = LENGTH OF LINE SEGMENT, CM SEGMENT 26
cLa NS? = XNS?{1(1)}-ARRAY  SET IN CALL FROM PATH, SEGMENT 27
cud = ARRAY 07 SPECIES CONCENTRATIONS AT END OF SEGMENT 28
cLs UINE SEGMENT, 1/CM++3 SEGMENT 729
cLd P? = PSL2, SEY IN CALL FROM PATH. SEGMENT 30
(g = PRESSURE AT END OF LINE SEGMENT, ATM SEGMINT k3!
il T2 = TSL2, SET IN CALL FROM PATYH, SEGMINT 32
' cL - TEMPERATURE AT END T LINE SEGMENT, DEG K SERMENT i
Ty e XY COMON SERYENT N
. CLe TTIIY = TEWPERATURE ARRAY [N ATMOSPHERIC TRANSMISSION SEGMINT ELS
CL. #ONE., SET AS DATA IN THE DRIVER PRNGRAM, (DEG K) SEGWFNT k12
CL:  OUTPUT PARAMETERS SEGMENT kN
Ly ARGHMENT 11 CT SEGMINT 38
L D10 ,10% = ARRAYS OF PATH INTEGRALS U/ATM CMY AND UP{ATMw7  SEGMENT 10
cLd DUP{1D, 101 WY AT 10 TEMPERATURFS FOR FACH OF 10 SPECIES, SEGMENT 4.
L THE UINTTS AT THOSE OF STIPHENS, Sal/L " PREFFRS SEGMINT 41
N UNITS OF £W AT STP FOR 3 ANT ATM_CM AT TP FOR UP, SEGMNT av
COMMON 4 XY ¢ TTOIN SEGMERT 47
DIMENGTION RSYANGPEZY O NSPINSPESY N1 NSPECY - DUB/ 10 N5P £Y SEAwWERT az

1 XT(I0Y, ONSDY- 201, XNSDY255 SEGMINT 25

{ SERMEXT Y3
Fral NS1, WS2. NL SEGMENT &2
LOTUTAL NGRAD SEGMONT B

o SEGMENT a3
cLa SERMINT 5"
cid NL = L30047T S NUMRER | MO P ER/OMes Y AT TP I CTERYENS SEMENT a1
e Ferne 1/ ATM TMawdl WITH STANDARD TEMPIRATUOf SEGMENT L3
N UNDER €71 00 SERMTNT £
[ SEGMINT o4
DATA NL / 2.6R7[IN CEOMENT L3S

i CEGMINT e
CALL yMiT { JTUONSOED 0, P SEGMegT 6T

Chys XMIT 0 YneNSDrT o par CEGMINT oF




oo

g Xal

¢
¢

1
6  CONTINUE

7

8

DPRDX = ( P2 - PL ) 7 ( X2 - X1 )

XPRO = P1 - X1 * DPRODX

DO 1 M=1,NSPEC

DNSDX(M) = ( NS2{M) - NS1(M) ) /7 ¢ ( X2 ~ X1 )} * NL )
XNSC(M) = NSI{M) / NL - X1 * DNSOX{M})

CONTINUE

IF ( ABS( T2/T1.1. ) .GT. .005 ) GO 7O 7

NEARLY ISOTHERMAL PATH ELEMENT
TBAR « 5« ((T1 + 712 )
1IT=0
00 2 I=1,10
§§ { TBAR ,LE. TT(I) } 60 TO 3
=]
CONTINUE

I (IT ,EQ. 0 .OR. 1T .EQ. 10 )60 TO 5

TEMPERATURE INSIDE TABLE RANGE

FN = ( TBAR - TT(IT) ) / ( TT(IT+#1) - TT{IT) )
FF = 1. - FN

DXl = %2 - X1

DX2 » X2442 . Y1#¥?

Di3 = 12%%3 - X1%+3

DO 4 M=1,NSPEC

IF ( NS1(M) + NS2(M) .EG, 0. ) GO TO 4

TERM = DNSDX(M) * DX2 / 2. + XNSO(M) * DX1
DU{IT,M) = FF + TERM

DU(IT+1 M) = N ™ TERM

TERM « DNSDX(M) * DPRDX * DX3 / 3. + ( XPRO * DNSDX(M) +

1 XNSO(M) * DPRDX ) * DX2 / 2. + XNSO{M) * XPRO * DX1

1

DUPIT M) = FF * TERM
DUP(IT+1,M} = FN * TERM
CONTINUE

RETURN

TEMPERATURE OUTSIDE TABLE RANGE
1F { JT .EQ. 0 ) IT =1
pXl = X2 - xt
DX2 = X2+*2 - X1w*2
DX3 = X2#*3 - X1**3
DD 6 M=] ,NSPEC
IF ( WS1(™) + NS2{M) .£Q. 0. ) GO TO 6
DU{IT,M) = DNSCX(M) * DX2 / 2. + XKSG{M) * DXl
DUP(IT,M) = DNSDX(M) * DPRDX + DX3 / 3, + ( XPRQ * DNSDX(M) +
XRSO(M) * DPRUX ) * DX2 / 2. +« XNSO(M) = XPRO * DX1

RETURN

NON-IFRO TEMPERATURE GRACIENT
NGRAD = T2 .LT. Tl

D0 8 1s1,10
XT(1) = { 12 - TT?I% ; /{T12-T1 g * Xl
-1y )7 (T1-72)*x
CONTINUE
Im=0
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IF ( NGRAD } IT = 10 SEGMENT 116
11 =1 SEGMENT 117

00 15 121,10 SEGMENT 118
=11 SEGMENT 119
=1 SEGMENT 120

IF ( NGRAD ) 17 =11 - 1 SEGMENT 121

IF (1.6q. 1 .AND. XT(II) .GE. X2)GOTOS SEGMENT 122

IF { XT{11) .LE. X1 .OR, XT(IP) .6E. X2 ) 60 TC 15 SEGMENT 123

IE (1 .6T.1)60T01 ceowewT 124

" SEGMENT 125
¢ FIRST PART OF PATH OUTSIDE TEMPERATURE TABLE RANGE SEGMENT 126
pX1 = XT(I1) ~ X1 SEGMENT 127

pX2 = XT{II)**2 - X1%*2 SEGMENT 128

DX3 = XT(IT)#%3 - X1%+3 SEGMENT 129

9 DO 10 M=1,NSPEC SEGMENT 130
1F ( NSL(M) + NS2(M) .EQ. 0. ) 60 T0 10 SEGMENT 131
DU(IT,M) = DULII,M) ¢ DNSDX(M) % DX2 7 2. + XNSO(R) = oxt SEGMENT 132
DUP(11.M) = DUP(II,M) + DNSDX(M) * DPRDX # DX3 / 3, + [ XPRO * SEGMENT 133

1 DNSOX(M) + XNSO(M) * DPROX ) * DX2 / 2. + SEGMENT 338

2 XNSO(M) * XPRO * DX1 SEGMENT 135

10 CONTINUE SEGMENT 136
&0 T0 15 SEGMENT 137

c SEGMENT 138
¢ TEMPERATURE INSIDE TABLE RANGE SEGMEMT 139
11 XN = AMAXI( XT(IP}, X1 ) SEGMENT 140
XF = AMINI{ XT(I1}, %2 ) SEGMENT 141

DXl = XF - XN SEGMENT 142

DX2 = XF**2 - XN®*2 SEGMENT 143

DX3 = XF#+3 - XN=*3 SEGMENT 144

DX4 = XF**d - XN#*A SEGMENT 135

T SEGMENT 146
¢ NEAR SIDE INTEGRAL TO NEXT POINT SEGMENT 147
DXT = XT(11) - XT{IP) SEGMENT 148

FF = ( XF - XT(IP) ) / DXT SEGMENT 149

EN = { XN - XT{IP) ) 7 DXT SEGMENT 150

IT = 11 SEGMENT 151

C SEGMENT 152
¢ INTEGRATE BY PARTS--UIFERENTIATING THE WEIGHTING FACTOR SEGMENT 153
12 DO 13 M=1,NSPEC SEGMENT 158
IF ( NS1(M) + NS2(M) .EG, C. ) &0 TO 13 CEGMENT 155

ONN = O, SEGMENT 156

IF { FF %€, Q. Y ONN = { DNSDX(H)"!F“?/Z. + INSO(M)*XF )} * FF SEGMENT 157

1F ( FN .NE. O. ) DNN = DNN - ( DNSDX(M) * N2 [ 2.+ SEGMENT 158

1 XNSO[M) * XN ) * FN SEGMENT 159
DU(IT,M) « DU(IT,M} + DNN - ( DNSDX(M) * OX3 / 6. SECMENT 160

1 XNSO(M) * DX2 / 2. ) /# DXT SECMENT 161
DNNPP = O, SEGMENT 162

TF ( FF .NE. 0. ) DNNPP = ( DNSDX(M) * DPRDX * XF®3 / 3. * SEGMENT 163

1 { XPRO * DNSDX{M) + XNSO(M) * DPRDX ) * SEGMENY 168

2 XF#s2 / 2. + XNSO(M) * XPRO ® XF ) * FF SEGMENT 165

IF ( FN .NE. O, ) DNNPP = DANPP - { DNSDX(M) * DPRDX * XN**3 /3. SEGMENT 163
+ { XPRO * DNSOX(M) ¢ ANSO(M] * DPROX )* SEGMENT 167

ynwr2 /2. + XNSO(M) * XPRO * XN ) *+ FR SEGMENT 168

DUP{IT, M) = GUP({T,M) + DNNPP - { DNSDX{M) * DPRDX * DX& / 12. +  SEGMENT 169

~N -

1 { XPRO * DNSDX(M) + XN50(M) * DPROX ) % DX3 / 6. * SEGMENT 170
2 XNSO[M) * XPRO * DX2 / 2. ) / DXT SEAMENT 171
13 CONTINUE SEGMENT 172

273
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14

IF { 17T .NE. 11) GO TO 14

FAR SIDE INTEGRAL FROM PASSED POINT
0XT = XT{IP) - XT{I1)

FF = ( XF - XT(11) ) / OXT
FN = ( XN - XT(II) ) / DxT
1T = 1P
G0 TO 12

IF (1 .LT. 10 .OR. XT{II) .GE. X2 ) 60 TO 15
LAST PART OF PATH OUTSIDE TEMPERATURE TABLE RARGE

DX1 = X2 - XT{II)

DX2 = X2%*2 - XT{11}**2
DX3 = X2+*3 - XT(I11)*3
GO T0 9

CONTINUE

IF ( NGRAD ) IT =10 - IT
IF ( 1T .EQ. O .OR, 1T .EQ. 10 ) GO 10 5

RETURN
END
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- ALTITUDES OF POINT V ABOVE UPWALT AT WHICH SETALY 25
UPWELLING RADIANCE 1S COMPUTED FOR BROAD-  SETALT 26

SUBROUTINE SETALT { ALMIN, ALMAX, JBAND ) SETALY ?
cce SETALT 3
c SUBROUTINE SETALT, CALLED FROM THE DRIVER PROGRAM DRVUPW, SETALY 4
o DETERMINES THE ALTITUDES AT WHICH SUBROUTINE UPWELL COMPUTES — IFTALY 5
o THE UPWELLING NATURAL RADIATION. SE.N T 6
c A SET OF CHARACTERISTIC ALTITUDES HAS BEEN PREVIOUSLY SELECTED SETALT 7
C FOR EACH OF THE 10 SPECTRAL BINS. IF THE WAVELENGTH-BAND OF  SETALY 8
¢ INTEREST (ALMIN, ALMAX) SPANS MORE THAN ONE BIN, WE USF A ST SETALT 9
o OF ALTITUDES OBTAINED BY COMBINING THOSE FOR EACH OF THE SETALT 10
C SPANNED BINS. SETALT 11
CCC SETALT i?
] c INPUT PARAMETERS SETALT 13
4 [ ARGUMENT LIST SETALT 14
c ALMIN, - MINIMUM AND MAXIMUM WAVELENGTHS FOR WHICH SETALT 15
C ALMAX UPWELLING NATURAL RADIATION IS TO BE COMPUTED, SETALT 16
¢ MICRONS SETALT 17
o JBAND - BROAD-BAND LOOP INDEX (1,5) SETALTY 18
o SETALT 19
o OUTPUT PARAMETERS SETALT 20
o COMMON UPWELS STTALT 21
c NALT(JBAND) - NUMBER OF ALTITUDES FOR BROAD-BAND INDEX SETALT 22
[ JBAND SETALT 23
¢ IKM(1,JBAND) =1 NALT{JBAND) SETALT 24
C
C
‘ C BAND INDEX JBAND, XM SEYALT 27
cee SETALT 28
COMMON/UPWELS/ UPWALT UPWLON UPWLAT NALT(5),ZKM(13,5) NNADIR NAZI, UPWELS 2
* NWAVE(5),1DAYV, CLOFLG,UPRADN(13,10,5),WV(10,5),1KM, UPWELS 3
* NBANDS UPWELS 4
COMMON/UPWELS1/ UPWELS 5
2 R010(6,10) ,RO10A(6,10,10),RO1ON(€,10), UPWELS 6
3 RO25(6,10)},R025A(6,10,10),RO?5K(6,10), UPWELS 7
4 ROS0{6,10) ,ROSOA(6,10,10) ,ROS0N{5,10), UPWELS 8
5 ROA0{6,10),RO9CA(6,10,10),RO90N(6 ,10), UPWELS 9
.3 6 R105(6,10),R100A{6,10,10) ,RI00N(6,10) UPWELS 10
3 7 LARCVALG 10,10) ,ARCYN(6, 10) UPWELS 11
. DIMENSION HUPWEL{11,10),BINLAM{11),NALTL{107,ALT(56) SETALT 30
o SETALY 31
N C DEFINITIONS OF DATA... SETALTY 7
C NBINL1 - NUMBFR OF WAVELENGTH-BIN BOUNDAR[ES MINUS ONE  SETALT 31
.3 o - NUMBER OF WAVELENGTH BINS SETALT 34
1 C BINLAM{LY  1=1,(NBINL1+1) SETALT kL
'3 o - WAVELENGTH OF BIN BOUNDARY, MICRONS SETALT 3
¢ NALTL(M)  M=1 NBINL] SETALT 3!
« C - NUMBER OF ALTITUDES FOR WAVELENGTH-BIN M SETALT ag
t HUPWEL!T,M)  T=1,NALTL(M) M=1 NBINUY SETALT 39
¢ - ALTITUDE-T FOR WAVELENGTH-BIN M, XM SETALT 40
c STTALT a}
UATA NBINLT / 10 / SETALT as
' DATA BINLAM / 2.000, 2.100, 2.575, 2.675, 2.725, 2.875, 4,180, SETALT a1
3 H 4,550, 4.750, 4.850, 5,000 / SETALTY 44
DATA HALTL / 5, 4, 5, 11, 5, 4, 9, SETALY ax
3 4, 5, 4 / SETRLT &
DATA HUPWEL / O0,, 1.,12,,20.,100.,0., O., 0., 0., 0., O_, SETALT L
2 0., 1.,12.,100.,0., 0., 0., O., O., O., ©., sETaLt 4«
3 0., 1., 3,,12.,100.,0., 0., 0., 0., 0., 0., SETALTY 49




4 0., 1., 2., 4., 9.,12.,20.,30.,50.,70.,100., SETALT 50

5 0., 1., 3.,12.,100.,0., 0., O., 0., 0., O., SETALT 51

6 0., 1.,12.,100.,0., 0., 0,, O.. 0., 0., O., SETAL] 52

? 0., 1., 3., 6.,12..20.,50,,70.,100.,0., O., SETALY 53

8 0., 1.,12.,100.,0., 0., 0., G., 0., 0., 0., SETALT 54

9 0., 1.,12.,30.,100.,0., O., 0., O., 0., O., SETALT 55

A 0., 1.,12.,100.,0., 0., 0., 0., 0., 0., 0./ SETALY 56

¢ SETALT 57

C DETERMINE WHICH WAVELENGTH BINS THE MINIMUM AND MAXIMUM SETALT 58

€ WAVELENGTHS, ALMIN AND ALMAX, FALL INTO. SETALT 59

IF ( ALMIN _LT. 2.0 ) 60 70 15 SETALY 50

00 10 K=1,NBINLL SETALT 61

IF ( ALMIN .LT. BINLAM{K+1) ) 60 T0 20 SETALT 62

10 CONTINUE SETALT 53

15 WRITE(6,16) SETALT ca

15 FORMAT(1HO, 1X,64HA BOUNDARY WAVELENGTH IS OUTSIDE THE 2.0- TO 5.0- SETALT 85

SMICRON INTERVAL) SETALT 66

STOP 1 SETALT 57

D 20 MaIN = X SETALT 68
© t NOW HAVE INDEX MMIN OF WAVELENGTH BIN FOR MINIMUM WAVELERGTH. SETALT 69
DO 25 K=1,NBINLY SETALT H

IF ( ALMAX .LE, BINLAM(K+1) ) 60 TO 35 SETALT 7

25 CONTINUE SETALT 72

3 30 WRITE(6,15) SETALT 3
- STOP 2 SETAIT 78
r 35 MMAX = K SETALT 75
¢ NOW HAVE INDEX MMAX OF WAVELENGTH BIN FOR MAXIMUM WAVELENGTH. SETALT 16

¢ SETALT 7

IF { MWMAX .NE. MMIN } 50 TO 50 SETALT 78

NALTS = NALTL(MMIN) SETALT 79

NALT{JBAND) = NALTS SETALT BO

00 40 [=1,NALTJ SETALT 81

IKM(1,JBAND) = HUPWEL(1,MMIN) SETALT 82

40 CONTINUE SETALT 83

60 T0 90 SETALT BA

50 CONTINUE SETALT 85

Jx0 SETALT 86

DO 70 M=MMIK,MMAX SETALT 87

NH = NALTL(M) SETALT 88

D0 60 I=1,NH SETALT 89

JeJel SETALT 90

ALT(J) = HUPWEL(I,M) SETALT 91

50 CONTINUE SETALT 92

70 CONTINUE SETALT 93

MAX = ] SETALT 94

, c SORT ALT ARRAY [N ORDER OF INCREASING ALTITUDES AND THEN SETALT 95
- ¢ ELIMiNATE REDUNDANT ALTITUDES. SETALT 96
.- CALL SORTLJ(ALT,ALT,ALY, MAX,0) SETALT 97
- S = MAX - 1 SETALT 93
J=1 SETALT 9%

ZKM(1,JBAND) = ALT(1) SETALT 100

00 80 [=1,Jw1 SETALT 101

IF { ALT(I+41) .EQ. ALT{I} ) &0 TO 80 SETALT 102

Je el SETALT 103

XM(.), JBAND) = ALT(]41) SETALT  1na

80 CONTINUE SETALT 105

NALT(JBAND) = J SETALY 106

30 CONTINUE SETALT 107

END SETALT 108
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SUBROUTINE SHELLS

*SHELL S* PREPARES A TABLE OF PHYSICAL PROPERTIES FOR THE
AMBTENT ATMOSPHERE USED IN THE CALCULATION OF ATMOSCHERIC
TRANSM] SSION,

INPUT PARAMETERS
ATMOUP COMMON
PP = PRESSURE, DYNES/CM**2
TT = TEMPERATURE, DEG X

SNI(1) = DENSITY OF SPECIES I, 1/CM™3
PARTICULAR SPECIES ARE INDICATED AS FOLLOWS...
N I=IMAP(N) SNI(I)

1 8 NO
2 1 NO+
3 21 N20
4 15 NO2
5 14 03
6 6 coz
7 20 (Wi}
8 22 CHa
9 16 H20
10 18 ot

XYZCOM COMMON
FACT = PATH INTEGRATION FACTOR CONTROLLING THE NUMBER OF
ALTITUDES AND SPACING (MAY HAVE A VALUE BETWEEN
0.1 AND 10, PER EWING. NOMINAL VALUE 15 1.0)
FOR FACT=1,0, WE HAVE NS=77 AND JCHNGE=40.
HS, KM
R i 142 0 )
0.0
0.526
20.000
22.105
60.0
100.0

SUBSEQUENT TO THE INITIAL DEVELOPMENT OF SUBRQJUTINE SHELLS BY
L. EWING OF GET, J. GARBARIND OF GRC SIGNIFICANTLY REVISED THE
SETTING Of THE ATMOSPHERIC SHELLS WITH THE INTENT 7O REDUCE
THE RUWNING TIME, FOR THE ORIGINAL SETTING OF THE ATMCSPHERIC
SHELLS, THE MAXTMUM NUMBER OF BOUNDARIES WAS B1, FOR THE GRC
SETTING, IT 1S 61. THUS, SEVERAL VARIABLES COULD HAVE THEIR
CIMENSIONS REDUCED TO 61 FROM 81, GPRC HAS ALSD MADE FACT
DEPENOENT ON TRNSOPY IN PROZQAM ATKGEN BY SETTING FACY TO 1.0
1f TRNSGPT _NE, FAST AND TO 10.C- IF TRNSOPT _E{. FAST.

WE HAVE KEPT FACT INDEPENDENT OF TRNSOPT,

YE RETORD THE BCAMDARIES FOR THREE VALUES OF FACT, PER BRC.
FOR FACT « 1, X0»1.25, X123.125, X2=7.8125

3 WS 3 NS ) HS
10 XNG1=10  13.125 XMNG2-18 42,8125
2 1.25 1 16.2% 19 50.6750
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SHELLS
SHELLS
SHELLS
SHELLS
SHELLS
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T A

CLd
CLJ
[
€L
Qd
CLd
Crd
L
CLd
CLd
cLd
L
CLd
Ll
cLy
(W)
cLd
CLd
CL3
Ll
CLJd
cLd
CLd
CLd
cLd
CLy
CL
cL
cLl
CLJ
CLC
cul

Lo
cLd
(=W
cLd

cL
CGET
CaeT
CGET
CGEY
cLJd

I

3 2.50 12 19.375 20 58.437%
4 375 13 22.500 21 66.2500
5 5.00 14 25.625 22 74.0625
6 E.25 15 28,750 23 81.R750
7 7.%0 16  31.87% 24 86.0275
8 B8.75 17 35.000 25 47.500N
9 10.00
FOR FACT = 10, X0=3.0, X1=7.5, X2=18.75
J HS HS HS
1 4q.0 JCHRG1=5 16.5 XHNG2= 8 50,25
2 3.0 6 24.0 9 69.00
3 6.0 ? .8 10 87.75
4 9.0 11 106,50
FOR FACT = .1, X0=0.5, Xx1=1.25, X2:3.125
J HS J HS J i)
1 0.0 JCHNG1=22 11.2% JTHNG2=42  38.12%
2 0.5 22 12.%G 43 81.25%0
3 1.0 24 13.7% 44 44,375
21 10.0 41 35.00 61 97.500
QUTPUT PARAMETERS
XY 2C0M COMMON
NS = NUMRER OF ALTITUDE BOUNDARIES
HSHELL(J) = ALTITUDE BOUNDARTES, CM {3=1,N%)
TS(1) « TEMPERATURE AT ALTITUDE BOUNDARY J, DEG K (J=1,NS
p3(3} = PRESSURE AT ALTITUDL BOUNDARY J, AT {321, N5
XNSPEC(J N} = SPECIES-N DENSITY AT ALTITUDE BOUNDARY J, 1/CMw X

{J=1,KS , N=1,10}

DIMENSION PRWATR{81)
DIMENSION TMAP/10)
CO®ON 7 ATMOUP / WL, SBAR, IDORN, PP, RHO, TT, SNI(301, HRHD,

1 FEHSEQ

COMMON / XYZCOM / ITMTE, LTMTE, NS, HSHELL(BL}, TSigry, PSIRLY,
1 ¥NSPECIE1,10), ¥710,10,2}, UP{1D,10,2}, WMOLS,
2 FACT

DATA TMAP / 8, 11, 21, 15, 14, 6, 20, 22, 16, 18/

THE ORIGINAL GET ALGORITHM 1§ COMMINTED QUT WI™ CGET.
NS = 40.6 - 2.5 * FACT

NS = MAXD! 30, MINJ{ 2 * NS, 8D Y ) 4]

JCHNGE = 2 « NS/ 2

X = 40, / FLDAT! NS - 1)

NG = 6.1 « JU/FACT
S e MAYA! 1N, MINGS KO, 2*AS Y 3o+ ]
JOHNGY = 2 + NS/3
JCRNG? = 2+ 2*NS/3
Y = 30./FLOATINS-1)
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HS = -X SHELLS 116
WRITE(6,5) SHELLS 117
5 FORMAT(1H1,44X,434# » = QOUTPUT FROM SUBROUTINE SHELLS * * * /7.1 SHE{LS 1
$H ,126H J  HSHELL T8 PS NO N NZD SHELLS 114 i
S NO2 0z €0z co CHA HZ0 0 SHELLS 120
$H/,IH [ 28H K' DEG K ATMOS |10(3X,7H1/CM*3I) SHELLS 171
DO 10 J=1,NS HELLS 122
: CGEY IF( D .EQ. JOMNGE ) X = 4, *+ % SHELLS 122
) IF( J JEQ. XHNGYL ) X = 2,5%X SHELLS 128
. .3 IF{ J .EQ. JCHNG2 ) X = 2.5%X SHELL S 128
HS = HS + X SHELLS 126
o ESTABLISH ARRAY OF SHELL-BOUNDARY ALTITUDES. SHELLS 127
HSHELL(J) = HS * 1.E5 SHELLS 128
3 CALL ATMOSU ([ 2, KS ) SHELLS 129 :
CALL SPCMIN ( 2, HS ) SHELLS 1310 '
3 SKI(11) = 0. SHELLS 12]
: 1 CLJ e 132 4
: CLd THE TEST ALTITUDE IN THE FOLLOWING [F-STATEMENT  INITTALLY SET Smfiis 17
CLd TO 75 KM BY G_E.TEMPO, MAS REEN CHANGED TO @0 K™ BECAUS SHELLS 134
cLl SUBRNUTINE INNCS! COMPUTES WO+ ONLY FOR ALTITUNES GE. G0 KM. SHELLS 138
cLy FURTHER, NO+ IS PROBABLY MEGLIBLE BELOw 90 K“. SHELLS 136
cLy SHELLS 137
IF{ HS.6E.90. )} CALL IONOSU{ 2,HS ) SHELLS 138
T5{J) = AMIN1{ 300.,77 ) SHELLS 129
PSIJ) = P/ 1.01326F6 SHELLS 140
D0 1 N=1,10 ' SHELLS 181
1 = IMAPIN) SHELLS 143
XNSPEC(J,N} = SNI{1) SHELLS 143
1 CONTINUE SHELLS 144
WRITE(E,11) O, HS, TSI, 0SI0), (XNSPEC{J,N),N=1,10) SHELLS lac
11 FORMAET (1X,13,1PE10.3,0PF6,1,1P11EL0. 2} SHELLS 14s
10 CONTINUE z 147
cLl TO FACILITATE COMPARING QLR ATMOSOHMERE WITH THASE USED BY lag
ctw DTHER WORKERS, THE FOLLOWING STATEWMENTS (DA.1ORD_35 N 146 ‘
I ASSOCIATED PRINT) WERE ADDED TO COMPUTE THE wATER CONTENT 187
cLd OF THE ATWOSPHERE ALONG A VERTICAL PATH ABDYE EACW OF THE HL
CLy SHELL BOUNDARIES. THE WATER CONTENT ABOVE BOUNZARY ], 157
CLd PRWATR!J), IS EYPRESSED IN UNITS OF PRECIPITABLE CENTIMETERS, 1212
cLe 1.E., I8l
CLd PR CMIHP0) = 3.34*F+27 MO ECULFS/CMEeD | 145
Cid WE ASIIME AN ZYPONDNTIAD DREDONERCE OF THE wavie yaono 185
e CONTENTRATION BETWEEN THE BYKTASTES ANT WINCE CALL FUNTTION 1<°
(41N ACCI™ WITH [TYPE = 7, 1ez
PRWATR (NS} = Q. 184G
Do 20 1=2 NS TRT
J=NS . ]+ 162 '
DELPRW = ACCUMT 2, WSHELL/ Y, HSHILL(J42), INSPET/D QY 1R
H INSOEC! 241 ,Q0 ) HSHELL DY, HSHELL/Je1} 173 34F+27 181
PRAATR/ Y =« PRWATR:J+1) ¢ DELPRW LY
20 CONTINUE 1&F
WRITE(E 26 [ MSHELL!J), PRWATRIJV . Je] NS ) 16F
26 FORMAT (o0 HSHELL (KM, PRWATRIDY IMY «#/!l6¢ 1PINE]P &1 1R §
RE TURN 165
£ND 163

e o e A i s o e




SUBRGUTINE SOLRAD(K,B.E) SOLRAD ?

cce SOLRAD 3
C SUBROUTINE SOLRAD PROVIDES THE SOLAR SPECTRAL IRRADIANCE SOLRAD 4
C AT THE TOP OF THE EARTH'S ATMOSPHERE, IN THE SPECTRAL RAMGE SOLRAD 5
o FROM 2 TO 5 MICROMETERS {OR 5000 TO 2000 WAVENUMBERS), SOLRAD []
C THE MASA DATA ADOPTED BY THE ASTM HAVE BEEN FITTED BY SOLRAD ?
C PIECEWISE-CONTINUQUS POWER-LAW CXPRESSIONS. SOLRAD 8
cce SOLRAD 9
[+ INPUT PARAMETERS SOLRAD 10
C B - WAVENUMBER {CM-1) , K=1,2,3 4 SDLRAD 11
[ - WAVELENGTH (M) X=5,6,7,8 SOLRAD 12
[ K - INDEX SPECIFYING UNIT S FOR INPUT AND OUTPUT SOLRAD 13
oo SDLRAD 14
C OUTPYUT PARAMETERS SOLRAD 15
[« E - SOLAR SPECTRAL IRRADIANCE AT THE TOF OF THE EARTH'S  SOLRAD 16
c ATMOSPHERE, IN URITS OF.., SOLRAD 17
C PHOTONS/ (CM**2 SEC CM-1) , K=1,5 SOLRAD 18
C PHOTONS/ {CMe*2 SEC (M) . K=2.6 SOLRAD 19
C MATTS/ (CMie2 IM-1) . X=3.7 SOLRAD 20
c WATTS/{ M2 M ) , k=4 B SOLRAD 21
cce SOLRAD 22
DATA C,H / 2.997925E+10, 6.626176E-27 / SOLRAD 23

DATA EZPZ E2P9,E3P5, EAPO ESPO / 79.0,35. .1 6.9.50,3.79 ! SGLRAD 24

DATA CZPL.C2P9 C3P5,C4P0,CSPO 7 2.2,2.9,3.5,4.0,5.0 / SOLRAD 25

DATA FLAG 7 -2.0 / SOLRAD 26

£ee SOLRAD 27
1F{ FLAG.ET.0.0 ) 60 TO 20 SOLRAD 28

FLAG = 2.0 SOLRAD 29

HCIV = 1,0E+07/(H*C) SOLRAD 30

A2P2 = ALOG(E2PS/E2P2)/ALOG(C2PY/C2P2) SOLRAD 31

A2P9 = ALOGI{E3PS/E2P9)/ALOG(C3P5/L2PY) SOLRAD 32

A3P5 = ALOG(EAPO/E3PS)/ALOG{CAPO/CIPS) SOLRAD 33

A4PQ = ALOG(ESPO/EAPO)/ALOG(CSPO/CAPD) SOLRAD 34

20 CONTINUE SOLRAD 35
Axg SOLRAD 36

1F( A.LE.0.0 ) 10 27 SOLRAD 37

16{ {K,LE.0) OR {K.67.8) ) &0 10 29 SOLRAD 38

F{ X.LT.5 ) A 1.0E+04/A SOLRAD 39

IF{ (A.LT.2.) .OR. (A. GT 5.)) en T2y SOLRAD a0

1IF{ A_GE.CAPQ ) GO TO 2 SOLRAD 3]

TF{ A.GE.C3PS )} &0 TO ?2 SOLRAD 42

IF{ A,6E.C2P9 } GO TO 2 SOLRAD 43

E = EZPz'(A/C?Pz)"AZPZ SOLRAD aa

G0 TO 24 SOLRAD as

21 E = EZPO*(A/C2P9) »*A2P9 SOLRAD 46
GO 1O 24 SOLRAD 47

22 E = E3PS*(A/C3P5)**A3PS SOLRAD aw
0 10 24 SOLRAD 19

23E = EAPo-(A/CAPo)"MPO SOLRAD 50

28 IF! (K. EQ.4 .OR (x.E0.RY } &0 TD 28 SOLRAD &1
1F{ IK.EQ. 3) LOR. (X, EQ.7) ) 60 TO 26 SD'RAD 52

IF( (¥.EQ.2) .OR. {x.20.6) ) 80 TD 2% SOLRAD 53

E = 1.06-12%HCIVEE*A*A*A SOLRAD 54

&0 TQ 28 SOLRAD 55

25 E = 1.0E-0BYHIIVE*A TILRAD 56
GO T0 28 SOLRAD 57

26 E = 1.0E-0B%E*AA SOLRAD 58




28
2?
31

29
33

60
40

RETURN SOLRAD
PRINT 31, A SOLRAD
FORMAT (8200 SUBRDUTINE SOLRAD HAS BEEM CALLED WITH WAVELENGTH (OR SOLRAD
$ WAVENUMBER) OUT OF RANGE. ,F12.4) SOLRAD
CALL EXIT SOLRAD
PRINT 33, K SDLRAD
FORMAT (68HO SUBROUT INE SOLRAD HAS BEEN CALLED WITH IMPROPER VALUE SOLRAD
$ FOR INDEX K., 110) SOLRAD
CALL EXIT SOLRAD
END SOLRAD
SUBROUTIRE SORTLJ( A,B,C.N,LOHT ) SRTLI
SORTLY

GIVEN THE A ARPAY OF LENGTH N, THIS ROUTINE SORTS THE SORTLY
ACRAY FROM LOM TO RIGH IF LOMT.LE.O AND FROM HIGH TO LOM SORTLJ

IF LOHMILGT.O . SORTLY
THF B AND C ARRAYS ARE SIMPLY CARRIED ALONG. SORTLY
SORTL]

DIMENSION A{l), B(1), ct1) SORTLY
SORTLY

LI ] SORTLY
M= W2 SORTLY
iF( M.EQ.0 )} 60 TO 4G SORTLY
X = RN S0RTLY
J=1 SORTLY
1 =3 SORTLJ
L= I+ SmTLY
IF( LOH! ) 50,50,52 SORTLY
SORTLY

* SORT LOW TO HIGH. SCRTL)
1F( A(L).GE.A[1) ) 6O TO 60 SORTLY
60 TO S5 SORTLJ
SORTL)

+« SORT HIGH TO LOM. SORTLY
1F{ A{L).LE.A(1) ) 80 TD 60 SORTLY
Y = K{1) SORTLJ
Yy = B(1) ORTLY
7 = C{1) SORTLJ
A(1) = A{L) SORTLY
8(1) = 8(L) SORTLY
() = () SORTLI
ALY = X SORTL)
B(L) =Y 30RTL
c(Ly =12 SORTL)
1= 1-M SORTLI
IF( 1.6£.1 ) 60 TO 49 SORTLY
3= SORTL.
1IF{ J-K ) 41,41,20 SORTLI
RETURN SORTLY
END SoRTL)
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c SUBROUTINE STEP ! RX, SHAT, CIST, HC, DS, XFRACS, INDX ) STEP 2
CrED k]
c *STEP* TALCULATES THE [NTERSECTIONS OF AN OPTICAL PATH W{TH sree 4
c THE 1LINEARLY VARYING SMELLS IN "V ATMOSOMIRIZ MODEL. FPATH STEP c
C ELEMENTS (€65 THAN TEN METERS !N LENGTH ARE ASSIGNED sren 3
] C T0 THE NEIGHRORING SMELL, SYED N
o sTEP 8
CLa STED 9
CLY  INPUT PARAMET:E - sTeo e
€Ll ARGIMENT [ ]8T STEP P
§ CLd RX{JY = LOCATION VFLTOR TO QKT END OF YOANGMICC]IN DaTH,  §TES WP
CLl TYPICALLY BUT NOT NECESSARILY AT THE DETECTRR (¥ STEP e
CLy SHAT{]Y = UNIT VECTOR ALONG THE TRANSMISSION BATH FROW RY T( R7¢@ e
L3 RX, (M STED 1=
(@] (FOR RY AND SHAT 1=1,3) STED is
CLd DIST = MAGNITUDE OF DISTANIE ALONG TRANSMISSIAN PATH STER 17
cL FROW RY T RY, (M sTes 1=
cLl N = INIVIALIZATIAN VALUE, NORMALLY SET YO £ AR {FARS §7ED 18
CLd T0 DSY1Y BEIRG SET Y0 0.0. STED 20
cLd XYZCO™ ComwnN sTep 21
CLd NS = NUMBTR OF SHELL BOUNDARIES IN A™OSPHERIC sree ¥
CLy TRANS™; SSION MODEL sren o3
CLJ  OUTPUT PARAMITERS sye? 24
[} ARGILMENT (18T svee 2s
cLl NO = NUMBER QF PATM SEGMENTS PLUS ONE ON T sree 7k
[ TRANKMISSIOR PATH FROM RY TO RX, (R EQUIVALINTLY, STeP 27
Ll THE NUMBER OF ENOPOINTS, §TEo Je
E. - 3 cL FOR  1=1 ,NC svee ?
CLl DS141) = LENGT™H OF {INE SEGMENT 1 ALONG TRANSMISSION §Tiw
(Wl PATM, W sreo
: W NOTE .. BT 15 ALWAYS TRUE TWAT ASUtYenoann srro
tLy DS/NC#3V=) | /TUIRE ARS TWO MORE YALDES DF N svez
cL2 THAN THERE AR SEGUENTS Y sTee
) AFRAZSITY o (SEF ROTD IN SUBRDUTIND ATMRAD sTer
CLl INDX'TY = IRDEY OF SMELL BOUNDARY AT OR JUST REFORE THF §TIe
N START OF TME UINE SEGMENT Y. INDYONTY WI[L BE TWI TTEC 2
CLe INDEY QF TME SMELL BOUNDARY JUST ATTER THE 1Ag” §TED 2
) Ll ENDPDINT, gree 3%
' ! cL NOITE . INDUURILY = O gres I
cL sTie 1
DIMERSION DSI1O0Y xfRACSIIANY, IRIYIIN0' RYX/2Y SHAT' 3 svez 4
COMMON 7 XY2U0M /7 1TTWTE LTMYE NS RSMELLR)Y TSEE1Y, BSISNY, STED £
1 INSPECIRY 10t pi10 10 2V eyt 10 2 e g sred 22
? FACT svED ac
DATA  ERAT / 6.37103E408 / gree aF
i t ERAD = RBODY WHEN /CONCON S 1S ADDER sTee 4
i C g2 &x
i C DETERWINE INITIAL DIRECTION OF INTEGRATION §ree Ao
1 RXXDOT = DOT/ RY, $HAT sreo 3
4 IF £ RXe0T 2,02, 1 s-ee <
H SIGK = 1. s§TER £
1S =3 g3 €2
& T3 gren e
2 SIGN = -1, sTee i
* 8=t cren 3
: » ¢ INITIALTIC COONTEDS AND QTMER L3 UES e &
. - 3 3 RIZ = DO Y, BY D ez e




o vrmames

RXL = SRT! RX? ¢ STEP sq
RKD? = RINOOTwe2 s 60 ;
IF { NC LEQ. 0 DSty & O, Sroo 3 L
IF (N LGT. D YN = NC -1 gTep 67
0Ll = 0, gTEe 67
SRAD = RXL STER 6l
NST = O gree e i
TP (IS LT 0 ) NST = NS s} STER ] :
N = KT M 7 i
o SAVE PREVIOUS SHELL INDEX 8T f2 !
4 NOLD » N S 5o i
: STED TO NEXT SHELL eree 7 -3
NN+ IS £vED 7 !
¢ TEST FOR ATMOSOMERE LIMIT sTEp 7z ;
IF (N B0, 0 LOR. N .GT, NS ) GY 107 Tep 32 :
c UPTIATE SWHELL RADIUS STED Ta
SRALD = SRAD <TED 7
SRAN = ERAN + HSHELL [N} g§reo T
IF ( SRAD .NE. SROLD ) XFRAL = FRAZ! SRAT, SRALD, RAD, RYL sTee 7 '
DISC = RKD? - ! RX2 . SRAD™? ) grep 8 i
¢ NEGATIVE DISCRIMINANT IMPLIES NO INTEQSECTION gTee 7%
IF (DISC VY 8, 5, © evep an
& DNEW = AMATI( SIGN®SORT{ DISC ) - RXKDOT, O. 1 sTER 81
DELTA = DNTw - DCLD STEP 82
IF ( DELTA - 1.£2 Y 4, 4, & sveR 1
¢ UPDATE DISTANCE ANT STORZ INTEGRATION CELL INFORMATION sTee g2 S
6 DOLD = DNEW sTip g6 .
NC = NG+ Y sTeD 86
IFRACSING) = XFRAC sTED a7 “
INDXINCY = NOLD [SE1 8e -
¢ IGNDRE STED TO TOP OF ATMOSEMIRC grea £3
TF F NGLD 6T, NS ) NC = NC - 1) areo o7
DSINCel! = DFL™A sTIo H
£ TEST DISTANZE LIWIT gren a2
IF ({ DIST .GF. DNTWs1.E3 ' IF ¢ NI - 98 4 1D 10 sTee a3
DS/NC+1' = DSIWCal) . 7 OKGH . DIST 0 g ez
¢ LAS™ rELL ON FATH sre 43
7 ORAL = S_.77 BX2 # DISTERZ 4 2. x RXKDNT ® DIST Y sTEe 9%
1IF { N (B2 0 ) RXL = ERAD sTen e
ND = NC + 1 srEs e
INOUUNCY w INDXKRC-1Y ¢ S A as
DSINrelt = LY, §im P
YERACS/NSY = FRACY RAD, SRYLA, Ry, S®ALS O cen
INDUINSaTY = O gree
RETURY cmgs
s IF INEGRATION 4AS BEEN DOWN, “WITCHK TD U0 <rie
BRI ST T W e :
9 SIGN = 1 sTEs G
5 os 1 eris
c SET WInDNINT OF CWORN AS AN INTEGRATION DOINT fENS OF CELLC gTEe s
RX, = §¥7° RX® - RN2 ¢ cTEn TG
MNDW = _RINOCT cren e
DELTA = ONfw - OOLD et o
IF pETA . 1 EY VA, 8 & <o
¢ DIMENSIAN LIMI® HAS BEEW FRfEEDET ez
17 INPY 8@ = INDY ORI g
NFRACSI0Y = 1 oge
N° : 0G cres
neliant = ot cTee
INDPY YT = é‘r:
RETIURN TTie
Fyn S




SUBRQUTINE STEPS { RX, RY, NC, DS, XFRACS, INDZ ) STEPS ?

c STERS 3
C «STEPS* 1S AR EXTRY TO *STEP~ WMEN THE PATM IS DEFINEC BY STEPS 4
C ITS END POINTS, STEPS 5
C STEPS 6
Ll sTERS 7
L)  INPLT PARAMETERS STEPS 8
A ARGUMENT LIST STEPS 9
tL) RX(1) = (CTATIOM VECTOR TO ONE EWD DF TRANSMISSION PATH,  STEPS 10
€12 TYPICALLY BUT NOT NECESSARILY AT THE DETECTOR, €M STEPS n
W RY(1) = LOCATION VECTOR TO ONE END OF TRANSMISSION PATH,  STEDS 12
cLd TYPICALLY AT THE SCATTERING OR SOURCE POINT, CM STEPS 13
CLd (FOR RX AND RY Ia} 3) STEPS 14
L) NC = INITIALIZATION VALUE, NORMA'LY SET TO O AND LEADS STEPS 15
cLd TO DS({1) BEING SET TO 0.0 IN SUBROUTINE SYEP, STEPS 16
CLY  OUTPUT PARAMETERS STEPS 17
) INTERNAL USE (FOR CALL TO SUBROUTINE STEP) STEPS 18
cLl SHAT({1} = UNIT VECTOR ALOMG TRANSMISSION PATR FROM RY TO RX, STEPS 19
cLl o (1=1,3) STEPS 20
cLJ DIST = MAGNITUDE OF DISTANCE ALONG TRANSMISSION PATH FROM STEPS 21
cLl RY TO RX, (M STEPS 22
cLy ARGUMENT 1157 STEPS 23
cL (FOLLONING QUANTITIES ARE DBTAIMED BY A CALL TO STEP) SYEPS 24
{ @} NC, OS, XFRACS, MRD INDX. {SEE *STEP* FOR DEFINITIONS) SYEPS 25
cLd STEPS %
c DIMENSION DS{100), XVRACS{100), INDX{100}, SHAT(3), RX(3), RY(2) STEPS 27
STEPS 28

c PATH SEGHENTS LESS THAN 10 METERS IN LENGTH ARE MOT TREATED AS  Steos 20
C SEPARATE INTEGRATION STEPS, STERS k)
C STERS n
Ll STEPS k7
cLd SHAT = VECTOR DIFFERENCE BETWEEN VECTORS RY ANMD RX STEPS 33
cLd DIST « MAGNITUDE OF VECTOR SHAT STEPS 34
(RN} STEPS 35
CALL SUBVEC { RY, RX, SHAT } STEPS ¥

DIST = SORT{ DOT{ SHAT, SHAT }) STEPS 37

IfF { DIST .LT. 1,E3 ) RETURN STEPS 38

tud STEPS 39
cw OBTAIN A UNIT YECTOR ALONG THE YECTOR SHAT AND CALL 1T ShAY STEPS an
cLa STEPS 4]
CALL UNITY ( SHAT, SHAT } STEPS 4?

CALL STEP { RX, SHAT, DIST, MC, DS, XFRACS, INDX ) STEPS 43
RETURK STEPS 4

END STEPS ag
SUBROLTINE SUBVEC ( VX, YY, Bway ) SUBYEC 2

() SUBVEC 3
tw) SUBROUTINE SUBYEC RETURMS THE DIFFERENCE BETWEEN VECTORS vX SUBVEC Il
W} MD VY, 1E., D¥XY{1-3) = ¥X(1-3) - W¥{1-3}. SUBVEC 2
) SUBVET 3
DIMENSION VX{3}, VY(3), DVXY{3) SUBVEC bd

CALL VLN ( DVXY, Y. . vX, -1., VY ) SUBYES ]
RETURN SUBVEC 9

END SUBYEC 10




SUBROUTINE SURRAD({ IDETEC ,MSM, 0D, SPCULR, TUP, JUP KUP,LUP, ZLAM, SURRAD 2
$ IFIRES,RAD,UPS,UPPS,UCS,UPCS) SURRAD 3

cc SURRAD 4
SUBROUTINE SURRAD PROVIDES (ESSENTIALLY), AT TilE PCINT P WHERE SURRAD 5

THE OPTICAL LINE-OF-SIGHT FROM THE DETECTOR (WMICH IS SURRAD 6
FICTITIOUS IN THE WBP MODULE) AT POINT ¥ INTERSECTS THE SURRAD 7

EARTH'S SURFACE, THE UPWELLING RADIANCE DIRECTED TOWARD THE  SURRAD 8
DETECTOR. SURRAD PROVIDES TWO COMPONENTS OF THE RADIANCE...  SURRAD 9

(1) THERMALLY EMITTED AND (2) SOURCE (SUN OR FIREBALL) SURRAD 19
REFLECTED. REFLECTED SKY RADIANCE 1S NOT INCLUDED. STRICTLY,  SURRAD 11

THE SOURCE-REFLECTED COMPONENT 1S ACTUALLY PROVIDED IN AN SURRAD 12

UNATTENUATED FORM TOGETHER WITH THE PATH PARAMETERS (AREAL SURRAD 13
DENSITY U AND UP, WITH P THE PRESSURE), INTEGRATED ALONG THE  SURRAD 1
INCOMING PATH FROM THE SOURCE, REQUIRED AS INPUT TO A COMPU-  SURRAD 15

TATION OF THE MOLECULAR ABSORPTION OVER A TOTAL PATH, SURRAD 16
THE AEROSOL TRANSMITTANCE ALONG THE INCOMING PATH FROM THE SURRAD 17
SOURCE 1S ALSO PROVIDED. SURRAD i8
cc SURRAD 19
THE STATISTICAL CLOUD SUBMODEL HAS NOW BEEN INCLUDED, SURRAD 20
SEE SUBROUTINE UPWELL FOR COMMENTS. SURRAD 21
NOTE THAT THE INPUT PARAMETERS FOR POINT £ IN POSITN COMMON  SURRAD 22
AND TKM IN UPWELS COMMON FACILITATE PROVIDING, AS SURRAD 23
ADD1TIONAL OUTPUTS FOR THE PATYH FROM THE SUN TO POINT C AT SURRAD 24
12-KM ALTITUDE, THE PATH PARAMETERS UCS AND UPCS AND THE SURRAD 2
AEROSOL TRANSMITTANCE TASC(LUP). SURRAD 26
cc SURRAD 27
INPUT PARAMETERS SURRAD 28
ARGUMENT L1ST SURRAD 29
IDETEC - FLAG FOR NATURE OF DETECTOR LOCATION SURRAD 30
=1 IF DETECTOR IS AT A SATELLITE POSITION SURRAD 31
{ SATLAT,SATLON, SATALT) SPECTFIED IN SURRAD 32
SATELL COMMON SURRAD 33
= 2 IF DETECTOR IS AT A POSITION (DETLAT, SURRAD 34

DETLON,DETALT) SPECTFIED IN TECTOR COMMON. SURRAD 3
THIS LATTER OPTION 1S USED WHEN SUBROUTINE SURRAD 36
SURRAD 1S CALLED FROM SUBROUTINE UPWELL.  SURRAD 37
HSM - INDEX FOR CATEGORY OF SURFACE MATERIAL (SEE SURRAD 38

SUBROUTINE ESURF FOR DEFINITIONS) SURRAD 39

DD -~ ADDITIONAL DESCRIPTOR FCR SELECTED SURFACE SURRAD 49
MATERIAL (SEE SUBROUTINE ESURF FOR DEFINITIONS) SURRAD 4]

SPCULR - LOGICAL PARAMETER SURRAD 42
LTRUE, COMPUTE COORDINATES 9F SPECULAR REFLECTION  SURRAD 43
POINT ON A SMOOTH HORIZONTAL WATER SURFACE SURRAD 44
.FALSE. DO NOT COMPUTE COORUINATES OF SPECULAR SURRAD 45
REFLECTION POINT SURRAD 46
EACH OF THE FOLLOWING FOUR INDICES SHOULD BE SET TO SURRAD 47
UNITY IN A CALL FROM ANY ROUTINE OTHER THAN SUBROUTINE  SURRAD 43
UPWELL. SURRAD 49
TUP - ALTITUDE-LOOP INDEX IN SUBROUTINE UPWELL SURRAD 50
JUP - NADIR-LOOP INDEX IN SUBROUTINE UPWELL SURRAD 51
KUP - AZIMITH-LOOP INDEX IN SUBROUTINF UPWELL SURRAD 52
LUP - WAVENUMBER-LOOP INDEX IN SUBROUTINE UPWELL SURRAD 53
ZLAM - WAVELENGTH, MICROMETERS SURRAD 54
IFIRES - FLAG FOR NUMBER OF FIREBALLS SURRAD 55
= 0 IF NO FIREBALL 15 TO BE INCLUDED SURRAD 56

(AS 1S THE CASE WHEN SUBROUTINE SURRAD IS SURRAD 57
CALLED FROM SUBROUTINE UPWILL.) SURRAD 58
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C .GY. O IF IFIRCS FIREBALLS ARE TO BE INT 'DED  SURRAN 5q

o WITH POSITION AND RADIANT INTENSIT SURP AT 67

c SPECIFIED IN FIRBAL COMMON SURR AN 61

3 o TECTOR COMMON  (USED WITH SUBROUTINE UPWELL) SHRRAN £2

1 o DETLAT « DETECTOR NORTH LATITUDE, RADJANS SyRR AN 6

> C DETLON - DETECTOR EAST LONGITUDE, RADIANS SURRAD 64

C DETALT - DETECTOR ALTITUDE, KM SURG AD £A

C FIRBAL COMMON (NUT UYSED WITH SUBROUTINE UPWELL) SURRAD 66

- C FRLAT{T) - FIREBALL-1 NORTH LATITUDE, RADIANS SURRAD 67
o FBLON(1) - FIREBALL-I EAST LONGITUDE, RADIANS SURRAD 68

o FBALT(1) - FIREBALL-I ALTITUDE, kM SURR AN 69

C FBRINT(1) - FIREBALL-1 SPECTRAL RADIANT INTENSITY, SURRAD 70

C WATTS/ (SR CM-1) SURRAD 71

¢ POSITN COMMON SURRAD 72

c POSL AT - NORTH LATITUDE OF POINT P AT WHICH LINE-OF- SURRAD 73

C SIGHT INTERSECTS EARTH'S SURFACE, RADIANS SUPRAD 74

c POSLON - EAST LONGITUDE OF POINT P AT WHICH LINE-OF. SURP AD 75

o SIGHT INTERSECTS FARTH'S SURFACE, RADIANS SURQAD 76

C POSALT - ALTITUDE OF POINT P AT WHICH LINE-OF-SIGHT SHRRAD 77

o INTERSECTS EARTH'S SURFACE, kM SURRAD 78

C CI2LAT - NORTH LATITUDE OF POINT C AT WHICH LINE-OF- SURRAD 79

o SIGHT INTCRSECTS THE 12-KM ALTITUDE SURFACE, SURRAD an

o RADIANS SURRAD 81

o Cl12LON - EAST LONGITUDE OF POINT C AT WHICH LINE-OF- SURRAD a2

C SIGHT INTERSECTS THE 12-KM ALTITUDE SURFACE, SURRAD 83

o RANIANS SURRAD 84

o C12ALT - ALTITUDE OF POINT C AT WHICH LINE-OF-SIGHT SURRAD 8%

c INTERSEETS 172-KM Ai TITUNE SURFACF . KM cimppn Ak

o SATELL COMMON 407 uSED WITH SURROUTINE UPWELL) SURRAD a7

c SATLAT - SATE LITE NORTH LATITUDE, RADIANS SURRAD RA

¢ SATLON - SATFLLITE EAST LONGITUDE, RADIAKS SURR AT a3

o SATALT - SATELLITE ALTITUDE, XM SURRAD ap

o SOLARP COMMON SyRPAD 91

o SOLLAT - SUBSOLAR POINT NORTH LATITUDE, RADIANS StmR AR a?

o SOLLON - SUBSOLAR POINT ZAST LONGITUDE, RADIANS SURRAD 1

o SOURCE COMMON SuRE AN as

o THE YARIABLES IN THIS COMMON ARE RETURNED FROM A CALL TO SURRAD ag

o SUBRQUTINE RINOUT. CURRENTLY (APRIL 1980) ONLY THE SUN SURRAD 96

o 1S USED AS A SOURCE FOR SUBROUTINE SURRAD., FIREBALLS SRR AT 9?

C ARE NEVER USED IN THE CALL TO SUBROUTINL SURRAD FROM SURRAD ar

C SUBRGUTINE UPKWELL. SURRAD a9

" C SURRAD 100
C SRCZEN{1) - ZENITH ANGLE OF RAY INCOMING TO PQINT P FROM SURRAD 101

C THE SUN, RADIANS sueean 1n3?

o SRCZEN(L+1), L=1,IFIRES (NOT USED wWITH SUB, UPWELL) SUKRAD 103

C - ZENITH ANGLE OF RAY INCOMING TO POINT P FROM SURRAD 1n4

C FIREBALL-L, RADIANS SURRAD 108

C SRCSRIL+1), L=1,IFIRES (NOT USED WITH SUB. UPWELL} SURRAD 106

: o ~ SLANT RANGE FROM FIREBALL-L TO POINT P, KM  SURRAD 1n°
. . o UPWELS COMMON SURRAD 108
: C NWAVE ( JBAND) SURP AN 100
4 o - NUMBER OF WAVENUMBERS AT WHICH THE UPWELLING SURRAD 110
i C SPECTRAL RADIANCE 1S 70 BE COMPUTED FOR SURRAD m
i o BROAD-RAND LDOP-INDEX JBAND surRan 112
1 o IDAYV - INDEX FOR DAYLIGHT CONDITION AY SUB-V-POINT SURR AN 113
£ C = 0 IF SOLAR ZENITH ANGLE .GT. 90 DEGREES SURRAD 114
o =1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES Stes AD 115
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IKM < INDEX FOR NUMBER OF ALTITUDES AT WHICH
CALCULATIONS ARE MADE WHEN CLOUDS ARE INCLUDED.
{SET IR SUBROUTINE UPWELL}
XYZCOM COf MON
NS - NUMBER OF BOUNDARY ALTITUDES USED IN
SUBROUTINE SHELLS
DATA STATEMENT
NSPECS - NUMBER OF SPECIES IN MOLECULAR TRANSMITTANCE
MODEL
NTEMP - NUMBER OF TEMPERATURE BINS IN MOLECULAR
TRANSMITTANCE MODEL

o
(]

OUTPYUT PARAMETERS
ARGUMENT LIST
RAD(1) - RADIANCE EMITTED FROM POINY P TOWARD DETECTOR,
WATTS/(CM**2 SR (M-1)
RAD(2) - RADIANCE OF SOLAR REFLECTED RADIATION (WITH
INCOMING RAY UNATTENUATFD), W/(CM**2 SR CM-1)
RAD{L+2), L=1,IFIRES (NOT USED WITH SURROUTINE UPWELL)
- RADIANCE OF FIREBALL-L RADIATION RE-LECTED
TOWARD DETECTOR (WITH INCOMING RAY UNATTEN-
UATED), WATTS/(CM**2 SR (M-1)
UPS(I,N,1) - AREAL DENSITY FOR TEMPERATURE I AND SPECIES
N ALONG INCOMING SOLAR PATH TO POINT  ON
EARTH'S SURFACE, (M AT STP
(COMPUTED ONLY FOR LUP=1)
UPS{I N, L+1), L=1,1FIRES (NOT USED IN NBR MODULE)
- ARFAL DENSITY FOR TEMPERATURE 1 AND SPECIES N
8 ONG PATH FROM FIREBALL-L TO POINT P ON
FARTH'S SURFACE, CM AT STP
(COMPUTED ONLY FOR LUP=1)
UPPS{I,N,1) - PATH PARAMETER UP (PRODUCT OF U AND
PRESSURE P) FOR TEMPERATURE 1 AND SPFCIES
N ALONG INCOMING SOLAR PATH T POINT P ON
EARTH'S SURFACE, ATM-CM AT STP
(COMPUTED ONLY FOR LUP=1)
UPPS{ 1, N,L+1), L=1,IFIRES (NOT USED IN NBR MODULE)
- PATH PARAMETER UP (PRODUCT OF U AND PRESSURE P)
FOR TEMPERATURE 1 AND SPECIES N ALONG PATH FROM
FIREBALL-L TO POINT P ON EARTH'S SURFACE,
ATM.CM AT STP
(COMPUTED ORLY FOR LUP=1)
UCSII,N), - SIMILAR TO UPS{I,N,1) AND UPPS{T N 1)}
uPCS!1,N) EXCEPT POINT P IS REPLACED BY POINT C.
AIRSOL COMMON
TASP{LUP) LUP=1 NWAVE(JBANDI
- AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO
POINT P ON GROUND.
TASC{LUP) LUP=1 NWAVE{JBAND)
- AEROSOL TRANSMITTANCE FOR INCOMING SN1 ap RaY vn
POINT C AT 12-XM ALTITUDE.
TAFP(L) - AEROSOL TRANSMITTANCE FOR INCOMING RAY FROM
FIREBALL-L TO POINT P ON GROUND
SOLARP COMMIN
SOLIRR{K) K=1,NWAVE(JBAND)
- SOLAR SPECTRAL IRRANIANCE AT THE TOP OF THE
EARTH'S ATMOSPHERE AT WAVERUMBER-INDFY K
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o WATTS / [ CM»=2 CH-1 ) SURRAD 173

cce SURRAD 178

3 CIMENSION RF(3),RP(3),RC(3),RS(3),PLNCK(10) SURRAD 175
i DIMENSION DD(7),RAD(12),UPS{10,10,11},UPPS({10,10,11), SURRAD 176
A $ ucs(10,10}  .uPCS(10,10) SURRAD 177
Lo DIMENSION  DS{100),XFRACS(100),INDX(100) SURRAD 178
‘ COMMON/ATRSOL/ TASP(10),TASC{10),TAFP;10) AIRSOL 2
COMMON/FIRBAL/ FBLAT(10) ,FBLON({10),FBALT(10),FBRINT{10) FIRBAL 2

COMMON/POSITN/  POSLAT,POSLON, POSALT, SPCLAT, SPCLON POSITH 2

s L,C12LAT,C1ZLON, Ci2ALT POSITN 3

COMMON/SATELL/  SATLAT.SATLON. SATALT, SATZEN, SATAZ] SATELL 2

) COMMON/SOLARP/  SOLLAT, SOLLON, SOLIRR(10) SOLARP 2
COMMON/SOURCE/  SRCLAT,SRCLON, SRCALT, SRCFLG,SRCZER(11),SRCSR(11}  SOURCE 2

COMMON/TECTOR/ DETLAT,DETLON,DETALT,UETZER DETAZI (11) TECTOR 2

3 COMMON /UPWELS/ UPWALT,UPHLON,UPWLAT NALT(5),ZKM(13,5) NNADIR,NAZI, UPWELS 2

. * NWAVE(5), IDAYV, CLDFLG,UPRADN(13,10,5),WV(10,5), KM, UPWELS 3
: * NBANDS UPWELS a
COMMON/UPWELS1/ UPNELS 5

2 RO10{6,10),ROLOA(6,10,10) ,ROION(6,10), UPWELS 6

. 3 RO25(6.10).R025A(6,10,10) .RO25N (5,10} . UPWELS 7

a RO50(6.,10) ,RO50A(6,10,10),ROS0N(6,10), UPWELS 8

5 RO90(6,10),ROS0A(6,10,10), ROION(6,10). UPWELS 9

6 R100(6,10},R100A(6,10,10),R100N(6,10) UPWELS 10

7 JARCVA(6,10,10) , ARCVN[6,10) UPWELS 11

COMMON/UPWELSZ/ JBAND] XYZCOM ?

COMMON/UPNELS3/ UPRAD(6,10),UUPRADA(13,10,10) XYZCOM 3

COMMON/ XYZCOM/ ITMTE,LTMTE NS, HSHELL(81),TPX(81,12), XYZCOM 4

1 u(10,10,2),UP(10,10,2) ,NMOLS, FACT XYZCOM 5

LOGICAL FIRST,SPCULR, ESURF1 SURRAD 188

DATA RSUN / 1.495979E+08 / SURRAD 189

DATA NSPECS,NTEMP / 10,10 / SURRAD 190

re SURRAD 191

ec SUBROUTINE SURRAD IS CALLED FROM SUBROUTINE UPWELL FOR ALL SURRAD 192

cc VALUES OF 1,0,K,L. HOWEVER, SWITCHES ELIMINATE REDUNDANT SURRAD 193

cc CALCULATIONS.  FOR EXAMPLE, SURRAD 194

cc « CALL TO FUNCTION PLANCK DEPENDS ONLY ON L. SURRAD 195

cc * CALL TO SUBROUTINE SOLRAD DEPENDS ONLY OK L. SURRAD 196

cc * PATH PARAMETERS FOR PATH FOOM PAINT B TD SUN ARE SURRAD 197

cc INDEPENDENT OF L AND ARE ASSUMED (TO A GOOD APPROXIMATION) SURRAD 198

e YO BE INDEPENDENT OF 1,d,K. SURRAD 199

¢t LIKEWISE FOR POINT €, EXCEPT THAT ITS ALTITUDE 15 NOT 0.0 SURRAD 200

cc BUT 12 KM, SURRAD 201

cc * AEROSOL TRANSMITTANCE FROM POINT P TO SUN DEPENDS ONLY ON L SURRAD 202

cc AND THE (ASSUMED) SINGLE PATH. SURRAD 202

- £c * AEROSOL TRANSMITTANCE FROM POINT C TO SUN DEPENDS ONLY DM L SURRAD 204
. Yo AND THE (ASSUMED) SINGLE PATH. SURRAD 205
cc SURRAD 206

IF{ LUP.GT.1 ) GO TO S SURRAD 207

£ SURRAD 208

cc DETERMINE WHETHER DETECTOR 1S IN SATELLITE SPECIFIED IN SURRAD 209

cc SATELL COMMOY. IDETEC=2 WHEN SUBROUTINE UPWELL CALLS SURKAD 210

cc SUBROUTINE SURRAD, SURRAD 211

1F( IDETEC.EQ.2 ) 60 TO 1 SURRAD 217

@ SURRAD 2132
E cc DETECTOR 1S AT SATELLITE, SO RESET DETECTOR LOCATION. SUPRAD 214
DETLAT = SATLAT SURRAD 215

A DETLON = SATLON SURRAD 216

a
%
s
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DETALT = SATALT SURRAD 217

cc FIRST, CONSIDER ONLY THE SUN AS A SOURCE AND ALSO GET DETECTOR SURRAD 218
cc ZENITH AND (IF MSM.GT.2 AND IDAY=1) AZIMUTH ANGLES FOR SUN SURRAD 219
cc AS SOURCE SURRRD 220
cc SURRAD 221

1 CALL RINOUT(MSM, O ,IDAY) SURRAD 222

cc SURRAD 223
cc WOW HAVE IDAY AT POINT P, DETZEN, (IF IDAY=1) SRCZEN(1), AND  SURRAD 224
cc (IF IDAY=1 AND MSM.G6T,2) DETAZI{1). SURRAD 225
cc SURRAD 226
cc THE COMPLICATIONS RESULTING FROM THE SOLAR TERMINATOR BEING  SURRAD 227
cc VISIBLE FROM POINT V ARE NOT HANDLED IN A COMPLETELY SURRAD 228
ce CONSISTENT WAY. IF SUBPOINT V' 1S IN DAYLIGHT (IDAYV=1), THE SURRAD 229
cc DIURNAL CCMDITION AT EACH POINT P (AS INDICATED BY INDEX 10AY) SURRAD 230
cc IS RECOGNIZED, BUT IF SUBZDINT y' IS IN DARKNESS (IDAYV=0),  SURRAD 231
£ THEN DARKNESS IS IMPOSED OK ALL POINTS P BY SETTING 1DAY=0,  SURRAD 232
cc SIRRAD 733
IF( IDAYV.EQ.0 ) IDAY = 0 SURRAD 734

cc SURRAD 235
cc IFIRES=0 WHEN SUBROUTINE UPWELL CALLS SUBROUTINE SURRAD. SURRAD 230
IF( IFIRES.GT.0 ) CALL RINOUT(MSM,IFIRES, IDAY) SURRAD 237

cc NOW HAVE ZENITH ANGLES SRCZEN(L+1) AND SLANT RANGES SRCSR(L+1) SURRAD 238
cc OF FIREBALL-L (L=1,IFIRES) AND DETECTOR AZIMUTHS DETAZI{L+l). SURRAD 239
cc SURRAD 240
cc SET PARAMETERS TO CALL ESURF FOR SUN AS SOURCE. SURRAD 241
THI = -1.0 SURRAD 282

pSI = -1,0 SURRAD 243

: 1F( IDAY.EQ.1 )} THI = SRCZEN({1) SURRAD 244
IF( (IDAY.EQ.1) .AND. (MSM.G7.2) )} PSI = DETAZI(1) SURRAD 245

; THR = DETZEN SURRAD 246
4 HHH = POSALT SURRAD 247
5 CORTINUE SURRAD 248

cc CALL ESURF WITH ESURF1 SET TO ,TRUE. SINCE WE WANT ALL THREE SURRAD 243
ct OUTPUTS (SFR, EPSD, TKS). NOTE THAT EVERY CALL TO ESURF FROM SURRAD 250
cc SURRAD (WITHIN NBR MODULE) QUALIFIES AS A FIRST CALL. SURRAD 251
ESURF1 = .TRUE, SURRAD 252

CALL ESURF(THI,THR,PSI,NHH MSM, DD, SPCULR, ZLAM, TDAY, IFIRES,ESURF1, SURRAD 253

$  SFR,EPSD,TKS) SURRAD 254

ce SURRAD 255
cc BYPASS PRINT OF CPSD AND TKS UNLESS INDICES I, J, K, AND L IN SURRAD 256
o SUBROUTINE UFWELL (KNOWN HERE AS [UP, JUP, KUP, AND LUP) HAVE SURRAD 257
€ VALUES OF UN:TY, HOWEVER, WE AND THE CODE RECOGNIZE THE FACT SURRAD 258
cc THAT WHEREAS TKS DEPENDS ONLY ON THE SURFACE ALTITUDE, EPSD  SURRAD 259
cc DEPENDS ON ANGLE AND WAVELENGTH, SURRAD 260
¢c SURRAD 261
IX = [UP + JUP + KUP SURRAD 262

10KL = 10K + LUP SURRAD 263

cc WE AYOID USING THE QUANTITY {IKM+JUP#KUP+LUP) BECAUSE THE SURRAD 264
cc MINIMUM VALUE OF IKM IS 0, THEREFORE, WE USE... SURRAD 265
X = JUP + Frup SURRAD 266

XL = X » LUP SURRAD 267

IF( 1JKL .EQ. 4 ) WRITE(6,111) EPSD,TKS SURRAD 268

111 FORMAT{1HO,1X,* EPSD, TKS = = 1P2E1&,.6,% (FROM SUBRCUTINE SURRAD SURRAD 269
$, FORMAT 111}%) SURRAD 270

o SURRAD 271
cc NOW HAVE EPSD, TKS, AND (IF IDAY=1) SFR, SURRAD 272

cc ALSO, IF IDAY=], MSMs2, AND SPCULR=.TRUE., WE HAVE (THROUGH SURRAD 273




cC POSITK COMMON) THE COORI‘:KATES (SPCLAY,SPCLON)} OF THE SOLAR SURRAD 274

¢ SPECULAR REFLECTION POIN? O A SMOOTH HORTZONTAL WATER SURFACE SURRAD 275

B cc COMPUTED IN GLITTR, YO FACITATE PRESEPVING THESE COORDINATES, SURRAD 276

R . cc DEFINE NEW VARIABLES. SURRAD 217
N 3 cc SURRAD 278
] SSPLAT = SPCLAT SURRAD 279
SSPLON = SPCLON SURRAD 280

cc IF THESE COORDINATES PROVE TD BE OF INTEREST, AUDITIONAL SRR L 281

cC PRESERVING VARTABLES WILL BE NEEDED AS SUBKOUTINE LAWELL cyRLan 282

cc LOOPS OVER ALTITUDES. TRRAD 283

[oln SURRAD 2R4

s BYPASS CALL TO FUNCTION PLANCK UNLESS INDICES 1,3, AND K IN SURRAD 285

¢t SUBROUTINE UPWELL (KNOWN HERE AS jUP JUP, AND KUP} HAVE SURRAD 286

cC VALUFS OF UNITY. SURRAD 287

IF( 1JX.67.3 ) GD TO 10 SURRAD 288

W= 1.0E+04/7LAM SURRAD 289

PLNCK(LUP) = PLANCK({TKS,W) SURRAD 290

10 CONTINUE SURRAD 291

3 RAD(1) = EPSD * PLNCK{LUP) SURRAD 292
B, cc NOW HAVE EMITTED SPECTRAL RADIANCE, RAD(1}. SURRAD 293
T cc SURRAD 294
] RAD(2) = 0.0 SURRAD 295
IF( IDAYV .EQ. 0 7 GO Y0 50 SURRAD 29¢

cc SURRAD 297

cc ASS{ME PATH PARAMETERS FROM POINT P TO THE SUN ARE EFFECTIVELY SURRAD 298

ce INDEPENDENT OF THE POINT P LOCATION ON THME SURFACE. THUS, SURRAD 299

cc BYPASS ZERDING PATH PARAMETERS WERE, AND THEIR COMPUTATION SURRAD 300

cc LATER, UNLESS 1UP=JUP=KUP=LUP=1, SURRAD kI

IFC IJKL.GT.4 Y 6O TO 21 SURRAD 30?2

DO 20 N=1,NSPECS SURRAD 303

DO 20 1=1,NTEMP SURRAD 304

u PS{I,N,1) = 0,0 SURRAD 305

uPPS(1,N8,1) = 0.0 SURRAD 306

20 CONTINUE SJRRAD kley)

21 CONTINUE JURRAD 08

cc SURRAD 309

[0 ALSO ASSUME PATH PRRAMETERS FROM POINT C TO THE SUN ARE SURRAD 310

cC EFFECTIVELY INDEPENDENT OF THE POINT-C LOCATION ON THE 12-KM  SURRAD 311

-3 cc ALTITUDE SURFACE. THUS BYPASS ZEROING PATH PARAMETERS HERE, SURRAD 312

4 cc AND THEIR COMPUTATION LATER, UNLESS IKM=JUP=KUP=LUP=1 . SURRAD 313

i TF( { IKM NE, 1} (OR. { XL .GT. 3) ) GO TO 23 SURRAD 313

DO 22 N=1,NSPECS SURR AD 318

D0 22 1=1,NTEMP SURRAD kM

U CS(I,N) = 0.C SURRAD 317

UPCS(I,N) = 0.0 SURRAD 3e

22 CONTINUE SURRAD 3l

23 CONTINUE SURRAD 320

cC SURRAD 321

cc IF SUN 1S PRESENT, GET THE SOLAR SPECTRAL IRRADIANCE SURRAD 322

cc £ (W/(CMm*2 CM.1Y) AT THE TOP QF THE ATMOSPHERE. SURRAD 322

cC BYPASS CALL TO SUBROUTIRL SOLRAD UNLESS IUP=JUP=KUP=1. SURRAD 324

IF( 1X.57.3 ) 60 TO 25 SURRAD 374

CALL SOLRAD(3,w,E) SURRAD 326

SOLIRR(LUP) = E SURR AT 327

NWAVEJ = NWAYE(JBAND]) SURRAD 328

IF{ LUP LEQ. NWAVED ) WRITE(6,125) (SOUIRRIL®) LP=] NWAVES) SURRAD 329

125 FORMAT (1MQ,28X, 771+ # * SO AR SPECTRAL IRRAD;ANCE SOLIRRIL), {L=1 SURRAD 230
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cc
cc
cC
cc

25

27

S NWAVED) ) W/(CM**2 CM-1) * + »/48X *(FROM SUBROUTINE SURRAD, FDRMA SURRAD

$T 125)*/2Y i7" 10€12,.8))
CONTINUE

COMPUTE SPECTRAL RADANCE OF {UNATTENUATED) DIRECT SOLAR
RADIATION REFLECTED FROM EARTH SURFACE AT POINT P TOMARDS
POINT V.

RAD(2) = SFR * SOLIRR{LUP} * CCSI{TH!)

IF{ 1XL ,6GT. &4 ) 50 TO 27

PREPARE TO GET PATH PARAMETERS FOR PATH FROM PQINT P TO SUN,
WHICH CARRIES THROUGH TO STATEMENT LABEL 4],

OBTAIN EARTH-CENTERED CARTESIAN COORDINATES OF POINT P.
CALL GEOXYZ(POSALT,POSLAT,POSLON RP{1),RP(2),RP{3))}
CALL VLIN{RP,1.0E+05,RP,0.0,0.0}

NEED TO DETERMINE LOCATION OF SUM.
CALL GEDXYZ!RSUN,SOLLAT,SOLLON,RS(1),RS(2),RS(3))
CALL VLIN’RS,1.0E+05,RS,0.0,0.0)

HAVE NOW DETERMINED RP AND RS.

INITIALIZE NC SO THAT DS(1) WILL BE SET TO 0.0 IN SUBROUTINE
STEP.

NE = 0

CALL STEPS{ RP_RS,NC,DS,XFRACS,TNDX )
NOW HAVE NC, DS, KFRACS, AND INDX FOR PATH FROM S TO P.

INTTIALIZE LOGICAL VARIABLE, FIRSY, IN PREPARATION FOR FIRST
CALL TO SUBPOUTINE PATH.

FIRST = ,TRUE.

CONTINUE

IF( 1K .GT. 3 ) GO TO 31
BEFORE STARTING DD-3C LOOP, OBTAIN THE AFROSJL EXTINCTION
COEFFICIENT AT THE INITIAL ENOPOINT OF THE PATH.

TASP{LUP) = 1.0

L1 = INDX(1) & L2 = INDX(2)

HSP = XFRACS(1) * HSHELL{L1) + (1,-XFRACS({1)} * HSHELL(L2)

CALL AEROSDL { HSP,2LAM XKSCT XKABS,GBAR )

XKEXTP = XKSCT + XKABS

00 30 J=1,NC
ON THE PASS FOR WHICH J=NC, DSINC+1) WILL BE ~1.0, INDICATING
THAT THE LAST SEGMERT HAS bSEN PROCESSED. (THME LOOP COULD
HAVE BEEN FROM J:=1 TO J=NC-1 AND THE FOLLOWING TEST
ELIMINATED )

IF{ DS[J#41).17.0.0 ) 60 TO 30

IF{ JJKL .EQ. 4 ) CALL PATH! FIRST,INDX(J),DS{J+1) XFRACS(D) )

L1 = INDX( 0 ) $ L2 = INDX(JQ+D)

HSO = XFRACS{J+1) * HSHELL(LZ) + (1.-XFRACS(J+1)) * H3HMELL(L1)

CALL AEROSOL ( HSQ,ZLAM XKSCT,XKABS,GBAR )

XKEXTQ = YKSCT + XKABS

XKEXT = ACCUM{ 2,G.,DS{J+1),XKEXTP XKEXTQ,0.,05(J+1) } / DS{J+1)

TASP(LUP) = TASP(LUP) * EXP{ ~XKEXT*DS!J+1} )}

AKEXTP = XKEXTQ

CONTINUE
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N 31 CONTINUE SURRAD 388

cc NOW HAYE PATH PARAMETERS U AND UP FOR SOLAR RAY TO POINT P. SURRAD 389

cC SINCE THESE PATH PARAMETERS ARE INDEPENDENT OF WAVELENGTH, SURRAD 390

cc THEY NEED BE COMPUTED ONLY ONCE. SURRAD 391

cC ALSO HAVE AEROSOL TRANSMITTANCE, TASP(LUP), FOR SOLAR RAY TO  SURRAD 392

o« POINT P, WNICH IS NAVELENGTH DEPENDENT. SURRAD 393

IF( IXL .GT. 4 ) 60 TO 41 SURRAD 394

cc REDEFINE VARIABLES. SURRAD 395

DO 40 N=1,NSPECS SURRAD 396

DO 40 I=]1 NTEWP SURRAD 397

U PSII ML) = U (I,N2) SURRAD 398

upPS(1,N,1) = UP(I,N,2) SURRAD 399

3 40 CONTINUE SURRAD 400
. ) WRITE(6,140) SURRAD 401

140 FORMAT (1HO, 44X 434+ *= * PATH PARAMETERS, POINT P TO SUN # * /46X SURRAD 402
$,*(FROM SUBROUTINE SURRAD, FORMATS 140,142)%/2x,=TEMPERATURE/SPECI SURRAD 403

$ES.  ((UPS{M_ N,1),N=1,NSPECS) M=1,2)*) SURRAD 404

WRITE(6,141) ((M, (U PS(M,N,1],N=1,NSPECS)), M=1,2) SURRAD 405

141 FORMAT (2x,13,1P10F12.4) SURRAD 406

3 WRITE(6,142) SURRAD 407
i 142 FORMAT (1HO,!X,®TEMPERATURE/SPECIES. ((UPPS(M,N,1),N=1,NSPECS),M=1 SURRAD 408
$,2)*) SURRAD 403

] WRITE(6,181) ((M, (UPPS{M,N,1) N=1,NSPECS)) M=1,2) SURRAD 410
E 41 CONTINUE SURRAD 411
§ cc SURRAD 412
(o SURRAD 413

cc PARAMETERS FOR PATH FROM S TO C NEED BE DONE ONLY ONMCE. SURRAD 414

IF( ( IXM ,NE. 1) .OR, { X .GT. 2 ) ) 60 TO 50 SURRAD 415

IF{ LUP .6T. 1) GO TO 42 SURRAD 415

e SURRAD 417

cc PREPARE TO GET PATH PARAMETERS FOR PATH FROM POINT C TO SUN, SURRAD 418

a8 SURRAD 419

e OBTAIN EARTH-CENTERED CARTESIAN COORDINATES GF POINT C. SURRAD 420

CALL GEOXYZ(C12ALT,C12LAT,C12LON,RC{1),RC(2),RC(3)) SURRAD 421

CALL VLIN(RC,1.0E+05,RC,0.0,0.0) SURRAD 422

cc SURRAD 423

NC =0 SURRAD 424

CALL STEPS{ RC,RS,NC,DS,XFRACS,INDX ) SURRAD 425

cc NOW HAVE NC, DS, XFRACS, AND IMDX FOR PATH FROM S TO C. SURRAD 426

FIRST = ,TRUE. SURRAD 427

4z CONTINUE SURRAD 428

c SURRAD 429

TASC(LUP) = 1.0 SURRAD 430

L1 = INDX(1) $§ L2 = INOX(2) SLRRAD 431

HSP = XFRACS(1) * HSHELL{L1) + (1.-XFRACS(1)) » NSHELL(L?) SURRAD 432

CALL AEROSOL ( HSP,ZLAM, XKSCT,XKABS,GBAS ) SURRAD 433

XKEXTP = XKSCT + XKABS SURRAD 434

DO 44 Jal,NC SURRAD 435

IF( DS(J+1) .LT. 0.0 ) 60 TO 44 SURRAD 436

1IF( LUP .EQ. 1 )} CALL PATH( FIRST,INDX{J],DS(J*1),XFRACS(D) ) SURRAD 437

L1 = INDX( J) & 12 = INDX(J+1) SURRAD 438

HSQ = XFRACS(J+1) + HSHELL(LZ) + (1.-XFRACS({J+1)) * HSHELL(L1) SURRAD 439

CALL AEROSOL ( MSQ,ZLAM XKSCT, XKA3S,GBAR ) SURRAD 440

XKEXTQ = XKSCT + XKABS SURRAD  #41

XKEXT = ACCUM( 2,0,,DS(J+1),XKEXTP,XKEXTQ,0.,05(J+1) } /7 DS(J+1) SURRAD 447

TASC(LUP) = TASC{LUP) * EXP( ~XKEXT*DS(M1) } SURRAD 443

XKEXTP = XKEXTO SURRAD 444

292




44 CONTIHUE SURRAD 425

cc NOW HAVE PATH PARAMETERS U AND UP FOR SOLAR RAY TC POINT C. SURRAD 345
cC SINCE THESE DATH PARAMETERS ARE IMDEPENDENT OF WAVELENGTH, SURRAD 447
cc THEY WZED BE COMPUTED ONLY OMCE, SURRAD 448
o ALSO HAVE AERO~.L TRANSMITYANCE, TASC{LUP), FOR SOLAR RAY TO  SURRAD 449
te POINT C, WHICK iS WAVELENGTH DEPENDENT. SIORAN 450
IF( LWP .G6T. 1 ) &0 7D 50 SIRRAD  45)

(oo REDEF INE VARIABLES. SURRAD 457
DO 45 N=1 NSPECS SIRRAD 453

0 46 1=] NTEMP SURRAD 454
UCSIILN) % (1,N,2) SURRAD 455
UPCS(1,N) = UP{I,N,2) SURRAD 456

46 CONTINUE SURRAL 457
WRITE(6,146) SURRAD 458

146 FORMAT (1HO 44X, 43H* * * PATH PARAMETERS, POINT C TO SUN * * */46X SURRAD 459
$,4(FROM SUSRCUTINE SIRRAD, FORMATS 146,14B)+/2X *TEMPERATURE/SPECT SURRAD 460

$ES. ({UCS{T,N),N=1 NSPECS),1=1,2)%) SURRAD 46!
WRITE(6,181; {(1, (U CS(1,N) N=1 ,NSPECS)),1=1,2) SURRAD 462
WRITE(6,148) SURRAD 463

148 FORMAT (1MO,1X ,*TEMPERATURE/SPECIES. ((UPCS{I,M),N=1,MSPECS),I1=1,2 SURRAD 454
$)*) SURRAD 465
WRITE(6,141) ((1, (uPCS{I,N),N=1,NSPECS)),1=]1,2} SURRAD 466

50 CONTINUE SURRAD 457
cC SURRAD 468
cc THE REMATNING PORTION OF THIS SUBRCUTINE, NOT TO BE USED WITH SURRAD 460
cc SUBROUTINE UPWELL, IS AVCIDED BY CALLING SUBRGUTINE SURRAD SURRAD 470
cc WITH IFIRES=D . SURRAD a7
cc SHRRAD 872
IF{ IFIRES.EQ.0 ) RETURN SURRAD 473

cc SURRAD 474
Qe mmme e e et dvmmmmeme o e cccdmmsac oo SURAD 475
cc MOM CONSIDER THE FIREBALLS AS SOURCES. SURRAD 476
(oo NOTE THAT THE NATURAL CLOUD MODULE IS NOT INVOLVED WITH THE  SURRAD 477
ct REMAINING FORTION OF THIS ROUTINE. SURRAD 478
t SURRAD 479
cC ASSURT THAT LUP (IR ARGUMENT LIST) ALSO SERVES AS A WAYELENGTH SURRAD 480
ct INDEX, SURRAD 481
DO 99 L=1,IFIRES SURRAD 482

cc GET THE (UNATTENUATED) IRRADIANCE, EFIRE, OF FIREBALL-L AT SURRAD 483
e SLANT RANGE SRCSR{L+1), IN WATTS/(CMe<? CM-i}. SURRAD 434
cc SURRAD 4%
EFIRE = FBRINT{L}/(1.F+10*SRCSR{L+1)*SRCSR(L+1)) SURRAD 486

cC SURRAD  48°
c SET PARAMETERS Th CALL ESURF, SURRAD  4n8
THI = SRCZEN{L+1) SURRAD 429

P51 = DETAZI{L+1) SURRAD 459

cc CALL ESURF WITH ESURF] SET TO .FALSE. SINCE THIS IS NOT THE SURRAD  &G1
cC FIRST CALL FROM THIS ROUTINE AND THUS WE DO NOT NEED A SURRAD 492
cC RECOMPUTATION OF EPSD AND TKS, SURRAD  4a2
ESURF1 = ,FALSE, SURRAN 434

cC CALL ESURF WITH SPCILR SET TO .FALSE, UNDER THE TEMTATIVE SURRAD 495
cc ASSUMPTION THAT WE NILL NOT NEED THE SPECULAR REFLECTION SURIAD 496
cc POINTS FOR FIREBALLS (WHICH CAN BE COMPUTED IN GLITTR IF SURRAD 407
cc MSM=2), IF THERE IS TNTEREST IN KNOWING SUCH REFLECTION SURKAD  49%
cc POINTS WE WILL WFED TO ESTABLISH APPROPRIATE PRESERVING SURRAD 499
cC VARIABLES. SURRAD 500
SECULR = .FALSE. SURRAD 501
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CALL ESURFITHI TH? BT wty WM 00 SPCIRR,ZLAM, IDAY TFIRES, ESURF],  SURRAD 507

§  SFR,EPST, TRSY SRR AD g0

RAD(L+2Y = SFRe{FIRC*CHS!TH]) SURRAD §04

[ 5 WM HAVE UNATTENUATED REFLECTED RADIAMCE, RAD{L+?}, AT SURPAD sns

cc POIRT P DUE T FIRTBALL-L. MEED PATH PARAMETERS, SURR AN o

IFL Lye 67 1 ) GO TQ 60 SURR AT 517

- CALL GEOXY!-T3ALTIL),FBAT/L* FBLON(LY RF{Y)Y RF{2},0F(3}) R an 502
CALL VUINGWF 1 QE+05,RF 0.0,0.00 SURRAD £09

NC = Q SURRAD 810

CALL STEPTD RP_RF _NC,DS,XFRACS,INDY ) SURRAD 384

€c NOW HAVE KC DS, XFRACS, AND INDX, SIRQRS g1z

FIRST = [TRUT, SURRAD 513

60 CONTINUE SURRAD 514

TAFR(L) = 1.0 SURRAD g1s

Ll = INDY{1) 8 L7 = INDX{2) SURRAD 516

H5P = XFRACSITY « HSHEr L(L1) 4 {1, -XFRACS(1)} * HSHELL{L2) SURRAD 517

CALL AERQS0L { HSP T{AM XXSCT XKABS,TSAR ) SURDAL §ix

< IVEXTP = XXSCT + XKASY SURRAD RlQ
. 3 0 70 J=1,8C SURQAD 520
3 IF{ BS{+1).LT.0.0 ) GO T 70 SURSAD £21
IF{ LUP LEQ. 1 ) CALL FATH{ FIRST INDX(J),DS{J+1) XFRACS/SY Y SURRAD §22

Ll = [NOX{ J ) § L2 = INDX{J+1) SURRAD 523

HSO = XFRACS{Jel} * HSHELL{L2) « {1 -XFRACSIJD4IYVY » HSHELI[L]Y SURRAD 524

CALL AEROSGL { HSQ,ZLAM,YXSCT,XXAPS GBAR ) SIRAAD &2t

XKEXTQ = XKSCT + XKARS SuaRan 526

XKEXT = ACCUR! 2 0. ,0DS{J+1) XXEXTP XKEXTQ, 0.,D5i3+1Y ) 7 0S{ 310 SURRAD 5C7

TAFP(L) = TAFP{L)} * EXP{ -XKEXT=]S/J+1) 1 SIRRAD 528

KXEYTP = XKEXTQ SUPIRD §79

70 CONTENUE SURRAD ]

cC NOW HAVZ FATH PARAMEYFRS U ARD UP FOR FIREBALL-L RAY TO SURRAD 531

¢ POINT £, SUREAN £32

cc ALSO HAVE ATROSOL TRAMSMITTARCE  TAFR(() ¥OR FIREBALL-{ sugIRD £3?

cC RAY FROM™ RF TO RP, LyeQsT £

1 IF( LU 3T, 1) &P 1O 93 SURAAT g3
- - ol REDEFINS VARTABLES, SURIAD £3s
DO 80 M=l MSPECS SURRAD €37

DO 80 I=1 NTEWP SUOR AT 53¢

U PS{EM,Lal) =t (I, N2} Sis- Qa0 £3%

UPPS{I N, L+]1) = UP(I N 2! suReAn 547

3 80 CONTINUE SURRAD 547
1 99 CONTINUE qUeTaAn ne7
RETIRN SURTAD B4z

END S1eRAl 544
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SUBROUTIME TANGEO(HAL GC1,6L1,XE2),YN21,2v21 HA2,6C2,612)

SUBRJUTINE ~ANGED (A MCOIFIED HARC ROUTINE CALLED XY GEO),
GIVEX THE GEOGRAPHIC COORDIMATES LF POINT 1 AKD THE TamGENT-
PLANE CNORDINATES OF POINY 2 WITH RESPECT YO POINT 1, PROVIDES
TRE GEOGRAPHIC COORDINATES OF POINT 2.

INPUTS FROM CALL STATEMUNT
HAl = ALTITUDE OF POIN™ 3, (™

GC1 = COLATITUDE OF POIMT 1, RADIANS

GL1 - EAST LONGITUDE OF POINT 1, RADIANS

XE21 « X COORDIKATE OF POINT 2 RILATIVE TO POINT 1, CM

YN21 = Y COORDINATE OF POINT 2 RELATIVE T0 POINT 1, (M

Iv2l = i COORDINATE OF POINT 2 RELATIVE TO POINT 1, €M
OGUTPUTS

A2 = ALTITUDE OF POINT 2, (M
6.2 COLATITUDE OF POINT 2, RADIANS
GL2 = EAST LONGITUDE OF POINT 2, RADIANS

RESTRICTIONS. ..
POINTS 1 AND/OR 2 mMAY MOT LTE OM NORTH-SOUTH POLAR AX]S

DATA PI.RE / 3.141592653590,6.37103E+08 /

GR2Z = RE+HAL+IVZ]

GR2 = SQRT'XE21%#2 ¢ YN21v*2 & GF21%*2)
HA? = GR2-RE

0seLl = COS(6C1)

SINGC] = SIN{GC1)

005602 = {GR27*COSKLY + YR21' ;INGC1)/GR?
SINGC? = SORT{1.0-COSGL2%+2)

SINGLD = XE21/(BR2*SINGL2)}

COSGLD = [BR2Z/GR? - COSGC1*LOSEC2Y/{SINGI1*SINGC2)
GC2 = ATANZ{ SINGL2,COSBCZ )

G0 = ATAN2{ SINGLD,COSGLD )

6L = BLIGLD

RETLRN

END
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TANGED ?
TANGED 2
TANG TS 4
TANSLO £
TANGED [
TANGEQ 7
TANGED 8
TAMGEQ 9
TANGFO 10
TANGED 1
TANGEQ 12
TANGED 13
TANGED 14
TANGEQ 15
TANGEQ 1€
TANGE O 17
TANGED 18
TANGED 19
TANGED 20
TANGED 21
TANGED 22
TANGEQ 23
TANGED 24
TANGEQ 25
TANAEQ 26
TARGEC 2?
TARGED 28
TANSEQ 29
TANGED kY
TANGEQ n
TARGED 3?2
TANGEQ kN
TANGED 34
TANGED 3%
TANGED 36
TARGE( 3?
TANSER s
TANGED k1
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SUBROUTINE TRANS( MTEMP, & U, UF, FK, WOL, \DH, TAU, ABC, T78L,
FAST, FILPOS )

INPUT PRAMETERS
ARGUMENT { [ST

KTEMP =

TR R
UP(T N,1) «

FRI¥) =

WOL

"

WOH

FAST -

FILPCS =

XY COMMON
TI) -

NUMEER OF TEMPERATURES [N ATMOSPMERIC
TRANSMITTANCE MODEL (13, SET IN CALL FROM EfTHER
ATMRAD OR TRNSCO}

INDEX FOR MODE OF TRAMSHITYANCE CALCULATION,
SOWLD BF 1,2,...,15 . WITHIN THE NATWRAL
BACKGROUND RADIATION MODULE (WHERE TRANS IS CALLED
FROM ATMEAD, TRNSCO, AMD UPWELL), M IS ALWAYS 1.
{IN CALLS FROM PROGRAM EMISCAT, M IS 1, 2, AWD IS
ALLOWED VALUES UP TD 15,)

TN SUBROUTINE TRANS, M=) LIMITS USE OF THE U AND
UP ARRAYS TO THEIR FIRST MALVES. TS IS
CONSISTENT WITH THE FACT THAT WITMIN THE Wi
MODULE, SUBROUTINE TRANS 1S ALWAYS CALIED WITH v
SET TO 1, U SET TO U(1,1,2), AND UP SET TO
UP{1,1,2). THIS 1S ALSD TRUE FOR CALLS WITw Msl
FROM EMISCAT, BUT THERE, wHEN M.GE.2, THE CALLS
ARE WITA U AD yP, I. E., THE ENTIRE ARRAYS,
AREAL DENSITY FOR TEMPERATURE 1 AND

SPECTES N, C™ AT STP (=) NTEWP , M=l WSOEC)
PATH PARAMETER UP (PRODUCT OF U AKD PRESSURE FOR
TEMPERATURE | AND SPECIES m, AYM_CM AT STO
(1=1,KTDP  N=1 NSPEC}

(FX(M) IS USED ONLY IF M GE.3 . CURRENTLY, » IS

SET TO 1 1N CALLS TO TRANS FROM TRNSO AND ATMRAD®

LOWEST WAVENUMBER IN DETECTOR INTERVAL BEING

USED, 1/m

HIGHEST WAVENUMBER [N DETECTDR INTERVAL BEING

usen, 1/Cm

LOGICAL YARIABLE CETERMINING COMP_EXITY OF

TAIANMISSION CALCULATION. In CALLS T0 SUBROUTINE

TRANS (FROM SUBRDUTINIS ATMRAD, TRNSCO, AND USWELL

WITHIN THE N3 MODULE AMD FROM PROGRAM EMISTAT

QUTSIDE THE NBR MODULE), FRST 1S SET 10 TRNSDPT,

= TRUE., TRANSM] TANCE 1S BASED ON SINGLE-LEVEL
GROUPS AND STATISTICAL BANDS. BAND-MODEL
PARAMETERS COMPUTED 8Y SUBRDUTINE TRANSE
FOR TRNSOPT=_TRUE. ARE MATCHED TO USER'S
SPECTRAL INTERYAL,

= FALSE,, TRANSMITTANCE 15 BASED ON MY TIPLE-LEVEL
GROUPS ANDT RANDDM E[ SASSER BANDS, BAND-
MODEL PARAMETERS COMPUTED BY SUBRDUTINE
TRANSB FOR TRMSOOY: FALSE, ARE FOP A
HIGHER RESOLUTION THAN THE USEW'S SPECTRA
INTERVAL, A FACT TAKEN INTO ACCOURT IN
COMPUTIKG THE TRANSMITTAMCE.

ILE POSITION. SET 7O 1.E+04 IN CALLS FROM™

SUSROUTINMES TRMSCC AND ATMRAD,

TEWPZRATURE ARRAY [w ATHOSOMEDR (C TRANSMTSSION
MODEL, SET AS DATA [N THE DRIVER FROGRAM.
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TRANS
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R ANS
TRANS
T ANS
TRANS
TCANS
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TRANS
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TRANS
TRANS
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TRENS
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TRANS
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TRANS
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TRANS
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TRANS
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CLy XYZCOM COMMON TRANS 59

Ll LTMTE = BINARY FILE CONTAINING THE BAND.MODEL PARAMETERS  TRANS 50
Ll WHICH WERE DERIVED [N SUBROUTINE TRANSB FROM THE  TRANS 61
L BASIC S5-(1/CM)-RESOLUTION DATA. TRANS 62
€L LTMTE IS IDENTICAL TO TAPOT, THE FILE WRITTEN TRANS €3
€Ll BY TRANSB.  (SEE TRANSB.) TRANS 64
CLJ * k& N F AN N mms 65
cLl FOR EACH READ OF THE LIMTE FILE, THE 202 WORDS TRANS 66
€L ARE SYORED AS... TRANS 67
€Ll WTL, = LOWER AND HIGHER WAYENUMBERS OF INTERVAL, CM-1  TRANS 68
cLl WY TRANS 9
L FOR 1=1,10 , I$=1,10 TRANS 70
Ll SOD(1,15) = MEAN ABSORPTION COEFFICIENT FOR SPECIES-1S AT TRANS 71
o] TEMPERATURE- INDEX-] FOR THE WAVENUMBER INTERVAL, TRANS 72
cul 1/CM AT 5T TRANS 73
cu DEI(1,18) = INVEP. GF MEAN LINE-SPACING PARAMETER, OR THE TRANS 78
cLd EFFECTIVE LINE DENSITY, LINES/(1/CM) TRANS 75
CLJ LR I BN B R IR R R AR ) TRANS 76
Ly NSPEC = MMOLS, THE NUMBER OF SPECIES, SET IN DRIVER. TRANS 77
CL)  OUTPUT PARAMETERS TRANS 78
cw ARGUMENT L1ST TRANS 79
cLl TAU(N,M) = TRANSMITTANCE FOR SPECIES N TRANS 80
tu (N=1 NSPEC , M=1,15)  (BUT Mel FOR NBR MODULE) TRANS 81
cLl ABC(N,M) = OPTICAL DEPTH FOR SPECIES N,  DIMENSIONLESS TRANS 82
cL {Ne1,NSPEC , M<1,15) (BUT M=1 FOR WBR MODULE) TRANS g3
Ll TTBL(M) = MOLECULAR TRANSMITTANCE FOR MODE M TRANS ]
DIMENSION U(NTEMN,10,2), UP(NTEMP,10,2), FX(M}, NSRAY(10), TRANS 85
1 GHAT(13,5), F(13,10), 6(13,10), THETA(10). CF(13,10,10), TRANS 56
2 £6(13,10,10), TAU(I0.M), ™W(1G), sop(10,10), DEI(10,10), TRANS 87
3 ALS(10), "ABC{10,M), TTBL(M) TRANS 88
c TRANS 89
COMMON / XY / TT(10) TRANS 90
COMMON 7 XYZCOM / ITMTE, LTMTE, XXX(1454), NSPEC, FACT TRANS 91
c COMMON / CONCOR 7 PI, REODY, v TRANS 92
C TRANS 93
LOGICAL TABLIN, FAST TRANS 94
C TRANS 95
DATA 50D / 100 © 0. /7, DEI / 100 * 0. / TRANS 9%
DATA NSRAY / 4, 3,12, 10, 10, 11, 4,0, 5, 2 / TRANS 97
DATA GHAT / 1, 2., 4., 6., 10., 14,, 19., 25., 33., 42., 53., TRANS 9%
1 66.,80.,1.,1., 3., 3., 6., 7., 10., 12., 14, 17., 19.,  TRANS 99
2 0..0.,1.,2.,3., 6., 7.. 10., 15., 17,, 21, 28., 30,, 0., TRANS 160
3 0..1., 2., 4., 6., 10, 20., 27., %., 4., S8., 72., TRANS 101
s 0., 1., 1., 3., 3., 3..5 P a0y TRANS 102
DATA TMETA'/ 2740., 3420, 850.. 108C., 1015., 960., 3123., 0.,  TRANS 103
1 2300,, 5350, / TRANS 108
DATA ALS / .74, .04, .08, .10, .11, .07, .06, .06, .04, .06 TRANS 105
DATA A1 / 0.3380242°/, A? / -.0953798 /. A3 / 0.7478566 / TRANS 105
DATA P / 0.47047 / TRANS 107
DATA XMW / 30., 30., #4., 46., 48,, 44., 28., 16., 18., 17. / TRANS 108
DATA TABLIN / .FALSE. /, WLP / 0. /, WP / 0. / TRANS 109
OATA P1 / 3 14159265 / TRANS 110
¢ TRANS m
] INTRY TRANST IS PROVIDED BY SAI (12/29/78) TO AVOID CONFLICT TRANS 117
K] IM SUBROUTINE UPWELL BETWEEN THE ARRAY TRANS IN COMMON CLOWT  TRANS 113
L AD THE CALL TO SUBROUTINE TRAMS. TRANS 114
ENTRY TRANS] TRANS 115
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' M10 = M * 1D TRANS 116

o TRANS 117
0O 311 =1, MID TRANS 118

ABC(I,1) = 0. TRANS 119

TAU(1,1) = O. TRANS 120

31 CONTINUE TRANS 121

o TRANS 122

1¥ ( TABLIN .OR, FAST ) GO TO 27 TRANS 123

o TRANS 124

c INITAILIZATIONS TRANS 125

c TRANS 126

C LOOP OVER SPECIES TRANS 127

C TRANS 128

DO 1 IS = 1, NSPEC TRANS 129

NS = NSRAY(JS) + 1 TRANS 130

C TRANS 131

C LOOP OVER ENERGY BINS TRANS 132

- C TRANS 133
4 D023 =1, NS TRANS 134

. F(J,15) = 1, TRANS 135
1 GOTO (3,3,4,4,4,4,3,4,4,3),1S TRANS 136
. C TRANS 137
3 F(I,15) =0 TRANS 138
C TRANS 139

4aG0TO(5,6,7, 8, 9,10,6,11,12, 5}, IS TRANS 140

c TRANS 141

- 5 G(J,15) = 2. TRANS 182
- &0 TO 2 TRANS 143
; ¢ TRANS 144
6 G(J,18) = 1. TRANS 145

GO TO 2 TRANS 146

c TRANS 187

7 6(J,15) = 6HAT(J,1) TRANS 148

60 T0 2 TRANS 149

o TRANS 150

8 G{J,1§) = GHAT(J,2) * 100. TRANS 151

60 TO 2 TRANS 152

. C TRANS 153
v, 9 G{J,I5) = GHAT(J,3) * 100. TRANS 154
G0 TO 2 TRANS 155

c TRANS 156

10 GfJ,1S) = GHAT(J,4) TRANS 157

G0 TO 2 TRANS 158

( TRANS 159

13 6(J,I15) = 100. TRANS 160

GO TO 2 TRANS 161

‘ | c TRANS 162
12 6(J,1S) = GHAT(J,5) * 100, TRANS 163

2 CONTINUL TRANS 164

c TRANS 165

1 CONTINUE TRANS 166

¢ TRANS 167

c LOOP OVER TEMPERATURES TRANS 168

¢ TRANS 169

. DO 131 = 1, NTEMP TRANS 170
r TRANS 171

o LOUP OVER SPECIES TRANS 172
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16

17
14

13

27

DO 14 IS = 1, NSPEC

NS = NSRAY(1S) + 1
FSUM = 0.

LOOP OVER ENERGY BINS
DO 15J =1, NS

FSUM = FSUM + F{J,IS) * G(J,18) * EXP( -THETA(IS) * FJ / TI{I) }

Fl=J-1
CONTINUE
FISUM = 0,

LOOP OVER ENERGY BINS

-
[

»
[

'
——

CF(J,18,1) = F(J,I1S) * G(J,1S) * EXP{ -THETA{IS) * FJ / TT(I) )

J FSUM

FISUM = FiSUM + SORT( CF(J,I1S,1) * 6{J,I8) )

CONTINUE
LOOP OVER ENERGY BINS
DO 17 J « 1, NS
€6(3,15,1) = 1.
Fd=J.t
€6(J,15,1) = 6(J,1S) / FISUM »*?
CONTINUE
CONTINUE
CONTINUE
TABLIN = .TRUE.

IF ( FAST .AND. ( WDL ,NE. dLP
IF { FILPOS .LE. WDL ) GO TO 74

REWING LTMTE
WL = 0.
WTH = 0,
GO TO 24

READ SPECTRAL DATA FILE

LOR. WGH .NE. WHP ) ) 60 TO 23

23 READ (LTMTE) WTL, WTH, ( { SOD(I,IS), T = 1, NTEMP ),

24

( DEI(I,IS), I = 1, NTEMP ),
FILPOS = WTL
WHP = WOH
WLP « WDL

OLAP = FRAC{ WOL, WDn, WTL, WTH )
TIF { WL .GE. WDH ) RETURN

IS = 1, NSPEC )
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TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
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TRANS
TRANS
TRANS
TRANS
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TRANS
TRANS
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TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

173
174
175
176
177
178
176
180
181
182
183
184
185
185
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202

204
205
206
207
208

210
211
212
213
214
215
216
217
218
214
220
22

222
223
224
2?25
226
227
228

229



IF ( OLAP .LE. 0. ) GO TO 23 TRANS 230

¢ TRANS 231
W= ( WIL+WH) /2, TRANS 232

C TRANS 2313
¢ LOOP OVER PATH SEGMENTS TRANS 234
C TRANS 235
cLa IN NBR MODULE USAGE, M 1S SET TO 1 IN CALLS TO SUBROUTINE TRANS 236
cLa TRANS, BUT IN CALLS TO TRANS FROM PROGRAM CMISCAT, M IS SET TO TRANS 237
cLa 1, 2, AND MAY BE UP TO 15, TRANS 238
022K <1, M TRANS 239

c TRANS 240
3 LOUP OVER SPECIES TRANS 241
c TRANS 282
DO 12 1S = 1, NSPEC TRANS 243

ADS = 3,58E-7 * W * SORT({ 273. / XMW(IS) ) TRANS 264

NS = NSRAY(IS) + 1 TRANS 245

IF ( FAST ) NS =1 TRANS 246

XS = 0. TRANS 247

c TRANS 248
c LOOP OVER ENERGY BINS TRANS 249
c : TRANS 250
L MOTE THAT NS=1 FOR FAST = TRNSOPT = .TRUE. . TRANS 251
D0 19 J = 1, NS TRANS 252

ML = 0. TRANS 253

SUMC = 0. TRANS 254

SUMD = 0. TRANS 255

c TRANS 256
c LOOP OVER TEMPERATURES TRANS 257
c TRANS 258
¢ CALCULATE OPTICAL DEPTH IN WEAK-LINE APPROXIMATION TRANS 259
c TRANS 260
PO 20 I = 1, MTEMP TRANS 261

IF (M .GE. 3 ) GO TO 29 TRANS 262

cLd SINCE M=1 IN NBR-MODULE USAGE, X MAS THE SINGLE VALUE OF 1,  TRANS 263
€Ll THUS, WE ARE SETTING U(1,15,1) AND UP(1,IS,1) INTG US AND TRANS 264
cLY UPS, RESPECTIVELY. RENS 265
us = u(1,15,K) TRANS 266

UPS = UP{1,15,K) TRANS 267

G0 TO 30 TRANS 268

c TRANS 269
Ll THE FOLLOWING EXPRESSION 1S USED ONLY IF M,GE.3, AS MAY OBTAIN TRANS 270
Ll FOR CALLS TO TRANS FROM PROGRAM EMISCAT. NER-MODULE USAGE HAS TRANS 27
L M=1, SO U(1,1S,2) AND UP{I,IS5,2) ARE NOT USED IN SUBROUTINE  TRANS 272
cLl TRANS, NOR 1S THE ARRAY FK, FOR THE NBR MODULE. TRANS 273
29 US = ( 1, - FK(K) ) * U(L,15,1) + FK(K) + U(1,15,2) TRANS 274
UPS = ( 1, - FK(K) ) * UP{I,IS,1) + FK(K) * UP(I,IS,2) TRANS 275

C TRANS 276
30 IF (US .EQ. 0. ) 60 TO 20 TRANS 217

IF { FAST ) 60 TO 35 TRANS 278

SODI = CF(J,IS,1) * SOD(I,I5) TRANS 279

DEIT = C6(J,IS,1) * DEI(I.1S) TRANS 280

60 TO 32 TRAKS 281

c RANS 282
36 SODI = SOD(1,1S) TRANS = 283
DEIT = DEI(I,IS) TRANS 284

c TRANS 285
32 XML = XWL + SODI * US TRANS 286
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SUMC = SUMC + SORT( 273. 7 TT!I} ) % DEIL * SODI * UPS TRANS 287

SUMD = SUMD + SORT( TT(I1) / 273. ) * DEI1 * SODI * US TRANS 288

20 CONTINUE TRANS 289

c TRANS 290

1F ( XwU .LE. 1.E-100 ) GO TO 34 TRANS 291

c TRANS 292

c CALCULATE OPTICAL DEPTH IN AN APPROXIMATE TRANS 293

c RARDOM ELSASSER MODEL TRANS 294

c TRANS 295

ACS) = ALS(IS) / XWL * SUMC TRANS 296

ADS) = ADS / XWL * SUMD TRANS 297

, IF ( FAST ) 60 T0 25 TRANS 293
. 4 U2 = PL * XWL *2 / ( 4. * G(J,1S) #*2 * (1. + XL / TRANS 299
4 S (&4, *ACSI ) ) TRANS 300
el /(1 +P*SRT(U2)) TRANS 301

XRE = «B(J,15) * { ALOG( Al * TL + A2 * TL #*2 + A3 * TL #*3 ) -  TRANS 302

$ uz ) TRANS 303

c TRANS 304

c CALCULATE OPTICAL DEPTH FOR LORENTZ LINES TRANS 205

_ C TRANS 306
] XL = AMINI{ XRE, XWL ) TRANS 307
: G0 TO 33 TRANS 308
c TRANS 309

25 XL = XWL / SQRT( 1. + XWL / ( 4. * ACSJ }) TRANS 310

¢ TRANS m

3 CALCULATE OPTICAL DEPTH FOR DOPLER LINES TRANS 12

c TRANS 313

33 X0 = 1.7 * ADS3 * SORT({ ALOG( 1. + ( XWL / ( 1.7 * ADSJ } ) **2 )) TRANS 314

A= (.- XU/ XHL ) #*2 ) w2 TRANS 315

Box (1. - ( XD/ XWL ) ##2 ) **2 TRANS 316

IF (A+B .LE. 1.£-15) 60 ™ 21 TRANS 17

Y~SRT(A*B/ (B+A-A*B)) TRANS 318

c TRANS 319

¢ CALCULATE OPTICAL DEPTH OF SPECIES TRANS 120

C TRANS 321

XS = XS + XWL * SORT( 1. - Y ) TRANS 322

60 T0 19 TRANS 223

C TRANS 328

: 21 XS = XS + XWL TRANS 375
. ] L STATEMENT 19 IS FOR THE ENERGY-BIN LOOP ON INDEX J. FCR TRANS 326
; €Ll FAST = .TRUE., THIS LOOP IS DONE ONLY ONCE. TRANS 327
19 CONTINUE TRANS 328

c TRANS 329

¢ TRANS 330

¢ CALCULATE TRANSMITTANCE OF SPECIES TRANS 331

¢ TRANS 332

ABC(1$,K) = ABC(IS,K) + XS » OLAP TRANS 133

TAU(1S,K) = TAU(IS.K) 4 EXP( -XS ) * OLAP TRANS 334

60 TO 18 TRANS 335

34 TAU(1S,K) = TAU(IS,K) + OLAP TRANS 136

(o{ STATEMENT I8 1S FOR THE SPECIES LOOP ON IMOEX IS, TRANS 337

18 CONTINUE TRANS 218

TRANS 119

Ll STATEMENT 22 1S FOR THE SO-CALLED PATH-SEGMENT LOOP ON [NDEX  TRANS a0

€Ll K. FOR NBR-MODULE USAGE, X EQUALS ONLY 1. TRANS 341

22 COMTINUE TRANS 387

TRANS 343
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CLJ
W
J

1F ( WTH .LT. .999999% * WDH ) 60 TO 23

DO BK=1,M
TTBL{K) = 1.
DO 35 1S = 1, NSPEC
THE FOLLOWING TWO-LINE CHANGE, RECEIVED IN TWO INSTALLMENTS
FROM L. EWING ON 3/20/79 AND A. KLEIN ON 9/10/79, AFFECTS THE
EMISSION CALCULATION IN SUBROUTINE ATMRAD,
IF( ( TAU(1S,K) .LT. 0.9999 )} _AND. ( TAU(IS,K) .6€T. 0.0001 ) )
$ ABC(IS,K) = -ALOG( TAU(ISK) )
35 TTBL(K) = TTBL(K) * TAU{IS,X)

RETURN
END

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
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SUBROUTINE TRANSB ( LBAND ) TRANSE 2
C TRANSSB 3
o *TRANSB* ELIMINATES UNNECESSARY SPECTRAL DATA FROM TRANSB 4
c THE EXTERNAL FILE. THE TYPE OF SPECTRAL COVERING GENERATED TRANSB 5
C DEPENDS ON TRNSOPT, [IF TRNSOPT IS .TRUE, , THE FASTEST TRANSB 6
[ BUT LEAST ACCURATE CALCULATIONS WILL BE DONE. TRANSS 7
C TRANSB ]
CcLd TRANSS 9
CLJ  INPUT PARAMETERS TRANSB 10
cLyd ARGUMENT LIST TRANSB 1
CLJ LBAND - LIST HEADER VARIABLE (LHV) FOR WAVELENGTH BANDS TRANSB 12
CLJ DATASET-BN (ND. 114}, STRICTLY, LBANKD IS THE TRANSB 13
cLd POINTER {1.E., IT CONTAINS THE (Q-ARRAY) ADDRESS  TRANSE 14
cLy FOR THE LIST HEADER OF THE WAVELENGTH BANDS TRANSE 15
CLJ DATASET-BN. TRANSB i6
CLd IN GRC USAGE, LBAND 1S SYORED AS WORD-12 OF TRANSE 17
cLd DATASET-ST (NO. 1113, TRANSS i8
CLd IN THE SA! STAND-ALONE VERSION OF THE NBR MODULE, TRANSB 19
CLd DATASET-ST {NO. 111) IS NOT USED, 8UT LBAND IS TRANSS 20
cLy STILL GENERATED IN PROGRAM DRVUPW AND USED AS THE TRANSB 2i
CLd LHV FOR DATASET-BN. TRANSB 22
cLg XYZCOM COMMON TRANSR 23
CLJ ITMTE = AUXILIARY INPUT DATA FILE MUMBER, (=2 IN DRVUPW) TRANSB 24
L LTMTE = AUXILIARY OUTPUT DATA FILE NUMBER, (=3 IN DRVUPW} TRANSB 25
CLd OPTION COMMON TRANSB 26
cLd TRNSCPT - LOGICAL VARIABLE AFFECTING (A) PRCCEDURE FOR TRANSB 27
(] CONVERTING THE BASIC 5-(1/CM)-RESOLUTION BAND- TRANSE 28
€Ly MOGEL PARAMETERS TO THOSE FOR THE USER-SPECIFIED  TRANSS 29
cL) RESOLLTION AND {B) POSSIBLE REDUNDANCY OF OUTPUT TRANSB 30
CLa DATA 1F USER-SELECTED BANDS QVERLAP WITH COMMON TRANSB 31
CLa SPECTRAL INTERVALS. TRANSE 32
CLy =,TRUE., TRANSB PROVIDES... TRANSH 33
Lo (A) IN-BAND (MORE PRECISELY, '‘'IN-INTERVAL'') TRANSS 34
(Wi} AVERAGED BAND-MODEL PARAMETERS. (THERE 15 MO TRANSR 35
CcLd LIMIT ON THE ALLOWED COARSENESS OF THE TRANSE 3¢
CLJ RESOLUTION, 1F RESOLUTION FINER THAN 5-{1/CM) 1S TRAN3B 37
cLy REQUESTED, THE CODE WILL COMPUTE ANSWERS, BUT TRANSB 3R
CLd THEY MAY HAVE LITTLE OR NO PHYSICAL REALITY.) TRANSB 39
cLJ {B) BAND-MODEL PARAMETERS FOR FACH INTERVAL TRANSE 40
cLd WITHIN A BAND (EVEN THOUGH BANDS MAY QVERLAP), TRANSE 41
cLa AND THE BANDS ARF ORDEREC AS IN THE WAVELENGTH TRANSR 4?
[} BANDS DATASET-BN (NO. 114), TRANSE 42
CcLd =, FALSE,, TRANSB PROVIDES... TRANSE 4é
CLJ {A) BAND-MODEL PARAMETERS AT A (BELOW-DEFINFD) TRANSE 45
CLJ RESGLUTION THAT MAY BE FINER THAN THE REQUESTED  TRANSB 46
cLa SPECTRAL INTERVALS. IN ™IS CASE THE TRANSB- TRANSE 47
L) GENERATED RESOLUTION (OR SUBINTERVAL) IS 0.5 0F  TRANSE an
CLJ THE NARROWEST USER-SPECIFIED WAVENUMBER INTERVAL, TRANCE 49
Lo BUT WITHIN THE RANGE OF 5 TC 50 (1,CM). THE T®ANSE 50
cLd LOWER EDGE OF THE FIRST QUTPUT INTERVAL LTES AT  TRANSE c1
cLy THE LOWEF EDGE OF THE LOWEST WAVENUMBER SPECTRAL TRANSE 57
CLd INTFRVAL ., TRANSH 52
Ll (BY NON-PEDUNDANT INFORMATION FOR INTERVALS 1IN TRANSE 54
CcLY OVERLAPPING BANDS, (TF BANGS DON'T OVERLAD, TRANSE g%
(4] THERE 1S NOTHIKG TO ELIMINATE  OF COURSE.) TRANSE 56
CL) NOTE, FOR ADDITIONAL INFORMATION REGARDING USE TRANRE 57
(] OF THESE BAND-MODEL PARAMETERS, SEE COMMENTS TRANSE 52
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CiLJ
L
€Ll
CLd
CLJd
L

L)
CLJ
CcLd
L
CLd
CLd
CLd
CLy
CLY
CLJ
CLd
cL
CLa
CLa
CLJ
CL)
CL)

L

UNDER THE LOGICAL YARIABLE FAST IN SUBROUTINE
TRANS.
LN} DATASET_BN (N
** MOTE * THE SPELLING (BN) 1S AN UNFORTUNATE ARTIFACT FROM
* THE ORIGINAL DEVELOPMENT OF THE ROUTINE BY L.
* EWING OF 6ET. WE ARE REALLY DEALING WITH WORDS-3,
* -4, AND -6 OF THE GRC DICTIONARY DATASET-B1 (NO.
* 115) AND NOT DATASET-8K (NO. 114).
WLO BN, = LOWEST AND HIGHEST WAVENUMBERS OF SPECTRAL
WH1 BN INTERVAL OVER WHICH BAND-MODEL PARAMETERS ARE TO
BE AVERASED, CM-1
TFLAG BN * FLAG TO DENOTE WHETHER THE WAVELENGTH OR
WAVENUMBER (CORRESPONDING TO THE ARGUMENT OF
TFLAG BN) 15 ASSOCIATED WITH THE FIRST,
INTERMEDIATE, OR LAST SPECTRAL DIVISION IN A BAND
OF (ASCENDING) WAVELENGTHS OR (ASCENDING)
WAVENUMBERS.
= 1,, FIRST SPECTRAL DIVISION (LOWEST WAVELENGTH) IN
A WAVELENGTH BAND OR LAST SPECTRAL DIVISION
(HIGHEST WAVEKUMBER) IN A WAVENUMBER BAND
= 0., INTERMEDIATE SPELTRAL DIVISION
= 2,, LAST SPECTRAL DIVISION (HIGHEST WAVELENGTH) iN
A WAVELENGTH BAND OR FIRSY SPECTRAL DIVISION
{LOWEST WAVENUMBER) IN A WAVENUMBER BAND
INPUT BINARY FILE
TAPIN = EQUIVALENCED TO ITMTE, CONTAINS BAND-MDDEL
PARAMETERS FOR 5-(CM-1) RESOLUTION
WSL = LOWER WAVENUMBER OF 5-{CM-1) INTERVAL FOR THE SET
1997.5(5.0)4997.5 (M-1
WSH = HIGHER WAVENUMBER OF 5-{CM-1) INTERVAL FOR THE SET
2002.5(5.0)5002.5 CM-1
FOR 1=1,10 , 15=1,10 ...
SOD{1,1S) = MEAN ABSORPTION COEFFICIENT FOR SPECIES-1S AT
TEMPERATURE-TNDEX+1 FOR THE 5-(CH-1) INTERVAL
FROM WSL TO WSH, CM-1 AT STP
DEI(I,1S) = INVERSE OF MEAN LTNE-SPACING PARAMETER, OR THE
EFFECTIVE LINE DENSITY, LINES/{CM-1),
QUTPUT PARAMETERS
OUTRUT BINARY FILE
TAPOT = EQUIVALENCED TO LTMTE. CONTAINS BAND-MODEL
PARAMETERS, DERIVED FROM THE 5-(CM-1)-RESDLUTION
DATA, FOR THE USER-SPECITIED INTERVAL DW EITHER
(A) COMMUNICATED THROUGH THE DATASET-B81 IF
TRNSOPT = ,TRUE. OR (B) SET BY AN ALGORITHM IF
TRNSOPT = _FALSE. THE ALGORITHM ]S THAT OW EQUALS
ONE-HALF OF THE MINIMUM OW COMMUNICATED THROUGH
TME DATASET-BY, BUT NOT LESS THAN 5.0 OR MORE
THAN 50.0 CM-1
WL, = LOWER AND HIGHER WAVENUMBERS OF
W INTERVAL DW, CM-1
FOR I=1,10 , IS=1,10 ...
S(I,1S) = MEAN ABSORPTION COEFFICIENT FOR SPECIES-IS AT
TEMPERATURE- INDEX-1 FOR THE INTERVAL DW,
CM-1 AY STP
DE(1,1S) = INVERSE OF MEAX LINE-SPACING PARAMETER, OR THE
EFFECTIVE LINE DENSITY, LINES/(CM-1)
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TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSE
TRANSR
TRANSB
TRANSH
TRANSE
TRANSS
TRANSB
TRARSS
TRANSB
TRANSE
TRANSB
TRANSB
TRANSE
TRANSE
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSR
TRANSE
TRANSH
TRANSS
TRANSB
TRANSB
TRANSE
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSB
TRANSH
TRANSE
TRANSE
TRANSB
TRANSB
TRANSE
TRANSB
TRANSS
TRANSB
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CLJ
CLd
cLy
CLJ
CLd

(W)
CLd
(W)

cL
CcLJ

L
[£1]
10

cLy
cL

CL)
CLy

cuw

DINENSION SOD{10,10), DEI(10,10}, $(10,10), DE(10,10) TRANSE
DIMENSION W0 BN(1), WHI BN(1), TFLAG BN(1) TRANSE
COMMON ONAREA, QWAREA{10), QFREHD, QNDTST, OQNLNKS, QZSIZE, TRANSB
1 QNZBLK. QZHEAD, QCOUNT(20). ODSIZE{10), QNSIZE, QLUNIT(10), TRANSB
2 QERLUN, QFBITS(2,10), Q(1) TRANSE
EQUIVALENCE { Q, 10 ) TRANSE
DIMENSION 1Q(1) TRANSB
COMMON / XYZCOM / ITMTE, LTMTE, NS, HSHELL(81), TS(81), PS(B1),  TRANSB
1 XNSPEC{81,10). U(10,10,2), UPI10,10,2}, WOLS,  TRANSB
b4 FACT TRANSB
COMMON / OPTION / TRNSDPT TRANTR
TRANSB

v NOTE + THE THREE WORDS WLO BN, WMI BN, AND TFLAG BN ARE  TRANSH

IN REALITY WORDS-3, -4, AND -6 IN THE GRC TRANSB

DICTIONARY DATASET-BI (MO, 115). THEIR SPELLIMG  TRANSE
HERE IS AN ARTIFACT OF THE ORIGINAL PREPARATION OF TRANSR

THE ROUTINE BY L. EWTNG OF GET. TRANSB

EQUIVALENCE ( Q(3), w0 8N ), ( Q(4), WHI BN ), TRANSE
o ( Q(6), TFLAG BN ) TRANSE
EQUIVALENCE ( ITMYE, TAPIN ), { LTMTE, TAPOT ) TRANSB
TRANSE

INTEGER TAPIN, TAPOT TRANSB
LOGICAL TRNSOPT TRANSS
TRANSB

THE INITIALIZED VALUES OF THE MEXT FOUR PARAMETERS WILL BE TRANSB
RESET. FOR EXAMPLE, WSL AND WSH ARE RESET BY DATA-FILE TRANSB
WAYENUMBERS. TRANSB

DN = 1.£10 TRANSB
WL = 1.E10 TRANSE
WSL = 0. TRANSB
WSH = 0. TRANSB
IBAND = 0 TRANSB
LINK = LBAND TRANSS
IF { TRNSOPT ) &0 TO 13 TRANSB
TRAMSB

SCAN SPECTRAL LIST TO OBTAIN BAND LIMITS AND FINEST RESOLUTION TRANSE
CALL PREV { LINK, NBN ) TRANSB
IF( WBN .EQ. 0 ) 60 TO 11 TRANSB
LINT, WOPD-5 OF GRC DICTIONARY DATASET-8N (NO. 114), IS LHV TRANSB

FOR LIST OF BAND- INTERVAL DATASETS-BI (WO. 115). TRANSB
LINT = JQ( NBN + & ) TRANSB
DATASET INDEX-J 15 USED FOR SIMPLICITY INSTEAD OF THE TRANSE
TRADITIONAL INDEX-NBI FOR DATASET-BI. TRANSB
CALL PREV { LINT, J ) TRANSE
IF( J .EQ-G ) G0 TO 9 TRANSB
THE ARGUMENT 3 IN THE CALL TO PUTORA CAUSES SORTING WITH TRANSB
RESPECT TO WLO 8N(J). TRANSB

IF ( TFLAG BM(J) .NE, 0, ) CALL PUTORA ( IBAND, J, 3 ) TRANSB
OW = AMINI( DM, WH]  BN{J) - WLO BN(J) ) TRANSB
WDL = AMINI( WOL, WLO  BN({l) ) TRANSB
& T0 10 TRANSB
TRANSB

SET RESOLUTION FOR OUTPUT FILE, TRANSB
CHOOSE 0.5 OF THE MINIMUN DM, BUT WITHIN 5 TO 50 CM-1 IN ANY  TRANSB
EVENT. TRANSB

DW =~ AMAX1 ( AMINI( .5 * OW, 50. }, § TRANSE

- )
INITIALIZE VARIABLES USED BELOW. DESPITE SPELLING, WH 15 THE TRANSB
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132
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134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
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L

CLad
L

CLd
CLl
1

CLJ
CLl

CLJ
CLl

CLd

SAVED-VALUE OF THE LOW END OF BAND.

WM = WL
WDL AND WOH ARE THE INITIALIZED VALUES OF THE LOW AND hi.GH
SIDES OF A CONTINUOUS DETECTOR RAMGE.

WL = 1.E10

WDH = O.

LAP = O

LIMIT = IBAND
SCAN BAND-LIMITS LIST (WHOSE LHV-WORD 15 LIMIT=1BANG) FOR
SPECTRAL COVERING.

2 CALL NEXT { LIMIT, J3)

IF{(J.6Q. 0VGOTO?

IF ( TFLAG BN({J) .GE. 2. ) LAP = LAP ¢ ]
NOW UPDATE VALLUES OF LOW AND HIGH SIDES OF CONTINUOUS DETECTOR
RANGE,

WOL = AMINI( WDL, WLO  BW(J) )

WDH = AMAXI( WDH, WHI  BN{J) }

1F { AMOD({ TFLAG BN(JY, 2. ) .EQ. 1. ) LAP = LAP - ]

IF { LAP .G7. 0 ) GO TO 12
XSXIP IS NONZERO ONLY 1% SPECTRAL BANDS HAVE A GAP JETWEEN
THEM,

XSKIP = [FIX( ( WDL - WM ) / DW )
NOW SET THE LOWER EDGE OF THE NEW RANGE AFTER THE GAP.

WH o= WH 4 XSKIP * DN

60 TO 1
SCAN SPECTRAL LIST FOR USER DEFINED TABLE RESOLUTION
THIS BLOCK OF CODING IS USED O:x'Y FOR TRNSOPT =.TRUE,

3 CALL PREV { LINK, NBN )

TF( NBN EQ. 0 ) 6O TO 7
LINT, WORD-5 OF GRC DICTIONARY DATASET-BN (NO. 114}, IS LHV
FOR LIST OF BAND-INTERVAL DATASETS-Bl (NO. 115},

LINT = {3/ NBN + &)

18 CALL PREV ( LINT, 3 )

(o Xn]

(X&)

cLl
Ll

¢
A 1Y)

IF( J .EQ. 0 ) &0 TG 13

WIL = WO BR{J)

WOH = WHI  BN(J)

D = WDH - WD

W o= WDL

IF ( wWDL .LT. WSL ) ReWIND TAPIN
IF ( WOL LT, WSL ) WSH = 0.

IF £ WDL LT, WSL ) WSL = 0.

GENERATE COMPRESSED TABLE
WL * WH
WH = WH + DW
ZERO THE § AND DE ARRAYS.
CALL XMIT ( -100, 0., S )
CALL XMIT { -100, 0., DE )
OLAP WILL BE ZERO ON TME FIRST PASS AND POSSIBLY MANY PASSES
UNTIL WSL.GT.WL .
2 OLAF = FRAC{ WL, WM, WSL, WSH )
IF ( OLAP .EQ. O. ) GO TO &

—

ACCUMULATE SPECTRAL PARAMEITERS
THE FIRST 10 IS FOR 10 TEMPERATURES FOR THE FIRST SPECIES,

[#¥]
e
[y

TRANCR
TRANSE
TRANSSE
TRANSS
TRANSE
TRAKSB
TRANSE
TRANSE
TRARSE
TRANSB
TRANSS
TRANSS
TRANSE
TRANSS
TRANSB
TRANSEB
TRANSB
TRANSE
TRANSS
TRANSB
TRANSS
TRANSE
TRANSE
TRANSB
TRANSB
TRANSR
TRANSE
TRANSER
TRANSE
TRANSB
TRANSR
TRANSE
TRANSH
TRALSE
TRANSE
TRANSS
TRANSH
TRANSE
TRANSB
TRANSE
TRANSE
TRANSB
TRANSE
TRANSE
TRANSE
TRANSSE
TRANSR
TRANSB
TRANSB
TRANSR
TRANSR
TRANSS
TRANSR
TR ARSE
T ANSE
TRANSE
TRANSE

173
174
17%
176
177
178
179

182
183

216
217

222
223
224
225
228
227
28
229
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CLJd

NEXT 10 FOR SE“OND SPECIES, €<,

D0 3 1:1,100

IF ( DEFF1,1) E0. 0. ) 60 TO 3

DE(1,1) = DE(1,1) + OLA® / DEI(I,1)
!

$U1,1) = S(1,11 + OLAP * SOD(T 1} / DEI{I,1)

3 CONTINUE

CLl
CLJ
Ctd
4

C

C

CcLJ
(2]

L
c
(Wil
CLl

oD

5

)

[aNe]

[ni}
[l
CL3
(4]
Lo

)
CLd

CrCy
-~

o St

ON FIRST PASS, WILL DROP TMROUGH TEST, WHEN TME TEST IS
SATISFI1ED, ENOUGH DATA WILL HAVE BEEN ACCUMULATED TO COVER THE
WIOTH Dw.

TF ( WSH GE. W4 ) GO TD 5

BRING IN 5 (M-1 TABLE PLANE
NOTE THAT FOR A BINAKY FILE NO FORMAY IS NEEDED, READ
24{ (10+10)*10 )=202 WORDS AND STORE IN WSL, wWSH, ETC.

READ (TAPIM} WSL, WSH, ({ SOD{I,18), 1=1,10 ), { DEI{1,1S), 11,10
$

Y, 1821,10 )
NOTE THAT THE EOF FUNCYION 1S USED TO TESY FOR AN END-GF-FILE
CONDITION CN UNIT TAPIN FOLLOWING AN UNFORMATTED RFAD, 7RO
1S RETURNED 1F NO END-OF-FILE 1S ENCOUNTERED, OR A NOR-ZERD
VALUE IF END.OF-FILE IS ENCOUNTERED.
IF ( EOF(TAFIN)} .EQ. 0. } 60 TO 2

COMPUTE COMPRESSED SPECTRAL PARAMETERS
0o 6 1=1,100
IF ( DE(1,1) .€Q. 0. Y GO 10 6
DE(T,1) = 1, / DE(I,1)
S(I,1Y = §(1,1) * DE(1,1)
COMTINUE

WRITE COMPRESSED TABLE PLANE

WRITE (TAPOT) WL, WM ({ S{1,18), T=1,10 ), { DE(I,IS), I=1,10 ),
$

15-1,10 )

THE FOLLOWING THREE STATEMENTS ARE RELEVANT ONLY FOR TRNSOPT=
JFALSE. . THE FIRST WDH 1S THE HIGH EXD OF THE BAND. IF TESY
IS SATISFIED, DO MEXT DW IN BAND. THME NEXT TWO STATEMENTS
COMPRISE AN IRITIALIZATION JUST LIKE THAT BEFORE STATEMENT
LABEL 12, OF JMPORT ONLY FOR TRNSOPT= FALSE. .

1F { WH LT, wDH - .001 ) 60 0 1

wWDL = 1.E10

WOH = 0,
WOW DO WEXT SPECTRAL INTERYXL IF THNSOPT=_ TRUE. . OTHERWISE,
CONTINUE WITH SCAN OF THE QAND-LIMITS L1IST,

1 TRRSOPT ) GO TO 14

60 10 17

CLEAN P AND RETURN
CALL WIPOUT ( 1BAND, 0 }
ENDFILE TAPOT
REWIND TAPQT
REWIND TAPIN
RETIRN
END
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TEANSE
TRARSE
TRANSE
TRANSE
TRANSE
TRANSR
TRANSE
TRANSE
TRANSE
TRANSE
TRANCR
TRARSE
TRANS2
TRAXSE
TRANSS
TRANSE
TRANSS
TRANSS
TRANSE
TRANGE
TRANSE
TRANSH
TRANSS
TRANSE
TRANSS
TRANSE
TRANSE
TRAXSR
TRANSR
TRANSR
TRANSE
TRANSR
TRANSE
TRAKSSE
TRANSGE
TRANSE
TRANSS
TRANSS
TRANSE
TQANSR
TRANSS
TRANSR
TRANSE
TRANSB
TRANSS
TRANSE
TRANSE
TRANSR
TRANSSE
TRANSE
TRANSB
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232
233
234
73:
236
77
238
2139
240
FLH
242
243
244
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248
287
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789
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CLa
L
Ll

CLd

CLd

(W)

SUBROUTINE TRNSCO ( RX, RY, RZ, LBINT, RADSM )

*TRMSCO* ESTABLISHES THE TRANSMITTANCE ON A COMPOUND PATH
FROM RX YO RY TO RZ LOCATION VECTORS.

IF RADSW=.TRUE., SUBROUTIMNE ATMRAD WILL BE CALLED TO PERFORM A
RADIANCE CALCULATION. IF ONE WANTS RADSW=.TRUE., THEN TRNSLO
SHOULD BE CALLED WITH ONLY A STRAIGHT PATH AND NOT A COMPOUND PATH
BECAUSE MO ACCOUNT |S TAKEM OF THE SCATTERING EVENT AT THE PCINT
RY.

INPUT PARAMETERS
ARGUMENT L1ST
RX{1) = LOCATION VECTOR OF POINT X, TYPICALLY BUT NOT
NECESSARILY THE DETECTOR, (M
RY{I) = LOCATION VECYOR OF POINT Y, TYPICALLY BUT NOT
NECESSARILY THE SCATTERING SITE, (M
RZ{1) = LOCATION VECTOR OF POINT 2, TYPICALLY BUT NOT
NECESSARILY THE SOURCE, (M
(FOR RX, RY, AXD RZ 1=1,3)
LBINT = WORD NO. § (LHV) IN GRC DATASET-BN (NO. 114),
LIST OF BAND- INTERVAL DATASETS (BI).
STRICTLY, LBINT IS THE POINTER (I.E., CONTAINS THE
(O-ARRAY) ADDRESS) FOR THE LISYT HEADER OF THE
BAND- INTERVAL DATASEYS-BI CORRESPONDING TO
DATASET-B.
RADSW = INITIALIZAYION SWITCH FOR ATMOSPHMERIC VOLUME
EMISSION CALCULATION. 1S SET IN INPUT YO DRIVER,
= TRUE., INCLUDE CALL (FROM SUBROUTINE TRNSCO) TO
SUBRDUTINE ATWMRAD
= FALSE., BYPASS CALL TO SUBROUTIME ATMRAD AND
PERFORM TRANSMITTANCE CALCULATION WITHOUT AIR
EMISSION
DATASET B1 (BAND-INTERVAL DATASET, wO. 115)
Q(1) = BMLD Bl = LOW WAVELENGTH FOR WAVELENGTH-BAKD- INDEX
J, MICRONS
Q(2) = BNWI B! = HIGH WAVELEMGTH FOR WAVEL INGTH-BAND-
INDEX J, MICRONS
0(3) = WO BI = LOW WAVENUMBER FOR WAVELEMGTH-BAND- INDEX
J, (-1
Q(4) = wH1 BI = HIGH WAVENUMBER FOR WAVEL ENGTH-BAND-
INDEX J, [M-1
XYZIC0M COMMON
LYMTE = BINARY FILE CONTAINING BAND-MODEL PARAMETERS,
DERIVED FROM THE 5-(CM-1)-RESOLUTION DATA. (SEE
SUBROUTINE TRANSB WHERE TAPOT IS EQUIVALENCED TO
LTMTE.} HERE IN SUBROUTINE TRNSCO, FILE LTMTE IS
REWOUND FOR USE IN SUBROUTINE TRANS,
OPTION COMMON
TRNSOPT = LOGICAL VARIABLE AFFECTING COMPLEXITY OF MDLECULAR
TRANSMITTANCE CALCULATION (SEE SUBROUTINES TRANSE
AND TRANS). HERE, TRNSOPT 1S USED ONLY IN THE
MGUMENT L1ST FOR YHE CALL TO SUBRQUTINE TRAMS,K A
CALL THAT OCCURS ONLY IF RADSW=FALSE., WHI{M IS
MOT THE CASE FOR THE MBR MODULE.
OUTPUT PARAMETERS
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cLd
(AW
Ll
Ly
CLd
cLd
CLd
CLJd
CLJd
CLJ
CLd
(48]
CLd
CLd
cLd
CLd
CLJ
Cid
CLd
CLd
CLd
L
[N
[w Y]
CLd
cLl
L
Ll
cLd
cLl
4 RY)
CLd
CLd
CLd

Ll
CLJ
CLd
I}
cLd

i mTE -
ocscmmon OF THE QUTPUT REQUIRES CARE.
IN THE (RARE) EVENT THE PATH SHOULD NOT INTERSECT THE
Amswsnc THEN INITIALIZED VALUES OF WORD-5 {1F RADSW= TRUE.!
, WORD-7, AND WORD-8 OF DATASET-BI ARE EXPLICITLY SET MERE IN
TRNSCC,
Z. IN THE USUAL EVENT THAT THE PATH DOES INTERSECT TWE ATMOSPHERE
THERE ARE TWO CASES TO CONSIDER.
2.1 RADSW=.TRUE. {APPLIES TO MBR ™ODULE)
SUBROUTINE ATMRAD 15 CALLED TO EVALUATE WORD-5, -7, -8 OF
DATASET-BI, 8UT THIS DATASET 1S MOT CALLED HERE IM TRNSCO AND
THUS 1S MOT EXPLICITLY AVAILABLE IN TRNSCO.
2.2 RADSW=FALSE, (DOES NOT APPLY TO WBR MODULE)}
SUBROUTINE ATMRAD 1S MOT CALLED. HENCE THME CALLS THAT ATMRAD
MAKCES TO GET THE TRANSMITTANCE CALCULATION OONE ST BE MADE
HERE IN TRNSCO. IN THIS CASE WORD-7 AND WORD-8 OF DATASET-S]
ARE EXPLICITLY AVAILABLE,
DEFINITIONS OF WORD-S, -7, AMD -B OF DATASET-BI FOLLOW.
0(5) = BXGND BI = IN-BAND-INTERVAL RADIANCE (DUE TO
ATMOSPHERIC EMISSION) OVER THE ENTIRE
PATH LENGTH [WHICH SHOULD HAVE 1-LE6
AND NOT 2-LEGS), W/{CM**2? SR BAND-INT)
Q(7) = TRANS BI = PRODUCT OF MOLECULAR AXD AEROSDL
TRAXSM]TTANCES OVER THE ENTIRE PATH
LEMNGTH
Q(8) = IDSBX BI = AFROSOL TRAMSMITTANCE OVER THE ENTIRE
PATH LENGTH.
wee gOTE *++  THIS IS A TEMPORARY USE OF WORD-3 (AND NOT
THE GRC DICTIONARY USE OF WORD-8), MERE T
USED TD CARRY INFORMATION TC SUBROUTINE
UPMELL,
QRONC COMMON
WCNC = YARIABLE SET TO NC. SEE COMMENT ABOYE /QNCNC/.

DIMENSION DS{100), XFRACS{100), INDX{100), RX{3}, RY{3), RZ(3},
1 TAU(10), ABC(10)

COMMON OWAREA, OWAREA(10), OFREHD, QMDTST, ONLWKS, Q:-SIZE,

1 ONZBLK, QZHEAD, QCOUNT(30), QOSIZE(10), ONSIZE, QLUNIT{1O},

2 QERLUR, OQFBITS(2,10), Q1)

COMMON / XYZCOM / ITMTE, LTMTE, NS, HSHELL{81), TS{81), PS{81),

1 ANSPEC(81,10), 14(10,10,2), UP(10,10,2), W™OLS,

2 FACT

COMMDN / OPTION / TRNSOPT
COMMDN ONCNC AND THE LATER STATEMENT IN WHICH MCNC IS SET TD
NC ARE ADDED TO FACILITATE BEING ABLE TO CALL THE SAI
UPWELLING MATURAL RADIATION MODULE WITH ZERQ-KILOMETER
ALTITUDE. FOR MORE INFORMATION SCE COMMENTS PRECEDIMG LABEL
WUMBER 22 IN SUBROUTINE UPWELL OF THAT MODULE,

COMON/ ONCNC/  NONC

DIMENSION BNLO BI(1), Bw! g % WO BI{1), W]

; (1),
TRANS BI{1), IDSBY BI(1}

1),

* BXGND BIf1}, TFLAG BI(1),
E(mVAL‘NCE { o1y, mo B1 ), { Q(2), BNKI BI ),
{ Q(3), BI ), ( Qf4), w1l Bl ),
v ( Q(5), u:r,un BI ), ( Q(6), TFLAG BI ),
. { 0(7), TRANS 81 ), ( Q(8), IDSBX Rl )

303

TRNSCC
TRNSLO
maSLO
TRNSLO
TRNSCD
TeNSCO
TRRSCO
TRNSCO
TRN SO
TRMSLO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRASCO
TRNSCO
TRNSCO
TRMSCD
TR SCO
TRNSCOD
MNXO0
TRNSCO
TRNSCO
TRNSLO
TFNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRYSLO
TRNSCOD
TRNSCO
TRNSCO
TRNSCO
TRESCO
TRMSCD
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSD
TENSCO
TRNSCO
TRNSCO
TRNSLO
TRNSCO
TRE SO
TRNSCO
TRNSCO




LOGICAL RADSW, FIRST, TRNSOPY, LOGIT TENIN 116

C TRNID T

C 08TAIN INTEGRAYION LIST TaNN ite

WC = 0 TRRS D e

CALYL STEOS { tx, Ry NZ DS, YFRACS, INDX ) TONSID 122

} CALL STEPS { RY, R2Z N7, DS, XFRACS, INOX ) TRNSC O 191

) NCNC = M TRNSCD 122

. IF{ K .67, 1) 60 TO N TR 1%

A Ll TRNED 172

- o TRNSCO 126

q ; Ll PATH DOES MOT INTERSECT ATWOSPHERE  THUS, OMLY (ERTAIN TRKSST 12¢

3 . W INITIALIZATIONS ARE PERFORMED MERE IN LOOR-1D. TR&SCC 127

1 ) LINT = LBINT TRESLD 128

! 10 CALL PREVKRL { LINT, J) TRYSCD 128

1IF 13 .50, O ) RETURN TRYSSC 137

1F! RADSW ) BRGND BI(J) = O, TRESCD o

TRANS BI{Y = 1, ™RNSIO 132

cLl THE FOLLOWING ADDITINNAL INTTIALIZATION IS APPROORIATE WMEN ™Y ? 122

(4 W) THE SAT NATURAL BACKGROUND RADIATION MODULE 1S CALLED WI™ TINSCD 132

b CL JERO-KILOMETER ALTITUDC, TONS T 13

« : CALL XM1T {-1,2.,108Bx BI{J}} TENSCD 13€

N 3 & TO 10 12

Ly 138

e Tig

C PATH INTERSECTS ATMOSEHERE 142

X} SET [0GIC FOR FIRST CALL TC ATMRAD AND FIRST FOR FIRST Calt T 141

AWy TO PATH. SET FILPOS AND REWING FILE LTMYE FOR USE IN TRANS,  TONSCA 147

20 LOGTIC = .TRUE, TONST? 1a7

FIRST « _TRUE. ToONSIC 144

FI.POS = ], E4 TR 145

REWIND { TMTE TEYSIN 188

DO 33 1=1.%C TRYSCD 14”

(48] RECALL THAT GSINC+1) = ~1.0 AND THAT M -1 - NUVOER OF PATM ™R80T tae

B L SEGMENTS, TRY S 14g

: -3 IF( DS{T+1} LT. 0. ' GO ™0 30 TRNSZD 187

] C INTEGRATE PATH PROPERTIES TRRSID 1e!

CALL PAT™Y { FIRST INDY'I), DS/l+1Y XFRACS{T) ) TORSCO 182

o THETMAL EMISSION ON REQUEST TRYSCD 187

cLl cwd CAUTION *ee TEANRID 1%e

Ll F OSUBRDUTINE TRNSCO 1S EXERCZISED ON A COMPOUND PATH WITH TINYS 152

Ll RADSW= . TRUE., THE TRANSMITTANCE CALCULAYION WILL BE CORRECTY TRNSCD 15¢

[ BUT THE RADIANCE CALCULATION WILL BE INCORRECT BECAUSE NC TANSID 18

cLd ACCOUNT HAS BCEN TAXEN OF TME SCATTERING EVENT AY RY, TIRSTD ez

1F { RADSW ! CALL ATMRAN! LOGIC, INDX/T) XFRACS!I), DS{I+l), TRNSO? 1@

* LBINT ) TRNSIT 167

30 CONTIMUE TRNSCD 0%

L IN NBR MODULE PADSW= TRUE., SO WE ARE THROUGH WITH SUBRDUTIND TRNSID 182

L TRNSCD. TRRSCD 162

IF { RADSW  RITURW ™RNSIO 164

4 Cid TRN SO 165

8 L TRNSCD 1k¢

j ". CLJ F el Y23 2 AR R AT 2 22 o 2 IR SRR LR S LR R AR R AL R st lill s adidsl] Tbi\_(:f\ ‘;i‘

S £ REMAINING PORTION OF THIS ROUT(NE 1§ WOT U3ED [N THE TUNEID VAR

B cuy STANDARD WQ0T OF OPERATING THE NRA MONLE WITW RADG- YRUE. TN 18RS

%. -3 CLJ e e 222 R s AT 222 X S R R e TR A Y A 2 2L SRR R A 222 2222 2222 2 R A e ?D'\S:-' :"f‘

; (4] ZERD FIRST HALVES OF THE U AND UP ARRAYS, TRNGS 1

: CAL x™IT £ 300 0., U0 YD M
{
13




CALL XMIT ( =100, 0., UP )

cid SCAN SPECTRAL EAND-INTERVAL LIST.
LINT = LBINT

40 CALL PREVNL ( LINT, O}

IF (3 .€0. O ) RETURN
WL = WLO BI(J)
WH = WD BI(J)

L SCT MEAN WAVELENGTH FOR CALL TO AEROSOL.
W= D.5%(WL+WH)
WAVEL = 1.E4/MW

C OBTAIN TRANSMISSION FOR EACH SPECTRAL INTERVAL
cu GEY MOLECULAR TRANSMITTANCE AND TEMPORARILY CALL IT
cLa TRANS EU(J).

CALL TRAWS { 10, 1, U(1,1,2), UP(1,1,2), X1, WL, WM, TAU, ABC,
. TRANS BI(J}, TRNSOPT, FILPOS )

CLl INITIALIZE THE AEROSOL TRANSMITTANCE TDST

TDST = 1.
CLd GEY THE ALTITIUDE AT THE FIRST PCINT P ALONG THE TRANSM]TTANCE
CLa PATH.

Ll = INDX(1) $§ L2 = [NOX(2)
HSP = XFRACS/1) * HSMELL(LY) + {1.-XFRACS(1}} * HSHELL(L2}
CALL AERDSOL ! HSP, WAVEL, XKSCA, XKABS, GBAR )
L) XKEXTP 1S THE AEROSOL EXTINCTION COEFFICIENT AT POINT P, 1/CM
KKEXTP = XKSCA + XKABS
DO 50 I=1,NC
IF { 0S{I+1) .LE. 0. ) GO TO 60
L1 = INDX{I}
L2 = INDX(1+1)
Ll GET THE ALTITUDE AT POINT Q ALONG THE TRANSMITTANCE PATH.
FSO = XFRACS(1+1) * HSHELL{LZ) + { 1, - XFRACS{I+1) } * MSHELL{L])
CALL AEROSOL { HSQ, WAVEL, XKSCA, XKABS, GBAR )

cLy XKEXTQ IS THE AEROSOL EXTINCTION COEFFICIENT AT POINT Q, 1/CM
XKEXTQ = XKSCA + XKABS
L FIND THE MLAN AFROSOL EXTIACTION COEFFICIENT OVER THE PATH
tLd ELEMENT DS{1+1) B INTEGRATIKG THE _OGARITHMICALLY-
L INTERPOLATED VALUE OF THE EXTINCTION COEFFICIENT OVER DS(1+41)
oL AND DIVIDING BY DS{1+1),
XKEXT = ACCUM{ 2, O_, nS[I+1), XKEXTP, XKFXT), 0., D5(I+1) ) /
* DS{I1+1}
W TDST 1S THE AEROSL TRANSMITTANCE FROM THE START OF THE PATH
CLJ TO THE BACK OF ELEMINT DS({1+1)
TOST « TOST = EXP{ -XKEXT ¥ D5;1+1) )
cLd RESET EXTINCTION COCFFICIENT OF MEW POINT P TO TWAT AT THE
(W) OLD POINT 0.

XKEXTP = XKEXTQ
50 CORTINUE

(L TRANS B1{J} IS NOW RESET TO 8E THE PRODUCT OF THE MDLECULAR
oL TRANSMITTANCE FOR ALL THE SPECIES AND THE AEROSOL
CLd TRANSMIYTANCE, EACH FOR THE ENTIRE PATH,
60 TRANS BI/JY = TRANS BI{J) * TDST
cLd PRESEAVE THE AEROSOL TRANSMITTANCE BY SETTING 103X BI(J).
CALL XMIT (1,TDST,IDSBY RI{J))
G0 T 40
END

TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRRSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRN3CO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRASCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TRNSCO
TANSCO
TRNSCT
TRNSCO
TRNSCO
TRNSCO
TRN5C0
TRNSCO
TPNSLO
TRNSTO

173
174
17%
176
177
178

183
184
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SUBPOUTINE UNITV ( VX, VXHAT ) UNITY 2
W UNTTY 3
Cu SUBROUTINE UNITV RETURNS THE UNIT VECTOR VXMAT{1-3) ALONS UNITY 4
o) THE VECTOR vX{1-3}, UNITY 5
Ll URITY 6
DIMENSION VX({3), VXHAT(3) UNITY ?
CALL VLIN ( VXHAT, 1./SORT(DOT(VX VX)), VX, D. , 0. ) UNTTY 8
RETURN UNTTV 9
END UNITV 10
SUBROUTINE UPWELL { MSM, DD Wa,DW, SPCULR,LBINT,JBAND ) UPWELL 2
cce UPWELL 3
c SUBROUTINE UPWELL, FOR A POINT V AT EACH OF A SET OF NALT) UPWELL 4
C ALTITUDES ABOVE A GIVEN GEOGRAPHIC POSITION, SPELIFIED IN UPWELL 5
C UPWELS COMMON {UPWLAT,UPWLON,UPWALT) AND CHARACTERIZED BY UPWELL 6
c MATERIAL MSM AND PROPERTY DD(MSM), COMPUTES THE NATURAL UPWELL 7
c UPWELLING SFECTRAL RADIANCE DIRECTED TOWARD POINT V FROM UPWELL 8
C POINTS P LOCATED ON THE EARTH'S SURFACE WITH RESPECT TO PGINT UPWELL 9
1 [ V AT NNADIR REPRESENTATIVE NADIR ANGLES AND NAZI REPRESENTA-  UPWELL 1
: o TIVE AZIMUTH ANGLES. THIS UPWELLING RADIANCE, UPRAD(1,J K, L), UPWELL 11
i C INCLUDES CONTRIBUTIONS FROM (1) AIR EMISSION BETWECEN POINTS UPWELL 12
3 [ V AND P, (2) SURFACE EMISSION AT POINT P AND (3) SURFACE- UPWELL 13
o REFLECTED SOLAR RADIATION AT EACH POINT P, VALUES OF THE UPWELL 14
o RADIANCE UPRAD{1,J,K,L) ARE AVERAGED OVER AZIMUTH ANGLES TO UPWELL 15
C GIVE UPRADA(I,J,L) AND OVER NADIR ANGLES TO GIVE UPWELL 16
. [ UPRADN(1,L,JBAND). UPNELL 17
C *ix NOTE ww+  SEE COMMENTS GIVEN UNDER OUTPUT PARAMETERS FOR UPWELL 18
C haleid *»w+  THE DIFFERENT MEANING OF UPRADN(I,L,JBAND) IN  UPWELL 19
c bkl #*t  THE GRC AND SAI VERSIONS. UPWELL 20
C UPWELL 21

THE INCLUSION OF NATURAL CLOUDS COMPLICATES THE MODELING. NO UPWELL 22
ATTEMPT IS MADE TO INCLUDE THE DETERMINISTIC CLOUD SUBMODEL.  UPWELL 23
THE STATISTICAL CLOUD SUBMODEL IS INCLUDED ONLY FOR ALTITUDES UPWELL 24
IKM EQUAL TO OR GREATER THAN THE HIGHEST ALTIMIDE {12 KM) OF A UPWELL 25
CLOUD IN THAT SUBMODEL. THE GENERAL PROCEDURE IS TO FIRST UPWELL 26
CONSIDER A GIVEN ALTITUDE, NADIR, AND AZIMUTH. WITH THE AJR  UPWELL 27
EMISSION, ARCVA(IKM,J,L), ALONG THE LINE-OF-SIGHT (LOS) ABOVE UPWELL 28
12-kM ALTITUDE SERVING AS A BASE VALUE, WE OBTAIN A UPWELL 29
DISTRIBUTION FUNCTION FOR THE ADDITIONAL RADIANCE UPWELL 30
CORRESPONDING TO CLOUD-FREE- AND CLOUDY-LOS EXTENDING BELOW UPWELL 31
12-KM ALTITUDE. BECAUSE THERE ARE 159 CLOUD CONFIGURATIONS IN UPWELL 32
THE STATISTICAL CLOUD MODEL, THIS DISTRIBUTION FUNCTION HAS UPKWELL 33

160 MEMBERS FOR NIGHTTIME AND 161 MEMBERS FOR DAYTIME,.. UPWELL 34

¢ 159 FOR CLOUD-TOP EMISSION AND (iF DAYTIME) UPWELL 35
CLOUD-REFLECTED SOLAR RADIATION UPWELL 36

1 FOR EARTH'S SURFACE EMISSION AND ATR EMISSION BELOW  UPWELL 37

12-KM ALTITUDE (FOR A 1.LEG CLOUD-FREE LOS) UPWELL 38

1 FOR EARTH'S SURFACE EMISSION, AIR EMISSION BELOW 12- UPWELL 39

KM ALTITUDE, AND (IF DAYTIME) GROUND-REFLECTED SOLAR UPWELL 40
RADIATION (FOR A 2-LEG CLOUD-FREE LCS, OBTAINING IN  UPWELL 41
DAYTIME) UPWELL 2

THE LAST TW0 MEMBERS ARE THE WEIGHTED CONTRIBUTIONS FOR CLOUD- UPWELL 43
FREE-LOS CONDITIONS. {OWING TO CERTAIN SIMPLICATIONS MADE UPWELL as
N THE CLOUD MCDELING, THERE ARE ACTUALLY ONLY 9 AND NOT 159  UPWELL 45
DISTINCT VALUES IN THE DISTRIBUTION FOR A CLOUDY-L0S.) HAVING UPWELL 46

DETERMINED THE DISTRIBUTION FUNCTION FOR A GIVEN LOOK UPWELL 47
DIRECTION FROM POINT V, WE FORM THE UPWELL ag
INTEGRAL DISTRIBUTION AND COMPUTE SELECTED PERCENTILES (XXX=  UPWELL a9
10,25,50,90,100) 0F THE INTEGRAL DISTRIBUTION, RXXX(K,L), AT  UPWELL 50
IMPLICIT ALT.-TKM, IMPLICIT NADIR-J, AND EXPLICIT AZIMITH-K.  UPWELL 51
VALUES OF RXXX(K,L) ARE AVERAGED OVER AZ{MUTH ANGLES TO GIVE  UPWELL 52
RXXXA{TKM, ), LY, VALUES OF ARCVA{TKM,J,L) AND RXXXA(IXM 3 L) UPNELL 53
ARE AVERAGED OVIR NADIR ANGLES TD GIVE ARCVN(IKM 1) AND UPNWELL 54

nr-nnnnnnnnhnnhnnnnnﬂnﬂnnnnnnnnnﬁnﬁg

RXXXN{ IKM,L), RESPECTIVELY. UPWELL 55

POV PRV



UPWELL 56
w*% NOTE *+*  SINCE THE INCLUSION OF THE INDEX JBAND WAS A UPKELL 52
LATE CHANGE (MARCH 19B0), WE ELECTED NOT TO MODIFY THE ARRAYS UPWELL 58
ARCYN(IKM,L) AND RXXXN{IKM,L) TO PROVIDE FOR AN EXPLICIT UPWELL 59
DEPENDENCE ON THE INDEX JBAND AS WE DID FOR THE ARRAY UPRADN(I UPWELL 60
oL,JBAND). THIS LIMITATION MUST BE REMEMBERED AND REMOVED IF  UPWELL 61
JBAND.GT.]1 AND If CLOUDS ARE INCLUDED, UNLESS ONE IS CONTENT  UPWELL 62

a v O

STRICTLY, LBINT IS THE POINTER (I.E., CONTAINS UPWFLL 102
THE (O-ARRAY) ADDRESS) FOR THE LIST MEADER OF  UPWELL 103
THE BAND-INTERVAL DATASETS-B] CORRESPONDING TO UPWELL 104

DATASET-BN. UPWELL 105

. JBAND - INDEX FOR LIST OF (BROAD) WAVELENGTH BANDS UPWELL 106
| AIRSOL COMMON UPWELL 107
TASP(L) - AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO UPWELL 108

POINT P ON GROUND. L=l _NWAVE) UPWELL 109

TASC{L) - AEROSOL TRANSMITTANCE FOR INCOMING SOLAR RAY TO UPWELL 110

POINT C AT 12-KM ALTITUDE. L=1,NWAYEJ UPWELL 111

' OPTIN] COMMON UPWELL 112

RADSW - LOGICAL PARAMETER. IS AN INITIALIZATION SWITCH UPWELL 113
FOR ATMOSPHERIC VOLUME EMISSION CALCULATION. UPWELL 114
IS SET IN INPUT TO (DRIVER) PROGRAM DRVUPW FOR UPWELL 115

C
c
¢
c
C
C
C
C TO ADOPT THE GRC DEFINITION OF UPRADN{I,L,JBAND). UPWELL 63
[ UPWELL 54
. c NOTE THAT IT WOULD PROBABLY BE MORF CONCEPTUALLY SATISFYIHG IF UPWELL 65
C ONE COULD PERFORM AZIMUTH- AND NADIR-AVERAGES FOR EACH OF THE UPWELL 66
C CLOUD CONF IGURATIONS, SO THAT ONE COULD END UP WITH A UPWELL 67
[ DISTRISUTION FUNCTION AT A GIVER ALTITUDE INSTEAD OF AVERAGED UPWELL 68
¢ PERCENTILE-VALUES. SUCH A PROCEDURE WAS NOT FOLLOWEL. UPWELL 69
c UPNWELL 70
C NOTE THAT THE NATURAL CLOUD MODEL DOES NOT INCLUDE AIR UPWELL n
C EMISSION BETWEEN CLOUD TOPS AND 12-KM ALTITUDE. MENCE, SUCH  UPMELL 72
C AIR EMISSION IS NOT INCLUDED HERE, EITHER. UPWELL 73
cce UPWELL 74
k- o THE UPWELLING NATURAL RADIATION MODEL (23C) MAS NOW BEEN UPWELL 75
g cC INTEGRATED WITH THE FOLLOWING MODELS.... UPMELL 76
cC AMBIENT ATMOSPHERE 1A SAI/LY UPWELL 77
re ATMOSPHERIC AEROSOLS 1€,19.1C V1 UPWELL 78
(C NATLRAL CLOUDS 10,19.10 SAI/PA UPWELL 79
o ATMOSPHERIC THERMAL EMISSION 208 GET UPWELL 80
cC EARTH SURFACE CHARACTERIZATION 23A SAI/LJ UPWELL 81
cC EARTH SURFACE RADIANCE 238 SAL/LY UPWELL 82
cc SOLAR RADIATION 23t SAI/LI UPWELL 83
. cc MOLECULAR TRANSMITTANCE 240 GET UPWELL 84
) ccce UPWELL 85
C INPUT PARAMETERS UPWELL 86
c ARGUMENT LIST UPWELL 87
o MSM - INDEX FOR CATEGORY OF SURFACE MATERIAL (SEE UPWELL 88
C SUBROUTINE ESURF FOR DEFINITIONS) UPWELL 89
o DD - ADDITIONAL DESCRIPTOR FOR SELECTED SURFACE UPWELL 90
C MATERIAL (SEE SUBROUTINE ESURF FOR DEFINITIONS) UPMWELL 91
[ W - ARRAY OF CENTRAL WAVENUMBERS, (M-1 UPWELL 92
C DW - ARRAY OF WAVENUMBER-INTERVAL WIDTHS, CM-1 YPHELL 93
C SPCULR - LOGICAL PARAMETER UPWELL 94
C = .TRUE. COMPUTE COORDINATES OF SPECULAR UPWELL 95
o REFLECTION POINT ON A SMOOTH UPWELL 96
c HORIZONTAL WATER SURFACE. UPKELL 97
C = .FALSE. DO NOT COMPUTE COORDINATES OF SPECULAR UPWELL 98
C REFLECTION POINT, UPWELL 99
C LBINT - WORD NO. 5 (LHV) IN GRC DATASET-BN (NO. 114),  UPWELL 100
C LIST OF BAND-INTERVAL DATASETS (B81). UPWELL 101
c
C
C
C
C
C
o
C
¢
C
C
C
C
o
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C SUBROUTINE UPWELL. UPWELL 116
c = ,TRUE. , INCLUDE CALL (FROM SUBROUTINE TRNSCO) UPWELL 17
C TO SUBRDUTINE ATMRAD UPWELL 118
c « ,FALSE., BYPASS CALL TO SUBROUTINE ATMRAD AND  UPKELL 119
I PERFORM TRANSMITTANCE CALCULATION UPWELL 120
c WITHOUT INCLUDING AIR EMISSION. UPWELL 121
C OPTION COMMON UPMWELY 122
C TRNSOPT - LOGICAL VARIABLE AFFECTING COMPLEXITY OF UPWELL 123
o MOLECULAR TRANSMITTANCE CALCULATION (SEE UPWELL 124
c SUBROUTINES TRANSB AND TRANS). 1IN SUBROUTINE  UPWELL 125
c UPWELL, TRNSOPT 1S USED ONLY IN THE ARGUMENT UPWELL 126
o LIST FOR CALLS TO SUBROUTINE TRANS. UPWELL 127
o SOLARP COMMON UPWELL 178
o SOLLAT - SUBSOLAR POINT NORTH LATITUDE, RADIANS UPWELL. 129
o SOLLON - SUBSOLAR POINT EAST LONGITUDE, RADIANS UPWELL 130
C SOLIRR{L)} (i=1,NWAVE)D) UPWELL 131
c - SOLAR SPECTRAL IRRADIANCE AT THE TOP OF THE UPWELL 137
o EARTH'S ATMOSPHERE AT WAVEN!MBER.INDEX L UPWELL 133
c WATTS / ( CM**2 CM-1 ) UPWELL 134
c UPWELS COMMON UPWELL 135
c UPWLAT - NORTH LATITUDE OF POINT V AT WHICH UPWELLING  USWELL 136
o RADIANCE 1S COMPUTED, RADIANS UPHELL 137
o UPWLON - EAST LONGITUDE OF POINT V AT WHICH UPWELLING UPWELL 138
C RADIANCE 1S COMPUTED, RADIAKS U WILL 139
o LPWALT - SURFACE ALTITUDE OF THE SUB-V-POINT, KM UPWELL 140
o NALT(JBAND) (JBAND=1 NBANDS) UPWELL 14
¢ - NUMBER OF ALTITUDES ZKM FOR (R®GAD) WAVELENGTH- UPWELL 142
o BAND INDEX JBAND. DEFINES NALTJ, UPWELL 143
c IXM(1,JBAND) (1=1,NALTJ, JR":D=1 NBANDS) UPWELL 144
t - ALTITUDES OF POINT V ABOVE UPWALT AT WHICH UPWELL 145
¢ UPWELLING RKADIANCE TS COMPUTED, KM UPWELL 186
C NNADIR - MUMBTR OF NADIR ANGLES AT POINT Vv AT WHICH UPWELL 147
o UPWELLING RADPTANCE 1S COMPUTED UPWELL 142
o NAZT - NUMBER OF AZIMUTH ANGLES AT POINT V AT WHICH UPWELL 149
o UPWELLING RADTAWCE iS COMPUTED UPWELL 150
c NWAVE (JBAND)  (JBAND=1 NBANDS) UPWELL 151
C - NUMBER OF WAVENUMBERS AT WHICH THE UPWELLING UPWELL 152
o SPECTRAL RADIANCE IS TO BE COMPUTED FOR (BROAD) UPWELL 153
¢ WAVELENGTH-BAND INDEX JBAND. DEFINES NWAVEJ.  UPWFLL 154
ce CLDFLG - INDEX FOR INCLUSION OF NATURAL CLOUDS UPWELL 188
cc = 0. IF NATURAL CLOUDS ARE NDT INCLUDED UPWELL 156
o[ = 1, IF NATURAL CLOUDS ARE INCLUDED UPWELL 157
e CLDFREQ COMMON UPWELL 158
cc KMODEL - INDEX (1,11) CHARACTERIZING A SET OF STATISTICAL  UPWELL 159
cc AVERAGES OF CLOUD COVERAGE CATEGORIES, CLOUD UPWELL 160
cC TYPES, AND NUMBER OF CLOUD LAYERS FOR A GIVEN UPWELL 161
cc GEQOGRAPHIC REGION. CHARACTERIZES A SPECIFICATION UPWFLL 167
€ OF CCOVER(S,11) AND CFREQ(17,4,11) IN BLOCK DATA  UPWELL 162
cC FOR KMODEL=1,10. JSEk MUST SUPPLY HIS OWN DATA UPWELL 164
o FOR KMODEL=11. UPWELL 167
cc CCOVER(1CC ,KMODEL) ((1CC=1,5),XMODEL=1,11) UPNELL 16~
ol ~ FRACTIONAL OCCURRENCE FREQUENCY OF CLOUD COVFRAGE UPWELL 167
e CATEGORY ICC FOR GIVEN KMODEL UPWELL 168
e CLDWT COMMON UPWELL 169
cc IDX - INDEX FOR LENGTH DF ARRAYS RETURNED FROM UPWELL 170
e SUBROUTINE CLOWT. 1DX EQUALS 167 FOR A FULL SET  UPWELL 171
cc OF 150 CLOUD-LAYER AND CLOUD-TYPE CONFIGURATIONS  UPWFLL 172
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AND 15 LESS FOR A RESTRICTED SET.
WT(1) - PROBABILITY OF CONFIGURATION-I. 1IDX EQUALING 160
I=1,IDX CORRESPONDS TO A CLOUD-FREE LINE-QF-SIGHT,
TRANS(1) - TRANSFER COEFFICTENT FOR CONEIGURATION-1. IN NBR
1=1,1DX-1 MODULE, GEOMETRY FOR TRANSMISSION THROUGH CLOUDS
IS NOT INCLUDED. ONLY GEOMETRY FOR REFLECTION OF
SOLAR RAY FROM THE HIGHEST-LAYER CLOUD IN
CONFIGURATION-1 IS INCLUDED, ATTENIATIGN 1S
INCLUDED (WITHIN THE NATURAL CLOUD MODEL) TG 12-
KM ALTITUDE. {1/SR)
FMISS(1) - THERMAL SPECTRAL RADIANCE FROM THE WIGHEST-LAYER
I=1,IDX-1 CLOUD IN CONFIGURATION-1 WITH ATTENUATION COMPUTED
(WITHIN THE MATURAL CLOUD MODEL) TO 12-KM ALTITUDE
(W/(KM**2 SR MICRON))
GNCNC COMMON
NCNC - A VARIABLE, SET TO NC AFTER THE DOUBLE CALL 7O
SUBROUTINE STERPS IN SUBROUTINE TRWSCO, TMFLOYED T2
FACILITATE BEING ABLE TO USE ZERO-KILOMETER
ALTITUDE IN THE NBR MODULE. FOR MORE INFORMATION,
SEE COMMENTS PRECEDING LABEL NUMBER 22,
OUTPUT PARAMETERS
wa% NDTE **+  UPRAD(K,L), UPRADA(I,J,L), AND UPRADN(I,L,
JBAND) ARE CLOUD-FREE RESULTS. FOR RESULTS WHICH ALY)
INCLUDE CLOUD EFFECTS FOR ALTITUDES .GE. 12 KM,
USE THE CORRESPONDING ARRAYS RXXX(K,L), RXXXA{IKM,J.l},
AND RXXXN[IKM,L)}. TO THESE ARRZYS ONE MUST ADD,
RESPECTIVELY, THE BASE-VALUE QUANTITIES ARCVA(IKM,J,L),
BRCVA{IKM,J,L), AND ARCVN{IKM,L).
w«x NOTE *++ [N THE GRC VERSIOK, FOR ALTITUDES EQUAL TO
OR GREATER THAN 12 XM AND IF CLOUDS ARE INCLUDED, THE
ARRAY UPRADN(I,L,JBAND) IS RESET AS
UPRADN(I,L,JBAND) = ROSON(IKM,L) + ARCYN(TKM,L} ,
WHICH 1S TRANSFERRED THROUGH GPWELS COMMON TO (THE GRC)
SUBROUTINE UPWELT. THUS, IN THE GRC VERSION, FOR
ALTITUDES ZKM.GE.12-KM, UPRADN IS NOT THE CLOUD-FREE
RESULT BUT THE 50~PERCENTILE OF THE RADIANCE
DISTRIBUTION FUNCTION FOR STATISTICAL CLOUDS (IF
INCLUDED IN THE PROBLEM).
UPWELS3 COMMIN
UPRAD(K,L) K=1,NAZl, L=1 NWAVEJ
(IMPLICITLY 1=1,NALTJ, J=1,NNADIR)
{(1- AND J-DEPENDENCE IS NOT STORED, SO USER
MUST PRINT UPRAD(K,L) IMMEDIATELY AFTER
COMPUTATION IF HE WANTS TO SEE THEM).
CURRENTLY, UPRAD(K,L) AND RXXX(K,L) ARE BEING
WRITTEN IN BINAPY FORM ON LOGICAL UN!T NO. 8,
FOR ALL APPROPRIATE ALTITUDES AND NADIRS
NATURAL UPWELLING SPECTRAL RADIANCE RECEIVED
AT POINT V (AT ALTITUDE-1 ABOVE SURFACE MAT'RL
MSM) ALONG A RAY DIRECTED TO POINT P ON
FARTH'S SURFACE (AT NADIR-.] AND AZIM!TH-K},
WATTS/({CM*+2 SR CM-1)
UPRADA(1,J,L) 1=1,NALTJ, J=1,NNADIR, L=1,NWAVE)
1 THE AZIMUTH-AVERAGED VALUE OF UPRAD(K,L),
WATTS/[CM**2 SR (M-1)
SORCE COMMON {SOLAR COORDINATES ARE NEEDED IN SUBROUTINE
TRANSE DF THE NATURAL (.OUD MODULE.)
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NSORCE - NUMBER OF SOURCES. SET TO 1 IN DATA STATEMENT. UPWELL 230
HSORCE(1) - ALTITUDE OF SUN (RSUN). RSUN SET IN DATA UPWELL 231
STATEMENT. UPMELL 232
RSORCE(1) - RADIUS OF SOURCE. TRUE VALUE FOR SUN IS NOT UPWELL 233
RELEVANT FOR THIS APPLICATION IN NATURAL UPWELL 234
BACKGROUND RADIATION MOOULE. SET TO 0.0 IN UPWELL 235

DATA STATEMENT. UPWELL 236

THETAS - COLATITUDE OF SUBSOLAR POINT, DEGREES UPWELL 237
PHIS - EAST LONGITUDE OF SUBSOLAR POINT DEGREES UPWELL 238
TECTOR COMMON (USED HERE TO PDSITION FISTITIOUS DETECTOR UPWELL 239
AT POINT V) UPMELL 240

DETLAT - DETECTOR NORTH LATITUDE, RADIANS UPWELL 241
DETLON - DETECTOR EASY LONGITUDE, RADIANS UPWELL 282
DETALT - DETECTOR ALTITUDE, KM UPWELL 243
POSITH COMMON UPWELL 244
POSLAT = NORTH LATITUGE OF POINY P AT WHICH LINE-OF- UPWELL 245
SIGHT INTERSECTS EARTH'S SURFACE, RADIANS UPWELL 246

POSLON - EAST LONGITUDE OF POINT P AT WHICH LINE-OF- UPNHELL 247
SIGHT INTERSECTS EARTH'S SURFACE, RADIANS UPWELL 248

POSALT - ALTITUDE OF PQINT P AT WHICH LINE-OF-SIGHT UPWELL 249
INTERSECTS EARTH'S SIRFACE, KM UPWELL 250

C12LAT - NORTH LATITUDE OF POINT C AT WHICH LINE-GOF- UPWELL 251

: SIGHT INTERSECTS THE 12-KM ALTITUDE SURFACE, UPWELL 252
RADIANS UPWELL 253

C12LON - EAST LONGITUDE OF POINT C AT WHICH LINE-OF- UPNELL 254
SIGHT INTERSECTS THE 12-KM ALTITUDE SURFACE, UPWELL 255

RAD] ANS UPWELL 256

CI12ALT - ALTITUDE OF POINT C AT WHICH LINE-OF-SIGHT UPWELL 257

INTERSECTS 12-KM ALTITUDE SURFACE, KM UPWELL 258

UPWELS COMMON UPWELL 259

2 IDAYY - INDEX FOR DAYLIGHT CONDITION AT SUB-V-POINT UPWELL 260
: = (i IF SOLAR ZENITH ANGLE .GT. 90 DEGREES UPWELL 261
=1 IF SOLAR ZENITH ANGLE .LE. 90 DEGREES UPWELL 262

UPRADN{T,L,JBAND) 1=1,KALTJ, L=1,NWAVE), JBAND=1 NBANDS UPWELL 263

- THE NADIR-AVERAGED VALUE OF UPRADA(I,J,L}), UPWELL 264

WATTS/{CM¥*2 SR (M-1) UPWELL 265

1KM - INDEX FOR NUMBER OF ALTITUDES AT WHICH UPWELL 266

CALCULATIONS ARE MADE WHEN CLOUDS ARE INCLUDED. UPWELL 267

(USED IN SUBROUTINE SURRAD) UPWELL 268

UPWELS]1 COMMON UPWELL 269

ARCVA(IKNM,J L) FOR TKM.GE.1, J=1,MNADIR, UPWELL 270

L=]1,MHAVE] UPWELL 271

- WHEN CLOUDS ARE CONSIDERED, A COMPONENT OF THE UPWELL 272
UPWELLING SPECTRAL RADIANCE RECEIVED AT POINT V UPWELL 273
(AT ALTITUDE-IKM), FROM AIR EMISSION ABOVE 12-KM  UPWELL 274
ALTITUDE, ALONG A RAY DIRECTED TO POINT P ON THE  UPWELL 275

EARTH SURFACE (AT NADIR-J AND INDEPENDENT OF UPWELL 276
A7IMUTH-K), WATTS/(CM**? SR CM-1) UPWEL L 27
ARCYN(IXM,L) FOR IKM.GE.1, L=l NWAVEJ UPWELL 278
- THE NADIR-AVERAGED VALUE OF ARCVA[IKM, J. L), UPWELL 279
WATTS/{CM**+2 SR (M-1) UPWELL 280

RXXX{K,L} (xxx=10,25,50,90,100) UPWELL 281

- XXX PERCENTILE OF THE INTEGRAL DISTRIBUTION OF THE UPWELL 282
TOTAL (INCLUDING THAT FROM STATISTICAL CLOUDS) UPWELL 283
NATURAL UPWELLING SPECTRAL RADIANCE RECEIVED AT UPWELL 284
POINT V FOR WAVENUMBER-L (AT IMPLICIT ALTITUDE-IKM UPWELL 285
ABOVE SURFACE MATERIAL MSM) ALONG A RAY DIRECTED  UPWELL 286
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T0 POINT P ON EARTH SURFACE (AT IMPLICIT NADIR-J UPWELL 287
AND EXPLICIT AZIMUTH-K), WATTS/(CM**2 SR CM-13  UPWELL 288
~+NOTE THAT RXXX(K,L) DOES NOT INCLUDE UPKELL 289
ARCVA(IKM, 3, L) UPNELL 290
CURRENTLY, UPRAD(K,L) AND RXXX(K,L} ARE BEING UPWELL 291
WRITTEN IN BINARY FORM ON LOGICAL UNIT NO. 8, UPWELL 292

FOR ALL APPROPRIATE ALTITUDES AND NADIRS. UPWELL 293
RXXXA(IKM,J,L}  (X%XX=10,25,50,90,100) UPWELL 294
- THE AZIMUTH-AVERAGED VALUE OF RXXX(K,Ll), UPWELL 295
WATTS/(CM*®2 SR [M-1) UPWELL 296

RXXXN({IKM,L)  {XXX=10,25,650,90,100) UPWELL 297
- THE NADIR-AVERAGED VALUE OF RXXXA({IKM,J,L), UPWELL 298
WATTS/{CM**2 SR (M-1) UPWELL 299

FLAGS COMMON UPWELL 300

ITFLAG - FLAG INDICATING THE DIURNAL CONDITION AT POINT V', UPWELL 301
FOR USE BY SUBROUTINE CLDWT IN THE NATURAL CLOUD  UPWELL 302

s2alnleizizlizlisciziziainlzisiziaialalalelializslialolsalalala e XaNal el

MODULE, UPMELL 303

=0, SUN IS BELOW THE HORIZON UPMELL 304

= 1, SUN IS ABOVE THE HORIZON UPWELL 305

SANDD COMMON UPWELL 306

XS, - EARTH-CENTERED CARTESIAN COORDINATES OF THE SUN.  UPWELL 307

YS, (kM) UPNELL 308

15 UPWELL 309

: XD, - EARTH-CENTERED CARTESIAN COORDINATES OF THE UPNELL 310

3 YD, FICTITIOUS DETECTOR AT POINT V. UPWELL 311

70 (x™) UPWELL 312

UL, - DIRECTION COSINES OF POINT P FROM POINT V. UPNELL 313

v, UPNELL 314

WL UPWELL 315

UPWELS2 COMMON UPWELL 316

JBAND] - SAME AS JBAND, BUT MADE AVAILABLE TO SUSROUTINE  UPWELL 317

SURRAD YO FACILITATE PRINT, UPWELL 318

(o UPWELL 319

COMMON  QBLNXQ{89), Q(1) UPWELL 320

EQUIVALENCE (Q,1Q) UPHELL 321

DIMENSION I1Q(1) UPWELL 322

DIMENSION BNLO BI(1), BNHI BI(1), WLO BI(1), wuI  BI{1), UPWELL 323

* BKGND BI(1), TFLAG BI(1), TRANS BI{1), 1pSBX BI(1) UPWELL 324

*+++ SEE SUBRCUTINE ATMRAD FOR DEFINITIONS OF DATASET Bl UPWELL 325

SIMIVALENCE ( Q(1), BNLO BI ), ( Q(2), BNHI BI ), UPWELL 326

* ( 0(3), W0 BI ), ( Q(4), WHI BI ), UPNELL 327

* ( Q(5), BXGND BI ), { Q(6), TFLAG BI }, UPWELL 328

* { Q(7), TRANS BI ), ( Q(8), IDSBX BI ) UPWELL 329

DIMF=SION  RP(3),RC(3),RV(3),TAU(10),0MEGAT(13),wWH(10),DW(10) UPWELL 330

DI#ENSICN  DD(7),RAD(12),UPS/10,10,11),4PPS(10,10,11), UPWELL 331

3 ucs(10,10)  ,UPCS(10,10), UPWELL 332

5 UPv(10,10)  ,UPPV(10,10), UPWELL 333

3 ucv(10,10)  UPCV(10,10), UPWELL 334

] usey(10,10) ,UPSPY(10,10), UPKELL 335

s Uscv(10,10) ,UPSCV(10,10) UPWELL 336
DIMENSION TAPY(10),TTPV{10),TTSP¥(10),TMSPY(10),AEPV(10) UPWELL 3317 *

DIMENSION TACV(10),TTCV(10),TTSCV(10),TMSCV(10),AECV(10) UPWELL 338

DIMENSION  ABC(10) UPWELL 339

DIMENSION WTC(152),UPRADC(162),UPRDC](162) YPWELL 340

COMMON/OPTION/ TRNSOPT HPWELL 341

COMMON / OPTIN] / KADSW UPWELL 342

COMMON/ OQNCNC/  NCNC UPWELL 343
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COMMON/AIRSOL/ TASP(10),TASC(10),TAFP(10)
COMMON/CLDFREQ/ XMODEL ,CCOVER(S, ll) LCFREQ(17,4,11)
COMMON/CI.OWT/  1DX HT(IGI) TRMS(]GI) EHISS(IGI)
CDWN/POS]TN/ POSLAT, POSLOH POSALT, SPCLAT, SPCLON
JCL2LAT .C12LON,CI2ALT

COH‘DN /SAMDD/ XS,¥5,7S,XD,YD,2D,UL, VL ML

SAI'S /SORCE/ DIFFERS FROM GRC" S
COMMON/ SORCE/ NSORCE,HSORCE(1),RSORCE(1), THETAS,PHIS
COMMON/SOLARP/  SOLLAT,SOLLON,SOLIRR(10}
COMMON/TECTOR/ DETLAT,DETLON,DETALT,BETZEN,DETAZI(11}
COMMON/UPWELS/ UPWALT,UPWLON UPWLAT NALT(S) 2KM(13,5),NNAD IR, NAZT,

* NHAVE(S\ IDA\'V CLDFLE UPRADN(la,.o 53, Hv(m 5) lxn

&

~Nht Wy

1

NBANDS

COMMON/UPWELSL/
RO10{6,10),R010A(6,10,10),ROI0N(6,10),
R025(6,10) ,RO25A(6,10,10),R0258(6,10),
RO50(6,10),R0O50A(6,10,10),RO50N(6,10),
RO90(6, 10) RO90A(6,10 10) ROYON(5,10),
R100(6,10},R100A{6,10,10),R100N(6,10)

JARCVA(6.10,10), ARCVN{6,10)
COMMON/UPNELS2/ JBANDL

COMMON/UPWELS3/ UPRAD(6,10),UPRADA(13,10,10)
COMMON/ XYZCOM/ ITMTE,LTMTE NS, HSHELL(81),TPX(81,12),
U(10,10,2),1P{10,10,2) ,NMOLS,FACT

SAL'S /FLAGS/ DIFFERS FROM GRC'S.

COMMON/ FLAGS/ 1TFLAS

LOGICAL SPCULR,SPCLRX,RADSW, TRNSOPT

DATA PI,RE / 3,1415926%3590,6.37103E+03 /

DATA NSPECS,NTEMP / 1u,10 /

DATA NSORCE, RSORCE(i) / 1, 0.0 /

DATA RSUN / 1.495079E+08 /

SET JBAND1 IN COMMON /UPWELS2/ TO FACILITATE SOME PRINT IN
SUBROUTINE SURRAD.
JBAND1 = JBAND

SET VARIABLES IN TECTOR COMMON FOR INITIAL POSITION OF
DETECTOR AT SUBPOINT V', FOR USE IN DETERMINING THE REFERENCE
AZIMUTH ANGLE,

DETLAT = UPWLAT

DETLON = UPWLON

DETALT = UPNALT
SET REFERENCE AZIMUTH, REFAZI, TO 8f THAT OF THE SUBSOLAR
POINT WITH RESPECT TO POINT V IF SUN IS ABOVE THE HORIZON AT
SUBPOINT V' OR ZERD OTHERMWISE.

PID? = P1/2.

REFAZI = 0.0
IS SUN ABOVE THE MORIZON AT SUBPOINT v'?

SINSIN = SIN(DETLAT)*SIN(SOLLAT)

COSCOS = COS{DETLAT)*COS{SOLLATY

CSSOLZ = SINSIN + COSCOS*COS(DETLON-SOLLON)

IDAYY = 0

WHEN (A} CORE IS PRESET YO MON-ZEROS AND (B) SUN IS BELOW

THE HORTZON, WE NEED TO SEYT THE SOLAR COORDINATES TO ARBITRARY
VALUES SO THAT SUBROUTINE SGEOM (CALLED FROM EMISSF, CALLED
FROM CLDWT, CALLED FROM UPWELL) WILL NOT ABORT IN TRYING TO
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AIRSOL 2
CLDFREQ 2
CLDBUG 1
POSITN 2
POSITN 3
SANDDQ 2
28APRB0 2
KOMATM 1
SOLARP F4
TECTOR 4
UPWELS 2
UPWELS 3
UPWELS 4
UPWELS 5
UPWELS 6
UPWELS 7
UPWELS 8
UPWELS 9
UPWELS 10
UPWELS 11
XYzCOoH 2
XYICOM 3
XyYzCom 4
XYZICOM )
24APRE0 1
FLAGS 2
UPWELL 356
UMIELL 357
UPWELL 358
UPWELL 359
UPWELL 360
UPWELL 361
UPWELL 362
UPWELL 363
UPWELL 3648
UPWELL 365
UPWELL 366
UPWELL 367
UPWELL 368
UPWELL 369
UPWELL 370
UPWELL 371
UPWELL 372
UPWELL 373
UPWELL 378
UPMELL 37%8
UPWELL 376
UPWELL 377
UPWELL 378
UPWELL 379
UPWELL 380
UPWELL 381
UPWELL 382
UPWELL 383
UPWELL 384
UPWELL 385
UPWELL 386
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cc COMPUTE SOURCE GEOMETRY EVEN WHMEN WE DON'T WANT IT, UPWELL 387

XS=0. $ YS<O0. §$ 2Z5=0. UPMELL 388

cC UPWELL 389

1F( CSSOLZ.LT.0.0 ) 60 TO 10 UPWELL 390

IDAYY = 1 UPWELL 391

cc DETERMINE AZIMUTH OF SUBPOINT S' OF SUN BY USING A MODIFIED UPWELL 392

cc HARC SUBROUTINE GEOREA, NOTE THAT GEOREA CALLS A HARC ROUTINE UPWELL 193

o GEOXYZ WHICH WE HAVE RENAMED GEQOTAN TO DISTINGUISH IT FROM UPNWELL 394

cc THE SAI ROUTINE GEOXYZ. UPKELL 295

DALTCM = 1 QE+OS+DETALT UPWELL 396

CALL GEOREA{DALTCM,PID2-DETLAT DETLON,(.0,PID2-SOLLAT, SOLLON, UPWELL 397

$ SR21,EL21,REFAZI) UPKWELL 398

cc NOW HAVE REFAZI. ALSO MAVE UNNEEDED SR21 AND EL21. UPWELL 399

cc GET EARVH-CENTERED CARTESIAN COORDINATES OF SUN FOR SGEOM.  UPWELL 400

' CALL GEQXYZ(RSUN,SOLLAT,SOLLON,XS,YS,2S) UPWELL 401
‘e cc SET COORDINATES OF SUN INTO SORCE COMMON FOR TRANSF. UPWELL 40?2
et HSORCE(1) = RSUN UPWELL 403
?, THETAS = (PID2-SOLLAT)*180./PI UPWELL 404
‘t : PHIS = SOLLON*180,/PI UPWELL 405
3 t UPHELL 406
-y cC ZERO ARRAYS USPY, UPSPY, USCV, AND UPSCY USED LATER TO UPMELL 407
s € PRESERVE PATH PARAMETERS FOR THE PATHS SPV AND SCV. UPWELL 408
CALL XMIT ( =100, 0., U $PV ) UPHELL 409

CALL XMIT ( =100, O., UPSPY ) UPWELL 410

CALL XMIT ( -100, 0., U SCV ) UPMELL 411

CALL XMIT ( -100, 0., UPSCV ) UPWELL 412

tc UPWELL 413

10 CONTINUE UPWELL 414

cc UPHELL 415

- o SET ALTITUDES OF ALL POINTS P (TO BE VIEWED FROM POINT V) UPWELL 416

I: cc EQUAL TO THE SURFACE ALTITUDE OF THE SUB-V-POINT, UPHELL 417

: POSALT = UPWALT UPWELL 418
PALTCM = 1,0E405*P0OSALTY UPWELL 419

cC IKM = INDEX FOR THE NUMBER OF ALTITUDES AT WHICH NATURAL UPNELL 420

cC CLOUDS HAVE BEEN INCLUDED IN THE UPWELL ING RADIANCE UPWELL 421

cc CALCULATION (REQUIRED BECAUSE CLOUDS ARE INCLUDED ONLY FOR 1SPNELL 422

cC ALTIUDES 7XM EQUAL TO OR GREATER THAN 12. kM), UPMELL 423

IKM = O UPWELL 42

cC BEGIN LOOP OVER NALTJ ALTITUDES, UPWELL 425

NALT) = NALT{JBAND) UPMELL 426

DO 80 I=1,MALTJ UPWELL 427

cc 15P,JIP XKP,LLF ARE THE LOOP INDICES USED IN THE CALL TO UPWELL 428

e SUBROUTINE SURRAD WITHIN THE WAVENUMBER LOOP. UPWELL 429

1P = 1 UPWELL 430

TF( ZKMI1,0BAND) .LT. 0.001 j ZKM{1,JBAND) = 0.001 UPMELL 831

DETALT = UPWALT + IXM(I,JBAND) UPWELL 432

DALTCM = 1.0E+05+DETALY UPWELL 433

cc GET EARTH-CENTERED CARTESIAN COORDINATES OF POINT V., UPWELL 434

CALL GEOXYZ(DETALT,DETLAT,DETLON,RV(1),RY¥(2),RV(3)) UPWELL 435

cC GET EARTH-CENTERED CARTESIAN COORDINATES OF DETECTOR FOR SGEOM UPWELL 4386

X0 = RY(1) UPWELL 437

Y0 = RY(2) UPWELL 43R

0 = RY(3) UPWELL 439

CALL VLIN(RV,1.0£+05,RV,0.0,0.0) UPWELL 440

cC FOR ALTITUDE DETALT, DETERMINE FRACTION GF 2*P]1 SOLID ANGLE, UPWELL 441

cc DMEGAT, THAT IS SUBTENDED BY THE TANGENT CONE WITH VERTEX AT UPWELL 447

cc POINT ¥V, FIRST, COMPUTE SLANT RANGE, SRT, GF TANGENT RAY UPWELL 442

P S




cC FROM POINT V. UPWELL
SRT = SQRT( (2,*RE+DETALT)*DETALT ) UPWELL

cc COMPUTE COSINE OF MADIR ANGLE, CBETAT = COS{BETAT), CORRLS- UPWELL
cC PONDING TO TANGENT RAY. UPWELL
CBETAT = SRT/[RE+DETALT) UPWELL
OMEGAT(1) = 1,0-CBETAY UPWELL

cC 1T MAY NOT BE NECESSARY TO SAVE THESE SOLID ANGLE FACTORS. UPWELL
cc CLOFG!l - FLAG CONTROLLING A TEMPORARY ASPECT OF THE UPWELL
cC CLOUD-RELATED CALCULATIONS. CLDFGY IS ALWAYS 0.0 If UPNELL
cC CLOFLE = 0.0 8UT MAY BE 0.0 OR 1,0 IF CLOFLG = 1,0 , UPWELL
(o CLDFGL IS SET TO 0.0 JUST BEFORE THE TEST ON ALLOWED PPWELL
ce ALTITUDES AND MASTER FLAG (CLDFLG) FOR INCLUSION OF CLOUDS UPWELL
cc MD IS RESET TO 1.0 JUST AFTER THIS TEST, UPWELL
cc CLDFGl CONTROLS THE CALCULATION OF (A) CFPV IM NADIR LOOP, UPWELL
cc SINCE CFPY IS INDEPENDENT OF AZIMUTH BUT DiPENDENT ON NADIR UPHWELL
cC AND HENCE ALTITUDE, AND (B) VARIOUS CLOUD-FZLATED CUANTITIES UPWELL
cc IN WAVENUMBER LOOP. UPHELL
cc = 1.0 ALLOWS CALCULATION ON FIRST PASS, UPWELL
cc = 0.0 BYPASSES CALCULATION ON LATER PASSES OR UPWELL
cc BYPASSES CALCULATION ON ALL PASSES IF CLDFLG=0.0. UPWELL
CLDFG] = 0.0 UPWELL

IF( (Zx™M{1,J8AND) .LT. 12.0) .OR, (CLDFL6 .EQ. 0.0) ) &0 TO 17  UPWELL

cee UPWELL
cc w2 GOT HERE FOR CLOUDS, DAY OR NIGHT sriwttiritrirtshrrdressereeses DL
IKM = IKMH] UPWELL
CLDFG] = 1.0 UPRELL

IF( 1XM,6T.1 ) 60 10 17 UPWELL

tee UPWELL
ol wee GOT HERE FOR CLOUDS, ZKM{1,JBAND) = 12.0 KM da#swdwsssasasasss |JDRF| |
o SET ALTITUDES OF ALL POINTS € (TO BE VIEWED FROM POINT V) UPWELL
cc EQUAL TO 12-KM. UPMELL
Cl12ALT = 12.0 UPWELL
CALTCM = 1 OF+05*C12ALT UPWELL

cc THE NATURAL CLOUD MODEL (NCM) FUNCTION CFLOSF(ICC,CHI) UPWELL
g COMPUTES THE PROBABILITY OF A CLOUD-FREE LINE-OF -SIGHT UPWELL
cc (CFLOS), GIVEN THE CLOUD DOVERAGE IN TENTHS (ICC=1/1)11) AND  UPWELL
cC ZENITH ANGLE CHI (DEGREES). HERE, WE WANT CFPS, A MEAM UPHELL
cc PROBABILITY OF A CFLOS FROM POINT P TO THE SUN, OBTAINED 8Y UPNELL
cc AN AVERAGE OVER THE NCM CLOUD-COVERAGE YALUES OF 0,3,5,8, AND UPWELL
"o 10 TENTHS, OCC'RRING WITH PROBABILITIES CCOVER(I,KMODEL) UPWELL
cc (1=1,5), FOR A SELECTED YALUE OF KMODEL. WE ASSUME THE SOLAR  UPWELL
cc ZENITH ANGLE SDLZ AT THE SUBPOINT V' i5 AN EXCELLENT APPROX-  UPWELL
ce IMATION TO THOSE AT ALL POINTS P, UPKELL
IF({ IDAYV .EG. G ) 60 TO 1?7 UPWELL

cce UPWELL
cc e ONT HERE FOR CLMS' DAY "ERarann sttt st bttt hbkinkincdaininke D! |
RTD = 1B0./PI UPNELL

SOLZ = RTD*ACOS{ CSSOLZ ) UPWELL

CFPS = CCOVER{1,KMODEL)*CFLOSF(1,50L7) UPWELL

1 + CCOVER(2,KMODEL)*CFLOSF{4,50L7) UPWELL

2 + CCOVER(3,KMODEL )*CFLOSF{6,50L7) UPWELL

3 + CCOVER{4&,KMODEL)*CFLOSF(9,50L2) UPWELL

4 + CCOVER(5,KMODEL }*CFLOSF(11,50i7) UPWELL

c THE ABDVE CALCULATIONS ARE DONE ONLY FOR THE FIRST UPWEL L
ol ALTITUDE AT WHICH A CLOUD CALCULATION IS DONE. UPWELL
cce UPWELL
17 CONTINUE UPMEL L
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o +++ 0T HERE FOR DAY OR MIGHT, REGARDLESS OF CLOUDS wewswwevawswiy Upyfi| 501

1 c UPHELL 502
3 ce PREPARE TO LOO® OVER NNADIR NADIR ANGLES CORRESPONDING TO UWELL 503
cc FRACTILES OF OMEGAT, FRCTL. UPWELL 504

FNN = KNADIR UPWELL 505

D0 70 J=1,NKADIR UPWELL 506

2P = J UPNELL 507

FJ=J UPWELL 508

FRCTL = (FJ-0.5)/FWN L 509

cc COMPUTE KADIR AWGLE BETA CORRESPONDING TO FRACTILE FRCTL. UPWELL 510

, BETA = ACO"( 1.0-FRCTL*OMEGAT(1) } UPWELL 511
; e COMPUTE ZENIT™ ANGLE, CAI, OF POINT V VIEWED FROW POINT P WPWELL 512
cC (THE INTERSECTION POINT AT THE EARTH'S SURFACE OF THE RAY IPWELL 513

cc FROM POINT V AT NADIR ANGLE BETA). UPWELL 514

CHI = ASIN{ (1.0DETALT/RE)*SIN(BETA} ) UPNELL 515

cc COMPUTE THE EARTH CINTRAL ANGLE, ALPHA, SUBTENDED BY POINTS P UPWELL 516

cc AD V. UPNELL 517

ALFAA = CHI-BETA UPWELL 518

1F( CLDFG .EG. 0.0 } 60 TO 20 UPNELL 519

cee UPVELL 520

CC  ** 60T HERE FOR CLOUDS, DAY OR NIGHT *sewweawwwnss . w UPWELL  52]

c COMPUTE ZENITH AMGLE, CHIC, OF POINT V VIEWED FROM POINT C  UPMELL 522

e (THE INTERSECTION PCINT AT THE 12-KM ALTITUDE SURFACE OF THE UPWFLL 523

cc RAY FROM POINT ¥ AT NADIR ANGLE BETA TO POINT P). UPWELL 524

CHIC = BETA UPWELL 525

IF( DETALT .6T. C12ALT } CHIC = ASIN{ ((REDETALT)/(RE<C12ALT))* UPWELL 526
s SIN(BETA) )  UPWELL 527

cC COMPUTE THE EARTH CENTRAL ANGLE, ALPHAC, SUBTENDED 8Y POINTS C UPWELL 528
cc AND V., ALPHAC IS USED LATER. UPWELL 529
ALPHAC = CHIC - BETA UPWELL, 530

cc EXPRESS CHI [N DEGREES (CRID) AS REQUIREG FOR INPLT TO UPWELL 531
cc SUBROUTINE CLOWT, UPNELL 532
CHID = CHI * RTD UPNELL 533

20 CONTINUE UPWELL 534
cc UPWELL I
cc PREPARE TO LOOP OVER MAZI AZTMUTH ANGLES. RESET MAXIMM UPWFLL 536
tc NUMBER OF AZIMUTH ANGLES, NAZI, YO BE 1 IF IDAYY=) OR MSM=)_.  UPWELL 537
IF( (IDAYV.EQ.0) .OR. (MSM.EQ.1) ) MAZl =] UWELL 538

cc INITIALIZE AZIMUTH AMGLE, UPWELL 333
PIDMA = PI/FLOAT({NAZI) UPWELL 540

AZ1 = RCFAZI-0.5+PIDNA USWELL 541

00 60 K=1,NAZ1 uPMELL 542

KKP « X UPWELL 543

cc UOVELL 544
cc ALLOW SOLAR SPECULAR REFLECTION POINT TO BE COMPUTED ONLY OMCE UPWELL 545
cc PER ALTITUDE, HOWEVER, IF IDAYV=D OR MSM.NE,Z WE DO NOT UPNELL 546
cc COMPUTE SPECULAR REFLECTION POINT AT ALL. YONELL 547
SPCLRX = SPCULR .AND. | (J+K),.EQ.2 UWELL S48

TF( (iDAYV.£Q.0) .OR. (NSM.NE.2) § SPCLRY = .FALSE. UPWELL 549

ALl = AZT+PIDMA UPWELL 550

cc UPWELL 551
cC MUST SET LATITUDE AND LOMGITUDE OF POIKT P IN POSITN COMMON. UPWELL 552
(o USE REVISED HARC SUBROUTINE AGAGED WITH POINT 1 BEING POINT v UPWELL 553
c AND POINT 2 BEING POINT P, UPWE! L 553
CALL ASAGFO(DALTCM,PIDZ~DETLAT,DETLON, A2, ALPHA, PALTCM, PSCLAT, GOWELL 555

$ POSLON) UPWELL 556
POSLAT = PIDZ2-PSCLAT UPWELL 557
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cc NOW HAVE LATITUDE AND LONGITUDE OF POINT P, UPWELL 558

(o GET EARTH-CENTERED CARTESIAN COORDINATES OF POINT P, USWELL 559

CALL GEDXYZ{POSALT,POSLAT,POSLON,RP(1),RP(2),RP(3)}} UPWELL 569

cc SET DIRECTION-COSIMES UL, VL, AND WL OF POINT P FROM POINT ¥. UPWELL 561

B = RP(1}-XD UPWELL 562

VL » RP{2)-YD UPWELL 563

WL = RP(3)-7D UPWELL c€a

RRI = 1.0/SQRT{ UL*UL + VL*VL + Wl*wWl ) UPWELL 565

UL = UL*RR] UPWELL 566

VL = VU*RR] UPWELL 567

Wi = WL*RRI] UPWELL 568

CALL YUIN(RP,(1,0£¢05,RP,0.0,0.0) UPWELL 569

cC UPWELL 50

1F{ CLDFG1 .EQ. 0.0 ) 60 TO 21 UPWELL 571

: cee UPWELL 572
ce w*+ GOT HERE FOR CLOUDS, DAY DR NIGHT *ewsesvtwstuwsastnstestrdssnt |DYT{| 572

cc FOR POINT C, SEY LATITUDE AND LONGITUDE IN POSITN COMMON AND  UPWELL 574

cc ALSO GET EARTH-CENTERED CARTESIAN CDORDINATES. UPWELL 575

ce IF POINT V IS AT 12-XM ALTITUDE, POINT C IS5 AT POINT V. UPWELL 576

3 CI2LAT = DETLAT  §  CI2LON = DETLON UPWELL 577
] RC(1) = RV(1) § RC{(2) = R¥(2) $ RC(3) = &V¥{3) UPWELL 578
; IF{ DETALT .EQ. C12ALT } &0 Y0 21 UPWELL 579

3 cC *++ 60T HERE FOR CLOUDS, DAY OR NIGHT, ZKM{I,JBAND) .6Y. 12.0 ™™ UPWEL| 580
E CALL AGAGEO(DALTCM,PTD2-DETLAT DETLON,AZI,ALPRAC CALTCM,CCLAT, UPWELL 581
i s clzon) UPWELL 582

CIZLAT = PI1D2 - CCLATY UPWELL 583

CALL GEOXYZ{CI2ALT,C12LAT C12LOM RC(T),RC(2),RC{3)) UPWELL 584

CALL WLIN(RC,1.0£+05,RC,0.0,0.0) UPWELL 585

K 21 CONYINUE UPWELL 586

3 cc UPWELL 587

b cC SET FILPOS FOR CALL TO TRANS. UPWELL s8%

cc FILPOS PLAYS MO RCOLE IF TRMSOPT .EQ. TRUE AND (AS SHOULD BE UPWELL saq

A €C THE CASE) ONE USES THE SAME SPECTRAL [ I5TS AS ARE USED BY UPWELL 3:4)

3 cC TRANSB IN PREPARING TAPQT=LTMTE, MNOWEVER,IF TRNSOPT .EQ. PWELL 591

3 cc FALSE, FILPOS IS USED TO ACHIEVE NECESSARY REWINDS OF TAPQY UPWELL 592

cc AND AVOID UMMECESSARY REWINDS. UeWELL Bk

FILPOS = 1.0E+04 UPNELL 5a4

cC UPWELL 595

cc START LOOP OVER WAVENUMBERS, UPKWIL L L9

- MIAVE) = MWAVE( JBAND) UPWELL 597

. DO 58 L=1 NWAVE) UPKWELL sa8

" 1 He = UPNELL tag

, cc UPuELL 600

. J cc THE YARIABLES 1JKL AMD IKMJIKL, NOT USED IN THE GR(C YERSIOH, UPWELL 601
3 . cC ARE USED 1IN THE SAL YERSTON TO FACILITATE PRINT STATEMERTS. UPWELL 602
A IKL =1 ¢ JeK st UPWELL 603

T A IKMIKL = IXM + J « ¢ + L UPWELL 604
cC UsWELL 605

E . ; TLAM = 1. 0€+04/we(i) UPWEL | 606
S WL = WW{L) - 0.5%Du{L) UPWELL 607
] WOH « WW(L) + O.5*¢Dd(L UPWELL 608

CALL SURRAD’2 MSM 0D, SPCLRY,TIP, 5P KXP LLP, ZLAM O RAD URS UPPS, UPWELL 600

H UCS,UPCSY UPWELL 610

ct MOW HAVE AT POINT P ON THE EARTH'S SURFACE THE E™ITTED UPWELL 611

ce RADTANCE RAT 1) AML (IF DAY= AND JDAYY=1) MHE {UNATTENMUATED) UPWELL 517

ct REFLICTIT RADIANCE Or SOLA® RADIATION RAD(2) AND ThE PATH UPWE L L 612

e PARAMETERS UPS/IT N, 1) AND UPPS{IT N 1) FOR THI (NIQMING SOLAR UPMELL 614

322




ta et e

T i g

cC
cC
cc

17 (

RAY, ALSO HAVE ALROSOL TRANSMITTANCE {(TASP({L}) THROU'GH AT230L
COMMON FOR PATM FROM S TO P WHICH WILL BE USED LATER. ALSD
HAVE AT POIET € THE PATM PARAWETERS UCS{IT N) AND UPCSIIT, %
FOR THE INCOMING SOLAR RAY AND THE AEROSOL TRANSMITTANCE
(TASCIL)) THROUGH ATRSOL COWMON FOR PATH § TN C, ALSO USED
LATER, THE PATH PARAMETERS ARE COMPUTED CNLY FOR L=1, BUT
TASPILY AMD TASCIL} ARE COMPUTED FOP L=1,MWAVE], WE WILL SOON
GET SUM OF (1% ATTENUATED RADIANCE EMITTED FROM SURFACE AND
{2 ATTENUATED ATMOSPHER]C EMISSITN BETWEFM POINTS ¥ AND P,
TEMPORARILY USE UPRAD{K,L) FOR THIS SUM WHICH IS INDEPENDENT
OF AZIMUTH,

K .6T. 1) 60 70 30

NEED CALL TRNSCO ONLY ON FIPST WAVENIMBER BECAUSE TRMSCO
INTERNALLY LOOPS QVER THE WAVENUMBER LIST.

L .6T. 1) 60 70 27

GOT HERE FOR DAY OR WIGHT REGARDLESS OF CLOUDS *¥eisstswndess
FOR SOME APPLICATIONS IT 1S DESIRABLE TO HAVE SUBROUTIKE
UPMELL RESULTS CORRESPONDING TC 2x™=C 0, EVEN THOUGH THE
ROUTINE WAS MOT ORIGIMALLY DESIGNED TO BE CALLED WITH ZrM=0,
TO CIRCIMVENT THIS DIFFICULTY, WE CEVELOP A PSEUDO TERD-
ALTITUDE ALGORITHM WMICH EXPLOITS THE FEATURE OF SUBROUTINE
STEP WMERETIN 1T DOES NOT (OMPUTE PATH ELEMENTS LESS THAN 10
MOTERS IN LENGTH., THUS, IF THE TOTAL FATH 1S LESS THAM 10
METERS, THEK SUBRDUTINE STEP SETS NC TO ZERO, WE DETECT SUCH
A CONDITION BY SETTING A NEW VARJABLE NUNC EQUAL TO HC AFTER
THE DNOUBLE CALL TO SUBROUTINE STEPS IN SURROUTINE YI'NSCO AND
CARRYING NCNC TO UPWELL VIA ONCNC COMMON (KNOWN ONLY TO TRNSCO
AND UPWELL), WE MJST ALSO RECOGNI2E THAT SUBROUTINE ATMRAD
NORMALLY PERFORNS TWO OPERATIONS FOR (NC.GT.1) wMICH ARE NOV
PERFORMED FOR {NC.LT.2)., THESE OPERAT %S ARF (1) REWINDING
LTMTE AND {2} 2EROING THE SECOND HALVES OF THE U AND UP
ARRAYS, THUS, FOR {NKC.EN.O), WE WANT TO fAND 0! PERFORW™
THESZ TWO QPERATIONS HERT IN UPWELL. SUBRCUTINE TRNSCC, FOR
(MC.LY.2Y, WILL RETLRN ZERQ FOR THE AIR-PATH RADIANCE

(BKGND BI(NB])) AND UNITY FOR THE AIR-PATH TRANSMITTARCE
{TRANS BI(NBI)). THESE VALUES ARE PRECISELY THE VALUES
APPRODRIATE FOR THE ALTITUDE EQUALLING 2ERN, VALTD OF COLRSE
FOE ALL NADIRS AMD AZIMUTHS. TouS, THE PSEUDO ZERD-ALTITUDE
ALGDP ITHM KEED BE EXEPCISED ONLY FOR THE FIRS™ NADIR AND THE
FIRST AZIMUTH. TC PROCEED WITH THE PSEINC Z2ERD-ALTITURE
ALGORITM, WE SELECT AN ALTITUDE IKM {FSS THAN 10 METERS, SAY
ONE METER = 0,001 XKM_  WE ALSD PRETER™ THAT THE PATH ENGTH
MEVER EXCEEDS 10 METERS, REGARDLESS OF THE KADIR ANGLE,
PROVIDED IT DIDR NOT O0 SO FOR THC FIRST NADIR, THUS, WE
DECREL THAT TRNSCO SKALL MOT 3E CALLED FOR (J.67.1) IF TwF
PATH LENGTH WAS LEZS THAN 10 METERS FOR J=1,

J.6T. 1Y GO TC 23
FOLLOWING CALL TO TUNSCO OCCURS FOR 7. GE.1, J=K=lsl.
TRNSCO'S ARGUMENT-LIST DISTANCES WMUST BE IN Om,

CALL TRNSCN! RY, RP, RP, LB'NT, RADSW }

TF!

NCNC LGT. 1Y 60 TD 25

SINCE WE ARE SEEXING RESULTS FOR ZKM=0.C, PERFORM THE TwD
ABOVE -DESCRIBED OPERAYIONS MORMALLY PERFORMEID BY S8R0 IKE
ATMRAD,

[N e i,

UPWELL
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UPWELL
UPWELL
UPNELL
JPWELL
UeWELL
UPWELL
UPWELL
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UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPWELL
UPNELL
UPKELY
UPKWELL
UPWELL
UPWELL
JLTL IR
UPWELL
UPWELL
UPWEL L
(LAY
UEwWELL
Ueet L
HeWELL
UPwt L
yewrLy
UPWELL
UPWELL
WLl
UewWE. L
UPWE L
UPWELL
UPwi L
UPWEL{
UPWT L
UPwiLL
UPWYLL
UPWEL L
UewTi L
UPWELE
UPWTLL
UPWELL
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(33
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22 REWIND LTWTE UPNEL L 672

CALL YMIT { -100, C., W1, , 21) UPELL 672
CALL XMIT { -100, 0., UP{1,1,2) ) UNELL 674

80 T0 25 ELL 675

23 IF( MOMC 6T. 1) GO TO 24 UPVELL 676
80 TQ 22 UPNELL 677

c FOULOWING CAL_ TD TRWSCO OCCURS FOR [.6E.2, J.GE.2, K=L=xl, uwELL 678
cc TRNSCO'S ARGUMENT-LIST OISTANCES MUST BE IN CM. UPVTLL 679
24 CALL TRNSCD{ Rv, RP, RP, LBINT, RADSM ) UPWELL 68D

25 CONTINUE UPWELL o]

ME ALSO NEED TO PRESERVE PATH PARNMETERS FOR PATH P TO V IN  UPWELL 682

(2] ARRAYS UPV AND UPPY. UPWELL 683
CALL XMIT ( 100, U (1,1,2), U PY) UPWELL 684

CALL XWIT ( 100, UP(1,1,2), UPPY) UPWELL 685
WRITE(S,1025) UPNELL 686

1025 FORMAT (1MO,45¢ 41H® = & PATH PARAMETERS, POINT P TO V * ¢ +/45X ¢ UPNELL 687
${FROM SUBROUTINE UPWEL!, FORMATS 1025,1027)*/2X,*TEMPERATURE/SPECT UPWELL 688

SES.  {{U PY{M N) K=] NSPECS), M=1,2)*) UPRELL 689

WRITE(6,1026) ((M, (U PV(M, N} N=1 NSPECS)) M=1,2) UPNELL 690

i 1026 FORMAT (2x,13,1P10€12.4) UPNELL 691
WRITE(6,1027) UPMELL 692
] : 1027 FORMAT {INO,1X, *TEMPERATURE/SPECIES.  ((UPPV(M,N), M=l NSPECS) M2l UPWELL 693
$,2)*) UPMWELL 694

3 WRITE(6,1025) ((M, (UPPV(M N) M=1 NSPECS)) M=],2) UPNELL 695

; cc UPMELL 696

(a s FOR PATR P TO Vv, PRESERVE TAPY(L), TTPY(L), AND AEPY(L) UPNELL 697

(s g (L=1,MWAVE)) WHICH ARE DERIVED FROM DATASET-BI, SEE UPHELL 698

cC SUBROUTINES TRNSCO AND ATHRAD FOR COMMENTS REGARDING TEMPORARY UPWELL 699

3 c USE OF WORD-8 OF DATASET-BI FOR AfROSOL TRANSMITTANCE. UPMELL 700

3 tx =0 UPWELL 701

i LINT = (BINY UPMELL 702

26 CALL PREY ( LINT NB] ) UPWELL 703

IF{ M8! .EQ. 0 ) 60 TD 27 UPMELL 704

tX = 1X + 1 UPNELL 705

‘ 4 IF( LX .67. 10) 60 TO 27 UPwELL 706
IR TIPY{LX) = Q(iB1+6} UPNELL 707
g AEPV{LX) = D{NBI+&)/DM{LX) UPELL 708
Q{n81+4) = 0. UPWELL 709

TAPV(LX) = Q(WB1+7) UPMELL 710

10(M81+7) = 0 UPWELL 711

80 TO 26 UPVELL nz

27 CONTINUE USWELL 713

c UPWELL 714

rc TME NEXT STATEMENT PROVIDES THE ABOVE-MENTIONED SUM UPNELL 715

[nd (TEMPORARILY CALLED UPRAD{K L)) OF (1) EARTH'S SURFACE UPWELL 716

cc RADIANMCE RAD(1) MU_TIPLIED BY THE TOTAL TRANSMITTANCE TTPY(L) UPWELL m

e BETWEEN OINTS P AND V AND (2) THE ATMOSPHERIC EMISSION UPWELL 718

(o AEPY(L) BETWEEN POINTS ¥ AND P. THE DD-28 LOOP KECOGMIZES UPWELL 719

(W THIS SUM 1S AZIMUTHALLY INDEPENDENT. UPWELL 720

K UPRAD(K L} = RAD(1)*TIPV¥(L) + AFPY(L} UPWELL 721
‘- IF( MA21 .€Q. 1} GO TO 29 UPWELL 722
: D0 28 XKK=2 NAZI UPWELL i3
i UPRAD(KKX L) = UPRAD(],L) UPWEL 728
: § 28 CONTINUE UPVELL 725
i 4 29 COMTINUE WHELL 726
- 1 IF( LXL EQ. 4 ) SRITE(E,100) PPWELL 727

i N 100 FORMAT (1H1,44x 434+ * = (O TPUT FROM SUBROUTINE UPWELL * * *) UPWELL 728
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(F{ IXL .EQ. 4 ) WRITE(6,101) UFWELL 725

101 FORMAT (1HO,1X,107H I J K L WOL WDH 7 UPWELL 730
$LAM RAD(1) Al AEPY TAPY ) UPMELL 731
WRITE(6,102) 1,3,K,L,WOL,WOH,ZLAM,RAD(1),1TPV{L) ,AEPV(L), TAPYIL)  UPKWELL 732

102 FORMAT (21,413,1P7(F14.5)) UPWELL 733
30 CONTINUE UPWELL 734
ccee UPNELL 735
cc UPRAD IS OUR ANSWER IF IDAY4=0 AND IF NO CLOUDS ARE INCLUDED, UPWELL 736
IF{ CLDFG1 ,EQ. ©.0 } 60 TO 36 UPWELL 737

cee UPWELL 738
CC  *+ GOT HERE FOR CLOUDS, DAY LR NIGHT #essadddanwswsssasamawwewens PYELL 739
cc PREPARE TO CALL NCM SUBROUTINE CLOWT TO GET THE NCDSET-MEMBER UPWELL 740
cc ARRAYS FOR WEIGHTS CORRESPONDING TO THE UPWELL 74}
o YARTOUS CLOUD CONFIGURATIONS OR SETS (WT), AND, AT 12-KM UPWELL 742
¢ ALTITUDE (POINT C) ALONG THE PATH FROM POINT P TO POINT V, THE UPWELL 743
cc TOP-CLOUD EMISSICH RADIANCES {(EMISS) AND (IF IDAYV=1) THE UPWELL 744
tc TRANSFER COUFFICIENTS (TRANS) FOR THE TOP-CLOUD REFLECTION UPWELL 745
¢ OF THE SOLAR RADIATION. UPHELL 746
cc WT(1), FGR ANY DF THE 10 LOCATION-SEASON AVERAGED STATISTICAL UPWELL 747
(o CLOUD MODELS (KMODEL=1,1G}, 1S THE PROBABILITY THAT (A) THE  UPWELL 748
cc CLOUD-CONFIGURATION SET INDICATED BY THE INDEX I OCCURS AND  UPWELL 749
e (B) THE DETECTOR LOS AT ZENITH ANGLE CHI INTERSECTS THE CLOUD- UPWELL 750
cC CONFIGURATION SET. THE PROBABILITY OF THE DETECTOR'S LOS UPWELL 751
e INTERSECTING CLOUDS 1S SUM(WT(I)) (I=1,1DX-1). UPWELL 752
cC UPWELL 753
cc BEFORE PROCEEDING TO CALL SUBROUTINE CLDWT, WE COMPUTE THE AIR UPWELL 754
cc EMISSION BETWEEN POINTS C AND V [ARCVA(IKM,J,L)) UPWELL 755
¢ AND THE AIR TRANSMITTANCE (BOTH MOLECULAR AND AEROSOL) FROM  UPWELL 756
cc POINT C TO POINT Vv, THE TQYAL TRANSMITTANCE IS TTCV AND THE  UPWELL 757
¢ AEROSOL TRANSMITTANCE 1S TACV. ALL OF THESE QUANTITIES ARE  UPMWELL 758
cc INDEPENDENT OF AZIMUTH, SO THEY NEED BE COMPUTED ONLY FOR K=1. UPWELL 759
IF( IKM(1,JBAND) .GT. 12.0) 6O TO 31 UPWELL 760

IFC (0 .6T. 1) ,OR. (K .GT. 1)) &0 10 33 UPWELL 761
AECV(L) = 0.0 : UPWELL 762
TTeV(L) = 1.0 UPWELL 763
TACY(L) = 1.0 UPWELL 764
IF(L.6T. 1) 60 TO 33 UPWELL 765

cC ZERD ARRAYS PRESERVING PATH PARAMETERS TOR PATH V TO C. NEED UPWELL 766
cc BE DONE ONLY ONCE FOR ZKM(1,JBAND) = 12.0 . UPWELL 767
CALL XMIT (-100, 0., UCV ) UPNELL 768

CALL XMIT (-100, 0., UPCV ) UPWELL 769

G0 T 33 UPWELL 770

3i CONTINUE UPWELL 771
(K 6T. 1) R, (L 6T, 1)) 60 TO 33 UPNELL 772

cc FOLLOWING CALL TO TRNSCO OCCIRS FOR CLDFLG.EQ.1, UPWELL 773
cc IKM(1,JBAND) .6T,12.0, J.GE.1, K=L=l , UPWELL 774
CALL TRNSCO({ RV, RC, RC, LBINT, RADSW ) UPWELL 775

cc WE ALSO NEED TC PRESERVE PATH PARAMETERS FOR PATH C TO V IN  UPWELL 77§
cc ARRAYS UCV AND UPCY, UPWELL 777
CALL XMIT ( 100, U (1,1,2), U CV) UPWE!L 778

CALL XMIT ( 100, UP{1,1,2), UPCY) UPWELL 779
WRITE(6,1031) UPWELL 780

1031 FORMAT (1HO, 45X, 41H* * * PATH PARAMETERS, POINT C TO v * » /47X, * UPWELL 781
$(FROM SUBROUTINE UPWELL, FORMATS 1031,1033)%/2X , *TEMPERATURE/SPECI UPWELL 782

$ES.  {{U CY(M,N),N=]1,NSPECS) M:1,2)*) UPWELL 783
WRITE(6,1026) ((M, (U CV(M,N).N=1 NSPECS)),M=1,2) UPWELL 784
WRITE(6,1033) UPWELL 785
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1033 FORMAT (1HC,1X,*TEMPINATURE/SPECIES.  ((UPCY(M,N),N=1 NSPECS) M=l UPWELL 786

$,2)%) UPWELL 787
WRITE(6,17076) ((M, (UFCV(M,R},N=1 NSPECS)) M=1,2) UPWELL 788

cc UFWELL 789
€ FOR SATH C TO ¥, PRISERVE TACVY(L), TTCV(L), AND AECV(L) UPWELL 790
cc {i=1,NWAVEJ) WHICH ARE DERIVED FROM DATASET-BI. SEE UPWELL 791
cc SUBROQUTINES TRNSCO AND ATMRAD FOR COMMENTS REGARDING TEMPORARY UPWELL 792
cc USE OF WORD-B OF DATASET-BI FOR AEROSOL TRANSMITTANCE. UPWELL 793
X=0 UPWELL 794

LINT = {BINT UPWELL 795

32 CALL PREV { LINT,NBI ) UPWELL 796
IF( NBT .EQ. O ) &D TO 33 UPWELL 797

LY =Lx+1 UPWELL 798

IF( LX ,6T. 10 ) GO TO 32 UPWELL 799
TTICV(LX) = Q{NBI+6) UPWELL BOO
AECY(LX) = Q(NBI+4)/0W(LX) UPWELL 801
Q(NBI+4) = 0. UPWELL 802
TACV(1.X) = Q(NBI+7) UPWELL 803
10(NBI+7) = 0 UPWELL 804

G0 TO 32 UPWELL 805

33 CONTINUE UPWELL 806

cc UPWELL 807
IF{ IXMJKL .EQ. 4 ) WRITE(6,103) UPWELL 808

103 FORMAT (1HO,1X,* 1 J X L ZLAM UPWELL 809

s TICY AECY TACV®) UPWELL 810
WRITE(6,104) 1,5,K,L,ZLAM, TTCY(L),AECY({L), TACV(L) UPWELL 811

104 FORMAT (2x,4713,28X,1PE14.5,14%,3(E14.5)) UPWELL 812
cc UPWELL 813
IF( K .GT. 1) 60 70 34 UPWELL B14

cc AECV(L) 1S 'ADEPENDENT OF AZIMUTH, SO WE PRESERVE IT WITH A UPWELL 815
cc NOTATION TO DENOTE [T IS THE AZIMUTHAL AVERAGE FOR THE UPWELL 816
cC CURRENT VALUES OF [KM, J, AND L. UPWELL 817
ARCYA{TKM,J,L) = AECY(L) UPWELL 818

34 CONTINUE UPWELL 819

cC UPWELL 820
cc IN ORDER THAT SUBROUTINE TRANSF IN THE NCM, CALLED BY UPWELL 821
cC SUBROUTINE CLOWT, WILL KNOW WHETHER OR WOT THE SUN 1S ABOVE OR UPWELL 82
cc BELOW THE HORJZON, SET ITFLAG IN THE FLAGS COMMON (USED IN THE UPWELL 823
cc NCM AND INCLUDED HERE IN SUBROUTINE UPWELL). UPWELL 824
ITFLAG = 0 UPWELL 825

IF( IDAYV ,EQ. 1 } ITFLAG =1 UPWELL 826

CALL CLDWT{ZLAM,CHID) UPWELL 827

cc SUBROUTIKE CLOWT HAS PROVIDED, THROUGH COMMON CLOWT, THE UPWELL 828
cc ARRAY> WT, TRANS, AND EMISS, OF LENGTHS IDX, IDX-1, AND IDX-1, UPWELL 829
cC RESPECTIVELY. TIDX EQUALS 160 FOR A FULL SET OF 159 CONFIG- UPKWELL 830
(3 URATIONS AND IS LESS FOR A RESTRICTED SET. UPWELL /31
cc UPWELL B3z
cC TO FACILITATE COMPUTING THE RADIANCE DISTRIBUTION FUNCTION UPWELL 833
cC RESULTING FROM THE STATISTICAL TRFATMENT OF NATURAL CLOUDS, UPWELL 834
o START FORMING A NEW RADIANCE DISTRIBUTION FUNCTION({UPRADC) UPWELL 835
e AND CORRESPONDING WEIGHTS(WTC), IF NCDSET IS THE NUMBER OF UPWELL 8136
cc STATISTICAL CLOUD SETS, WITH A MAXIMUM OF 156, FOR KMODELs UPWZLL 837
cc 1,10, THEN THE LENGTH {11) OF THE ARRAYS UPRADC AND WIC Will  UPMELL 838
cC BE I1=NCDSET+1 IF IDAYV=0 OR II=NCDSET+2 IF IDAYV=1l, UPWELL 839
o (THIS STATEMENT DOES NOT INCLUDE THE ZERO-VALUE MEMBERS ADDED UPWELL 840
e (AFTER STATEMENT LABEL 55) FOR INTERPOLATION PURPOSES.) UPWELL B4}

cc UPWELL 842




cc
cc
cc

cC
cc
cC

(73]
e

cC

ccc
cC
cC
cc

cce
Ccc

ccc

[N

TO FACILITATE ASSESSING THE RELATIVE IMPORTANCE OF EMISSION
AND REFLECTION CONTRIBUTIONS, PRESERVE THE EMISSION COMPONENT
OF UPRADC IN ANOTHER ARRAY (UPRDC1).

NCOSET = IDX-1

SUMWTC = 0.0

DO 35 M=1 NCOSET
MULTIPLY THE SPECTRAL RADIANCE FROM THE NCM, EXPRESSED IN
UNITS OF HATTS / (KM**2 SR MICRON), BY 1.0£-14*(ZLAM*+2) TO
OBTAIN WATTS / (CM**2 SR (M-1),
ALSO INCLUDE TRANSMITTANCE BETWEEN POINTS C AND V.

UPRADC (M) = (1.0E-14 * ZLAMA*2) * EMISS(M) * TTCV(L)

UPRDC1(M) = UPRADC(M)

WiZ(MY = WT(M)

SUMATC = SUMWTC + WTC(M)

CONTINUE

11 = NCDSET4]
AT THIS POINT, IT WILL NORMALLY BE 150.

NOW USE FACT THAT RADIANCE AT POINT V DUE TO AIR EMISSION

BETWEEN POINTS V AND P CAN BE BROKEN INTO TWO PORTIONS...
AEPV(L) = AECV(L) + AEPC(L)*TTCV(L)

THUS AEPC(L)*TTCV(L) = AEPV(L) - AECV(L)
KZNCE WE NEED TO SURTRACT AECV{L) FROM UPRAD(K,L) IN ORDER FOR
UPRADC!11) TO CONTAIN THE (ATTENUATED) AIR EMISSION BETWEEN
POINTS P AND C.

UPRADC(11) = UPRAD(K,L) ~ AECV(L)

UPRDC1(I1) = UPRADC(11)

WE NEED THE MEAN PROBABILITY OF A CLOUD-FREE LDS FROM
POINT P TO POINT V (AT ZENITH ANGLE CH1 CORRESPONDING TO NADIR
ANGLE BETA, AS NOTED BEFORE, TME PRORABILITY OF THE
DETECTOR'S LOS INTERSECTING CLOUDS 1S SUM{WT{I)} {I=1,10x-1).
HERCE, WE TAKE (1.-SUM{WT{I))) AS THE DESIRED PROBABILITY OF A
CLOUD-FREE LOS, CFPV.

CEPY = 1, - SUMWTC

WTC(1I) = CFPV
THIS WYC IS THE ONE OBTAINING FOR NIGHT, FOR DAY, WIC IS
RESET .'FTER LOOP DO-52.

IF IDAYv=1, MUST ADD IN CLOUD-REFLECTED SOLAR RADIATION,

AFTER ADDING IN SURFACE-REFLECTED SOLAR RADIATION.
*r+ GOT HERE fFOR CLOUDS, DAY OR NIGHT wetaaratnadddidddsadhnddnais
IF{ IDAYV.EQ.0 ) GO TO 55

ik GOT HERE FOR CLO]JDS.DAY bR a1 R s sl ol il digl et aldanld

GO TO 37

CONT INUE

*x+ GOT HERE FOR NO CLOUDS, DAY OR NIGHT sesswtswancavttaiiestrihn
IF IDAYV=1, MUST ADD IN SURFACE-REFLECTED SOLAR RADIATION.

1F( 1DAYV.EQ.O ) GO TO 58

CONT INUE

*+t GOT WERE FOR DAY, WITH OR WITHOUT CLOUDS #heawewsswvunveniasnn
EARLIER, SUBROUTINE TRNSCO CALLED SUBROUTINE PATH FOR THE PATH
FROM Vv TO P AND WE SAVED THE PATH PARAMETERS U(IT N, 2) AND UP(
IT,N,2) AS UPV{IT_N) AND UPPV(IT.N)}. NOW ADD PATH PARAMETERS
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cC FOR SEGMENTS SP AND Pv. NEED BE DONE ONLY FOR K=zL=1, BUT THEY UPWELL 900

cc MUST BE SAVED IN USPV AND UPSPV ARRAYS. UPWELL 901
IF( K .6T. 1) 6O 10 42 UPWELL 902

IF( L .GT. 1) GO TO 41 UPHWELL 903

DO 40 NN=1,NSPECS UPWELL 904

DO 40 Li=1,2 UPWELL 905

ccc UPWELL 906
cc ONLY TWO TEMPERATURES (SINCE SHELLS LIMITS THE ATMCSPHERIC UPWELL 907
cc TEMPERATURE TO 300 DES K) ARE NEEDED FOR THE AMBIENT UPWELL 908
cC ATMOSOHERE, BUT NTEMP MUST BE ©FT TO 10 AND NOT T 2 TO BE UPWELL 09
cC CONSISTENT WITH THE DIMENSIONING OF THE U AND UP ARRAYS IN UPWELL 910
cC SUBROUTINE TRANS. THE FIRST MALVES OF THE U AND UP ARRAYS UPWELL 91
cc WERE ZEROED [N TRNSCO. TRANS {STATEMENT LABELED 30) WILL UPWELL 912
cc DETECT THE ZERO VALUES OF U AND UP FOR TEMPERATURE-INDEXES 3  UPWELL 913
cC THROUGH 10 AND WASTE LITTLE TIME IN COMPUTING THE UPWELL 914
cC TRANSMITTANCE FOR ZERO VALUES OF THE PATH PARAMETERS. UPWELL 915
ccc UPWELL 916
U SPY(LL,NN) = U PV(LL,NN) & U PS(LL,NN,1) UPWELL a7
UPSPY(LL,NN) = UPPV(LL, NN} + UPPS(LL,NN,1) UPWELL 918

40 CONTINUE UPWELL 919
WRITE(6,1020) UPWELL 920

1040 FORMAT (IHO 42X A8H* * % PATH PARAMETERS, SUN TO POINT P TO V * * UPWELL 921
$*/45%, *(FROH SUBROUTINE UPWELL, FORMATS 1040 1042)*/2X, *TEMPERATUR UPWELL 922

; SE/SPECIES.  ((U SPV(M,N),N=1 NSPECS) Me1,2)% UPWELL 923
WRITE(6,1026) ((M, (U SPV(M,N},N=1,ksPECS}),M=1,2) UPWELL 922
WRITE(6,1042) UPWELL 925

1042 FORMAT (1HO,1X,*TEMPERATURE/SPECIES.  ((UPSPV(M,N) N= _NSPECS) M= UPWELL 926

$1,2)*) UPWELL 927

WRITE(6,1026) {(M, (UPSPV{M_ N),N=1,NSPECS)) M=1,2) UPWELL 928

41 CONTINUE UPNELL 929

ccee UPWELL 930

e ENTRY TRANS1 IN SUBROUTINE TRANS 1S PROVIDED 12/29/78 TO UPWELL 931

tc AVOID CONFLICT IN SUBROUTINE UPWELL BETWEEN THE ARRAY TRANS  UPWELL 932

cc IN COMMON CLDWY AND THE CALL TO SUBROUTINE TRANS, UPWELL 933

c NOTE...WE ARE CALLING SUBROUTINE TRANS WITH THE ARRAY: UPWELL 934

cc USPV(10,10) AND UPSPV(10,10) “WHICH IS SATISFACTORY FOR UPNELL 935

cc SUBROUTINE TRANS' CURRENT USE OF M = 1, 1IN GENERAL, UPWELL 936

cc SUBROUTINE TRANS EXFECTS ARRAYS U(IT,N,2) AND UP(IT,N,2) WHEN UPWELL 937

cc BEING CALLED WITH M=1, UPWELL 938

CALL TRANSI( NTEMP, 1, USPV, UPSPY, FK, WDL, WOH, TAU, ABC, UPNELL 939

s TMSPY(L), TRNSOPT, FILPOS ) UPWELL 940

ccee UPWELL 941

cc TRANS HAS RETURNED THE TOTAL MGLECULAR TRANSMITTANCE TMSPY(L) UPWELL 947

te FOR THE TOTAL PATH (SP+PY), WITH ACCOUNT OF NSPECS SPECIES.  UPWELL 943

cc UPWELL 944

cc GET TOTAL TRANSMITTANCE BY INCLUDING AEROSOLS. UPWELL 945

cc USE AZROSOL TRANSMITTANCE TASP(L) FROM SUBROUTINE SURRAD FOR  UPWELL 946

cc PATH SP WITH AEROSOL TRANSMITTANCE TAPV(L) FROM SUBROUTINE UPNELL 947

cc TRNSCO'S CALL TO SUBROUTINE ATMRAD FOR PATH PV TO GET THE UPWELL 948

cc AEROSOL TRANSMITTANCE FOR THE TOTAL PATH SPV=(SP+PV). UPWELL 949

TTSPV(L) = TMSPV(L) * (TASP(L) * TAPY(L)) UPWELL 950

cc NOW HAVE TOTAL MOLECULAR AND AEROSOL TRANSMITTANCE FOR UPWELL 951

E cc SURFACE-REFLECTED SOLAR RAY. UPWELL 952
; 42 CONTINUE UPWELL 953
: cc UPNELL 954
cc IN FOLLOWING EXPRESSION, ONLY RAD(2) MAY DEPEND ON AZIMUTH,  UPWELL 955

cc WHICH IT WILL FOR NON-LAMBERTIAN SURFACE MATERIALS (MSM.GT.1). UPWELL 956

328




UPRAB(K,L) = UPRAD(K,L) + TTSPV{L)*RAD(?) UPNELL

cc NOW HAVE TOTAL UPWELLING RADIANCE DIRECTED FROM POINT P UPWELL,
cc TO POINT V (WITHOUT ANY CLOUDS), THE FIRST TERM BEING THE SUM UPWELL
cc OF THE ATTENUATED GROUND-SLRFACE EMISSION AND AIR EMISSION UPWELL
cc BETWEEN POINTS P AND V AND THE SECOND TERM BEING THE UPWELL
e ATTENUATED SURFACE-REFLECTED SOLAR RAY. UPNELL
IF( 1JXL ,EQ, &4 ) WRITE(6,105) UPWELL
105 FORMAT (1HO,1X,* T J K L ZLAM UPWELL
s RAD(?2) TTSPY THSPY TASP*) UPWELL
WRITE(6,106) I1,J,X,L,ZLAM RAD(2),TTSPY(L), TMSPV(L),TASP(L) UPWELL
106 FORMAT (2x,413,28X,1P5(E14.5)) UPWELL
IF{ CLDFG1.EQ.0.0 ) GO TO 58 UPNELL
cce UPWELL
CC  *** GOT HERE FOR DAY, WITH CLOUDS #eetdssssstatdasaanssnasiitsrens (PYFLL
e WE MUST CONVERT THE TRANSFER COEFFICIENTS TRANS INTO UPWELL
o RADIANCES FOR THE CLOUD-REFLECTED SOLAR RADIATION. TO DO SO, UPWELL
cc WE NEED THE SOLAR SPECTRAL IRRADIANCE E (WATTS/(CM++2 CM-1)) UPWELL
cc (NORMAL TO THE PATH TO THE SUN) AT THE 12-KM ALTITUDE POINT  UPWELL
cC ON THE V-TG-P PATH, HERE WE SHALL USE THE VALUE, SOLIRR(L)=E, UPWELL
cC PREVIOUSLY OBTAINED BY A CALL TO SUBROUTINE SOLRAD FROM UPWELL
cc SUBROUTINE SURRAD AND AVAILABLE THROUGH SOLARP COMMON. UPWELL
cc UPWELL
cC WE ALSO INCLUDE AIR TRANSMITTANCE (TTSCV(L)) ABOVE 12-KM UPWELL
cc ALTITUDE, ALONG THE PATH FROM S TO C TO V. TTSCV(L) IS GIVEN UPWELL
¢ BY THE PRODUCT OF THE MOLECULAR TRANSMITTANCE {TMSCV(L)) AND  UPWELL
cc THE AEROSOL TRANSMITTANCE {TASC(L)*TACV(L)}. UPWELL
cc TMSCV(L) WILL BE COMPUTED BY SUBROUTINE TRANS, GIVEN THE PATH UPWELL
cc PARAMETERS USCV AND UPSCV. FROM TRNSCO'S CALL TO PATH WE HAVE UPWELL
cc THE PATH PARAMETERS U(IT,N,2) AND UP(IT,N,2) (WHICH WE SAVED  UPWELL
cc AS UCV(IT,N) AND UPCV(IT,N) FOR THE PATH FROM POINT V TO POINT UPWELL
cC C. THE PATH PARAMETERS UCS(IT,N) AND UPCS(IT,N) WERE OBTAINED UPWELL
cc WITH THE CALL TO SUBROUTINE SURRAD, UPWELL
cc ADD THE PATH PARAMETERS FOR SEGMENTS SC AND CV, NEED BE DONE UPWELL
< ONLY FOR K=L=1, BUT THEY MUST SE SAVED IN USCV AND UPSCY UPWELL
cc ARRAYS, UPWELL
IF(K .6T. 1) 60 T0 50 UPWELL
IF( L .6T.1) 6010 45 UPWELL
DO 44 NN=1,NSPECS UPWELL
DO 44 LL=1,2 UPWELL
U SCY(LL,NN) = U C¥(LL,NN) + U CS{LL,NN] UPWELL
UPSCV(LL, NN} = UPCV(LL,NN) + UPCS{LL,NN) UPWELL
44 CONTINUE UPNELL
WRITE(S,1044) UPWELL
1044 FORMAT [1H0,42X,48He * * PATH PARAMETERS, SUN TO POINT C TO V * * UPWELL
$#/8ax *(FROM SUBROUTINE UPWELL, FORMATS 1044,1046)%/2X,*TEMPERATUR UPWELL
$E/SPECIES.,  ((U SCV(M,N) N=1 NSPECS),M=1,2)%) UPWELL
WRITE(6,1926) ((M, (U SCY(M,N),N=I,NSPECS}), M=1,2) UPWELL
WITE(6,1046) UPWELL
1046 FORMAT (1HO,1X,*TEMPERATURE/SPECIES.  ((UPSCV(M,N),N=1,NSPECS) M= UPWELL
$1,2)%) UPWELL
WRITE(6,1026) ((M, (UPSCY(M,N),N=1,NSPECS)),M=1,2) UPWELL
45 CONTINVE UPWELL
cC WOTE...NE ARE CALLING SUBROUTINE TRANS WITH THE ARRAYS UPNELL
cc USCY(10,10) AND UPSCV(10,10) WHICH IS SATISFACTORY FOR UPWELL
cc SUBROUTINE TRANS' CURRENT USE OF M = 1 . IN GENERAL, UPWELL
cc SUBROUTINE TRANS EXPECTS ARRAYS U(IT,N,2) AND UP{IT,N,2) WHEX UPWELL
cc BEING CALLED WITH M1, UPMELL
329
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R = S xS

CALL TRANSI( NTEMP, 1, USCV, UPSCY, FK, WOL, WOH, TAU, ASC, UPWELL 1014

3 TMSCV(L), TRNSOPT, FILPOS ) UPWELL 1015

cC TRANS HAS RETURNED THE TOTAL MOLECULAR TRANSMITTANCE TMSCV(L) UPWELL 1016
cc FOR THE TOTAL PATH (SC+CV). USE AEROSOL TRANSMITTANCE TASC(L) UPWELL 1017
cc FROM SUBROUTINE SURRAD FOR PATH SC WITH AEROSOL TRANSMITTANCE UPWELL 1018
cc TACV{L) FROM TRNSCO'S CALL TO SUBROUTINE ATMRAD FOR PATH CV TO UPWELL 1019
cc GET THE AEROSOL TRANSMITTANCE FOR THME TOTAL PATH SCV={SC+CV). UPWELL 1070
TTSCV{L) = TMSCY{L) = {TASC{L)*TACV{L)) UPWELL 1021

cc NOW HAVE TOTAL MOLECULAR AND AEROSOL TRANSMITTANCE FOR CLOUD- UPWELL 1022
cc REFLECTED SOLAR RAY, UPWELL 1023
TF( IKMIKL .EQ. 4 ) WRITE(6,107) UPWELL 1024

107 FORMAT (1HO,I1X,* I J K L ZLAM UPWELL 1025

b TTSCY TMSCV TASC*) UPWELL 1026
WRITE(6,104) 1,J,K,L,ZLAM,TYSCV(L),™SCV(L),TASS(L) UPWELL 1027

ccc UPWELL 1028
50 CONTINUE UPWELL 1029

cC NOW GET A CONTRIBUTION TO THE TOTAL UPWELLING RADIANCE UPWELL 1030
cc DIRECTED FROM POINT C TO POINT V, THE FIRST TERM BEING THE UPWELL 1031
cC CLOUD-SURFACE EMISSION ATTENUATED BETWEEN POINTS € AND V AND  UPWELL 1632
[u THE SECOND TERM BEING THE ATTENUATED CLOUD-REFLECTED SOLAR UPWELL 1033
o RAY. UPWELL 1034
DO 52 M=1 NCOSET UPWELL 1035
UPRADC (M) = UPRADC(M) + SOLIRR(L) * TRANS(M} * TTSCV(L) UPWELL 1036

§2 CONTINUE UPWELL 1037

cC UPWELL 1038
cC AT THIS POINT, 11 WILL NORMALLY 8E 160 . UPWELL 1039
cC SINCE WE ARF ABOUT TO INCLUOF THE TWO-LEG CFLOS, WE MUST UPWELL 1040
C MULTIPLY THE PROBABILITY OF THE {NIGMTTIME) ONE-LEG CFLOS 8Y  UPWELL 1041
cc THE PROBABILITY OF NOT HAVING THE SECOND (DAYTIME) LEG. UPWELL 1042
WTC{II) = CFPY * ( 1. - CFPS ) UPWELL 1043

cc INCLUDE TWO-LEG CFLOS UPWELL 1044
IT=11+1 UPWELL 1045

cc AT THIS POINT, 11 WILL NORMALLY BE 161 . UPWELL 1046
UPRDCI(I1) = UPRADC(II-1) UPMELL 1047
UPRADC (11} = UPRADC(I1-1) + RAD(2)} * TTSPV(L} UPWELL 1048
WTC(I1) = CFPS * CFPV UPWELL 1049

ce *rk COT HERE FOR CLOUDS, DAY ®xvadatrhpbatatnddihrdhathdrdnsdrsses |JDYF] | 1050
55 CONTINUE UPRELL 1051
cc UPWELL 1052
cC v GOT HERE FOR CLOUDS, DAY OR NIGHT #tewstwdwiandsttianscentantas PyFi( 1053
cC SORT THE RADIANCE ARRAY UPRADC IN INCREASING OPDER AND CARRY  UPWELL 1054
cC ALONG THE ARRAYS UPRDC1 AND WTC, BEFORE SORTING, AUGMENT THE UPWELL 1055
cc THREE ARRAYS WITH THE MEMBERS UPRADC(I1+1) = 0.0, UPRDCI1(IT+1) UPWELL 1056
cc = 0,0, AND WTC{TI+1) = 0.0, RESPFCTTVELY, ODOING THIS ALLOWS  UPWELL 1057
cc SUBROUTINE LINEAR TO INTERPOLATE WITHIN ITS GIVEN ARRAY IF THE UPWELL 1058
cc WEIGHT OF THE NORMALLY SMALLEST MEMBER EXCEEDS THE SMALLEST UPWELL 1053
cC FRACTILE (NOW 0.10) FOR WHICH AN INTEGRAL-CISTRIBUTION VALUE  UPWELL 1060
cc 1S REQUESTED. UPWELL 1061
17 = 11 + 1 UPWELL 1062

cc AT THIS POINT, 11 WILL NORMALLY BE 161 FOR NIGHT AND 162 FOR  UPWELL 1063
cc DAY, UPWELL 1064
UPRADC(11) = 0.0 UPWELL 1065
WIC(11) « 0.0 UPWELL 1066
UPRDC1(IT1) = 0.0 UPWELL 1067

IF( ( IKM GE. 1 ) .AND. ( IkM _LE. 3 ) ) WRITE(6,1055) UPWELL 1068

$ (UPRADC(N) UPRDCI(N) ,WTC(N) ,N=1,11) UPWELL 1069
1055 FORMAT (*0 BEFORE SORTING, WE HAVE (FOR M=1,162) THE TRIPLETS UP UPWELL 1070




rc

1056 FORMAT (*0

cc
cc

cc
cc
cce
cce

ccc
cce

ccc
cC
cc

ccc

cce

56

57

£8
60

62

SRADC (M), UPRDCI (M}, WTC(M)=*/(5X 1P9E12.4))
CALL SORTLJ( UPRADC, UPRDC1, WTC, 11, -1)
SUM THE WEIGHTS AND NORMALIZE THE SUM TO UNITY.

DO 56 M=2,11

WIC(M) = WTC(M) + WTC(M™-1)
CONTINUE

WTCIIY = 1.0/WTC(11)

DO 57 M=1,11

WTC(M) = WTCIIV*WIC(M)
CONTINUE

IF( ( IxM .GE, 1 ) .AND. ( IKM .LE, 3 ) } WRITE{6,1056)
3 (UPRADC (%) ,UPRDCI(N) ,WTC(N) ,N=1,11)

AFTER SORTING AND SUMMING WEIGHTS, WE HAVE (FOR M=1,1

$62) THE TRIPLETS UPRADC(M),UPRDCI(M),SUMWTC(M)=*/(5X,1P9E12,4))
INTERPOLATE TO OBTAIN THE INDICATED PERCENTILES.
RESULT IS STORED IR RXXX(¥,L).

CALL LINEAR { ©.10,RO10(K,L),WTC,UPRADL,IT

CALL LINEAR { 0,50,RO50(K,L),WTC, UPRADC, 1T

)
CALL LINEAR { 0.25,R025(K,L),TC,UPRADC,IT )
)
)

CALL LINEAR { 0.90,R090(K,L),NTC,UPRADC,II

R100(K,L) = UPRAXC(I1)

STATEMENT 58 1S FOR WAVENUMBER LOOP ON INDEX L

CONTINUE

STATEMENT 60 IS FOR AZIMUTH LOOP ON INDEX K

CONTINUE

WRITE QUT UPRAD(K,L) FOR CURRENT VALUE OF !I AND JJ.
WRITE OUT RXXX(K,L) FOR CURRENT VALUE OF II AND JJ, ONLY

IF CLOFGL = 1.0 .

WRITE(B) ((UPRAD{K,L),K=1,NAZT),L=1,NWAVED)

IF( CLDFG] .EQ. 1.0 } WRITE(B)

(((RO10(K,L},RO25(K,L),ROG0(K,L),

$ RO90(K,L),R100(K,L)}, K=1,NAZI), L=1,NWAVEL)

COMPUTE AVERAGES OVER AZIMUTH ANGLES K AT WAVENUMBERS
L=1,NWAVEJ, NADIR ANGLE J, AND ALTITUDE 1.

FINAZ = 1.0/FLOAT(NAZI)

DO 64 L=1,NWAVFJ

SUMM = 0,0

DO 62 K=1,NAZ]

SUMM = SUMM + UPRAD(K,L)
CONTINUE

UPRADA(1,J,L) = FINAZ*SUMM
CONTINUE

1F( CLDFG1,EQ.0.0 ) 60 TO 70
IF{ IKM .GT. 6 ) 60 TO 70

00 68 L=1,NWAVED
ROI0KJ = 0.0
ROZ5KJ = 0.
ROS0K) = 0,
RO9OKJ = 0.
R1OKI = 0.0

D0 66 K=1 NAZI

RO1OKJ = ROIOKJD + RO1OD(K,L)
RO?5KJ = ROZ25kJ + RO25(k,L)
ROS(KJ = ROSOKJ + ROS0(K,L)

o000
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ROIOKD = EDOOKJ + ROYO(K,L) UPWELL 1128
R1OXJ  R190KJ + R100(K,L) UPWELL 1129

66 CONTINUE UPWELL 1130
cc Ik = IMDEX FOR ALTITUDES EQUAL TO OR GREATER THAN 12.0 KM UPNELL 1131
ce YMEN CLOUDS ARE INCLUDED. UPNELL 1132

RUL0A(IKM,J,L) = FINAZ*ROIOKJ UPWELL 1133
RO25A(IKM,J,1) = FINAZ*ROZ5KJ UPWELL 1134
ROS0A{ TKM,J,L) = FINAZ*ROSOKJ UPWELL 1135
RO9DA{IKM, J,L) = FINAZ*RO90KJ UPWEL! 1136
R100A( IKM,J3,L) = FINAZ*RIDOK. UPNELL 1137

68 CONTINUE UPWELL 1138
e STATEMENT 70 IS FOR NACIR LOOP ON INDEX J UPWELL 1139

70 CONTINUE UPWELL 1140
cee UPWELL 1141
c COMPUTE AVERAGES OVER NADIR ANGLES J AT WAVENUMBERS UPWELL 1142
cC L=1,NWAVEJ AND ALTITUDE I. UPWELL 1143

FINAD = 1.0/FLOAT(NNADIR) UPNEL. 1144
D0 74 L=1,NWAVEJD UPWELL 1145
SuM = 0.0 UPWELL 1146
D0 72 J=1,NNADIR UPWELL 114~
SUMM = SUMM + UPRADA({I,J,L) UPWELL 1148
72 CONTINUE UPNELL  114%
UPRADN(I,L,JBAND) = FINAD*SUMM UPWELL 1150

74 CONTINUE UPWELL 1151

cce UPWELL 1152
IF( CLDFG1.EN.0.0 ) GO TO B8O UPWELL 1153

IF( IKM .GT. 6 ) &0 TO 80 UPWELL 1154

cee UPRELL 1155
DO 78 L=1,NWAVE) UPWELL 1156
ARCYKJ = 0.0 UPNELL 1157
ROIKJ = 0.0 UPNELL 1158
RO25KJ = 0.0 UPNELL 1159
RO50KJ = 0.0 UPWELL 1160
ROGOKJ = 0.0 UPWELL 1161
R100KJ = 0,0 UPWELL 1162

DO 76 J=1,NNADIR UPWELL 1163
ARCVKJ = ARCYKJ + ARCVA(TKM,J,L) UPWELL 1164
ROIOKJ = RO10KJ + ROIOA{IKM,J,L) UPWELL 1165
RO25KJ = RO25KJ + ROZSA(IKM,J,L) UPWELL 1168
ROSOKJ = ROS3KJ + ROSOA(IKM,.,L) UPWELL 1167
RO90KJ = ROIOKJ + ROYOA(IKM,J, L) UPWELL 1168
R1IOOKJ = R1O0KJ + RIOOA{IKM,J,L) UPWELL 1169

76  CONTINUE UPWELL 1170
ARCVN(IKM,L) = FINAD*ARCVKJ UPWELL 1171

3 ROION(TKM,L) = FINAD*RO10KJ UPWELL 1172
RO2SM{ IKM,L) = FINAD*ROZKJ UPNELL 1173
v ROSON{IKM,L) = FINAD*ROS(K) UPWELL 1178
ROSON(IKM,L) = FINAD*RO9(K.) UPWELL 1175
RIOON(IKM,L) = FINAD*RIOOKJ UPWELL 1176

cce UPWELL 1177
ccc THE BGRC VERSION INSERTS THE FOLLOWING RE-SETTING OF UPRADN(1, UPWELL 1178
cce L,JBAND) FOR ALTITUDES .6E. 12 KM AND IF CLOUDS ARE INCLUDED. UPWELL 1179
cee UPRADN{ I,L,JBAND) = ROSON(IKM,L) + ARCVN(IKM,L) UPWELL 1180
cce UPWELL 1181

78 CONTINUE . UPNWELL 1182
cc STATEMENT 80 IS FOR ALTITUDE LOOP ON INDEX I UPWELL 1183

B0 CONTINUE UPWELL  11R4

RETURN UPWELL 1185
END UPWELL 1186
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SUBROUTINE VLIN ( X, A, Y, B, Z )
¢
C *yLIN* FORMS THE LINEAR COMBINATION OF TWO VECTORS.
L SUBROUTINE VLIN RETURVS X{1-2) = A*¥(1.3) + B+Z(1-3).
c
DIMENSION X(3), v{3}, Z(3)
X(1) = A = ¥(i} + 3% ()
X(2) = A *¥(2) + B ¥ I(2)
X(3) = A % ¥{3) + B * Z(3)
RETURN
ENG
c+ XMIT
SUBROUTINE XMIT ( LX, X, ¥ )
C
c *XMIT* COPIES A CORS BLOCK TO ANOTHIR LOCATION.
C
CLJ A GE TEMPO VERSION OF THE GRC ROUTINE XMIT WRITTEN IN COMPASS
CL]  LANGUAGE.
tw
CL  INPUT PARAMETERS
Ll ARGUMENT L IST
£l LX = LENGTH OF ARRAY X
L X = THE ARRAY OR CONSTANT TO BE COPIED INTD ARRAY Y.
CLJ  DUTPUT PARAMETER
L ARGUMENT LIST
€L Y = Fi, "RRAY, COPIED FROM ARRAY X [f LX.GT.0, AND SET
cLl TJ A CONSTANT X{1) IF LX.LT.0 .
€L A RETURN OCCURS IF LX.EQ.0 OR IF THE ADDRESS OF X
Ll EQUALS THE ADDRESS OF Y.
DIMENSION X(13, Y(1)
IF (LX .LE. 0 ) 60 70 6
L LOCE, A FORTRAN INTRINSIC (INTEGER) FUNCTION, OBTAINS THE
L ADDRESS OF A VARIABLE, ARRAY ELEMENT, OR ENTRY POINT OF
ow EXTERNAL SUBPROGRAM.
1F (LOCF( X ) - LOCF( Y ) ) 3,5, 1
1 00 2 I=1,1X
2 ¥(1) = x(1)
60 TO 5
cLl THIS BRANCH ALLOWS SHIFTING THE FIRST LX MEMBERS OF ARRAY X TO
ag START AT SOME MEMBER Wi:ICH LIES WITHIN THE FIRST LX MEMBERS.
K = (X
00 4 121,LX
Y(K) = X(K)
8 N=K-1
5  RETURN
6 IF (LY .EQ. 0 ) RETURN
LXX = -LX
DO 7 =1,LXX
7 Y1) = x(1)
RETURN
END

VLIN
YLIN
VLIN
VLIN
VLIN
YLIN
VLIN
VLIN
VLIN
VLIN
YLIN

XMIT
XMIT
XMIT
XMIT
XMIT
M7
XMIT
MIT
XMIT
XMIT
XMIT
XMIT
xmiT
MIT
MIT
XMIT
XMIT
M
mIT
XMIT
xMIT
XMIT
XMIT
XMIT
MIT
XMIT
XMIT
XMIT
™17
XMIT
XMIT
M
XMIT
T
IMIT
M]T
X™IT
m]T
XM]T
XMIT

OWOm~NDU SN

10
12



AH-66

AS-64
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